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LOCOMOTIVE MAINTENANCE OFFICERS

APPRECIATES THESE 2002 SUPPORTING ADVERTISERS

AMSTED RAIL GROUP MILLER FELPAX TECHNICAL SVCS. LABORATORIES, INC.

CLARK FILTER CORP. PEAKER SERVICES TRIANGLE ENGINEERED PROD.

DUROX EQUIPMENT PENN LOCOMOTIVE GEAR WABTEC CORPORATION

ETHYL CORPORATION RAILROAD FRICTION PROD. ZTR CONTROL SYSTEMS

GRAHAM WHITE RAILWAY EQUIPMENT ASSOCIATES 76 LUBRICANTS

INTERSTATE DIESEL SHELL

LPI, INCORPORATED SIMMONS MACHINE TOOL CORP.

MIBA AMERICAN CORP. TAME, INC.

ATTENTION ALL MEMBERS:

WE DO NOT ENDORSE ANYONE'S PRODUCT, BUT WE DO APPRECIATE OUR ADVERTISERS.
Listed above are the names of the ADVERTISERS whose ads appear in our ANNUAL PUBLICATION.
We appreciate the fine financial support these advertisers provide.
We hope to see these and many more advertisers' names displayed in this fashion at all of our future Annual
Meetings.
Be sure to read their ads in the Annual Publication.

o
o
o

3
o

<
(D

2

5'
f*

CD
3
fi)
3
O
(D

O

o"
CD

>
CO
(A
O
O

5*

5'
3



Locomotive Maintenance Officers Association

INDEX

PRESIDENT BOB RUNYON'S

STATE OF THE UNION ADDRESS , 20-21

DIESEL ELECTRICAL COMMITTEE 22-96

DIESEL MECHANICAL COMMITTEE 97-173

DIESEL MATERIAL COMMITTEE 174-180

FUEL, LUBE & ENVIRONMENTAL COMMITTEE. 181-212

NEW TECHNOLOGIES COMMITTEE 213-249

LMOA BY-LAWS 250-254

RECAP PRIOR TECHNICAL PAPERS 255-270



Locomotive Maintenance Officers Association

2001 LMOA MVP RECIPIENTS

The executive board of LMOA wishes to congratulate the fol

lowing individuals who were selected as the Most Valuable People

of their respective committees in 2001.

Name

Ron Battels

Benoit Girard

Wes Middleton

Jack Morin

Dennis Nott

James F.

O'Kelly III

Company

Via Rail Canada

CP Railway

Chevron Oronite

NEU International

Motive Power Inc.

Committee

Diesel Electrical

Diesel Material Control

Fuel, Lube & Environ.

Shop Equip. & Processes

Diesel Mechanical

Alstom Transport New Technologies

This honor is bestowed on an annual basis to those individuals

who perform meritorious service and make significant contribu

tions to their respective technical committees.

LMOA EXECUTIVE COUNCIL
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THE LMOA EXECUTIVE BOARD

WOULD LIKE TO EXPRESS THEIR

SINCERE APPRECIATION TO

MR. B.J. RYAN

AND

MR. JOHN NIXON

AND THE ENTIRE STAFF OF

THE BNSF RAILWAY OPERATIONS

CENTER IN FORT WORTH, TEXAS

FOR HOSTING THE

5TH ANNUAL LMOA JOINT TECHNICAL

COMMITTEE MEETING

ON

APRIL 8 and 9, 2002.
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PAST PRESIDENTS

1939 & 1949 - F. B. DOWNEY (Deceased) Shop Supt, C & O Ry.
1941 - J. C. MILLER (Deceased ), MM, N.Y.C. & St. LR.R.
1942-1946, Inc. - J. E. GOODWINN (Deceased) Exec. Vice President, C. & N.W. Ry.
1947 - S. O. RENTSCHILLER (Deceased) Chief Mechanical Officer, Bessemer and

Lake Erie R.R.

1948 - C. D. ALLEN (Deceased) Asst C.M.O.- Locomotive, C. &O. Ry. & B. &O. R.R.
1949 - J. W. HAWTHORNE (Deceased) Asst. Vice-Pres.- Equipment, Seaboard

Coast Line R.R.

1950 - G. E. BENNET (Deceased) Vice-Pres.-Gen. Purchasing Agent, C. & E. I. Ry.
1951 - P. H. VERD (Deceased) Vice-Pres.-Personnel, E. J. & E. Ry.
1952 - H. H. MAGILL (Deceased) Master Mechanic, C. & N. W. Ry.
1953 - S. M. HOUSTON (Deceased) Gen. Supt. Mech. Dept. Southern Pacific Co.
1954 & 1955 - F. D. SINEATH, Retired Chief of Motive Power, Seaboard Coast Line R.R.
1956 - T.T. BLICKLE (Deceased) General Manager - Mechanical, A .T. & S. F. Ry.
1957 - J. T. DAILEY (Deceased) Asst. to Pres.-Mech., Alton & Southern R.R.
1958 - F. E. MOLLOR (Deceased) Supt. Motive Power, Southern Pacific Co.
1958 - F. R. Denny (Deceased) Mechanical Supt., New Orleans Union Passenger

Terminal

1959 - E. V. MYERS (Deceased) Supt. Mechanical Dept., St. Louis-Southwestern Ry.
1960 - W. E. LEHR (Deceased) Chief Mechanical Officer, Pennsylvania R.R.
1961 - O. L HOPE, (Deceased) Asst. Chief Mechanical Officer, Missouri Pacific R.R.,
1962 - R. E. HARRISON (Deceased) Manager-Maintenance Planning & Control,

Southern Pacific Co.

1963 - C. A. LOVE, Retired Chief Mechancial Officer, Louisville & Nashville R.R.
1964 - H. N. CHASTAIN, (Deceased) Gen. Manager-Mechanical, A. T. & S. F. Ry.
1965- J. J. EKIN, JR. (Deceased) Supt. Marine & Pier Maintenance, B. & O. R.R.
1966 - F. A. UPTON II (Deceased) Asst Vice-President-Mechanical, C. M. St. P.& P. R.R.
1967 - G. M. BEISCHER, Retired Chief Mechancial Officer, National Railroad

Passenger Corp. Washington, D.C. 20024
1968 - G. F. BACHMAN, (Deceased) Chief Mechanical Officer,

Elgin Joilet & Eastern Ry.
1968 - T. W. BELLHOUSE (Deceased) Supt. Mechanical Dept, S. P. Co., - St. L.

S.W. Ry.
1970 - G. R.WEAVER (Deceased) Director Equipment Engineering, Penn Central Co.,
1971 - G. W. NEIMEYER (Deceased) Mechanical Superintendent, Texas & Pacific

Railway
1972 - K. Y. PRUCHNICKI (Deceased) General Supervisor Locomotive Maintenance,

Southern Pacific Transportation Company
1973 - W. F. DADD, (Deceased) Chief Mechanical Officer, Chessie System
1974 - C. P. STENDAHL, Retired General manager M.P.-Electrical, Burlington

Northern Railroad, 1052 W. California Ave., St. Paul, MN 55117
1975 - L. H. BOOTH, RetiredAssistantC.M.O.-Locomotive, Chessie System,

906-13th Ave., Huntington, W.V. 25701
1976 - J. D. SCHROEDER, RetiredAssistantC.M.O.-Locomotive Burlington

Northern Railroad, 244 Carrie Drive, Grass Valley, CA 95942
1977 - T.A. TENNYSON (Deceased) Asst Manager Engineering-Technical,

Southern Pacific Transportation Co.
1978 - E. E. DENT, (Deceased) Superintendent Motive Power, Missouri Pacific Railroad,
1979 - E. T. HARLEY, Retired Senior Vice President Equipment, Trailer Train Company,

289 Belmont Road, Kingof Prussia, PA 19406
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1980 - J. H. LONG, Retired Manager Locomotive Dept, Chessie System
5454 Cleander Drive, Cincinnati, OH 45238

1981 - R. G. CLEVENGER, Retired General Electrical Foreman, Atichison, Topeka &
Sante Fe Rwy.

1982 - N.A. BUSKEY (Deceased) Asst General Manager-Locomotive,Chessie System
1983 - F. D. BRUNER(Deceased) Asst. Chief Mechanical Officer-R. & D. Union

Pacific Railroad
1984 - R. R. HOLMES, Retired Director Chemical Labs and Environment, Union Pacific
1985 - D. M. WALKER, Asst Shop Manager, Norfolk Southern Corp.,

793 Windsor St, Atlanta, GA 30315
1986 - D. H. PROPP, (Retired) Director-Mktg, New YorkAir Brake,

10823 W. 164th, Olathe, KS 66062
1987 - D. L. WARD, (Deceased) Coord.-Quality Safety & Tech. Tmg. Burlington

Northern R.R.
1988 - D.G. GOEHRING, Retired, Supt Loco.Maint, National RR Passenger Corp.,

1408 Monroe, Lewisburg, PA 17837
1989 - WILLIAMA. BROWN Representative, BP Associate,

11237 N. Madison, Kansas City, MO 64155
1990 - P. F. HOERATH, Retired Sr. Mech, Engr. Shops, Conrail,

Box 134, R.R. 4, Hollidaysburg, PA 16648
1991 - D. D. HUDGENS, (Retired) Sr. Mgr. R&D, Union Pacific, 16711 Pine St.,

Omaha, NE 68130
1992 - K. ALLEN KELLER, Supt. Loco. Maint, Reading, R.R., 241 E. Chestnut,

Cleona, PA 17042
1993 - W. R. DOYLE, Bombardier Transit, Los Angeles, CA 90065

1994 - M.A. COLES, Senior Mgr.-Loco. Engineering & Quality, Union Pacific R.R.
1416 Dodge St, Omaha, NE 68179

1995 - CA.MILLER, Retired, Mgr.-Loco. Engineering & Quality, Union Pacific RR.
1728 S. 167 Circle, Omaha, NE 68130

1996 - G.J. BRUNO, Asst General Mgr. - Terminal Services,
Amtrak, 187 S. Holgate St., Ste B., Seattle, WA 98134

1997- D.M. WETMORE, General Supt. - Equipment, NJTRail Opns.
1148 Newark Turnpike, Kearny, NJ 07032

1998- H.H. (MIKE) PENNELL, Ellcon National, 1016 Williamsburg Lane,
Keller, TX 76248

1999- JAKE VASQUEZ, Superintendent, Amtrak
3319 Earhart Blvd., New Orleans, LA 70125

2000- RON LODOWSKI, Superintendent Locomotives, CSXTransportation
Selkirk, NY 12158

2001- LOU CALA, Consultant, LJC Rail, Duncansville, PA 16635

HONORARY LIFE MEMBERS

KJELL AXELSON, RetiredSuperintendent Motive Power, Burlington Northern, 36-
716 Bluebird Ave., Rancho Mirage, CA 92270

F.W. BUNCE, Retired Chief Mech. Officer, Milwaukee Road.
J. J. BUTLER, Retired Chief Mech. Officer, Consolidated Rail Corp., 158

Woodgate Ln., Paoli, PA 19301
OWEN CLARKE, Retired Vice-President, Chesapeake & Ohio Ry., Cleveland, Ohio
B. A. CUMBEA, Retired Mgr. Loco. Maint-Engr., Chessie System, 310 Cherokee

Trail, Huntington, WV 25705
N. C. ECKERLE, Sales Mgr. Specialty Chem., Nalco Chem. Co., 2901 Butterfield

Rd., Oak Brook, IL 60521

W. EWING, Retired, Altoona Gear Co., Calbassas, CA

W. T. FARICY, Retired Chairman of the Board, A.A.R.

J. G. GERMAN, Retired V. Pres.-Engr. Missouri Pacific RailroadCo.
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J. J. GREGORY,

DONALD GRAAB,

S. GRAHAM HAMILTON,

W. J. HARRIS,

H. W. HAYWARD,

D. W. HENDERSON,

JOHN H. HERTOG,

JOHN W. INGRAM,

A. W. JOHNSON,

JACK L KUHNS,

R. M. MCDONALD,

J. F. McDONOUGH,

R. G. RAY BURN,

H.P. RODES,

F. R. RUSSELL,

L. G. SALTS,

H. L. SCOTT, JR.,

C. M. SMITH,

R. D. SPENCE,

J. TAGGART,

M. L. VARNS,

R. W. VITEK,

C.N.. WIGGINS,

Retired Project Mgr.-Heavy Repair Shop, Consolidated Rail
Corp., 603 Ruskin Drive, Altoona PA 16602
Director - Loco. Maintenance, Norfolk Southern

Box 78 110 Franklin Road SE, Roanoke, VA 24042

President, Global Group, Inc., P.O. Box 2024, Winter Park, FL
32790

Retired V. Pres., Research & Test Dept, Assn. of American
Railroads, Washington, D.C.
Retired Chief M.P. & R. S., CP Rail, Montreal 101, Quebec,
Canada

V.P.-Technology, Engr. & Maint Burlington Northern RR, 9401
Indian Creek Pkwy., Overland Park, KS 66210
Retired V. Pres. Operations, Burlington Northern, Inc., St Paul,
MN 55101

Retired Pres. and Chief Executive Officer, Chicago, Rock Island
and Pacific Railroad Co.

Retired, V. Pres. of Opns. and Maint, Assoc, of American RR,
Washington, D.C.
Retired Mgr. Ping. & Maint, CSXTransp., 401 Brookview Rd.,
Louisville, KY 40207

Retired Dir. of Opns., Brd. of Transport, Commissioners for
Canada, Ottawa, Ont, Canada

Retired Asst. V. P.-Mechanical, Union Pacific RR, 12225 Farnum

St., Omaha, NE 68154

Retired Executive V.P.-Operations, Chessie System, Baltimore,MD
Pres., General Motors Institute, Flint, Ml 48502

Retired Chief Mech. Off., Southern Pacific Co., San Francisco, CA

Retired, AT&SF Rwy., Topeka, KS
Retired Sr. V.P. and Chief Mech. Off. Norfolk Southern, Corp.
Retired Mgr-Mech. Engr.-Passenger and Loco. Consolidated Rail
Corp., 3 Princeton Rd., Strafford-Wayne, PA 19087
Retired Executive V.P.-Operations, Seaboard System RR
Retired System Mechanical Officer-Motive Power, CN Rail, 655
Richmond Road, Unit 45, Ottawa, Ontario K2A 3Y3

Retired, BN RR, 111 So. Greenfield Rd. #385, Mesa, AZ 85206
VP - Sales and Leasing, Omnitrax, Cicero, IL
Retired V.P. and Asst. to Pres., Louisville & Nashville R.R.,
Louisville KY
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OUR OFFICERS

Chairman of the Board

MR. LOU CALA

(Former Norfolk Southern Corp.
LJC Rail Consultant

Duncansville, PA 16635

Our President

MR. ROBERT RUNYON

(Retired Norfolk Southern Corp.
Engineering Consultant

Roanoke, VA 24042
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OUR PAST PRESIDENTS

MR. WILLIAM BROWN

Representative
BP Associates

Kansas City, MO 64155

MR. MARK COLES

Senior Manager - Loco.
Engineering & Quality
Union Pacific Railroad

Omaha, NE68179

MR. GIL BRUNO

Assistant. Gen. Mgr.
Terminal Services

Amtrak

Seattle, WA 98134

MR. WEYLIN R. DOYLE

Bombardier Transit

Los Angeles, CA 90065
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OUR PAST PRESIDENTS

MR. ALLEN KELLER

Director - Loco. Projects
Reading Railroad Services Co.

Cleona, PA 17042

MR. RONALD R. LODOWSKI

Supt. - Locomotives
CSX Transportation
Selkirk, NY 12158

iff*- ,

/: 3

MR. H.H. (MIKE) PENNELL
Ellcon National

Keller, TX 76248
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OUR PAST PRESIDENTS

MR. JAKE VASQUEZ
Superintendent

Amtrak

New Orleans, LA 70125

MR. DAVID M. WETMORE

General Supt. - Equipment
NJT Rail Opns

Kearny, NJ 07032
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OUR REGIONAL EXECUTIVES

MR. GLENN BOWEN

Director - Lab Services

BNSF Rwy
Topeka, KS 66616

JAY HOLLEY

Director - 97

Mechanical

Operations
CSX Transportation

MR. MIKE SCARINGE

Asst. Chief Mechanical

Officer - West

Amtrak

Beech Grove, IN 46107

MR. JOHN BRAWLEY

Director-Material Management
Amtrak

Beech Grove, IN 46107

Jacksonville, FL 32254
MR. BRUCE A. KEHE

Manager Mech. Svcs.
Ej & E

Gary, IN 46402

MR. LES WHITE

District Service Representative
ElectroMotive Division

Montreal, PQ
Canada H3B 2N2
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Outgoing President Lou Cala (center), LJC Rail, presents gavel to newly elect
ed President Bob Runyon, Engineering Consultant, as Chairman of the Board
Ron Lodowski, CSX, looks on.

Chairman of the Board Ron Lodowski, CSX, presents Past President's Pin to
outgoing President, Lou Cala, LJC Rail. Newly elected 3rd Vice President,
Tad Volkmann, Union Pacific, witnesses the ceremony.
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Newly elected President Bob Runyon, Engineering Consultant, assists newly
elected 3rd Vice President Tad Volkmann, Union Pacific, with his LMOA
blazer. Past President Jake Vasquez, Amtrak, gives his approval.

Past President Jake Vasquez, Amtrak, presents the General Desk Set to
outgoing President Lou Cala, LJC Rail, as Past President Tom Harley retired,
looks on.
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General Executive Committee Members:

(seated - left to right): Past President Tom Harley (retired); Past President
Jake Vasquez, Amtrak; outgoing President Lou Cala, LJC Rail; Chairman of
the Board Ron Lodowski, CSX Transportation;
(standing - left to right): newly elected 3rd Vice President Tad Volkmann,
Union Pacific RR; Editorial Director Tom Shedd; Secretary Treasurer Ron
Pondel; newly elected President Bob Runyon, Engineering Consultant.

Newly elected 3rd Vice President Tad Volkmann (left), Union Pacific RR,
presents LMOA attache' bag to newly intalled Chairman of the Diesel
Mechanical Committee, Dennis Nott, Motive Power, Inc.
Outgoing President Lou Cala, LJC Rail, was present at the ceremony.
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Total Railroad Filtration
Customers are always #1 at Clark Filter.

We are driven to provide fair prices, con

sistent quality and the fastest delivery

in the industry.

Call us, toll free at

1-800-55-CLARK

Or visit our web site:

www.clarkfilter.com

ISO 9001

Registered

CLARKF/LTER
a CLARCOR company

The premier producer of locomotive
filters worldwide.
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State of the Union Address

by President Robert Runyon
September 23, 2002

Fellow officers, members, ladies and gentlemen:

Good afternoon, and welcome to the 64th annual meeting of the
Locomotive Maintenance Officers Association. Most of you know who I am;
and for those of you who might not, I am Bob Runyon, president of LMOA and
presently self-employed as an engineering consultant, and retired from Norfolk
Southern after 30 years' service.

All of us who have served in this capacity have experienced one circum
stance above all other, and that circumstance is change. When I joined LMOA
15 years ago, I counted 13 Class I railroads in the United States and Canada, and
I may have overlooked one or two more. With the large number of mergers and
acquisitions that have occurred over the years, that number has dwindled to only
seven for both countries. While the combined locomotive fleets of the Class I's

have shrunk in rough proportion to the number of railroads, the combined
attrition of employees assigned to locomotive maintenance has been far greater,
leaving fewer persons to look after equipment of increasing complexity.

During my career with the railroad, we took a hands-on approach to all
aspects of locomotive maintenance and tried to be self-supporting so far as pos
sible. I believe the railroads should be directly involved not only in maintenance
but also in design, performance, post-delivery improvements, and setting stan
dards for functional and operational compatibility. With the advent of modern
control systems and peripheral devices on our locomotives and the growing prac
tice of interchanging locomotives among the railroads, the compatibility issue
becomes more important than ever. Beneficial involvement in the standards-set
ting process requires communication and active participation by knowledgeable
railroad personnel, notwithstanding the competing demands for time to be spent
on work of more immediate concern.

A railroad that chooses not to become involved with these issues will even

tually find itself at the mercy of those who do. That being said, we have at our
disposal the means to facilitate and encourage open discussion of locomotive
related issues among members of the rail industry. I refer, of course, to the
LMOA and in particular to the six technical committees which do the lion's share
of the work within our organization. In the course of meeting several times
throughout the years to prepare technical reports, committee members can
exchange ideas and take the better ones back to the work place for application.

Of course this process also works in reverse: the same committee members
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should be alert for suggestions from their upper management as to what topics
should be discussed, and bring these to our attention for further action as war
ranted. At this point, a quote from one of our past presidents is appropriate:
"Our organization will only be as good as our continued member involvement."

Over the years the LMOA has looked for ways to improve itself; and one of
these is the recent practice of holding a mid-year joint meeting of all six techni
cal committees. The first of these was held in March 1998 at Little Rock,
inspired by the rousing success of a joint three-committee meeting held in
January 1997. We have continued this practicein subsequent years with full joint
meetings at Las Vegas, Roanoke, Jacksonville and this year at Fort Worth. The
latter was hosted by our friends at BNSF, to whom I want to express my appre
ciation for a job well done.

Time does not permit me to individually name all the LMOA members and
others who have given me their support during my year as president. But I want
to mention one man in particular who has supported all of us during my 15 years
of membership. That man is Ron Pondel, our secretary and treasurer, who has
managed most of the administrative details and provides our officers with much
needed continuity of experience.

Thank you very much; and enjoy the convention!
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REPORT OF THE COMMITTEE

ON DIESEL ELECTRICAL MAINTENANCE

MONDAY, SEPTEMBER 23,2002

10:15 A.M.

R. Bartels

D. Becker

R. Doletina

J. Estes

K. Gilbert

D. Haffner

B. Kirdeikis

B. McCaffrey
T. Nudds

S. Olson

Chairman

BOB REYNOLDS

Manager Loco. Systems
Canadian Pacific Railway

Calgary, Alberta

Vice Chairman

K. GAZAROV

Manager Electrical Engineering
CSX Transportation

Jacksonville, FL

COMMITTEE MEMBERS

Mgr.-Electrical Systems
Design Engineer
Gen'l Foreman - Mech.

Director - Loco. Engrg.
Director-Loco. Sales

Superintendent
Sr. Rel. Spec-Elect.
Mgr-Transp. Products
Acct. Mgr.
Reg. Sales Mgr.

Via Rail Canada

Electro Motive Divn.

Florida East Coast

Union Pacific RR

NRE/ALCO
Amtrak

CNIC RR

Natl. Electric Carbon

ZTR Control Systems
Wabtec Ray Elect.

Montreal, PQ
LaGrange, IL
Miami Springs, FL
Omaha, NE
Candiac, QB
Chicago, IL
Edmonton, AB
Wilmington, DE
London, Ontario
Alpharetta, GA

New Committee Members: Chuck Benson, GETS; Curt Meyers, BNSF Railway



Diesel Electrical Maintenance Committee 23

PERSONAL HISTORY

Bob Reynolds
Manager Locomotive Systems

Canadian Pacific Railway

Bob was born in Montreal in

1951. He received a diploma in
electronics technology from
Dawson College in Montreal.
After graduating he began work as
an electronics technician with the

Canadian Pacific Railway in 1972.
His first position was working on
the track geometry car, operating
and maintaining various electronic
instrumentation and computer
equipment. He joined the
Communication and Signal section
in 1976 performing equipment
tests on a variety of new equip
ment developed at that time.

In 1981 he joined the
Mechanical department as an elec
tronics specialist in the equipment
engineering group. Since that time
he has been involved with

improvements and modifications
to electrical and electronics equip
ment on the locomotive fleet. In

recent years he has prepared spec
ifications for new locomotives and

worked with locomotive builders

to ensure new orders met techni

cal requirements and reliability
standards.

Bob transferred to the new

CPR headquarters office in Calgary
in 1997, where he lives with his
wife Mary and their three boys
Andrew, Matthew and David. Bob
was promoted to Manager
Locomotive Systems in November
2000. His hobbies are electronics

and hiking in the Canadian
Rockies.
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THE LMOA DIESEL

ELECTRICAL COMMITTEE

WISHES TO EXPRESS THEIR

SINCERE APPRECIATION TO THE

FOLLOWING COMPANIES FOR HOSTING

COMMITTEE MEETINGS IN 2002

WABTEC RAILWAY ELECTRONICS

GERMANTOWN, MARYLAND
FEBRUARY 12 and 13,2002

ALSTOM TRANSPORT INC.

CALGARY, ALBERTA CANADA
JULY 9, 2002
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S SIMMONS
MACHINE TOOL COPORATION

The New Generation of Under/floor

Wheel Profiling Machines

The Only Dedicated Manufacturer of All Wheelshop
Equipment for Railways, Metros and Transits Worldwide

1700 North Broadway Telephone: (518) 462-5434
Albany, NY 12204 Fax: (518) 462-0371

E-Mail smt@smtgroup.com
www.SMTGroup.com
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I. COMMUTATOR PROFILING

By Bob McCaffrey,
Manager Transportation Products,

National Electrical Carbon

Products, Inc.

Commutator profiling is the use
of instrumentation to accurately
measure the radial dimensions of a

commutator. These measure

ments will include total indicated

runout (TIR), maximum bar to bar
height differential (BTB), the indi
vidual height of each bar with rela
tion to the reference bar, and the
shape of each bar if desired.

Motors that are within specifica
tions with regard to TIR and BTB
will provide superior performance,
and profiling can insure that
motors do meet specifications.
Specifically, motors that are in
good condition will have longer
brush life, fewer flashovers, and
less sparking at the brushes.
Properly operating motors can
reduce operating and maintenance
costs. Commutator profiling is
now relatively easy to perform with
portable, highly accurate, and
economical tools.

Commutator profiling has
become relatively common on sta
tionary motors used in industrial
applications. Also, many transit
authorities are using commutator
profiling to qualify motors, and to
check motors in service.

Mainline railroads are not using
profiling to any extent. There are a
number of reasons for this. First, it
is extremely difficult to profile a
traction motor while it is in the

locomotive. Profiling other DC
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machines on the locomotives is

easier, but still can be difficult.
Profiling, however, can produce
many benefits. Included are a
reduction in road failures, reduc
tion in flashovers, reduced motor
repair costs, and increased brush
life. And there are times when pro
filing can be performed easily,
such as with traction motors on the

shop floor, even when assembled
into combos. Motors of all types
can be profiled in the rebuild
shops, and at the facilities of inde
pendent motor repair companies.

Profiling can be performed with
various instruments. Dial Indica

tors are frequently used to get a
rough profile of a commutator.
Various sensors attached to chart

recorders can also be used. One

of the most practical and easy to
use methods is the profiler kit from
CommTest Instruments. This kit

consists of several parts, including
the profiler unit itself, the sensor
that mounts in the motor, a
portable printer, software that per
mits downloading and analysis by
computer, and the necessary
adapters and connecting cables.
(See figure 1). The kit may also be
used for profiling ship rings.

Profiling is performed by mount
ing the sensor in a brush holder
from which the brush has been

removed (See figure 2 and 3). The
unit is then set to record, and the
commutator is rotated one revolu

tion. The profiler records the data
as the armature is being rotated.
Once recorded the data may be
viewed on the profiler screen,
printed out on the portable printer
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(See figure 4 and 5), or down
loaded to a computer.

Once downloaded to a comput
er the measurement analysis soft
ware (MAS) allows the data to be
viewed in a number of ways.

• It can be viewed as a rectilinear

chart (See figure 6).
•It can be viewed as a radial

plot (See figure 7).
• It can be viewed as a histogram
See figure 8).

Multiple profiles can also be
plotted together, to show changes
in a given commutator over time,
or to compare commutator before
and after reconditioning, etc.
(See figures 9, 10 and 11).

For traction motors, both OEM's
have a specification of 0.001" TIR
and 0.0001" BTB for new motors.

For used motors the specification
is 0.003" TIR and 0.0003" BTB.

Traction motors can be profiled,
out of the locomotive, to verify the
integrity of remanufactured
motors, to qualify used motors for
reuse, and verify the results of ston
ing or other resurfacing of the
commutator.

Figure 12 shows the profile of a
commercially remanufactured
EMD D78 commutator. The pro
file indicates a TIR of 1.34 mils

(0.00134") and a max BTB of 0.75
mil (0.00075"). Both these num
bers exceed the OEM specification
for a remanufactured motor. In

this case, the quality of the
rebuilder's work could be brought
into question. Quality can be
improved by insisting rebuilders
supply profiles of motors.
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As a case history of the benefits
of profiling, we can use an exam
ple from a major transit authority.
Recently, the second largest com
muter rail property in New York
embarked on a multi-faceted

phased in program to reduce fail
ures of double-ended blower

motors, which were causing
numerous road failures and sec

ondary train delays. Of utmost
importance was that the rail prop
erty had suffered extensive dam
age due to under car fires on two
cars.

This rail property chose to utilize
commutator profilers as the pri
mary means of detecting and mon
itoring the condition of blower
motor commutators. One compo
nent of this program, continuous
profiling of commutators, was
incorporated into the 60 day main
tenance program at two mainte
nance facilities.

Within 60 days, the entire fleet
had been profiled to assess the
condition of double ended blower

commutators.

Within 30 days the subsequent
analysis of the data collected
resulted in the development of a
remediation program which includ
ed the identification of a prelimi
nary running maintenance TIR con
demning limit, and development of
a procedure that allowed commu
tators to be stoned in place.

The efforts by this rail property
made an immediate impact. The
commutator TIR mean average
dropped from 0.0086" to 0.0012".
Within one year their equipment
availability and rotating equipment
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reliability improved dramatically.
After two years of commutator

profiling, the subject commuter rail
property has enjoyed increased
reliability to the double-ended
blower motor. In addition to the

increased reliability they have
reduced their total R&R budget by
approximately 50% as it pertains
to the aggregate repair cost of cat
astrophic failure modes.

Prior to the program, the failure
mode of the blowers was approxi
mately 80% armature and field
related failures. After two years
this failure mode was reduced to

20%.

The increased reliability of the
double ended blower motor was

the result of several improvements
that included changes to the auxil
iary power system. However, this
rail property is confident that dili
gent commutator profiling and the
subsequent service maintenance
of the commutator was a major
contributing factor towards mitigat
ing repeat failures of this particular
motor.

Figure 13 is a graph showing the
repair history of the double-ended
blowers over a two year period.
The overall trend is steadily down
ward, with the exception of a peak
approximately midway through the
second year. This peak was related
to a problem in the power supply
system associated with a track out
age.

The rail property plans to
expand commutator profiling into
other rotating equipment systems
in their fleet. Ironically enough,
not because of failure modes but
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for the information this powerful
system is capable of providing.
The profiler is considered a power
ful diagnostic tool employed to
uncover potential failures before
they happen and a source of data
critical to the development of an
effective reliability centered main
tenance program.

A minimum investment in time

and money in instituting a profiling
program can provide significant
benefits. It should ensure that only
motors meeting specifications are
installed for use in locomotives,
thus increasing life and providing
improved performance. Addition
ally, commutators can be qualified
for re-use that might otherwise go
for rebuilding, and conversely,
commutators that are not within

specifications, will not be put back
in locomotives. Flashovers and

road failures will be reduced as a

result.

The track record in other indus

tries clearly shows the advantages
of a profiling program. I believe
that a properly constituted pro
gram of profiling commutators on
mainline railroads can achieve

improved performance and cost
savings.
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Figure 1
Profiler Kit.
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Figure 2
Sensor mounted in D77 Traction Motor
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Figure 3
Profiler unit ready to take measurements

Figure 4
Profiler connected to portable printer
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.Profiler MAS -Commutator Radl»( Plot

Figure 7
Radial Plot of a profile
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An Excitation/Wheel Slip Control
System That Dramatically Improves
The Pulling Power of Your Locomotives
Retrofit your older locomotives with a BOA
Excitation/Wheel Slip Control System. It provides
significant improvements in operating performance
and does not require any operator interface to
prevent wheel overspeed.

BOA Excitation/Wheelslip System

Advantages Include:
• Increased Adhesion
• Increases Orawbar Pull

• Smoo'her Excitation Control
• More Efficient Train Handling
• No Probes or Axle Generators
• Solid State Replacement of Load Regulator
• Easy Installation
• Self Diagnostics

1940 Oxford St. East, Unit 1
London, Ontario N5V 4L8

Canada

(519)452-1233

ZTR
Control Systems

www.ztr.ccni

8050 State Hwy. 101
Shakopee, MN 55379

(952) 885-8122
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IL BASICS OF AN

OPERATION CENTER

Presented by Tom Nudds,
ZTR ControlSystems

Introduction

All businesses strive to find that

competitive edge, usually trying to
separate themselves from others
through product differentiation.
Most successful companies
attempt to provide the best quality
product at the lowest possible
price. Through the years, many
companies have utilized new tech
nologies to aid in the advancement
of their products or to improve the
efficiencies of their organization.
These advancements have includ

ed new manufacturing methodolo
gies and implementation of com
puter based systems. The lines that
differentiate the services and prod
ucts offered by companies are
becoming blurry.

Twenty-five years ago, a North
American automotive manufactur

er would design a piston. They
would then design, down to each
nut and bolt, a machine to manu
facture that piston. Finally, tenders
would be sent to a selection of

machine builders to supply the
machine. Today, those same com
panies will send out a drawing of
the piston and say, "I need a
machine to manufacture this pis
ton in these quantities by this
date." The machine builder indus

try was transformed almost
overnight from a labor based prod
uct supplier to a design/build/serv
ice provider. If that isn't radical
enough, automotive companies
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now are specifying complete
systems (such as air conditioning
or steering) based on performance
criteria alone.

The world has changed such that
today, there is less focus on prod
ucts and more focus on solutions.

Companies are evolving to offer
more complete and often turnkey
packages. Suppliers are partnering
with the customer through design,
implementation and ongoing oper
ations and maintenance. A lot less

emphasis is placed on products
and we have now turned our atten

tion to services. There are many
different forms of automation

being implemented to aid in this
process, but the real key factor is
information.

For a real world example let's
look at a segment of the railway
industry, more specifically the
locomotive. Many advancements
in locomotive controls have taken

place over the years. Some of the
most significant advancements
have been in the area of onboard

electronic controls. With these

advancements have come a hid

den treasure which we have really
only started to harvest. This treas
ure is the data that these control

products have been able to log
away. Of course harvesting the
data and turning it into useful infor
mation is really the challenge. The
answer is the Op Center....

What is an Operation Center?
An operation center is an effec

tive blend of people, policies, pro
cedures, systems (hardware and
software) and data. It provides
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unique solutions to effectively aid
in managing a company's assets
24 hours a day, 7 days a weeks,
from a single location. The servic
es can include remote monitoring,
analysis, remote control, problem
tracking, service dispatching and
reporting.

The system collects data, ana
lyzes it and furnishes meaningful
information on remote equipment
or sites (called assets). This
methodology of information col
lection can dramatically reduce
cost of operations. It can also
assist with decisions affecting the
operation, maintenance and serv
icing of these assets.

Key Components of an
Operation Center

At a minimum, an operation cen
ter requires data, procedures and
people.

•Data is the harvested product
held in various media and

formats.

•Procedures are used to define

how the data is collected,
stored and analyzed and what
actions are required based on
the type of data received.
•People are needed to oversee
the procedures and to ensure
that whatever actions have

been specified are carried out.
(Figure 1).
Having established the minimum

requirements for an operation cen
ter, there are many ways that the
effectiveness, efficiency and scope
can be expanded. The most preva
lent way is through automation, by
utilizing sophisticated hardware
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and software systems. These sys
tems allow for reduction in man

power requirements, more
detailed data analysis, enhance
ments to services such as on-line

customer access and the scalability
required to handle higher business
volumes. A breakdown of the

components found at the opera
tion center is as follows:

•Hardware includes numerous

client and server class comput
ers, routers, modem banks, tape
backups and much more. Just as
important is the hardware requir
ed for a backup facility. The
backup should allow for at least
the minimum amount of func

tionality necessary if the primary
facility were to become disabled.
Disability can take many forms
including but not limited to
major hardware failures and acts
of God.

•Systems/Applications include
the operating systems, database
management, network manage
ment, web services and portals
as well as the operation center
specific applications (as
described in next section) that
run on the system and hardware.
• Communications at this level

primarily deals with connections
between the operation center
and the users. These are the

media used to collect and dis

tribute the data, information,
reports and other functions that
are requirements of the services
being offered. The possible
media include but are not limited

to land based telephones, satel
lites, cellular, Internet, paging
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and even the post office.
•Services are not a component,
but an output of the operation
center. The services that you
want to enhance or perform via
the operation center define most
if not all of the characteristics of

the other components. Typically
far too much focus is placed on
the hardware and remote moni

toring systems (i.e. black boxes)
that are installed on the asset.

The key thing to remember is
that the operation center is not a
product in itself, but is used to
improve services, either for your
own internal/competitive advan
tage, or those being sold to your
end customers. Typical offerings
include:

a 24/7 active monitoring
of alarms

• Data collection and

processing
q Customer web access:

• Real time access to

site

• Access to raw data

• Standard and custom

reporting
• Trending
• GPS - asset location

verification

• Remote control capability
a First point of contact
q Problem tracking
a Environmental and com

pliance management
a Prognostics
a Aiding technical services
q And more. . . .

The people, procedures, data,
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systems, communications, hard
ware and services make up the
"core" of the operation center. To
get a better look behind the
scenes, we need to drill deeper
into the operation center's specific
software applications, the onsite
hardware and their associated

communications as well as the

assets we are monitoring. All of
these make up the other key layers
of the operation center.

Behind the Scenes of an

Operation Center
It is important to note that not all

operation centers are built the
same. Some are designed to han
dle one specific task and may or
may not include all the layers that
we described. It is also important
to note that the terminology may
be different, but ifyou have a cen
ter that enhances services for a
number of differenttypes of assets,
the concepts being described
should exist. (Figure 2)

The next four layers best
describe the categories of specific
software applications needed by
the operation center.
They include:

• Core applications
• Industry applications
• Gateways / translators
• Custom applications.

• The basic function that a core

application performs is not
restricted by the unique charact
eristic of an asset or industry. As
part of the design, many options
are usually available to
accommodate some special
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desires, but the application's
outputs are usually consistent.
An example of a core applica
tion would be an "alarm board".

From strictly a data perspective,
an alarm from wayside equip
ment at a signal crossing is no
different than an alarm from the

on-board controller of a

locomotive. The alarm board

would allow for special desires
such as displaying priorities and
color settings but the general
format (output) would be the
display of the alarm. A core
application may also be some
thing that is fundamental to the
architecture of the operation
center. An example of this
would be the "message
dispatcher" that would receive
incoming data messages from
multiple sources and route them
to the appropriate application.

• Unlike a core application an
asset/Industry Application is
designed to meet the unique
needs of a specific asset or
industry. But not unlike the core
application, the asset / industry
application should transcend
most, if not all "like" assets. An
example of an industry applica
tion would be fuel management.
This application may receive
locomotive fuel level readings
from multiple sources, and
determine and report when,
where and who to dispatch to
refuel the locomotive. This

application on the other hand
would have little or no use in a

wayside application.
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• Gateways/Translators:
Remote monitoring and control
systems (black boxes) have been
developed to perform multiple
functions to or for an asset. As

stated earlier, a large part of the
value that these devices hold is

the data that they log away. The
problem facing the railway
industry has been establishing
communications standards (i.e.
protocols) and trying to get all
vendors to adhere to such

standards. Vendors in turn, have
business and security concerns
about releasing internal data
maps of their systems and proto
col information. An operation
center on the other hand should

have an open communications
protocol / vocabulary (i.e.
extensible Markup Language -
XML) that follows for easy
integration, keeping hardware
independent. Gateways are
software applications that trans
late between the vendors'

proprietary protocols into the
open protocol of the operation
center. The job of the Gateway
or translator is to deliver the

data from the asset to the

operation center in a format that
the op center can reliably use.
It can also be used to receive

information or instructions from

the op center and forward it to
the asset's black box.

• Custom Applications are special
designed software applications
that have no other purpose but
to meet the needs of a specific
customer or a specific asset.
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As you can see, the core, core
applications, industry applications
and gateways allow for a true plug
and play type of environment.
Every asset you tie into the opera
tion center automatically gets to
take advantage of everything that
applies to it. The next layer of the
operation center, communication
media, deals with the physical
transmission of data from the asset

to the operation center.
• Communication Media are the

physical methods or combina
tion of methods used to get the
data to and from the asset.

Present options include:
•Wireless

(analog and digital)
• Internet

• Satellite

• LAN (local area network)
• Land based phones
• Cellemetry

Each of these items has advan

tages and disadvantages. The
communication scheme that is

decided on is a function of several

significant factors. These include:
• Coverage
• Operating Costs
• Reliability
• Capability
• Technology maturity
• Industry maturity
Note that all of the factors that

are part of the consideration
change almost daily and an oper
ation center should be set up to
take advantage of the available
and emerging technology as it
applies to an application.
• Assets are the target for perform
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ance and efficiency improve
ments possible with an opera
tion center. A good operation
center would allow for larger
volumes of different categories
of assets. Examples of these can
be:

• Locomotives

• Cars

• Backup power generators
• Wastewater treatment

facilities

• Turbines

• Practically anything else...

Standard Remote Monitoring
and Control System

It is important that you under
stand the difference between an

operation center and a standard
remote monitoring and control
system. The key difference is that
standard systems are typically
designed to meet the needs of an
individual asset (silo) and do not
offer the centralization / integra
tion capabilities of multiple asset
and asset types. These systems are
a key component in automating
the processes of the operation
center. We need to look at the lay
ers of a standard system to get a
better understanding of its opera
tion and how it integrates with the
operation center. Let's consider
what is required simply to monitor
a locomotive. The following
figure shows the hierarchyof these
layers that constitute a "silo of
layers." (Figure 3)

In looking at the layersof a stan
dard monitoring system, you will
quickly identify some areas of
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commonality with the layers of the
operation center. The main differ
ence in some of these layers is
scope and scalability.

Infrastructure: This may simply
be a single PC that hosts a stand
alone application, with one com
munication connection to an

asset. This PC may be hooked up
to the customer's network allow

ing for some limited multi-user
capabilities and utilizing their
existing backup systems.

Data Storage: In most cases this
is the hard-drive of the PC refer

enced in the infrastructure layer
above.

Reporting: This simply accesses
data stored in the data storage
layer and produces very specific
reports for the asset.

The Remote HMI (Human
Machine Interface) gives an op
center worker remote access to

real-time data from the site.

Communications is the actual

transfer of data to and from the

asset.

These layers all have some com
monality with layers of the opera
tion center, but these next three
layers are quite different from one
asset to another.

The Control Hardware is the

intelligent device in the field that
monitors and gathers the data that
are transferred to the operation
center. It is also referred to as the

"black box." It can also be used to

perform local control as well as
provide remote control capabili
ties.

I/O Interfaces are used to collect
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specific information about the
asset and transfer that information

to the control hardware. These

interfaces can be set up to deter
mine the ON/OFF state of switch

es, pushbuttons or interlocks.
They can be transducers used to
measure actual values such as

temperature, current or pressure.
They can also be used to gather or
transmit data through a serial
interface to other intelligent
devices associated with your
asset.

At the top of the system is the
Local HMI. This is the optional
on-site display that provides view
ing and control access to the data
stored in the control hardware.

We have just described the lay
ers of a single remote monitoring
application of an operation center.
Although they can be effective in
a single application, once multi
ple and varying assets are consid
ered, applications can become
much more complex.

Multiple Asset Monitoring
Now let's consider various types

of assets that a customer may
have. Note that any specific layer,
while unique, may share common
characteristics with other indus

tries. However, in this case, each
type of asset can have its own silo
with individual code written. The

huge development, logistics and
supports costs of maintaining and
using each of these silos can be
overwhelming. (Figure4)

Earlier, we spoke of the com
mon elements of an operation
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center infrastructure. We then

went into specific layers that
comprise individual applications
or assets. Finally, these are placed
together in the drawing below to
demonstrate the complete rela
tionship. (Figure 5)

Note that instead of huge silos
of isolation, the integration of the
op center allows one to use com
mon applications resulting in
smaller and simpler silos. The top
three layers (local HMI, I/O and
control hardware) actually define
the on-site hardware and software

pieces. A well-developed opera
tion center should be truly hard
ware independent. This type of
plug and play feature results in
much less development and main
tenance issues for the developers,
resulting in savings for the cus
tomer.

Where the wheel meets the rail -

A real life example
Brief Description: SmartStart®

and SmartLink are used to transmit

data from the locomotive to the

operation center. These are used
to generate reports that are then
used to optimize the effectiveness
of the fuel management group as
well as to perform low-level
health monitoring. SmartLink
supplies once daily GPS reports to
locate the locomotive as well as to

track movements. The customer

has the ability through a secure
web based interface to ping the
locomotive and to establish its

location or to generate on the spot
reports. Event driven alarms pro
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vide real-time notification of items

that need to be acted upon.
(Figure 6)

A small mid-western railroad

has a fleet of 12 SmartStart

equipped locomotives. The
SmartStart systems are tied into
the operation center located in
Shakopee, Minnesota through the
SmartLink satellite interface. Each

unit is set up to download com
plete fuel saving and duty cycle
reports monthly as well as daily
spot GPS reporting.

The customer has secure access

to reportsand information through
his Internet browser. His firstpage
has the menu selection that

prompts for the specific locomo
tive or fleet of locomotives he is

interested in. It is important to
note that since this is a core appli
cation; it can also be used as a
front end to obtain information on

other customer assets. (Figure 7)
When an alarm isgenerated and

received by the 24/7 operation
center, there is a specific set of
rules that must be followed. A

dead engine in the summer will
invoke a different priority or
urgency than at 2:00 am in
January. Contact instructions vary
from emails only, to priority phone
calls to a list of personnel. Every
alarm is in one of three color

coded states:

• Active and not acknowledged
• Not active and not acknow

ledged
• Active and acknowledged.
When an alarm is returned to

normal and it is acknowledged, it
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is cleared from the alarm screen

and archived forever.

Typical alarms in this case can
be:

• Dead engine
• SmartStart disabled

• Unauthorized loading.
Again, since this is a core appli

cation, this same software can be
used to alarm other customer

assets without the need for addi

tional code. (Figure 8)
The customer has access to the

asset tracker that is set up to show
where the locomotive is at a spe
cific time every day. GPS infor
mation can be quickly blown
down to a detailed map showing
all active rails in the United States.

It can be used to track a single
asset as well as a combination of

locomotives up to the entire fleet.
(Figure 9)
The following reports are asset /

industryspecific and are typical of
what are generated by SmartStart
on a single locomotive. In this
case, they provide detailed infor
mation of the actual fuel savings
and opportunities for a specific
locomotive... (Figure 10)
as well as its utilization.

(Figure 11)
More importantly, the operation

center has a number of fleet-wide

analyzers that present the infor
mation in an organized fashion.
Some reports will highlight poten
tial problem areas that need either
a review (yellow) or immediate
attention (red). (Figure 12)

As a result of this type of report
ing, the following email was gen
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erated after approximately three
months of operation:

Hi Peter,

I thought you would like a quick
update on the SmartStart units.
Looking at the reports, I have
noticed the following items that
you may want to have your guys
look into:

2004 - Large number of restarts
due to Main Reservoir Pressure and

Compressor preventing shutdown
may suggest major air leaks -
$342.00
4300 - Battery Charging preventing
shutdown for many hours may
suggest locomotive batteries needs
changing out - $461.00
4302 - Unit still in test mode

(9998) - $96.00

Please let me know if you would
like any more specifics.

Conclusion

An operation center is not just a
number of software applications
running on a PC. A true facility
starts with the most important
piece, the "core", which includes
people, procedures, policies and
data. At some point your cus
tomers, who may be located any
where in the world, are going to
want to speak to a human voice.
Their expectations are that you are
on-guard 24 hours a day, 7 days a
week.

It's important to note that devel
oping and operating your own
operation center may not make
sense for everyone. It is possible
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for you to have all of the benefits
of an operation center without
incurring all of the costs to devel
op the hardware and software to
operate one. Because the opera
tion center is really a process, you
could contract the services of an

existing operation center to pro
vide your own personalized fully
functional operation center for
your customer.

If you do choose to develop
internally, make sure you consider
your volume expectations, time to
market and system complexity
when determining your return on
investment. There are vendors

who offer the services with vary
ing degrees of capabilities and
sophistication. In making a selec
tion make sure you look at your
long-term needs to ensure that
your choice has the scalability to
meet your current and future
expectations. Scalability takes
two forms: one deals with the

ability to affordably handle small
and large volumes of assets and
the other allows for varying types
of assets. A well thought out oper
ation center considers all of the

assets and will integrate key ele
ments so that software develop
ment and support, as well as hard
ware service can be shared to

allow a more efficient integration
of technology. Don't let your
choice today limit your ability to
enhance your services on any
asset or industry that you serve.

In looking at utilizing an opera
tion center, it is important to first
identify the services that you are
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trying to provide and how the
operation center can enhance
your offering. Remember that you
should not look at an operation
center as a product in itself. You
should be looking at the competi
tive advantages that you obtain
from being able to offer your cus
tomers a complete solution.
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III. DIAGNOSTICS FOR

OLDER LOCOMOTIVES

Prepared by: M.E. Drylie,
CSX Transportation and

TS. Olson, Wabtec Railway
Electronics

Introduction

Troubleshooting of locomotives
is a daily task performed across the
rail industry. When the locomotive
arrives at a service center or shop
there will be incidents written

against the locomotive where an
incident is defined as what is

broken/wrong with a given loco
motive system. Usually the crafts
man is provided an incident code,
with generic wording, along with a
time, date, and general location
the incident occurred. Some

examples could be DBP (Dead
Battery Problem), TMP (Traction
Motor Problem), ECD (Engine
Component Defect), or LWP
(Water Leak Problem). Often with
little else to work with the crafts

man must try to solve the problem.
In receiving the corrective actions
for these problems it is not uncom
mon to see; locomotive running
when arrived, charged batteries,
filled with water, performed load
test, or tested on test track as com
mon fixes where it appears as if the
craftsman could not find anything
wrong with the locomotive. In
some cases, the no problem found
situation may be accurate, but
more often then not the locomo

tive will have the same or similar

problem in a number of days or
weeks. Newer locomotives have

fault monitoring capabilities to aid
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the craftsmen in seeing more of
what was happening with the loco
motive when the incident

occurred. This is a look at how

one railroad is developing a health
monitoring and communications
system to use on its fleet of older
locomotives.

Background
In the late 1970's computers

began to become commonplace
in many industries. Locomotive
manufacturers and suppliers saw
the advantages of computers for
locomotive control and diagnos
tics. The technological step from a
Dash 7 to a Dash 8 or a Dash 2, or
50 Series, to a 60 series was much
more than an increase in horse

power, but even more it was a
giant leap forward in computer
ized control.

The Dash 8 and 60 Series loco

motives came out in the early to
mid 80's. Those locomotives had

the first control systems using com
puters, and had limited diagnostics
using programmable screens to
monitor water temperature, horse
power, A, B, C, and D valves, and
various other control settings and
data. Today the majority of loco
motives in North America are

equipped with diagnostics of some
fashion. There are many systems
available to upgrade the Dash 2
and earlier locomotives, to what is
commonly called on the EMD side,
a Dash 3 locomotive. The com

mon thread between all these sys
tems is the use of onboard proces
sors and sensors.

Until this date, CSX has only
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used diagnostics on new locomo
tives. While the value of a loco

motive health monitoring system
has always been evident, CSX has
waited for the proper opportunity
to implement a diagnostic system.
This opportunity presented itself
with the need for monitoring the
Auxiliary Power Unit (APU) being
installed on the CSX fleet. CSX is

now in the midst of a fleet-wide

implementation of a diagnostic sys
tem for the older locomotives.

Why a new system?
Over the next 5 years, CSX has a

plan to install an Auxiliary Power
Unit (APU) on each locomotive to
meet EPA requirements; generate
EPA credits; and/or to reduce fuel
consumption. The APU is an
important piece of an idling reduc
tion strategy which when imple
mented on a locomotive will allow

the locomotive to be shut down

during any season of the year, and
not just during the summer. While
shutting down the locomotives is
good, - what happens if the APU
fails to start, or perform as desired?
The potential for an engine failure
due to freeze damage increases
dramatically when shutting down
the locomotives in the cold.

To prevent/reduce potential
engine failures CSX saw a need for
a communication system. The
communication system should pro
vide the CSX Operation Center
with information regarding what is
wrong, what locomotive is in trou
ble, the locomotive location, and
the urgency for attention (based
upon whether or not the ambient

65

temperature at that location is
above or below a specified level).

What should be in a new

diagnostic system?
If a railroad wants a health mon

itoring system what does it need?
What is currently available and
what improvements should be
made to make that system more
useful to the user? The following
items have been determined

important for any diagnostic sys
tem.

The system should:
1. Have a generic application

designed to work on multiple
locomotive types.

2. Have faults and notification

methods useful to manage
ment and craftsmen.

3. Have well defined faults.

4. Have a Communication

System to generate messages
that a monitored system has
failed.

5. Provide automatic updates to
locomotive maintenance re

cords so that maintenance

shops personnel will have
information before the locomo

tive arrives at a shop.

In trying to develop a generic
system it is often necessary to
duplicate existing sensors and/or
monitoring systems. Examples of
duplicated sensors are water tem
perature probes/sensors, air pres
sure sensors, and traction motor
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current sensors. Examples of dupli
cate monitoring are Event
Recorder monitored signals, such
as speed, throttle position, and
reverser position. While duplica
tion of existing systems may add
some costs, it makes the new sys
tem easier to apply and use when
each system is identical.

In picking what faults/systems
are to be monitored, it is important
that monitoring a system will pro
vide reduced failures in that system
and the information provided to
maintenance crews be useful in

troubleshooting. If the craftsman
sees no "value" in the diagnostic
system he will not use it.

Faults need to be well defined.

Improper or inadequate definition
may result in the generation of
fault messages which are not
indicative of the true health of a

system, or produce faults so often
they are ignored.

To obtain the most benefit from

a diagnostic system, a communica
tion system is needed. Knowing a
system is failing which may render
a locomotive out of service can

assist transportation managers in
the consisting decisions or
whether pulling a locomotive into
a service center or shop for an
inspection might be useful.
Without an automatic communica

tion system, decision makers can
not know the condition of moni

tored systems.
Providing inputs to maintenance

screens can also be useful in allow

ing shops the opportunity to
obtain needed material before the

locomotive arrives. As an exam

Diesel Electrical Maintenance Committee

ple, if traction motor overheating is
accurately detected a shop can
have traction motors available for

installation.

System Implementation
One of the first steps in diagnos

tic system implementation is to
identify those locomotive systems
to be monitored. After much con

sideration and study the decision
was made to keep the fault defini
tions as simple as possible. We
focused upon reporting problems,
which are basic to locomotive per
formance and locomotive protec
tion.

The next tasks are to determine

which signals to monitor, what sen
sors are necessary to monitor
those signals, and establishing the
performance limits of those signals
and systems.

The communication system
completes the overall implementa
tion. The message routing is criti
cal to a successful program. After
an incident has occurred, data
related to the incident is stored in

an incident log, and the appropri
ate notification process as previ
ously described is completed.

Basic System Requirements
A basic system requires sensors

to monitor signals, onboard pro
cessing of those signals, a commu
nication system, and automated
notification of personnel.

In the CSX application sensors
for water temperature, traction
motor current, main generator volt
age, and air pressure, are used to
monitor locomotive signals.
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Discrete inputs for trainline signals,
relay and contactor position are
also used.

As an onboard processor CSX
worked with Wabtec to expand an
existing computer system. The
main area of expansion was to
increase internal memory by a fac
tor of 16 with the desire to record

3 months of data.

As a communication network,
two pathways were selected. As
mentioned before, satellite com
munication provides instant/near
instant messaging of faults, and a
spread spectrum ground station
based communication system pro
vides full data history for use in
troubleshooting and EPA reporting.

When a defined fault is detected,
the CSX operation center is auto
matically notified; the mainframe
computer updated, and selected
personnel are notified. Which per
sonnel are notified is determined

by which fault is reported.

Systems Monitored:
A Practical Example

In reviewing incident history,
CSX determined that we were hav

ing too many traction motor fail
ures. Often the traction motors

are overheated. There is a load

meter on the control stand that

measures the current through
TM#2. Placing a current sensor
around the TM cable allows the

diagnostics system to monitor the
traction motor and to calculate

when they are overheated. An
algorithm equating temperature
and current is used to record the

overheat condition when the load
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meter parameters are violated. In
order to use the same detection

device across many classes of
power, the 15-minute rating of the
given locomotive is input into the
computer memory as a parameter

when the system is first installed.
Other locomotive performance

criteria monitored in the CSX sys
tem are Low Horsepower,
Dynamic Braking, Ground Relay
Faults and APU Alarm and APU

Performance. Low Horsepower is
defined as not making 90% rated
horsepower while in Notch 8 for at
least 2 minutes and while traveling
at least 20 miles per hour.
Dynamic Braking Fault is based
upon not obtaining 500 Amps of
braking power in full braking while
at a speed greater than 22 miles
per hours. Less than 4 ground
relays an hour are acceptable. An
APU Performance failure occurs

when the Engine Run Manager
asks the locomotive main engine
to start to maintain a parameter
(water temp, air pressure, or bat
tery voltage) that it had already
asked the APU to start in order to

maintain that parameter.
Other areas being considered by

CSX are fuel flow through filters,
inertial filter performance, tractive
effort and/or adhesion.
Incorporation of these systems into
the overall package is planned over
the next few years as the systems
matures.

Communication System
Each railroad needs to determine

the appropriate transmission
means for given signals. Each
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added communication path
increase initial hardware costs,
infrastructure costs, and some
times, transmission costs.

With a satellite communication

system, the system itself limits the
user to determining how many sys
tems are to be monitored and

developing a pass/fail criteria that
can set up as "1" or a "0". Other
limitations in a satellite system are
that each bit and byte of data that
is added will bring higher transmis
sion costs. The advantage of a
satellite system is most satellites
"see" everywhere, that is, they
have fewer blind spot than most
other communication systems.
Some satellite systems also provide
the user with near instant messag
ing.

What about the rest of the data?

Can the data wait until the loco

motive is brought in for mainte
nance or is there a faster way to
obtain all/most of the data? A
spread spectrum radio system is
capable of passing large amounts
of data quickly, reliably, and at a
low transmission cost. CSX is plac
ing spread spectrum access points
in service centers to transmit full

downloads to our network drives

to aid in troubleshooting and to
provide EPA data.

How is the System Used?
In the CSX diagnostic system,

there are many data screens that
are available for troubleshooting.
With knowledge that a system is
failing or a fault has occurred, an
experienced person can review the
ALARM LIST to determine if any
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alarms were recorded around the

time frame of an incident. If an

alarm is noted, the ALARM
RECORD can then be reviewed.

Following that, the graphical por
trayal of data related to the inci
dent can be reviewed. When eval

uating the data graphically, the dis
play can be changed to allow addi
tional or even different signals to
be looked at and compared. The
data can be examined over a large
period of time looking for a gener
al trend, or in small increments of
time to see "which event occurred

first." Recent examples of how this
technique has been used include
determining that a governor had
the "D-Valve" sticking, and another
locomotive had a cold water dump
valve (Guru valve) that tended to
open at a higher temperature than
desired.

Action taken to compensate for
Guru valve tolerance (opening at a
higher than desired temperature)
was to change the system operat
ing parameters. In the case of the
governor, replacing the governor
corrected that locomotives'

problem.
Could these incidents have been

identified and corrected without

the use of a diagnostic system?
Probably, but certainly not as
quickly. In the case of the gover
nor, a few hours of troubleshooting
was avoided. In the case of the

Guru valve on this one locomotive

had opened early a few weeks pre
viously, but was thought to be a
secondary factor instead of the pri
mary failure. The difference? The
diagnostic system was added after
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the first failure and review of the

data clearly showed the 40-degree
Guru valve opened when the
water temperature was 51 degrees.
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IV. TRACTION MOTOR

PROTECTION PANEL

Presented by Kar Gazarov,
CSX Transportation

Ownership of AC locomotives
has increased in recent years and
represents approximately 20% of
the fleet.

Mixed consists with AC and

higher HP locomotives in the lead
may damage traction motors on
trailing DC or lower HP units.

Special instructions were pub
lished to outline the consist build

ing requirements.
Some locations have limited, or

no capabilities to turn the locomo
tives around to comply with the
requirements.

Last DC locomotives have built-

in OEM designed traction motor
protection systems.

Estimates of up to 30% of trac
tion motor failures directly attrib
uted to overheating.

Challenge - identify cost effec
tive solution to protect Dash 2
(33% of the fleet) and Dash 7 (7%
of the fleet) locomotives.

There were several systems avail
able for retrofit, but were cost pro
hibitive.

Efforts were directed to develop
a simple system and involved
several aftermarket suppliers in the
process.

To eliminate non-recurring engi
neering cost, inexpensive modules
currently available on the market,
were utilized such as traction

motor current module, excitation
control module, etc..
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System Requirements
• Current input signal to system.
• Continuous computation of time

exceeding the short time rating.
• Reduction of output by an

amount sufficient to protect
the traction motors.

• Values corrected to ambient

temperature.

• Simple built-in recorder.
• The first prototype system was

installed in 2000 and had high
failure rate.

• The second system was proto
typed in 2001 and performs as
expected.

What's Next?

At the present time, ten locomo
tives are being monitored.

Regular read-outs indicate pro
tection system activates and pro
tects traction motors as intended.

Other Class I railroads are con

sidering application of TMPP to
DC fleet.

Test will be concluded in

December of 2002.
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New
Wick Lubricators for

Traction Motors

Locomotive Gear Case Seals

Wear Plates, Center Bowls &

Pedestal Liners

Filler Caps

// / " // h 11
Manufacturer

MILLER FELPAX

1155 East 8th Street Winona, MN 55987

Call Kristi Corey at 507/452-2461

or Rich Eagan at 610/356-8482

Parts are available for both EMD & 6E locomotives.
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Available Systems
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V. "LOCOMOTIVE AUXILIARY

POWER UNITS"

LESSONS LEARNED

Presented by LawrenceJ. Biess,
CSX Transportation

Introduction

Locomotives typically idle 40-
60% of the time that the main

engine is in operation. Depending
on total main engine runtime, idle
hours per day can be anywhere
from eight to twelve hours, on
average. Operating policies, auto
matic start/shutdown devices, and
layover systems have all been
developed to reduce main engine
idling. Each of these solutions can
have the effect of reducing idle
time to some degree.
Unfortunately, each of these solu
tions can have the effect of increas

ing wear on main engine starting
system components or otherwise
reducing locomotive reliability.
None of the solutions provide for a
comprehensive year-round solu
tion.

Choosing the best solution then
becomes one of economics: Is it

less costly to replace starters, bat
teries, deal with line of road fail
ures caused by repeated shut
downs and restarts, system failures,
and operator error? Or is one bet
ter off incurring the direct (fuel and
wear) and social costs (emissions
and noise) inherent in a fleet of
locomotives that never shutdown?

All too often railroads have chosen

the latter solution.

Three years ago CSX
Transportation began asking a dif
ferent set of questions. What if a
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device could be designed to
address all of the reasons why a
locomotive engine idles? What if a
companion engine of suitable size
was installed on a locomotive with

sufficient automation to eliminate

or greatly reduce locomotive idle
time? What if the main engine was
only started and operated to move
the locomotive? What would the

economic picture look like then?
In November of 1999 CSX

Transportation's Cumberland
Locomotive Shop modified and
assigned a GP38-2, CSXT 2629,
into captive switching service.
Equipped with an automated
17kva auxiliary power unit, or
APU, and a variety of 120vac and
240vac appliances the locomotive
would be subjected to winter and
summer operations to determine
system efficacy and the feasibility
of changing 40+ years of operating
and maintenance habits. Other

issues relating to United States
Environmental Protection Agency
(USEPA) emission compliance and
credit trading would also be
explored.

In this paper we will review the
results of the 2629 field test. We

will also address issues relating to
prototype product evolution, pro
totype crew feedback, cultural
changes, and acceptance (or lack
thereof) relating to the new operat
ing paradigm.

Reasons for Idling
All railroads are familiar with the

reasons for main engine idling:
freeze protection, battery charge,
crew comfort, and break pipe leak-
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age. However, the most significant
but less obvious set of reasons for

idling may be cultural: fear of
restart, ownership and accountabil
ity, the real and perceived financial
insignificance of shutting down a
single unit, and several generations
of ingrained operating habits.
Moreover, if you ask crews why
they idle a locomotive, they will
respond that it is because they
want to "get in and go" and when
they are idling they are maintaining
crew comfort appliances, locomo
tive air, and they have a main
engine that is ready to load.

Effects of Idling
Railroads are familiar with the

effects of idling. These effects can
be divided in social costs and actu

al costs. Social costs are noise and

air pollution. Actual costs are
more tangible and consist of fuel
costs, engine wear costs, and
engine reliability costs.

Fuel, Road units:
Assumptions:
• Locomotive fuel rate at idle =

4 gallons per hour
• Locomotive availability =

95% (based on CSX/GE
Computer Downloads)

• Idle time = 42% (based on CSX
study of road units).

• Idle reduction opportunity =
80% (a conservative estimate).

So fuel savings, per year, assum
ing 80% of the existing idle is elim
inated comes to:

• 4 gallons/hour x 24 hours/day
x .95 x .42 x .8 x 365 days/year
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= 11,185 gallons/year.
Fuel, Switch Engines:
Assumptions:
Same set, assume 58% idle
(CSX/Chessie derived duty cycle
for switchers);
• 4 gallons/hour x 24 hours/day

x .95 x .58 x .8 x 365 days/year
= 15,446 gallons a year.

We feel that these estimates are

conservative for a variety of rea
sons. One might reason that there
is zero idle reduction opportunity
in the summer, especially for road
units. CSX studied 763 GE road

locomotives equipped with
Pinpoint tracking systems for 6
days during the month of August
2000. CSX discovered that these

locomotives idled, on average,
9.78 hours per day. One might
argue that fuel rate at idle is less
than 4 gallons per hour. Indeed,
on some EFI engines fuel rate may
approach 3-3.5 gallons per hour at
low idle. However, engines do not
remain at low idle during all peri
ods of idle. Fuel rate rises 150%

for each notch increase with the

generator unloaded. (Figure 1)

Engine wear costs:
Determining engine wear costs

or otherwise quantifying "wear
and tear" has been problematic. If
one were to tie fuel rate directly to
wear rate, then the engine wear
savings associated with the idle
reductions we assume represent
single digit percentages.

Intuitively, one cannot reason
ably tie engine wear directly to the
fuel rate. The locomotive engine
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and associated support systems
are all designed to operate to deliv
er maximum horsepower. At idle,
are the lube oil, fuel, cooling, and
air intake systems operating at
peak efficiency? Since speed of
lube oil and water pumps are tied
directly to crankshaft speed, it
would seem that fluid system oper
ation at anything less than notch 8
is a compromise.

Is engine wear directly propor
tional to fuel rate? Probably not. Is
engine wear at idle the same as
engine wear at notch 8? Probably
not. Engine wear at idle may be a
function of fuel rate and a weight
ing factor for each notch in the
duty cycle.

CSX has asked The Department
of Energy (DOE) at Argonne
National Labs, the American
Trucking Association, and engine
manufacturers for engine wear
characteristics at idle.

Unfortunately, hard data for loco
motive engine wear at idle does
not exist. Instead, each of these
sources uses heuristics (such as run
hours, MWhrs, condition monitor
ing, load testing) to determine esti
mated engine wear and overhaul
cycles. To date, the only heuristics
available on the subject of idle
reduction come from a TMC study
RP1108 dated 3/95. Using the
assumptions in this study and
applying them to a 3600hp engine
we calculate the following cost sav
ings due to idle reduction:

Idle fuel cost per day
For a truck engine, the savings is 6
dollars per day.
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For a locomotive, the savings for
duel is:

4 gallons per hour x 10 hours per
day x $1.00/gallon = 40 dollars per
day, or 14,600 dollars/year.

Idling preventive maintenance
cost per day

For a truck engine, the savings is
0.72 cents per day.

If we use ratio and proportion,
and base this on the idle fuel

reduction, then:
40/6=x/0.72, x=6.6667 x 0.72 =
4.80 a day, or 1,752 dollars a year.

Idle overhaul cost per day
For a truck engine, the savings

are based on a 5,000 dollar over
haul at 500,000 miles. The esti
mate for savings is tied to the idle
reduction of 6 dollars per day. The
reduction due to idling comes to
$0.41 cents per day.

Once again, if we use a simple
ratio and proportion on the idle
fuel savings, we get:
40/6=x/0.41, x=6.6667 x 0.41 =
2.73 a day, or 996 dollars a year.

To get a clearer understanding of
the effects of idling on locomotive
engines, CSX ran a 645E roots
blown engine at idle for 16 days
during mild winter conditions (32
degrees F to 60 degrees F). During
this period of time, lube oil con
sumption, lube oil chemistry (TBN,
Iron, Barium, Boron), and stack
emissions were monitored. An

independent lab performed the
tests and monitored ambient tem

perature, crankshaft temperature,
oil temperature, and water temper-



84

ature. No appreciable engine
wear was evidenced by constant
iron for the period. However, lube
oil consumption and TBN were
both effected by the idle period.
Based on the test, about 1/3 of
lube oil alkalinity will be lost over
the course of a year assuming 30-
50% idle duty cycle. The engine
consumed 20 gallons of lube oil, or
about .05 gallons per hour. The
souped liquids from the exhaust
stack were analyzed and deter
mined to be 80% lube oil.

Based on these numbers, and
the switcher engine idle assump
tions used to calculate fuel savings,
lube oil savings for the course of a
year as a result of idle reduction
are estimated to be:

.05 gallons/hour x 24 hours/day x

.95 x .58 x .8 x 365 days/year =
193 gallons per year.

This is a significant number,
especially when one considers that
the majority of this oil is deposited
on the car body and right of way,
contaminating our environment.
When one multiplies this volume
by the number of locomotives in a
fleet the true magnitude of this loss
come to light. Although enlighten
ing, long-term studies are required
to determine true wear and the

associated costs of all locomotive

systems at idle.

Locomotive reliability issues as a
result of idling

Locomotive maintenance and

reliability issues which are either
aggravated by or directly caused
by extended idling include oil out
of the stack, intake port deposits
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(GE), dead or drained batteries,
brush wear, frozen toilets, and
wear on the air compressor and
other ancillary systems. If a loco
motive engine fails during cold
weather, the engine must be
drained of coolant to avoid freeze

damage. These problems are fur
ther aggravated by the fact that at
low idle, many locomotives have
so many 74vdc loads that the aux
iliarygenerators are not capable of
maintaining locomotive battery
charge. If a locomotive is shut
down and restarted on batteries

that are low on charge, starting
motor current will rise, raising
motor temperatures and stressing
windings. Often engine idle speed
is increased manually or using
automatic engine control systems
to maintain battery state, all at the
expense of fuel burn at idle.

Locomotive reliability issues:
The 74vdc locomotive supply

industry
Locomotive electrical appliances

for hotel use are typically powered
off of the 74vdc system (auxiliary
generator) or the companion alter
nator. In either case, the equip
ment that is designed to operate
on these power supplies is expen
sive and their reliability can be
compromised if 74 volt direct cur
rent inverters are used to convert

auxiliary generator output to a
more usable alternating current.
And, if these units are run for crew
comfort, idle time is increased,
along with fuel rate at idle.
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The APU:

A new locomotive system
A CSX Mechanical Systems

Engineer examined each of these
issues and interviewed a captive
crew that operates a switch engine
at a remote classification yard in
order to develop a list of design
constraints. The crew provided the
Engineer with the following feed
back:

• They would support forced shut
downs, but wanted a method to
over-ride if operating.

• Prior to a shutdown, they want
ed a warning, both audible and
visual, so that they could actuate
the over-ride.

• Alarm over-ride must be via the

alertor reset button-they wanted
a "one-button silences all

interface."

• Since this was a yard unit, they
felt they did not need shutdown
air.

• If the main engine shut down, it
had to restart reliably.

• If the unit shutdown while they
were in it, they would accept the
shutdown if crew comfort and a

radio was maintained.

• They wanted an air conditioner.
• If the unit shutdown, they would

restart from the engine start
station.

• If idle time was to be clocked,
they wanted 30 minutes. Any
thing shorter was thought to be
a nuisance.

• They liked the idea of a locomo
tive that was shutdown, unless
used in switching.

• They wanted a simple interface
with the system.
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• They did not want to be
bothered with any maintenance
of the system.

• They did not want to operate by
a different set of operating rules.

• They would respond to a system
malfunction, but it had to be
seen and heard from outside of

the cab.

• The crew felt that starting the
APU for crew comfort was

acceptable, however APU start
for locomotive system mainte
nance (freeze protection) should
be automatic.

CSX Mechanical Engineering
and with their partner;
(International Road and Rail),
examined these crew constraints

and developed the following
design criteria:
• The system would provide ade

quate auxiliary power to allow
it to be used as a platform that
could be leveraged for a variety
of uses, including air condition
ing, air compressors, and other
hotel loads. The more power
available, the more flexible the
system.

• The auxiliary diesel engine
would start and shutdown auto

matically, in response to any
number of inputs, including loco
motive coolant temperature,
locomotive air pressure, opera
tor request, and periodic forced
runs for 12 volt system health.

• A main engine shutdown timer
would shut the main engine
down after a period of idle.

• The idle timer would warn crew

of an impending shutdown, and
that alertor reset button would
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be used to silence the alarm

and reset the time to extend

main engine idle.
• Locomotive battery load shed

would automatically isolate the
locomotive battery from all
loads, except the radio, follow
ing a forced shutdown.

• The auxiliary engine must be
able to provide maximum output
with the main engine operating
at peak horsepower.

• The auxiliary power unit electri
cal distribution system would be
equipped with relay logic to pre
vent operating air conditioners
and heaters simultaneously, and
priority would be given to air
pressure, then locomotive
coolant water temperature, then
crew comfort appliances.

• It had to be rugged, extremely
reliable, low maintenance, and
suited for the locomotive operat
ing environment.

The prototype system was built
and consists of the following:
• Standby power unit that delivers

16kva of 240/120vac single-
phase power.

• Engine is a four-cylinder kubota,
rated at 56 peak continuous
horsepower, producing 27
horsepower at 16kva and 1800
rpm.

• A locomotive oil and water recir

culating system that automatical
ly maintains locomotive water
and oil at a suitable temperature
during shutdown periods.

• An engine control unit that auto
matically starts and shuts down
the generator set for either low
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water temperature or upon

operator request with the capa
bility of starting on air or low bat
tery voltage.

• A 240vac air conditioner,
240vac heaters, and 120volt out
lets in the cab.

• 120volt interior and exterior

lighting.
• A simple cab-mounted toggle

switch for APU start and stop
with a power indicating light for
crew directed starts and stops of
the APU.

• A shutdown timer mounted to

the control stand that flashes

and beeps 25 minutes prior to a
shutdown.

• Shutdown over-ride tied into the

alertor reset switch that, once
pressed, silences the alarm and
extends the idle 30 minutes.

• 74volt lighting load shed that
drops 74volt lighting 2 minutes
after a shutdown.

• A battery charger (240vac/
74vdc) that charges the locomo
tive batteries whenever the APU

is running.
• An exterior strobe alarm with

siren tied to the ECU alarm

panel.

The prototype system was
installed on CSXT 2629 at the

Cumberland Locomotive Shop in
Western Maryland. Since this
locomotive was in captive service,
and since it would be serviced at

the installing shop, a set of draw
ings and instructions were drawn
up and given to the technical direc
tor at this shop. Once again, the
cognizant Mechanical Systems
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Engineer would be called in the
event that the locomotive was in-

shopped for an APU-related failure.
Following installation and shop
testing, the locomotive was deliv
ered to the captive crewmembers
that were each trained on how the

new unit worked, and were given
the following instructions:
• Operate the locomotive no dif

ferently from the current operat
ing rules. However, they were
told that the system would shut
the locomotive down automati

cally, and that if the locomotive
was abandoned it must be

secured by applying hand-brakes
and applying the independent
brake, once again in accordance
with the operating rules.

• The crew was invited to shut the

locomotive down consistent

with the CSX fuel conservation

policy, which is to keep the unit
idling if the temperature is
expected to drop to less than 40
degrees F.

• The crew was given a demon
stration of the air conditioner

operation, and was told that as
long as the system remained on
line (the crew did not turn the
APU off by pressing the emer
gency shutdown or disable the
shutdown timer) that the air
conditioner would work on

demand.

• The purpose of the external
alarm was explained, and the
crew was asked to secure the

alarm by pressing the APU emer
gency shutdown button and told
to contact a cognizant CSX
Mechanical Systems Engineer if
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they ever had to take this
corrective action.

• Decals explaining all of the
operating characteristics, with
instructions and phone numbers,
were applied to the locomotive.

By the time the design parame
ters were met and the system was
released into service, CSX had the
project evaluated to determine if it
was sufficiently unique to warrant
a patent. This query has resulted in
the award of multiple national and
international patents.

CSXT 2629 today
The prototype APU and air con

ditioner were inspected August 15
of this year and are still functioning
exactly as they were originally
installed. 2629 performance to
date:

• 1,500 hours of run time.
• Lowest recorded ambient tem

perature: -5 degrees F.
• Maintained coolant temperature

during this ambient:
80 degrees F.

• Maintained lube oil temperature
during this ambient:
50 degrees F.

• Cycle time during this ambient:
one hour on, one hour off.

• Estimated 14,000 gallons fuel
savings each year.

• Air conditioner was repaired for
a refrigerant leak 33 months ago,
and for a bad contact 20 months

ago. Since this last repair the
unit has functioned without

incident.

• APU has been shopped for hose
breaks, broken mounting bolts,
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low lube oil shutdowns, and oil
and water leaks from the heater

tank.

• The APU oil and water filter have

been replaced once - no other
maintenance has been per
formed.

The crew was recently inter
viewed about the performance of
the APU and operating issues with
the new system, and they state that
they like the new system:
• The crew does not use the interi

or or exterior lighting.
• The crew does use the 120vac

outlet in the cab.

• The crew enjoys the air con
ditioning, and quickly notifies
Mechanical forces if the APU

malfunctions because of loss of

air conditioning.
• The crew shuts the locomotive

down manually during warm
months. The engine shutdown
timer shuts the locomotive down

automatically during cold
months when crew leaves it

idling.
• The crew has accepted the shut

down timer and reset.

• The crew does not take issue

with restarting the locomotive if
it is left unattended so long as
they have a method for prevent
ing a shutdown while it is attend
ed.

• Although reluctant to allow the
locomotive to shutdown during
the coldest winter nights, they
have gotten confident in the
ability of the APU to maintain
locomotive battery charge and
system temperatures to provide
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a reliable main engine start.

The most significant issue that
the new system faced was the
periodic introduction of a new
crewmember. Inevitably, these
workers learned through trial and
error (and from more senior
crewmembers) how the system
behaved. Familiarity and training
would be a recurring issue during
the subsequent CSX rollout.

Effects of idle reduction:

fuel and emmisions

On the prototype unit, idle hour
reductions of 8 hours a day during
winter operations were observed.
The cyclical use of the unit by a
three-shift crew operating seven
days a week meant that the 8
hours of daily savings occurred on
a locomotive that had high utiliza
tion. Furthermore the main engine
seldom had a chance to cool down

enough during the 2-3 hour period
of time between shifts for the APU

to start on low cooling water
temperature. Based on our obser
vations the change in idle duty
cycle on this unit resulted in an
annual fuel savings of close to
15,000 gallons.

At first, reductions on NOx were
calculated by multiplying the NOx
emission rate at idle by the total
number of hours that the unit was

shut down. Using this method,
CSX determined that the APU

reduced NOx emissions by nearly
two tons over the course of a year.

Following the winter test, the
locomotive and APU were sent to

an independent emission laborato-
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ry to absolutely quantify the APU
emissions under a variety of loads
and the main engine under each
notch.

Using some very conservative
idle hour reductions, and making
adjustments to the EMD fuel deliv
ery system, CSX has been able to
convey the APU emission reduc
tions listed in Figure 2 into a
proven emission reduction strate
gy. To date CSX has obtained EPA
approval of the APU as an emis
sion reduction strategy that meets
tier 0 compliance on 8 classes of
EMD engines. Instead of buying
OEM emission kits, suffering a
fuel/horsepower penalty, and
being forced to periodically pur
chase OEM specified fuel injectors,
CSX has begun to apply APUs and
main engine equipment at a com
petitive price, all without incurring
the fuel penalty and recurring com
ponent replacement prices associ
ated with OEM kits. In the

process, CSX will reduce other
costs associated with main engine
idling, and enjoy the electrical
appliance flexibility that the APU
affords.

Secondary benefits
In order to fully explore the

potential of the APU, 2629 was
equipped with 120 and 240vac
distribution systems that powered
120vac lights in the engine room,
120vac motion-sensitive flood

lights on the #1 and #2 end,
weather tight 120vac outlets,
120vac motion sensitive florescent

lighting for the cab and toilet com
partment, thermostatically con
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trolled cab and toilet compartment
heaters, and a 240vac 36,000btu
rooftop cab air conditioner unit.
During the winter, the APU switch
lineup is made to permit automatic
cab heat and engine heat. During
the summer, the APU switch line
up is made to permit manual cab
control of the APU for air condi

tioner operation.
The presence of the APU allows

for the purchase and installation of
these devices at a low cost without

having to endure the design, man
ufacture, test, and rent-seeking sup
plier behavior cycle inherent to the
74vdc locomotive appliance indus
try. Marine-grade or penalinstitute
grade Underwriter-Laboratory list
ed appliances with factory war
ranties that are manufactured by
the thousands mean that purchas
es can be made from Grainger or a
local hardware stores and installed

in short order. In the simple case
of air conditioning, rooftop or
under roof air conditioners can be

installed for a fraction of the cost of

self-inverted units. In addition to

the purchase savings, cost associ
ated with auxiliary generator
upgrades (which may be required
on older locomotives) are avoided.

The presence of such devices
does require that the APU be
operated in order to provide for
their power. On the other hand,
the presence of the APU means
that the main engine does not
need to idle in order to provide for
crew comfort and convenience.
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Barriers and

unanswered questions
The APU is an exciting new

locomotive operating system that
has many potential benefits.
However, the barriers to success
fully implementing the new system
and changing 40+ years of railroad
operating practice are great.

Operating constraints
The original manifestation of the

CSX project worked using the con
straints that were given by an
industrial switching crew. Broader
use of the product on line-haul,
especially idling main-line trains,
requires a more conservative set of
constraints. Issues such as lead

and trail headlights, train line air,
and maintenance of radio and

head of train device power
become priorities. Line-haul con
sists that idle on the main line need

to move as soon as a crew boards.

Therefore, it may be necessary to
forego maximizing idle time reduc
tions in order to permit "get in and
go" operating requirements of the
crew.

Air

Air requirements vary depending
upon the operating rules of the
respective railroad. Most of the
main engine start/stop systems
maintain pressure in the #2 reser
voir between 110 and 130psi all
the time. For an EMD that leaks,
or has spitters, this can mean repet
itive starting and stopping and
unnecessary idling of light locomo
tives for air. At CSX the need for

air was examined based on the
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root cause for the need.

The following rules are in effect
for an idling locomotive that is left
unattended:

• Full service application (brake
pipe at 64psi).

• Apply all handbrakes (or chalk
chains) to the locomotive in the
consist, and 10% of the cars, or
at least one car, whichever is
greater.

So, if air is left to bleed off an
idling train, the train is secure.
However, train crews want to "get
in and go." Ifa train is left off of air
for too long, the on-coming crew
will need to walk the train to per
form the terminal brake test. The

FRA power brake rule states that:
• A train is "on air" if the end of

train pressure is 60psi or greater.
• A train does not need a terminal

brake test as long as it is on air.
• If end of train pressure drops to

less that 60psi, a terminal brake
test is not needed unless air

pressure is less than 60psi for
more than four hours.

Why do the crews want air?
• To avoid performing a terminal

brake test on the line of road.

• "Get in and go."

How much air is needed to

maintain the train line for an unat

tended train when brake pipe is
64psi? To answer this question,
Wabtec was consulted and data

provided (Figure 3).
Based on this data, we see that a

train, 100 - 50ft. cars, with a
5lb/minute leak rate at 90psi, con-
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sumes 20 standard cubic feet per
minute (SCFM) of air at 64psi
brake pipe.

Then the air question becomes
one of air compressor capacity,
and whether or not an air com

pressor of sufficient size can be
powered by the auxiliary power
unit. In order to answer this ques
tion, we decided to work back
wards, that is to say, we selected
an air compressor that could be
reliably powered by the APU and
did the math to see if it would sup
ply at least 20 SCFM of air.

We selected an oil-free air two-

horsepower compressor, that is
rated to deliver 10 cubic feet per
minute at 100psig.

Step 1: convert the trainline
requirement to cubic meters at
standard temperature and pressure
(SIP):

Air requirement = 20 SCFM
1 cubic meter of air at 1 atmos

phere and 32 degrees F = 37.326
cubic feet of air at 1 atmosphere
and 60 degrees F.

Converting the air requirement
from SCFM to cubic meters at STP

yields:
20SCF/37.326SCF/cubic meters at
STP=0.536 cubic meters at STP.

Step 2: convert the air compressor
rating to cubic meters at STP:

Air supply=10cfm at 100psig
Converting to STP, we will use the
universal gas law, and the following
inputs:
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10 cubic feet=283.1685 liters

140 degree outlet temperature-
333.15 degrees K
114.7psia=7.805 atmospheres
0 degrees C=273.15 degrees K

P1V1/T1=P2V2/T2

(7.805 atm) x (283.1685 liters)/
333.15 degrees K=(1atm) x (Y
liters)/273.15 degrees K

Y=1,812.1 liters, or 1.812 cubic
meters at STP.

Step 3: Compare to two values:

Air requirements.536 cubic
meters at STP/minute.
Air compressor product=1.812
cubic meters at STP.

Therefore, we conclude that the
air compressor we have selected
produces three times the air
required for a train at 64psi brake
pipe.

Control for air

We do not want the APU to run

for air to run except when a train
is parked in accordance with our
operating rules. Therefore the
APU air system on CSX locomo
tives is set up so that when brake
pipe is between 60 and 75psi, the
air compressor charges the #2
reservoir to maintain pressure
between 105psi and 120psi. If
brake pipe is above 75psi the sys
tem "sees" that the brakes are

released and air is no longer
required. If brake pipe is below
60psi, the APU "sees" a light loco-
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motive and will not run for air.

This algorithm works for CSX,
but other roads have different

operating rules. The economics of
air and individual algorithms will
need to be developed to suit the
needs of other roads.

Culture

In order for a successful imple
mentation of the APU to occur

there must be an explanation,
training, acceptance, and clear
expectations provided to the crews
that operate locomotives with
these new systems. Locomotive
operators must each get some
experience operating without
idling.

The crew that operates the 2629
was asked to participate in the ini
tial design (active voice), they were
given operating instructions, and
the concept and predicted benefits
of the new system were fully
explained to them. When the
crew shut the locomotive down for

the first winter night, they did so
with some reluctance. However,
following the first overnight shut
down, the crew started the loco
motive without any difficulty or
hesitation. As the crew spent more
time with the locomotive, they
became so comfortable with the

new unit that they began to ask
when other locomotives would be

similarly equipped.

Alignment
In order for the APU to succeed,

each of the stakeholders within

each railroad must have goals and
metrics that are in alignment. If the
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goal of management is to reduce
idling to save fuel and reduce
maintenance costs, and the goal of
the operating crew is to "get in and
go" will the fuel and maintenance
reductions be foiled by crewmem
bers who disable a system because
they feel that an idling unit is a
good unit? If Transportation owns
the fuel budget, but has no interest
in the operation and maintenance
of the APU outside of the fuel sav

ings, will Transportation consider
the erosion of budgeted fuel sav
ings a problem that is the domain
of Mechanical? In order for align
ment of objectives to occur, every
department with an interest in the
APU must work in concert with

each other.

Incentives

How can the APU be protected
then if so many stakeholders have
so many differing objectives?
Incentives, such as fuel savings and
emission compliance and credits,
which should be shared across

operating groups, will go a long
way towards minimizing the dis
comfort and inconvenience of

installing the APU and changing
operating practices. Public rela
tions affects from reduced idling
will also provide an incentive for
using the new system.

The most critical stakeholder is

the locomotive operator. On the
2629 total acceptance of the sys
tem came when an air conditioner

was mounted on the cab roof and

a 120vac outlet was placed in the
cab. Once the operators under
stood that the air conditioner and
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outlet only functioned when the
APU functioned and main engine
shutdown system functioned, they
became keenly interested in prop
er operation of the APU.

CSX approach on latest genera
tion APUs

CSX is currently installing APUs
on its entire EMD fleet. These

units are equipped with supple
mental APU driven air compres
sors, main engine shutdown
timers, load shedding devices, and
a central processing unit that con
trols both APU and main engine
start/stop parameters for pressure,
temperature, and battery charge.
The system also records and
processes information for locomo
tive health and fuel saving reports.

Each of these locomotives is

equipped with a thermal drain
valve (in the event of a full system
failure and no operator action) and
a tie in for wireless communica

tions. A variety of communication
solutions are being evaluated, with
the goal of being able to record
when/if an APU alarms or is manu
ally disabled or if the locomotive
experiences a steady or transient
failure.

These APUs are built with

"hooks" that allow them to be

started remotely from the cab, that
are timer operated, and that pos
sess logic that prevents overload
ing of the APU electrical system.
CSX is in the process of installing
APU-driven cab heating systems
and air conditioners that will be

evaluated for fleet use.

Diesel Electrical Maintenance Committee

Conclusion

CSX's prototype APU verified
system efficacy, was found to
reduce fuel consumption and
emissions, and was successfully
accepted by a captive crew. There
are several patents pending on the
new system. It has also piqued the
interest of the DOE, the USEPA,
independent research labs and
other potential vendors. In
response to the positive perform
ance and economic impact of the
new devices, CSX Transportation
will install approximately 800 units
by year's end.

The key lesson learned in the
evolution of the APU is that all

departments within the railroad
must be involved with establishing
the operating constraints. Perhaps
the most important group to be
consulted is the end users, the
operating crews, who must be
given an active voice in the
development of the device, and
they must be given an incentive to
use it. Without their cooperation
and involvement, the APU will not
deliver the savings that are
promised.
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Figure 3
Source: Wabtec
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I. DETRIMENTAL EFFECTS OF

LOCOMOTIVE ENGINE IDLING

Preparedby
Ted Stewart,

CSX Transportation

Introduction

The purpose of this paper is to
further expound on the negative
effects of long term locomotive
engine idling. This subject was first
presented by Mr. Larry Biess at the
2001 LMOA conference with a

paper entitled: Locomotive Auxiliary
Power Units: A locomotive system

innovation that makes dollars and

sense. In his paper, Mr. Biess pro
vided the fundamental reasons why
locomotive diesel engines are cur
rently allowed to idle. He explained
the problems and costs that are asso
ciated with this activity and then pro
posed an alternate solution for
which the main locomotive engine is
shut down and an auxiliary gen-set
power unit is used. This paper will
provide additional information and
data as to why diesel engines should
instead be shut down and not

allowed to idle for prolonged time
periods.

The "IDLE" parameter of a diesel
engine is a necessary speed and
load setting that allows the engine to
just maintain an operating condition
that keeps it ready for use. The
engine speed is generally set at a
minimum point that still allows for
smooth running operation while pro
viding the auxiliary loads necessary
in the existing conditions.

It has been generally well accept
ed that most diesel engines should
be idled for several reasons. The

main reasons, were that, compared
to gasoline engines, diesel engines
were much harder to start in cold

ambient conditions; diesel fuel was
significantly less expensive than
gasoline and the exhaust production
of carbon monoxide, CO, was not
the serious health hazard it is with

gasoline engines. It is also generally
well accepted, that the larger the
diesel engine becomes, the harder it
can become to start. Therefore, the
truck stops along the Interstates and
many of the locomotive switching
terminals are filled with engines that
are rarely, if ever, shut down.

There are other important rea
sons why locomotive engines were
allowed to run, which were dis
cussed last year in Mr. Biess's paper.
These reasons are freeze protection,
battery charge, heating and air
conditioning, (HVAC), and train line
air pressure.

The railroad industry in the past
generally did not use an anti-freeze
solution in the locomotive's cooling
system. Primarily, this was because
of the cost, both for the anti-freeze
and the consequential damage due
to leaks. Locomotive cooling system
capacities are usually 200-400 gal
lons, depending of course on the
size of the engine. Past engine
designs were plagued with sealing
arrangements that leaked, both
externally and internally. The inter
nal water leaks then contaminated

the engine's lube oil, which if severe
and allowed to persist, could then
lead to crankshaft bearing damage
and consequential catastrophic
engine failures.

If anti-freeze, such as ethylene
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glycol, contaminated the lube oil
due to leaks, the highly viscous fluid
that resulted in the chemical reac

tion between the anti-freeze and the

lube oil's additive package would
very likely plug the lube oil filters,
resulting in a low-oil pressure shut
down. Again consequential damage
would occur if the filter housing
relief valve opened in the by-pass
condition allowing unfiltered oil into
the bearings and pistons. Most rail
roads instead use a more compatible
water treatment solution or rust

inhibitor that can act as a trace ele

ment in the lube oil analysis, if and
when there are internal water leaks.

If the locomotive is shut down dur

ing cold weather conditions, the
engine is protected by "dumping"
the water, to keep the coolant sys
tem from freezing and damaging the
engine and the associated piping.

Locomotive engines are also
allowed to idle to maintain the elec

trical system's battery charge. If the
engine had been previously shut
down and now has to be restarted

for any reason, the current 74v
system needs to be as fully charged
as possible. Fully charged batteries
with good reliable starters help
provide enough starting torque to
turn the engine fast enough to build
cylinder compression pressure,
which is required to ignite the diesel
fuel. To make matters worse, there is
an inherent problem with older
power assemblies on EMD engines.
The exhaust valve seats can warp
over time, which prevents the
build-up of the required compres
sion pressure, thus adding another
reason for allowing the engine to run

continuously.
Cab comfort is another impor

tant factor for allowing the diesel
engine to operate. Both heating and
cooling systems, when in operation
during their respective seasons,
require high electrical loads for
heaters, refrigerators and air condi
tioners. Locomotives parked at a sid
ing waiting for track clearance,
should have the necessary heating
or cooling system to provide satis
factory operating conditions for the
crew.

And the last important factor for
idling is maintaining the train line air
pressure in order to avoid the depar
ture test. If the locomotive is shut

down and the main air pressure is
lost, there are many locations where
trains are stopped for one reason or
another, in which the safety of a
crew member might be in question,
if a departure test must be per
formed. The locomotives are thus

allowed to run to maintain the train's

air pressure, so that when the clear
ance is provided, the train can safely
and legally proceed with operation,
without any of the crew members
leaving the cab.

The previous points presented in
favor of keeping the engine running
are valid reasons why idle is an
important operating feature.
However, the purpose of this paper
is to expand on why the idling con
dition is detrimental to the engine's
performance and overall durability.

There are four major detrimental
cost factors that must be considered

in the study of diesel engine idling.
They are; fuel consumption, lube oil
consumption, component wear and
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noise. These four parameters added
together can produce a major
impact on the operator's bottom
line.

Fuel consumption at idle is signif
icant, not so much because of the
rate of consumption, but because of
the sheer amount of time most loco

motives spend in idle. The following
table presents actual test data col
lected at Southwest Research

Institute's Locomotive Test facility. A
follow-up example illustrates the fuel
savings based on the amount of idle
time and this fuel usage.

The EPA's locomotive emission

regulations published expected
industry idle duty cycle percentages
of 59.8% for switchers and 38.0%

for line haul units. A calculation

using these EPA idle duty cycles,
based on the following assumptions,
($0.80/gallon and 75% idle shut
down), provides the estimated fuel
savings of $10,058 per year per
switcher locomotive and $11,944
per year per line haul unit, (using the
average fuel rate for the respective
models in Table 1).

Another fuel cost, although hid
den, is associated with idling, and it
directly leads into the next two
major idling costs: lube oil con
sumption and wear. Due to the
lower operating temperatures nor
mally seen at the idle notch condi
tion and because the fuel is being
inefficiently burned, considerably
more soot, (carbonaceous by
products of combustion), is formed.
On locomotive engines, this soot
deposits itself in the engine lube oil,
the exhaust manifold and the intake

air chamber. Without proper routine

cleaning, air box fires can occur on
EMD engines, in which these soot
deposits finally ignite in both the
intake and the exhaust passages, and
can result in turbocharger over-
speed/overheat catastrophic failures.
Also during this condition, the sulfur
released from the diesel fuel during
the process of combustion begins to
react with the condensed water

vapor from the intake air on the
combustion chamber's piston
crown, rings and cylinder walls. The
resultant sulfuric acid fumes corro

sively attack the exposed surfaces of
the combustion chamber. These hot

acidic combustion blow-by gases
that are also pushed passed the rings
into the crankcase, react with, con
taminate and deteriorate the

engine's lube oil.
All diesel engines are designed

with a unique piston ring and liner
structural relationship which must be
carefully preserved in order to main
tain the correct performance and oil
consumption. The piston rings have
two main purposes: one, to seal off
the combustion firing pressure to
maximize the power being generat
ed by the burning fuel, (compression
rings), and two, to minimize the con
sumption of engine lube oil being
supplied for piston/ring/liner lubrica
tion, (oil scraper ring). The cylinder
liner walls have three purposes. The
first is to provide a round bore sur
face that can be readily sealed by
the compression rings. The second
is to provide the same round bore in
which the oil scraper ring can maxi
mize the excess oil being returned to
the sump and prevent it from getting
past the compression rings into the
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combustion chamber. The third

function is to provide lubrication for
the compression rings to reduce the
sliding friction wear component on
both the rings and liner. The soot
and sulfuric acid compounds pro
duced at idle attack all of these areas

detrimentally.
When diesel engines idle, the

cylinder firing pressures being gener
ated are considerably reduced and
therefore there is a less pressure to
help push the compression rings out
against the liner wall surfaces. Also
at idle, the operating combustion
temperatures are reduced, thus
increasing the amount of soot,
which then begins to find its way
into and deposit itself in the cylinder
wall crevices, displacing the neces
sary oil pockets. This is especially
critical at the top ring's reversal
region, which leads to increased ring
wear. The soot also forms hard

deposits inside the ring grooves, thus
leading to stuck rings. The sulfuric
acid compounds as discussed earlier
are also being deposited on all of the
combustion chamber surfaces, lead
ing to increased chemical corrosion.
And because of the reduction in

combustion pressures, both contam
inants find their way past the rings
into the lube oil which carries them

to the other critical wear compo
nents, such as bearings, to continue
the attack.

Lube oil consumption at idle is
affected in two ways; one obvious
and the other that must be meas

ured. The first detrimental effect is

the condition known as, "souping,
oil-out-the stack, etc.", which is the
more obvious condition. As stated

above, the ring pressure against the
cylinder liner walls is greatly
reduced, the combustion tempera
tures are significantly lower and the
cylinder walls themselves are signifi
cantly cooler and potentially less
round. All of these conditions have

a pronounced detrimental effect on
the piston ring/liner system in that it
begins pumping the oil up and out
instead of pushing it back down.
Both locomotive engine designs,
two and four stroke, can have this
condition. The second "somewhat

hidden" cost is the effect that these

contaminants have on the life of the

lube oil. All combustion by-products
that get past the rings into the lube
oil cause dramatic changes in the oil
and to the engine if allowed to exist
for long periods of time. If the cur
rent railroad lube oil's additive pack
age is broken down into compo
nents, one can see that each com
ponent is specially added to help
reduce the detrimental effect on the

critical wear components as well as
provide for long oil life. The two oil
package components that are vitally
important to engine idling, are the
dispersant and the total base num
ber, TBN.

The dispersant component's pur
pose is to find and surround each
and every soot particle that finds its
way into the lube oil and keep it
from attaching itself to other soot
particles, in order to keep them as
small as possible. An analysis of a
"dirty" oil sample from a locomotive
engine showed at 75% of the soot
particles were less than 1 micron in
size, with an average size of 0.75
micron, (CSX data). It is important to
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keep these particles as small as pos
sible to prevent disruption of critical
bearing oil films, which could lead to
increased wear and premature bear
ing failures. The TBN's purpose is to
neutralize the acidic combustion

byproducts in order to keep them
from attacking and corroding the
critical bearing wear surfaces. Oil
quality or the oil's remaining useful
life can be determined by laboratory
measurements of soot content or

pentane insoluble percentage, the
lube oil's total base number and the

oil's total acid number levels. An

internal CSX study of the engine's
lube oil consumption at idle, resulted
in two significant findings. First, the
oil consumption, (oil-out-the-stack),
was found to be 1.3 gallons during
24 hours of idling on a GP38-2
locomotive which was estimated to

be an average of 200 gallons per
year per locomotive. Second, the
total base number overall level

decreased at a rate of about 1 TBN

per month of idling, which was
estimated to be an average of
30-40% of the oil's alkalinity lost in
one year per locomotive.

Engine component wear due
solely to locomotive idling is difficult
to measure and objectively quantify.
There are no known official papers
presenting carefully conducted
experimentation to accurately meas
ure and record wear rates on com

ponents such as rings, liners and
bearings. Even though this factor
has yet to be thoroughly tested and
proven, it has been estimated based
on years of experience that a major
reduction of idling may increase
power assembly life by as much as

one year of additional service.
The last major cost factor to be

discussed is another parameter that
is difficult to measure and quantify,
yet very real. That detrimental effect
is noise. CSX conducted an internal

study to determine the normal noise
level of an idling locomotive. The
following chart (Table 2) show the
results taken at 100 feet from four

orientations and then compare their
results with the background noise
levels.

The detrimental effect of loco

motive noise is on the local areas

surrounding the locomotive yards.
This noise pollution is becoming an
important concern that should be
addressed if the railroads are to

remain "good corporate citizens".
The Federal EPA locomotive emis

sion regulations pre-empted the
states and local municipalities from
legislating their own exhaust emis
sion regulations, but did not address
the possibility that noise emission
regulations, once mandated, could
become effective emission reduc

tion strategies.
Currently, two methods are avail

able reduce idling on locomotive
engines. The first method involves
electronic based technologies that
are being offered to automatically
shut-down and start up the locomo
tive engine itself. These systems
monitor the critical fluid tempera
tures and when the lower control

temperature is exceeded, the engine
automatically starts up, to re-gener
ate the necessary heat, once the
upper limit is reached, the unit then
shuts off, completing the cycle.

The second method, which was
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described in Mr. Biess's paper uses a
secondary source of heat that is gen
erated by an auxiliary power gen-set.
This arrangement can either be inte
grated into the locomotive's control
system to make it automatic, or it
can be separate setup in which the
unit must be manually started and
stopped. The same cycling
sequence as described before is also
used for the auxiliary gen sets; the
only major difference is that the
main engine remains shut down
instead of cycling on and off to
maintain fluid temperatures. The
gen sets now maintain this function.

In conclusion, the idle speed and
load setting for all diesel engines
should be minimized as much as

possible. Doing this will reduce fuel
and lube oil consumption, will
increase engine component wear
life, and will reduce operating noise.

There are currently two methods
available for implementing idle
reduction technologies: automatic
main engine stop and start systems,
and the use of a separate auxiliary
diesel engine generator set.
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Table 1:

Locomotive Idle Fuel Rates by Class*

Locomotive Class

(Engine Model)

Idle Fuel Rate,

Gal/Hr

MP/GP15 (12-645E) 3.8

MP/GP15T(8-645E3C) 1.8

GP38-2 (16-645E) 4.0

Switcher Average 3.2

GP/SD40-2(16-645E3) 3.2

GP/SD40-2 (16-645E3C) 3.4

SD50 (16-645F3B) 2.7

SD60 (16-710G3B) 3.8

SD70 (16-710G3B-ES) 5.1

SD80 (20-710G3B-ES) 4.9

Line Haul Average 3.8

*Data from the Southwest Research Institute locomotive test facility
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II. EMISSIONS STANDARDS

COMPLIANCE FOR THE

GE DASH 8 LOCOMOTIVES

Prepared by Bob Adcock,
Norfolk Southern

Presented by Ed Burrier

Introduction

Because of their lack of electron

ic fuel injection, the Dash 8 locomo
tives from General Electric

Transportation Systems present spe
cial problems when attempting to
meet or exceed the emissions stan

dards set by the EPA. This report will
present the package components
and testing results for General
Electric's Tier 0 kit along with giving
an insight into Tier 0 testing, per
formed on two of these locomotives,
by Norfolk Southern and Turbo and
Compressor Maintenance..

Objectives
Norfolk Southern, Turbo and

Compressor Maintenance, and West
Virginia University conducted emis
sions testing on two General Electric
Dash 8 locomotives. The West

Virginia University Transportable
Heavy Vehicle Emissions Testing
Laboratory was used to perform the
testing (Figure 1). The purpose was
to determine if a Dash 8 locomotive

with retarded fuel injection timing
could meet the EPA Tier 0 emissions

standards for oxides of nitrogen
(NOX) and total particulate matter
(TPM) while avoiding an excessive
fuel economy penalty that is normal
ly associated with retarded timing.

Testing Methods and Results
Tests were performed on a GE

D8-40C locomotive that was fresh

from overhaul and equipped with a
stock GE turbocharger. The same
tests were conducted with a C39-8

locomotive equipped with a Turbo
and Compressor Maintenance
(TCM) Hispana Suiza turbocharger.
Tests were conducted with a fuel

injection timing setting of 8 degrees
BTDC. The base injection timing for
this engine is 12 degrees BTDC.
Gaseous emissions (C02, CO, NOX,
THC), particulate matter emissions
(PM) and exhaust opacity data were
collected according to the guidelines
set forth in CFR 40, Part 92, Subpart
B.

The tests were completed
according to the exhaust dilution
methods described in CFR 40, Part
86, Subpart N. A full-flow exhaust
dilution tunnel was utilized in order

to simulate real world conditions and

produce accurate data. A particu
late sampling system, a gaseous
emission sampling system, and sev
eral exhaust gas analyzers were used
to gather data. Weighting factors
defined in the CFR 40, Part 92,
Subpart 2 (Table 1) were used to cal
culate weighted steady-state exhaust
emissions results for comparison
with the federal air quality emissions
standards. The emissions tests

results obtained from these locomo

tives were compared with Tier 0
standards given in Table 2.

Table 3 gives the results of tests
conducted on the D8-40C locomo

tives with a stock GE turbocharger
(Unit 8692) and the injection timing
retarded 4 degrees. It is important
to note that the unit did meet the

certification level; however, only
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slightly. Table 4 represents the test
results from the C39-8 locomotive

equipped with the TCM turbocharg
er (Unit 8678). Once again the
injection timing was retarded 4
degrees to 8 degrees BTDC.
Looking at Table 4 and comparing
the THC, NOx, CO, PM, and C02
test results to the certification levels,
it appears that this combination may
produce satisfactory results.

Due to the budgetary impact of
locomotive diesel fuel, all Class I rail
roads are eager to have emissions
packages that provide little or no
degradation of fuel economy. Fuel
economy tests were completed on
the C39-8 locomotive equipped with
the Hispana Suiza turbocharger.
Figure 2 is included to demonstrate
the changes noted in the fuel econo
my when the injection timing was
modified. As you can see from this
graph, this particular locomotive did
not see a significant loss of fuel
economy until reaching notch 7 and
8.

Table 1

Locomotive Engine Certification Test Cycle

The greatest variance recorded was
3.5% at notch 8.

Conclusion

From the test data shown it

appears that the Dash 8 locomotive
equipped with a Turbo and
Compressor Maintenance tur
bocharger can meet the EPA guide
lines for emissions. Further testing
will be required to qualify the impact
of retarding the locomotive's injec
tion timing. Exactly how the loco
motive will be affected operationally
has yet to be determined. The two
locomotives tested remain in opera
tion at this time and Norfolk

Southern is gathering data on their
reliability. Further testing is planned
both on these and other units.

Test Mode Engine Operating Point Weighting Factor

1a Low Idle 0.19

1 Normal Idle 0.19

2 Dynamic Braking 4 0.125

3 Notch 1 0.065

4 Notch 2 0.065

5 Notch 3 0.052

6 Notch 4 0.044

7 Notch 5 0.038

8 Notch 6 0.039

9 Notch 7 0.03

10 Notch 8 0.162



Diesel Mechanical Maintenance Committee

Figure 1
The West Virginia University Transportable

Testing Laboratory

Table 2

Tier 0 Locomotive Standards

111

Line Haul Cycle Standard

NOX 9.5 g/bhp-hr
PM 0.6 g/bhp-hr

CO 5 g/bhp-hr

THC 1 g/bhp-hr
Opacity

Steady-State 30%

30 second peak 40%

3 second peak 50%



Table 3

Locomotive ID 8692 (GE D8-40C with 1869 Turbo) Test Date 9/14/2001 Injection Timing: 8°BTDC

Test Results Low

Idle

Nomial

Idle

Dynamic
Brake

Notch 1 Notch 2 Notch 3 Notch 4 Notch 5 Notch 6 Notch 7 Notch 8

THC (g/bhp-hr) 8.13 9.82 9.22 0.80 0.43 0.51 0.37 0.40 0.33 0.37 0.33

NOx (g/bhp-hr) 28.05 33.25 29.72 12.10 10.70 10.95 10.55 9.29 8.86 8.98 7.95

CO (g/bhp-hr) 7.55 8.82 14.11 1.28 1.29 1.80 2.44 1.97 1.10 0.62 0.33

PM (g/bhp-hr) 2.24 3.01 7.22 0.89 0.71 0.55 0.36 0.17 0.23 0.22 0.42

C02 (g/bhp-hr) 2851 2208 1861 584 533 533 513 497 483 474 484

Horsepower (hp) 14 25 71 189 423 948 1401 2053 2736 3440 4104

Engine Speed (rpm) 436 583 885 436 583 885 885 995 995 995 1050

Fuel Rate (lbs/hr) 28 39 94 77 157 353 502 713 920 1135 1380

Official Test Results - Line Haul Certification Level - - Line Haul

THC (g/bhp-hr) 0.49 1.0

NOx (g/bhp-hr) 8.94 9.5

CO (g/bhp-hr) 0.92 5.0

PM (g/bhp-hr) 0.45 0.6

CQ2 (g/bhp-hr) 514 -

Smoke Results

Steady State 13.1 9.4 8.1 11.0 122 9.0 12.4 13.1 9.6 9.3 8.0

30 Second Peak 9.8 7.4 9.7 14.0 13.9 16.9 16.3 17.0 12.2 9.1 6.9

3 Second Peak 18.1 13.5 21.1 30.3 18.4 30.9 33.3 24.4 21.7 12.8 8.9
.' : ,• r. *-.. ••>.•••:••'--•''-• v ..

^Il/Tlr:.,.;! ;J,. . ... : '_ (^rlificariori Level--Line:Haul

Steady State 30%

30 Second Peak 40%

3 Second Peak 50%



Table 4

Locomotive ID 8678 (GE C-39-8 with TCM Turbo) Test Date 9/13/2001 Injection Timing: 8°BTDC

Test Results Low

Idle

Normal

Idle

Dynamic
Brake

Notch 1 Notch 2 Notch 3 Notch 4 Notch 5 Notch 6 Notch 7 Notch 8

THC (g/bhp-hr) 7.18 10.44 5.54 0.59 0.30 0.36 0.33 0.38 0.36 0.36 0.38

NOx (g/bhp-hr) 29.67 36.01 19.16 9.02 8.99 8.28 8.00 7.47 7.76 7.99 7.76

CO (g/bhp-hr) 6.98 10.45 6.74 0.71 0.80 1.63 3.32 1.85 1.44 1.56 1.74

PM (g/bhp-hr) 1.69 2.26 1.76 0.36 0.28 0.35 0.35 0.28 0.25 0.26 0.29

CCb (g/bhp-hr) 2133 2900 1919 578 554 547 528 508 486 493 506

Horsepower (hp) 18 24 69 189 421 953 1405 2048 2733 3445 3996

Engine Speed (rpm) 442 577 894 442 574 888 888 995 992 992 1047

Fuel Rate (lbs/hr) 27 49 93 76 162 363 520 726 926 1185 1410

Official Test Results - Line Haul Certification Level - -LineHau

THC (g/bhp-hr) 0.48 1.0

NOx (g/bhp-hr) 8.12 9.5

CO (g/bhp-hr) 1.84 5.0

PM (g/bhp-hr) 0.32 0.6

C02 (g/bhp-hr) 534 -

Steady State 12.1 11.9 11.3 17.7 14.0 15.4 23.0 15.9 13.8 13.3 18.4

30 Second Peak 9.4 11.3 10.6 15.7 14.7 18.7 22.9 22.3 13.6 12.5 13.9

3 Second Peak 17.2 22.3 19.3 22.9 19.8 26.9 33.2 33.7 20.3 20.4 23.8

Smoke Results Officialrrest Results - LineHaii1 Certification Level--LineHau •

Steady State 30%

30 Second Peak 40%

3 Second Peak 50%
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III. TIER 0 EMISSIONS

COMPLIANCE FOR THE

GE DASH 8 LOCOMOTIVE

Prepared by
Timothy Frederick and

General Electric Transportation
Systems

Introduction

In order for the railroads to utilize

the assets of older existing locomo
tives, GE developed a Tier 0 solution
for the mechanically fuel injected
Dash 8 locomotive support cus
tomer requirements of a low cost
emissions compliant locomotive. A
B40-8VV mechanically fueled inject
ed locomotive was borrowed from

the Burlington Northern Sante Fe.
The 1992 vintage locomotive, BNSF
Unit #511, was baseline tested for
fuel consumption and emissions
shortly after overhaul. The locomo
tive was then upgraded to the Tier 0
configuration and retested for duel
consumption and emissions.

Design Path
It is common knowledge that

retarding the fuel injection timing
towards top dead center (TDC)
decreases the peak cylinder firing
pressure and cylinder temperature
and thus reduces NOx and fuel effi

ciency. Other negative effects of
retarding timing are increased partic
ulate matter (PM) and increased
smoke emissions, due to reduced
injection pressure, and less complete
combustion encountered, due to
more of the combustion event

occurring in the expansion part of
the combustion cycle.

The main design change incorpo

rated into the mechanically fuel
injected solution was to re-phase the
fuel cam consistent with the change
in pump timing to maintain the fuel
injection pressure with respect to the
baseline engine. This change
enables proper atomization of the
fuel during injection and allows for
more complete combustion. In addi
tion to the re-phased cam, the
engine operating speeds at the
lower notches were increased to get
a higher air to fuel ratio (A/F) to also
reduce particulate matter and
smoke. Notch 1 was changed to
720 RPM. Notch 2 was changed to
888 RPM. Notch 3 was changed to
995 RPM. Notch 4 was changed to
995 RPM. Notch 5, 6, and 7 were
changed to 1050 RPM.

One risk associated with retard

ing the timing and not re-phasing the
fuel cam is reduced cam life. By
changing the timing, the lift area
moves closer to the nose of the cam

and is thereby subjected to higher
Hertz stresses.

The target emissions level was set
to account for the natural degrada
tion in NOx due to changes in alti
tude, increased ambient tempera
ture, and decreased cooling system
performance since the EPA limits
must be met over a wide range of
operating conditions and for the life
of the locomotive. The GE design
target was 7.8 g/BHP-hr.

The locomotive will require a
colaescer with eductor applied to
the muffler. Most Dash 8 locomo

tives already have this configuration.
The pump timing must be adjusted.
A new nameplate will be applied to
the engine defining the new settings.
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Backgrounds
EPA emission regulations apply

to new and existing locomotives
with outputs greater than 1006 HP.
Regulations apply to NOx, HC, CO,
PM, and smoke emissions over the
locomotive's useful life. The regula
tions provide preemption from
states. The regulations apply to loco
motives manufactured on or after

January 1, 1973 and remanufactured
on or after January 1, 2001.
Additionally the regulations apply to
domestic locomotives or foreign
locomotives that spend substantial
time in the United States.

Tier 0 Line-Haul Emission Standards

NOx 9.5 g/BHP-hr
PM 0.06 g/BHP-hr
CO 5.0 g/BHP-hr
HC 1.0 g/BHP-hr

Tier 0 Switcher-Dutv

Emission Standards

NOx 14.0 g/BHP-hr
PM 0.72 g/BHP-hr
CO 8.0 g/BHP-hr
HC 2.10 g/BHP-hr

Smoke Standard

Steady Smoke 30% Opacity
30 Second Max 40% Opacity
3 Second Max 50% Opacity

Results

The emissions results discussed

here will be directed towards NOx

emissions vs. fuel consumption with
the fuel comparisons kept on a rela
tive basis, not an absolute basis, on
the BNSF Unit #511. The baseline

data obtained from the test locomo

tive is considered representative of
the Dash 8 fleet based on emissions

testing performed on multiple loco
motives at Southwest Research

Institute and fuel consumption test
ing performed by GE on new loco
motives. The baseline and compli
ance data on the BSNF test locomo

tive were collected at the GE Erie

assembly plant in the locomotive
test facility under the guidelines dic
tated by the EPA emission standards
for locomotives, CFR 40, Part 92.
The NOx value is calculated using
the EPA line haul duty cycle and the
fuel consumption is calculated using
the AAR medium duty cycle on a
brake specific basis.

Conclusion

The emissions target of 7.8
g/BHP-hr NOx was achieved and
exceeded with an acceptable reduc
tion in fuel efficiency while main
taining or improving the other con
stituents of emissions. This was

done at the lowest possible cost to
the customer with no impact on reli
ability and maintainability.

Motoring MWHrs includes all
work done by the engine during
powered notches, idle, and dynamic
braking. Depending on the applica
tion, the customer may elect to over
haul at an earlier interval to maintain

optimal performance.



Table 1

NOx vs. Fuel Efficiency Improvement

Baseline NOx

(g/BHP-hr)

Baseline 13.62

Dash 8

TierO 7.7

Dash 8

HC

0.41

0.42

CO PM

2.19 0.19

1.11 0.19

AAR BSFC

% Change (lb/BHP-hr)

Reference

-4.5%



Mechanical Injection
Retard Mechanical Timing

imized Cam Profiles

New fuel cam lobe phased
for optimized injection
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Table 2

Emissions - Related Component Overhaul Schedule

Component

Diesel Engine

Camshaft

Power Assemblies

Fuel Injection Pumps

Intercooler

Turbocharger

Overhaul or Qualify

26,000 Motoring MWHrs

30,000 Motoring MWHrs

13,000 Motoring MWHrs

26,000 Motoring MWHrs

26,000 Motoring MWHrs

Reference

91216 Maint. Inst.

93104 Maint. Inst.

93298 Maint. Inst.

95100 Maint. Inst.

94316 Maint. Inst.



Item

Table 3

Emissions - Related Inspection and Lubrication

Recommendation

92 Days 184 Days lYear 1.5 Years 2 Years

Air Filters Replace Replace Replace Replace Replace

Radiator N/A N/A Heat Run N/A Heat Run

Fuel Nozzles N/A N/A N/A Change Out N/A/

Cyl Inlet Ports N/A N/A N/A N/A Check for

Carbon Buildup
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IV. LOCOMOTIVE

INSPECTION TRAINING

A PREVIEW OF CFR 229/238
Presented by Art Mallette, MetroLink

Southern California Regional Rail
Authority, SCRRA

CFR Title 49 Part 238

Locomotive Training
In September 1994 the Secretary

of Transportation convened a meet
ing of representatives from all sec
tors of the rail industry with the goal
of enhancing rail safety. As one of
the initiatives arising from this Rail
Safety Summit, the Secretary
announced that DOT would begin
developing safety standards for rail
passenger equipment over a five-
year period. In November 1994.
Congress adopted the Secretary's
schedule for implementing rail pas
senger equipment regulations and
included it in the Federal Railroad

Safety Authorization Act of 1994.
The Federal Railroad safety Act of

1994 includes minimum standards

for

1)The crashworthiness of the cars;
2) interior features that may affect

passenger safety;
3) maintenance and inspection of

the cars;
4) emergency response proce

dures and equipment; and
5) any operating rules and condi

tions that directly affect safety
not otherwise governed by
regulations.

The Secretary of Transportation
delegated these rules to the FRA.
Consistent with the intent of

Congress, the FRA invited various
organizations from the railroad

industry to participate in a working
group to focus on the issues related
to railroad passenger equipment
safety and assist FRA in developing
Federal safety standards. The
Passenger Equipment Safety
Standards Working Group first met
on June 7, 1995 and has assisted
FRA throughout the rulemaking
process.

The rule making effort has result
ed, in part, in CFR 49 Part 238. Part
238.109 requires a training, qualifi
cation and designation program.
We will review a portion of the train
ing that was developed to qualify
SCRRA's contractor employees per
forming the locomotive daily inspec
tion (part 229). Training is divided
into three parts including classroom,
written test, and hands on demon
stration. Minimum qualifying grades
are 70% on the written, 80% on the
hands on demonstration with a com

bined average of 80%.
Following is a brief overview of the

training provided for locomotive
daily inspection certification.

Purpose
The purpose of CFR Title 49 Part

238 is to prevent collisions, derail
ments, and other occurrences involv
ing railroad passenger equipment
that cause injury or death to railroad
employees, railroad passengers or
the general public. The regulation
prescribes minimum Federal safety
standards for railroad passenger
equipment. 238.1(a)

CFR Title 49 Part 238, effective
September 2000 is a new regulation
governing Passenger Equipment
Safety Standards. The general
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Triangle Water Pumps.
Exceeding Expectations.

Triangle Engineered Products Company
specializes in the manufacture of new
and the remanufacture of locomotive

water pumps.

All remanufactured pumps receive new
gaskets, shaft nuts, seals, stationary bushings,
shaft bearings, springs and hardware.
All pumps feature computer balanced shaft
assemblies. Brand new impellers, pump
housings, gears, impeller housings, and
shafts are available from stock to replace
non remanufacturable components.

New, high capacity water pumps are available
and every pump, new or remanufactured, is
subjected to a operating test which monitors
both water pressure and output. All water
pumps meet or exceed OEM specifications.

For component parts, rebuild kits, or
complete water pumps, Triangle Engineered
Products Company meets all your needs!

7 Triangle
Engineered Products Co.
701 Maple Lane
Bensenville, Illinois 60106
(630)860-5511
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provisions of this document provide
that:

The railroad must be able to provide
the FRA a detailed inspection, test
ing and maintenance plan consistent
with the requirements of Part 238.
The plan must include:

•Inspection procedures, intervals
and criteria;

•Test procedures and intervals;
•Scheduled preventive mainte
nance intervals;

• Maintenance procedures; and
•Special testing equipment or
measuring devices required to
perform inspections and tests.
Beginning on January 1, 2002, the

railroad shall have adopted a train
ing, qualification, and designation
program for employees and contrac
tors that perform any of the inspec
tions, tests, or maintenance required
by this part and shall have trained
such employees and contractors in
accordance with this program.

What we must do to comply?
As a minimum, the railroad must:
• Identify the tasks related to
inspection, testing, and mainte
nance;

• Develop written procedures for
the performance of these tasks;

•Identify skills and knowledge
necessary to perform each task;

•Adopt a training curriculum that
includes classroom and "hands-

on" lessons;
•Require all employees and
contractors to successfully com
plete the training course that cov
ers the equipment and tasks for
which they are responsible;

•Require all employees and

contractors to pass a written exam
for the tasks;

•Require all employees and con
tractor to individually demonstrate
"hands-on" capabilities in per
forming the tasks;

• Require periodic refresher training
at an interval not to exceed three

years; and
•Require supervisors to complete
the program that covers the em
ployees they supervise including
refresher training.

•Add new equipment to the quali
fication and designation program
prior to its introduction to revenue
service.

•Maintain records to distinguish
the qualifications of an employee
as a "qualified person" or a
"qualified maintenance person."

What is a "Qualified Person"
and a

"Qualified Maintenance Person?"

•Qualified Person
A qualified person is an employee

who has received the instruction and

training necessary and can demon
strate the knowledge and skills nec
essary to perform one or more func
tions required by CFR 238 in the
employee's area of responsibility.
•Qualified Maintenance Person
A qualified maintenance person is

an employee who has received the
instruction and training necessary
including "hands on" experience in
one or more of the following func
tions: troubleshooting, inspection,
testing, maintenance or repair of the
specific train brake and other com
ponents and systems for which the
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person is assigned responsibility.
This paper will cover the items in

the regulation that pertain to the
inspection, testing, maintenance and
repair of locomotives.

Inspecting the Front of the
Locomotive

•Ensure all windows permit good
visibility, are clean and not
broken, damaged or missing.

•Ensure all window seals are in

place and will prohibit the entry
of water or residue.

•Ensure all window wipers are in
place and the blades make con
tinuous contact with the window.

•Ensure the headlights are clean,
properly secured, and work as
intended - ensure the headlights
have operational dim/bright
function.

•Ensure all auxiliary lights are
clean, properly secured, and work
as intended.

• Ensure all marker lights are clean,
properly secured, and work
as intended.

•Ensure all strobe lights are clean,
properly secured, and work
as intended.

•Inspect the snow plow/pilot and
ensure it is 3"-6" above the top
rail.

•Jumpers and cable connections
may not hang with the end free.

•Ensure that receptacles are prop
erly marked and secured to the
locomotive. High voltage cables
must be marked "Danger High
Voltage" or with the actual volt
age in the cable.

•Ensure receptacles and MU
covers are not missing, broken
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or cracked and are functioning
properly.

•Check for broken, flashed or
partially missing receptacle pins.

•Check for cracked receptacle
pin retaining plate and loose or
missing plate mounting bolts
(Figure 1).

•Inspect for dirt/moisture contam
ination of receptacle interior and
retaining plate.

•Make all necessary repairs and
clean receptacle interior.

•If the coupler appears to be
drooping, check the height of the
coupler from the top rail. It must
be a minimum of 31-1/2" and a
maximum of 34-1/2" above the
top of rail.

•The couplers may not have a
crack or break in the side wall or

pin bearing bosses or the pulling
face of the knuckle. Cracks are

allowable in certain areas

(Figure 2).
•Couplers must have anticreep
protections.

•Ensure PH locomotives have a

cotter key in the top of the
knuckle pin and a retaining pin
and cotter key properly installed
in the bottom. PHI locomotives

have only a cotter pin in the
bottom end of the knuckle pin.

•Coupler carriers must not be
broken or cracked.

•Ensure wear plates on couplers
and coupler carriers are not
cracked, broken or missing and
are properly secured.
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Inspecting the Sides of the
Locomotive

Safety Appliances

Vertical Handholds

• Ensure the vertical handholds are

not missing, bent or cracked and
are secured with 1/2" diameter
bolts or larger (rivets).

• Ensure the vertical handholds are

painting a contrasting color
(yellow).

• Ensure the vertical handholds pro
vide at least 2-1/2" of usable
hand clearance throughout their
entire length.

• Ensure there are no obstructions

preventing the use of the vertical
handholds.

Steps
• Ensure the steps are not missing,

bent or cracked and are secured

and not loose.

• Ensure the outer edge of the steps
are painted a contrasting color
(yellow).

• Ensure the backstop is a minimum
of 6" above the top of the step.

• Ensure stanchions and handrails

are not missing, bent or cracked
and are secured and not loose.

• Ensure crossover chains are in

place and secured.

Overriding Brake Shoes
• Brake shoes shall be fastened with

a brake shoe key and aligned in
relation to the wheel to prevent
localized thermal stress in the

edge of the rim or the flange.
• Visually inspect brake shoes to

ensure the brake shoe is not

missing or damaged.

• The brake shoe may not protrude
beyond the rim of the wheel.

Wheels

• Ensure each wheel does not have

the following defects:
A single flat spot that is 2-1/2" in
length, or two adjoining spots that
are each two or more inches in

length. To measure a flat spot
place the back edge of the Go-No
Go gauge firmly on the flat spot
and confirm that it is at least

2-1/2" in length. Attempt to rock
the gauge on the flat spot. If the
gauge rocks, the flat spot is not
condemnable.

• Ensure each wheel does not have

any of the following defects:
A gouge or chip in the flange that
is more than 1-1/2" in length and
1/2" in width.
A broken rim, if the tread, meas
ured from the flange at a point
5/8 of an inch above the tread, is
less than 3-3/4" in width.

• Take the following steps when
measuring for a broken rim:
Measure 5/8" above tread.
Measure 3-3/4" out from point on
flange 5/8" above tread.
If broken rim falls within that

area, the wheel is not usable.
• Ensure each wheel does not have

the following defects:
A shelled out spot 2-1/2" or more
in length, or two adjoining spots
that are each two or more inches

in length.
• Take the following steps to

measure for a shelled out wheel:

Lay the Go-No Go gauge beside
the shelled out area.

Check the shelled out area
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ROCKER ASSEMBLIES & VALVE BRIDGES

8085260

HEAVY VALVE BRIDGE

8085260
THIN VALVE BRIDGE

♦

ROCKER ASSEMBLIES AND BRIDGES REBUILT TO THE QUALITY YOU DEMAND-

CONTACT YOUR "REA" REPRESENTATIVE TODAY.

RAILWAY EQUIPMENT ASSOCIATES
WWW.SCTCO.COM

A Division of Standard Locomotive Group
8000 South Madison Street

Burr Ridge, IL 60521
Phone: 630-654-0501

Fax: 630-654-3929

E-mail: REAGFM@AOL.COM
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against the gauge to see if it
exceeds 2-1/2".
Ensure each wheel does not have

the following defect:
A seam running lengthwise that is
within 3-3/4 inches of the flange.
Using the Go-No Go gauge to
inspect for seams and broken
rim:

Place gauge on tread perpendicu
lar to the flange.
A seam or broken rim inside the

3-3/4" area is not acceptable.
Ensure each wheel does not have

the following defect:
A tread worn hollow 5/16 of an
inch or more.

How to measure a tread worn

hollow:

Place a square firmly against the
inside face of the wheel with the

measuring edge resting on the top
of the flange.
Measure the distance from the

tread to the bottom of the square
near the outer edge of the tread -
measurement A (Figure 3).
Measure the distance from the

tread to the bottom of the square
near the center of the tread -

measurement B.

Subtract measurement "A" from

measurement "B". If the result is

5/16" or more the wheel is
condemnable.

Ensure each wheel does not have

the following defect:
A flange worn to a 7/8 thickness
or less, gauged at a point 3/8 of
an inch above the tread.

When inspecting wheels for this
flange on the service & inspection
tracks, the Go-No Go guage
should be used.

Use Go-No Go gauge for measur
ing flange thickness.
Edge "A" must be parallel to the
inside edge of the wheel
(Figure 4).
If any portion of the edge "B"
contacts the wheel tread, the
flange is worn thin.
Wheels with worn thin flanges
must be replaced or trued.

• Ensure each wheel does not have

any of the following defects:
A crack or break in the flange,
tread, rim, plate or hub. (A
broken rim is allowable if it meets

the criteria mentioned earlier).
A loose wheel - look for rust

where the axle meets the hub.

A weld.

Inspecting the Cab Interior
Cab Compartments

• Insure there are no cracked,
broken or glazed windows that
impair the vision of the operator.

• Ensure there is a stencil in the cab

that indicates "Fully Equipped FRA
Part 233 Glazing."

• Check each window to ensure it

has the proper manufacturer's
mark indicating the type of
glazing.
All front windows should have

Type I glazing.
All side windows should have

Type II glazing.
• Check all windshield wipers and

ensure they operate as intended.
• Ensure the side windows will open

and close easily and will latch
properly.

• Inspect the seats in the cab to
ensure they are not damaged,
fabric torn or loose.
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• Ensure the seats operate as
intended,
Armrests not loose and can be

adjusted.
Front of seat tilts.

Seat moves back and forth easily.
Knobs and handles are not

missing.
Seat swivels.

Seat back not loose and can be

adjusted.
Back of seat tilts.

Entire seat moves up and down.
Seat is properly secured to the
floor.

Inspecting the Engine
Compartment

Equipment Covers and Shields
• Check the following areas:

Auxiliary general guard
Flywheel cover
Lube oil cooler pipe insulation
Engine to compressor drive shaft
Starter motor cover.

Fan openings, exposed gears and
pinions, exposed moving parts of
mechanisms, pipes carrying hot
gases or liquids, shall be in non-
hazardous locations or equipped
with guards to prevent personal
injury.
• Check the following areas for

exhaust leaks:

Exhaust stack base bolts

Transition section

Parts catcher

Exhaust manifold

Flash cock

Muffler.

Products of combustion shall be

released outside the cab and other

compartments. If fumes are present
in the car body, look for carbon

streaks that might indicate an
exhaust leak. While the engine
accelerates, look for signs of black
smoke. Ensure the stack base bolts

are not missing or loose. Ensure the
exhaust manifold heat shields are

nor cracked and are properly
secured.

Inspecting the Engine
Compartment

Check Fluid Levels

• Check the engine oil level.
Check the engine oil level when
the engine is hot and idling.
Oil level should be between the

"Low" and "Full" marks.

• Check the engine water level.
The level can be checked if the

engine is dead or running.
Check the rattlesnake coupling to
confirm it is not damaged.
Ensure the vent cap is in place and
secured.

Inspecting the Air Compressor
• Check for oil and water leaks.

Check the oil level of the air

compressor.

Check the air compressor for
water leaks at all water piping
flanges and connections and at
the intercooler.

Check the air compressor for oil
leaks at low and high pressure
heads, oil level gauge and the spin
on oil filter.

Enure pressure relief valves are
safety wired or sealed.
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Retaining plate

Figure 2

PHI Coupler

Cracks allowed

in this area only
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Stops Leaks.

Stops Leaks.
NO DROPS. NO DRIPS. NO DRIBBLES.

A leak-free engine! All the way!
New gasketing and sealing materials make leak-free engines
possible, practical and already rolling. ^„^
Our exclusive Swellex;v gaskets and G#
Durogard seals will stop all oil leaks
from diesel locomotives. No drops.
No drips. No dribbles. The
cost is minor. The savings
are major. The proof is
convincing. And partof our
world is cleaner.

No wonder railroaders call them their
''diesel diapers'' We don't mind.

^
•us >•§Sz3..d

COMPANY

12312 ALAMEDA DRIVE • STHONGSVILLE, OHIO 44136 • 440-238-5350 • 1-800-238-5360 • FAX 440-238-5773
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V. COMPUTERIZED RECORD

KEEPING TO IMPROVE

PERFORMANCE AND REDUCE

MAINTENANCE EXPENSE FOR

SHORTLINE AND REGIONAL

RAILROADS

Prepared by: Dick Blanchard

Introduction

My name is Dick Blanchard and I
am writing this paper at the request
of the LMOA Diesel Mechanical

Committee. The topic addresses the
need for Computerized Record
Keeping on Regional and Shortline
Railroads. I spent the first 30 years
of my railroad career in the
Mechanical departments of Conrail
and its predecessor railroads. My
last position on Conrail was
Manager Locomotive Maintenance
and Training. It was on Conrail
where I became spoiled by the abun
dance of information available on

the locomotive fleet. Virtually every
thing you wanted or needed to
know was available through the
Conrail LIS - Locomotive Information

System. All that was required was a
computer terminal and knowledge
of the commands needed to access

the data. There was no user-friendly
menu system, but the information
could be found.

In 1996, I left Conrail to join the
NYS&W Railway as Assistant Vice
President - Mechanical. There it was

obvious that the information I had

taken for granted on Conrail was no
longer readily available to me.

At the NYS&W I had a very com
petent assistant. He had spent over
20 years with the NYS&W and had
much of the information needed to

run a mechanical department.
Unfortunately, this information was
filed away in file cabinets, his desk,
or the log books that he kept. Daily
locomotive status was kept in a word
processing program which was
updated daily; a cumbersome task.
If additional information was need

ed, I had to call headquarters in
Cooperstown, consult with vendors,
look up the information in books
and catalogs, or talk with the
mechanics on the shop floor. Since
then, I have found these same prac
tices all too common on the

Shortline and Regional railroads I
have contacted or worked with. As

the assistant vice president, I had a
need for data, but managers are not
the only ones with this need.

Locomotive History
Let us look at how the locomotive

maintainer benefits from a database

(Figure 1). A benefit to the main
tainer is the availability of a locomo
tive repair history. It tells the
mechanic what repairs have to be
performed, when they were per
formed and where they were per
formed. It also gives you the next
inspection dates as well as any com
ments from the Locomotive Status

Screen. It prevents duplication of
efforts and eliminates defect possi
bilities for troublesome locomotives.

Often a failed component is the
result of a locomotive failure, not the
cause of it.

The Locomotive History database
will also allow you to identify failure
trends, repeat failures, and possible
maintenance issues. This is done

with the Locomotive History -
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Variable Input Screen (not shown).
A data range is selected and any
combination of variables selected.

These variables include Locomotive

Number, Locomotive Class,
Symptoms, Defects, Actions, Repair
Location, and/or Failure or
Scheduled shopping. The History
Database is searched and a report is
generated with all locomotives
matching your search criteria.

A second benefit for the locomo

tive mechanic is customized Periodic

Maintenance work packets. The
computer can generate a work pack
et for any periodic maintenance that
is specific for that locomotive and
the type of inspection that is being
performed. No more lost time for
the mechanic trying to perform
maintenance that is not required or
for the supervisor reviewing the
work packet trying to determine if in
fact the work should have been

done.

PM Work Items

The PM Work Items screen is

where you would input the work to
be performed (Figure 2). The Work
Item Number determines the type of
inspection when the work is to be
performed. The Work Scope iswhat
is printed. The Loco Select Table
determines the locomotives, for
which the work scopes will print,
while the Loco Exception Table
determines which locomotive will be

ignored. Seasonal work items such
as winterization can be marked

when they no longer need to be per
formed and they will not print.
Simply unmark the item to make
them print again. No need to

re-enter the work scope. The above
work item will print out any inspec
tion performed on all EMD locomo
tives except locomotives with tur-
bochargers.

On the right side of the screen we
find two buttons which take us to

the Inbound Inspection and Load
Box screens where we can cus

tomize these work sheets to specific
locomotives.

Another benefit is the ability to
identify warranty material. Many
high cost items such as traction
motors may sit around the shop for
months before they are applied to
the locomotive. The warranty
should not begin until they are actu
ally applied. The component track
ing system tracks the components by
serial number and reflects when the

component was applied, and the
locomotive position it was applied
to. You may want to check with
your suppliers, but I would think a
component history coupled with a
locomotive history provides a good
basis for a warranty claim even if the
component is out of warranty based
upon receipt date or serial number.

Component Tracking System
From Figure 3 you can check your

inventory of tracked components. If
you enter the component data when
the component arrives, you can print
a report of those components that
have not been applied. You can
even check the history of a specific
component. A component that
repeatedly fails might indicate the re-
builder could be missing something.

Yet another benefit to the mechan

ic is the ability to quickly find loco-



136 Diesel Mechanical Maintenance Committee

motive specific part numbers (Figure
4). The Locomotive Material Tab of
the Locomotive Data screen pro
vides locomotive specific material
information. Whether you need to
know what air brake is required for
an air brake change-out, the material
required to perform periodic mainte
nance or the part number for an
injector - the information is readily
available.

Locomotive Data

Figure 5 shows us the Loco
Material tab of the Locomotive Data

Screen. Note, there are six other
tabs available on this screen. The

purpose of these tabs is to readily
provide important information. The
first tab is the Loco Status tab.

Locomotive Status

The Locomotive Status tab gives
the current status of the locomotive.

The status could be "IN" (In service)
as shown in Figure 6, "SPM"
(shopped - periodic maintenance),
"SHR" (Shopped heavy repair),
"SLR" (shopped light repair), "XSS"
(Stored serviceable) or any of up to
22 status states. These states are

customized to the users needs.

When you change the status of a
locomotive, you are required to
enter a date and time for the status

change. This date and time is used
to compute the Locomotive
Performance statistics.

Daily Status
The Daily Status Notes appear on

the Fleet Status Reports. They also
appear as comments on the loco
motive history report. The Shop

Notes appear on the Shop Notes
Report and are for the use of the
Mechanical Department. They also
print on the 3-month Locomotive
History Report that prints out as part
of the periodic maintenance work
packet. The next inspection dates
are also on this screen as well as the

locomotive fueling information. If
you use vendors for fueling and reg
ularly schedule their fueling, here is
where you would enter the fuel
cycle days. The other fueling infor
mation comes from the Fueling Input
Screen.

Locomotive Information Tab

The Locomotive Information Tab is

used for information you may want
to know at a glance (Figure 7). This
may include various overhaul dates,
and equipment types and locations.
Some of this information is used on

the FRA Cab Forms and is carried

over to the printing of that form.
This screen is customized to what

the user needs to see.

Locomotive Date Tab

The Loco Date tab is where the

Periodic Inspection dates and vari
ous mechanical maintenance dates

are kept (Figure 8). You simply
check the appropriate box for the Air
Brake change out period and input
the last inspection dates and loca
tions. The next inspection dates are
automatically calculated for you.

The mechanical tests portion of
this screen also allows you to set up
locomotive specific maintenance
items to be performed at scheduled
times.
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Out-of-Service tab

I am sure you all have had to cal
culate the out-of-service time for a

locomotive. First you need a calen
dar and a full complement of fingers
and toes. Then you need to deter
mine which dates are effected by the
out-of-service time and then calcu

late the new dates. A time consum

ing and frustrating experience. This
screen takes the out-of-service time

and adds it to the appropriate date
for both the air brake and mechani

cal inspections. The Out-of-Service
screen (Figure 9) will not allow you
to enter less than 30 days nor can
you enter data prior to the last air
brake change.

Locomotive Reports
The Locomotive Reports tab allow

quick access to some of the more
common reports (Figure 10). We
provide other ways to access these
reports and will try to cover them
later, but for now let us look at a few
of the reports that are available here.

Locomotive Inspection Forecast
The Locomotive Inspection

Forecast provides you with a listing
of your locomotive fleet in the order,
which they are due for inspection
(Figure 11). It provides the current
status of the locomotive, the daily
status notes, and the type of inspec
tion that is due. If the locomotive is

due for another type of inspection
within 92 days of the initial in
spection, that information is also
provided.

The Locomotive Inspection Dates
by 2/3 Year Dates (not shown) pro
vides a listing of your locomotive

fleet in the order that they are due
for air brake change-out. This is very
handy when you have to forecast
your air brake material needs or
budget your air brake expenses for
the next year.

FRA Cab Form Data

The FRA Cab Form Data is espe
cially useful at the beginning of each
year when we are required to apply
new cab forms to all our locomo

tives. Most of the data required to
fill out the form is already in our
database. Only the blocks 1,2,6,7,8,
and 9 are required to be input on
this form and this data will only have
to be input one time. The other
information has been input on other
screens and is carried over to the

Cab Form Data Screen. Remember

- data, no matter where it is used,
should only have to be input once.

When we press the "Print FRA
Form" Button, error checking is per
formed against the data and if any
exceptions are taken, the ''Missing
Data" screen appears (not shown).
The Missing Data screen will tell us if
any of the required fields are blank
or, in some instances, if the data is
incorrect. This program prints both
the front and back of "Form FRA

F6188-49A(3-85)." (Figure 12)
All you need is the blue paper.

Locomotive Fleet Status by
Loco Number

The "Fleet Locomotive Status

Report" gives us the current status of
all the locomotives in our fleet. The

report shown in Figure 13 is by
Locomotive Number. It also can be

printed out by Inspection Due date.
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This report provides a fleet summary
and is often sent to other interested

departments. Included are the last
fueled dates, the next inspection
dates, type of inspection the loco
motive will be due for, current status,
the daily status notes, the out-of-serv
ice date, out-of-service days, and
forecast in-service date. The current

fleet availability is at the bottom.
If you have set Locomotives up

with Fuel Cycle Days under the
Locomotives Status Tab, the
Locomotive Service Forecast Report
(not shown) tells you when these
locomotives are due for fueling.

Locomotive Component Tab
The Locomotive Components Tab

(Figure 14) gives us locomotive spe
cific information about the compo
nents applied to the locomotive.
Components still under warranty
have a green date in the warranty
expiration column. If further infor
mation is desired about a specific
component, you simply double click
the component and the Component
Tracking screen for that component
will open.

Main Menu

There is other information avail

able from the Main Menu (Figure
15) that you would want to share
with your mechanical forces.
Information about Lead Readings,
Wheel Sizes, and Locomotive Train
Failures can be found there.

Depending upon your railroad,
responsibilities of the mechanics and
supervisors will vary. The screens
shown benefit supervisors as well as
the mechanics, while the following

screens and reports designed for
management, may be useful to
mechanics.

The maintenance manager has to
answer to a higher being and correct
information is essential. Often this

information is needed "Yesterday,"
so having the information quickly
available is a high priority.
Reliability, labor expense, fuel costs,
and budgets are areas where the
manager is consistently under the
gun.

Reliability reflects the perform
ance of the Mechanical Department
and ultimately the supervisor. We
strive to improve the locomotives,
but all too often the "Atta-boys" are
forgotten and the "Ah-shits" contin
ue to pile up. A proper measure
ment of the fleet needs to be based

upon actual performance and avail
ability, not the last failure.

Locomotive Performance Reports
You remember the "Status" field

from the Locomotive Data Screen

where the status change was input
by date and time. Here is where that
data is compiled and reported. The
Locomotive Performance Reports
provide the real picture (Figure 16).
A date range is input at the top of
the screen, then the appropriate
reports are selected and printed.

Although these reports are avail
able by individual locomotives and
the locomotive model, this reports
reflects the Locomotive Fleet

Summary.

Locomotive Performance -

Railroad Summary
This Report (Figure 17) shows the
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fleet total of 16 locomotives had 23

shoppings for the input date range
(14 scheduled shoppings and 9
unscheduled shoppings). The sched
uled shoppings accounted for 32.8
days of out of service time - 3.4
scheduled days and 29.3 Periodic
Inspection days. The unscheduled
shoppings accounted for 73.1 days
out of service - 13.9 days for light
repairs, 5.8 days enroute for repairs,
23.1 days for road failure shoppings
and 29.8 days for otherwise unclas
sified unscheduled shoppings. The
report also tells us that we had loco
motives stored serviceable for 12.3

days and that we had locomotives
leased off line for 72 days.
• Our mean time between shop

pings was 55.73 days.
• Our mean time between sched

uled shoppings was 84.68 days.
• Our mean time between sched

uled shoppings was 82.16 Days
plus. The plus indicates 1 or more
locomotives did not have any
unscheduled shoppings.

• Our availability percentage was
92.37%.

Locomotive Performance -

Railroad Statistics

A lot of information in a summary
report - printing the locomotive
detail will identify the bad actors as
well as the good locomotives.

The Statistics report provides us
another way of looking at the same
data. Although the 14 scheduled
shoppings accounted for 60.87% of
the total shoppings, the 32.79 days
out of service accounted for only
30.97% of the total out of service

days. Unscheduled shoppings were

fewer but accounted for over twice

as much out of service time. This

report (Figure 18) is especially use
ful when comparing individual loco
motives or classes of locomotives.

Labor Expense Reports
I'll bet no one has ever asked you,

"Where has all the money gone?" or
"How come we're over budget?"
Because no one ever gets asked
these questions, these reports prob
ably won't mean much. But I'll show
you anyway.

These reports (Figure 19) are avail
able in detailed format that would

print out by location for the Shop
Order Summary and Pay Code
Summary. For now we will look at
the system totals.

Labor Expenses by Shop Order -
System Total

How much did we spend on peri
odic maintenance? Combining shop
orders 120 and 130 we spent rough
ly $13,600 or a little over 10% of our
total labor expense. Divide this by
the number of locomotives receiving
periodic maintenance and you have
a good idea what a PM costs
(Figure 20).

Over $2,000 for shop cleaning. I'll
bet that's a line item on everyone's
budget. Derailments and re-railing -
does the boss really want to know
what that costs? Seriously, Shop
Orders provide the Manager with
the information needed to identify
areas of expense for budgeting pur
poses or cost reduction.

Labor Expense by Pay Code (not
shown) breaks down the labor costs
by Regular Pay, Overtime Pay,
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Vacation Pay, Sick Pay, Holiday Pay,
and any other Pay Codes you
choose to set up.

The Work Order Summary Report
(not shown) gives us time and
expenses for each work order.

The Overtime Location Summary
(not shown) gives us the total hours
and expenses for overtime by loca
tion. The detail report will give us
the employee and the work order for
the overtime.

Fuel and Lube Oil Tracking
Reports

Fuel oil and lube oil usually equate
to one of the greatest expenses of
any railroad. Therefore, it is impor
tant that we know where this

expense is going and utilize all the
information available to reduce

expense.

The Fuel and Lube Oil Reports
screen (Figure 21) provides us with
many ways to see how and where
our fuel budget is going. Fuel usage
could be a measurement of locomo

tive utilization. A railroad had four

locomotives assigned to a certain
location. After reviewing the fueling
reports it was obvious that only
three locomotives were ever being
fueled. The trainmaster at that loca

tion liked the security of having an
extra locomotive "Just in case..."
Needless to say; the extra locomo
tive was reassigned.

The System Location Summary
(Figure 22) gives us a synopsis of the
fueling activity for each fueling loca
tion on the railroad.

This report illustrates how fuel
expenses can be reduced with some
planning. You will note the average

cost for fuel at Binghamton is .65<t
per gallon while the cost for fuel at
Norwich is $1.25 per gallon. Three
locomotives were fueled at Norwich

using a vendor who delivered
4,734.0 gallons of fuel at $1.25 per
gallon. Had the locomotives been
moved 60 miles to Binghamton for
fuel, over $2,800 would have been
saved.

Foreign locomotives are identified,
by the program, as locomotives that
are not part of the equipment table.
Ifyou share power or have occasion
to fuel locomotives for other rail

roads, are you paying your share?
Are they paying you what they
should? Fuel prices can vary daily;
this program takes the daily fuel
price when figuring the costs.

This report (Figure 23) also gives
you a summary of the fuel and lube
oil activity for every locomotive in
your fleet. Do you have a locomo
tive using excessive lube oil? Maybe
you should shop that locomotive
and fix the problem. Lube oil is
approaching $4.00 per gallon. Can
anyone afford to blow that out the
stack or leak it on the ground?

The Fuel and Lube Oil Summary
(Figure 24) is just that - a summary of
the fuel oil and lube oil put into
locomotives. When was the last

time you compared what went into
the locomotives with what you are
purchasing?

Budget time - everyone's favorite
time of the year. No matter how
hard you try, the boss always thinks
there is more fat to be cut from your
budget. A root canal is less painful
and the IRS more reasonable. My
crystal ball broke, therefore I have to
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depend upon historical data, antici
pated transportation demands, fleet
condition and over 35 years of expe
rience when preparing a budget.
Some of the reports presented pro
vide historical data to assist us. Now

lets look at what else is available.

Fleet Component Dates Report
This report (Figure 25) tells you the

applied dates for all the traction
motors and power assemblies on the
locomotives in your fleet. The infor
mation used in this report comes
from the Component Input Screen.
This report is useful for selecting can
didates for overhaul or components
for change-out based upon age.

Fleet Locomotive Wheel

Replacement Forecast Summary
This report (Figure 26) tells us that

we should have seven locomotive

wheels to change by the end of the
year. It even tells us which locomo
tives and what positions the wheels
are in. This is useful when ordering
the wheel sets. The information

used to generate this report comes
from the wheel sizes taken at the

time of inspection. Because the
forecast is based upon average wear,
the more data input, the more accu
rate the forecast.

Employee Profile
A database can be used for more

than just locomotive records.
Information about your employees

is kept here. This screen has general
information about the employee
including an emergency contact.
This screen would usually be avail
able to someone who needs infor

mation with a lower security level.

Figure 27 illustrates the information
that could be readily available to a
person with higher level of security.

Figure 28 has confidential informa
tion about the employee. The
Emergency Info tab includes medical
information that can be provided to
paramedics in the event of a serious
emergency. This includes medica
tions the employee is currently tak
ing, any allergies the employee may
have, any special medical problems
the employee may have like high
blood pressure, diabetes, etc.
Information that could save an

employee's life.
There is also a tab for Salary Info.

This provides access to the employ
ee's salary history and performance
reviews.

Employee Training, Safety, and
Discipline tabs provide information
in these areas. Everything you might
want to know about an employee on
one screen, available at the touch of
a button. This type of information
should be customizable to the

railroad's operation and current
practices.

Material Order Input
You can use the database to order

material and generate Purchase
Orders (Figure 29). In this way you
can track material costs by locomo
tive or work order or cost center.

Conclusion

There are many more things we
can do with a database. The only
limitation is being your imagination.
I have shown you some of what this
database is capable of doing but
there is more. Unfortunately, I think
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I have already exceeded my space
allowed in this book.

There are other data base prod
ucts available and I encourage you
to look at them all. I find a database

to be indispensable and recommend
its use to everyone with a locomo
tive fleet to maintain. There should

be several factors considered when

selecting your database:
I.Can you set up various levels of
access? I have demonstrated this

database with the highest security
level. A lower security level would
not have allowed access to some of

the screens and reports shown.
Most of your employees will need
access at some level. Make sure you
can protect sensitive information.
2. Usability - The screens should be
intuitive and easy to navigate.
Related information should be kept
together. The reports should be
meaningful. The database should be
there to enhance your operation;
you should not have to change how
you do things to accommodate the
database. Will the vendor work with

you and customize the screens and
reports to what you are used to and
want to see? Does the vendor speak
"Railroad?"

3. Data Input - A database is only as
good as the input. Be prepared to
spend some time inputting the data.
The initial data load could be

tremendous, depending on the infor
mation you have accumulated and
how it has been kept. See if the ven
dor will work with you on the initial
data load. Select a relational data

base. Data, no matter how many
places and ways it is used, should
only have to be input once.

Everything I have shown you,
whether it was component informa
tion, fueling information, labor costs,
you name it - was only input once.
Reports and screens requiring infor
mation stored in other tables got the
information from those tables. I did

not have to re-input the data.

Disclaimer

The information presented in the
various reports and shown on the
screens is not real data. Although I
have taken some liberties using
NYS&W locomotive numbers and

locations, the information is not a
reflection of the NYS&W or any
other railroad. The information

shown is a product of my imagina
tion and experience and was created
for the purpose of demonstrating the
benefits of a database.

Due to space limitations Iwas only
able to present a taste of what this
database is capable of doing for you.
The database currently has over 100
input/data screens and about 150
reports. The program continues to
grow with new ideas from you, rail
roaders with a need for data. I can

be contacted for further information

at rrrdickb@adelphia.net or (315)
732-7431.

I appreciate the LMOA
Mechanical Committee inviting me
to provide my input on this topic.
Thank you for your time.
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LMOA

Locomotive History
LOCOMOTIVE NUMBER: 1800

t be shopped at Utka for aextPM

Next PM 05/17/2002 Next 1 Year 12/09/2002 Next 2/3 Year 01/23/2003

Location: ROCHESTER DateOOS: 05/10/2002 Date IS: 05/12/2002 F/S: F

Notes: ThisLocomotive hashistory of wheel slipproblems. Repaired bunrt wiring Inbundle above S24Contactor.
118

SYMPTOM

WHEEL SUP

CONTROL GROUND - LOW VOLTAGE GI

DEFECT

WS WIRING

CONTROL CIRCUIT WIRING

POSITION ACTION

REPAIRED

REPAIRED

Location: BINGHAMTON DateOOS: 04/01/2002 Date IS: 04/03/2002 F/S: S

Notes:

113

SYMPTOM

WHEEL SLIP

DEFECT

TM ARM OPEN

POSITION

#3

ACTION

RENEWED

Locatfoa: UTICA DateOOS: 02/1672002 Date IS: 02/19/2002 F/S: S

Notes:

115

SYMPTOM

SCHEDULED SHOPPING

SCHEDULED SHOPPING

DEFECT

WHEEL HIGH FLANGE

WHEEL HIGH FLANGE

POSITION

3

4

ACTION

WHLTRUE

WHLTRUE

Location: NORWICH DateOOS: 02/13/2002 Date IS: 02/15/2002 F/S: S

Notes: See* to Utka for wheel true

114

SYMPTOM

PERIODIC MAINTENANCE

EXHAUST LEAKS

BELL NOT WORKING

WHEEL DEFECTS

WHEEL DEFECTS

WHEEL SUP

DEFECT

92 DAY INSPECTION

EXHAUST MANIFOLD GASKET

BELL CARTRIDGE

WHEEL HIGH FLANGE

WHEEL HIGH FLANGE

CONTACTOR "P*

POSITION

2

3

4

P4

ACTION

PERFORMED

RENEWED

RENEWED

E-F-R

E-F-R

RENEWED

Figure 1
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ABCMOTORREPAIRS

ABCMOTORREPAIRS

ABCMOTORREPAIR

LMOA

ComponentHistory

COMPONENTTYPE:TM

SOURCE

COMPONENTSER.NO.97N1336

REASON CQNP1TI0WAPP.PATELOCO»£Q&REM.DATE

REBUILT03/12/20024002I

DISPOSITION

REBUILT12/21/1997400601/15/2001GROUNDEDARMATURESENTTOABCMOTORFORREPAll

REBUILTW08/I9974008

Ci.yniilHM-7

PageloM

09/01/1997GROUNDEDFIELDSRETURNEDFORWARRANTY

Figure4
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LMOA

Locomotive Data

Unrttwk Rjatwd

I860

V

LOCO STATUS \ LOCO INFORMATION \ LOCO DATE \ LOCO OOS\ LOCO REPORTS \ LOCO COMPONENTS \ [LOCO MAJERLAl ^
PfinI AHWBrtfWMIrt:.

Qty. »»*.¥*. * Pirt WMriatMl :
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i SASWEPENCiENI 556437
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Locomotive Data
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1800
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LMOA

Locomotive Inspection Forecast

DATE: 06/24/2002

lMIHrt1tWPfl(H-

Number
3634

Status
XSS

Cowmeuft
Stored Scrvioeeble

92Pmv

2064 IN

4004 IN

3618 IN 04/17/2002

4008 IN (M72I/20Q2

2062 IN 04/21/2002

3612 IN

1802 SHR OH o* Sleek- Renew #1, #S, #12, #15
Heeds

3614 IN

1800 IN IXrCoraotivc mint be shoppedet Utfct for
nextPM

05/17/2002

4002 IN 05/29/2002

1804 IN Tfeii InfannatioQ comes from the "LOCO

DATA SCREEN"

06/06/2002

4006 IN 06/0672002

2066 SRFS DynamicBnkc notwriting 06719/2002

2012 IN 06/24/2002

irjtliiTMemiMPmmt

Pfigelofl

Figure 11

1Voir AirBrafre
04/2672001

04/09/2002

04/11/2002

04/2672002

05/01/2002

06727/2002

05/03/2002
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156 Diesel Mechanical Maintenance Committee

LMOA

Locomotive Fleet Status by Loco Number
20^28:16

06-24-2002

14*
M

LfJM.
In* m ixb> **. /a-*

84941 05-13-01 •446-01 20 Yr. xss SttMdSovkMUt

fjSJbfc £*J2ui OS Daw Dju

•54142 lYr. Sim Oilo* Stack. toKMI.#Ml%«IS Heads 024342 0 119

04-1942 3 Ma SRFS DynntofttettitiialiQf 034642 0 90

Ut It**. Hnt

IW) 090041 05-17-32 3 Ma IN lATCoesorireraurtbe^-ppod^Ubafaooa
PM

UQ4 0M042 04-0642 3 Ma IN TkkliftRMteeoowfttndMnjOOO
DATA SCREEN'

2012 0Me42 064442 3 Ma W

20fl 0)4941 Q4.Ji.02 3 Ma IN

2004 0W94I 044942 lYr. M

M12 034941 034142 044442 I Vr. II

3414 034941 044841 0S4342 2/3 Yr. M

3011 034941 04-1142 04-1742 3 Ma M

4092 034941 04.1441 054942 3 Ma M

40M 034141 034142 04-1142 lYr. M

400f 034041 044241 06-04-02 3 Ma M

40H 0*2*01 044142 044142 20 Yr. M

Uiteliierrice 12 IUO0% Averagetoys Eeroetc 0.0
lWbiCM«f8arvke 2 UJ3% AverageDeysOOS 1043
(Mastered 1 647 % AverageDaysStored 252*
UettsLaeeedOFFUbtt t TetelLeetedDeyt 0

Figure 13



EmaBmam^m

LMOA

Locomotive Data

Find Locomotwe M*rfc Record Unnttwk Accord

1S00

X

MM CtWuje

TATUS \ LOCO INFORMATION\ LOCO DATE \ LOCO OOS \ LOCO REPORTS \ LOCO COMPONENTS\ LOCO MATERIAL \

dP. CCHFFZS

01/3S/1997 94JA90U6

02/10/2002 &.TJI0O-3

lontnws 0404913

11/11/1998 9X3312

CO/IVXM} fHlIS

0M3J/1997 86H2359
OR/1 S/l 998 334561?

DWH'IWU 91/1235

094)9/1999 06J79O3

01/Z2/1997 GSB34/.5

10/39/1997 89E3458
01/23/1 m 87F2467

OOJ03/199J 860307

07/18/199« 860 jm;

li'-'iuv;; 91BJ54

(Tyi)/I996 (cri,**

UK/10/1996 89H42I3

044)1(19» 8703421

0Viyi99S 93F4532

KWWOOl 12345

0B/1V2O0O 8312376

D-TT

D-77

D-TT

t29frtX

D-TT

•J29W73

H29WW

r»6«o3

B296494

K29M94

ff29*«»4

•296494

2.WW

Figure 14
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lid 1/1999
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MOM 999

09OW000
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LMOA
Locomotive Performance - Railroad Summary

Report Date Range: From 10/01/2000To 12/31/2000

IFS-hSerrkc-neMScrrfce SIOT-Shei^Eor«Arte for Repair XSH-Stored-Heavy Repair
IN-bSerrfc* SAM - Slopped Awaiting Material XSL-Stond-Uffct Rapalr
INCAlA-bSerrto-QUMtoefcop SHR- Shopped .Heavy Repair XSS-Stored Serviceable

SUl-Stopped-LJfRt Repair XSWD-Stored WottagDiapositloa
SCH-SeaedaledSaoepiaf SHGAL-OOS-Celedtoshop XX - LoeoeftBtfcre Resaoved fromeoaat
SF-184 -Shopped Field laapcctfoa -184 Day SRFS-Shopped- RoadFaUarcShoppfag
SF-92-ShoppedField bspectfco- 92Day SRRP- Shopped - RoadRaaaJaiRepair LOL-Ucoa«^c LcajedOffUa*
SPM-Shopped-PerkrfkMaJateMaec SUN- Uaaehedaied Shopplaf LWM-Lecoawttvf LeasedOff LlaeWhhH

Railroad Total -16 Locomotives

- • NOTE!-AH Thaws are hi Day*

Total Slwppleea
23

Total la IPS IN 1NCALL
StrvfceDays — Days ♦ Deys * Days

XSH

Days +
0.0

SHCAL

Days +
"5J—

«•(! ormoic

XSL XSS XSWD XX

Days + Days ♦ Days + Days =
0.6 12J 6.0 0.0

LOL LWM

Time + Time —

0j0 72.0

SRFS SRRP SUN

Deys + Days + Deys
23.1 03 29.8

Luoontutivcs ho Un srnodnlcd Shoppings)

Total

todoJedStMpptags
14

1281J 0.9 1271.1 92

Total Schedakd SCH SF-184 SF-92 SPM

ShopDays — Days * Deys + Days ♦ Days

123

Total

rtT*tnTii*tif Thnpfiaags
9

324 3.4 0.0 00 29J

Total Uaschedalai SEFR SAM SHR SLR
Shop Days = Days + Days ♦ Days ♦ Deys ♦

72.0

Days la Report
Period-1473

LoeoDaysaa
Report Period —

1387.71

73.1 0.0 0.0 0.0 13.9

AverageTnnoBetwe<m ANY Shoppings: 55.73 Deys
AveregeTtoeBetwtoiScboflafcdShop|»ia^ 84.68 Deys
Avenge Tine BetweenUeaceedtilod Shoppings: 82.16 Days

LoeoawdvcAveiL

9237%

O)
o

W
CD

(D
O

O
0)

5"

o

o
O

3
3

Figure 17 f



Total*

LMOA

Locomotive Performance - Railroad Statistics

Report Date Range: From 10/01/2000 To 12/31/2000

Railroad Total - 16 Locomotives

#of

14

9

% ofFleet

60.87%

39.13%

100.00%

#of

OOS Days

32.79

73.08

105^7

% ofFleet
OOS Days

30.97%

69.03%

100.00%

In .Service

Days

1281.8

tDays
Available

92^7%

.De^mRqmteiod 1472.00
4jOCOa^otrv^LoBs^dDRyi 72.00
4*coi.ootto Stored I>ayg 12.29
l^^oorJa^falteponPeTkKl 1387.71

AvengjoTime Dctwoea AHY Stioppuigs:
AveiifeTime BetweenSdiedukd Shoppings:
Avejragej Tiao Between Unecheduled Shoppings:

55.73 Days
84.68 Days

82.16 Days+(1 or moreLocomotives no Unsclieduled Shoppings)

Lecoeaotfve rerforaMaee - Raflroad Statistics

Pagelofl

Figure 18
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Wfi

Labor Expense Reports

RtpN-* START Dito fifaiwT ENDIHte: 112^1/2000

StmfOHmt Sytferm H»{*in*S*xiV>**t*4£MiIH». Prutte Ukmr llmmrt iW T.tjJ Uk*r C*s*t. kj
Sh-f Older Ww-hrr.Wtwwtti d* 4rtt» fa»«t. Sj^fcmT.W.

% Shop Ordw Sumrnwy -i.««ie*»« R^ftfe** Seurt DtinuJC-JIHi*. Prt**» L>*4»r Hb^urf T»^ Ltivtor C^tt. k?
S*-» OresrNaaaW,W-t*ta dw4s«m bvu. Uc»o»*T«toU*.

j< PayCoda -Urmtwy . tjWPtlMTl

< ^C-*t famm«T I ex****

*—"

Retail** Slut D«>» «J f>4 IH» mw»La#rH.«r»Mi4T*t>)L«UrC«««. %fP*7
C<MtW,b*)%-«adwe«lM btytil. Sjr«0rj« T«*tl.

Rrt»tr« Sttrt Dife urf DJ D*w Pro** L*«r tfesrs *»* Tvttl L«Ur Cw«, *J Pi?

Uhw C»Mrli. feyWaAOiarr Itoi ir.Wa^ti Ba <Uw ta»«t. Sy*fecmT*1»l.

R*t»ire» Sim P.* «4 £*!»•*. Prf»to DraiW Rry.n.f Lifer H**n »»4T«aJ

R«t«irw Stfcr( D»» w*WD*«. Prix*. S»»»»i^4»<Owrt±>*r U«rHnn m»*
T»td Own&w Lair C****,Wt»mm fhf dates bf*), feyL*c*tW».

K**I*£n« Sort D*teu>t IJulO>»r. rrtxm Dcoii «f Owrtba* L*ar ffcan «4«*TaeJ
Oaartfea U*r C***, fe*tM*a tfe cjim btpai, feyUcstUm.

ifas'ssr

Figure 19
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LMOA

Labor Expense by Shop Orders - System Total
FROM10/01/2000 TO 12/31/2000

Shop Orders 100 to 999

Shoo Order StoQrftTPefCTTPtioej

LOCO. MAINT. GENERAL

AverjHK
Rate

$17.49

Order

Hoars

144.00

Percewt Percept

Total Hoars Total Wagea

1.74% 1.88%

Orger.
Total Waaea

$2318.46100

120 PER INSP-MECH $1537 594.50 7.20% 6.81% $9,139.06

130 PER INSP-ELECT $14.75 304.00 3.68% 334% $4,48539

140 RR-MECH $15.37 1,157.50 14.01% 1326% $17,787.88

150 RR-ELEC $16.02 856.50 1037% 1023% $13,716.88

160 HR-MECH $16.58 72230 8.74% 8.93% $11,975.89

170 HR-ELEC $18.09 132.50 1.60% 1.79% $2,396.46

180 CONTRACT REP - MECH $21.58 . 226.00 2.74% 3.64% $4,877.34

190 CONTRACT REP - ELEC $1931 64.00 0.77% 0.92% $1235.84

200 LOCOSERV $15.01 657.00 7.95% 735% $9,861.14

210 LOCO CLEAN $15.48 8.00 0.10% 0.09% $123.84

300 SHOPCLEANINO $17.86 127.00 1.54% 1.69% $2267.81

310 SHOP MAINT $16.79 24230 2.94% 3.03% $4,070.46

330 SHOP EQUIP REP $16.81 9730 1.18% 122% $1,639.18

400 CAPITAL WORK $15.79 257.50 3.12% 3.03% $4,066.11

410 REIMBURSABLE $15.02 52530 636% 5.89% $7,893.89

500 SAFETY MEETING $14.46 21.00 0.25% 023% $303.61

700 VACATION $16.90 632.00 7.65% 7.96% $10,679.44

705 SAFETY DAY $1536 40.00 0.48% 0.46% $614.56

710 HOLIDAY $15.94 368.00 4.45% 4.37% $5,86424

715 NOT PAID-ABSENT $0.00 0.00 0.00% 0.00% $0.00

720 SICK PAY $20.84 48.00 0.58% 0.75% $1,000.40

900 FREIGHT CAR REPAIR $16.79 696.00 8.42% 8.71% $11,683.68

910 FREIGHT CAR INSP, AIR TES $16.73 58.00 0.70% 0.72% $97024

920 CAR REPAIR - DERAILMENTS $17.16 30.00 036% 0.38% $514.80

930 LABOR- RERAILING $17.48 212.50 237% 2.77% $3,715.14

999 SPECIAL DUTY - RATE INCRE $18.06 40.00 0.48% 0.54% .$72236

Average Rate Total Hours

$16.23 8,262.00

Total Waaea

$134,12429

Labor Expease ay Shop Orders - Systm Total

RRR:CO-t9~01 Page! of 1

Figure 20
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Diesel Mechanical Maintenance Committee

LMOA

Fuel/Lube Report -System/Location Summary
19/01/2000 TO 12/31/2000

BINGHAMTON

LOCATION SUMMARY

165

Total Fueling Days: 43 TotdlACOt Faded: 211 Avg. Loco Per Day: 4.9

Total GaL of Fuck 241,774.0 Total Fad Cost: $156257.64 Avg. Fad Cost/Gallon: $0.65

Avg. GaL FaeVLoco: 1,145.8 Avg. Fad Coat/Loco: $74036

Total GaL Labe Oil: 4,121.0 Total Labe Oil Cost $12,198.16 Avg. Labe OUCost/Gallon: $2.96

Avg. GaL L^be/Loco: 19.5 Avg. Lobe OUCorf/Loco: $57.81

BUFFALO

LOCATION SUMMARY

Total Fading Days: 3 Total Loeos Fueled: 5 Avg. Loco Per Day: 1.7

Total GaL ofFuel: 4.103.1 Total Foel Cost $3,487.63 Avg. Foci Cost/GaDoa: $0.85

Avg. GaL Fuel/Loco: 820.6 Avg.FndO»t/UMo: $697.53

Total GaL Labe OU: 0.0 Total Labe OU Cost: $0.00 Avg. Labe Oil Cost/Galkm: $0.00

Avg. GaL Labe/Loco: 0.0 Avg. Labe OUCoat/Loco: $0.00

NORWICH

location §vrvfM4W

Total Feeling Days: 3 Total Locos Faded: 3 Avg. Loco Per Day: 1.0

Total GaL ofFuel: 4,734.0 Total Foel Cost $5,917.50 Avg.FvdCc«4GaIloa: $125

Avg. GaL Fuel/Loco: 1378.0 Avg. Fad Cost/Loco: $1,972.50

Total GaL Labe OU: 0.0 Total Labe OU Cost: $0.00 Avg. Lube OU Cost/Galloe: $0.00

Avg. GaL Labe/Loco: 0.0 Avg. Labe OHCost/Loco: $0.00

f^eVLaaaltpail BjaaaWLatseua 8

Pace 1 of3

Figure 22



LMOA

Locomotive Fuel/Lube Summary
Locomotive Detail

Froau 1O01/2MO Tee 1201/2OOO

Tfaaea

Loco No.

jeee

Faded

14

Total Fad

K22S.7

AvgJday
154.7

Tot Fad Cast

$9.90105

Fad Cost/Day
S197.6S

Total Labe

156.0

AvgJday
1.7

Tot Labe Cod

S46I.76

I*beCostttay
SS.02

3686 7 10,9.3.0 111.6 S7.433.15 SS0J0 260.0 2J $769.60 S8J7

38et II 12374.0 1343 SS.040.0S SS7J9 135.0 U $39960 $4J4

405* 9 11.7910 1212 S7.SS1.56 S82.4I 210.0 13 $621.60 $6.76

4052 10 11199.0 132.6 S7.971.6S $86.65 120.0 1J $35520 S3.S6

4S54 11 16.IS4J0 175.9 sii.eoo.6i SI 19.57 1510 1.7 S45S.S0 S4.99

CSXT SU* 2 1.662.0 ie.i $1,201.94 S13.06 40.0 0.4 $111.40 $129

GBaTtS 1 1.I5O0 115 S70150 VJta 0.0 0.0 $0.00 $0.00

NS6I4S 1 I.443X* 15.7 SSS0L23 S9J7 75.0 0J S222.00 $241

TotdFad

11^51.7

AvaJdav

•90S

Tot fad Coat

S54.714.77

Fa^Ccat/Dav

$594.73

Total Labe

1151.0

Avg-Aaav

115 S3.406.96

LabtCort/da«/

$37.03

Coaat

Avg, Fad

per Loco

Ava. Fad

Coat per GaL

Ave. Pad oar

laOceperDay
Ava. Fad

Coat per Loco
Avj^LjQS
per Loco

Ava. Labe

Cost per GaL

Ava. Labe aer

Loco per Dav

AvejLite
Cost per Loco

9 9,105.7 $0.67 99.0 $6,079.42 127.9 $2.96 139 $371.55

ided Total Fod AvgJday Tot Fad Cast FodCoctTDay Total Labe AvgJday Tot Lobe Cod Labe Cost/day
12 I7.34S.0 1*L6 $12,026.74 $130.73 220.0 14 $65120 $7.01

11 KS69.0 158.4 S9.140.47 S99J5 2310 15 $6*6.72 S7.46

10 15.472.0 1612 $10,019.04 SI09.66 100.0 I.I $296.00 S3.22

10 12,157.0 1311 $9,617.01 $104.53 1S5.0

n

10 $547.60 $5.95

Figure 23
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LMOA 8
CD

Locomotive Fuel/Lube Summary s
(D

System Summary —

10*1/2600 To: 12/31/200J)

T^TltFntllm Toed Fad AveJtfav Tot FadCast FadCaat/Dav TotalLabe Azg/Jig Tot LabeCod l^beCoat/dav g»
2S3 2S7J47J 3,1213 SHfJtlK $2464.17 4J44J 45J SI2J71I6 SU3J9 03

(D
11.493.91 $0.69 S7.964.I5 165J $2.96 S490S9 3

03
3
O

9.105.7 $6*79.42

o
o

12JS37J $9,024.32 IS71 $354.07 3

5?
CD
CD

Figure 24 £
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LMOA

Fleet Component Dates Report
06725/2002

Locomotive No. 1800

TMl TM2 TM3 TM4

06705/1997 11/11/1998 01/28/1997 02/10/2002

#1PA #2 PA #3 PA #4 PA #SPA #6 PA #7 PA #8 PA

08/1571998 06701/1998 09709/1999 01/22/1997 10729/1997 01/22*1999 03/03/1997 07/18/1996

#9 PA #10 PA #11 PA #12 PA &LIEA #14 PA faUJPA 8J&EA
12/21/1998 02/13/7002 10/11/1998 03/17/1998 08710/1996 04701/1999 03/1571998 08/1372000

Locomotive No. 1802

TMl TM2 TM3 TM4

11/10/1996 03/1871997 11/17/1998 06722/1998

#1PA #2 PA #3 PA #4 pa #5 PA #6 PA #7 PA #8 PA

06/18/1998 02/12/1998 03/15/1998- 04/15/1998 05/30/1998 IO/05/I998 07/09/1997 01/12/1998

#9 PA M0 PA #11 PA #12 PA fJ&PA, #14 PA #J2J»A ftULEA
02/16/1997 06708/1998 0471S/I99S 12/11/1999 03/04/1998 04704/1999 05705/1999 03/04/1999

Locomotive No. 1804

IMl TM2 TM3 TM4

07/26/1997 12/12/1999 03/27/1998 11/16/1994

#1PA #2 PA #3 PA #4 PA #SPA #6 PA #7 PA #8 PA

1l/l 1/1996 09/17/1995 09/24/1996 03/09/1997 0672971998 12/03/1997 05/IS/I997 04/15/1997

#9 PA tfJiLEA #11 PA ftLlfA #13 PA #14 PA #15 PA #16 PA

09/15/1998 06729/1998 09/21/1998 11/27/1996 05/29/1998 05/06/1998 03/28/199$ 06728/1997

Locomotive No. 2012

IMl IMl TM3 TM4

05/19/1998 03/17/1993 12/12/1999 07/09/1996

#3 PA

04/06/1998 09/17/1998 12/05/1994 05/1671997 06717/1998 06712/1993 09/07/1998 0670671997

#9 PA #10 PA #11 PA #12X4 fii£A #14 PA #J£PA #16 PA

02/03/1993 03/27/1991 06/12/1994 12/1S/1996 12/15/1994 12/09/1998 01AB/2000 02/04/1994

Fleet Coaaseaeat Dates Repor

RRR.-O5-I4-O0 Page 1 of3

Figure 25
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LMOA

Fleet Locomotive Wheel Replacement Forecast
Summary - Wheels Worn To 1 Inch, by 12/31/2002.

«*.26.*»ttt?.

120

»l Big WhI date OM>2:20UI .»l lAMMeu. 09.U-V.0UI Day* 195 Ave wear per day O.OO24OS1282051.1

nlRijLWbed I.Y690 o| Last Size 1.5000 Difference 0.46900 line* date 04VD8/2002

a2 flig WhI dale 03.U2200I *2l.atf Meav 09.11-2001 Bay* 195 Avg wear per day 0.00176151846154

42 Hi* Wheel 1.8750 *2l.*tlS.A. 1.5315 DiffereiKC 0.34350 1 inch date 0?/l 1/2002

1800

#1 Big WhI date 0VI7-'2IK>I b| LastMcav 0h/2ft>2fM»l Days 05 Avg wear per day 0.O0O33157894737

*IBt* Wheel 10630 • 1 Last Sin imn Dillenjncc 0.01150 1 inch date 09/2J/20OI

1802

02 Big WhI date ns&&M\ « Last Meas. O9.«0.*200l Pay* 106 Avg wear per day 0.0OQ2924528JO19

#2 Big Wheel 1.0040 « Last Size i r»6".o L>ifterence 0.01100 1 Inch date 04/12/2002

1804

H2Big WW date 04.'IO/200I H2 Last Meas. KV2.V200I IXtyi 190 Avg west pet day 0.0OO823684? 105.1

#2 Big Wheel 1.4065 02 Last Size 1.2500 WlTcrvnoe 0.15650 1 inch date 0*7572002

2012

#1 Rig WM date 0*1! 6.2001 SI Ijki Meat 12/05/2001 D*VS Ml Avg wear per day 0.00422072072072

#1 life Wheel 2.1875 tfl last Sire 1.7190 llifTcrvitcc 0468.50 1 iach date 05/2472002

W4 life WhI date OaVloOQOI 04 Last Me*. I2/0SO00I Itays 111 Avg wear nor day 01(0591441441441

M life Wheel 2.1255 M Lest Size I.469U Diflerencr 0.65650 1 iach date 02/22/2002

SYSTEM SUMMARY

Whecb to change by 1201/2002 7

Whecb to change next 6 months 7

Wheels to change next 6 to 12 months 1

Wheels to change next 12 to 24 months 7

>t«r) 1iwtwaaevr Watt* topmnrnt** Korvn*
AatMurv

RfOKUJI-OI Page 1of 1

Figure 26
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Diesel Mechanical Maintenance Committee 173

The AMSTED Rail Group Makes It Easy

Now it's easier than ever to work with

us for your castings, bearings and wheel

needs. We've grouped the sales and

marketing functions of our ASF-Keystone,

Brenco/QBS and Griffin Wheel divisions

under one umbrella organization called

the AMSTED Rail Group. System solutions

or individual components from all three of

our railroad products divisions are presented

through a single contact with one of our

qualified sales managers. It's as easy as that.

Brenco Inc.

AMSTED Rail Group 312.853.5680
200 West Monroe Street, Suite 2300, Chicago, Illinois 60606
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REPORT OF THE COMMITTEE

ON DIESEL MATERIAL CONTROL

TUESDAY, SEPTEMBER 24, 2002
9:00 A.M.

.. ^

Benoit Girard, Chairman
Manager Procurement-Locomotive

Canadian Pacific Railway
Calgary, Alberta

Vice Chairman

John Minnie
Materials Manager

BNSF Railway
West Burlington, IA

COMMITTEE MEMBERS

R. Delevan Mgr.-Transp. Products
J. Fronckoski Loco. Procurement Mgr.
J. Hartwell VP-Sales
B. Harvilla Sales Manager
G. Sumpter Superintendent-Locos.

National Elect. Carbon Wilkes Barre, PA
CSX Transportation
Progress Rail
Standard Car Loco.

Florida East Coast

Jacksonville, FL
Jacksonville, FL

Strongsville, OH
New Smyrna

Beach, FL

New Committee Members: Pat Johnson, Norfolk Southern; Kriss Myers, GETS
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PERSONAL HISTORY

Benoit Girard

Benoit Girard is the manager
procurement - rolling stock at
Canadian Pacific Railway Calagary,
Alberta head office, with over 24
years of experience in the rail
industry.

He began his career with
Canadian Pacific in January 1978
at Angus shop in the Material
department in Montreal. In 1992
he became senior material supply
specialist when Purchasing and
Material merged. During the sum
mer of 1997 he transferred from

Montreal to Calgary when CPR
decided to move its head office.

Finally, in January 1999, he was
appointed to his current position.

He and Sylvie, who have been
married for 21 years have one son,
Pierre-Olivier.
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I. "MENTORED

CHAMPION PROCESS"

CSX SUPPLY & SERVICE

MANAGEMENT

Prepared by: Jim Hartwell,
Progress Rail Services and

Jim Fronckoski, CSX Transportation

Overview: (see Figures 1, 2 & 3)
• Procurement Process used by

the P&M department that is:
Structured

Team oriented

Proactive

Developing lowest possible
supply chain to maximize sav
ings in the shortest time poss
ible.

• Products or services

Expired contracts
Problems with products and/or
service

New products become avail
able new programs or mainte
nance practices change
High cost, high volume goods
and services are candidates.

• Timeline

Start and end dates

Schedule

Keeps project on track
Deviation.

• Benchmarking
Structure method of compar
ing
Identify companies to bench
mark with

Look for innovation.

Diesel Material Control Committee

Team (Driving force behind the
success)

Cross functional team - All

applic able parties (P&M,
Engineer ing, Mechanical, etc.)
Participants have background
and knowledge to make the
best decision.

Establish consensus goals
Finance & QC/QA are always
participants
P&M usually takes the lead,
documents and analyzes.

Strategy
Team develops strategy (lower
total supply costs, cradle to
grave)
Type of material-standardiza
tion

Freight cost, complete freight
costs (local vs. national
process)
Inventory costs, consignment
opportunities
Manufacturing costs, set up
and turnaround time

Longterm partnership benefits.
New vs. reconditioned

Make vs. buy
Explore warranty options
Measurable performance
Bundling (Pulling products to
gether to maximize purchasing
power).

Technical Forums

Meet with potential suppliers
and review offerings
Solicit feedback and opportu
nities

Review specifications for
standardization and cost

efficiencies-re-engineer



Diesel Material Control Committee

Fine tune specifications to
achieve the lowest total supply
cost and highest life cycle
costs

"Best of the Best" incorporated
into the RFP (request for pro
posal).

Request for Proposal (RFP)
Standardize format

Re-engineered specification
RFP issued to innovative

suppliers who demonstrate
commitment to improve CSX's
competitve position during
technical forums

Meets established timelines.

Proposal Analysis
Team analyzes proposals on
standard forms

Suppliers are eliminated (short
list)
Selected suppliers move on to
negotiations
Lowest bidders are not always
lowest total supply chain cost.
Review all factors.

Negotiations
Negotiate with most promising
suppliers
Team prepares strategy that
addresses:

Cost and savings
Supplier's market position
Ability and skills of suppliers
Ability to deliver quality
products on time
Ability to attack problems
and seek resolution - follow-

up

Issues concerning both par
ties interests

177

"Win-Win" situation

Important document details
and assignments
Follow up.

• Award

Based on strategy phase and
proposal reviews
Team makes recommendation

for the lowest total supply
chain cost award

Contract duration length
Summary of costs and savings
Implementation plan
Prepares award using standard
agreements.

• Follow Up
As important as the entire pro
cess

Team follow up, if required,
individuals with interests in the

process

Schedule periodic meetings
with awarded suppliers to
review status

Explore additional opportuni
ties

Resolve problems
Continue to fine-tune the

process.

Minimize total supply chain costs
through a structured process and
team approcah.
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REPORT OF THE COMMITTEE

ON FUEL, LUBRICANTS AND ENVIRONMENTAL

TUESDAY, SEPTEMBER 24, 2002
10:30 A.M.

Ron Lodowski, Chairman
Superintendent-Locomotives, CSX Transportation

Selkirk, NY

Vice Chairman

Robert Dittmeier

Technical Services Coordinator, Ethyl Petroleum Additives
Richmond, VA

D. Bachelder

G. Bills

Z. Bolt

D. Campbell
K. Davis

D. Doughty
T. Eitzen

D. Elvin

S. Fritz, P.E.

F. Girshick

L. Haley, Jr.
R. Iwamoto

J. Jackson
D. McAndrew

M. Melnyk,
Ph.D.

M. Mulvihill

T. Pyziak
C. Tincher

P. Whallon

COMMITTEE MEMBERS

Caltex Services

Searle Petroleum Co.

Exxon Mobil L&PS

Electro Motive Divn.

CSX Transportation
TSL, Inc.

Chevron Lubricants

Ondeo-Nalco

Senior Research Engineer Southwest Res. Institute San Antonio, TX
Mgr.-Tech. Svcs. Rep. Infineum USA, L.P. Linden, NJ

Norfolk Southern Corp. Chattanooga, TN
76 Lubricants Co. Costa Mesa, CA
Amtrak Wilmington, DE
GE Transportation Erie, PA

Manager

Vice President

Application Engineer
Technical Engineer
Mgr.-Test & Lab Services
Director-Springfield Lab
Staff Engineer
Sales Manager

Chief Chemist

Prod. Develop. Scientist
Mgr.-Mech. Engineering
Fuel & Lube Specialist

Dallas, TX

Council Bluffs, lA
Houston, TX

LaGrange, IL
Waycross, GA

Springfield, MO
Richmond, CA

Kennett Square, PA

Systems Integration Eng.
Mgr.-Research &
Development
Railroad Acct. Executive

Product Manager
Mgr.-OEM Sales

GE Lubrizol, LLC

Bestolife Corporation
Safety-Kleen Oil Rec.
Lyondell Lubricants
Clark Filters

Wickliffe, OH

Dallas, TX
Palatine, IL

Houston, TX

Lancaster, PA

Returning to Comittee: Chuck Kunkel, Union Pacific RR, Welcome back, Chuck!
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PERSONAL HISTORY

Ron Lodowski

Mr. Lodowski was born in

Buffalo, New York on March 4,
1950. After his elementary and
high school education, he schol-
ared at Canisius University in
Buffalo and received a Bachelor of

Science degree in Chemistry in
1972.

He began his railroad career
with the Penn Central as a Freight
Carman in 1975. In March 1977,
he transferred to the Locomotive

Department and was promoted to
General Foreman in Buffalo. In

July 1984, he was transferred to
Selkirk, New York and was pro
moted to Manager - Environmen
tal Operations. In August of 1989,
he was given the additional duty of

Supervisor - Oil Control Labs. In
March 2000, Ron was promoted to
Superintendent - Locomotives at
Selkirk for CSX Transportation.

Ron's hobbies are travel, pho
tography, and he enjoys spectator
sports such as hockey and football.

He has been married for 33

years and his wife's name is Susan.
They have two children, Michael
32, and Nicole, age 16. Ron and
Susan also have two grandchildren.
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I. IMPROVED GENERATION 5

LUBRICANT PROVIDES

POTENTIAL FOR EXTENDED

LUBE OIL FILTER LIFE

Preparedby
Wes Middleton, Chevron

Introduction

Cost is a critical issue for modern

railroads. In total the top seven
North American railroads spend
around nine million dollars for the

718,000 oil filters that are consumed
yearly. This does not include costly
locomotive down time, shop labor
for changing the filters or the price
of disposal of the used filters, a fig
ure estimated to be equal to or high
er than that of a new oil filter.

Engine oil additive research has
put significant emphasis on improv
ing the oil's ability to better handle
insolubles through improved disper
sant technology. This provides the
opportunity to extend oil filter life
and reduce the costs associated with

them. In addition, modern additive
technology provides a margin of
safety against filter bypass, an opera
tional mode that can accelerate

engine wear.
This paper presents the results of

four case studies where railroads

determined that they could double
their oil filter life by using an
improved Generation 5 formulation
with excellent dispersant characteris
tics.

Extending oil filter life through
the use of dispersancy has been
demonstrated while conducting
extended oil drains during improved
Generation 5 field testing. Results
showed that oil filters could take 180
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days without plugging despite insol
uble levels over 5.5 mass%. Figure 1
compares the oil filter performance
of two Generation 5 lubricants, one
using improved dispersant technolo
gy after 180 days service and the ref
erence using older Generation 5
technology after 92 days. As can be
seen, the filter using the improved
dispersant technology is much clean
er even though it ran twice as long.

Figure 2 is a macrograph (31X)
showing the difference in the filter
media of the previous two filters.
This is an example of the superior
insoluble handling of the newer
dispersant technology.

Running the numbers
In mid 2001 a survey of several

class 1 railroads revealed that there

were no reported incidents of oil
filter plugging during the previous
year. Oil filter changes were sched
uled to coincide with each locomo

tive's 92 day maintenance schedule
and all roads surveyed expressed an
interest in extending oil filter life.

Those who participated reported
using filters of 12u or 18u nominal
pore diameter for use in EMD loco
motives and 28u nominal pore diam
eter filters for their GE engines.

Depending on the model, a loco
motive may have a 7, 8 or 10 ele
ment filter tank. Today a large class
1 railroad can expect to save over
$1 million per year in new filter
costs; add to that an equal amount
in shop labor and disposal charges.

For example, a railroad with a
reported 6,000 locomotives would
purchase about 192,000 oil filters
per year at a cost of approximately
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$2.4 million. An immediate yearly
saving of $1.2 million would be
realized by doubling the oil filter
change interval. On top of that fig
ure is the cost of locomotive down

time and shop labor. Used filter dis
posal charges are estimated to range
between 50% to 100% of that of the

new filters, giving a conservative esti
mate of around $2 million.

180 Day Filters Made Viable by
Dispersants

Modern lubricants are up to the
challenge of extending oil filters due
to the use of ashless nitrogen
succinimide dispersants. A model of
a dispersant molecule is shown in
Figure 3.

Each molecular is comprised of a
nitrogen containing polyamine polar
head (which absorbs onto soot parti
cles), a linking group and a solubiliz-
ing polybutene tail, which provides a
physical barrier to aggregation and
keeps the particles suspended in the
oil.

Stabilized carbon particles can
be represented by ball-and-stick dis
persant molecules clustered around
a solid particle. Figure 4 is a depic
tion of the process of stabilizing solid
particles.

Nitrogen containing succimimide
dispersants are capable of suspend
ing large amounts of insoluble mate
rial while maintaining viscosity con
trol and keeping oil filters clean.

An example of the dispersant
effect on aggregation is shown in
Figure 5.

In addition, it has been demon
strated that formulations which mini

mize soot aggregation and viscosity
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increase also give superior wear per
formance by reducing soot causing
abrasive wear. (1)

A big question has been whether
or not the filter media itself is capa
ble of surviving the additional 90
days without excessive wear, tearing
or even collapsing. All of the tests
outlined in this paper were conduct
ed using the standard OEM
approved filters. These results
suggest that the media is durable
enough for the double change
interval.

One filter manufacturer has,
however, conducted test work on an
extended life media. This media was

developed to have greater contami
nant holding capacity while main
taining a lower pressure drop under
full flow conditions. At the same

time, the media was designed for
high-strength characteristics neces
sary to withstand the demands of
180-day service. Media integrity
was evaluated and corroborated by
means of the following test proce
dures:

a) Mullen Burst (determines the
burst pressure of a simple piece
of media by gradually inflating a
rubber bladder beneath the

media section until point of fail
ure). An independent laboratory
performed testing on a group of
16 filter elements removed

after 180 days of locomotive
service. Three separate media
sections from each element

were collected, tested and an
average Mullen value established
for each of the 16 elements. All

tests values exceeded the mini

mum requirement.
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b) Fabrication Integrity (determines
integrity of the filter element per
ISO 2942 by submerging car
tridge in a liquid bath and intro
ducing gradually increased pres
surized air to the center of car

tridge until bubble leakage is
observed). An independent lab
oratory performed testing on a
group of 10 filter elements
removed after 180 days of loco
motive service. A series of two

tests were performed on each of
the 10 elements. All test values

exceeded the minimum require
ment.

c) Seal Integrity (determines
integrity of cartridge seal by
submerging filter in liquid bath
and introducing pressurized air
internally to the cartridge and
noting any bubble leakage from
seal area). An independent
laboratory performed testing on
a group of 40 filter elements
removed after 180 days of
locomotive service. A series of

two tests were performed on
each of the 10 elements. All test

values exceeded the minimum

requirement.
d) Media Bond (determines the

integrity of adhesive bond
between filter media and

cartridge end cap through
application of tensile stress until
point of failure). An independent
laboratory performed testing on
a group of 40 filter elements
removed after 180 days of
locomotive service. A series of

two tests were performed on
each of the 10 elements. All test

values exceeded the minimum

requirement.
Conclusion

Independent laboratory testing
on one filter manufacturer's product
developed for 180-day service
demonstrated that not only filter
media but other critical components
such as adhesives, outer wrap, cen
ter cores and end caps are capable
of extended service.

Recent test work with several

railroads has shown that extending
the oil filter change interval is an
achievable goal.

Case Study 1
In 1998 this railroad was having

filter plugging problems with its fleet
of older SD45 locomotives. Filters

were plugging, necessitating
changes every 45 days. A test was
initiated to determine if filter exten

sion, in this case back to the normal
92 days, was possible.

A program was set up in which
the locomotives would change from
their current Generation 5 fleet oil to

an improved Generation 5 lubricant
containing an updated dispersant.
The locomotives would undergo an
oil and filter change and then be
returned to regular service. Filter
samples would be taken from the
locomotives and submitted for flow

testing at the 92 day interval.
This test consists of cutting three

2 inch by 2 inch sections from one of
the oil filters, mounting it in a filter
rig and timing how long it takes to fil
ter 100 grams of 150 neutral oil at
constant vacuum. The average of
the three determinations is reported
and the filter is considered plugged if
the time was equal to or exceeded
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600 seconds. After gaining more
experience with this procedure it
was determined that the maximum

filtration time could be reduced to

400 seconds.

The filter samples would also be
visually rated under low magnifica
tion using a scale of 1 to 5 with 1
describing the media fibers as clean
and 5 being completely plugged
with no fibers visible.

Figure 6 compares the
Generation 5 fleet oil after 45 days
to the improved Generation 5 prod
uct after 92 days of service.

As can be seen, of those tested,
all were successful in reaching 92
days. Three had, however, reached
the 600 second limit. As a result this

road switched to the improved
Generation 5 product and returned
its SD45's to a 92 day oil filter
change interval. In addition, the
nominal filter pore diameter was
returned to the EMD recommended

12u from 18u.

Case Study 2
In November, 1999 a European

railroad that had recently purchased
a sizable fleet of EMD SD70 type
locomotives expressed an interest in
oil filter extension. These units were

already using an improved
Generation 5 lubricant. A short pro
gram was set up in which filter sec
tions from five locomotives along
with oil samples were evaluated after
the normal 92 day service interval.

The results were encouraging
and the test was re-run on six differ

ent locomotives after they had run a
total of six months. Filtration times

for the six month filters averaged
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about double that of the three

month filters but, in either case, fil
tration times were considered low.

This data was encouraging enough
for this road to switch its entire EMD

fleet over the six month filter

changes. Today it is considering
expanding again out to one year.
The test data for these locomotives is

shown in Figure 7.
The new test criteria which

define a plugged filter as one which
takes 400 seconds or longer to filter
100 grams of 150 neutral oil was
used in this study and all subsequent
studies in this paper.

Case Study 3
More recently, other North

American railroads are showing
interest in oil filter extension as a

means to help reduce costs. This
railroad, already using an improved
Generation 5 product, wanted to
evaluate a cross section of its fleet at

92 days as a baseline to evaluate the
possibility of extending its oil filter
change interval. Results were, as can
be seen in the charts in Figure 8,
very encouraging. The data in Figure
8 covered six different models of GE

and seven of EMD. A total of 46

locomotives participated and at 92
days none of the filters was plugged.
One GE and two EMD had excessive

filtration times, but analysis showed
that these were due to minor water

leaks.

A few months later, a second
look, shown in Figure 9, was just as
encouraging. The number of loco
motives was reduced to 15, covering
three GE models and nine EMD

locomotive models. Again, one GE
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and one EMD exhibited slowed fil

tration times due to minor water

leaks. Both exercises gave a strong
indication that oil filter extension

could be successful at this railroad.

Subsequent to this study this particu
lar road has decided to move to 180

day oil filter changes.

Case Study 4
This program was set up to mon

itor the filter tank pressure on three
models of EMD locomotives. For

the purposes of this test the filters
would be defined as plugged and
would be changed if the filter tank
pressure reached or exceeded the
by-pass pressure 35 psi. Three loco
motives each of three EMD models

participated in this study.
As of the date of writing, two of

the three SD70's had successfully
reached 180 days. The third had to
be restarted due to fuel contamina

tion of the oil. The SD40's have

been the most problematic due to a
variety of mechanical problems and
had to be re-started. One unit made

180 days with no mechanical prob
lems. Two units experienced water
contamination and needed to be

restarted. An extra SD40 was put on
test at our request to get another
data point. So far, this unit is pro
gressing nicely and should make the
180 day target. It should be noted
that these units perform nicely with
respect to filter plugging unless they
experience a water leak. It is our
opinion that these units will make
180 day filter changes barring any
mechanical problems.

Conclusion

Four case studies were conduct

ed at four different railroads involv

ing a total of 62 EMD locomotives
and 31 GE engine types. These have
demonstrated that a modern engine
oil formulation with a high quality
dispersant can provide 180 day oil
filter life provided there are no water
leaks.

Testing conducted with an inde
pendent laboratory by one filter
manufacturer on filters developed
for 180 day service demonstrated
that not only the media, but other
critical filter components such as
seals end caps and wrapping are
capable of extended service.

With cost reduction as a major
goal of today's Class 1 railroads, oil
filter extension can make a signifi
cant contribution by helping
increase locomotive availability
while lowering related shop labor
costs and reducing expensive
hazardous waste.
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APPENDIX

Railroad engine used filter
test rating procedure

1. Soak filter patch for five minutes
in hexane/pentane, slowly wafting
filter patch when placing in the sol
vent and when removing from the
solvent.
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2. Heat at 150" degree oven for five
minutes to evaporate residual
hexane/pentane.
3. Place filter patch under micro
scope with maximum lighting.
Center crosshairs of the microscope
in the "valley" and take picture at
10x magnification, and 32x magnifi
cation.

4. Rate filter patch in the "valley"
using the following scale:

1.
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1 = Clean. No visible sludge.
2 = Mild crusting of sludge.
3 = Significant webbing between

fibers.

4 = Most fibers covered with

sludge. Almost can't see
fibers.

5 = No fibers visible.
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Figure 1
Generation 5 Approval Field Testing

GE B 30-7A

180 day filter using improved Gen. 5 dispersant technology

92 day filter using Gen. 5 dispersant technology

Figure 2

Generation 5 Approval Field Test

(GE B30-7A RUers)

Generation 5 at 92 days Improved Generation 5
at 180 days.
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Dispersant Soot particles

Figure 3

Figure 4

Stabilized particles or
Solubilized polar liquids

Figure 5
200 Hr. Multi-Cylinder Diesel Engine Test

20,000 X Electron Micrograph
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Figure 6

Oil Filter Pluging Evaluation
SD45 Locomotives



Figure 7

OIL FILTER PLUGGING EVALUATION

EMD SD70 Locomotives
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Figure 9

Base Line Oil Filter Plugging Evaluation
92 Day Filters
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180DayOilFilterTankPressureStudy

(35psimaxlimit)

180DayFilterTest
SD-70Locomotives

1020

SOT1Month2Month3Month4Month5Month6Month7Month8Month9Month

2720242416202635

1023201619202529273547

1027A202120

1027B151625273135

Avg211822242428273547

6103A121323

6103B1617172048

6103C182022

6111A101517

6111B10131517221012

6125A13691815168

6125B14151617

6030A101114223645

6030B13182247

Avg13141718.830.2523.666710

584755686106899

5822776888991111

95737.57711881081010

Avg766979881010

SOT1Month2Month3Month4Month5Month6Month7Month8Month9Month

DAvg

-1020

-1023

-1027A

-1027B

<0
CD

C
o-
(D

0)
3
a

m
3
<

3
3

3
(D
3

9L

O
O

3
3
5'
(D
CD



Figure 11

180 Day Oil Filter Tank Pressure Study
180 Day Fitter Test

SD-40 Locomotives

12 3 4 5 6 7 8

Month Month Month Month Month Month Month Month Month

DAvg

-4A

4B

-5A

5B

6A

-68

-7A

-7B

SO

45

40

35

f 30
25

20

15

10

5-

180 Day Filter Test
GP-38 Locomotives

Condemning

rrrn
123456789

Month Month Month Month Month Month Month Month Month

3 A*

CD

Q.

m
3

O
3

3
CD

o
o

3
3

CD



198

II. CORROSION PROTECTION

OF LOCOMOTIVE COOLING

SYSTEMS

By Dave Elvin, Ondeo-Nalco
Companyand

Leighton Haley, Norfolk Southern
Corporation

Introduction

The locomotive cooling system
is a necessary component of engine
design, as it removes heat generated
by friction and the combustion of
fuel. Without the heat removal the

internal combustion engine will
quickly destroy itself. Most engine
components require some mainte
nance to maintain peak operating
condition. The cooling system is no
different. Ifnot properly maintained
the system can quickly corrode,
degrading cooling efficiency and
possibly shortening the life of other
components.

Ifthe cooling system is not prop
erly maintained, heat exchanger
efficiency will soon degrade
because of the insulating properties
of mineral and corrosion deposits.
In addition, a corrosive environment
will attack the cooling system itself,
resulting in component failure and
subsequent shopping to repair the
leak(s). Depending on the location
and severity of a leak, catastrophic
engine failures can result.

No matter how you look at it,
improper maintenance of a locomo
tive cooling system increases main
tenance and repair costs and
increases out of service time.
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Corrosion - A brief primer:
Corrosion is the electrochemical

process in which a metal in its ele
mental form returns to its native,
oxidized state.

In order for corrosion to occur

there must be:

1. A corrodible surface - one

with electrons to lose,
2. A difference in potential - a

driving forcefor the electrons,
3. An electron acceptor - a

place for the electrons to go,
and

4. An electrolyte to close the
circuit - conditions conducive

for electron flow.

The corrosion reaction rate is

determined by the reactions at the
cathode and is influenced by:

a. Size of the cathode,
b. Amount of oxidizer present,
c. Size of the potential differ

ence,

d. Temperature,
e. Velocity of the water,
f. pH of the water, and
g. Presence of dissolved solids

and gases.

Depending on the conditions
and factors present in the system,
corrosion can appear as one or a
combination of the following types:

1. General etch.

2. Concentration cell.

3. Cracking.
4. Mechanical damage.

General etch is metal loss in

which a given area is alternately a
cathode and an anode. Metal loss
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occurs uniformly over the surface.
Concentration cell corrosion is a

localized attack caused by chemical
or surface anomalies and can take

the form of crevice corrosion, under
deposit corrosion, tuberculation,
biologically induced corrosion, acid
corrosion, or alkaline corrosion (see
Figure 1).

Cracking corrosion failures are
caused by the combined effects of
corrosion and metal stress. These

cracks initiate on the surface

exposed to the corrodant, and prop
agate into the metal in response to
the applied stress. The critical fac
tors are the presence of a specific
corrodant and sufficient tensile

stress (see Figure 2).
Mechanical damage includes

cavitation/erosion corrosion, corro
sion fatigue, and de-alloying.
Cavitation is the creation, growth,
and violent collapse of bubbles.
The collapse of the bubbles very
near the surface causes mechanical

deformation of the surface and over

time leads to loss of material from

the surface - erosion (see Figure 3).

How do we protect locomotive
cooling systems?

The overall goal is to protect all
of the metals in the cooling system
from corrosion and deposits while
maintaining efficient heat transfer.
This requires consideration of sever
al factors, including, the quality of
the water, the metals in the system,
the seals that are in contact with the

water, the type of inhibitor
chemistry employed, and how any
chemicals used are introduced into
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the system.

The importance of water
Water is the medium used in the

cooling system to remove heat from
the engine. The quality of the water
used can and does play a major role
in how the cooling system performs
and the maintenance required. Any
minerals contained in the water will

form scale and deposits as the min
erals precipitate from solution.
Water added to a system brings oxy
gen and other dissolved gases that
can renew or intensify system corro
sion in addition to carrying dis
solved and suspended solids that
further promote scale and deposit
formation.

The equipment manufacturers
recognize the importance of water
quality and use the following
parameters to define good water
quality:

Chlorides <40ppm
Sulfates <100ppm
Total dissolved solids <340ppm
Total hardness <170ppm

In areas where the water exceeds

these limits, ion exchange softening
of the water is preferred to minimize
the corrosive / deposit tendency.
Otherwise additional chemical

treatment will be required. Please
refer to the attached water quality
graph in Figure 4.

It is important to remember that
the quality of the water is a critical
factor but that the use of high quali
ty water alone does not eliminate
corrosion or deposit formation. It
does reduce the demand on any
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chemical treatment required.
Non-chemical steps can be

taken to minimize corrosion in a

cooling system. The basic objective
is to operate the system in a manner
that eliminates or minimizes water

losses. Thus, less fresh makeup
water is required and treatment
residuals are more easily main
tained.

Although beyond the scope of a
maintenance shop, the corrosion
resistance of a system can be maxi
mized through the selection of cor
rosion-resistant metals. Economics

generally is the deciding factor in
materials selection. Ideally, a single
metal should be specified through
out a system to avoid any dissimilar
metal corrosion. The use of a mini

mum number of different metals

will greatly improve corrosion con
trol. Occasionally, coatings have
been applied to metal surfaces in a
closed system to reduce corrosion.

The meaning of corrosion control
At this point, it is desirable to

decide just what is meant by practi
cal corrosion control in cooling sys
tems. In some systems, this term
can be defined by corrosion rates
less than a certain value on a specif
ic type of metal. For example, a
general etch attack on mild steel of
less than 5 mils per year (mpy) or
(<70 micrometers/yr) is usually con
sidered satisfactory protection in
open recirculating systems. Figures
1 - 3 are examples of cooling sys
tems that have not maintained cor

rosion control.

On the other hand, practical cor
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rosion control can also be defined

in terms of maintenance costs or

system operating efficiency. Most
frequently, in closed recirculating
systems, i.e. locomotive cooling sys
tems, control is considered to be
satisfactory as long as the system
continues to operate efficiently with
a minimal amount of necessary
maintenance.

Because of the characteristics of

closed systems and the problems
that corrosion and its by-products
cause, it is extremely important to
eliminate all corrosion from the start

of the system operation. This can be
accomplished by passivating the
surfaces with corrosion inhibiting
chemicals prior to putting the equip
ment into service.

Corrosion Control - Chemical

Techniques
An effective corrosion control

program usually depends on specif
ic inhibitors for stopping the anodic
reaction, slowing the cathodic reac
tion, or both. When inhibitors were
first introduced into water systems,
they were frequently composed of
single active components (e.g.,
chromate). Chromates have been
virtually eliminated from the treat
ment of engine cooling closed loop
systems in the U.S. and Canada due
to the links with cancer and long
term health concerns associated

with exposure to chromates.
Most closed loop systems are

now treated with nitrite based

blends. These products are referred
to as: "borates", "boron", "water
treatment", "Nalco" and yes even as
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"chromate." In general these prod
ucts are corrosion inhibitors for

closed loop systems. The majority
of these products are not single
active components, but rather, a
blend of inhibitors designed to pro
tect all of the system's metallurgy.

The following section discusses
how each inhibitor works in reduc

ing system corrosion.

Anodic inhibitors

Anodic inhibitors operate by oxi
dation or precipitation mechanisms.
Knowledge of the positive aspects of
these inhibitors and their limitations

is essential for establishing controls
for cooling water corrosion inhibi
tion programs that use anodic
inhibitors.

Oxidizing anodic inhibitors
Chromate

Chromate is a strong oxidizing
agent that accelerates the oxidation
of ferrous ions to ferric ions so that a

thin, almost invisible layerof tightly
adherent iron oxide quickly forms.
Metal oxides caused by this reaction
become passive and are relatively
inert to further oxidation or corro

sion.

Sufficient levels of chromate

must be present in a system to com
pletely oxidize all anodic sites to a
more noble potential. Failure to
cover all available anodic surface

areas with a polarized corrosion
product layer results in localized
pitting attack. Chromate levels
greater than 100 ppm are needed to
produce this layer in cooling water
with a pH of 6.5-7.5. For this rea

son, chromate inhibitors are nor
mally formulated with a cathodic
inhibitor, such as zinc, for use in the
pH range. Lower levels of chromate
are required of the pH is greater
than 7.5. Chromates may be used
alone in high pH systems or in
closed systems where high levels
may be maintained.

Since chromate is an oxidizing
agent, the presence of reducing
contaminants, such as H2S or oil,
will reduce chromate from the hexa-

valent form to its trivalent state.

Trivalent chromic hydroxides are
insoluble above pH 8.0 and can be
foulants. The trivalent form also

lacks worthwhile corrosion inhibi

tion properties.
Chromate has been one of the

most widely used of the anodic
inhibitors and is very effective;
however, as environmental and
health concerns have grown, chro
mates have been replaced by nitrite
as the major player.

Nitrite

Nitrites oxidize mild steel sur

faces to form an extremely thin and
highly tenacious corrosion product
layer in a manner similar to chro
mate. Much higher levels of nitrite
(2 to 3 times) are required compared
to chromate. Inhibitor blends based

on nitrate are normally buffered
between pH 8 and 11 with borate.
The inhibitor is often called borate;
however, borate is only the buffer
ing agent.

The concentration of nitrite in

the cooling system is critical. If
either too much or too little nitrite is
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present it can actually promote cor
rosion of some metals. During use
nitrite (NO2) oxidizes to nitrate

(NO3). The nitrate form is not an

effective corrosion inhibitor for mild

steel but does provide some protec
tion against pitting corrosion of alu
minum and solder. The presence of
hydrocarbons and glycols will not
affect nitrite performance.

Precipitating/Film-Forming Anodic
Inhibitors

Silicates

Silicates react with dissolved

metal ions at the anode. The result

ant metal ion/silicate complex forms
a gel that deposits on anodic sites.
The gel formed is highly tenacious
and lacks pH sensitivity compared
with other commonly used
inhibitors. The inhibiting properties
of silicates increase with increasing
temperature and pH. Silicates also
have surface-active properties that
allow them to penetrate tubercles
and inhibit active corrosion.

Silicates are mainly used to inhibit
general corrosion of aluminum but
they do provide some limited pro
tection of all metals.

Molybdates
Molybdenum is in Group VI A in

the periodic table, along with
chromium. It has been studied

extensively as an alternative to chro
mate. It shows inhibitive effects on

general and localized corrosion of
ferrous and nonferrous metals.

Unlike chromate, however, molyb-
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date has very little oxidizing ability.
Molybdate is an effective corro

sion inhibitor for metal alloys. It is
generally accepted that the corro
sion inhibition of iron is achieved by
adsorption of molybdate onto the
porous oxide surface, probably by a
process of ion exchange, followed
by the formation of an insoluble film
reported to be iron molybdate
(FeMo04). The adsorption pro

duces a layer impermeable to other
anions, particularly chlorides and
sulfates.

Molybdates are currently used in
combination with other inhibitors

(nitrite, zinc, BZT, MBT, and others),
producing enhanced passivation
and improving an otherwise unac
ceptable cost imbalance when com
pared to nitrite programs.

Combination anodic and cathodic

inhibitors/ organic inhibitors

Soluble and Dispersible Oils
(Used when storing locomotives)

Soluble and dispersible oils are
successfully used to inhibit corro
sion in closed cooling water sys
tems. A loose emulsion of the oil is

fed to the water. The emulsion

breaks at the heat transfer surfaces

and lays down a thin, protective oil
film on the metal. The film prevents
water from further contacting the
metal and breaks the electrochemi

cal circuit, stopping corrosion.
Soluble dispersible oils are primari
ly used for systems that are being
prepared for long-term storage or
overseas shipment.

Although effective, these materi-
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als must be thoroughly cleaned out
prior to putting the locomotive back
into service as they can reduce heat
transfer efficiency and could possi
bly affect o-rings and seals.

Mercaptobenzothiazole
Mercaptobenzothiazole (MBT)

provides excellent copper corrosion
inhibition. The organic molecule
reacts with copper surfaces via the
SH group to form an organic film.
This copper corrosion inhibitor is
the fastest film former of its type. It
is useful well above the boiling
point of water. Microorganisms
degrade the molecule rapidly. The
presence of chlorine oxidizes the
-SH group and results in two MBT
molecules being bound together as
MBT-disulfide. MBT is used widely
in closed cooling water systems.

Benzotriazole and Tolyltriazole
Benzotriazole (BZT) and

Tolyltriazole (TT) are two copper
corrosion inhibitors that adsorb on

copper surfaces to break the electro
chemical circuit. Although these
molecules form a film more slowly
than MBT, they are more stable
under conditions of high tempera
tures and in the presence of chlo
rine. BZT and TT use is increasing
in closed recirculating systems.
Many formulators blend TT or BZT
with MBT to incorporate rapid film-
forming properties and stability into
a finished product.

Metal Passivation

Start-up is the most critical peri
od for a cooling water treatment

program. Initial metal passivation \s
the foundation for all effective cool

ing water programs. Unpassivated
or poorly passivated metal surfaces
will corrode at high rates when first
put into service. This process is fre
quently called flash corrosion. The
resulting corrosion products are
usually loose, porous deposits that
reduce heat-transfer efficiency.
These deposits also interfere with
the effectiveness of applied corro
sion inhibitors because the

inhibitors cannot react at the metal

surface where the corrosion is

occurring.
The basic concept for effective

metal passivation is quite simple.
Essentially, the process involves four
steps:

1. Prepare the metal surface so
that it will be receptive to the
formation of a corrosion in

hibitor film.

2. Rapidly establish a corrosion
inhibitor film before flash

corrosion can occur.

3. Complete the metal passiva
tion and repair any breaks in
the initial inhibitor film.

4. Maintain the inhibitor film.

Each cooling water system is dif
ferent, so procedures for achieving
clean metal surfaces and then main

taining them free of corrosion
require careful planning. Every
cooling system, whether new or
newly cleaned to remove scale or
corrosion, should be thoroughly
passivated prior to the introduction
of corrosion and scale inhibitors.

Systems that require only a change



Fuel, Lube and Environmental Committee 205

Our new HiTEC® 6888E enhanced diesel DI package delivers more
detergent, for added cleaning power. Plus extra boundary friction
modifier, to help reduce wear. Plus a multilevel oxidation inhibitor
and a new dispersant, for superior soot-carrying capability.

For flexibility, HiTEC® 6888E can be used at both 13 and 1 7
TBN levels. So if you're looking for maximum engine protection
that also increases engine-oil life and reduces
maintenance, talk to your Ethyl representative
about HiTEC* 6888E: the new way to keep
your engine clean, when total additive
performance is on the line.

©JOOQCOtyi Co>0or<

Ethyl
l=on HtTcc f* a tH3<ji%tora<3 trademark o* Ethyl Corporation
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of program and that have already
been adequately passivated may
only require the last two of the four
steps.

The techniques used to accom
plish the four metal passivation
steps must be thoroughly under
stood so that corrosion is effectively
controlled and heat transfer is

efficiently maintained.

Selecting an inhibitor
Program selection requires that

all environmental, technical and
economic needs be met.

Employee and environmental
considerations -There are many cri
teria in this category from exposure
to employees to disposal of con
sumed product. Products must first
be reviewed for their potential
health risks as well as environmen

tal risks. Many municipalities have
water discharge limitations that can
include compounds included in
corrosion inhibitors. These criteria

quickly eliminate chromate-based
products and in some areas include
boron. Borate is used as a buffer in

nitrite based programs. Recycling
or alternative disposal are the most
typical options employed at these
locations.

Dye color is another important
criteria in the selection of corrosion

inhibitor. There are two dyes pre
dominately used, phenolphthalein
(red dye) and fluorecscein (green
dye). Phenolphthalein is pH sensi
tive dye and is quickly neutralized
to a clear color when processed in
locomotive wastewater treatment

plants or discharged due to cold
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weather emergency shutdown.
Fluorecscein green dyes have been
utilized for their leak tracing ability,
however the dye is persistent upon
discharge. The green dye can cause
unnecessary environmental
responses due to the green color
similarity to glycol based antifreeze.

Technical considerations

Technical criteria will include com

patibility / stability with make up
water, engine seal compatibility,
and corrosion inhibition perform
ance. The product must be tolerant
of system water quality levels.
Engine seal compatibility is evaluat
ed with OEM seals immersed in a

solution of corrosion inhibitor as

well as an applied seal compression
test. Finally, the products should be
evaluated using ASTM D-1384 at
the manufacturer's recommended

dosage. The data gathered from the
D1384 testing should be given sig
nificant review due to the variety of
metallurgy present in locomotive
cooling systems. It is for this reason
that straight nitrite inhibitors are not
adequate for protection and that
today's most effective programs are
blended nitrite, azole, silicate,
nitrates, and antifoam products.

Economics - The most cost-effective

treatment programs at the present
time are the nitrite based products.
Molybdates have been mentioned
in this paper as another closed loop
inhibitor. They are very effective in
corrosion prevention; however, due
to product costs, they are typically
best applied to systems with mini-
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mal make-up water. Therefore
molybdate programs are probably
not an economically desirable
choice for the amount of make up
required for locomotives. During
the economic review, consideration
must be given to the quality of water
that will be treated. Lower quality
water typically requires use of a
higher chemical treat rate.

Applying inhibitors and
controlling concentrations:

Cooling water corrosion
inhibitors are available in both liq
uid and dry forms to met the safe
application needs of the industry.
The liquid products are available in
containers ranging in size from 5-
gallon pails to bulk tanker delivery
and are applied by either a direct to
locomotive manual addition or by a
variety of metered automated sys
tems. Solid inhibitors are available

in several package types and prod
uct shapes including dissolvable
bags, powders, pellets, and balls.

Dosage is measured in many
ways, which include nitrite titration,
conductivity or total dissolved
solids, and color. Obviously, the
nitrite titration provides a direct
measurement of the level of protec
tion; however, the time required to
perform the tests is not practical for
routine inspection in running repair
shops. When used, nitrite titration is
typically performed in a laboratory
in conjunction with oil analysis.
Most facilities use conductivity or
total dissolved solids (TDS) as the
primary measurement of corrosion
inhibitor treatment level. This is

usually measured with a handheld
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conductivity / TDS meter and is a
quick test that provides a good indi
rect measurement of the treatment

level. The last method is the fastest

but least accurate; this method is the
visual color match. This process is a
comparison of the color in the cool
ing water sight glass with a color
chart mounted on the locomotive or

held next to the sight glass.

Summary
Locomotive cooling system cor

rosion protection is a vital part of
maintaining your fleet's reliability.
In choosing which products to use
the key points to consider are:

1. Cost associated with uncon

trolled corrosion

2. Quality of the make-up water
3. Selection of an appropriate

inhibitor for your application
employee, environmental,
and performance criteria

4. Product application needs
5. Dosage control methods.

Currently there are number of
products from various suppliers
available to choose from. OEMs

can be used as a great source of
information on product experience.
Using the information contained in
this paper can help in maximizing
the performance of the locomotive
cooling system and minimizing fail
ures and costs associated with an

improperly maintained system.
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Tubercules in

Carbon Steel

Figure 1
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Tubercule Corrosion

Figure 2

Crevice Corrosion Engine Block
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Figure 3

Examples of Cavitation Corrosion
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Hardness Map

Figure 4

Map showing typical water hardness throughout the
United States.
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Figure 5

Solid Corrosion Inhibitor Pellets and Nalcometer.
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I. ON BOARD RIDER

A REMOTE LOCOMOTIVE

CONDITION MONITORING

SYSTEM

Prepared by: R. Bradley Queen,
BNSF

Overview

• Essentials of railroad operation.
• Locomotive fleet performance

and utilization.

• Use of remote diagnostics.
• Technologies
• Companies with remote moni

toring technology.

The essentials for railroad

operation are:
• Commodities to ship and the

rail cars to move them.

• A large interconnected net
work of trackage for goods to
move from any origin to any
destination using reasonably
direct routes.

• Personnel to maintain the tight
schedules and heavy equipment
maintenance.

• Locomotives that exceed mean

time between failures to their

next scheduled maintenance.

Locomotive fleet performance
and locomotive utilization are

crucial for overall railroad

operations.

Enroute failures contribute to:

• Having to dispatch a mechani
cal repair crew to diagnose,
troubleshoot, and repair a failed
locomotive.

• Allocating time to switch out the
failed locomotive causing
interchange delays and bottle-
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necking.
• Routing a "bad order" locomo

tive to a qualified mechanical
facility for an unscheduled shop

ping to perform the repairs.

Using remote diagnostics
to monitor the health of the

locomotive would:

• Assist a technician to trouble-

shoot a reoccurring intermittent
fault.

• Permit switching remotely to a
locomotive's backup mode of a
failed component while still
maintaining full train operation
and handling.

• Provide the ability to know what
component has failed on a
locomotive in "real time", then
have the failed part shipped to
meet the locomotive at the

closest qualified maintenance
facility.

• Keep the locomotive closer to its
scheduled route while reducing
"waiting material/dwell" time
when the unit is shopped for the
repair of the failed component.

An example of locomotive
utilization cost and productivity

loss, (Figure 1)
This spreadsheet points out 4

occurrence descriptions of a main
generator about to fail due to loose
electrical connections. Further

down the sheet depicts the:
Availability cost, which is 7 days
out of service for a generator
change out compared to 0 days for
just cleaning and tightening the
connections. Reliability cost.

involves a road failure plus the cost
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of a main generator.
Many systems have been imple

mented in the past. So what is
new? Increased cell, radio and
satellite communication perform
ance and reliability, enabling a net
worked connection between the

locomotive's existing computer
system and, desktop personal com
puter (PC), 2-way pager, cell
phone, radio and satellite.

What does a desktop personal
computer have to do with remote
diagnostics? If your locomotive
has a wheel slip alarm, you could
monitor the traction motor speed
sensor voltage while the unit is still
in operation. You could then call a
maintenance crew to meet the

locomotive and check the #1

speed sensor. Here we found that
the #1 speed sensor had come
loose and unplugged. We reap
plied the speed sensor plug and
made sure that it was not loose this

time. As the locomotive departed
we monitored the #1 speed sensor
voltage on our desktop computer
to qualify the repair just made
(Figure 2).

How could a common cell

phone be used to monitor a loco
motive? A phone number could
be dialed on the cell phone to link
to the locomotive's computer. By
pressing a specific code on the
phone you could shut down the
engine and non-vital electrical
power. This could be useful when
a locomotive is set out waiting dis
position to save fuel and battery
life.

Along with this technology, we
can receive pager notification.
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You could receive a pager notifica
tion from a locomotive when the

engine had just died or is low on
fuel in below zero weather.

With this technology, we also
have the capability of receiving
e-mail notification. You would

receive an e-mail for a traction

motor disabled, reducing the
horsepower per ton ratio but main
taining full train operation.

Two companies who bring
remote monitoring technology to
the railroads are: General

Electric and EMD.

General Electric

"Expert On-Alert™"
The Expert On-Alert™ remote mon
itoring & diagnostics application
assesses locomotive health to pro
vide predictive and proactive con
dition information. The on-board

system consistently monitors loco
motive conditions, gathering and
managing critical data.
Recommendations are integrated
directly into the customer's system
enabling a rapid response. The sys
tem can quickly measure estimat
ed repair time and failure urgency
as well as identify whether it will
be an on train/service track repair
or movement to a nearby repair
facility. Expert On-Alert™ remote
monitoring & diagnostics effective
ly works to avoid road failures and
improve asset utilization.

Here's how it works:

An intelligent, on-board system
continuously assesses locomotive
condition, gathering and managing
critical operating data. These data
are transmitted from the locomo-
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tive through satellite and other reli
able communications to an off-

board system. Automated analysis
tools, built on GE knowledge of
troubleshooting and problem isola
tion, "interrogate" the data.

GE service center experts
review the data and propose nec
essary action.

PinPoint™ locomotive tracking
is another way that GE
Transportation Systems can
improve locomotive utilization by
drawing on wireless communica
tion tools that alert the customer if

systems are idle or not moving for
extended periods of time.
Additionally, the system provides
fuel status and other on-board

reporting data. Through Global
Positioning System technology,
PinPoint is capable of determining
a locomotive's position within 100
meters.

By logging on to the GE
Transportation website and navi
gating to the Remote Diagnostics
Service page (Figure 3), you can
enter a unit number and view the

health of the locomotive. For

example, if you select the box for
the 4310 in the view column, you
will bring up GE's recommenda
tion from its Monitoring and
Diagnostics Service Center
(Figure 4). This page indicates that
a case number has been assigned,
an urgency/repair time code, and
a problem identification with a few
recommendations to clear the

fault.

The unit number can be

entered on-line to receive a remote
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download of the locomotive's on

board fault archive (Figure 5). This
information is presently retrieved
by physically going to and getting
on the locomotive and connecting
a laptop to the onboard computer
system. With the instructions to
read these codes (Figure 6), the
picture of why a failure occurred
becomes clearer. Now it's a mat

ter of going after the fault using
GE's troubleshooting guide.

EMD "IntelliTrain™

Monitoring Service"
General Motors Electro-Motive

Division can provide unlimited
locomotive information through
their IntelliTrain remote monitoring
services. The Gen2 FIRE (second
generation Functionally Integrated
Railroad Electronics) cab electron
ics system collects data making it
available through wireless commu
nication channels (including ana
log cellular, digital cellular, wire
less-LAN, with capability for satel
lite and data radio). For locomo
tive monitoring, locomotive data is
sent to EMD's Locomotive

Management Center. There are
several packages of IntelliTrain
services, but fundamentally loco
motive data is collected, sorted,
and made easy to use on a secure
website. With proper identifica
tion and passwords, locomotive
information is available anywhere
on a 24/7 basis (Figure7).

EMD's Locomotive Manage
ment Services focuses on improv
ing two factors to reduce road fail
ures and minimizing locomotive
shop time.
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• Locomotive Availability (per
centage of time a locomotive is
available to be used).

• Asset Utilization (percentage of
time a locomotive is actually

used).
With the health of the locomo

tive automatically monitored,
experts are alerted when problems
occur (Figre 8). If a locomotive ini
tiates an alert of a fault or condi

tion, the Central Server receives
and stores the information. The

Central Server then sends an Alert

Notification to a preferred list of
people through pager, cell phone,
e-mail, or an on-line screen alert.
The Locomotive Management
Center Personnel perform remote
diagnostics accessing additional
locomotive information. A work

order is sent out to the appropriate
party. Maintenance personnel
then determine the best repair
options using resources according-

ly.
There are three fundamental

ways EMD IntelliTrain Services can
provide value to railroad cus
tomers:

1. Reports
2. Alerts

3. Monitoring

Reports:

1. Fleet Summary Status Page -

IntelliTrain Website

This fleet summary status web
page is an executive-summary
style information page that pro
vides the user their locomotive

fleet location and health informa

tion. More detail of an individual
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locomotive's health is available by
selecting various submenus.

2. Locomotive Summary Data

Page • IntelliTrain Website

(Figure 9)
Individual locomotive health

and performance information is
obtained through this web page
including fueling information if the
locomotive is equipped with an
electronic fuel gauge. This data is
collected from the last time and

location when the locomotive was

sampled.

3. Locomotive Loading Data Paee-

IntelliTrain Wehsite (Figure 10)
Loading performance of individ

ual locomotives is gathered on this
web page which includes informa
tion about the locomotive direc

tion, setup, power and tractive
effort production accumulated
over time. The user is able to sort

loading information by date.

4. Locomotive Running Total

report (figure 11)
Gathers data each time the

locomotive is sampled sending it
to a server. This data is converted

to information that includes actual

utilization and average speed of
the locomotive.

ITEMS THAT WILL BE DISPLAYED

UP TO ONE YEAR ARE:

• Miles per month.
• Kilowatt hours per month.

HOURS. MILES. & KWATT HOUR

DATA IS COLLECTED FOR:

• Throttle position.
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• Governor position.
• Dynamic brake position.

THIS DATA IS DISPLAYED BY

WEEK, MONTH, QUARTER OR
YEARLY INTERVALS.

ADDITIONAL MONTHLY DIS

PLAYS ARE:

• Percent a locomotive is being
utilized comparing "idle" ver
sus "not idle" time.

• Locomotive average speed
recorded when speed is "not
zero."

Alerts

An E-mail alert is sent out to the

customer contact personnel when
a locomotive fault or conditions

occur one or more times.

• Alerts can be sent as e-mail

to pager or other e-mail-
enabled hardware.

• Messages alerts are sent out
on a 24/7 basis.

Cwfefff <?Mferf
A locomotive alert contains the

following information:
• The locomotive road number

• An incident description
• Date, time and location of the

incident

• Actual date and time when

fault or event occurred.

Alert Condition:

Alerts can be configured to the
unique needs of each rail cus
tomer. Some alerts are specific to
locomotive maintenance events,
while others can be configured to
address the needs of the trans
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portation departments. A sample
of possible alerts follows:

• Excessive Time in Idle

• Low Fuel

• Low Horsepower
• Locked Powered Wheel

• Emergency Brake Application
• Air Compressor Failure
• Locomotive Overspeed
• Protective Engine Shutdown
• Ground Relay Lockout
• Hot Engine-Throttle six Limit

LwQmQtiiY* Health MQmtQring;
The resources of EMD's

Locomotive Management Center
are included in IntelliTrain service

packages to improve the reliability
and availability of locomotives.
Highlyqualified locomotive techni
cians, with the full support of
EMD's Customer Engineering and
Field Service groups, monitor loco
motives and can provide advance
notice of locomotive problems.
Corrective action recommenda

tions can be made to have the

proper personnel, tools, and mate
rial to meet locomotives and mini

mize down-time.

Qptfgfifl/ ItntdliMm t/ggratfes
Once the IntelliTrain locomo

tive monitoring system is in place
possibilities may vary by locomo
tive but the future can include:

Auxiliary tower Unit Cwfrg/fer
and health MQmtQr

The Gen2 FIRE computer has
the capability to monitor and con
trol a third party system such as an
auxiliary power system (APU). The
signals received from the APU
while monitoring and controlling
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its function and output can also be
displayed on the Web or trigger
alerts to designated contacts when
the system is not functioning as
desired.

Business Applications and other

3rd Party Software
The combination of IntelliTrain

and Gen2 FIRE provides a power
ful, connected computing platform
that can be used for a wide range
of other applications. The platform
uses industry-standard hardware
and software (an embedded
Windows™ operating system).
Railroad business software, such as
train work orders, can be hosted
on the Gen2 FIRE platform and
connected with railroad dispatch
and other systems to maximize the
benefits of such a system for the
railroad.

Remote Event Recorder

Download

• The Gen2 FIRE computer is
equipped with an internal
event recorder.

• Download data can be stored

in a server and viewed on a

Website without special play
back software.

• The milepost and GPS location
could be integrated into the
download playback.

Qew Assistance Pisvlay
• Track profile graphic display.
• Train forces calculated and

displayed.
• Display train crew work orders.

Additional Options
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Reports offered to the railroad
are expandable from data collect
ed from multiple combined
sources. Examples of these are:
• Fuel data can be correlated to

milepost location using GPS
location mapping the track
profile. Fuel consumption
influence by crew performance
between mileposts can be
determined and recorded.

• Track condition monitoring
data collected from of local

weather conditions are capable
of identifying critical track
routes.

• Health monitoring enhanced by
combining GPS location, local
weather and locomotive data

would aid in determining if a
fault is real or induced by out
side influences.

• An interchange report generat
ed using GP location, time and
date stamp, fuel consumption,
refuel data and running total
information.

Monitoring locomotive per
formance and reliability is an old
tool. We now have a new tool to

link to the locomotive with the

technology of cell and satellite
communication through the inter
net. Imagine a potential locomo
tive failure identified and correc

tive action scheduled before the

repair. Imagine the opportunity to
inquire a locomotive's availability
while waiting for service instantly.

Imagine the possibilities with
On-Board Rider. . .



Locomotive number

FIGURE

Cost Benefit Analysis Worksheet

Dale.

Problem detected OVERHEATED D-14 COWCCTTONS

Problem code (shop, #) Condition Monitoring Technology: m

Condition assumption

Critical

(Results in equipment failure

requfrmg full replacement UsuaBy
results in a road failure and

Serious

(Results in equipment failure

requTing parts replacement May

cause a road failure and

Intermediate

(Results in reduction of equipment

performance tevel May cause a

road failure)

Actual

(Actual cost of outage)

Occurrence description
GENERATOR FAILS

CONNECTIONS BURN AWAY.
CONNECTIONS BURNT AWAY

CONNECTIONS OVERHEAT AND

BECOME LOOSE A NO DROP LOA D
CLEANEDANOTlGHTEhSD

Maintenance costs

Repair description

parts required

REPLACE GENERATOR AND LEAD

CC+tfECTTONS

REPA LA CE A NO REPAIR

CONNECTIONS AND LEADS
REPLACE CONNECTIONS CL EA NED A ND TIGHTENED

Parts cost. S S35.0O0 00 $150 00 sioooo SO 00

Labor hours, hrs 21 12 8 1

Labor rate. S/nr 357 00 $57 00 S57O0 357 00

Labor cost S SI.197.00 S684 00 S456 00 S57 00

Total Maintenance Cost. S $36,197.00 $834 00 S556 00 S57.00

Availability costs
» of days OOS 7 3 3 0

Cost per day OOS 5400 00 $400 00 $400 00 $400 00

Tolal Availability Cost. S S2.800 00 SI.200 00 S 1.200 00 SO 00

Reliabilty costs

Road failure occurs (Yes/No) YES YES YES

Average cost of road failure. S S1.750 00 $1.750 00 $1,750,00

Total Reliability Cost. S S1.750 0O SI.750 00 S1750 00

Totai weighted benefits

Tolal Costs S S40.747 00 $3,784 00 S3.506 00 S57.00

Probability ot occurrence. % 10% 30% 60%

Weighted Benefits. S $4,074 70 SI.13520 S2,10360

Tea! Suvtr.gc
Total Benefits.S $7,313.50

Totai Actual Cost. S $57.00

Net Savings. S S7.256.50
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FIGURE 4

MDSC Recommendation
Burlington Northern Sante Ft) Railroad

BNSF4310

CAO 24478

Wed 3/20/2002 22:06:09

W3

Customer:

Unit Number:

Case Number;

Date/Time:

Urgency/Repair Time:

Problem Identified: GELZ - OPM System Issue

Recommendation:

.PINPOINT'

t .Inspect all wiring and hose connections to OPM, per the troubleshooting guide.
Repair/replace as necessary.
2,If no issues identified, replace OPM.
•3. Faradditions! information, call GE MoniiwingDiagnostics &Ben'ice- Centerat BBB 432
0209.

O

O

O
o

3
3
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FIGURE 5

»HOME»Freiqht Rait»Services»RfVl ft D Welcome Ralph Queen, BNSF

About RM & D | Recommendation Inquiry | Active Units | FAULT LOGS | Questions
View the fault logs downloaded from locomotives covered by Remote Diagnostics Servk
number and/or specified time period.

Get the listing by road

RR Initials

Road Number

Faults ova- Last

H00000 HOOOOO 133,062.33BNSF4538 03/07/2002 H0000

BNSF4538 02/27/2002 4O0A

BNSF4 538 02/27/2002 400A

BNSF4538 02/27/2002 400A

BNSF4538 02/27/2002 422E

BNSF4538 O2/27/2002 400A

BNSF4538 02/27/2O02 422E

BNSF4538 02/27/2002 400A

BNSF4538 02/27/2002 40OA

BNSF4 538 02/27/2002 400A

BNSF4538 02/27/2002 4 00A

BNSF4538 02/27/2OO2 400A

BNSF4538 02/27/2002 400A

BNSF4538 02/27/2002 422E

BNSF4538 02/25/2002 H0O00

132,886.17 132,886.32

132,886.15 132,886.15

132,886.15 132,886.17

132,886.15 132,954.45

132,886.12 132,886.12

132,886.12 132,886.12

132,886.12 132,886.15

132,886.10 132,886.12

132,886.08 132,886.08

132,886.OB 132,886.10

132,886.07 132,886.07

132,886.07 132,886.08

132,886.07 132,886.08

HOOOOO HOOOOO 132,831.00

BNSF

I 453B

I Custom

45.70

0.0O

O.OO

o.oo

0.00

0.00

0.00

o.oo

0.00

o.oo

0.00

0.00

0.00

0.00

0.00

(Please enter numbers only)

-^ivta
^JI Days

Found 21 Faults

I Alt I Wat I OH ICalSta
Fld|Tmp|Tmp| " e3EEB@1

180 194 M

1&4 137

152 185

GE Home | GE Businesses | Business Finance | Industry Solutions | Home Solutions | Personal Finance [ Corporate

<D Coovriorrt 1999-2001 GE TransDonation Systems

*- I Fault Description

HEALTH CHECK DUMMY FAULT CODE

Auto Water Drain Disabled

Auto Water Drain Disabled

Auto Water Drain Disabled

Fault Reset While In Level 1

Auto Water Drain Disabled

Fault Reset While In Level 1

Auto Water Drain Disabled

i Disabled

i Disabled

l Disabled

i Disabled

i Disabled

Fault Reset While In Level 1

HEALTH CHECK DUMMY FAULT CODE

Auto Water Drair

Auto Water Drair

Auto Water Drair

Auto Water Drair

Auto Water Drair



FIGURE 6

{2) {4J<^6) ^8) (.10) (JJ) ^ (^

Apr-09 7222-02 107566.70 107566.70 1.6 F 1 433

©Q

Main Alt Wat Oil

Amps Fid Tmp Tmp

169 176 M E F O

(2}

Fault Description

AB-M-S-W PM1C+ OR PM1C- OR IMCl-3,4,7 BAD

1. Occur date: The date the fault occurred.
2. Fault Code: The fault code number as stored in CAB/CAX including the sub-id.
3. Occur Hours: The time in hours since 00:00:00 01-01-1987 that the fault occurred.
4. Reset Hours: The time in hours since 00:00:00 01-01-1987 that the fault was reset.
5. Locomotive Speed: Speed in miles per hour of axle #2.

6. Locomotive Direction: CAX Mode Call (CAB to AUX).

7. Notch: CAX Throttle Call.

8. Engine Speed: Diesel Engine Speed.

9. Main Alternator Volts: Traction Alternator Volts or DC Link Volts.

10. Main Alternator Amos: Traction Alternator Amperes or DC Link Current.
11. Main Alternator Field: PSC Sub-id on AC4400 locomotives. Main Alternator field amps applies to Dash-9 locomotives.
12. Engine Water Temperature: Water temperature measured with the EWT sensor.
13. Engine Lube Oil Temperature: Lube Oil temperature measured with the LOT sensor.
14. Call: CAX Mode Call.

15. State: CAX Mode State.

16. Blower: Equipment Blower State.

17. Radfan: Radiator Fan State.

18. BF: Eouioment Blower / Radiator Fan.
19. INFO: Idle constraints.

20. MISC. STATUS: CAX (EXC^ Status.

21. SE:
22. Fault Description: This is the fault description as defined in the Fault Table.
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EMD's Locomotive Summary Data Report webpage (FIGURE 9)
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EMD's Locomotive Running Totals Report webpage (FIGURE 11)
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II. Cool Your Jets:
A Low Cost, High Performance

Rooftop Air Conditioner
Prepared by: Robert M. Farar

Union Pacific Railroad &

Donald E. Graham, P.E., Ph.D.
Dayton-Phoenix Group

Abstract

Cost effective air conditioning
for older locomotives creates the

need for a low-cost, high-perform
ance rooftop air conditioner prod
uct. Unitary roof-mounted units
have been applied for many years
to locomotives not originally
designed for air conditioning, but
these products exhibit several
shortcomings. Those that operate
from 74 volts DC may require an
expensive upgrade to the auxiliary
electrical system of the locomo
tive, while other types that are
powered by the companion alter
nator (CA) have cooling perform
ance that varies widely with engine
speed; cooling performance at
low throttle notches is poor.
Therefore, engines are often oper
ated in notch 3 or higher at idle to
get adequate cooling, resulting in
wasted fuel, more noise, more
emissions and extra maintenance.

This paper presents a new con
cept for a low-cost, high-perform
ance air conditioner that provides
excellent cooling at all throttle
notches and requires no upgrade
of other locomotive systems. This
product is referred to as the "CA
Rooftop Air Conditioner" and is
powered by both 74 volts DC and
three-phase AC power from the
companion alternator. The 74-volt

233

supply operates an inverter, which
provides brushless, adjustable-
speed control of the evaporator
and condenser fan motors. Three-

phase power from the companion
alternator directly operates a two-
speed compressor motor without
an inverter. The frequency of the
CA output voltage is measured by
control circuitry in the air condi
tioner; and when that frequency is
less than approximately 60 Hertz,
the compressor is operated at high
speed (two pole). As engine speed
increases and CA output frequen
cy consequently increases beyond
60 Hertz, the compressor motor is
switched to low speed (four pole)
to prevent over-speed damage to
the unit.

Two-speed operation of the
compressor provides minimum air
conditioning capacity of 22,000
Btu/hr and maximum capacity of
27,000 Btu/hr. These capacities
have proven to be entirely ade
quate in field tests, and compare
very favorably to the 25,000-to-
30,000 Btu/hr capacities of under-
floor and running board products
that are currently applied to much
larger "Wide Body" cabs. It is
believed that a product with this
level of performance, conservative
ly designed and requiring no loco
motive modification, represents an
impressive complement to the cost
effective choices that are available

to those who air condition existing
locomotives.

Introduction

The rooftop air conditioner
(A/C) is well known in the railroad
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industry, and is most often used for
cooling the cabs of older, heater-
only locomotives. Indeed, thou
sands of these products are in use
at the Class I railroads today, and
the need for railroads to air condi

tion virtually every locomotive in
the fleet creates the need for thou

sands more. It is important to rec
ognize, however, that today's
rooftop air conditioners have some
shortcomings in cost and perform
ance that deserve attention.

Specifically, as shown in Figure 1,
the products that have been wide
ly used for many years seem to be
divided into two categories: low
cost, low performance and high
cost, high performance products.

Clearly there is a need for a
product that achieves improved
performance in both cooling
behavior and maintenance at low

cost - a new product that belongs
in the lower righthand quadrant of
Figure 1. Dayton-Phoenix Croup
recently introduced a product of
this type to the aftermarket.
Providing two levels of air condi
tioning output and two levels of
vent-only operation for optimum
crew comfort, the product is
referred to as the High Perform
ance Companion Alternator
Rooftop Air Conditioner, or simply
the High Performance CA
Rooftop. The purpose of this
paper is to describe this new mar
ket entry, and show how it fills the
value and performance gap that
exists now, among various alterna
tive rooftop products. A review of
today's most popular rooftop A/C
offerings provides a useful back

New Technologies Committee

ground to understand the new
product and assess its place in
locomotive air conditioning.

Today's rooftop air conditioners -
low cost

The oldest and most widely
used rooftop air conditioner is the
type powered from both the com
panion alternator and 74 volt DC
auxiliary electrical system of the
locomotive, sometimes referred to
as an "AC/DC air conditioner".
The refrigeration circuit of these
low cost products typically utilizes
an inexpensive, automotive-type
compressor. Generally a single-
speed, integral horsepower, three
phase AC motor powered by the
CA directly operates this open-
drive (shaft-driven, non-hermetic)
compressor, at a speed that is
directly proportional to locomotive
engine speed. Use of this existing
power supply for the compressor
saves money, but the capacity of
the air conditioner changes direct
ly with engine speed, and almost
no cooling is provided at idle and
the lower throttle notches.

Locomotives are typically operated
in throttle Notch 3 or higher, sim
ply to get sufficient cooling to sat
isfy the crew. Therefore, fuel, is
wasted, locomotive maintenance is
increased, and more emission
products and noise are generated
when this product is used.

It should be noted that to avoid

these limitations, some rooftop
A/C products have used a large, 74
volt DC motor (perhaps rated at
five horsepower) to drive the com
pressor. However high motor cost,
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brush maintenance expenses and
auxiliary generator capacity con
cerns have kept these products
from wide acceptance.

The condenser fan and evapo
rator blower in these products are
usually operated from the 74-volt
supply of the locomotive by brush-
type DC machines of the type
found in the transportation indus
try. Machines of this type, while
relatively inexpensive, are short in
hours of life and the air condition

er must be removed from the loco

motive for brush maintenance.

Similarly, an inexpensive automo
tive compressor is designed for
only a few thousand hours of life
and it too may need frequent
replacement. Thus it is clear: The
"price" of the "low-initial-cost" air
conditioner is low cooling per
formance, extra operating costs
and high maintenance. Simply
stated, this seemingly low-cost
product comes at the expense of
higher life-cycle cost.

Today's rooftop air conditioners -
high performance

The ultimate in locomotive air

conditioning performance is pro
vided by all-AC hermetic air condi
tioners. This product, introduced
in the early nineties, uses an invert
er to convert 74 volts DC to the

appropriate voltage and frequency
for each of three AC motors: the

hermetic compressor motor, evap
orator blower and condenser fan

motor. While this product is usual
ly not serviceable on the locomo
tive, maintenance requirements
are minimal, and it is not uncom
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mon for a rooftop product of this
type to remain in service for sever
al years before routine mainte
nance - usually just simple cleaning
of the condenser and evaporator
coils. Cooling performance is
independent of engine speed, and
the hermetic compressor can oper
ate for a decade without service.

Thus, the major limitations of the
low cost air conditioner are

addressed with the hermetic prod
uct: cooling performance is good
under all conditions, and life-cycle
cost is low.

The initial cost of this product is
its only drawback. Products of this
type may sell for more than twice
the price of the CA powered air
conditioner. Indeed, should the 74
volt electrical system need to be
upgraded to provide about six kilo
watts of power to handle its load,
the installed-cost on the locomo

tive could increase dramatically
and, perhaps, prohibitively. Thus
the "price" of a high-performance
air conditioner is simply its high
initial cost.

New product -
low cost, high performance

rooftop air conditioner
Realizing the strengths and

weaknesses of today's rooftop air
conditioners, a new product was
proposed to be a "gap filler", to
combine the strong points of low
cost designs with affordable fea
tures found in high performance
products. Certainly, any new
product intended to maximize per
formance while keeping initial pur
chase costs and maintenance costs
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low, must be the result of reasoned
compromise and trade-off studies,
considering every component and
subsystem of the air conditioner.
The following summarizes a set of
trade studies that were made, from
which design direction emerged
for an air conditioner intended to

satisfy the following goals:
• Adequate cooling at all throt

tle notches including engine
idle (i.e. no notch 3 or other
requirement to obtain accept
able cooling),

• No removal from the locomo

tive for routine service in less

than two years,
• Maximum interchangeably

with existing rooftop air condi
tioners, and a

• Selling price at least 40%
below the price of today's high
performance hermetic rooftop
A/C product.

Compressor Technology
Without doubt, the single, most

fundamental decision in develop
ing a concept for the new product
was selection of the refrigerant
compressor. While there are any
number of different compressors
from which to choose, the salient
issue quickly emerges: Is the com
pressor a hermetic type or an
open-drive (shaft-driven) type? A
hermetic compressor is clearly
desirable in many air conditioning
systems because of its reliability
and low maintenance require
ments. A compressor of this type,
however, requires very nearly con
stant voltage and frequency to pro
vide constant-speed operation of
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its three-phase hermetic motor.
For freight locomotives, unless
retrofitted with an auxiliary power
unit (APU), no such power supply
is available. The only constant volt
age available is from the 74 volt
DC auxiliary electrical system. An
inverter is required, therefore, to
produce AC voltage at the
required frequency from this
power supply.

Michael E. Drylie, P.E., of CSX
Transportation, noted in his 2001
LMOA paper entitled "Locomotive
Alternative Air Conditioners", that
27,000 Btu/hr would acceptably
cool a typical cab by 20-25
degrees Fahrenheit. Under
extreme operating conditions, the
hermetic motor alone could

require in excess of seven horse
power to meet such a cooling
requirement. A several-thousand-
dollar inverter operating from 74
VDC is implied for just this task
and, as Mr. Drylie noted, costs
could skyrocket if the locomotive's
auxiliary generator should need an
upgrade to provide the power.

After a thorough review of both
hermetic and open-drive compres
sor options, for the reasons of
inverter cost, hermetic compressor
cost and minimum auxiliary gener
ator loading, two key decisions
were made for the direction of this

product:
• The compressor would be an

open drive (shaft driven) type,
and its separately coupled AC
motor would be powered from
the companion alternator.
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The engineering challenge was
simply stated: Find a viable open-
drive compressor and a way to
operate it such that the well-known
capacity and durability limitations
of CA powered air conditioners
could be overcome.

Compressor Selection
A compressor manufactured by

SELTEC was selected, and is shown
in Figure 2. This piston compressor
(Model 15HD) is similar in appear
ance to low-cost automotive com

pressors, but it is important to rec
ognize that it has been upgraded
in critical areas for severe duty
applications that demand many
hours of service. Specifically,
molybdenum disulfide (MoS2)
lubricant is applied to a steel swash
plate that replaces the aluminum
swash plate found in automotive
compressors. Teflon-coated pis
tons replace piston rings, thereby
providing compliance and prevent
ing seizure should an unusual situ
ation result in rapid and non
uniform expansion of pistons and
cylinder walls. Additionally the
shaft seal is upgraded to a lip seal
design for reliable operation at the
high pressures presented by
extreme cooling conditions. It is
believed that this low-cost com

pressor, properly applied, meets
the reliability and maintenance
goals for the product.

The capacity of the compres
sor, however, changes directly with
its shaft speed, just like the low per
formance products on the market
today. Therefore, to achieve the
goal of having good cab cooling at
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engine Idle RPM, an appropriate
drive technique would be needed
to provide sufficient compressor
speed at idle, and not exceed the
compressor's 6000 RPM maxi
mum limit at notch 8.

Compressor Drive
Locomotives such as the SD-

40, GP-38 and others operate over
an engine speed ratio of approxi
mately 3.6 to 1. Engine speeds
from 250 RPM at idle to 900 RPM

at notch 8 produce CA output fre
quencies from 33.3 Hz to 120 Hz,
respectively. An AC motor oper
ates at a synchronous speed
(approximately the same as operat
ing speed) defined by:

Ns=120*F/P
where Ns is synchronous speed-

RPM

F is applied frequency -
Hz

P is the number of motor

poles - 2,4,6

From this equation it is clear
that at Idle a two-pole motor is
desired to obtain the maximum

motor RPM; the motor would
operate around 2000 RPM.
Indeed, the SELTEC 15HD com
pressor satisfies capacity require
ments at this speed. However,
when the two-pole motor is
operated at notch 8, the motor
speed of 7200 RPM far exceeds
the 6000-RPM limit for the

compressor.

The equation shows that selec
tion of a four-pole motor reduces
the compressor speed in throttle
notch 8 to 3600 RPM, an accept-
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able value, but at idle its speed
becomes only 1000 RPM, and
cooling capacity suffers. It is for
this reason that many CA powered
rooftop air conditioners, built with
four-pole compressor motors, are
operated in throttle notch 3 (at
approximately 1800 RPM) instead
of idle to get good cooling. The
four-pole motor, however, does
avoid the notch 8 overspeed situa
tion for the compressor.

From this simple analysis, it is
clear that the ideal drive for the

SELTEC compressor is a dual speed
motor - a motor that can be oper
ated in either two-pole or four pole
mode. With these two operating
modes, compressor speed can be
kept high at low throttle notches in
two-pole mode for good cab cool
ing, and high throttle notches will
not overspeed the compressor in
four-pole mode.

Fortunately, motors of this type
and their electromechanical con

trol hardware are well known in

the railroad industry, finding
application on radiator cooling
fans, motor driven air compressors
and other equipment. The specific
motor designed for this product is
a three phase, two pole/four pole,
single winding, six lead,
consequent pole, constant torque,
induction machine rated at nine

horsepower. Figure 3 shows three,
three-pole contactors that are used
to connect the six motor wires to

produce two pole or four pole
motor operation. As shown, the
two outside contactors are ener

gized to select two-pole (high
speed) operation in a parallel-wye

New Technologies Committee

winding configuration. When
these two contactors are opened
and the center contactor is closed,
a series-delta connection of the

winding provides four-pole (low
speed) operation.

For optimum reliability in the
presence of diesel exhaust, dirt
and many other contaminants, the
motor is a totally enclosed, non-
ventilated design that uses a cast
iron NEMA 215 frame and shield

ed ball bearings. The NEMA C-
flange on this motor provides the
mount for an adapter that locates
the SELTEC compressor for cou
pling to the motor shaft, as shown
in Figure 4. This mounting tech
nique eliminates manual shimming
for proper alignment of the motor
and compressor. An opportunity
for human error is removed, and it
is, therefore, virtually impossible to
misalign the compressor and
motor, and cause an early failure.

Fan Motors

For reasons of low cost, low main
tenance and very high reliability, it
was determined that these two

motors should be three-phase, AC
induction machines with ball bear

ings, as opposed to any brush-type
DC or permanent magnet brush-
less DC machines. The evaporator
blower and condenser fan motors

are designed accordingly in totally
enclosed, non-ventilated frames to
ensure best immunity to the envi
ronment. Each motor shaft is

directly coupled to the fan it drives,
thereby eliminating couplings,
belts and other hardware in order

to ensure reliability to keep costs
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low. Each motor is a three-phase,
0.75 horsepower, four-pole design
in a NEMA 56 frame.

For air conditioner perform
ance and crew comfort reasons,
these motors cannot be allowed to

change speed as the engine
changes speed. Even two-speed
motors were deemed unaccept
able for these reasons. Clearly,
therefore, the CA cannot be used
to power these fans and provide
constant airflow to the cab. An

inverter is necessary for this pur
pose.

Inverter and Controls

A small inverter is required to con
vert 74 volts DC to adjustable fre
quency AC to operate the two fan
motors at appropriate constant
speeds. To keep costs low, these
two motors are operated in electri
cal parallel from a single, 1.5 horse
power inverter. Therefore, even in
VENT mode, the condenser fan
operates. Also, for inverter cost
and motor insulation durability rea
sons, the motors are designed to
operate not at the usual 230 or
460 volt excitation, but instead at
55 volts - the three phase AC volt
age that is obtained when 74 volts
DC is inverted. For optimum relia
bility, cool air from the evaporator
fan blows directly on the heatsink
of the inverter to keep semicon
ductor junction temperatures low.

The inverter shares a printed
circuit board with the control cir

cuitry that determines the operat
ing mode of the compressor motor
- two pole or four pole. This circuit
simply monitors the frequency of
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one phase of the Companion
Alternator to determine which

mode is appropriate. If the CA
output indicates the throttle is in
Notch 2 or lower, two-pole opera
tion is selected; for Notch 3 and
above, four-pole operation results.
Hysteresis about the switching fre
quency prevents incessant and
destructive contactor switching
between modes. Selection of

Notches 2 and 3 for mode switch

ing causes the compressor to oper
ate from 2000 to 3600 RPM in

two-pole mode and from 1800 to
3600 RPM in four-pole mode,
speeds that provide good AC
capacity and are well below the
maximum-RPM limit.

This controller also makes pos
sible a useful system control fea
ture, for almost no extra cost.
Since rooftop A/C units have no
heating function and, therefore,
are generally independent of cab
heater operation, it is desirable to
"lock out" air conditioning when
ever cab heaters are energized.
Many of today's rooftop products
use a shunt-trip circuit breaker to
power the A/C normally, and
accomplish this purpose. In that
case, whenever heaters are operat
ing, "heater on" power activates
the shunt trip of the breaker to
remove CA power from the air
conditioner. In the new rooftop
product, a feed of 74 volts from
the "heater on" circuit to the inter

lock "I" terminal of the air condi

tioner causes its solid-state control

circuit to inhibit cooling whenever
the heater operates. Thus, no cir
cuit breaker needs to be reset, and
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equivalent system functionality is
accomplished for a fraction of the
cost of a shunt-trip circuit breaker.
The circuit board containing the
inverter, frequency detection cir
cuitry and heater interlock function
is shown in Figure 5.

Condenser Coils

Condenser coils on rooftop air
conditioners operate on top of the
locomotive in perhaps the worst
environment that any heat
exchanger experiences; they are
constantly being bombarded by
locomotive exhaust, diesel fuel
spray, dirt and other contaminants.
It was decided accordingly that
this product should absolutely
maximize condenser coil area,
minimize fin density and allow
contaminants to "blow through",
and use no filters because of main

tenance and service personnel
safety reasons. While it is recog
nized that any rooftop air condi
tioner will eventually have to be
removed from the locomotive to

clean the condenser coil, a goal of
this design was to achieve at least
two years of operation before such
service would be required. The
condenser was designed, there
fore, in a "U shape" with fins on
three sides of the unit, providing an
unusually large surface area for the
condenser.

Refrigeration Circuit
The complete refrigeration

circuit is shown in Figure 6. An
environmentally friendly refriger
ant, R-134a, was selected because
there are no U.S. government
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restrictions on its use, and there
are many cost effective refrigera
tion-circuit components available
for use in a new rooftop product.
The key to reliable operation of
any compressor in refrigeration
service is simply stated:
• Always ensure that the com

pressor pumps refrigerant gas
and never pumps refrigerant
liquid.
For this reason, the refrigera

tion circuit was provided with a
suction accumulator to collect any
liquid refrigerant immediately
before the intake (suction) port of
the compressor. Through consul
tation with the manufacturer of the

compressor, it was decided that for
reliability reasons this accumulator
should be complemented with an
outside air temperature (OAT) sen
sor such that the air conditioner

could never be operated at tem
peratures where potentially cata
strophic "liquid slugging" of the
compressor could occur. Other
devices such as a crank case

heater, liquid line solenoid for a
pump-down cycle, and a high-
pressure relief valve were consid
ered, but were deemed to be
unnecessary additional cost items.

The remaining components,
including the evaporator coil, ther
mal expansion valve (TXV), head
pressure relief solenoid, pressure
switches, sight glasses and other
refrigeration circuit hardware were
chosen based upon experience
and proven durability in similar
locomotive applications.
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Interchangeability
All of the electrical, electronic

and refrigeration circuitry is pack
aged in a cabinet that is mechani
cally interchangeable with almost
any rooftop air conditioner cur
rently in service; i.e. the product
preserves the standard bolt pattern
of early rooftop air conditioners.
Rooftop products from other
manufacturers over the years have,
however, had three different styles
of electrical hookup, and two
different provisions for the conden
sate drain. To realize the goal of
maximum interchangeability with
existing products, all three electri
cal hookup and both drain
provisions are incorporated in this
product.

Because of these electrical and

plumbing provisions, installing the
high performance rooftop A/C on
a locomotive for the first time, or
replacing another rooftop product
already in service, is no different
from installing or replacing any
other "AC/DC" or CA-powered
product. Since the new air condi
tioner does provide more cooling,
however, a 65-ampere circuit
breaker is supplied with each unit
to replace the physically identical
30-amp A/C breaker found on
most of the older locomotives.

System Performance
Figure 7 shows the capacity of

the High Performance CA Rooftop
Air Conditioner as a function of

engine speed at its rated condition:
95 degree outdoor temperature,
80 degree dry bulb and 67 degree
wet bulb cab conditions. The
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capacity varies from 22,000 Btu/hr
to 27,000 Btu/hr depending upon
the specific engine operating
speed. Various tests across the
southern United States have

shown 22,000 Btu/hr to be entire
ly adequate for cooling in idle.
This capacity for the smaller cabs
found in older locomotives com

pares favorably to the 27,000 to
30,000 Btu/hr systems used in
much larger "wide body" cabs.
Test in outdoor temperature condi
tions in excess of 115 degrees
have indeed produced very favor
able results and positive crew
responses.

Since the product is located in
the ceiling of the cab and is very
close to the crew, low noise per
formance and good control of air
distribution are important charac
teristics. Careful attention to bal

ance specifications for the com
pressor motor and its coupling to
the compressor results in very
acceptable cab noise figures that
change little between HIGH VENT
and HIGH COOL operation at the
various throttle notches. The use

of eight automotive-style
adjustable air diffusers ensures that
each crewmember can adjust the
air delivery for optimum comfort.

Conclusion

The CA rooftop air conditioner
described in this paper does
indeed offer high performance at
relatively low cost, as compared to
the competing alternatives.
However, does this new product
make obsolete, now and for ever
more, all of those products? The
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answer to this rhetorical question is
"Probably not."

For those who need the pinna
cle of performance, or those who
are budget conscious and need
low purchase price above all other
considerations, this product has no
place - it does not compete.
Where, however, the need is for
very good performance at reason
able cost, this new product finds its
place. The high performance C/A
rooftop air conditioner, therefore,
does not make obsolete all other

rooftop air conditioners. Instead it
offers an impressive complement
to the broad spectrum of alterna
tives available to those who must

air condition today's locomotives.
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AIR CONDITIONER COST - PERFORMANCE COMPARISON
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SELTEC 15 HD COMPRESSOR

(Figure 2)
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Filter Choke CONTACTOR CONTROL MODULE Filler Capacitor
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COMPRESSOR and MOTOR MOUNT

Compressor

Adapter

2 Speed Motor
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CONSTITUTION AND BY-LAWS

LOCOMOTIVE MAINTENANCE

OFFICERS ASSOCIATION

Article I - Title:

The name of this Association

shall be the Locomotive

Maintenance Officers Association

(LMOA).

Article II - Purpose of the
Association

The purpose of the Association,
a non-profit organization, shall be
to improve the interests of its mem
bers through education, to supply
locomotive maintenance infor

mation to their employers, to
exchange knowledge and informa
tion with members of the

Association, to make constructive
recommendations on locomotive

maintenance procedures through
the technical committee reports
for the benefit of the railroad

industry.

Article III - Membership
Section I - Active Railroad

Membership shall be composed of
persons employed by a railroad
company and interested in loco
motive maintenance. Mem-bership
is subject to approval by the Board
of Directors.

Section 2 - Associate

Membership shall be comprised of
persons employed by a manufac
turer of equipment or devices used
in connection with the mainte

nance and repair of motive power,
subject to approval of the Board of
Directors.

Associate members shall have

equal rights with active members
in discussing all questions properly
brought before the association at
the Annual Meeting, but shall not
have privilege of voting or holding
elective office.

Section 3 - Honorary
Membership: Honorary Member
ship may be issued at the discre
tion of the President, subject to the
approval of the Board of Directors.
Honorary Members may not vote
or hold elective office; all
Honorary Membership shall expire
at the end of the current member

ship year.
Section 4 - Life membership

shall be conferred on all Past

Presidents. Honorary life member
ships shall be conferred on others
for meritorious service to the

Association, subject to approval by
the General Executive Committee.

Section 5 - Dues and fees:

Membership dues for individual
active and associate membership
shall be set by the Board of
Directors and shall be payable on
or before September 30th of each
year. The membership year will
begin on October 1 and end
September 30. Life and honorary
life members will not be required
to pay dues. Members whose dues
are not paid on or before the
opening date of the annual con
vention shall not be permitted to
attend the annual meeting, shall
not be eligible to vote and/or shall
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not be entitled to receive a copy of
the published Pre-Convention
Report or the Annual Proceedings
of the annual meeting. Failure to
comply will result in loss of mem
bership at the end of the current
year. A registration fee will be set
by the Board of Directors for those
attending the annual meeting. Life,
life honorary, and honorary mem
bers will be entitled to receive a

copy of the Pre-Convention Report
and Annual Proceedings.

Article IV - Officers

Section 1 - Elective Officers of

the Association shall be President,
First Vice President, Second Vice
President and Third Vice President.

There will be one Regional
Executive for each technical com

mittee. Each officer will hold office

for one year or until successors are
elected. In the event an officer

leaves active railroad service, he
may continue to serve until the
end of his term, and, if they
choose, continue to serve as an
executive officer and be allowed

to elevate through the ranks as
naturally occurs, to include the
office of President.

Section 2 - Board of Directors:

There shall be a Board of Directors

composed of the President, Vice
Presidents, and all Past Presidents
in active official railroad service. In

the event a member of the Board

of Directors becomes inactive, he
may continue to serve until the
end of his term of office.

Section 3 - General Executive

Committee: There shall be a

General Executive Committee,

composed of the Board of
Directors, the Regional Executives,
and the Technical Committee

Chairpersons.
Section 4 - Secretary-Treasurer:

There shall be a Secretary-
Treasurer, appointed by, and hold
ing office at the pleasure of the
Board of Directors, who will con
tract for his or her services with

appropriate compensation.
Section 5 - Advisory Board -

There shall be an Advisory Board
composed of at least nine mem
bers, who are Senior Mechanical
Officers, Assistant Vice Presidents
or Vice Presidents. They will be
invited by the Board of Directors
and serve as ex-officio members of

the General Executive Committee

without vote.

Article V - Officer, Nomination
and Election of

Section 1 - Elective officers shall

be chosen from the active mem

bership. The nominating commit
tee, composed of the Board of
Directors, shall submit the slate of
candidates for each elective office

at the annual convention.

Section 2 - Election of officers

shall be determined by a voice
vote, or if challenged, it shall
require show of hands.

Section 3 - Vacant offices.

Vacancies in any elective office
may be filled by presidential
appointment, subject to approval
of the Board of Directors.

Article VI - Officers - Duties of

Section 1 - The President shall

exercise general direction and
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approve expenditures of all affairs
of the Association.

Section 2 - The First Vice

President, shall in the absence of
the President, assume the duties of
the President, he shall countersign
all expenditures of the Association
and be responsible for preparing
and submitting the program for the
Annual Meeting.

The Second Vice President shall

be responsible for selecting adver
tising. He will coordinate with the
Secretary-Treasurer and contact
advertisers required to underwrite
the cost of the Annual

Proceedings.
The Third Vice President will be

responsible for maintaining a
strong membership in the
Association. He will ensure that

membership applications are prop
erly prepared and distributed,
monitoring membership levels and
reporting same at appropriate time
to the General Executive

Committee.

Section 3 - The Secretary-
Treasurer shall:

A. Keep all the records of the
Association.

B. Be responsible for the
finances and accounting thereof
under the direction of the Board of

Directors.

C. Perform the duties of the

Secretary of the Board of
Directors, Nominating Committee,
and General Executive Committee,

without vote.
D. Furnish surety bond in

amount of $5000 on behalf of
his/her assistants directly handling

Association funds. Association will

bear the expense of such bond.
Section 4 - The Board of

Directors shall be responsible for
the following duties:

A. Assist and advise the

President in long-range Association
planning.

B. Contract for the services and

compensation of a Secretary-
Treasurer.

C. Serve as the Nominating
Committee.

D. Serve as the Auditing and
Finance Committee.

E. Determine the number and

name of the Technical

Committees.

F. Exercise general supervision
over all Association activities.

G. Handle all matters of

Association business not specifical
ly herein assigned.

H. The Vice President shall per
form such other duties as are

assigned them by the President.
I. Those present at any meeting

called on not less than thirty days
advance written notice, shall con
stitute a quorum.

Section 5 - There will be one

Regional Executive officer
assigned to each technical com
mittee. Their duties will consist of:

A. Participate in the General
Executive Committee meetings.

B. Monitor material to be pre
sented by the technical commit
tees to ensure reports are accurate

and pertinent to the goals of the
Association.

C. Represent LMOA in their
respective regions.

D. Promote Association activ-
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ities, especially those held within
their assigned region and monitor
membership activities on those
railroads so assigned.

E. Promote and solicit support
for LMOA by helping to obtain
advertisers.

Section 6 - Duties of General

Executive Committee:

A. Monitoring technical papers
for material considered unworthy
or inaccurate for publication.

B. Approve topics for the
Annual Proceedings and Annual
Meeting program.

C. Approve the schedule for the
Annual program.

D. Administer all Association

activities not specifically assigned
to the Board of Directors.

Section 7 - The Advisory Board
shall act in a consulting capacity.
Past Presidents still in official active

railroad service shall automatically
become members of the Advisory
Board.

Section 8 - The Board of

Directors are entrusted with all

public relation decisions within
LMOA and coordinated associa

tions with confidentiality.

Article VII - Technical

Committees

The technical committees will

consist of:

Section 1 - A chairperson,
appointed by the President and
approved by the Board of
Directors.

Section 2 - A vice chairperson,
selected by the chairperson and
approved by the President.

Section 3 - Committee mem

bers will be made up of:

A. Representatives of operating
railroads and regional transit
authorities submitted by their
Senior Mechanical and Materials

Officers and approved by the
President of LMOA.

B. Representatives of loco
motive builders designing and
manufacturing locomotives in
North America.

C. The Fuel and Lube

Committee will include members

from major oil companies or their
subsidiaries as approved by the
General Executive Committee.

D. At the discretion of the

General Executive Committee,
non-railroad personnel may be
allowed to participate in commit
tee activities, subject to annual
review.

E. All individuals who are on

technical committees must be

LMOA members in good standing.
(See dues and fees, Article 3,
Section 5).

Subjects for technical papers
will be selected and approved by
the General Executive Committee.

Article VIII - Proceedings
The Locomotive Maintenance

Officers Association encourages
the free interchange of ideas and
discussion by all attendees for
mutual benefits to the railroad

industry. It is understood that the
expression of opinion, or state
ments by attendees in the meeting,
and the recording of papers con
taining the same, shall not be con
strued as repre-sentations or state
ments ratified by the Association.

Article IX - Rules of Order

The proceedings and business
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transactions of this Association

shall be governed by Roberts Rules
of Order, except as otherwise
herein provided.

Article X - Amendments

The Constitution may be
amended by a two-thirds vote of
the active members present at the
Annual Meeting.
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DIESEL MECHANICAL MAINTENANCE COMMITTEE

TWENTY ONE YEAR INDEX

2001

1. Troubleshooting Electronic
Fuel Injection on GE Loco
motives

2. Troubleshooting Electronic
Fuel Injection-EMDEC Electro
Motive Division Two-Stroke
Engine

3. How to Maintain ALCO

Locomotives in the 21st
Century

4. Catastrophic Engine Failures:
Shortlines & Regionals (Best
Practices)

5. AreWe Ready for Reliability-
Centered Maintenance?

2000

1. 2000 Emissions Review - GE

Perspective
2. 2000 Emissions Review - EMD

Perspective
3. EMD Diesel Engine Crankshaft

Main Bearings Edge-Load
Condi-tion (Description,
Detection and Resolution)
2000 - LMOA Best Practice

Series: Locomotive Truck Over
haul Procedures

1999

Vibration Analysis
EMD Power Assemblies Change
Out Practices for Regional and
Shortline Railroads
Improved Access to GE7FDL
Engine Intake Manifold for
Cylinder Inlet Port Cleaning
What's Ahead in Plastics for
Locomotive Applications
Cast Iron, Composition Brake
Shoe Arrangements vs. Type-J
Relay

1998

LMOA Best Practices Series:

GM Engine Crankcase Pressure
Troubleshooting
Union Pacific's New EMD
Diesel Engine Rebuild Line At

4.

Downing B.Jenks Locomotive
Facility-No. Little Rock, Arkansas

3. GE Turbo Rebuild Procedures
4. Mechanical Impact of Locomotive

Emissions Regulations
5. Locomotive Engine Bearing

Developments
1997

1. LMOA Best Practices - GE

Water Leaks
2. Locomotive Update - MK

1200G LNG Powered Switcher
3. Proper Use of Gaskets and

Seals
1996

1. Air Brake Trouble Shooting-
Where We Are Now

2. Best Practices - Internal Water
Leaks on EMD Locomotives

3. Best Practices - Oil Out Stack
1995

1. General Electric New 7HDL
6000 HP Diesel Engine

2. LMOA Best Practices Series -

Low Oil Pressure Trouble-shoot
ing Procedures for EMD
Turbocharged Locomotives

3. How Can a Regional or
Shortline Justify a Wheel Truing
Machine?

4. EMD SD60M Natural Gas
Locomotive Development

1994

1. Electronic Fuel Injection.
2. ICAV - The Physical Affects on

Instantaneous Crank Shaft
Angular Velocity Technology.

3. Maintenance Practices Com

parison Between Regionals and
Class I Railroads.

4. Amtrak Document Manage
ment.

1993

1. EMD's Three-Axle Radial
Steering Truck

2. The Natural Gas Locomotive at
BN RR
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3. Locomotive Waste Oil Reten
tion 1.

4. Fragmented Maintenance
1992 2.

1. Mechanical Quality Progress 3.
Developing on Major Railroads.

2. Coal Fuelled Diesel Locomotive 4.
Development. 5.

3. 18:1 Upgrade for the 645E
Engine 1.

4. Automatic Stop and Start 2.
Control System 3.

5. Acquiring Locomotives for
Regionals and Shortlines.

1991

1. Recommended Practices for 4.
upgrading 567 to 645 Design.

2. Conversion of SD40 Loco
motives to SD 40-2 on CSX.

3. Update: Diesel Engine Emission 1.
Controls.

4. Stationary and Dynamic Test 2.
Procedure for Locomotive Fuel
Efficiency Measurement.

3.

5. Personnel training on New 4.
Technology.

1990

1. Caterpillar Power in Reman
ufactured Locomotives. 1.

2. The EMD 710G3A Engine
3. Improving Performance of

Traction Motor Friction Sus-pen- 2,
sion Bearings.

4. Fluid Leaks on GE 7FDL Engine. 3,
5. Rebuild of the EMD F3B Fuel

Injector.
1989 1,

1. Wheel Axle Gear Wear/Impact
on Traction Motor Life. 2,

2. 710 Engine - Operational and
Overhaul Update.

3. GE Power Assembly Improve- 1,
ments on Welded Head-to-Liner

4. Assembly Rework Procedures. 2,
5. EMD Engine Oil Leaks. 3,

Secondary Air Filtration - Barrier
vs. Impingement. 4,

5,

1988

Low-idle Operating Costs vs.
Fuel Savings.
Rebuilding GE's EB Liner.
The Extended Maintenance
Truck
Flange Lubricator Update.
Permaspray II - Cylinder Liner.

1987

EMD Water Pump Rebuilding.
On Board Flange Lubricators.
Gear Case, Bull Gear and
Pinion Gear Longevity in the
1980's - Gear Cases - Canadian
National Experience.
Maintenance of Locomotive
Fueling Systems for a Spill Free
Operation.

1986

Rebuild of Valve Bridge
Assemblies.
Update of New Locomotive
Service Problems, EMD and GE
Effecting Quality Performance.
Chromium Plating and Its Uses.
Development of a New Diesel
Engine for Heavy-Duty Loco
motive Service.

1985

Procedures for Storing
Serviceable Locomotives for
Quality Performance.
New Locomotive Service

Problems, EMD and GE.
92 Day Service Requirements:
EMD, GE and Bombardier.

1984

Mechanical Aspects of New
Locomotive Designs.
Maintenance of Locomotive
Components.

1983

Leaks: Cooling Water, Lube Oil,
Fuel Oil and Air.
Torquing Recommendations.
Update on Fuel Efficient
Locomotives.

Radiator Screens
Alternate Starter Systems
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1982

1. Fuel Conservation - Effects on
Maintenance.

2. Fuel Conservation - What It

Costs.
3. Diesel Fuel Receipt and

Disbursement.

4. Turbochargers.
1981

1. Running Gear.
2. Filtration.

3. FRA Rules.

4. Follow-up on Previous Topics.
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DIESEL MATERIAL CONTROL COMMITTEE

TWENTY ONE YEAR INDEX

2001

RAILMARKETPLACE.COM -

The Industry's Market Exchange
2000

GE Global eXchange Services
My.SAP.Com

1999

Composite Floors and Doors
for Locomotives

Packaging Standards
1998

Tighter is Not Better

Are Vending Machines the New
Wave for Safety Items?

1997

Raising Our Standards for
Safety
The Rail Industry's Electronic
Parts Catalog Exchange
Standard (EPCES) - A Better
Way

1996

Technology Transfer-The Hot
Process of the 90's-Condition

Based Maintenance

Warehouse Automation

1995

Warranty and Reliability Man
agement
Railroad Industry Group (RIG)
Exchange Standard for Parts
Catalog Information

1994

Material Consignment.
The Next Step in Electronic
Information Management -
Interactive Technical Manuals.

Electronic Catalog Alternatives.
1993

Technology Transfer
Electronic Cataloging from a
Material Perspective
Computerized Reordering from

the Mechanical Employee's
Point of View

4. Electronic Catalogues: OEM
/Supplier Point of View

1992

1. Warranty Overview and Issues
2. Recycling-1992
3. Bar Coding
4. Material Packaging

1991

1. The World of Recycling.
2. Problems with Solutions.

3. Problems with Opportunities.
1990

1. Waste Minimization.

2. Hazardous Materials End Cost

3. The Role of the Suppliers.
1989

1. Packaging and Containerization
for Today's Railroad.

2. Innovations in Material Distrib
ution Resulting from Shop
Consolidations.

3. Outsourcing! Does Anyone
Really Understand the
Difference Between UTEX and
Repair and Return and the
Affect on the Budget?

4. "Stuff Happens! - A Skit About
the Necessity of Feedback from
Suppliers - Suppliers to the end
User.

1988

1. Communication -The Vital Link
in Materials Acquisition.

2. Quality Assurance Through
Communications and Feed
back.

3. Paperless Requisitions.
4. A Practical Application of Bar

Coding in the Railroad Industry.
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1987

Suppliers Selection for Com
ponent Failure Analysis.
Vendor Performance or Service

Level.

Bar Codes.

Bar Coding - Railroads
Material Handling Innovations
by the Airline Industry.

1986

The In-House Electronic Requi
sition System.
Electronic Data Interchange.
RAILING and Electronic Pur

chasing.
Quality Evaluation of Material
Sourcing Decisions.

1985

Evaluating Locomotive Main
tenance Projects.
Reconditioning Material: In-
House vs. Vendor.

Identification and Disposition of
Surplus Material.
Cost of Carrying Surplus.
Evolution and Future Directions

of Material Handling Equipment
in Railroad Use.

1984

Bar Coding of Material.
Forecasting Material Require
ments.

a. Fuel Security - Are You
Getting What You Pay For?

b. Fuel Oil Is Expensive.
Pros and Cons of Material

Purchasing Contracts (Single
Source - Just In Time Inventory).

1983

Improved Locomotive Produc
tivity Through Computerized
Data.

Inbound Material Inspection.

3. Minimize Maintenance Cost

Through Material Management
Systems.

4. New Ideas In Material Storage
Containers.

1982

1. Use of kits in locomotive main

tenance.

2. Cost effective methods of ship
ping material from vendors.

3. Union Pacific's Component
Inventory Maintenance System
(CIMS).

4. Advantages of using shipping
containers.

1981

1. Disposal of Unserviceable
Component Parts: What is the
Most Profitable Method?

2. Innovations in Stores Material

Handling, Via Computer
Technology.

3. Locomotive Held for Material:

an Update for the 80's.
4. The Best Approach to Procuring

Material; New, UTEX, Repair
and Return or Shop Repair.



260 Locomotive Maintenance Officers Association

SHOP EQUIPMENT AND PROCESSESCOMMITTEE
TWENTY ONE YEAR INDEX

2001

1. Standing in Railroad Industries -
Part II - How to Specify Reliable
and Safe Sanding Systems

2000

1. The Tandem Wheel Truing
Machine at Amtrak's Ivy Shop

2. Shop Talk 2000: Fall Protection
Technology

3. Sanding in the Railroad Industry
1999

1. Increasing Diesel Shop
Capacity

2. Conrail-Cold Asphalt Processing
of Environmental Waste Sand
and Sludge.

3. Dry Ice Cleaning of GE Intake
Ports

4. AAR-LFIS No Spill Fueling
System

1998

1. Smoke Opacity Testing-
Emission Detection Equipment
and its Use

2. Hydraulic Tensioning Tools and
its Use

3. High Speed Portable Align
Boring Series

4. Locomotive Mobile Servicing
1997

1. Wheel Truing as Preventive
Maintenance

2. Conrail-Selkirk Diesel Terminal
Wastewater Treatment Facility
Recent Evnironmental Improve
ments

1996

1. Locomotive Painting
2. Drop Table Tooling for New

EMD and GE Locomotives
1995

Pre-Maintenance Inspection
Railroad Turntable Modification

3. Mobile Locomotive Service
Vehicle

1994

1. Electronic Fuel/Unit Injection

1.

2.

Tooling.
2. Locomotive Roller Support

Bearing Tooling.
3. Fall Protection and Man Lifts.
4. Locomotive Washing Systems.

1993

1. Dynamic Balancing for GE Dash
8 Model Locomotives

2. Air Compressor Automated
Station

3. Ergonomics in the Work Place
4. Hydraulic Traction Motor

Shimming Table
1992

1. Automated Test and Production
Equipment

2. Safety Corrective Action Team
3. Automated Locomotive Wheel

Shop
4. Cleaning and Surface Pre-para-

tion with Sodium Bicar-bonate
Based Abrasive Blasting

5. Trainline Continuity Tester
6. BN - Railroad Power Assembly

Shop of the 1990's.
1991

1. Economic Separation of
Emulsified Oil from Waste
Water Using Ultra Filtration
Membranes.

2. EMD Cylinder Head Valve Seat
Machining.

3. Automated Barring Over
Machine for EMD Diesel
Engines.

4. New Equipment for Testing
EMD Engine Protectors.

5. Compressed Air for Railroad
Facilities Issues and Solutions to
Achieve Clean, Dry, Oil Free
Air.

1990

1. EMD Valve Bridge Machine
2. GE Traction Motor Roller

Suspension Bearing Replace
ment Equipment and Pro
cedure.
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3. Locomotive Component Re 3. Effect of Governmental Regula
placement Forklift Attachment. tions on Locomotive Finishing.

4. Locomotive Sanding, Fueling 1984

and Drop Tables. 1. Shop Tools.
5. Hazardous Waste Disposal. A. New Tools.

1989 B. Shop-Made Tools.
1. Automated Locomotive Wheel 2. Traction Motor Shop Equipment

Shop. Up-Date.
2. Laser Guided Material Handling 3. Hazardous Waste Handling and

Vehicles. Disposal.
3. Bulk Rail Lubrication Storage & 1983

Fill System. 1. Locomotive Maintenance Using
4. Pilot Plate Straightening Equip a Production Line Process.

ment. 2. Shop Tools to Increase
1988 Productivity and Improve

1. Fuel Management Control Quality.
Systems. 3. Dynamic On-Line Performance

2. Locomotive Mounted Rail of Locomotives Without On-
Lubrication Fill Systems. Board Tele-Metering.

3. Comparison of Shop Air 4. Management in Action.
Compressors. 5. New GE Training Center.

4. Locomotive Toilet Servicing 6. Welding Qualifications.
Equipment. 1982

5. Innovations in Blue Flag and 1. Tools.
Derail Protection. 2. Rebuild line for EMD tur-

1987 bochargers.
1. Modern Servicing Facility for 3. Air brake equipment line.

Improved Reliability and 4. Industrial robots.
Availability. 5. Automated machines.

2. New Developments in GE 6. Safety related items and equip
Tools. ment.

3. Implementation of a Quality 1981

Process. 1. Training Aids.
4. A Quality Traction Motor Shop. 2. Testing Devices Inspired by
5. Wheel Truing Machine Tech New FRA Laws.

nology. 3. Tools and Training for Produc
1986 tivity.

1. Robotics Update 1986 - Now 4. Changes to Shop Facilities
What? Required by Newly Adopted

2. CNC Machine Tools. EPA & OSHA Regulations.
3. A New GE Power Assembly 5. Tour Through Conrail Altoona

Area. Shop.
4. Locomotive Wash System - 6. Supply/Service Facilities.

1986. 7. GE Assembly Shop
1985

1. Computer-Assisted Preventative
Maintenance.

2. New Tools for Material
Handling and Overview of
Balancing Technology.
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DIESEL ELECTRICAL MAINTENANCE COMMITTEE

TWENTY ONE YEAR INDEX

2001

1. Diagnostic and Predictive
Maintenance

2. Locomotive Replacement
Control System

3. Automatic Shutdown Startup
Controls - Fuel Savings through
Technology

4. Locomotive Alternative Air

Conditioners

2000

1. Custom Electronics and their

Applications
2. Locomotive Wire Update
3. Integrated Air Brake &

Distributed Power Under EMD

Fire System
4. Carbon Brushes - A Fresh Look

5. RM&D - What It Is, What It
Does

6. An Alternate Adhesion System
1999

1. Transition Panels for Older
Locomotives

2. R.S. A.C. Crash Worthy Event
Recorder Update

3. Traction Motor Suspension
Bearing Temperature
Monitoring System

4. EMD SD90MAC 6000 HP
Locomotive-An Update

5. IGBT-What's New for GE
AC6000 Locomotives

1998
1. Locomotive Troubleshooting

Assistant
2. Locomotive Electronic Brake

Maintenance
3. SD70MAC Capacitor Discharge

Procedure
4. Power Savings for Electrical

Locomotives
5. Auto Stop/Start and Layover

Systems
1997

1. Review of Battery Maintenance
and Available Options

2. Battery Charger/Booster
3. Locomotive System Integration

4. Electronic Governors
1996

1. EMD SD80MAC High Voltage
Safety

2. GE AC Locomotive Electrical
Safety Features

3. Electromagnetic Interference
(EMI on AC Locomotives)

4. QTRAC 1000 Adhesion Control
System

5. Locomotive Health Monitoring-
The Key to Improved Main-ten-
ance

1995
1. Canadian National Battery

Water Usage
2. Remote Diagnostics-Radio

Download
3. Programmed Preventive Main

tenance

4. Commutation Monitoring in
Locomotive DC Traction
Motors

5. The EMD Diesel Engine Control
(EMDEC) System

1994
1. Safety First - Video on Electrical

Safety.
2. Locomotive Health Monitoring

Systems.
3. Event Recorder Update.
4. SD60 Dynamic Brake Improve

ments

1993
1. Automatic Engine Shutdown

and Restart System
2. Layover Systems/Standby

Power Systems
3. CN North America - Electronic

Temperature Control
4. Speed Sensing Devices
5. Adhesion Alternative
6. Modern Tooling Update

1992
1. Nickel-Cadmium Batteries as an

Alternative
2. Overview of Locomotive

Microprocessor Based Controls
3. Locomotive Air Conditioning
4. Testing Traction Alternator

Fields on EMD Locomotives
5. Flange Lubricators
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1991
1. Locomotive Rebuilding - 5.

Something Old - Something
New. Standardization of Elec-tri-
cal Equipment.

2. Locomotive Batteries 1.
a. Storage Handling Proced

ures. 2.

b. Recommended Maintenance
Procedures. 1#

c. Recommended Repair Pro
cedures.

3. Amtrak's AC Traction Loco
motives. 2

4. Modern Tooling for Electricians
Recorders.

3. Why Can't We Have One 1#
Central Computer?

4. EPA and Regulation Driven 2.
Cleaning.

1990

1. Modern Tooling of Electrical 3.
Troubleshooting.

2. Maintaining Solid State Event
Recorders.

3. Why Can't We Have One
Central Computer? 1.

4. EPA and Regulation Driven 2.
Cleaning.

1989 3.
1. Modern Tooling for the 4,

Troubleshooting Electrician: a) 5.
test meters available (single
function); b) test meters avail
able (multiple functional); c) 1,
analysis and diagnostic tools. 2.

2. Sound Electrical Repairs and
Practices for: a) traction motors;
b) grids and fans; c) wire and
cable solderless termination. 3.

3. Guidelines for Preparing 4,
Electricians for the 1990s.

1988

1. Utilizing Magnetic Tape Event
Recorders for Locomotive 1,
Maintenance. 2,

2. Solid State Locomotive Data 3,
Recorder. 4,

3. Improved Utilization of GE
DASH 8 Data Recording
Systems.

4. Locomotive Health Data and Its

263

Uses To The Railroad.
Improved Data Acquisition
From EMD's 60 Series Display
Computer.

1987

Proper Maintenance of
Electrical Fuel Savings Options.
Preliminary Report on AAR
Traction Motor Study.

1986

Cleaning, Handling & Storage of
Electrical Equipment

A. Solid State Components.
B. Rotating Equipment

Qualification of Locomotive
Power plants through self load.

1985

Locomotive Microprocessor
Technology in Retrospect.
Dynamic Brake Protective
devices and Troubleshooting
EMD-2 and GE-7 Locomotives.
Indicators and Recorders for
Locomotive Retrofit Application
- Fuel, Speed, Power and
Selected Events.

1984

On-Board Diagnostics.
GE's CATS (Computer Aided
Troubleshooting System).
Fuel Conservation Through
Electrical Modifications.
Performance of Locomotives
After Storage.

1983

Ground Relay Trouble Shooting.
Specification for remanu-fac-
tured D87 Traction Motor
Frames (Using D-77 Armature
Coils)
Locomotive Storage (Electrical).
Water Cooling and
Refrigerating Methods for
Locomotive Cab Application

1982

Tests on Traction Motors.
Transition Trouble-Shooting.
Onboard Diagnostic Systems.
Starting Systems.
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1981
1. Evaluation of Improved Test

Methods.
2. Teflon Bands.
3. New Generation Locomotives.
4. Electrical Troubleshooting.
5. Batteries and Charging Systems.
6. Troubleshooting EMD AC

Auxiliary Generator System.
7. Selection of Locomotives for

Major Locomotive Overhauls.
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NEW TECHNOLOGIES

NINETEEN YEAR

2001

1. Performance and Economic
Aspects of Various
Environmentally Friendly
Coatings for Rolling Rail
Equipment

2. Non-destructive Testing: Crack
Detection Technology
EMFaCIS

2000

1. FIRE: EMD Turns up the Heat
on Railroad Electronics
Integration

2. Put the Chill on Air Condition
ing Costs

3. Do Not Get "Steamed" Over
Fuel Tank Repairs

4. Industry Responses to Emission
Regulations

5. Improved Adhesion Through
the Use of Individual Axle
Inverters

1999

1. Locomotive Filteration-Where

are We Going?
2. EMD Markets a New Line of

Switchers

1998

1. Expert Systems
2. EMD SD90MAC 6000 HP

Locomotive - Where Are

We Today? GE AC6000CW
Locomotive - Where Are We

Today?
1997

1. An Overview of the Electro-

pneumatic Train Brake
2. Locomotive 6724, Where Are

You? GPS, Mobile Telemetry
and GIS Technologies in a
Railroad Environment

3. Runout Measurement Using
Non-Contact Sensor Technolo

gy
4. Common Rail Fuel Injection

265

COMMITTEE

INDEX

1996

1. Activities Toward New Safety
Standards for Passenger
Equipment

2. SP-3 Thin Sensor Technology
for Variable Force

Measurement

3. Top-Of-Rail Lubrication
4. Traction Motor Vibration and its

Effects

1995

1. Beltpack Locomotive Control
System

2. The MK1200G Switching Loco
motive

3. Advanced Traction Motor

Testing
1994

1. Electronic Fuel Injection Sys
tems.

2. Status of Distributed Power in

Freight Trains.
3. Advances in Distributed Power-

Iron Highway..
1993

1. New Technology to Solve Old
Problems

2. Developments in Off-Shore
Technology

3. Updates on AC Traction
Developments

1992

1. Talking to the "Smart'
Locomotive

2. Cab Noise Abatement

3. Electronic Management of
Locomotive Drawings

4. Update on High Productivity
Integral trains

5. AC Traction - A New

Development
1991

1. Locomotive Cab Integration
and Accessory Management
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2. Improvements in Locomotive
Adhesion Performance.

3. The Role of Duty cycles in
Locomotive Fuel Consumption.

4. What's New in Gadgets and
Black Boxes: What do our

Locomotives Really Need?
5. Failure Analysis

1990

1. Motor Driven Air Compressors
for Diesel-Electric Locomotives

2. Locomotive Cab (HVAC)
Heating, Ventilation and Air
Conditioning Systems.

3. Effect of Technology on
Standardization of Cab Control

Equipment.

4. Locomotive Durability, Relia

bility and Availability

Understanding Your Abilities.
1989

1. A Rational Approach to Testing
Locomotive Components.

2. New Developments in Loco
motive Cab Design.

1988

1. Amtrak F69 PH AC Passenger

Locomotives

2. New Component Develop
ments Retrofittable to Older

Model Locomotives

3. Locomotive Applications of
Catepillar Engines.

4. Wheelslip Control for Individual
Axles.

1987

1. Electronic Fuel Injection Sys
tems.

2. Update on Electronic Gover
nors.

3. Recent Advances in Steerable

Locomotive Trucks - the E.M.D.

4 Axle, 4 Motor HT-BB

Articulated Truck.

4. Converting an F40 Locomotive
to A.C. Traction.

1986

1. Future Train Control Systems.
2. Bringing Future Train Control

Systems Back to Earth.
3. Low Maintenance Locomotive

Batteries.

4. Electronic Engine Control
Systems.

1985

1. The Sprague Clutch for E.M.D.
Turbocharged Engines.

2. A.C. Traction Locomotives

Update.
3. Natural Gas Locomotive Update.
4. Ceramic Coated Engine Com

ponents.

4. Locomotive Cab Develop
ments.

1984

1. G.E. Dash 8 Locomotives.

2. E.M.D. 50A Series Locomotives.

3. Natural Gas Locomotives.

4. Appraisal of the A.C. Traction
Locomotive.

1983

1. Microprocessors for Locomotive
Control and Self Diagnosis.

2. Locomotive Fuel Tank Gauges.
3. Locomotive Aerodynamics
4. Bombardier HR 616

Locomotive.

5. Missouri Pacific - Phase III

Locomotive Heavy Repair
Facility, N. Little Rock, Arkansas.
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FUEL, LUBRICANTS AND ENVIRONMENTAL COMMITTEE
TWENTY ONE YEAR INDEX

1. On-Board
System

2. Evaluation of Locomotive
Engine Oil Analytical
Laboratories

3. Fuel Additives - Friend or Foe
2000

1. Biodegradability and its Relev
ance to Railroad Lubricants and
Fluids

2. Engine Lubricating Oil Evalua
tion Field Test Procedure

3. Detecting Abnormal Wear of
AC Traction Motor, Pinion End,
Armature Bearings Through
Lubricant Wear Debris Analysis

4. Further Development in Top-of-
Rail Lubrication Testing

1999

1. Lube Oil Analysis-Achieving
Quality Results

2. Effects of Engine Lubricants on
Oil Filtration

3. Recycling and Re-refining of
Used Lubricated Oils

1998

1. Safety and Chemical Cleaners
2. Development of a Low Emissions,

Dual Fuel Locomotive
3. Fuel Oil Stability Update
4. Ten Questions on EPA's

Locomotive Exhaust & Emission
Regulations

1997

1. Ferrography-Used Oil Analysis
Program

2. 2000 - A New Millennium for
Locomotive Maintenance: EPA
Exhaust Emissions Regulatory
Impacts

3. Standardized Test Procedures -
Current Developments

4. Industry Updates and New
Developments

1996

1. Standardized Test Procedures-
The Annual Subcommittee
Update

2. Diesel Fuel Standards and their

2001

Oil Management
Applications to Railroad Fuel
Quality Issues
A Look at Generation 5 Oil
Performance and Future Oil
Needs
LNG as a Railroad Fuel

1995

1. MSDS'S - What do they tell us?
2. Applying Satellite Communi

cations Technology to On-Line
Oil Analysis of Crankcase Diesel
Engine Lubricants

3. Standardized Test Procedures -
Past, Present & Future
Developments

4. Locomotive Exhaust Emissions
Regulations

1994

1. TBN-A Review of Currently
Accepted Methods.

2. GE Multigrade Lubricating Oil
Testing and Specification.

3. The Economic Impact of Low-
Sulfur Diesel Requirements.

1993

1. Used Oil Analysis of Multigrade
Oils and Condemning Limits.

2. Insoluble Determination with
the Advent of Multigrade Diesel
Engine Oils

3. Bioremediation.
1992

1. Environmental Issues Relating to
Multigrade Railway Issues.

2. Readily Biodegradable and Low
Toxicity Railroad Track Lubri
cants

3. Support Bearing Oils.
4. Recycling and Re-refining Loco

motive Oils.
1991

1. Infrared Spectroscopy as an
Analytical Tool.

2. Diesel Exhaust: Health Effects
Research and Regulations.

3. Traction Motor Gear Case Seals
and Lube Containment (Oil
Lubricant)

4. Partnership in Development.
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1990
1. The Responsibility of Railroads

and Facility Managers in the
Handling and Disposal of
Hazardous Materials.

2. Update on Diesel Fuel
Regulations.

3. Diesel Exhaust and Worker
Exposure.

4. Field Experiences with Multi-
grade Railroad Locomotive Oils.

5. Conrail Wheel/Rail Lubrication
Update.

1989

1. Field Test Data Follow-Up and
Description of "Generation 5"
Locomotive Crankcase Oil.

2. Diesel Emissions: Regulations
and Fuel Quality.

3. Petroleum Storage Tank
Regulations - Guest Speaker -
George Kitchen, International
Lube & Fuel Consultants.

1988

1. Used Oil Analysis and
Condemning Limits.

2. Review of A.A.R. Procedure RP
- 503, "Locomotive Diesel Fuel
Additive Evaluation Procedure."

3. Update on Improved Oils -
Multigrade.

4. Wheel Flange Lubrication
Update - Lubricants Being Used.

5. Survey of Disposable Practices
or Locomotive Engine Lube Oil
and Lube Oil Filters.

6. Speaker on Overview of
Environmental Requirements
for The Use of Petroleum
Products in The Railroad
Industry - Peter Conlon - AAR.

1987

1. Common Fuel Additives and
their Effectiveness.

2. History of LMOA Lubricating
Oil Classification System.

3. Performance Requirements
Needed by the Railroads for a
New Generation Lube Oil.

4. How do we Provide the

Performance Needed for a New
Generation Oil.

1986

1. Extended Performance Lubri
cants Through Better Chemistry.

2. Fuels and Lubricants Handling
Hygiene.

3. Fuels Availability and Price
Outlook.

4. Selection of Lubricants for
Wheel Flange and Rail
Lubricators.

1985

1. Disposal of Lube Oil Drainings.
2. Non-ASTM No. 2 - D Fuel.
3. Oxidation Analysis.
4. Wheel Flange and Rail

Lubrication.
1984

1. Locomotive Filters
2. Traction Motor Gear Lube Field

Test.

1983

1. Field Test Update of Multigrade
Oils.

2. Update of Alternate Fuel
Testing.

3. A Review of Locomotive Fuels.
1982

1. Energy Conserving Lube Oils.
2. Alternative Fuels Update.
3. Availability of Medium and

High Viscosity Index Railroad
Oils.

4. Journal Box Oil and Aniline

5

6,

Journal
Point.

Traction

Update.
Traction

Seals.

Motor Gear Lubricant

Motor Gear Case
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1981

1. Effects of Using Alternate Fuels
on Existing Diesel Engines.

2. Update on Cold Weather
Procedures for Fuels.

3. New Techniques in Lube Oil
Analysis.

4. Traction Motor Gear Lubri
cation.

5. Multi-Viscosity Oils as an
Energy Conservation Tech
nique.
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COPIES OF TRANSCRIPTS

FROM PREVIOUS

TECHNICAL PAPERS

ARE AVAILABLE

UPON REQUEST.

CONTACT

OUR SECRETARY-TREASURER,

RON PONDEL,

AT

(773) 586-9780



Y^lVTtf^ Precision Locomotive
^lVl*— Gears and Pinions

j* j—%

• Triple Alloy Steel • Over 80 Years of Gear
• Carburized and Hardened Manufacturing
• Cubic Boron Nitride Ground • 50% Lower Life Cycle Costs

•Exclusive 8-Year Warranty with PMC 8uPer Gear

ASK FOR A DETAILED PRESENTATION
AND ADDITIONAL INFORMATION.

Penn Locomotive Gear (412) 279-4460
ADivision of Penn Machine Company FAX: (412) 279-4465
210 Pine Street, Carnegie. PA 15106 E-mail: pmcsales@pennmach.com

Johnstown, PA (814) 288-1547 FAX: (814) 288-2260
Louisville, KY (502) 367-4858 FAX: (502) 367-4911

Also Reprofiled and Recycled Gears
A member of The Marmon Group ol companies



Quality and Value
A reputation earned through

31 years of service to the
railroad industry with remanufactured

EMD engines and components.

Complete rebuilt EMD engines

Rebuilt and repaired cases and pans

Power assemblies • Oil and Water pumps

Other major EMD components

Locomotive inspections and maintenance

Maintenance and operation training

peaker services, inc.
8080 Kensington Court • Brighton, Michigan 48116

800-622-4224

ENTERPRISE PRINTING SERVICE • (708) 489-4000


