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APPRECIATES THESE 2003 SUPPORTING ADVERTISERS

AMSTED RAIL GROUP MIBA BEARINGS U.S. TRIANGLE ENGINEERED PROD.

CLARK FILTER CORP. MILLER FELPAX WABTEC CORPORATION

DUROX EQUIPMENT PEAKER SERVICES ZTR CONTROL SYSTEMS

ETHYL CORPORATION PENN LOCOMOTIVE GEAR

GRAHAM WHITE RAILROAD FRICTION PROD.

INTERSTATE DIESEL RAILWAY EQUIPMENT ASSOCIATES

KIM HOTSTART MFG. CO. SIMMONS MACHINE TOOL CORP.

LPI, INCORPORATED 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.
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2002 LMOA MVP RECIPIENTS

The executive board of LMOA wishes to congratulate the following individu

als who were selected as the Most Valuable People of their respective commit

tees in 2002.

Name Companv Committee

Ron Begier Portec Rail Products Inc. Shop Equipment &

Processes

Tim Black Union Pacific R R New Technologies

Leonard Buczkowske Florida East Cost Rwy. Shop Equipment &

Processes

Dave Elvin Ondeo-Nalco Fuel, Lubricants and

Environmental

Jim Fronckoski CSX Transportation Diesel Material Control

Leighton Haley, Jr. Norfolk Southern Corp. Fuel, Lubricants and

Environmental

Jack Kuhns

Craig Prudian

Les White

JMA Railway Supply Co. Diesel Mechanical

Maintenance

GM-Electric Motive Divison New Technologies

EMD-Canada Diesel Electrical

Maintenance

This honor is bestowed on an annual basis to those individuals who

perform meritorious service and make significant contributions to their

respective technical committees.

LMOA EXECUTIVE COMMITTEE
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THE LMOA EXECUTIVE COMMITTEE

WOULD LIKE TO EXPRESS THEIR

SINCERE APPRECIATION TO

MR. JOHN WALSH

AND THE ENTIRE STAFF OF

THE CANADIAN PACIFIC RAILWAY

IN CALGARY, ALBERTA CANADA

FOR HOSTING THE

6TH ANNUAL LMOA JOINT TECHNICAL

COMMITTEE MEETING

ON

MAY 5 AND 6, 2003.
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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. L.R.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 EquipmentEngineering, Penn Central Co.,
1971 - G. W. NEIMEYER (Deceased) Mechanical Superintendent, Texas & Pacific

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

Southern PacificTransportation 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, Retired Assistant C.M.O.-Locomotive, Chessie System,

906-13th Ave., Huntington, W.V. 25701
1976 - J. D. SCHROEDER, Retired Assistant C.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, King of 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 York Air Brake and Burlington

Northern RR

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 - WILLIAM A. 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 - C.A.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, NJT Rail Opns.

1148 Newark Turnpike, Kearny, NJ 07032
1998- H.H. (MIKE) PENNELL, Ellcon National, 1016 Williamsburg Lane,

Keller, TX 76248
1999- JAKE VASQUEZ, Asst. Superintendent-Terminal Services, Amtrak

3725 S. Ocean Dr., Hollywood, FL 33019
2000- RON LODOWSKI, Superintendent Locomotives, CSXTransportation

Selkirk, NY 12158
2001- LOU CALA, Consultant, LJC Rail, Duncansville, PA 16635
2002- BOB RUNYON, Engineering Consultant, Roanoke, VA24019

HONORARY LIFE MEMBERS

KJELL AXELSON, Retired Superintendent 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.
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J. G. GERMAN,

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 V. Pres.-Engr. Missouri Pacific Railroad Co.
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.,
9506 Springmont, PL, Louisville, KY 40241
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

Our President

MR. BRIAN HATHAWAY

Consultant

Port Orange, FL 32119

Chairman of the Board

MR. ROBERT RUNYON

(Retired Norfolk Southern Corp.
Engineering Consultant

Roanoke, VA 24042
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OUR OFFICERS

1st Vice President

MR. WILLIAM LECHNER

Senior General Foreman,
Insourcing Air Brakes, Governors,

Injectors
Norfolk Southern

Altoona, PA 16603

2nd Vice President

MR. TAD H. VOLKMANN

Manager - Loco. Facility -
Engine Components

Union Pacific

North Little Rock, AR 72114

3rd Vice President

MR. BRUCE KEHE

Manager - Mechanical Services
Elgin, Joliet & Eastern Railway

Gary, IN 46204
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OUR PAST PRESIDENTS

MR. WILLIAM BROWN

Representative
BP Associates

Kansas City, MO 64155

MR. LOU CALA

(Former Norfolk Southern Corp.^
LJC Rail Consultant

Duncansville, PA 16635

MR. GIL BRUNO

Assistant. Gen. Mgr.
Terminal Services

Amtrak

Seattle, WA 98134

MR. MARK COLES

Senior Manager - Loco.
Engineering & Quality
Union Pacific Railroad

Omaha, NE 68179
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OUR PAST PRESIDENTS

MR. WEYLIN R. DOYLE

Bombardier Transit

Los Angeles, CA 90065

MR. RONALD R. LODOWSKI

Supt. - Locomotives
CSX Transportation
Selkirk, NY 12158

MR. ALLEN KELLER

Director - Loco. Projects
Reading Railroad Services Co.

Cleona, PA 1 7042

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

Keller, TX 76248
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OUR PAST PRESIDENTS

MR. JAKE VASQUEZ
Asst. Superintendent -

Terminal Services

Amtrak

Hollywood, FL 33019

MR. DAVID M. WETMORE

General Supt. - Equipment
NJT Rail Opns

Kearny, NJ 07032
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Below the
deck...

• Truck assemblies

• Side frames

• Bolsters

• Constant contact

side bearings
"Couplers
• Draft sills

• Coil springs
• Center plates
• Draft gears

ere

• Cushioning units
-» End-of-car

-> Center-of-car

• Roller bearings
-» O.E.M.

— Reconditioned

«Air brake

control valves

-» Other air brake

components

s Wheels, curved-plate,
heat-treated

-» One-wear

•* Two-wear

-* Multi-wear

-> Diesel wheels ^

Amsted Rail Group
200 W. Monroe Street

Chicago, IL 60606
312-853-5680

AnmcdRail.com

15
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OUR REGIONAL EXECUTIVES

MR. GLENN BOWEN

Director - Lab Services

BNSF Rwy
Topeka, KS 66616

r

MR. BRUCE BUTTS

National Electric Carbon Products

Scottsdale, AZ 85255

MR. MIKE SCARINGE

Director Warranty Enforcement
Amtrak

Beech Grove, IN 46107

MR. JOHN BRAWLEY

Director-Material Management
Amtrak

Beech Grove, IN 46107

JAY HOLLEY

Director Mechanical Operations
CSX Transportation

Jacksonville, FL 32254

MR. LES WHITE

District Service Representative
ElectroMotive Division

Montreal, PQ
Canada H3B 2N2
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Newly elected President Brian Hathaway (center) presents Past President's
Pin to outgoing President Bob Runyon (right) as newly eleected 2ml Vice
President Tad Volkmann looks on.

Newly elected 3"1 Vice President Bruce Kehe (left) and newly appointed
Regional Executive Bruce Butts (right) present an LMOA attache bag to Tim
Black who was selected as the new Chairman of the New Technologies
Committee.
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Newly elected President Brian Hathaway (right) presents LMOA blazer to
newly elected 3"' Vice President, Bruce Kehe. The ceremony was witnessed
by newly elected 2'"' Vice President, Tad Volkmann.

Outgoing President Bob Runyon (center) turns the gavel over to newly elect
ed President Brian Hathaway as newly elected 2"'' VP Tad Volkmann looks
on.
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General Executive Committee Members: (seated - left to right): Newly elect
ed President Brian Hathaway; outgoing President Bob Runyon; and newly
elected 1sl VP Bill Lechner, Norfolk Southern.

(standing - left to right): Newly elected 3"1 Vice President Bruce Kehe; EJ&E;
Secretary-Treasurer Ron Pondel and newly elected 2'"1 VP Tad Volkmann,
Union Pacific.

.



20 Locomotive Maintenance Officers Association

Acceptance Speech by
President Brian Hathaway

September 24, 2002

Good afternoon, ladies and gen
tlemen on this the 64,h year of the
LMOA. It is with pride that I follow
such a long list of past presidents.

My background in the LMOA
dates from 1986 when I was taking
delivery of locomotives at National
Railway Equipment, and working
with Dick Donavan. He suggested
that I join LMOA and be on the
Electrical Committee. I arrived at my
first committee meeting and looking
around the table saw all the big boys
(CN, CP, CSX, NS, UP, and yes
Conrail); and they were talking
about changing batteries in some
thing called a black box, and micro
processors, and having central com
puters, and EPA cleaning and so on.
Well, coming from a small railway I
never had seen nor heard of these

items and this was all new to me,
and I'm thinking what in the world
did he get me into.

We are still talking about the black
box, microprocessors and EPA, but
things have changed over the past
10-15 years. Science fiction has
become reality: the introduction of
AC locomotives, high-speed locomo
tives, and even magnetic levitation
locomotives. Modern technology
has played a big role in the railroad
industry, whether applied on new
locomotives or to our existing fleet.

Railroads have merged, and down
sized; people have taken early retire
ment, packages, buyouts, etc. A
large amount of experience has left,
but new experience and ideas are

waiting on the horizon. It still comes
back to locomotive maintenance.

Whether it is light repairs, heavy
repairs, or a major overhaul, it is still
a major part of the railroad organiza
tion, and it must be complete in all
respects, without defect when called
upon.

This is the purpose of the LMOA,
with its six committees. Their func

tion is to improve the interests of its
members through education, to sup
ply locomotive maintenance infor
mation to their employers, to
exchange knowledge and informa
tion with members of the

Association, and to make construc
tive recommendations on locomo

tive maintenance procedures
through the technical committee
reports for the benefit of the railroad
industry.

The LMOA has also conformed to

changing times. We have revised
the constitution and by-laws to adapt
to the changing industry. In 1998,
the LMOA adopted the best practice
series to address the concerns of the

shortlines and regionals as well as
the Class 1's, and has been working
well each year. In 1998 we were
able to have all the committees

together for the first time in many
years; this practice still continues.
The committees are setting aside
time at each meeting just to talk to
each road about what is being done
at its railroad, not to copy from each
other, but to better every road.

But over the years membership in
the LMOA has decreased. In 1988

there were 369 railroad members

with 298 associates, and in 2001
there were 235 railroad members
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with 165 associates. This is a

decrease of 36% from the railroad

membership and total membership
decrease of 40%. We need to

enhance the membership.
We call upon each mechanical

department head to examine its
participation of membership on the
association or committees and

take advantage of this excellent
opportunity to pass along situations
or problems for the committees to
study and investigate and report on
solutions.

The executive board will get
together and discuss how to make
this organization grow, what we
need to change, how can we reach
people, and when we do it, is it the
right response they are looking for.
One main objective is to get ideas
from the membership.

I would like to thank all of the

committee members, and officers
for their support, my friends, col
leagues, definitely, Ron Pondel, my
two sons and especially my wife,
Sheri. Without all of this I could not

have reached this achievement.

Thank you for all your support for
the Locomotive Maintenance

Officers Association, for this year
and all the years past and future.
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REPORT OF THE COMMITTEE

ON SHOP EQUIPMENT AND PROCESSES

MONDAY, SEPTEMBER 22,2003
2:30 P.M.

Chairman

BILL PETERMAN

President

Peterman Railway Technologies, Inc.
Baie D'Urfe, Quebec

Vice Chairman

JOHN MORGANO

Mechanical Superintendent
CN/IC RR/NFDL

North Fond du Lac, Wl

COMMITTEE MEMBERS

C. Aday Facilities & Fleet Maint Mgr Metrolink-SCRRA Los Angeles, CA
K. Albrecht General Mech. Supt. Montana Rail Link Livingston, MT
K. Batley Rail Products Manager L&S Electric Inc. Appleton, Wl
R. Begier Consultant Portec Rail Products Inc. Broomfield, CO
R. Collen Product Manager The Macton Corp Oxford, CT
C. Fette President TESCO Erie, PA
G. Lapinas Mgr-Process Engineering Canadian Pacific Rwy Calgary, Alberta
R. Mckim Amtrak Beech Grove, IN
J. Morin President NEU International Inc. Paoli, PA
T. Stefanski Field Services Manager LLP, Inc. LaGrange, IL
M. Stromenger Mgr.-Service Market Develop GE Transportation Syst. Erie, PA
D. Tetley RR Acct. Manager Snap-On-Tools Corp. Omaha, NE
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THE LMOA SHOP EQUIPMENT AND

PROCESSES COMMITTEE

WISHES TO EXPRESS THEIR SINCERE

APPRECIATION TO THE FOLLOWING

COMPANIES FOR HOSTING COMMITTEE

MEETINGS IN 2002 / 2003:

Long Island Railroad and
New York City Transit Authority

November 2002

METROLINK / SCRRA

Los Angeles, CA
February 2003
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I. LOCOMOTIVE SHOP SUP

PORT SYSTEMS & EQUIPMENT
Prepared by: Charles Aday,

Facilities and Fleet Maint. Manager
Southern California

Regional Rail Authority

Availability of the locomotive
fleet is paramount to the success
of freight and commuter railroads.
Locomotive failures on a freight
railroad can result in large revenue
losses and traffic congestion that
can take from hours to days to
recover from. In many metropoli
tan areas freight railroads share
trackage with commuter railroads.
Locomotive failures by either prop
erty can impact movement of pre
cious time-sensitive cargo and dis
rupt the lives of hundreds of daily
commuters traveling to and from
major employment centers.

Being regulated by the Federal
Railroad Administration (FRA) and
other State and Federal regulatory
agencies exposes railroads to
severe financial liability for failure
to meet regulatory requirements.
Railroads invest millions of dollars

to provide facilities where locomo
tive maintenance can be

performed in a safe and efficient
manner, allowing the equipment to
achieve a high level of service qual
ity and reliability while keeping the
cost of performing this mainte
nance at an acceptable level.

Just as the proper maintenance
of the locomotive fleet is important
to the fleet's service life and the

success of the railroad, the proper
maintenance of the locomotive

facility and its associated support

systems and equipment is of equal
consequence. Without proper
preventive and predictive mainte
nance practices the service facility
performance will deteriorate
and result in undesired service

equipment downtime and/or
catastrophic failure.

Not all railroads have the oppor
tunity to invest capital in new serv
ice facilities for maintaining their
fleet of locomotives. Many exist
ing service facilities undergo con
tinuous structural and equipment
upgrades in an effort to achieve
many of the efficiencies that a new
facility would provide.

With this said, what does a mod
ern locomotive service facility look
like and what support systems and
equipment are required to deliver
the desired level of service, thus
ensuring the reliability required
of a railroads' locomotive fleet?

When should support systems or
support equipment be replaced
or refurbished? What criteria

should be used to decide whether

refurbishment is appropriate or
replacement is required?

Locomotive service facility
A locomotive service facility,

whether belonging to a freight or
commuter railroad, will have most
of the same support systems in
place. Necessary support systems
are:

• Building shell
• Lighting
• Compressed air
• Elevated work platforms
• Fire suppression & alarm
• Rolling doors
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S SIMMONS
MACHINE TOOL COPORATION

r~*w? ss?

The New Generation of Underfloor

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



26 Shop Equipment And Processes Committee

• Steam (colder climates)
• Wayside power
• Lube oil dispensing &

extraction

• Fuel storage & dispensing
• Heating & ventilation
• Air quality monitoring
• Lifting systems
• Sand delivery
• Communication & information

technology
• Material storage
• Sanitary disposal
• Industrial waste disposal &

sewer

• Health & welfare areas

• Locomotive washing

Along with these support sys
tems a well-equipped locomotive
shop would have the following
support equipment:

• Under floor wheel

truing machine
• Drop table
• Transfer table

• Split rail
• Fork lift

• Filter crusher

• Parts cleaner

• Welder

• Grinder

• Band saw

• Steam cleaner

• Wick tank

• Hydraulic wrenches
• Portable hydraulic jacks
• Chop Saw
• Battery water dispenser
• Refrigerant recovery device
• Specialized jigs & tooling used

to aid in removing locomotive
components.

Expected service life
Both support systems and sup

port equipment can be catego
rized into expected life categories:

Category 1
1 year to 5 years service life

Category 2
5 year to 10 years service life

Category 3
10 year to 20 years service life

Category 4
20 years plus service life.

Support systems expected
service life

Table 1 assigns each support sys
tem to an expected service life.
Please notice that the majority of
support systems fall into the 10 to
20-year category. It may seem that
10 to 20 years is a broad category
to place these systems into. These
types of support systems are the
major infrastructure of a facility.
With proper routine preventive
and predictive maintenance these
systems will last a full 20 years or
more. With proper routine pre
ventive and predictive mainte
nance the decision to rebuild or

replace these systems at the 20-
year mark is easily made. Without
preventive and predictive mainte
nance these systems will start fail
ing in the first 5 years of operation.

The first 5 years of a facilities
operation are the most important
in determining the expected serv
ice life of support systems.
Planning for the maintenance of
these systems should start at their
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installation during the construction
of the facility. The management
team responsible for the design
and construction of the facility
should ensure that the construc

tion contract document has provi
sions for the proper transfer of war
ranties of support systems and
proper commissioning of these sys
tems involving the end users of the
facility. This should include the
transfer of documentation of rec

ommended maintenance practices
and properly identified spare parts.
Warranty periods of longer than
the standard one-year warranty
typically offered by the construc
tion industry should be negotiated
during the construction contract
bidding process.

It is imperative that the depart
ment responsible for facilities
maintenance is properly staffed
with technicians that are trained in

maintenance of these support sys
tems. If proper maintenance is not
performed in the first years of the
facility operation, warranty claims
may be challenged by the respon
sible installing contractor or system
manufacturer.

There are many computer-based
maintenance-tracking systems
available today that aid in the plan
ning and tracking of support sys
tems and equipment maintenance.
It is not in the scope of this paper
to discuss these systems; however
the reader is encouraged to
become familiar with the programs
that are available on today's mar
ket. This topic will be the subject
of a future paper by the Shops
Committee.
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Support equipment
expected service life

Table 2 assigns each category of
support equipment to an expected
service life. You'll notice that a

large amount of support equip
ment falls into the 1 to 5 year cate
gory. Larger, heavier and more
expensive equipment falls into the
10 to 20-year category. Equipment
that is permanently installed with
less wear parts fall into the 20-year
plus category.

Support equipment placed in
the 1 to 5 year category can have
its expected service life extended
by initially installing a higher quali
ty of equipment that is designed to
take rugged use. This type of sup
port equipment tends to be under
sized for the tasks it is expected to
perform. Without proper supervi
sion and training mechanics using
this type of equipment tend to
abuse it and disregard the daily
cleaning and maintenance it
requires.

Proper cleaning and lubrication
of support equipment should be
the responsibility of the mechanic
who uses the equipment. There
should be an open channel of
communication between mechan

ics and facilities maintenance staff

for reporting of unusual occur
rences with equipment operation.
Mechanics should be able to

report unusual sounds equipment
may make or signs of undesirable
operation. A proper reporting pro
cedure should be in place in order
to capture these reports and track
repairs.
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Refurbish or

replacement criteria
When does a support system or

piece of support equipment
require refurbishment or replace
ment? What information is need

ed in order to make the business

decision to refurbish or to replace?
To make these decisions data

needs to be gathered that is rele
vant to the way an organization
conducts business and the basis on

which it makes financial decisions.

The most common areas that are

relevant to this decision-making
process are depreciation, interest
(cost of money), operational costs
and revenues. These are areas

where factual data can be

obtained in order to aid in the deci

sion making process. There is one
additional area that cannot be

quantified and that is irreducible
factors.

Depreciation is the cost of the
support system or equipment,
(asset) minus its salvage value,
divided by its expected service life.
The result of this equation is the
cost of owning the asset over its
expected service life.

Interest is the cost of the money
tied up in owning asset. If a com
pany borrows money to purchase
an asset then this is the cost of bor

rowing the money. This is some
times referred to as the "out-of-

pocket" cost of owning the equip
ment. If a company's capital is
used to purchase the asset then
this capital is no longer available
for other investments, which could
bring them a return. This is some
times referred to as the "opportu

nity cost" of owning the asset.
Operating cost is the cost asso

ciated with the use of an asset.

Typical operating costs are expen
ditures for labor, materials, supervi
sion, maintenance and power.
These costs are usually presented
as annual costs. When estimating
operating costs for future periods
of time consideration should be

given to likely increases in wages
and increased maintenance costs

as the asset ages.
Revenues are the return on

investment a company receives for
owning and operating the asset. In
a locomotive maintenance facility
revenue would depend on how the
asset contributes indirectly to the
success in performing the mainte
nance and repair of the locomotive
fleet. Traditionally, support servic
es such as maintenance activities

are viewed as costs and they
enhance revenues by being effi
cient. In a service facility this will
probably be the hardest data to
quantify.

To make the comparison
between refurbishment and

replacement the average annual
cost of each of the old and new

asset must be calculated. The cost

of refurbishing the old asset must
also be calculated along with its
new expected service life in the
comparison. This would be the
cost of the old asset used to calcu

late its annual depreciation.
The average annual cost of the

old and new asset is the sum of

annual depreciation, annual inter
est expense, and annual operating
costs less the revenue advantage.
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When the total average annual
cost of the old and the new asset

has been calculated the business

decision can be made to refurbish

or replace. Other factors that must
be weighed in the comparison that
cannot be quantified in dollars and
cents are irreducible factors.

Irreducible factors are operating
efficiencies, safety, reliability and
new technologies that in all likeli
hood will be available to the indus

try in a few years. Environmental
regulations have a large impact on
all industries in the 21st century.
These requirements can lead to
equipment obsolescence and
force a company to replace sys
tems and equipment long before
the end of their expected service
life.

Summary
Railroads operating in the 21st

Century have many new chal
lenges before them. Freight rail
roads are moving more cargo from
coast to coast than ever before and

commuter railroads are being
planned and built in metropolitan
areas in order to ease the impact
that automobiles and trucks have

on the environment and the popu
lation's quality of life.

Availability of the railroad's loco
motive fleet is paramount to suc
cess. Millions of private sector and
taxpayer dollars are being spent to
build the infrastructure needed for

freight and commuter railroads to
operate. Maintenance of these
assets is imperative in order to
extend their expected service life.
Due to the current economic envi-

ronment, commuter railroads face
challenging funding hurdles.
Freight railroads struggle to main
tain their market share of com

merce while sharing the railroad
with commuter railroads. The

availability and dependability of
the locomotive fleet are musts for

this industry's success.
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Table 1

Support Systems, Expected Service Life
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Category 1

lYear-

5 Years

Category 2

5 Years-

10 Years

Category 3

10 Years-

20 Years

Category 4

20 Years

Plus

Building Shell X

High BayLighting X

Compressed Air X

Steam Generation X

Wayside Power X

LubeOil Dispensing & Extraction X

Fuel Storage, Receiving & Dispensing X

Heating &Ventilation X

Air Quality Monitoring X

LiftingSystems(Jacks & Overhead Cranes) X

Elevated Work Platforms X

Fire Suppression & Alarm X

RollingDoors X

SandStorage & Delivery X

Communication & IT X

Material Storage X

Sanitary Disposal X

Industrial Waste disposal & Sewer X

Portable Water System X

Health & Welfare areas X

Locomotive Washing X
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Table 2

Support Equipment Expected Service Life

Category 1

lYear-

5 Years

Category 2

5Years-

10Years

Category 3

10Years -

20 Years

Category 4

20 Years

Plus

Under Floor Wheel Truing Machine X

Drop Table X

Transfer Table X

Split Rail X

ForkLifts X

Steam Clean X

PartsWasher X

Wick Tank X

Portable Hydraulic Wrenches X

Portable Hydraulic Jacks X

FilterCrusher X

• Welder X

• Grinder X

• Band Saw X

• Chop Saw X
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II. HAND TOOLS-

AN ERGONOMIC UPDATE

Preparedby: Don Tetley,
Railroad Acct. Manager

Snap-On-Tools Corporation

What is the definition of tool

ergonomics? Simply stated, it is
the study of the relationship
between the attributes of the tool,
the requirements of the task, and
the physical and psychological
capabilities of the technician.
Ergonomic design focuses on
understanding the problems of the
tool user. Ergonomic design objec
tives include improvements in
operating safety and comfort, the
control of medical costs associated

with tool use, and an increase in
productivity. Tool users, academic
authorities, and tool manufacturers
are working together to increase
the understanding of the relation
ship between the tool, the task,
and the technician. The goal of
any tool design is to lower the level
of exertion required to perform the
task. A tool design with ergonom
ic features allows the user to trans

fer strength more efficiently.
Therefore, stress to the user can be
reduced.

The following points regarding
tool ergonomics should be clearly
understood. There is no such thing
as an "ergonomic tool" per se. The
primary design criterion for tools is
safety, the second is ergonomics.
Ergonomic principles should guide
the design, selection, and the use
of the correct tool for the specific
application. Every person is differ
ent. Each has a unique height,
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hand size, arm length, physical
capabilities, and other attributes.
A tool that works well for one per
son will not necessarily work well
for another, even when they are
performing the same task. The
proper maintenance of any tool or
item of equipment is essential in
helping to prevent or reduce safety
and ergonomic hazards. Tools
should be inspected and main
tained in accordance with the

manufacturer's specifications. Any
tool found to be defective must

never be used.

Factors for injury risk resulting
from tool use include, the contin
ued repetition of components of
the upper limb, wrist, and hand
during the work cycle; the amount
of force required for finger or grip
pressure; concentrated contact
stress on the palm; the posture or
degree of joint deviation; continu
ously sustained posture or forces;
exposure to vibration; and expo
sure to temperature extremes.

Now, let us look at a few of the lat
est examples of hand and power
tool designs that incorporate
ergonomic features.

Hand tools

A number of hand tools now

incorporate handles made of a
soft, comfortable, rubber like mate
rial. Soft grip tool handles feature
a triangular cross section that pro
vides the optimum shape to match
the typical human hand for ease of
use. A contoured thumb stop pro
vides the best position for the
thumb to enable users to comfort

ably bear down on fasteners.
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Elastomer handle material prevents
slippage, allowing more torque to
be transmitted to the fastener. The

soft material is comfortable and

warm to the touch. Examples of
tools now using the soft grip han
dle include screwdrivers, ratchet
ing wrenches, files and saws.

Grip design may be changed to
improve tool ergonomics. A pistol
grip type screwdriver provides a
comfortable hand/wrist position.
It produces over twice the turning
power of conventional screw
drivers, achieving higher torque
with less effort.

Cushion grips provide similar
ergonomic benefits. Cushion grips
provide an even distribution of
forces across the hand to reduce

fatigue and pressure against the
hand and fingers. The elastomer
material is comfortable, and pre
vents slippage. Examples of tools
using cushion grips are adjustable
wrenches, pliers, cutters, hammers,
tape measures, and torque
wrenches. Figures 1, 2 and 3 show
a unique new sledgehammer with
an unbreakable handle. You've

heard that term before, but this
one really is. The spring steel inner
handle is covered with a rubber

material. This material is very
durable, comfortable, and non-slip.
This cover, along with the spring
steel inner shaft, absorbs the ham
mering impact, transmitting very lit
tle shock or vibration to the

mechanic. Directly under the ham
mer head, there is an added area
of rubber padding. This padding
further absorbs impact shock in
case of a hammer mis-strike.

Pistol or "comfort" grips increase
tool strength, accessibility, and
comfort for pliers or other cutting
tools requiring a squeezing force.
The grips reduce operator fatigue
and place the operator's hand in a
more comfortable position. The
"cradle" type grip prevents the tool
from slipping out of the operators
hand.

Power tools

Some of the greatest ergonomic
improvements have taken place in
the realm of power tools. New
power tools weigh less and pro
duce greater power. Less weight
translates to less fatigue. More
power equals less tool running
time. New designs and manufac
turing technologies, including
motor balancing, emphasize vibra
tion reduction and isolation.

Specially designed gloves are avail
able to further reduce the trans

mission of vibration to the hand

and fingers. Human metric data is
incorporated in power tool handle
design to provide an optimum
hand fit. Cushion handles are now

the norm on impact tools.
Composite, aluminum, and titani
um materials are commonly used
in the manufacture of impact
wrenches. A 1/2" drive impact
wrench now typically weighs less
than four pounds, yet produces
600 ft-lbs of torque in forward and
reverse. Replaceable cushion grips
reduce the transmission of vibra

tion to the operator and provide a
comfortable, non-slip surface. A
3/4" drive impact wrench will typi
cally weigh less than eight pounds;
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EMO Engines

TRACTION MOTOR SUPPORT
BEARING CAP WRENCHES

EMD & GE Traction Motors

LOWER LINER INSERT
PULLER/INSTALLER

EMO Engines

CYLINDER HEAD AND LINER
WATER TEST MACHINES

EMD Engines

EXHAUST VALVE SPRING
DEAD WEIGHT TESTER

EMO Engines

and other
SPECIAL TOOLS & MACHINES
designed to

SAVE YOU MONEY

35

TAME, INC.
Tools and Maintenance Equipmenl Co . 'nc

2523 Chattanooga Valley Drive • PO Box 250
Flmtstone. Georgia 30725 • US A
Telephone (706) 820-0397
Fax (706! 820-9802



36 Shop Equipment And Processes Committee

yet will produce a full 1,200 ft-lbs
of torque.

Cushion grips are now common
on a variety of other power tools,
including: die grinders, air ratchets,
and air drills. Cushion grips reduce
the transmission of vibration to the

operator, and provide a comfort
able, non-slip surface. Exhaustsys
tems have been engineered for
noise reduction. A few power
tools feature a convertible muffler.

Turning a valve in one-direction
routes the exhaust through a muf
fler, considerably reducing exhaust
noise, but proportionately reduc
ing power. Turning the valve in the
other direction provides a straight
through exhaust. This setting
allows the tool's full power poten
tial to be realized. In many
instances, the full power of the tool
is not needed to remove or install

fasteners. Air exhaust is now typi
cally routed through the tool han
dle to cool the tool, reducing the
amount of heat transmitted to the

operator's hand.
Pneumatic tools must be

maintained in accordance with

manufacturer's specifications.
Compressed air supplies should be
moisture free. An automatic oiler

should be installed in the air supply
line, or a few drops of oil should be
placed in the tool air inlet prior to
use. A well maintained tool pro
duces more power, reducing run
time and the amount of vibration

transmitted to the operator.

Pneumatic torque systems
More railroads are attempting to

phase out older 3/4" and 1-in.

drive pneumatic impact wrenches.
They are typically heavy, vibration
intensive, and have less power
than new products. Heavier spline
type drives are becoming obso
lete, and many tool manufacturers
are curtailing or discontinuing the
production of spline drive sockets
and accessories. One alternative

to the removal of large fasteners,
such as crab nuts, is the use of
pneumatic torque systems. These
systems offer several advantages.
They use an air motor driven gear
reducing system. This system does
not produce any type of vibration
or hammering. A system weighing
only 21-lbs. produces a full 3,000
ft-lbs of torque. The tools' reaction
arm absorbs all reactionary forces.
No torque is transmitted back to
the operator. Reaction arms are
easily removable, and custom reac
tion arms may be constructed to
meet any variety of specific appli
cations. The tool tightens fasteners
to their correct torque value simply
by setting the air pressure to the
corresponding torque value. The
wrench will stall when the desired

torque value has been obtained.
Successful applications to date
include General Electric power
assembly hold down bolts and bar
ring-over tools; EMD crab nuts;
EMD fuel tank bolts; and traction
motor support bearing cap bolts.
Systems ranging from 350 to 4,500
ft-lbs are available. The only draw
back to this type of tool is speed.
The gear reducer turns at a very
low RPM, making fastener removal
a slow process. It might be advis
able to use the torque system to
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initially break loose and apply the
final torque to fasteners. A lighter,
lower power 3/8" or 1/2" drive
impact wrench may be used for
final fastener removal or installa

tion.

Hydraulic tools
Hydraulic tools offer another

alternative to heavy, high capacity
impact wrenches. They are light
weight, and do not produce any
type of vibration or hammering
that may be transmitted back to
the operator. There are basically
two types of hydraulic wrenches: a
conventional type with a movable
reaction arm, and a low profile
type with removable cartridges. A
hydraulic wrench weighing less
than two pounds will produce up
to 5,500 ft-lbs of torque. Proven
applications using hydraulic
wrenches include EMD water

pump valves; and fuel tank drain
bolts. This type pf wrench also has
the disadvantage of running slower
than conventional pneumatic
tools.

Specialty tools
An effective way to improve

ergonomics is through the design
and manufacture of tools intended

for specific maintenance applica
tions. Specialty tools may improve
ergonomics by reducing the
amount of force required to per
form a certain maintenance task or

improving mechanical posture or
joint deviation. Specialty tools also
provide the added benefit of
increasing productivity. Some
examples of specialty tools include
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extendable length 1/2 and 3/4 in.
breaker bars that requires less
effort for fastener removal; a half-
moon ratcheting wrench that pro
vides easier access to engine com
ponents such as water pumps; a
freight car door handle tool that
protects the operator from handle
spin, (the tool also provides extra
leverage to turn the handle); an
extended length wrench for injec
tor pipe removal, (the extra length
decreases the amount of operator
exertion); a hydraulic handhold
straightener that eliminates the
effort normally required with man
ual straightening. Other specialty
tools have been designed to
accomplish various types of main
tenance tasks, including air brake
valve removal; vent cap removal;
armature ring removal; and cotter
pin removal.

Future design trends will contin
ue to emphasize tool safety and
ergonomics. Lighter weight
components such as composites
and titanium will be used in power
tool construction with more

frequency. These trends will
continue to be driven by the indus
try's desire to provide a safer, more
comfortable work environment for

its employees.
A 1/2-in. drive impact wrench

may be able to produce 800 to
1,000 ft-lbs of torque and still
weigh less than 5 lbs. Three quar
ter inch drive impact wrenches
may produce up to 2,000 ft-lbs of
torque, and weigh less than 8 lbs.
Technology and the railroad's unre
lenting demand for improved safe
ty and comfort will continue to
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drive the design and production of
safer, better, easier to use tools.
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111. LOCOMOTIVE LIFTING

SYSTEMS

Prepared by: Ron Begier,
Consultant

Portec Rail Products, Inc.

Introduction

The Federal Railroad Administra

tion (FRA) has issued Safety
Advisory 99-1, addressing safety
practices related to lifting or jack
ing of railroad equipment in order
to change traction motors, remove
trucks or repair other components
on a piece of equipment which
requires individuals to work
beneath equipment while it is
raised.

In response to the issuance of
this advisory, the Shop Equipment
and Processes Committee of

LMOA has decided to present this
discussion of the various types of
puller and lifting systems currently
available.

There are two types of pullers.
They are the chain puller and cable
puller. The features of a chain
puller (Figure 1) are listed below:

• 40-ft runway with rabbit
• 10 HP AC vector motor

• Two-speed operation-
(30 FPM/10FPM)

• All sprocket, chain, cable and
sheaves

• Floor plate over drive pit.
The typical installation of a cable

puller is illustrated in Figure 2. The
cable usually lies on the floor
which creates a potential tripping
hazard.

There are five types of lifting
systems and equipment. They are
listed below:

• Portable jacks
• Droptables
• In-floor jacks
• Overhead cranes

• Portable overhead beam and

sling.

Portable jacks
The features and advantages of

using portable jacks are that they:
• Work well in tight places
• Handle heavy loads - four jacks

lift 200 tons (the usual range is
from 35 tons for transit cars

and 60 tons for locomotives)
• Accommodate either four or

six axle locomotives

• Power requirements are 220 or
440 VAC, 3 phase, 40 to 50
amp

• Control Circuit - 110 VAC

An example of a raised portable
jack is illustrated in Figure 3.
Additionally, the portable jack has
many safety features:

• In the event of a power failure,
the screws lock

• Jacks set at same height, auto
matically shut down when not
synchronized

• When jacks reach bottom
limit, jack plate automatically
retracts and deploys wheels for
jack removal.

Droptable
The second type of lifting system

is the droptable (Figures 4, 5 and
6). Some of the specifications for
a droptable are:

• Single axle hydraulic droptable
-50 ton nominal capacity

• 10" bore cylinder capable of
lifting 100 ton end of locomo-
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tive 5" above top of rail
• 78 inch wide table with

economically friendly work
area-

• Push button controlled, two-
speed, traction motor tilt posi
tioning cylinder

• Push button controlled

hydraulically operated table
locking bars

• Programmable logic controller
(PLC) incorporating all neces
sary machine controls and
safety interlocks.

Some of the benefits of using a
droptable from a safety and main
tenance standpoint are:

• Simpler design - uses one
hydraulic cylinder per service
track to replace four mechani
cal screws and associated

components

• Lower maintenance cost -

fewer, more reliable parts re
quire less maintenance and
repair

• Quiet and smooth operation -
operators enjoy a safer envi
ronment because of ease of

communication

• Integrated hydraulic tilt cylin
der - safer because it is inte

grated into the main hydraulic
system eliminating secondary
power supplies

• Hydraulically operated lock
bars - easier than manual lock

bars and with limit sensing
switches are safer because

movement of work table only
occurs when desired.

In-floor jacking
The third type of lifting system is

in the in-floor jacking system
(Figures 7, 8 and 9). A manufac
turer was approached by a major
Class I railroad to develop an in-
floor jacking system for locomo
tives. The concept called for sta
tionary 11-in. jacks at front of pit
with traversing 11-in. jacks at the
rear to accommodate all locomo

tives. The jacks feature a revolving
head piece to swivel under the
jacking pads on the locomotive.

Overhead cranes

The fourth type of lifting equip
ment is the overhead crane

(Figures 10 and 11). Overhead
cranes are versatile but require a
substantial investment to build a

structure to house a 250-ton crane.

The overhead crane is capable of
lifting a 440,00 pound locomotive
for truck removal. The versatility of
a crane allows for the lifting of a
heavy locomotive or smaller com
ponents such as an engine shroud.

Overhead beam and slings
The last type of lifting system to

be covered is the overhead beam

and slings (Figures 12, 13 and 14).
This lift system features a four-point
lift. The lifting units are box design
with retractable wheel assemblies

and are equipped with a three-
stage telescopic double acting
cylinder with safety holding valve.
The power requirements are either
220/440 electric motor or gasoline
engine.

This equipment can be used for
double truck change-outs. It has a
setup time of 2-1/2 hours. It can
lift and swap trucks in 1-1/2 hours.
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If an overhead crane is used

instead of a forklift, the setup time
is reduced to 45 minutes.
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Typical Installation

Figure 2 - Cable Puller
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Figure 7

In-Floor Four Point System for Locomotives
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Figure 10
Overhead Crane

Figure 11
Overhead Crane
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Figure 13
Lifting a switching engine for a double truck change-out

Figure 14
Observe clearance between the engine body and trucks
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Ethyl has
a better way to keep

your engine clean!

Our new HiTEC* 6888E enhanced diesel Dl 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 17
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.
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1. LABORATORY RESULTS MAY

PUT YOUR LOCOMOTIVE AT

RISK

Prepared by Dennis W. McAndrew,
Fuel and Lubricants Specialist

General Electric Co.

Introduction

What is the purpose of having a
used oil analysis program?

GE Transportation Systems
(GETS) depends on the results of oil
analysis to determine the condition
of both diesel engines and engine
oils used in locomotive applications.
Quality oil analytical programs are
critical to maintaining engine oil con
dition. Used oil analysis is predictive
and preventive: by analyzing trends
that indicate potential diesel engine
failure, action can be taken which
prevents the failure from occurring
or reduces any potential damage.
Improved diesel engine reliability
and durability may be directly attrib
uted to a quality used oil analysis
program.

Quality in used oil analysis
can be achieved by running several
standard original equipment
manufacturer (OEM) recommended
tests. These tests comprise direct
measurements of the physical
and/or chemical properties of the
oil, which, in turn, can affect per
formance of the diesel engine. For
test selection, consideration was also
given to analytical methods for
which all-necessary laboratory
equipment and procedures could be
readily obtained by each railroad.
Over the years, results from these
recommended analytical tests were
empirically correlated to engine con
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ditions. From these correlation stud
ies and additional laboratory tests,
used engine oil condemning limits
were established.

Each railroad typically conducts
its own used oil analysis program.
Today many railroads employ com
mercial laboratories to perform the
engine oil analysis. Many of these
laboratories are not familiar with
OEM recommended analytical
methods. Validity of the results from
any contracted laboratory must be
established by a correlation study
comparing the laboratory's results
with the results obtained by an OEM
approved/recommended laboratory.

These concerns are magnified by
the fact that several laboratories are

using methods that differ from
OEM recommendations. In some

cases, engine oil condition is being
evaluated based on these non-

recommended methods without any
connection to engine condition.

This correlation study was commis
sioned to evaluate the results of the

recommended and non-recom

mended methods. Results of used

oil analysis from several laboratories
have been correlated to the results

from the reference laboratory. The
degree of correlation, or lack there
of, is an indicator of the validity or
non-validity of the results reported
by these laboratories.

Expectations of the laboratories
Used oil analysis programs

should be able to identify a potential
diesel engine problem. This identifi
cation makes it possible to bring the
locomotive in for maintenance

before a minor mechanical problem
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becomes severe or the oil is beyond
its useful life and becomes corrosive

to the engine. Trending the data and
observing the upper and or lower
condemning limits can help accom
plish this goal. The oil analysis
results should also be used to direct

the required maintenance. For
example, if the oil viscosity is too
low, the mechanics should look for a
fuel leak.

Methods

The main focus of this study was
reproducibility of results between
laboratories, although repeatability
of results (within a laboratory) was
also noted. Several oil specimens
were split into two samples, one of
which was sent to a railroad's labo

ratory and the other to the reference
laboratory. The laboratories ran their
standard tests on the used oil

samples. All data was compiled into
a spreadsheet for the correlation
studies.

In order to facilitate an under

standing of the correlation method
and its implications, a brief descrip
tion follows.

Typically a linear best curve
fit was calculated for each data

set. The mathematical equation
describing that best fit approxima
tion is y=mx+b. The slope (m) and
intercept (b) are calculated during
regression analysis, along with a
value called goodness of fit (R2).
A perfect correlation occurs when
R2= 1, slope = 1 and the intercept
= 0. Figure 1 is an example of such
a perfect fit. The R2 = 1, slope = 1
and the intercept = 0. Figure 2 is an
example of data with a bias, i.e., the
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best-fit line does not pass through
zero, and Figure 3 is an example of a
poor fit.

Tes^ test results, and correlations
The testing methods used includ

ed the recommended methods and

the railroad's methods. Although
wear metals were determined they
are not included in this study. The
tests were as follows:

• Viscosity
• ASTM D445

• Infrared spectrometer
• Insolubles

• LMOA PI

• Infrared spectrometer
• Dielectric determination

• Base number

• ASTM D4739

• Infrared spectrometer
(sulfate or carbonyl/
oxidation band)

• Oxidation

• Infrared spectrometer
(carbonyl band)

• Wear metals

• Inductively coupled
plasma

• Ark spark
Tables 1 and 2 are the tabulation of

the different analytical tests used and
the correlations.

Discussion of results

The correlation results indicate

two primary conclusions. First,
many weak correlations were
observed. These weak correlations

indicate that the results reported by
the railroad's laboratory differ from
those reported by the reference lab
oratory. Second, a significant num
ber of strong correlations were
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observed. These strong correlations
indicate that the results reported by
the railroad's laboratory are the
same as those reported by the refer
ence laboratory. In addition, strong
correlations demonstrates that the

recommended methods can have a

high degree of reproducibility
between laboratories.

The laboratories that used auto

matic viscometers correlated very
well to the reference laboratory vis
cosity measurements. Figure 4 is an
example of an excellent viscosity
correlation with a R2 = 0.9942, slope
approximately 1, and intercept of
0.57. Figure 5 is an example of a
weak viscosity correlation test with
R2 = 0.3950, slope = 0.8891, and
intercept 1.085. In the data set for
figure 5, the railroad's contracted
laboratory uses an infrared
spectrometer to calculate the oil's
viscosity. The weak correlation sug
gests the method cannot be
successfully used, or the laboratory
needs to re-evaluate the internal

calibration of its method.

Another strong correlation is
illustrated in Figure 6. Figure 6 is a

plot of the alkalinity of the oil (base
number) determined by ASTM
D4793 by both laboratories. Figure
7 is an example of two different ana
lytical methods used to determine
the base number. In this example
the oil's base number was deter

mined by ASTM D4739 (on the x
axis) and by an infrared spectrome
ter (on the y axis). Note that the
infrared spectrometer values were
not converted by a transfer function
to values that were scaled to titration

method values. Therefore, with this
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data set the R2 is acceptable, but fur
ther understanding of the slope and
intercept is required before accept
ing the correlation. Figure 8 is the
same data set, but with an exponen
tial curve fit rather than a linear fit.

This illustrates that sometimes an

improved fit can be obtained with a
non-linear fit, since all correlations
are not necessarily linear.

Figure 9 illustrates an example of
poor correlation. In this example,
the railroad's laboratory used an
infrared spectrometer and a transfer
function to mathematically convert
the infrared absorption units to val
ues that should be equal to results
from a titration (ASTM D4739).
Note that the R2 is 0.7057, the slope
is 0.3979, and the intercept is
9.5022. The significance of this cor
relation is in the slope and intercept.
Let us use the reference laboratory
as a base line. A condemning base
number of 3 measured by the refer
ence laboratory would be reported
as high as 10.696 by the railroad's
laboratory. This artificially high base
number value will not trigger a warn
ing to bring the locomotive in for
maintenance. The over reporting of
the oil's alkalinity places the engine
at risk for corrosive attack and the

possibility of leading to a catastroph
ic engine failure. A perfect correla
tion regression line was added to
Figure 9 to visually show the differ
ence in the actual and expected
curve fits.

Several correlation methods may
be helpful in validating a laboratory's
test results. One method is to have

multiple laboratories analyze several
oil specimens (the method used in
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this study). Another method is to
use one laboratory as a reference
and compare results from multiple
laboratories to those obtained by the
reference laboratory on the same
several oil specimens. If nine out
of ten laboratories have a strong
correlation and one does not, the
observer may conclude that the ref
erence lab and the nine laboratories

are correct and the one that did not

correlate is having some difficulties.
A third method would be to

evaluate test results from several test

methods on an oil specimen and
determine if as a data set the results

make sense. For example, if there is
a high insoluble there should be low
base numbers and high viscosity.
Unrealistic results, such as high
insolubles and high base numbers,
should trigger a retest of the oil
specimens.

A fourth method to validate

results is to look at the correlation

between different methods. Figures
10, 11 and 12 are examples of such
correlations. Figure 10 shows that as
the oil oxidizes the viscosity increas
es as expected; these data are from
the reference laboratory. It must be
noted that overall there was not

strong correlation in the oxidation
railroad sets. Figure 11 shows that
an increase in soluble content corre

sponds with increased number of
days. Figure 11 illustrates data from
5 different locomotives. Figure 12
illustrates data from only one of
those five units. Figure 11 and 12
show that the insoluble content

increases with time at some expect
ed rate. In other words there are

expected trends between the insol
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ubles and days. Those trends should
be used to help in the validation of
the results. Note that correlations of

insolubles to days are typically better
when plotting data from one loco
motive. This is because when data

from several units are plotted togeth
er the units have different utilization,
oil consumption, oil additions, and
other factors unique to a unit that
tend to lower the R2.

The last methods discussed is the

understanding of the useful oil life
and expected changes in oil chem
istry, which should be fundamental
to any laboratory manager and labo
ratory chemist or technician. There
is a fixed weight percent of additives
in the oil, which are consumed with
the utilization of the locomotive. So

if a unit is heavily used (high
Megawatt-hour (MWh) value) the
additives are consumed at a faster

rate. This consumption of the addi
tives follows a decay or depletion
trend line that is directly related to
utilization. If a laboratory is report
ing only slight drops in the oil's alka
linity after 92 or 184 days with high
utilization, a warning should be
raised to re-run that specimen. If this
slight drop is typical for many loco
motives, then one must conclude
that the laboratories' instruments,
methods, or process need to be re
evaluated.

Figure 9 is an example of an
instrument, methods, or process that
does need to be re-evaluated. The

data for Figure 9 were from labora
tory 2. This information was given to
that laboratory January of 2003.
After 11 weeks of re-standardization

and testing of their instrumentation a
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new round robin was conducted on

50 used oil specimens. Those
improved results are reported as lab
oratory 3.

Conclusions

With the push to extend oil
drains, missed drains, different ana
lytical methods, the inconsistency
indicated by this correlation study
shows that it is clearly necessary to
improve the engine oil testing
process.

• Several laboratories were

capable of running all or most
of the tests.

• When recommended tests

were run, results could be
reproduced by some of the
laboratories.

• Typically the railroad
laboratories do not run all of

the recommended tests due

to sample volume and time
constraints.

• Several laboratories' alterna

tive methods correlated very
well to the recommended

methods.

• Some laboratories were not

capable of running the
recommended tests.

• Many railroads run or specify
alternative tests with poor
correlation to the recom

mended methods.

• Some railroad laboratories do

not run any recommended
tests except viscosity, and one
runs an alternative method for

viscosity.
Although there were some strong

correlations there were too many
poor results. The lack of consistent,
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well-correlated results may place the
locomotive's engine at risk. Only
one test method in the round robin

was run on the oil specimens by all
the laboratories, which showed
reasonable correlation, indicating
that most laboratories had no

difficulties in running that test. That
test, viscosity, was one of the most
basic and fundamentally important
methods.

This study clearly shows much
work is required to improve the reli
ability and value of the results the
used oil analysis programs generate.

Recommended action

It is this committee's position that
the LMOA FL&E, railroad's laborato
ries, and other interested parties
need to work together to develop
repeatable and reproducible meth
ods that correlate with conditions

found in the engines.
The adoption of any new ASTM

methods or methods unique to the
the railroad industry must be corre
lated with the existing knowledge
base developed from the existing
test methods. Furthermore, consid
eration should be given to methods
that are faster, less dependent on the
skill of a chemist or technician, not
affected by differences in additive or
base stock differences (sources), test
equipment readily available, and
other factors. Only after a suitable
alternative process has been proven
can standardization start.
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Table 1

Viscosity LMOA PI LMOA PI / Soot Base Number

Railroad R< Slope | Intercept R* Slope 1Intercept R< Slope Intercept R< Slope Intercept Railroad

1 0.9942 0.9598 0.5767 - . . 0.3529 0.3867 1.7529 . . . 1

2 0.3950 0.8891 1.0851 - . - 0.7886 0.4936 0.8332 _ . . 2

3 0.9798 0.9349 1.0497 0.8559 0.9022 0.4476 0.8777 0.9096 0.4052 0.9790 1.1553 -2.1998 3

4 0.9411 0.9972 0.0078 0.7334 0.3955 0.5225 . - . 0.9942 1.0340 -0.7922 4

5 0.9797 1.0014 0.0292 0.8131 1.1154 -0.1958 0.3317 2.9199 0.7846 0.9919 0.8817 1.2858 5

6 - - - 0.9950 0.8629 0.2744 . . _ - . . 6

7 - - . 0.6258 0.8761 0.2341 . _ . . . . 7

8 - - - 0.9115 1.0213 0.1870 - - - . . . 8

9 - - - 0.8294 0.6848 1.5670 . . . . . . 9

10 0.9912 0.9780 0.3282 0.6080 0.6058 0.8589 . . _ 10

11 - . - 0.9828 1.0878 0.1140 0.9851 0.8094 1.3309 0.9245 1.3284 -1.5974 11

12 0.7905 0.8769 13.9910 0.8278 0.9555 -0.8223 0.8912 1.4497 -1.6407 0.9976 1.0413 -0.5780 12

13 0.9635 0.9927 0.3569 - - - 0.8134 3.3340 0.3880 0.8815 0.9419 -5.6290 13

14 0.9349 0.9783 0.3672 - - - 0.5509 10.0830 60.0570 _ . . 14

LMAO PI Alt Method LMAOPI/An-Oil-lzer

15 0.9341 0.8622 2.2773 0.4057 0.6245 1.7136 0.3721 6.2914 6.8140 . _ . 15

16 0.4451 0.8510 2.4910 0.2281 0.4253 1.3733 0.2981 4.8125 10.3400 . . . 16

17 0.7972 0.9165 1.4278 . - . . _ _ _ . . 17

18 0.8480 0.8186 3.0512 . - - 0.3847 5.7351 7.0850 . . . 18

19 0.8746 0.8627 2.1711 0.4418 0.8237 2.0538 0.3852 8.3261 3.0389 , _ _ 19

20 0.9763 1.0700 0.9604 - . . 0.3316 5.2711 9.6930 0.9396 0.8692 0.8734 20

Avg-> 0.8478 0.9228 2.0864 0.8183 0.8507 0.3187 0.6989 2.5482 7.9889 0.9615 1.0638 -1.5851 <~Avg



Table 2

Base Number / Sulfate Sulfate Soot Oxidation

Railroad R< Slope Intercept R< Slope Intercept R* Slope Intercept R* Slope Intercept Railroad

1 0.9295 0.6862 2.5961 0.8978 -12.7730 16.1330 0.8130 4.7512 0.4504 . - . 1

2 0.7057 0.3979 9.5002 0.6670 -7.7919 18.0530 0.8458 2.8218 0.4349 0.6384 25.9570 -2.4807 2

3 0.9782 1.1406 -2.0053 0.8484 -19.5660 20.3400 0.8575 7.3588 -0.8878 0.8818 30.7410 -2.6712 3

4 - - - . - - . - - 0.6110 1.0340 -0.7992 4

5 0.3766 -1.6193 35.8530 0.2184 33.8040 1.8480 0.4207 36.2280 -7.9445 0.5789 74.1090 -13.3760 5

6 - - - - . - . - - - - . 6

7 - . . . . . - . . . - _ 7

8 - - - - . - - - - . - - 8

9 - - - - . . - - - . . . 9

10 - - - - - - 0.4810 1.2624 2.6056 - - . 10

11 - - . - - . - - . . . . 11

12 0.9920 0.8365 0.8791 0.9589 -13.4780 14.9510 0.9932 4.0557 -0.9536 0.9235 39.0090 -2.8325 12

13 0.9251 -3.5988 53.4110 - . - - . . 0.7130 0.3472 0.8494 13

14 0.7230 -1.9142 47.3650 0.8514 36.6870 8.1076 0.9766 55.3670 -10.4220 0.4167 28.8890 8.2012 14

BN vs. pH

15 0.5305 0.2962 4.3395 - - - . - - . . _ 15

16 0.5502 0.2929 4.5308 - - - - . . . - . 16

17 - . . . . - . . . . . . 17

18 0.6193 0.1946 5.3992 - . - . - - . . . 18

19 0.5071 0.2996 4.1481 - - - - - - . . - 19

20 0.8542 -2.7450 42.9500 0.9038 59.7970 -15.6270 0.9817 59.2290 -6.1052 0.5513 42.3330 -0.8258 20

Avg~> 0.8043 -0.5816 21.0856 0.7403 2.8137 13.2388 0.7697 15.9778 -2.3881 0.6805 28.5837 -1.8727 <~Avg
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Figure 11

Days vs. Insolubles RR 15, 5 Units
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II. TOP OF RAIL FRICTION

MODIFICATION STUDIES ON

THE BNSF

Prepared by Glenn Bowen,
Director Laboratory Services

BNSF Railway

In the last few years a number of
railroads have expressed an
increased interest in an alternate

form of locomotive borne rail lubri

cation: top of rail friction modifica
tion (TOR FM). A large part of this
interest has come about because of

derailment prevention. With the
influx of intermodal articulated

equipment over the last 15 years,
many railroads have seen a big rise
in the number of rail rollover derail

ments generated by excessive lateral
forces with these cars.

Testing by individual railroads
and by the AAR's Transportation
Technology Center, Inc. (TTCI) has
clearly demonstrated TOR friction
modification substantially reduces
lateral forces in curving, an advan
tage not normally seen with conven
tional flange lubrication. Further
interest has come from testing at
TTCI and other railroad test showing
energy savings from TOR friction
modification exceeding those from
flange lubrication.

While a lot of railroads have

shown interest in TOR FM, there has
not been significant growth in the
use of these systems for a variety of
reasons. There is the substantial cost

of the application equipment and
friction modifier, the logistics of
application (you apply the friction
modifier only from the rear locomo
tive of the consist) and there is
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"hangover" from the bad experience
railroads had with flange lubrication.
This "hangover" is due to the high
costs of maintenance, poor reliability
and ease of defeating (engineers
shutting the lubricator off) the spray
flange lubrication systems. For all of
these reasons the BNSF and many
other railroads are wading into the
TOR friction modification very slow
ly with a keen eye on the economics
and equipment reliability.

In the summer of 2002 the BNSF

conducted a series of "Coast Down"

tests at Elmdale, Kansas aimed at
better understanding the economics
of the TOR friction modification.

You will recall the testing at TTCI
showed energy savings in a closed
loop of near constant curvature in
the range of 20-30%. With the rail
road nearly 80-85% tangent
(straight) track, we questioned how
the savings seen at TTCI related to
that in tangent track service. We
thought a study of the energy sav
ings on tangent track, what we refer
to as a "Coast Down" test, would
provide a better prediction of the
real world savings.

Elmdale, Kansas was selected as
the site of the testing because of the
track characteristics of zero curva

ture, well maintained track and near
constant grade over several miles.

A test consist was made up of
one GE-9 locomotive, BNSF research
and test car 83, 10 loaded gondolas
and one GP-35 unit pointed the
opposite direction for making
reverse moves. Triplicate runs were
made at 10, 30, 50 and 70 mph.
Energy consumption was deter
mined for each run by measuring the



Fuel, Lube and Environmental Committee

locomotive voltage and amperage
over time and converting that value
to kilowatt-hours. An instrumented

coupler on Test Car 83 was used to
determine the coupler force work
done (ft-lbs) in pulling the train. That
coupler measurement was used to
check against the locomotive power
measurements for consistency from
run to run.

A wind sensor was mounted to

the front of the locomotive and used

to measure and correct for wind
speed and direction. Winds over 5
mph can have significant influence in
these tests and runs with higher
wind speed were generally thrown
out.

Lubrication measurements for

coefficient of friction (COF) were
made on the gage corner and top of
rail with a hand tribometer at several
locations along the test route before
and after each run.

Over the test period of 4 weeks
we evaluated:

- Baseline or dry conditions
- Spray flange lubrication with

normal spray output (0.05 cc/
300ft.)

- Spray lubrication with elevated
output (0.10 cc/150ft.)

- Spray with elevated output
and the nozzle redirected to

the wheel tread

- TOR friction modification

- Stick lubrication.

Test results are summarized in the

table below:

Average % energy savings

Spray flange lubrication/
normal spray output 0
Spray flange lubrication/
elevated output 0
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Spray flange lubrication/
elevated output/
nozzle redirected 10.46

TOR friction modification 6.65-12.64

Stick lubrication 0

The biggest surprise in the testing
was the absence of energy savings
seen with the spray flange lubrica
tion. In similar tests in the early
1980's we had seen considerable

savings with flange lubrication.
Differences in those tests were the
type of lubricant tested at that time
(a heavy graphite solids lubricant in
the 1980's versus a simple lithium
based grease in this test) the output
of the lubricators and the nozzle

alignment.
The tribometer test results sug

gest the major difference in the spray
lubrication tests conducted in the
early 1980's and the 2002 tests was
the nozzle alignment. Substantial
energy savings were achieved with
spray lubrication only when the noz
zle was directed to the tread. The tri
bometer measurements show you
have to get lubricant on the top of
the rail and reduce that COF in order
to achieve energy savings on tangent
track. If the locomotive isn't hunting
(where lubricant applied to the
throat of the flange can be trans
ferred to the rail) or if the lubricant
does not migrate to the tread and on
top of the rail, you will not get sav
ings on tangent track.

I haven't mentioned one impor
tant reason for conducting the test in
the manner that we did. Normally
when you pull a train you have to
overcome a number of different train

resistances: grade resistance, accel
eration resistance, curve resistance,
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rolling resistance and aerodynamic
drag. You will recall our tests were
conducted at constant speed with
no curvature and no grade.
Essentiallywe had no grade, acceler
ation or curve resistance, what we
were measuring was pure rolling
resistance and aerodynamic resist
ance. If you can calculate the affect
that the TOR friction modification

has on the rolling resistance and
aerodynamic resistance, you can
input that knowledge into any train
performance calculator (a computer
model) and simulate/predict the
energy savings in any train on any
route.

This was accomplished by con
verting the kilowatt-hour energy
results from the TOR friction modifi

cation tests into foot-pounds and
dividing that value by the length of
the test zone to get the instanta
neous train resistance in pounds.
Dividing that value by the train ton
nage puts the resistance in units of
Ibs./ton. These are the same units
used in the Modified Davis equation,
the most widely known and recog
nized formula for calculating the
rolling resistance and aerodynamic
resistance of a given train.

The Modified Davis equation
comes in the form of "cV2+a". The

constant or "a" term is generally
associated with rolling resistance.
The "c" term is often called the aero

dynamic resistance as it is driven pri
marily by the aerodynamic charac
teristics of the train. However, the
"c" term does include other resist

ances (for example; truck hunting
resistance) that vary with the square
of the speed. What we did with the
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data from the dry and friction modi
fied runs was plot the train resistance
(Ibs./ton) at each of the test speeds
and do a least squares analysis apply
ing an equation in the form of the
Modified Davis equation. That
analysis is represented in the graph
depicted at the end of the paper.
You can see we reduced the rolling
resistance term by 12.90% and the
acceleration resistance term by
0.71% with TOR FM. We are not

really affecting the aerodynamics of
the cars or locomotives through the
use of TOR FM, we are apparently
affecting other resistances that vary
with the square of the speed, possi
bly truck hunting.

As I mentioned before, if you
know how the rolling resistance and
aerodynamic resistance terms have
been affected by TOR FM, you can
input that knowledge into any train
performance calculator and simu
late/predict the energy savings in
any train on any route. You can also
look at the potential energy savings
globally across the railroad. From
past computer simulation studies,
we know that approximately 15% of
our energy is consumed in overcom
ing rolling resistance with another
30% consumed in overcoming aero
dynamic resistance. The results of
the "Coast Down" tests suggest the
TOR FM would reduce the rolling
resistance by 12.90% x 15% or
1.94%. TOR FM would reduce the

aerodynamic resistance term by
0.71% x 30% or 0.21%. You will

remember we have not considered

the savings that you can get from
reduced curve resistance through
the use of TOR FM. We've gotten
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estimates from the test personnel at
TTCI that good curve lubrication can
reduce the curve resistance by
approximately 50%. We already
have a pretty elaborate wayside
lubrication program on the BNSF as
well as stick lubricators on our loco

motives, so we are figuring that we
can only further reduce the energy
used to overcome curve resistance

by about 25% or .75% of our total
consumption. Adding that to the
1.94% saved from reduced rolling
resistance and the 0.21% saved from

reduced aerodynamic resistance, we
are looking at a potential total ener
gy saving of 2.90% with TOR FM on
the BNSF.

In 2002 the BNSF consumed

about 1.7 billion gallons of diesel
fuel operating trains. A saving of
2.90% through the use of TOR FM
would save the BNSF 33.9 million

gallons annually. There are other
"soft" (harder to get a handle on)
savings with TOR friction modifica
tion that should not be overlooked:

increased tie and fastener life,
reduced rail and wheel wear through
lateral force reduction in curving,
reduced wheel and rail wear through
reduced hunting on tangent track
and derailment reduction.

The BNSF is proceeding with
studies to both confirm the energy
savings estimated earlier and to test
the reliability of the equipment. An
outline of three different studies that

are underway follows:

Reliability Studies:
Transcon intermodal testing
Purchased 4 TOR units

Installed on GE-9 locomotives
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Reliability measured by:
Friction modifier

consumption
On/off
Operational
Lateral force reduction

The first application was com
pleted in BNSF 760 in March. The
remaining 3 units were to be applied
in May.

Fuel studies:

Distributed Power Coal Train

Tests

Test Car 83 with remote fuel

monitoring
Minimum of 3 "Dry" and 3
"Friction Modified" Runs

Test for: Fuel savings
Adhesion problems
Lateral problems

Tests to begin in late May

Converted Spray Flange Lube
Systems

BNSF has over 2500

locomotives equipped with
spray flange lubricators.
Evaluating if the systems can
apply TOR friction modifier.
Issues with FM suppliers being
tied to equipment manufactur
ers.

To summarize, we have complet
ed some "Coast Down" tests that we

believe offer a more realistic view of

the real world fuel savings to be
achieved with TOR friction modifica

tion. We have the ability to predict
the amount of savings in any given
train on any territory. We are going
to perform a field test to evaluate the
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validity of those predictions. We are
pursuing a field test to evaluate
equipment reliability. Lastly, we are
testing the possibility of converting
our existing flange lubrication sys
tems to apply TOR friction modifiers.
I hope to give the committee an
update on the progress of these
studies at the September meeting.
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TOR Friction Modification Promises Lower Lateral Forces in Curving

Siberia, CA - Lateral Force Data
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Rolling Resistance vs Wind Relative Speed: Data From 0.5 Miles To 3.5 Miles

lbs/ton
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I. NEW MPXPRESS COMMUTER

LOCOMOTIVE MODELS

MP36PH-3S AND MP36PH-3C

Prepared by:
Rich Dalton, V.P-O & M and

Rich Stegner, Motive Power, Inc.

Introduction

The new MPXpress locomotive
design is driven by safety, improved
efficiencies and customer specific
requirements. For the past two
years, Motive Power, Inc. (MPI) has
been developing the MPXpress
model MP36PH locomotive to

respond to the opportunities pre
sented by the procurement needs of
passenger rail operators.

The technical requirements for
new locomotive designs are now
affected by new Federal and
Industry regulatory standards. The
major issues are:

49CFR 238 Passenger Equipment
Safety Regulations

These new standards include

requirements for crashworthiness,
fire safety and hardware/software
safety for digitally controlled
equipment that are "safety critical''
as interface with the braking sys
tems.

Federal EPA Emissions Standards

The locomotive is equipped
with a new 16-645F3B 16-cylinder,
turbocharged, diesel engine. The
engine is equipped with enhanced
mechanical fuel injection and
other emission reduction features

to make the locomotive meet EPA

Tier 1 requirements. The engine
will deliver a nominal output rating
of 3,600 horsepower. The engine
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speeds are controlled by the QES-
3 microprocessor through a QEG-
1000 rack actuator.

APTA Crashworthiness/
PRESS Safety Standards

The American Public

Transportation Association (APTA)
has been working with member
transit agencies, user groups,
equipment manufacturers and
Federal regulatory agencies for
many years to establish safety stan
dards and recommended prac
tices, specifically tailored to the
passenger transit industry. APTA
Passenger Rail Equipment Safety
Standards (PRESS) and recom
mended practices use the Federal
standards as the basic foundations

for equipment specific enhance
ments for crashworthiness and

other safety measures.

Locomotive Profile

Metra, Chicago's commuter rail
system, provided significant input to
the overall design and performance
criteria for the MPXpress model
MP36PH-3S (27 units presently
being delivered in 2003 and 2004).
The diesel electric locomotive model

for Metra has the designation of
MP36PH-3S is in keeping with the
existing convention as follows:

MP = Motive Power

36 = 3,600 horsepower for
traction with no HEP load

P = Passenger
H = HEP equipped
-3 = Microprocessor control

system

S = Static Inverter Head End

Power (HEP).
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The locomotive is a full-width car-

body design with an aerodynamic
nose compatible with Metra's new
and existing commuter cars and
existing locomotives. These locomo
tives will be capable of operating at
speeds up to 100 mph, although, as
built, they will be geared for opera
tion at 88 mph.

The diesel engine is a 3,825 bhp
model 16-645F3B that drives an

MA15JBC/CA5A alternator at the
back with the thick disc alternator

coupling arrangement. The engine
also powers a 625-kvA HA6 HEP
alternator, shaft driven off the front
crankshaft stub shaft, and a WLN air
compressor close coupled to the
opposite end of the HA6. The HEP
alternator provides variable voltage,
variable frequency, six-phase power
to the static HEP inverter that, in
turn, provides fixed 480-volt, three
phase, 60-hertz power to the pas
senger coaches of the train. The out
put of the engine is closely moni
tored and controlled to support the
auxiliary and HEP loads first, and
what is left over will be available for

traction. The locomotive produces
approximately 3,533 traction horse
power when operating in its normal
speed range while providing a mini
mum of 50 KW HEP power. With an
estimated 2,850 thp with maximum
HEP load of 500 KW, the locomotive
has greater acceleration than exist
ing Metra F40PHM-2 locomotives
that produce an estimated 2,450 thp
with 500 KW HEP.

The diesel electric locomotive

model for the Joint Powers Board
(JPB)/Caltrain (6 locomotives deliv
ered in 2003) has the designation of
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MP36PH-3C is in keeping with the
existing convention as follows:

MP = Motive Power

36 = 3,600 horsepower for
traction with no HEP load

P = Passenger
H = HEP equipped
-3 = Microprocessor control

system

C = Caterpillar Diesel Head
End Power (HEP).

The locomotive is a full-width car-

body design with an aerodynamic
nose compatible with Caltrain's new
and existing commuter cars and
existing locomotives. These locomo
tives will be capable of operating at
speeds up to 100 mph, although, as
built, they will be geared for opera
tion to 82 mph.

The diesel engine is a 3,825 bhp
model 16-645F3B that drives an

AR10JBA/CA5 alternator at the back
with the thick disc alternator cou

pling arrangement. The engine also
powers a shaft driven WLN style air
compressor. The separate diesel
powered HEP alternator provides
600 KW fixed 480-volt, three phase,
60-hertz power to the train. The
locomotive produces approximately
3,600 traction horsepower when
operating in its normal speed range.
With maximum HEP load of 600 kw

being delivered by a separate power
plant, the locomotive has greater
acceleration than existing Caltrain
F40PH locomotives.
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Locomotive Specifications
Summary

Locomotive Dimensions:

• Length over coupling pulling
faces - 70 feet

• Height over cab and
carbody - 15 feet 6 inches

• Width over cab handrails -

10 feet 7 1/2 inches
• Bolster centers -

43 feet 3 inches

Locomotive Weight:
• Weight on rails (loaded):

280,00 to 295,00 pounds
(Depends on fuel configura
tion and Customer options).

Locomotive Performance

Characteristics:

• Starting tractive effort -
85,000 foot-pounds

• Continuous tractive effort -

65,230 lbs® 13 mph
• Maximum speed - Design

speed up to 120 mph (typi
cal gear ratio yields applica
tion speeds of 82 - 88 mph)

• Curve negotiation, single
unit - 248 feet (23.1 degrees)

• Curve negotiation, w/85-foot
car- 315 feet (18.2 degrees)

Locomotive Prime Mover

Specifications:
• Prime mover - 16-645F3B,

turbocharged
• Maximum engine speed -

954 rpm
• Idle speed - 270 rpm
• Low idle speed - 200 rpm
• Engine control system -

Wabtec Q-tron QES-3
• EPA emission compliance -

Tier 1

Other Major Equipment
Specifications:
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New Main Generator ( trac
tion/companion alternators) -
Baylor MA15JBC/CA5A
Optional Traction Alternator -
AR10JBA/CA5
(Remanufactured)
Traction Motors - Motor

Coils D87BTR, d.c.
(Remanufactured D78
Motors are also available)
Trucks - MPI 2237, outside
swing hangar, wheelbase
9 feet-4 inches

Optional Remanufactured
"Blomberg" Style 9 feet -
0 inch wheelbase also

available

Wheel Diameter - 42 inches

Braking System - Wabtec
EPIC II blended air/dynamic;
26LUL+CS2 also available

Fuel Capacity - Up to 2,500
gallons
Lube Oil Capacity
243 gallons
Cooling System Capacity -
310 gallons
Sand Capacity, Front/Rear -
14/20 cubic feet
HEP - Prime mover driven,
Baylor HA6 alternator, static
inverter, 500kw
Option up to 800 kw Diesel
HEP available

Auxiliary Generator - 18kw
Super Aux by Dayton
Phoenix

APTA PRESS

(Passenger Rail Equipment Safety)
Crashworthiness Standards

The American Public

Transportation Association (APTA)
has been working with member tran-
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sit agencies, user groups, equipment
manufacturers and U.S. federal regu
latory agencies for many years to
establish safety standards and rec
ommended practices, specifically tai
lored to the passenger transit indus
try. APTA Passenger Rail Equipment
Standards (PRESS) and recommend
ed practices use the Federal stan
dards as the basic foundations for

equipment specific enhancements
for crashworthiness and other safety
measures.

Presently, the basic requirements
of 49CFR 238 differentiate structural

requirements with respect to track
speed. Track speeds under 125 mph
are designated Tier-1, while higher
speeds are currently designated Tier-
2. The structural requirements of
49CFR 238 Tier-1 are based on the

fundamentals of the 800,000 lb.
frame strength, 200,000 lb. anti-
climber requirement, and 250,000
lb. truck-to-body attachment strength
requirement, collision posts and the
basic requirements of AAR S-580.

With the prospect of higher
speeds, 49CFR 238 Tier-2 require
ments incorporate new structural
elements such as - high strength cor
ner posts and higher strength under-
frames, as well as the potential for
new techniques such as crash ener
gy management (CEM).

APTA's approach is to enhance
crashworthiness, using the basic
requirements of 49CFR 238, while
enhancing structural performance.
The criteria that the MPXpress
(model MP36PH) incorporate are
APTA SS-C&S-0034. A summary of
the requirements is as follows:
(Figure 2 and 3)
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• 800,000 lb. end strength of
the main frame (under
frame)

• Collision posts - 2 ea. @
500,00 lbs. at the deck,
200,000 lbs. at 30" above
the deck and 60,000 lbs. at
the top of the structural
member

• Corner posts - 2 ea. @
300,00 lbs. at the deck,
100,000 lbs. at 18" above
the deck and 45,000 lbs.
anywhere along the length of
the structural member

• Rollover - support the area of
the locomotive above the

cab from crushing the
structure

• 200,000 lb. anti-climber
• 250,000 lb. truck-to-carbody

attachment

• Attachment of major equip
ment - 8g longitudinal, 4g
lateral and 4g vertical

• Side loads for operator's cab
and side sill of the main

underframe

Motive Power performed exten
sive finite element analysis (FEA) for
the main structure and confirmed

the analysis with a series of full-scale
stress tests with strain-gage data
acquisition. The full-scale strain gage
stress tests were conducted at

Motive Power's Boise, Idaho plant in
June 2002. For the 800,000 lb. test
of the underframe, a full-scale rig of
hydraulic rams that apply the axial
load through the draft gear pockets
was applied. The collision posts and
corner posts were also tested, con
sistent with APTA guidelines. Also, a
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full-scale test rig was prepared for a
full-scale mock-up of the rollover
structure. This test was conducted at

Motive Power in January 2002.

Aerodynamic Cab
The nose and cab roof are stream

lined composite caps over a steel pri
mary structure. The locomotive cab
design incorporated an aerodynamic
cab/nose to present a new sleek,
modern look to the public and at the
same time provides a modern, com
fortable environment for the crew.

The cab is also well insulated for

temperature and noise control con
firmed by test. The engineer's posi
tion and helper's station feature
economically designed consoles.
An extensive cross-functional team

of railroad operating personnel, cus
tomer's representatives and mainte
nance personnel reviewed the
MPXpress operator's cab. As
described earlier, the cab is fully
compliant with APTA crash-worthi
ness requirements. The primary
structure of the cab is manufactured

with a steel primary structure includ
ing corner posts and rollover mem
bers. Two steel collision posts with
interconnecting steel plates are pro
vided in the short nose to meet the

CFR Part 238 crash worthiness

requirements. The sidewalls and cab
doors are steel. A steel support
structure is used for the front wind

shield area. The front windshield is

made up of four independent sec
tions of flat glass; each glass section
will be held with rubber in an alu

minum frame that attaches to the

support structure. All aspects of the
cab have been reviewed for compli
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ance with 49CFR 238.103

fire/smoke safety. The cab is fully
insulated and is provided with an
integrated heating, ventilation and
air conditioning system for climate
control and crew comfort.

Carbody design

Long Hood - The long hood struc
ture features many design improve
ments for ease of assembly, in-serv
ice performance and long-term
maintenance. The long hood side
panels are constructed of lightweight
composites that are corrosion free,
reduce weight and reduce noise and
vibration. The long hood is
equipped with internal drains and
seals for eliminating the intrusion of
rainwater. The head end power
compartment is also separately
sealed and ventilated. All fans and

blowers are mounted to the over

head structures with recessed sub

structures and mounting panels for
ease of removal for maintenance,
while establishing a low profile for
vertical clearance.

Carbody Air Filtration System -
Primary (carbody) spin-type inertial
filters provide air to a clean air com
partment toward the front of the unit
for the engine filters, generator blow
er, and traction motor blower.
Toward the rear of the unit, two iner
tial filter and blower assemblies pro
vide filtered air to the HEP compart
ment. The forward HEP inertial filter

provides cooling air to the HA6 alter
nator; this air is expelled outside the
compartment through the under
frame. The rearward HEP filter pro-
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vides cooling air to the static inverter
and the HEP compartment. Each of
the three inertial filters has a motor-

driven blower to expel dirty air out
the roof of the locomotive.

Engine Cooling System- The loco
motive radiators are arranged in two
banks. Each bank contains three

double-length, 6-row and three dou
ble-length, 3-row mechanically bond
ed cores. For each segment, the 6-
row and 3-row cores are mechani

cally connected to form a single core
for handling and installation purpos
es. Separate radiator headers are
provided for the 6-row and 3-row
radiators. The 6-row core is used for

the jacket water circuit, and the 3-
row cores is used for the aftercooler

circuit. Airflow across the radiators

is provided by three 48-inch, 9-blade
Q-Fans. The QES-3 control system
controls water temperature by open
ing radiator shutters and cycling on
the cooling fans. The cooling fan on-
off sequence is automatically
changed to equalize the operation
of the fans: 1-2-3, 2-3-1,3-1-2.

Dynamic Brake Hatch - The loco
motive is equipped with increased
capacity dynamic braking, com
pared to normal four-axle units, by
having six grids equivalent to 0.86-
ohms each and two 18-horsepower
fans. The dynamic brake grid
arrangement is similar to a six-axle
locomotive; however, the grid con
nection scheme will provide two dis
tinct advantages. The locomotive is
not equipped with manual dynamic
braking; therefore, the grids are
used only for blended braking and
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self-load test. In normal blended

braking, the grids are arranged in
two series-parallel circuits with three
grids per circuit for a 50% increase
in resistance per circuit to provide
additional braking effort at high
speeds. A DC1 contactor is includ
ed in the grid hatch to short out two
grids (one per circuit) at approxi
mately 38 mph on decreasing speed
to improve low-speed braking. The
increased capacity dynamic braking,
in conjunction with air blending,
improves the deceleration rate while
relying more on the dynamic braking
and requiring less air braking. A
LTT2 coil-operated transfer switch is
located in the grid hatch and cabled
in the grid circuit so that in self-load
test the grid hatch is arranged with
three parallel circuits of two grids
each to allow continuous self-load

test capability without the traditional
"rated load" feature. Dynamic brake
ground relay and grid blower motor
failure protection is provided. The
microprocessor control system will
nullify blended braking below 4
mph.

When the locomotive is set up for
self load test, QES will pick up the
LTT2 transfer switch in the grid
hatch, which will reconnect the grids
from two parallel circuits of three
grids in series to three parallel cir
cuits of two grids in series. Once
LTT2 is picked up, then LTT1 will be
picked up to connect the grid cir
cuits to the main alternator. In this

configuration, the equivalent resist
ance of the grid hatch is 0.57 ohms
with the capability of handling up to
4,880 horsepower. Therefore, the
self-load test feature will permit con-
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tinuous full horsepower load testing
without a "rated load" feature.

Head End Power (Static Inverter)
& Diesel Power Plant

The locomotive is equipped with a
500KW static head end power (HEP)
inverter system driven by the prime
mover to provide a full 500kw out
put at Notch 3. An HA6 625 KVA,
six-phase, variable voltage, variable
frequency alternator that is driven
off the engine's crankshaft front stub
shaft, generates HEP power. The
HA6 alternator is sized large enough
to be able to generate its full output
down to half engine speed of 475
rpm. Below 475 rpm, the output will
be limited to the maximum design
current at 475 rpm. The six-phase
output of the HA6 is normally 0.65
volts/rpm phase to phase (120-deg
separation) and is fed directly into
the static HEP inverter. The input is
applied to a six-phase rectifier / reg
ulator assembly feeding a capacitor
bank. Voltage on the primary DC
bus will range from a maximum of
837 DC at full rpm and no load to a
minimum of approximately 170
VDC at 200 rpm and maximum
load.

The SCR rectifier normally oper
ates fully phased with the bus volt
age controlled by the field regulator.
For transient conditions, the SCRs
are phased back as necessary to
limit the maximum primary DC bus
voltage. The DC bus feeds into the
boost converter, which regulates the
inverter DC bus between 725 VDC

and 850 VDC. The boost converter

will shut down when the primary DC
bus voltage exceeds 725 VDC to

93

maximum efficiency. The boost con
verter ratio is 1:2 at full power and
1:4 at half power, and furnishes full
power over the range of 475-954
with 50% overload available for 10

seconds. Overload is based on

input current to the boost converter
resulting in a maximum power out
put of 300% at full rpm. Minimum
operating input voltage for the boost
converter is 100 volts DC. The field

regulator is an IGBT based DC-DC
converter fed from the primary DC
bus that regulates the HA6 field cur
rent to control the six-phase output
per the HEP load schedule. The
inverter section converts the boost

ed DC bus to 480 volt, 3-phase, 60
hertz sinusoidal power utilizing a
conventional six IGBT bridge and
space vector switching patterns to
minimize device and filter losses.

The DC bus "feed forward" com

pensation is implemented to mini
mize the output total harmonic dis
tortion (THD) to no more than 5%
and improve regulation to 2%.
Maximum output current will be
300% of rating for 10 seconds
depending on boost converter input
voltage and load power factor.
During overload conditions the
inverter will supply up to 300% out
put current as long as there is suffi
cient voltage on the inverter DC bus
to maintain the output voltage.
Sufficient inverter DC bus voltage
will be available as long as the real
power required by the load does not
exceed the boost converter capabili
ties. The voltage on the primary DC
bus limits the converter power out
put, which is a function of alternator
rpm. At full rpm, full primary DC bus
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voltage is available, and the boost
converter delivers a maximum of

300% of rated power for 10 sec
onds. At 475 rpm, the primary DC
bus voltage is 50% of maximum lim
iting the boost converter output to
150% of rating.

Separate Diesel Power Plant HEP
The separate diesel head end

power plant (HEP) delivers up to
800KW with no parasitic load on the
traction engine. The HEP is a skid
mounted diesel engine coupled to
an alternator that generates 480
VAC, 400 - 600 KW, 3-phase power,
with control cabinets for switchgear
and controls. The head end power
diesel engine-generator is independ
ent of prime mover power, so that:

1. Traction power is not used
for head end power.

2. Head end power is not
utilized by the traction
power system, except for
layover protection.

3. The existing engine-generator
sets are removable, as a single
unit, through a roof hatch.

4. A system of quick disconnect-
type connections is applied to
cooling, exhaust, and electrical
systems to allow ready removal
of the roof hatch.

The head end power (HEP) is gen
erated by a new model 3412
Caterpillar head end power engine /
generator package capable of 600
KW output on a nominal basis, con
sistent with EPA certification, with a
load power factor of 0.8. The HEP
system is capable of operating under
full load, consistent with EPA certifi
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cation, in ambient conditions from
- 40 deg. F up to +110 deg. F.

Truck Design
The MPXpress model MP36PH

locomotive is fitted with two new

MPI model 2237 (new Atchison
Castings/MPI design) two-axle, out
side spring hangers, bolster trucks
having a wheel base of 9'-4". The
trucks are designed with reinforced
pedestals to support half the weight
of a 300,000-pound locomotive, and
the 4" longer wheelbase for
improved ride quality and improved
maintenance access. The trucks are

equipped with coil spring primary
suspension and low-profile elliptical
secondary suspension; vertical, lat
eral, and yaw dampers are provided.
Axles are per AAR Specification M-
101; grade F, splined at the gear end
only. Wheels are AAR E42", class
BR wrought steel with 1:20 contour,
profile 1B, and witness groove. Also,
40" wheels are available per cus
tomer preference. Gear ratio is con
sistent with customer specifications
for maximum speed. Journal bear
ings are Class GG with HDL seals
and plugged access hole for wheel
truing. Single shoe brake rigging
with 16" composition shoes is pro
vided with pin-type stack adjusters.
Optional 9'-0" wheel base remanu
factured "Blomberg" style trucks are
also available.

Four D87BTR traction motors

power the locomotive; remanufac
tured D78 motors are available as an

option. The motors are axle hung
utilizing a U-Tube roller bearing sup
port system. The motors are orient
ed in the traditional four-axle loco-
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motive configuration with the
motors in each truck facing opposite
directions. The gear ratio is 66:20
permitting operation to 88 mph.
The traction motors are connected

in parallel during power operation
utilizing four power contactors, P1-
P4. A four-module motorized RV

reverser controls the direction of

locomotive movement. The loco

motive is set up to operate with one
traction motor cut out from the QES
screen. When a motor is cut out, the
other three motors will continue to

operate in full parallel with power
and current limits imposed to stay
within the main alternator and trac

tion motor ratings. A four-module
motorized MB transfer switch con

trols transfer into and out of blended

braking. In blended braking, the
motors will be paired 1&3 and 2&4
in series-parallel with the two circuits
feeding the two dynamic brake grids
circuits. Blended braking will be nul
lified at speeds below 4 mph and
during motor cut out operation. The
following traction motor ratings are
applicable to this locomotive:

Time Amps

Continuous 1200

60-minutes 1225

30-minutes 1250

15-minutes 1315

5-minutes 1500

Vehicle Dynamics & Ride Quality
Tests

MPI engaged the Transportation
Test Center, Inc. (TTCI) at Pueblo,
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Colorado to perform vehicle dynam
ics analysis of the MPXpress loco
motive using NuCars computer
analysis software. All results were
found to be satisfactory within the
guidelines of Chapter 11 ride quality
criteria. After the analysis was com
pleted, Motive Power delivered the
first completed locomotive to the
test center at Pueblo, Colorado in
November 2002 for full-scale vehicle

dynamics track tests. While at TTCI,
tests were completed over the
instrumented track at the test center.

In addition to the instrumented

track, sensors were also mounted on
the locomotive carbody and trucks.
Instrumented wheel sets were not

within the scope of the test program.
All tests revealed satisfactory results,
consistent with Chapter 11 ride
quality criteria.

Control System
The MPXpress locomotive is

equipped with a Q-Tron QES-3
microprocessor control system. The
QES-3 has the primary responsibility
for complete locomotive control
including:

• Engine speed control
• Main alternator excitation and

load control

• Blended braking control
• Engine cooling fan and water

temperature control
• Engine systems performance

monitoring and protection
• Power & blended brake setup

plus TM cut out
• Ground relay reset and lockout
• Traction motor anti-plugging

software.
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Wheel Slip/Slide Control -
Traction motor speed probes are
used as the primary wheel slip/slide
detection devices. The QES micro
processor has both differential and
rate of change levels to control
wheel slip/slide as well as allowed
wheel creep. A backup system uti
lizing traction motor volts and amps
is available to continue the locomo

tive in service in the event of the loss

of a speed signal.

Blended Braking - To increase the
capacity of the dynamic braking to
enhance blended brake operation,
the dynamic brake hatch has six 0.86
ohm grids arranged in two circuits of
three grids in series. This grid
arrangement has the advantage of
increasing high-speed braking down
to about 38 mph; however, below
38 mph, it has the disadvantage of
less braking than a four-grid
arrangement. Therefore, a DC1
contactor is included in the circuit to

short out two grids as the locomo
tive slows down through 38 mph. In
effect, the locomotive has two
dynamic braking curves it can
operate on. The grid resistance iden
tifies these curves. The higher speed
curve is 1.29 ohm; while the lower
speed curve is 0.86 ohms.

To provide the best selection of
blended braking, the QES micro
processor control system applies the
following logic to select the curve to
follow: If the locomotive speed is
above 50 mph when the blended
braking call signal is received, QES
will set up the unit to operate on the
1.29 ohm curve; as the speed slows
down, QES will pick up the DC1
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contactor at 38 mph to shift the unit
to the 0.86 ohm curve down to 4

mph. If the locomotive speed is at
or below 50 mph when the blended
braking call signal is received, QES
will set up the unit to operate on the
0.86 ohm curve down to 4 mph.

During normal operation, the fric
tion braking system is designated the
primary brake, and the dynamic
braking system is designated as the
secondary brake. These two systems
operating together make up the
blended brake system. Blended
brake operation is initiated by move
ment of the automatic brake lever,
provided the throttle is in "Idle" and
the unit is moving at least 5 mph,
and a nominal 10-psi of brake cylin
der pressure is applied. This 10-psi
pressure is retained until brakes are
released. This approach keeps the
wheel treads clean and prevents
snow or ice build-up on brake shoes
in inclement weather. For service

brake applications, blended brake
operates in "dynamic priority". The
blending system retains the 10-psi
pressure at a minimum and deter
mines what additional friction brak

ing is necessary over the available
dynamic braking to achieve the
requested total braking force.
During emergency braking, blended
brake operates in "friction priority",
and the dynamic braking will supple
ment friction braking with a fixed
250 amps of TM field current.

In normal operation, blended brak
ing will be cut out as the unit slows
down to 4 mph for a station stop.
The MB will transfer the traction

motor circuit back into the power
mode so the unit will be ready to
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accelerate the train as soon as the

station stop in complete. With this
logic, it is not possible to enter
blended or dynamic braking at zero
speed. QES incorporates a mainte
nance screen setup to permit over
riding the zero speed feature, per
mitting dynamic and blended brak
ing operation to be qualified.

Self-Load Test - When the loco

motive is set up for self-load test,
QES will pick up the LTT2 transfer
switch in the grid hatch, reconnect
ing the grids from two parallel cir
cuits of three grids in series to three
parallel circuits of two grids in series.
Once LTT2 is picked up, LTT1 then
picks up, connecting the grid circuits
to the main alternator. In this con

figuration, the equivalent resistance
of the grid hatch is 0.57 ohms with
the capability of handling up to
4,880 horsepower. The self-load test
feature permits continuous full
horsepower load testing without a
"rated load" feature.

Engine Design
The locomotive is equipped with a

new 16-645F3B 16-cylinder, tur-
bocharged, diesel engine. The
engine is equipped with enhanced
mechanical fuel injection and other
emission reduction features to make

the locomotive meet EPA Tier 1

requirements. The engine has a
nominal output rating of 3,600
horsepower with no HEP load. The
engine is fitted with spin-on tur-
bocharger and fuel filters; the sec
ondary engine filters, lube oil, fuel
primary and electrical cabinet filters
will be paper. The new, steel fabri
cated, engine block has been
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designed with strength upgrades
that allow for reduced stresses.

Optional remanufactured 645F
engine blocks are also available.

The engine speeds are controlled
by the QES-3 microprocessor
through a QEG-1000 rack actuator.
The basic speed schedule is as fol
lows with a +/- 4 rpm tolerance for
each notch:

Notch RPM

8

7

6

5

4

3

2

1

I

LI

954

865

830

675

570

510

355

270

270

200

The QES-3 control system also pro
vides engine purge (anti-hydraulic
lock), start motor overload protec
tion, and emergency fuel shutdown.
Other conditions that will shut down

the prime mover include engine
overspeed, crankcase overpressure,
low oil pressure, hot oil, low coolant
flow, and air compressor low oil
pressure as follows:

Overspeed: 1075+/-10 rpm

COP: 0.8" - 1.8" water

LOP: Linear from 6-10 psi @ low idle
with 50 second delay to 26-30 psi @
notch 8 with less than 4.2

second delay; 4.2 second delay to
be in effect above Notch 2.

Hot Oil: 255 F into engine

CLOPS: 6 psi
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Emissions & Fuel Consumption/
Conservation

The MPXpress locomotive models
MP36PH-3S and MP36PH-3C are

certified compliant with the latest
EPA criteria for Tier-1 engine emis
sions. MPI has made a significant
investment to install a federally certi
fied emissions test facility at the
Boise, Idaho plant. This emissions
test facility is one of four in the U.S.,
set up for locomotive tests. All of
the emissions tests and fuel con

sumption optimization have been
conducted with this equipment.
During the manufacturing process
for the Metra MP36PH-3S locomo

tives and the Caltrain MP36PH-3C

locomotives, 100% of the
locomotives are proof-tested prior to
delivery for base-line emissions
certification, consistent with the Tier-
1 standards.

Revenue Service

Motive Power delivered the first

locomotive to Metra in February
2002. It was successfully tested for
final acceptance in a record 1-day
trial, owing to all of the extensive
testing described in this paper.
Revenue service commenced soon

after orientation training. To date
nine of eleven locomotives delivered

to Metra have received final accept
ance. Improvements to the various
control systems continue on Metra.
Motive Power has also delivered the

first locomotive for the Caltrain

order. Acceptance tests are under
way and conditional acceptance on
three locomotives has been com

pleted. Caltrain inaugurated express
service with the new locomotives in

second quarter 2003.
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The MPXpress locomotive satisfies
a niche in a commuter rail locomo

tive market for a safe, technological
ly advanced locomotive built to cus
tomer specifications. The MPI
design team was able to incorporate
new regulatory issues relative to
safety, product enhancements to
promote efficiency and customer
specific requirements into the
MPXpress locomotive and deliver
them to the end user within two

years. As safety and productivity
become even more important to all
railroad operations the drive to
produce a better locomotive can
be modeled from the MPXpress
experience.
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II. THE GREEN GOAT HYBRID

LOCOMOTIVE

Preparedby:
R. Bradley Queen,

Mechanical Supervisor
Burlington Northern Santa Fe

What is a Green Goat?

In railroad terminology, the word
goat is slang for a locomotive called
a switch engine or yard switcher.
The word "green" is a universal color
usually associated with the earth and
its environment. Green is also asso

ciated with better economics (saving
money). So... What is a Green Goat?
It is a hybrid yard switcher utilizing
the same basic concept as the
gas-electric hybrid automobiles now
entering the consumer market.
A hybrid vehicle is one constructed
using electric motors for traction,
powered by large batteries
(Figure 1). A small generator pro
pelled by a combustion engine using
fossil fuels charges these batteries.
The Green Goat was designed by
Railpower Technologies Corp. and
constructed on the premises of
Norfolk Southern Railway.

Fuel consumption, emissions,
and noise

Most conventional yard switch
engines are 30-50 years old. They
use diesel engines producing 1500-
2000 hp that rarely operate at
maximum output. Because they are
confined to yard service with short
distances of travel, switch engines
make frequent starts and stops and
spend a very high percentage of
time in idle, wasting fuel and con
tributing to increased emissions. The
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fuel consumption comparison
(Figure 2) chart uses a March 24,
2003 diesel fuel price of .93 cents
per gallon. The Green Goat pro
duces up to 2000 horsepower and
consumes approximately 130 gal
lons of diesel fuel at $121 per day.
An SW 1500 switch engine pro
duces 1500 horsepower, consuming
approximately 200 gallons of diesel
fuel at $186 per day. The Green
Goat's fuel consumption is 35% less
than the SW 1500 switch engine.
Compared to 300 gallons of fuel at
$279 per day for a 2000 horsepow
er GP 38-2 locomotive in yard serv
ice, the Green Goat consumes 57%
less diesel fuel, saving $158 per day.
A small fleet of 150 GP 38-2 loco

motives, replaced with Green Goats,
would reduce fuel costs by $23,700
per day or $8,650,000 per year.

The Green Goat's hybrid power
design reduces fuel consumption
and key pollutants without a loss in
the locomotive's performance.
Along with the need to drastically
reduce fuel consumption, pollution
is another problem railroads face
especially, with aging switching
fleets. Even existing diesel-electric
locomotives equipped with auto
engine start stop systems still spend
many hours idling. In addition, dur
ing normal daily operations, a switch
engine would use notch-8 engine
speed for only 1% of the day.

When comparing conventional
yard switchers to the newer locomo
tive's electronic fuel injection con
trolled engines with considerably
improved emissions, conventional
yard switcher engines are consid
ered the biggest polluters in rail
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yards. By using the hybrid power
design and eliminating engine idle
time with an auto start stop system,
the Green Goat achieves a 90%

emission reduction of nitrogen
oxides (NOx) and carbon monoxide
(CO), with a (19.5 grams/hp hour to
4.5 grams/hp hour) 77% reduction
of Particulate Matter (PM) compared
to typical 2000 horsepower locomo
tives.

With the introduction of this

power design using a small highly
efficient commercial diesel engine,
the Green Goat becomes a quiet
and almost vibration free switcher

with more noise made from the

release of air brakes than pulling
a string of cars. This better suits
operating in urban areas with the
Green Goat's considerably lower
noise levels.

The new power plant system
The Green Goat uses over 50,000

pounds of batteries (Figure 3). The
batteries provide 95% of the horse
power. In order to produce the
required horsepower, 320 two-volt
absorbent glass mat (AGM) valve
regulated lead acid battery cells are
used. Being valve regulated, a better
control of hydrogen gas release is
allowed when the batteries expand
in different temperatures. AGM bat
teries are constructed to be sealed,
leak proof, and vibration resistant.
They use a fiber floss glass mat with
wicking characteristics tightly sand
wiched between the lead plates
which allows them to be constantly
saturated in electrolyte. This allows
for a faster reaction between the

acid and plate material. These cells
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are divided into 40 steel racks con
taining 8 cells each of 16 volts per
rack. Combined they make a total of
640 volts and have a total capacity
of 1200 amp hours. In practical
terms you would not need this much
horsepower in notch 1. Voltage on
groups of the battery cells are moni
tored by the onboard computer sys
tem for instant notification of a poor
cell condition. If a battery cell did
fail, it could be manually bypassed in
the field until a scheduled repair
could be made. Up to 10% (32) of
the battery cells could be bypassed
at one time. 92 day scheduled main
tenance of AGM batteries would

only consist of cleaning the battery
cell rack and an inspection of the
battery terminals for corrosion.
Since the AGM batteries are sealed

(maintenance free) electrolyte is not
checked. The target for battery recy
cling is recommended after ten years
of service. Lead acid batteries are

far more advanced in the recycling
markets and manufacturing process
es than other battery designs to
date. This makes the lead acid bat

teries the least expensive and most
practical choice when purchasing
new, reconditioning, or recycling.
The Green Goat's batteries receive a

constant trickle charge from a small
generator driven by a small diesel
engine. The batteries are kept to a
partial state of 80% charge which
increases when the battery's effi
ciency and extends their life.

The batteries produce 95% of the
hp at full load. The other 5% comes
from a 130 hp commercial diesel
engine that drives a 90KW generator
supplying the locomotive with trac-
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tion horsepower or (trickle) charging
the batteries (Figure 4). The engine
operates at a set constant speed that
is tuned for maximum performance
and efficiency. With standard diesel
fuel used, the Green Goat has the
flexibility to utilize standard fueling
points on existing railroad fueling
infrastructures. The Green Goat's

auto start stop system automatically
shuts down the diesel engine when
the locomotive is not operating at a
constant load, the batteries are fully
charged, and other specific required
operating conditions are met,
reducing further fuel consumption
and emissions. A 100 hp diesel
powered micro turbine prototype
could be used in place of the com
mercial diesel engine. The
advantages for using this type of an
engine are cleaner emissions and
lower maintenance. The disadvan

tages are that micro turbine engine
costs considerably more and it is not
as fuel-efficient. The Green Goat

will produce a top speed of 40 mph
and can operate in multiple with any
locomotive that is MU able.

The Green Goat utilizes a rotary
screw type air compressor (Figure 5)
driven by a 30 hp a/c motor. The air
compressor's a/c motor is powered
from the locomotive batteries

through an inverter. With the a/c
motor rotating at 1725 rpm and
through a step up gear box, it drives
the compressor approximately 7000
rpm to maintain a 96 cfm (cubic
feet/minute) at 140 psi. Depending
on the required service needs, a larg
er a/c motor and power inverter
could be used to increase the air

compressor's capacity.
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The Green Kid locomotive

The new Green Kid is a smaller

hybrid locomotive that doesn't have
a manned cab. Designed to operate
only by remote control, the Green
Kid is ideal for a less demanding
duty cycle where a power rating of
up to 1000 hp is sufficient. In
comparison, the Green Goat is
designed for full yard service or on a
branch line under certain conditions

for hauling 10-20 cars a distance of
10-20 miles with a power rating of
up to 2000 horsepower.

Construction

In constructing the Green Goat,
the frame of an EMD GP-9 locomo

tive was used. The large 16-cyl.
diesel engine and main generator
were removed. A smaller diesel

engine and 50,000 pounds of batter
ies take up the space of the old
engine (Figure 6). To ensure the
wheels will still grip the rails, con
crete ballast is also added for the

remainder of removed equipment
weight for a total of 130 tons. The
Green Goat uses the same conven

tional 2200 gal. fuel tank, existing
traction motors and the Electro-

Motive switchgear. All components
including the control stand, trucks,
wiring, 26L brake system, traction
motors and switchgear are remanu
factured to the same specifications
as a new locomotive. Some of the

features added to the construction

are: automatic traction motor isola

tion capability when a ground is
detected, allowing one motor to be
cut out at a time; automatic energy
management by an onboard com-
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puter, system, plus individual wheel
slip control, and new power elec
tronics were also developed. The
Green Goat is capable of producing
the following: 120 or 480 vac and
24, 74 or 600 vdc @ 22kw auxiliary
power for adding cab air condition
ing or extra cab heating. Upgrades
in the cab include: Installation of

framed windows for easy change out
with heated glass used to improve
visibility while operating in cold
weather. Anti-climbers for head on

collision protection can be installed
and an internal cab roll cage for roll
over protection is built in since the
long hood was cut down. The
hybrid's modified hood offers opera
tors an expanded view from the cab.
With the hood cut down, the Green
Goat looks like a yard slug with a
cab (Figure 7).

Field testing and current cost
Operational field-testing has been

conducted by the Union Pacific
railroad at its Roseville, California
yard. These tests covered hot weath
er conditions. Tests were then con

ducted in cold weather extremes at

UP's Chicago yard. There are issues
that need to be addressed prior
to replacement. The Green Goat
needs to be consistent in all opera
tional phases of performance, as
required for a standard yard locomo
tive. It has to have the ability to
operate continuously three shifts per
day, seven days a week. It must also
maintain the traction effort needed

to switch loaded cars continuously.
For a completely reconditioned

GP-9 locomotive converted to the

Green Goat Hybrid system, the cost
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would be approximately $600,000.
Currently there are no leasing or
contracted maintenance packages
available. Another option railroads
have is to overhaul their aging yard
locomotives. They can replace their
existing old power plants with the
new hybrid system. Remote operat
ing locomotive control (RCL) equip
ment could be applied or replaced if
the locomotive is already equipped.
The costs for this conversion would

depend on the extent of the over
haul performed. Without modifying
the cab or long hood and only over
hauling the power plant the overhaul
would cost less. In 2000, overhaul
ing a GP 38-2 locomotive back to its
original specifications cost approxi
mately $283,417,000. This
approach has less economical
impact than typical Tier "0"
upgrades.

The Green Goat locomotive is

economically and environmentally
friendly, and available in two models.
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TheGreenGoat-HybridLocomotive
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Figure 2

GREEN GOAT FUEL USSAGE COMPARISON CHART march 24,2003

HORSE

POWER

DAILY

CONSUMPTION

0.93 PER

GALLONS

%OF

SAVINGS

GREEN GOAT 2000 130 Gal. $121.00

SW 1500 1500 200 Gal. $186.00

GREEN GOAT 70 Gal. less $65.00 35%

GP 38-2 2000 300 Gal. $279.00

GREEN GOAT 170 Gal. Less $158.00 57%

o
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III. OBSERVATION ON

AUTO ENGINE START/STOP
Prepared by:

Craig R. Prudian
Senior Systems Engineer
Electro-Motive Division

General Motors Corporation

Automatic Engine Start/Stop
(AESS) has been with us now for a
number of years. In its infancy, the
idea, and early implementations of it
were reported to the Locomotive
Maintenance Officers Association

through papers in 1992 and 1993.
In the years that followed, AESS has
become a popular function to add to
older motive power and is likewise
commonplace in orders for new
locomotives. More recently, the
concept has expanded to include
forms of auxiliary power units, or
APUs, which have been covered as
recently as last year, with two more
papers presented. I wish to thank
those members of both the Diesel

Electrical and the Diesel Mechanical

Committees of the LMOA for their

diligence in keeping our members
abreast of developments in this area
over the years.

What this paper is intending to do,
is review the AESS systems in use
today, take the pulse of some of the
railroads who have been using it in
its various forms, and note some of
their experiences, both good and
bad. As a result of this input, it is
hoped that the reader can be pre
sented with a picture of the degree
to which, this new technology is
confirming early promises and meet
ing present expectations.
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AESS - What It Is

Let's begin with a bit of back
ground. What is Auto Engine
Start/Stop or AESS? It is simply a sys
tem, applied to a locomotive, that
acts to shut the prime mover down,
whenever possible, to save fuel and
reduce exhaust emissions. AESS

then automatically restarts the
engine, only when necessary, to
maintain locomotive and/or train
health. Critical locomotive systems
and parameters are monitored by
the AESS system for actions consis
tent with a particular railroad's shut
down/restart practices.

AESS - Why Such Interest?
There are currently two main fac

tors driving the push for AESS in
locomotives:

1. Potential for fuel savings - as an
example, the Union Pacific
estimates that it spends up to
$300,000 per day, just to idle
locomotives. If a significant
amount of idle time can be

eliminated, then a significant
saving would result.

2. Emission reduction - presently,
railroads are faced with the task

of making much of their older
power EPA Tier 0 compliant.
The EPA has seen fit to look

favorably on the potential for
emission reduction through use
of AESS - to the point of
allowing Tier 0 certifications for
some engine families that use
AESS as an integral feature.

As well, there are other factors that
play into the mix. Engine health ben
efits are expected as well;
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measurable maintenance dollars can

be saved as a result of not having to
keep the engines idling unloaded for
long periods of time.

Another environmental benefit

is reduced noise pollution -
implementation of AESS across
a fleet of yard locomotives will
make for a quieter workplace and
immediate neighborhood.

History of AESS
As best as we can determine, AESS

originally appeared in a form origi
nally developed by Harmon in 1982,
when the potential, for significant
fuel savings was identified. Trials of
a system, utilizing discrete compo
nents, were performed that same
year on the Quebec North Shore &
Labrador (QNS&L). The QNS&L
referred to its system as "Arret
Depart Automatique" (ADA). In the
years since, other manufacturers
have developed AESS as a part of an
upgrade control system for early
generation diesel-electric locomo
tives. Later, stand-alone systems
were developed as well. Many of
these early systems are still operating
in locomotives throughout North
America, with reported success.

Technical Standards of AESS

Parameters that act to allow shut

down and cause a restart have been

thoughtfully and carefully developed
and are generally agreed upon for
operation in North America.
The AAR has compiled a Standard,
S-5502, entitled "Automatic Engine
Start/Stop System", that deals
specifically with:
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1. Prime Mover shutdown

conditions,
2. Engine restart conditions, and
3. Required safety markings.

Copies of this Standard can be
obtained directly through the AAR,
or online at their website at

www.aar.org.

Review of the documentation

reveals that the operation of AESS is
relatively straightforward. Even so,
there are a few conditions that may
surprise the uninitiated. These
apparent anomalies resolve them
selves when one considers the

importance of safety in AESS opera
tions. Some of these unique features
include:

1. Locomotive motion restarts

engine - whenever a
locomotive prime mover is shut
down under the control of

AESS, locomotive movement
immediately initiates the
engine restart sequence.

2. If AESS didn't shut the loco

down, it will not start it up - this
feature serves to make the

restart sequence algorithm
more easily understandable to
personnel assigned to operate
or maintain the locomotive.

3. AESS cannot shut down an

"active" DP unit - a unit

operating mid-train in
distributed power mode that
has been designated as the
receiver of communication

from the lead locomotive will

not undergo AESS shutdown, in
order to keep the unit "live" for
maximum reliability of
information flow. Other
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locomotives that are MUed to

this locomotive will continue to

operate under normal AESS
limits and parameters.

What's out there?

A given locomotive may have one
of a number of different "flavors" of

an auto engine start/stop system.
Types of applications include:

1. OEM applications - available
from both GE and EMD,

2. Stand - alone aftermarket

systems that are designed for
flexible retrofit,

3. AESS directly integrated into an
aftermarket locomotive control

computer system,

4. AESS combined with an APU

for increased flexibility.

Some of the noteworthy points of
the more popular AESS systems are
provided below, for comparison and
familiarization purposes:

1. GE OEM system
- AESS is fully integrated into

the locomotive control

system,

- AESS is enabled/disabled
through an ASDS switch,
installed in the cab,

- All man-machine feedback is

handled through either the
DID or IFD panel, depending
on locomotive options,

- An Auto Stop override switch
is provided for crew use - this
is primarily intended to allow
a lead unit in a consist to

remain active, in order to
maintain crew comfort

features like air conditioning
and other amenities.
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2. EMD OEM system
- Like the GE system, AESS is

fully integrated into the
locomotive control system,

- The system defaults to AESS
always "active"; no dedicated
disable function is provided,

- The man-machine interface

consists of a three-light panel
mounted in the cab for quick
status display and either an
EM2000 or FIRE screen for

text messages, depending on
locomotive configuration,

- Remote communication to

AESS is. available when the

EMD "intellitrain" option is
installed in the locomotive.

3. ZTR "Smart Start"

- The ZTR system is designed
for retrofit flexibility, as many
system elements are discrete;
able to be mounted as best

required for a particular
application,

- The system is compatible
with:

•older power, with the
control system in a
dedicated enclosure for

mounting in any of a
number of locations, or

• Dash 2 type control, where
the control computer is
applied to a Dash 2-style
plug-in module,

- Simple controls are provided,
for installation on the cab

rear panel.
4. Q-Tron

The Q-Tron AESS system is
available in one of two

configurations:
- A stand-alone system, which
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*•$:

StnartStart-
ZTR CONTROL SYSTEMS

Helping you Turn aHigher Profit By
Reducing Your Fuel Consumption

StnartStart, by ZTR Control Systems, will improve your profitability. It will do this
with a microprocessor controlled automatic locomotive shutdown/restart system.

The Benefits Prove It: reductionof fuel consumption • less lube oilconsumption •
reduction in emissions • extended component life • active 365 days a year 24 hours
a day • automatic management of locomotive shutdown • continuous monitoring of
parameters before allowing shutdown • monitoring and restart of locomotive as
required • maintains locomotive in a ready to use state • significant reduction in
heavy exhaust smoking on restart • provides information on general locomotive con
ditions• provides documentation and verification of fuel savings • offers
year-round fuel savings even in colder climates.

SmartStart is Expandable and Mounting is Versatile: You can add additional
optionssuch as Extended Fuel Savings which includesload shedding (lighting cir
cuitry) and the Road option, which is specifically designed for locomotives operating
in main line service. The system can be mounted directly into a
Dash 2 Module Rack and occupies two module slots.

Contact us for further details

8050 State Hwy. 101
Shakopee, MN 55379

952-885-8122

955 Green Valley Road
London, ON IM6N 1E4

519-452-1233
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provides AESS control,
compatible with an existing
locomotive control system
(as tested on the Florida East
Coast),

- A system incorporated into
an overall locomotive control

package (as is operating on
the Canadian Pacific).

5. A new GE aftermarket system,
with detailed information not avail

able as of the time of this writing.

Many railroads that tried early
AESS systems reported success with
the devices, as installed. But some
properties, particularly those in
northern climates, experienced a
level of frustration, as the prime
movers would spend very little time
shut down, due to the need to run
the engine to keep it warm in cold
weather. Something else was need
ed, if the promise of big fuel savings
was to be realized. As a result, a
new idea was born:

The APU

The APU (Auxiliary Power Unit) is
an engine-driven portable power
unit that can be installed in a loco

motive to provide heat energy to
keep prime mover fluids warm dur
ing shutdown, while also supplying
electricity for critical systems, such
as battery charging. The system acts
much like an onboard version of a

layover system, so popular in com
muter locomotives. The commuter

properties find layover useful
because locomotives often spend
many hours not being used (night
time operation is rare), but must be
ready-to-go, to support rush hour
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traffic demands.

There are two popular APU
systems in use today. The first is
produced by ECOTRANS (Figure 1).
This APU is designed to heat engine
coolant and lube oil, as well as
provide electric power to keep cab
amenities active, while maintaining
locomotive critical systems, such as
battery charging. A total of 40kw of
energy is available from this pack
age. Efficiency is maximized
through the use of the drive engine
waste heat to help keep the prime
mover fluids warm. This APU is

designed to be compatible with the
Q-Tron AESS arrangement outlined
above. Maximum fuel savings can
be achieved when the two systems
are tied together.

Another type of APU in use on a
number of properties, is a somewhat
smaller package, known as a DDHS,
or diesel-driven heating system, man
ufactured by Kim Hotstart (Figure 2).
This system is very compact, and is
primarily focused on engine heating
only, with only a small amount of
electric power available for battery
charging, and maybe a cab strip
heater at most. This system is
designed to be compatible with the
ZTR AESS arrangement (marketed as
"Hotstart SmartStart"), and offers
maximum benefit when used in this

fashion.

Is it easy to retrofit AESS?
When contemplating installation

of an AESS system, one must consid
er the effort required and costs
involved. Certainly the OEM instal
lations are relatively transparent to
the shop maintenance force, but
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retrofit of AESS requires some fixed
commitment. Equipment-wise, a
typical stand-alone Q-Tron or ZTR
system for a Dash 2 locomotive
would involve the addition of the

following:
1. A main control processor,
2. the man-machine interface,

which includes control

switches, status indicators and
a horn to warn of impending
main engine startup or
shutdown,

3. a layshaft assist device, for
proper fueling during the
cranking cycle, and

4. feedback sensors for the

engine and attendant systems.

Estimated costs of a typical instal
lation in a GP38 type locomotive
would be expected to be some
where between $7500 and $8000 in
direct material. Manpower for appli
cation of one of these basic AESS

systems should be in the neighbor
hood of 40 to 50 man-hours.

One of the other factors that must

be considered is the effect on loco

motive configuration records. For
each series of locomotives, mount
ing and wiring details are likely to be
unique, and will require a disciplined
approach to maintaining detailed
equipment and wiring information,
to facilitate later troubleshooting
efforts.

Who's using AESS?
AESS is being actively applied and

utilized by all the major railroads and
many smaller operations as well.
Certainly, the locomotives that are
the best candidates for this technol
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ogy are ones that operate with the
lightest duty cycles, yard switchers
being a good example. As well,
locomotives in warmer climates also

have an opportunity to reap larger
savings than those more north.
Following, is an inventory of some of
the more aggressive programs to
apply AESS in North America:

1. BNSF

- GE OEM systems applied to
the Dash 9 fleet

• 1250 locomotives

- ZTR system applied to
about 50 low HP units

2. Canadian Pacific

- GE system on entire AC
fleet

• 280 locomotives total

- EMD system being tested
- ZTR system on 300

locomotives

- Q-Tron system on 200 units
- APU-two systems being

evaluated

3. CSX

- 785 locomotives equipped
in early 2003

- 600 more to be outfitted by
year's end

- Mostly EMD Dash 2s,
SD50s, SD60s

• Q-Tron system
• AESS supplemented with

APU

4. Norfolk Southern

- OEM systems
• 10 GE Dash 9s

• 33 EMD SD70MACS

- ZTR system
• 100 GP38-2 locomotives,

many of these inherited
from Conrail
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5. Union Pacific

- GE system applied to 109
C44ACs

- EMD system applied to 236
SD70s

- ZTR SmartStart on 450

locomotives

• Low horsepower units
targeted

6. Alaska Railroad

- EMD OEM system on
SD70MACs

- ZTR system on MP15s
- Kim DDHS on test in GP38

- ECTOTRANS APU on six

GP40-2S

• will likely apply more in
near future

How's AESS performing?
The expectations:

The earliest predictions for the
benefits to be gained by using AESS
were quite promising. In mild
climates, using light duty-cycle
equipment, it was estimated that up
to 70-75% of idle time could be

eliminated, on a locomotive that
spends 65% of its life idling.

When creating a "business case"
to justify application of AESS to
locomotives in a fleet, a minimum
threshold for fuel savings on most
roads was as little as $20/day/unit,
or generally sufficient to provide a 1-
year payback, although some were
happy with a 2-year recovery time.

Relative to pollution reduction,
hopes were that application of AESS
to some models of locomotives

would obviate the need to apply
other equipment in order to meet
the emission limits of the EPA Tier 0

mandate for those locomotives.
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Other benefits, such as reduction
in wayside noise and reduced wear
and tear were considered as mainly
intangible benefits and rarely, if ever,
quantitatively figured into a business
case analysis.

How's AESS performing?
The reality:

While the predictions for 70-75%
idle time reduction are generally not
achieved, an elimination of comfort
ably 1/2 of idle time of medium
duty-cycle locomotives is common,
and more for yard goats that have
the lightest reported duty-cycles.
Based on this reality, the 1-year pay
back time originally envisioned is
readily achievable.

Fuel savings are routinely reported
at 20 gallons or more per day, some
what less for the most northern cli

mates, more for areas that are
among the warmest.

An excellent example of the maxi
mum potential of AESS is demon
strated on the Canadian Pacific

Railroad. Locomotives equipped
with the ZTR AESS at their

Coquitlam yards near Vancouver
have been monitored for more than

4 years. Total fuel savings for this 39-
unit fleet over an average of 4.2
years exceeds $3M Canadian
(Figure 3).

In a case where we would expect
minimum benefit from AESS, we
look at new mainline locomotives

operating in the winter months. The
chart in Figure 4 shows the savings
for the newest locomotives operat
ing on the Union Pacific Railroad,
with maximum utilization.
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With EMD AESS, after 5 winter
months, total fuel savings for 32 unit
SD70M fleet exceeded $44,000 US.

Figure 4 shows clearly that, even
when conditions allow for little ben

efit, substantial fuel savings can be
realized.

Recommendations

The following recommendations
are compiled from interviews with
personnel involved with AESS sys
tems on various railroads. Many of
the comments gathered were voiced
by multiple sources, with some of
the more helpful views catalogued
below:

1. Integral - Kevin Lopresti of the
Canadian Pacific Railroad stresses

the importance of having the AESS
system integral to the control system
whenever possible. In this way the
potential for interface contentions
between AESS and the rest of the

locomotive is minimized, allowing
seamless operation of the system.

2. Diligence - Curt Meyers of the
BNSF, among others, is a big propo
nent of diligence in AESS applica
tions. This translates to having a sys
tem that is always "active", unable to
be easily overridden. It has been
noted by some that whenever the
system can be cut out, it likely will
be, either by maintenance or operat
ing personnel, unfamiliar with the
workings of the system. A story from
the Union Pacific relates that two

similar switchers, in the same serv
ice, were outfitted with AESS. The
only difference was that one had a
control enabling it to be cut out, and
the other did not. After a period of
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time, a check of fuel savings was
conducted and the one equipped
with a cut out switch had logged a
250-gallon saving, while the one
without a cut out showed a saving of
nearly 10,000 gallons!

3. Friendly Neighbor - In conversa
tions with Josh Coran of the Alaska
Railroad, he relates their experience
with the public, in areas along the
railroad right-of-way. In Alaska, both
the noise and perceived pollution
environment are important to the
well being of the residents of the
state. When the public is unhappy,
many headaches inevitably result
throughout the railroad hierarchy.
As a result, Josh exhorts everyone
to not underestimate the value

of good public relations, through
demonstrating sensitivity to the envi
ronment.

4. Columbus Ohio - Don Graab of

the Norfolk Southern talks of his

experience with us of AESS and APU
enhancement. In order to determine

whether it makes sense to use an

APU in conjunction with AESS, he
draws an imaginary line through
Columbus, OH and Indianapolis, IN.
Locomotives assigned to regions
north of the line generally benefit
most from AESS and APU together,
while units south of that line do well

with AESS alone.

5. Focus on Crew - Kar Gazarov of

CSX is a proponent of APU use, in
order to reduce the demand on the

prime mover for all purposes practi
cal. For instance, by powering the
air conditioning system from the
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APU, the operating crew are not
compelled to keep the main engine
operating to maintain a comfortable
cab environment when stopped on a
siding. In general it is thought that
power coming from the APU is
always more efficient than that from
the prime mover, and that crews are
well served to get all their needs met
even when the main engine is in a
dormant state.

6. Beware the Spitters - Kent
Denkers from the Union Pacific tells

of the time, early on, when locomo
tives equipped with AESS had under
gone frequent restarts, after only
short shutdown periods. It turned
out that the air dryers that were on
the locomotives were siphoning
much of the compressed air supply
off, causing the locomotives to
restart due to low air pressure. He
cautions that whenever there are

subsystems that use the air supply,
spitters being a prime example, that
they be turned off whenever possi
ble, during periods when the loco
motive engine is shut down.

Conclusion

AESS is proving itself to be tech
nology that works. Railroads that
have implemented AESS are show
ing results in fuel and maintenance
dollars saved. As well, there is a real
environmental benefit that accrues,
due to the reduction of pollutants
that the EPA has deemed harmful to

the ecology. And, as suppliers fur
ther optimize these systems, prom
ise of profit to them from this new
revenue stream will likely stimulate
ongoing creativity in this arena.
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These benefits are real, but they
do not come without some cost.

Many railroads report that there are
some downsides to adding AESS
functionality to their motive power.
Older locomotives that were origi
nally designed for someone to actu
ally go back into the engine com
partment to start the engine, are
now getting less frequent visual
inspections, which now reduces the
potential of catching some failure
modes earlier on. As well, frequent
starts and stops tend to add new
measures of stress to the engine and
starting system. For instance, while
an engine is shut down, lubricating
oil, normally in abundance in gal
leries and critical wear areas, is
reduced to a minimum of film thick

ness upon restart. Also, when con
sidering older EMD locomotives, the
added strain on the starting system
serves to reduce the life of starting
motors and ring gears.

The onward march of technology
is offering us many opportunities.
The railroad industry is, likewise
demonstrating the need for
advanced systems to help it trans
port its cargo (freight or passenger)
more swiftly, safely and cost effec
tively. The introduction of AESS to
reduce operating and maintenance
costs is just one of many new tech
nologies that are helping railroads
compete successfully in the trans
portation industry. With the positive
feedback gathered to date, the
industry seems well served to pin
high hopes on this product advance
ment. As operators get more famil
iar using the AESS platform, even
more savings will result from
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increased "active time" of the sys
tem. And as familiarity grows, inno
vative new ideas to best focus AESS

for specific needs are sure to
emerge. Based on data collected to
date, we can say that the best is yet
to come!
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Figure 1
ECTOTRANS APU
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Customer Union Pacific Railroad

Actual AESS Savings $44,205.53

Number of Locomotives 32

Number of Locomotive Days 4515

Automatic Stop / Total Idle Time Opportunity 71%

Automatic Stop/Total Idle 43%

Figure 4
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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 25
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 22 years have one son,
Pierre-Olivier.
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I. JUST IN TIME DELIVERY:

THE JUNIATA SHOP MATERIAL
CONTROL PROGRAM

Prepared by Bob Harvilla,
Triangle Engineered Products,

and Pat Johnson,
Norfolk Southern

Introduction

This report speaks to our com
mittee's theme for this year, which
is Strong Railroad and Supplier
Relationships for Continuous
Improvement.

The partnership we forge
between the railroad material

departments and the suppliers
allow us to better serve our mutual

customers - the diesel shops and
mechanical departments.

Overview

Our report will discuss the con
cept of the JIT program and the
thought process behind its incep
tion.

We will discuss the criteria used

to select the suppliers that were
included in the program, and the
commitment made by Norfolk
Southern and the chosen suppliers
to make the program work.

We will show you the informa
tion contained in the material fax

order form, which is the working
document for the entire program,
and discuss the day-to-day work
ings of the document, and how it
enables just in time delivery.

And finally we will share with
you the payback that the NS
Juniata Diesel Shop has seen as a
result of implementing this pro
gram.

Diesel Material Control Committee

Concept
The idea is the brain child of

John Tantanella, material manager
for NS in Altoona. John came up
with the idea when he was dis

cussing a potential consignment
arrangement with a supplier to
reduce the inventory NS had to
keep on the shelf.

Consignment has its own prob
lems, such as keeping up with the
amount of products on hand, issu
ing timely orders, and accounting
for the inventory by the customer
and supplier.

The idea was that if the railroad

and the supplier had access to
critical information, the supplier
would be in position to fill the
railroads needs on a Just In Time
basis, and allow NS to reduce
the amount of inventory in its
warehouse. NS would give the
supplier its average monthly usage
for the chosen items.

It would give them the amount
of inventory on hand and the
quantity that was due out (shop
picks already received).

And they would agree on stan
dard packaging numbers to facili
tate order and shipping efficiency.

Criteria

The first thing that John did in
Altoona was to establish criteria for

the suppliers that would be asked
to participate in the JIT program.

The suppliers had to be willing to
commit to keeping one month's
usage of material on their shelves.

In turn NS would commit to

keeping one month's usage in the
pipeline (on the shelf, in transit, or
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Triangle Water Pumps.
Exceeding Expectations.
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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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on the shop floor). All of the items
that are part of the JIT program
were already stock items for the
Altoona shop; and all of the items
that are part of the program were
already assigned to the respective
suppliers on the CAF (Contract
Agreement File).

Implementation
In order to implement the pro

gram John and his people utilized
the Microsoft Access based pro
gram NS already had available.

The program has three tables
that were used to create the

"Material Fax Order" form that is

the day to day tool used to facili
tate the JIT program.

The three tables are: Suppliers
and their basic information; The
CIC (Class & Item numbers),
Supplier I.D. number, and the
Supplier part numbers; and the
inventory table, which comes from
the NS computer mainframe.

This information was melded

together to create the Material Fax
Order form.

Material fax order

The Material Fax Order form

contains all of the information

shared between the Norfolk

Southern and the suppliers chosen
to participate in the JIT program.
The form has the following infor
mation supplied by NS each
Monday:
• The class and item number of

each part involved.
• The description of each part.
• The supplier part number.
• The agreed-to standard packa
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ging quantities.
• The bin location of each the

parts.

• Average monthly usage.
• The number of pieces on hand

at Juniata.

• The number of pieces due out
to the shop floor.

• The number of pieces on
order from the supplier.

• And the number of pieces NS
wants to order at this time.

• The supplier then fills in the
following information, and
faxes the form back to NS:

•The number of pieces it is
going to ship to NS (based on
the order to be placed and
the number of pieces to go on
back order (if it cannot fill the
orders to be placed).

How the program works?
Each day of each week the JIT

program is in process. This is how
the program works from day to
day:

On Monday NS faxes the
Material Fax Order Form to each

supplier. The suppliers fill out
the required information and
faxes the forms back to Altoona.

On Tuesday the suppliers
receive their confirming orders
via EDI.

On Wednesday the suppliers
pick the material to be shipped
toNS.

ByThursday all the orders placed
that week are shipped by the
suppliers.
On Friday the material is
received by NS and put into the
Juniata shop warehouse.
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Obviously the program is not
foolproof, and every order is not
received by the suppliers, shipped
to NS and received by Altoona on
time every time, but the majority
of the orders are, and the payback
for the program has been substan
tial.

Supplier involvement
NS currently has 25 suppliers

participating in the JIT program. It
has been a new experience for
most of the suppliers, and has
helped form a much closer work
ing relationship with NS.

Suppliers now have access to
information they have never had
before, such as how much material
NS has on hand and how much it

expects to need in the near future.
Due to the program and the

information we now have, material
availability is almost never a prob
lem on the items covered by the
JIT program.

And one of the biggest advan
tages of the program is that the
suppliers have been brought into
the fold by NS, and embraced as
part of the team.

Side benefits

In addition to the advantages
and improvements NS expected to
achieve with the JIT program there
have also been side benefits that

were unexpected, such as:
• Reduced shipping costs,

because the suppliers in most
cases are now shipping once a
week, and require only one
transportation bill.

• Reduced shop labor time
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due to the fact that the suppli
er is now preparing only one
bill of lading per week.
And an expedited paperwork
flow for NS because it now

has only one invoice per sup
plier per week to contend
with.

Payback
The biggest payback provided by

the JIT program has been a signifi
cant decrease in on-hand material.

The program was created by
John Tantanella with the intention
of reducing inventory, and to date
NS enjoyed a 50 percent decrease
in on-hand material. This is a sig
nificant accomplishment, which is
the result of the NS and its key sup
pliers working together to find
ways to continue to improve our
products and services for our joint
customers.
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II. THE CONTINUOUS

IMPROVEMENT APPROACH

Prepared by Benoit Girard,
Canadian Pacific Railway

The concept of continuous
process improvement (CPI) is inter
esting; but it is a challenging tech
nique that requires discipline and
hard work. If successful however,
the rewards that will be generated
could be substantial.

What, exactly is CPI? As defined
by the American Production and
Inventory Control Society diction
ary, it is "a never-ending effort to
expose and eliminate root causes
of problems; small-step improve
ment as opposed to big step
improvement." The concept has
been widely applied in Japan,
where it is known as Kaizen.

Kaizen is the Japanese term for
improvements; continuing
improvement involving every one -
managers and workers. In manu
facturing, Kaizen relates to finding
and eliminating waste in machin
ery, labor or production methods.

CPI could be applied in the rail
way industry in various ways: inter
nally to your own processes, exter
nally with your customers and
externally with your vendors or
with your major contracts or serv
ices, or with your major service
providers. The first step will be to
determine the application and the
creation of a plan of action.

The vision is one of the most

important foundations: you need
to recognize the performance gaps
that you want to address, by creat
ing or correcting actual processes.
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To track future progress, a number
of goals have to be developed;
these will have to be measurable

and achievable. These steps will
enable your CPI team to create a
new behavior and lead to a culture

that will be oriented towards suc

cess.

The next step will be preparing
for the improvement. Some essen
tial data will need to be

researched. For example you
might have to look at an existing
contract application. A review of
the contract will determine if some

requirements are mandatory and
need to be fulfilled by both parties,
which will create a need for moni

toring. A stakeholder analysis will
have to be performed to assess
and recognize the need for
improvement. A prioritization of
short and long term improvements
will have to be established before

we will be able to create the struc

ture.

The selection of the improve
ment leader will be crucial; his
level of power, his credibility, skills
and personal motivation will be
qualities required for future suc
cess. The team and/or sub team
will also be selected following the
same logic and will involve the
same level of participation from
the group who handle the contract
as well as with the vendor who

delivers the products or services.
The team should lay down a com
prehensive plan of action using a
timeline, and will need to develop
the required structures, reports and
scorecards.

During the implementation, the
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team will have to be sure to build

support by communicating, show
ing common interests among
themselves by using joint diagnos
tics or experimentation and devel
oping the recognition of the need
for improvement. I call this "coali
tion building."

The team will also have to pro
vide or develop capabilities by
being willing to dedicate
resources, time or money and even
provide training when required.
Finally, they will have to determine
the technology to be used to dif
fuse the information.

The last task in the implementa
tion is the goal setting. The goals
have to be specific, difficult and
accepted by all the participants.
Remember, they also have to be
measurable and achievable. A

time frame also needs to be deter

mined to monitor performance;
the group will also allow time to re
evaluate the goals, not to lower
them if not achieved, but to ensure
that they are coherent with the
need of improvement that has
been set previously.

The major challenges after the
implementation are to meet regu
larly, having the right resources
and the leadership to meet the
joint objectives, and create or
maintain the discipline by ensuring
continuity of new members or
reconsider goals in the light of a
changing environment. Other
challenges like continued perform
ance monitoring and fine tune re
aligned systems and showcase suc
cess are often encountered by
many teams.
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The rewards expected are the
creation of a stronger customer/
supplier relationship, a win-win sit
uation for both parties who could
share the benefits achieved, a
streamlined, permanent process
that can be applied to other proj
ects. I strongly believe this
approach has some merits and
would bring added value if it is suc
cessful.
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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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I. DIESEL DRIVEN

HEATING SYSTEM

Prepared by Curt Meyers,
Manager-Mechanical

BNSF Railway Co.

Introduction

Although U.S freight railroads
have improved fuel efficiency by as
much as 71% from 1980 to 2001

according to the Association of
American Railroads, diesel fuel con
tinues to be one of the largest oper
ating expenses for railroads today. In
2002, for instance, BNSF used over
one billion gallons of diesel fuel at an
expense of more than $800 million.
At these expenditure levels, even
seemingly small fuel saving opportu
nities can add up when implement
ed consistently. If BNSF saves one
penny on the price per gallon over a
year, fuel expenses drop by $10 mil
lion. Needless to say, BNSF has
many important initiatives to con
serve fuel.

Like other railroads, BNSF has
significantly improved fuel efficiency
by implementing improved locomo
tive technology and other fuel sav
ings measures, but much remains to
be done. One of the key opportuni
ties is reducing locomotive idling.

BNSF has tried many options to
reduce idling, including manual shut
down policies. Unfortunately, the
success of these policies is depend
ent largely on the judgement and
commitment of individual employ
ees in complying with these policies,
Automatic engine start/stop (AESS)
systems maximize fuel conservation
benefits by eliminating the human
element. Onboard systems that
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monitor preset parameters and con
trol engine start/stop functions
ensure compliance with shutdown
policies. AESS systems in use
include those manufactured by ZTR,
General Electric and Wabtec.

Despite all the benefits of AESS,
the technology can do nothing to
save fuel in freezing temperatures,
since the diesel engine must be kept
idling to prevent freezing damage to
the engine, air compressor and other
systems. Railroads like BNSF that
have a significant portion of their rail
system in colder climates would ben
efit greatly from a locomotive shut
down technology that would
address cold weather issues and

enable year-round fuel savings.

Cold weather shutdown

To shut down an unattended

locomotive in cold weather, three
mechanical concerns must be con

sidered:

1. Coolant must be kept above
32 degrees to protect the
engine, air compressor and
cooling system from freeze
damage

2. Engine oil must be warmed to
ensure sufficient viscosity for
easy re-start in freezing
temperatures

3. Battery must be kept charged.

In addition, a technology that
addresses crew comfort by heating
the cab in cold weather will have

enhanced buy-in and support by the
crews who must ensure the system is
operational. The system must also
be reliable, operate as intended and
have a backup system in event of
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malfunction. Return on investment

also merits consideration. Since fuel

conservation translates into dollars,
rapid return on investment is to be
expected.

The Kim HotStart layover system
(reviewed in 1993 LMOA proceed
ings) is a technology that can and
does allow for winter shutdowns. In

general, this on-board system
consists of tank heaters, pumps and
motors that heat and circulate the

locomotive oil and water. This

system is powered by plugging into a
remote power supply of three-phase
480-volt AC. While some railroads

have successfully applied these
layover systems, it may not be the
optimum solution if an external
power source is not conveniently
accessible.

Stand-alone systems have been
introduced over the years that allow
locomotive shutdown without an

external power source. Most of
these systems use an on-board diesel
generator set that provides auxiliary
power for a variety of accessories
including immersion heaters.
Examples include the Microphor LTP
(see 1998 LMOA proceedings) and
the Ectotrans APU (see 2002 LMOA
proceedings).

Kim HotStart recently introduced
a stand-alone diesel driven heating
system (DDHS) that will now be dis
cussed in detail.

System overview
The DDHS is designed as

a coolant and oil heating system
for use in railroad locomotives, to
allow engine shutdown in low tem
peratures without the danger
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of freeze damage. Unlike past stand
alone designs, however, the DDHS
does not use a generator set to pro
duce auxiliary power. Once the
locomotive is shut down, the DDHS
becomes operational, circulating
and heating engine coolant and oil
to target temperature of 120 F°. The
system remains in operation until the
locomotive is restarted either by
automatic or manual methods.

The DDHS uses a direct-coupled
centrifugal water pump to extract
coolant from the main drain of the

locomotive engine. Coolant is
pumped through heat exchangers
and electric heaters where heat is

transferred to the coolant. Heated

coolant is then injected directly into
the locomotive engine water system
at the top front of the engine,
flowing through the cooling system
and oil cooler in a reverse flow

arrangement, (See Figures 1 & 2 for
flow configuration).

Maximum heat is injected direct
ly into the water through the
mechanical energy of the pump,
direct immersion heaters and a

system of heat exchangers. The sys
tem is configured to operate at
different speeds, automatically, to
keep the water temperature
between 100F° and 120F°. At the

same time, the system charges the
locomotive batteries and powers the
cab heaters through a 72-volt, 80-
ampere alternator. This system uses
its own oil and antifreeze treated

water supply.
The compact system is 32.6" tall,

49.2" long and 23.9" wide, allowing
it to be installed along the locomo
tive walkway or in the engine room.
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The system can be used even on
locomotives with limited space in
the engine room, such as SWIOOOs
and SD9s. This is significant,
since these locomotive models are

typically used in yard and switch
engine service and idle to a much
greater extent than locomotives in
road service. (Figures 1 & 2 show
typical walkway placement and
system configuration on GP 9 model
locomotives).

As the photo in Figure 3
indicates, walkway mount systems
can be used on locomotive models

with limited mounting space inside
the carbody, further enhancing fuel
saving opportunities. The photo
shows example of installation on
SW15 locomotive. Service points
are fully accessible from the front of
the enclosure. Exhaust from the

DDHS is directed beneath the run

ning board toward the frame.
Installing the walkway mount system
requires modification to main gener
ator doors and reduces access, but
service can still be completed from
inside the carbody.

Heating capacity
In July 2002, BNSF purchased 3

DDHS units and installed them on

GP 38 locomotives, which were
assigned to switching operations at
Corwith Yard in Chicago. The units'
performance and reliability was
closely monitored. To measure the
system's heating capacity, a test
was conducted on January 28-29,
2003. A data bucket with 45 chan

nels and thermocouples measured
temperatures at different points
throughout the locomotive engine
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the DDHS and the ambient temper
ature. (Figure 4 summarizes the key
data).

At the beginning of the test, the
ambient temperature was 32°F, the
locomotive oil temperature was
119°F and the locomotive water

temperature at the dump valve was
119°F. The DDHS was manually
switched from off to high speed.
After 10.5 hours, the water tempera
ture had increased to 195°F, the oil
temperature was 180°F and the
ambient was 29°F. At this point, the
DDHS was switched from high
speed to low speed. This test
demonstrated the DDHS had the

heating capacity to raise the water
temperature by 166°F over ambient
temperatures (195°F water tempera
ture at 29°F ambient). Therefore, in
subzero ambient temperatures, the
DDHS has the capability to keep the
water temperature above 100°F.
This meets our requirements for our
coldest BNSF yards such as Havre,
Montana, and Northtown,
Minnesota. As a sidenote, the
Alaska Railroad has separately veri
fied DDHS heating capability at tem
peratures down to -38°F in
Fairbanks, Alaska.

HotStart "SmartStart" system
The DDHS starts and stops auto

matically when the crew starts or
stops the locomotive engine.
However, getting the crews to shut
down locomotives can be a chal

lenge. Railroads have trained oper
ating crews over many years to never
shutdown a locomotive in cold

weather. To address BNSF's con

cerns, Kim HotStart and ZTR Control
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Systems worked together on an inte
grated "SmartStart-HotStart" system
that would automatically shut down
the locomotives and utilize the

DDHS. The first integration was
completed on BNSF 2133 in August
2002.

In a test of the SmartStart system,
three locomotives were observed.

Two locomotives had the standard

Hotstart system, requiring manual
shutdown to initialize the DDHS. A

third locomotive, the 2133, had the
SmartStart system that automatically
initialized DDHS. The results appear
in the chart below, with the number
of recorded hours of DDHS "run

time" indicating how long the loco
motive was shut down. Clearly,
locomotive idle hours were more sig
nificantly reduced on BNSF 2133
than on locomotives requiring man
ual shutdown to initialize the DDHS.

It appears that, without the
SmartStart integration package, pre
vious training prevailed and locomo
tives were left idling when not used,
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thus prohibiting DDHS operation.
By automatically monitoring

locomotive and DDHS parameters,
SmartStart basically makes the
decision to shut down the locomo

tive for the crews. SmartStart

enhanced systems can also down
load a fuel savings report that docu
ments exactly how and when we are
saving money. Already available
over laptop download, these reports
may soon be available over the
Internet, thanks to the efforts of ZTR,
making it easy to manage a fuel sav
ings program. After successful field-
testing of the integrated system on
2133, BNSF purchased and installed
five more systems in late 2002 for
further testing.

The results in favor of the Smart

Start system are compelling; howev
er, the concerns about employee
shutdown behavior may not be an
issue on short lines or in smaller

yards where crew rotations are small
er and behaviors may be more
directly influenced.

Shutdown Test Summary

Road Number Model DDHS DDHS hr DDHS meter SmartStart

install Date meter date reading Hotstart

BNSF 2194 GP38 7/22/02 4/30/03 176.5 N/A

BNSF 2195 GP38 7/22/02 3/26/03 182.0 N/A

BNSF 2133 GP38 7/22/02 5/4/03 897.5 1514.5
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Shutdown statistics also reflect

the presence of certain parameters
that inhibit the activation of the sys
tem, such as reverser not centered
for brake pressure leaking (see
download information for the BNSF

2133 in Figure 5). This information
enables BNSF to repair defects or
advise the work team of operator
practices that may inhibit operation
of the system. Fuel saving analysis
and a summary are also provided on
the download report to indicate real
ized savings as well as savings lost to
defects.

Emissions

In 1998, under the Federal Clean
Air Act, the Environmental
Protection Agency (EPA) enacted
exhaust emission standards for loco

motive diesel engines. A primary
focus was the reduction of NOx

emissions. All existing locomotive
models built from 1973 through
2001 must be made to comply with
Tier-0 emission standards (that is,
line haul locomotives must meet 9.5

gms NOx and switch engines must
meet 14.0 gms NOx for compli
ance). New locomotives built from
2001 through 2004 are required to
meet Tier-1 standards (7.4 gms NOx
for line haul, 11 gms NOx for switch
engines), and all locomotives built in
2005 must meet even more stringent
Tier-2 standards (5.5 gms NOx for
line haul and 8.0 gms NOx for
switch engines.

In March 2000, the EPA intro
duced a voluntary initiative program
to reduce emissions from older, dirt
ier diesel engines used in heavy-duty
applications. This program would
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provide partnership opportunities
among the EPA, state and local gov
ernments and related industry to
address the engine exhaust and
extended idle emissions.

In May 2003, under this initiative,
the City of Chicago, EPA and Kim
Hotstart formed a partnership with
BNSF and the Wisconsin & Southern

RR to conduct a locomotive idling
emission reduction project. The pur
pose is to demonstrate the effective
ness of idle reduction technology in
the switchyard in Chicago. The proj
ect will include measurements of

emission output, fuel savings, noise
reduction and the marketability of
locomotive idle reduction technolo

gy. The project will benefit sur
rounding neighborhoods by mini
mizing exposure to exhaust emis
sions and reducing noise from idling
locomotives in the yard. Seven yard-
based locomotives were retrofitted

with Hotstart DDHS and will be

monitored throughout the test. The
goals of this project are to:

• Reduce NOx and other air

toxic emissions from

switch yard based
locomotives through control
of engine idling.

• Conserve fuel by reducing
idling hours.

• Reduce noise levels from

idling locomotives.
• Analyze market acceptance

and potential of engine
shutdown technology for
future application on
locomotive road and switch

engine.
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Fig. 6 the Cumulative Idle Hour Reduction report, indicating amount of idle
reduction time accomplished to date.

Strategic deployment
Strategic deployment and place

ment of the integrated Hotstart-
SmartStart systems on yard-based or
captive locomotives will maximize
fuel conservation as locomotives

used in this capacity have certain
payback advantages over line haul
locomotives. Extended idle times

occur with yard locomotives as they
are generally associated with shift
work. In some cases, they are not
used more than twelve hours per
day and not at all on weekends.

"Smart" applications would uti
lize the integrated DDHS system in
the colder climates, whereas in the
warmer climates only the SmartStart
systems would be needed. Figure 7
compares average low temperature
ranges between Houston, Texas, and

Havre, Montana, with a 40-degree
engine shutdown limit indicated.
The following qualities demonstrate
how yard-based locomotives would
capitalize on maximum benefit and
offer the quickest return on invest
ment:

• Locomotives with extended

idle times. Yard-based

locomotives have a minimum

of 28% more idle time than

line haul locomotives (based
on duty cycle averages).

• Ownership. Even though the
crews rotate, it is easier to
monitor yard engines to keep
systems on line. Operating
crews as well as area

Mechanical forces becomes

more aware of the systems
and their operation.
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• Strategic deployment. Systems
can be configured and
deployed in climates where
maximum benefit is realized.

Yard assigned or captive
locomotives in colder climates

would benefit from integrated
DDHS systems and realize
year-round fuel savings, while
locomotives in warmer

climates realize the same

benefit using autostart
systems only.

Benefits

Fuel savings are the primary con
sideration for railroads using AESS
and SmartStart types of systems.
Idling time for yard engines average
55% to 60% of their duty cycle
(Figure 8) with a fuel consumption
rate of 3-4 gallons of fuel per hour.
Fuel consumption for idling locomo
tives increases significantly in cold
weather, since most railroads, includ
ing BNSF, have winter idle policies
that require engines to idle at notch
3 (no load) when temperatures
reach 10-15 degrees. This practice
allows engine temperatures to
remain warm enough to protect the
engines from freezing and to reduce
oil out the stack issues due to cold

engine operating temperatures. Fuel
is consumed in notch 3 (no load) at
a rate of 11-12 gallons per hour.

Many yard engines are not used
in the evenings and weekends and
are laid up idling until required for
duty. Thus, a switch engine idling for
one day would consume 72 gallons
of fuel in a 24-hour period at a cost
of $59.04 (24/hr. x 3/ghr. x
$.82/gal). With winter idle policies

147

in place, the switch engine would
consume 264 gallons of fuel at a
cost of $216.48 (24/hr. x 11/gal. x
$.82/gal.). In remote locations
where locomotives must be fueled

by outside resources or DTL (direct
to locomotive) fuel prices can reach
$1.00/gallon, driving fuel costs even
higher.

The DDHS unit, in contrast, con
sumes an average of 0.8 gal./hr.
when in operation. This equals a
fuel consumption rate of 19.2 gal
lons per day. So, by using a DDHS
unit rather than idling the locomo
tive would reduce fuel consumption
by 73% -19.2 vs. 72 gallons per day.
That's nearly one barrel (52.8 gal.) of
fuel saved per day per locomotive,
and over four barrels a day during
winter idle practices.

Emission reduction achieved by
less engine idle time is equally
important. With the introduction of
strict Federal regulation regarding
emission output, railroads must
adjust operations to meet these
requirements. Other collateral bene
fits include reduction of oil out stack

problems.

Summary
Innovative thinking is needed to

achieve ongoing fuel savings and to
help minimize company exposure to
fluctuating fuel costs. While diesel
engine heating systems are not a
new technology, the development of
stand alone, on board heating sys
tems coupled with electric monitor
ing has improved to allow the effi
cient, year-round use of this technol
ogy in all models of locomotives.

Engine shutdown systems offer
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fuel conservation matched by no
other means. Manual shutdown

policies are subject to judgement or
human error and often fall short of

fuel conservation goals. Moreover,
they are only effective and possible
at temperatures above 40 degrees.
With "Smart" application of DDHS
and proper deployment, fuel conser
vation can be maximized. As men

tioned previously, fuel savings
become the primary consideration
for railroads using automatic engine
start/stop systems. But the accom
panying benefits of emissions and
noise reduction have important
implications for the surrounding
communities. It quickly becomes
apparent that engine-heating sys
tems should be considered to

achieve these reductions year-round.
Through innovative systems and
aggressive developmental efforts,
BNSF has demonstrated its commit

ment to a cleaner environment and

improved fuel conservation, which
could potentially benefit all of
BNSF's constituencies, including our
employees, customers, shareholders
and the communities we serve.
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Figure 4 - BNSF 2133, DDHS Heating Capacity Test
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Download report BNSF 2133 (5/4/03)

Condition | Sinceinstall I Previous report I Condition I Since install I Previous report

LOCOMOTIVE OPERATING STATISTICS (hrs)

Engine Shutdown 2485.0 43.2 Engine idling 1913.3 100.8

Manual shutdown 970.5 0.0 Working idle 1147.0 87.2

SmartStart 1514.5 43.2 Parked idle 766.3 13.6

Engine Run 221.1 124.7 Parked Idle 766.3 13.6

Loading 317.8 23.9 Unavoidable Idle 343.8 0.0

Idling 1913.3 100.8 Manageable idle 422.5 13.6

Unsatisfied Parameters Preventing Shutdown (hrs)

Unavoidable

Ambient temp 260.2 0.0 Water temp 37.2 0.0

Dump valve temp 70.9 0.0 High water temp 0.0 0.0

Manageable

Brake pressure 161.6 4.6 Battery voltage 0.0 0.0

Battery charging 50.8 0.0 Extended idle 10.5 0.0

Reverscr not center 199.3 9.0 SS switch off 24.6 0.0

Reason(s) for Restart After SmartStart Shutdown (counts) - Hotstart Shutdown (counts)

«Brake

pressHre»

120 Ambient temp 13

Water temp 76 Battery voltage 0

«Reverser

center»

366 26 Dump valve 2

Sma rtStart - Hotstart S tiutdown Informati in

Count 699 34 Time 1514.5 43.2

DDHS On 897.5 0.2 DDHS high sp. 27.0 0.0

SmartStart - Hotstart Savings Analysis

Savings realized by SmartStart-Hotstart S6684.88 $174.85

Additional savings NOT realized by SmartStart-lIotstart $1454.46 $46.82

Road Number Installation date Previous report

date

Current report

date

Hours since

install

Hours since

previous report

BNSF 2133 7/22/02 4/27/03 5/4/03 5974.2 168

Fig.5



Doenload Summary for BNSF 2133

Summary

Service time in period:

Unit was parked idling for:

Unit manually shut down for:

Reduced manageable parked idling time:

Unit was shutdown by SmartStart-Hotstart:

No shutdown because revcrser riot centered:

Autostart switch turned off:

No shut down based on unsatisfied.parameters:

Fuel Savings Summary .

Total hours UUs system shutdown locomotive:;

Total gallons fuel saved:

Savings not realized d

Time since install Since last report IIrs/Days

4716.1 167.9 hrs

766.3 13.6 hrs

970.5 0

78% 76%

1514.5 43.2 hrs

199.3 9 hrs

24.6 0 hrs

422.5 13.6 hrs

1514.5 43.2

7427.64 194.28

$6,684.88 S174.85

$1,454.46 $46.82

$8,139.34 $221.67
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EPA Estimated Duty Cycles

(% Time in notch)

155

Throttle Setting Line Haul

Service

Switch Service

Idle 38.0 59.8

Dynamic Brake 12.5 0

1 6.5 12.4

2 6.5 12.3

3 5.2 5.8

4 4.4 3.6

5 3.8 3.6

6 3.9 1.5

7 3.0 0.2

8 16.2 0.8

Figure 8
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II. TRAINLINK - ES TIBS,
AS APPLIED TO CN/IC

LOCOMOTIVES

Prepared by Bill Kirdeikis,
Senior Reliability Specialist -

Electrical CN/IC Rail

Why Trainlink ES
The only way to remain competi

tive in today's rail marketplace is to
do more with less. One way of
doing this is to run longer and heav
ier trains, thereby maximizing the
use of locomotives and running
crews. It is not uncommon to see

trains in the 10,000-foot plus range
while 2-3 years ago a 5,000 foot train
was considered a long train. These
longer trains while achieving this
have definitely created a brand new
set of problems, not the least of
which is the increased drawbar

forces encountered during periods
of braking (buff forces) or accelera
tion (draft forces).

With longer trains and using
1000 feet/second as the rate at
which changes in air pressure are
transmitted through a train's
brakepipe, it will take a full 10 sec
onds to transmit a brakepipe reduc
tion from the locomotives to the last

car in a 10,000 foot train.
Obviously, as the brakepipe reduc
tion is taking place the cars toward
the head end will start to retard the

movement of the train as the brake

cylinders apply prior to the trailing
cars sensing the brake pipe reduc
tion. This will cause the slack run in

while equilibrium is being reached
with the corresponding buff forces
followed by the corresponding draft
forces when it is necessary for the
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train to again accelerate.
One of the methods of reducing

these forces during an automatic
brake setup would be to apply all
brakes on the car simultaneously.
The only methods known of at this
moment that can accomplish this
would be ECP braking which would
transmit barking requests through
the train instantaneously. While this
is obviously the best solution it is by
far the most expensive, requiring
dedicated cars for this purpose at a
major expense. This is where
Trainlink - ES comes in (Figure 1). To
the CN and the IC (prior to being
partnered with CN) Trainlink ES
offered the best tradeoff of perform
ance versus price. This coupled with
the fact that many of our older SBUs
were becoming due for replacement
basically made the decision very
easy. Another point is that Trainlink-
ES IDU and SBU devices are com

pletely compatible with all TIBS
equipment used at CN. That is:

• Trainlink-ES IDU's (HOT or
LCU) are fully compatible
with all other SBU's used at

CN

• Trainlink-ES SBU's (EOT) are
fully compatible with all
other IDU's used at CN

Maintaining compatibility with
existing TIBS (Train Information and
Braking System) equipment allows
failed components to be replaced
with conventional equipment in the
field, should the need arise.

Trainlink-ES operation
The Trainlink-ES system provides

all the features of standard TIBS

equipment. For the most part, the
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COBRA® Made It.
High fashion it's not. But high quality — definitely. Every COBRA High Friction

Composition Brake Shoe is backed by more than 40 years of experience and the
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Trainlink-ES will operate the same
conventional TIBS equipment until a
locomotive engineer chooses to use
the additional features it provides.

Over and above the basic TIBS

operation, the Trainlink-ES system
provides enhanced functionality that
can be used to improve train han
dling, reduce in-train forces and
reduce train stop distances. The
Trainlink-ES system provides two
important and useful features:

1. automatic initiation of end-

of-train emergency brake
command;

2. "ASSIST" or "ES" mode

(EOT service braking).

The Trainlink-ES system will
always assist "emergency braking"
and will assist "service braking"
whenever the "ASSIST" mode is

engaged. By applying brakes simul
taneously at the head and rear end
of the train, whether for emergency
or normal service braking, the
Trainlink-ES provides the following
two immediate benefits:

1. Train slack action is

significantly reduced
(conservative CN estimates)
when train brakes are

applied:
a. 35-40% reduction in buff

forces.

b. 10-15% reduction in

draft forces.

2. Train stopping distances are
reduced (Figure 3)

a. 2-5% reduction in

emergency braking
b. 10-20% reduction in

service braking.

A graph of Rail Sciences
data, based on the average of 336
simulations with random mixed train

simulations is depicted in Figure 2.

Trainlink-ES ASSIST mode

To provide the ASSIST (also
referred to as EOT) service braking
function, the locomotive must be
equipped with all three Trainlink-ES
components:

1. Trainlink-ES IDU

2. Trainlink-ES SIU

(Service Interface Unit)
3. Trainlink-ES SBU in position

at the end-of-train.

When the locomotive engineer
activates ASSIST mode, improved
braking performance will result
because the brake application prop
agation time is reduced. The end
result is an improvement in train
brake response time.

This is accomplished as follows:
• once the IDU is placed in

assist mode the system will
calculate the gradient on the
train prior to indicating ready
for assist mode.

• once ready for assist mode
when the train brakes are

applied with the automatic
brake valve, the Trainlink-ES
system will transmit a radio
signal to the Trainlink-ES SBU
based on the equalizing
reservoir reduction.

• the Trainlink-ES SBU has its

own brake valve that will,
reproduce the brake
application at the rear of the
train by venting the brake
pipe in response to service
brake applications made at
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the head end. The air is

vented from the bottom of

the SBU at an appropriate
service rate.

Trainlink-ES does not provide any
benefit in releasing a brake applica
tion, nor does it assist in recharging
the train brake pipe.

The locomotive engineer has the
ability to selectively enable / disable
ASSIST mode as desired.

Modification for installation of

Trainlink-ES equipment
The application of Trainlink-ES is

a relatively straight forward modifica
tion (Figure 4). On the IC fleet this
mod involved only the following
basic steps.

1. Apply the SIU in the short
hood area.

2. Using Hypalon 1/4" tubing
route new lines from

equalizing and brake pipe
gauges to the appropriate
fittings on the SIU.

3. One power plug and a serial
data plug from the SIU to the
LCU to apply and connect.

4. Apply new ES LCU (or
retrofitted Trainlink II).

5. Test SIU operation using
Wabtec supplied software
and test function with ES SBU

(EOT) unit attached to air
supply simulating approxi
mate pressure at the end of a
train.

Note: if tail end pressure is high
er than head end pressure by even 1
PSI, ES LCU will not go into assist.

When it came time for the CN

fleet the following additional items
were necessary:
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6. Apply new odometer and
power cables for the IDU
(HOT/LCU). This was
necessary as it was decided
to standardize on the IC cable

set for this application to
ensure that at some point in
the future there would be

total interchangeability in the
fleet. In addition to these

cables the original CN cables
were left in place to allow
application of an older style
CN IDU if required due to a
failure at a location with no

spare ES IDU.
7. Remove existing IDU

mounting plate and apply a
universal mounting plate.
Again this was necessary as it
was decided to standardize

on the IC outline/case style
on the ES IDU for this

application to ensure that at
some point in the future there
would be total interchange-
ability in the fleet. This
bracket was designed in
Woodcrest to accept either
style of IDU.

Installed Trainlink-ES equipment
To date the following Trainlink-ES

equipment has been introduced into
CN's Canadian operations:

• 198 Trainlink-ES SBU devices:

CNQ 30110-30141,
CNQ 31000-31165

• 108 Trainlink-ES fully
equipped locomotives (i.e.,
IDU + SIU);

GM SD-75's: -25

GM Dash-9's: -83.

Additionally, the CN SD-70 loco-
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motive fleet (CN 5600-5625) are
being equipped with Trainlink-ES. At
this time a number of SD-70 loco

motives are equipped and some are
only partially equipped. Thus, a CN
SD-70 locomotive may be encoun
tered with a Trainlink-ES IDU but

without the SIU.

Additionally, on the IC side there
are presently 174 units equipped
which includes 40 GM SD-70 units

(IC 1000-IC 1039) with the remain
der on various main line locomotives

(primarily GM SD40-2 or SD40-3
conversions).

As it stands there are no Trainlink-

ES applications planned for 2003 on
CN locomotives. Transportation is
evaluating the units already in serv
ice with this equipment.

There are, however, plans for the
next 30 GE locomotives purchased
in the first quarter 2004 to come
equipped with the ES system.
Capital expenditures for 2004 in
regards to ES are still to be deter
mined. On the IC side the applica
tions are still ongoing, although not
at the same rate as previously.

Changes in ES as we go along and
lessons learned along the way
One of the biggest hurdles we

have had to cross has been that of

purely education. Up until this point
all CN head end units have been of

the self-arming type; i.e. they were
constantly armed to the tail end as
soon as the tail end unit code was

dialed in. But with Trainlink-ES it was

decided to move to the style of head
end unit that had to be actually
armed to the appropriate tail end
code by pushing the com test on the

tail end unit to allow the head end

unit to be armed. The change to
arming style was again propagated
by the desire to standardize on one
set of rules for units south and north

of the border and fully encompass
the FRA requirements for arming.
The change to a head end unit that
required arming was, needless to
say, a major change for transporta
tion and equipment department per
sonnel alike and continues to be one

of the hurdles of this new system.
One of the additional major con
cerns with this arming system is that
if power is changed on a train, CN
personnel must find their way to the
end of the train to push the com test
button on the SBU (EOT) to arm the
new head end unit regardless of
where the train is located. To this

end Transportation is investigating
with Wabtec some new methods of

arming, which could be accom
plished from the locomotive cab, at
least on trains on the Canadian side.

Additional software changes to
the IDU function which have

been requested by CN and
accommodated by Wabtec:

1. Change in the beeping
routine of the IDU. Originally
these IDUs would beep every
three pounds increasing
brake pipe pressure. That has
since been changed to a
series of beeps after a large
brake pipe change and the 5
beeps on a Low Pressure
Alarm.

2. Odometer function. As

delivered these units would

not allow the odometer
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function to count until the 8T

or 9T (forward or reverse)
trainlines were high. This has
since been changed to the
CN standard that the

odometer will count up
unless a reverse signal is
encountered.

3. With the relatively small fleet
at present CN needed a sure
way to let the crew on board
the locomotive know that in

addition to an ES head end

device there was also a ES tail

end device at the end of the

train. The software has now

been changed so that when
armed to an ES tail end

device a temporary message
"ES Train" is displayed on the
IDU for 5 seconds and

repeats every 30 seconds
thereafter to advise the crew

that the required devices are
in place for assist mode.

Overall on CN, Trainlink-ES is
still a work in progress and as such
will have both high points and low
points as we go along. We do how
ever believe that the journey will be
worth it at the end,
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TRAINUNK-ES Study
Random Mixed Freight Trains - Average Maximum Forces

Conventional EOT With TRAINLINK-ES

Igjg Draft Force H %Reduction g§g Buff Force

1SPSI FS<2»WPH)

Figure 2

STOP DISTANCE COMPARISON

TRAINLINK - ES VS. PNEUMATIC ONLY

MIN • 1S - FS (29 MPH)

Figure 3

|% Reduction

FS <43 MPH)
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C O M T R O I

The Next Generation In Complete
Locomotive Electrical Control Systems

Plus!...It Provides Significant Built-in Capacity To Help Meet Your Future
Requirements.

The Benefits Prove It: Higher reliability • reduction/elimination of high mainte
nance components• significant and consistent improvement in tractive
effort underall weather conditions • superior wheel slipdetection and control capa
bilities • effective main generator/traction alternator and traction motor voltage lim
iting • main generator/traction alternator current overload protection • traction
motor short term overload protection and annunciation • smoother control of exci
tation ramp rate • reliable transition control • KWH trip recording • extensive data
collection and systems diagnostics • remote communications interface capability

Nexsys II is Expandable and Mounting is Versatile: We can tailor the system to
be specific to yourapplication. It mounts directly into a Dash 2 cabinet and occu
pies only four module slots. Other options provide for mounting in
non-Dash 2 applications.

Contact us for further details

8050 State Hwy. 101
Shakopee, MN 55379

952-885-8122

955 Green Valley Road
London, ON N6N1E4

519-452-1233
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III. HEAD END POWER (HEP)
SAFETY ISSUES

Prepared by Ron Battels,
Manager-Electrical Systems

Via Rail Canada

1. Introduction

Any time we work with electricity
or heavy equipment, it is important
to understand that there are safety
concerns. There are risks of electri

cal shock or electrocution or of phys
ical injury. Head end power (HEP)
systems involve both electricity and
heavy equipment so when working
with HEP, there are definitely safety
concerns. This paper will give the
necessary basic information for any
railroad industry employee to under
stand what HEP is and how to work

with if safely.

2. What is HEP?

HEP is the equivalent of hotel
power on a passenger ship. It pro
vides the electrical energy for pas
senger car loads such as heating, air
conditioning, lighting, food prepara
tion equipment, and various other
convenience items and controls.

It begins with the generation of
electrical power by an alternator,
which may be located in a locomo
tive at the head end of a train (hence
the name "Head End" Power) or in a
stationary power generating plant.
After the alternator will be protec
tion circuits that will ensure the safe

ty of personnel or minimize equip
ment damage in case of a major
electrical fault. Following the pro
tection circuits is the distribution sys
tem, which will ensure that all the
loads receive their power safely and
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that they can be individually isolated
without disturbing other loads.

HEP equipment can be found on:
• Locomotives, including alterna

tors, controls,protective devices,
and cabling;

• Between locomotives and cars,
including receptacles connected
together with flexible 3-phase
HEP jumpers capable of carry
ing hundreds of amperes of
current; and

• On cars, including cabling, a
distribution panel with circuit
breakers and transformers to

adapt the voltage to suit the
loads.

The voltage source is usually 480
VAC, 3-phase, 60 Hz in North
America, although some railroads
use a 575 VAC source.

When passenger trains are parked
and still need to have a source of

power, they will usually be connect
ed to a wayside (or shore) power
station, which distributes power
from the local utility grid. This allows
the train operator to shut off or
disconnect the locomotive, thereby
saving energy costs and reducing air
pollution.

A very important safety aspect
of the HEP system is the trainline
complete (TLC) or integrity loop. It
consists of:

• A voltage source, which is usual
ly low voltage AC or DC and is
located in either the locomotive

or the wayside panel.
• A current path. The current from

the source flows through all the
HEP trainline jumpers and
cables in series, provided they
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are all connected. If even only
one jumper in the circuit is not
connected, no current will flow.
The jumpers on the last car are
looped back into the adjacent
receptacle, providing a path for
the current to return to its

source location.

• One or more relays: The current
returns to the coil of a relay (TLC
relay) located in the wayside
panel or locomotive where it
originated. The loop is complet
ed when all the jumpers are
connected and the relay at the
source is energized. Until this
relay is energized, no 480 V
power will be produced and the
HEP system will remain non-
energized in a safe state.

3. Safety concerns:
Why do we have them?

Any time we deal with electricity
we are dealing with a potential elec
trocution hazard. When talking
about electricity, the terms voltage
and current are frequently used. It is
important to understand the differ
ence between the two. Current is

the flow of electric charge and it is
the one that kills. A sustained cur

rent of 100 mA through the heart is
enough to kill a person. The voltage
is the "force" that pushes the current
through the body.

For example, consider two power
supplies capable of delivering
50 watts of power. A 5 V supply
capable of delivering 10 A is not
dangerous because the voltage is so
low that it cannot push enough
current through the body to be
dangerous. However, a 500 V
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supply capable of supplying only
0.1 A (or 100mA) is definitely very
dangerous and potentially fatal.

A frightening statistic from Labour
Canada shows that 50% of electro

cutions occur on 120 V, which is
common household voltage. HEP
voltage is typically 480 V. For the
same circuit, the HEP source of 480
V will push four times as much cur
rent through it as a 120 V source. It
is essentially four time as dangerous.
It is critical to have respect for it!

The other main safety concerns
when working with HEP are poten
tial back injury or slipping and falling
when connecting or disconnecting
heavy jumper cables. These cables
are sometimes difficult to mate and

unmate, especially in cold weather
or if they have deformed connector
heads.

4. Safety concerns:
What are the potential hazards?
4.1 Shock or electrocution while

connecting or disconnecting a
jumper - faulty trainline complete
loop.

There are three causes for the

trainline complete loop to give a
false signal to the TLC relay:

(a) One or more trainline jumpers
is (are) short looped. See figure 1.
Looping a jumper part way through
the train gives a trainline complete
signal to the TLC relay while the HEP
trainlines behind the short loop
remain live with 480 V. This is a

potential problem with a single bus
system only. The split bus system
would have no voltage on the HEP
trainlines behind the short loop.

(b) Incorrect train set-up with loco-
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motive and wayside connected.
Under certain unauthorized locomo

tive set-up conditions with a train
connected to wayside power, (i.e. a
locomotive that is set-up for generat
ing power when it should be set up
as a trailing unit) the TLC relay in a
wayside panel can be energized by a
signal from the locomotive. This
allows the wayside panel to produce
power when live jumper cables may
not be connected in their recepta
cles.

(C) Grounds or short circuits in
the TLC loop. These could falsely
compete a loop in a car that is not
the last one, leaving all cars behind it
unprotected by the TLC loop.

4.2 Shock/electrocution from
damaged insulation on jumper or
carbody cable.

This is not an uncommon accur-

rence in the railway environment.
Flying debris can easily damage
unprotected cables.

4.3 Injury from exploding plugs
and or receptacles.

Water can enter into damaged or
old style fabricated HEP connectors
causing a short circuit which can be
powerful enough to cause an electri
cal flash that resembles an explo
sion. Weak insulation in the con

nectors can also cause the same

phenomenon.
4.4 Shock/electrocution while

working on 480 V circuits.
Personnel working on HEP circuits

may think they have turned the
power off but have not taken the
proper precautions to ensure their
safety.

4.5 Personal injury while handling
or connecting/disconnecting jumper
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HEP jumpers can be very difficult
to connect, especially if they are
cold or deformed. Back injury can
result while forcing a jumper incor
rectly. If the ground conditions are
wet or slippery, one can quite easily
slip and fall if pushing or pulling too
hard on a connector.

5. How do we mitigate risk?
For each potential hazard, there

are four approaches to take to miti
gate the risk. It is virtually impossible
to eliminate the risk because there

will always be chances for errors in
any system that is designed and built
by humans and where humans must
make decisions regarding their own
safety. The approaches for mitiga
tion are:

a. Common sense

b. Design
c. Procedures and training
d. Maintenance

5.1 To prevent shock/electrocution
a. Common sense:

• Make sure it is not live! Check

the circuit, wires, or jumpers
with a voltage sensing pen or
voltmeter. It is critical to

ensure that the testing device
is working before using it, so
test it first.

• Set up the train properly so
that the TLC protection circuits
can perform their function.
This includes proper locomo
tive set-up and elimination of
short looping.

• Don't allow jumpers to drag or
be run over, as this will dam
age their insulation in the long
run and create hazards for

those who handle them.
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• Don't go near live jumpers
and cables if it is not neces

sary. Someone who is far
away from the live circuits
stands little chance of injury.

b. Design:
• Split bus vs. single bus. Split

bus is almost failsafe regarding
the TLC loop. It has two elec
trically isolated sets of power
trainlines running down the
length of each car and the TLC
loop conductors follow the
power cables on each set.
Any power cables that are not
protected by the TLC loop will
not have voltage on them. The
single bus system has both sets
of power trainlines connected
in parallel in each car while the
TLC loop conductors follow
the power cables on each set.
By short looping a single bus
system, a portion of the train is
not protected by the TLC loop.
See figure 1. The major differ
ences between single and split
bus systems are that the split
bus system is inherently safer
but it is more complex and,
consequently, more costly.
Also, split bus locomotives are
not compatible with single bus
cars. The single bus system is
lower in cost due to its simpler
power distribution, its power
sources are compatible with
both single and split bus cars,
but the cars are not compati
ble with split bus locomotives.

• Create incompatible voltage
sources for TLC loops on loco
motives and wayside panels
such that one source cannot
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energize the other. Even if a
locomotive is improperly set
up, it won't be able to ener
gize a TLC relay in a wayside
panel. Something as simple as
DC/AC differentiation alone is
not the solution because DC

sources can energize AC
relays and vice versa.

• Provide mechanical protection
for carbody cables to shield
them from flying debris which
can damage the insulation.
The secondary benefit is that,
with protected cables, person
nel cannot accidentally come
into contact with the cables.

• Follow APTA standards for

jumper design to ensure
proper intermateability. Mold
ed connectors with adequate
insulation between the con

tacts will virtually eliminate the
possibility of water ingress and
short circuits between the

contacts.

• Apply dead front panels as
much as possible in electrical
cabinets to minimize the

chances of accidental contact

with live circuits.

c. Procedures and training:
• Eliminate short looping.

Unfortunately, in some railroad
operations, short looping is
reality. Communication of a
short loop situation to all
involved is the key to minimiz
ing the risk of coming into con
tact with a live jumper.

• ISOLATE, LOCKOUT, TAG,

TEST, otherwise known as a
lockout, tag out procedure.
This is a 4-step foolproof
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process that must be followed
before working on any electri
cal circuits. 1) Make sure all
sources of 480 V power are
off. 2) Ensure all power
sources cannot be turned ON

(Lockout). 3) Tag the locking
mechanism so that anybody
who approaches the mecha
nism knows who locked it. All

personnel working on a circuit
must apply their own locks
and tags. 4) Test for voltage
with a voltmeter or voltage
sensing pen. If you follow
these four steps, it is virtually
impossible to receive electric
shock while working on any
circuits.

• Ensure that train set-up proce
dures on wayside are
observed to avoid false TLC

loop indications.
• If HEP cables or jumpers are

unprotected, assume they are
damaged and do not touch
them unless no voltage is
present.

• Instruct personnel regarding all
possible hazards and to avoid
the area surrounding live HEP
jumper cables when the
power is ON.

d. Maintenance:

• Ensure that all HEP trainline

cables and connectors are in

top shape to avoid need for
short looping due to defective
plugs or TLC loop conductors.

• Perform regular insulation
(megohmmeter) and continu
ity testing of trainline com
plete circuits, including
jumpers. This will detect short
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circuits or grounds which may
other wise bypass the TLC
loop of the train.

• Ensure protective panels/
covers are in place as a regular
maintenance task and also

after maintenance and repair
interventions, to prevent
accidental contact with live

circuits.

5.2 To prevent personal injury
a. Common sense:

• It is important to know one's
own limits and physical abili
ties and even more important
not to exceed them, especially
when inserting or removing a
stubborn HEP jumper.

• Ensure solid footing at all times
when exerting forces.

• Don't allow HEP jumpers to
drag or be run over so that
they maintain their proper
shape and don't require undue
force to mate or unmate them.

b. Design
• When specifying HEP jumpers

and/or receptacles, force the
supplier to ensure that the
tolerances are at the limits

permitted by APTA to ensure
easier mating/unmating.
Although the tolerances are
not wide in the APTA stan

dards, with the outside diame
ter of the plug at its smallest
allowed and the inside diame

ter of the primary seals at their
maximum, mating and unmat-
ing forces are reduced.

c. Procedures and training:
• Instruct personnel on the cor

rect and incorrect ways of
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handling jumper cables,
including proper stance,
specifically when mating and
unmating HEP connectors.

•As a last resort, if a HEP
connector is difficult to insert,
sparingly spray a silicone lubri
cant on the mating areas of
the plug only. It makes insert
ing the connector easier.
Too much silicone can cause

accumulation of foreign matter
that can eventually make it
more difficult to mate or

unmate the connector or

cause short circuits,

d. Maintenance:

• Regularly inspect the physical
condition of plugs and recep
tacles and dispose of those
that are deformed or damage.

Conclusion

HEP circuits present safety haz
ards, from the standpoints of electri
cal shock or electrocution potential
and personal injury. While aware
ness of the hazards and a common
sense approach to working with HEP
are the keys to a safe operation,
proper design, procedures, training,
and maintenance are critical to keep
ing injuries to a minimum. By fol
lowing the recommendations made
in this paper, incident reports for
HEP system-related injuries will be a
thing of the past.
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An Excitation/Wheel Slip Control System That
Dramatically Improves The Pulling Power of Your

I Locomotives in Single or Host / Slug Applications

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 inter
face to prevent wheel over speed.

The Benefits Prove It: Increased Adhesion • Increases Drawbar
Pull • Smoother Excitation Control • Main Generator and Traction

Motor Overload Protection • More Efficient Train Handling
• Solid State Replacement of Load Regulator • Easy Installation
• Self Diagnostics

BOA is Easy to Install: Easy to install and does not require probes
or axle generators.

railwaysales@ztr.com

8050 State Hwy. 101
Shakopee. Ml\l 55379

952-885-8122

Control Systems

www.ztr.com

955 Green Valley Road
London, ON N6N1E4

519-452-1233
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IV. FUEL SAVINGS USING

LOCOMOTIVE CONSIST

MANAGEMENT

Prepared by RandallSlomski,
Customer Program Manager,

General Electric

Transportation Systems

Introduction

This paper provides an introduc
tion and overview of the concept of
locomotive horsepower manage
ment. This concept utilizes micro
processor technology to manage the
horsepower output of individual
locomotives with a consist, so as to
maximize fuel efficiency of the
entire consist.

The Basics

Freight trains are almost universal
ly hauled by multiple diesel-electric
locomotive ensembles or "consists"

which may be placed together at the
front or rear of the train, or distrib
uted at intervals among the freight
cars. A single crew on the lead loco
motive coordinates the throttle and

brake commands for the entire train.

Locomotive throttles, for historical
reasons, are set up to have 9 (Idle +
8) discrete settings, or notches, cor
responding to different levels of
horsepower output. The fuel effi
ciency of the diesel engine is differ
ent at the different notch settings,
typically with higher fuel efficiency
at higher notch settings. Figure 1
shows a typical fuel consumption
curve for a diesel engine. On an
individual basis, it can be seen that
the diesel engine has a better fuel
efficiency, i.e. consumes less fuel per
HP-hr produced, at higher notches.
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Considering the Consist
"Total HP"

If we consider a multiple locomo
tive consist as one tractive-effort pro
ducing entity and combine the
horsepower generated by each loco
motive at each notch position, we
can look at the total fuel efficiency
for the consist. As conventionally
coordinated, each locomotive in
"trail" is operated at the same notch
as the "lead" locomotive, set by the
operator. As foretold by the individ
ual engine fuel consumption curve,
operating all locomotives in the
same notch is almost always
the most efficient at high power
(notches 7/8). But when less than
full power is required from the over
all consist, e.g. notches 3-6, there is
an opportunity to increase overall
consist fuel efficiency by selectively
operating the individual locomotives
in the consist at different notches.

For example, with a consist of
three 4400 HP locomotives, the
horsepower generated by having all
three locomotive in notch 4 is 4650

hp. The "un-optimized" fuel con
sumption for these three locomotive
in notch 4 is approximately 0.3534
Ibs/HP-hr. If we apply logic to select
different notch setting for the indi
vidual locomotives in the consist, in
this case notch 8, notch 1 and notch
1, we can still obtain at least 4650 hp
from the consist, but at a fuel con
sumption of only 0.3350 Ibs/HP-hr.
This is an approximate 5.5% saving
in fuel at this notch. Figure 2 shows
one possible set of "virtual" notch
combinations that could be selected

to improve the consist fuel efficien
cy. Note the distinct savings in the
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intermediate virtual notch setting of
3-6.

Figure 3 is a plot of the efficiency
curves for standard un-optimized
and, optimized notch settings (as
depicted in Figure 2) for a three loco
motive consist. Integrating these
instantaneous savings over an entire
duty cycle provides an approximate
1% to 3% improvement in total effi
ciency.

Additional savings can be
obtained when the consist is dis

patched with extra locomotives
(increased hp/trailing ton) to provide
enough adhesion on the ruling
(steepest) grade on the mission.
When not on the ruling grade, the
engineer will be operating at lower
notch levels for longer periods. This
provides additional opportunity for
savings.

Consist Management System
However, operating the locomo

tives in a consist at different notch

settings would be operationally diffi
cult to implement without having
each locomotive isolated and sepa
rate operators on each locomotive.
Even then, coordination between
operators would be difficult, to say
the least.

To solve this operational problem,
and therefore obtain the fuel savings,
a microprocessor based consist man
agement system can be added to the
individual locomotives. This system
uses various controls to independ
ently set the notch position on each
locomotive. This allows for the

equivalent consist horsepower to be
automatically divided between the
operating locomotives in the most

175

efficient manner so as to minimize

operator intervention and maximize
fuel efficiency.

Fuel and MWhr balancing
One situation that could arise

from running separate locomotives
in a consist at different notch levels is

that fuel consumption, and therefore
MWHr generation, may not be
equal across all locomotives. MWHr
balancing may be a long-term con
cern, but consist fuel balancing is a
definite mission specific concern. A
consist management system should
employ algorithms that address fuel
balancing across the consist. Basic
systems balance fuel by the selection
of notch setting on the lead versus
trail locomotives across the locomo

tives' duty cycle. In some notches
the lead is at higher horsepower and
in some notches the trail units are at

higher horsepower operation, thus
providing a rough balancing
function. Advanced systems might
use two-way communications
between the locomotives to obtain

real time fuel measurements

from the locomotive fuel gauges to
ensure fuel balancing and optimize
consumption.

Crew training
A definite requirement of any fuel
optimization system is crew opera
tional training. Untrained crews
might think that there is a problem
with a locomotive if the consist man

agement system commands the lead
locomotive to a different notch set

ting then what the operator called
for. Once trained on how the sys
tem functions, operators will be
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aware that even though the locomo
tive that they are in is not operating
at the called for notch, they are still
producing the equivalent horsepow
er for the selected notch setting.

Conclusion

The concept of consist manage
ment shows definite potential to
provide 1% to 3% fuel savings for
railroads. On-board microprocessor
technology is advancing rapidly to
bring this concept into real time
application.
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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

CLARKFfLTER
<•• CUUKOH company

The premier producer of locomotive
filters worldwide.

183



184 Diesel Mechanical Maintenance Committee

1. TRAINING 60/30 IMPACT Railroad Employment Statistics
NOW & BEYOND (Total):

Prepared by 1963 1,011,000

George King, 1981 503,000

Chief Mechanical Officer 2000 246,000

St. Lawrence & Atlantic

60/30: What does it mean and
what is its impact on railway

mechanical operations?
Congress enacted and President

Bush signed into Law the "Railroad
Retirement and Survivors

Improvement Act" on December 21,
2001. This legislation made
sweeping changes to the existing
Railroad Retirement Act both

financially and in the context of
retirement structure.

The aspect of the revised Act that
affects railroad mechanical opera
tions is the earlier retirement age at
which persons can leave employ
ment with full benefits. The prior
requirement was 62 years of age
with thirty years of service to be enti
tled to full benefits. Under the 2001

Improvement Act the age require
ment has been lowered to 60 years
of age.

What does this change mean to
the railroad locomotive maintenance

capability throughout the industry?
Is there an impact with the passage
of this legislation?

To start with we will look at the

historical labor trends in the employ
ment category by Class 1, 2 and 3
Carriers in the United States. In addi

tion, we will review what percentage
of the workforce would be eligible
for retirement today.

Total railroad employment
declined (58%) during a 29-year
period. A number of factors allowed
for employment reduction.

The major influences were:
• Railroad mergers resulting in

duplicate shops and staffing.
• Labor agreement changes.
• Advances in technologies

throughout the industry.
• Increased productivity and

operating efficiencies.
• Deregulation of the industry in

the early 1980's.
Several dynamics were involved

in the reduction of locomotive main

tenance work force levels:

• Evolving technologies such as
transistorized cards and

modules.

• Improved oil engine and
support system designs.

• Microprocessor application to
locomotives.

• Changes in maintenance
activities.

• Fleet replacement and
downsizing due to improved
tonnage movement capabili
ties.

During 1970's and early 1980's
there was little new hiring, as a
glut of personnel existed in mainte
nance of locomotive activities. The

practice of apprenticing new hire
trainees was drastically reduced or
eliminated on many railroads during
the 1980's. The effects of reduced
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hires and training would not
show up for a decade or more in the
industry. The 1990's saw a modest
surge of shop based hiring on many
carriers due to attrition and

increased business levels. In many
cases new hires with mechanical and

electrical skills (non-locomotive)
were brought on board to meet the
maintenance demand.

The chart below shows statistics

on railroad employment by
age group and service life as gleaned
from the most recent published
reporting year (2000). These
are Railroad Retirement Board 2000

statistics:

Age group % Total labor

50-54 19.5%

55-59 12.3%

60-64 5.2%

Seventeen percent of all railroad
employees have 30 years plus of
service time. Thirty-nine percent of
railroad employees have 20 to 29
years of service.

The average age of railroad
employees is 47.

What can be seen from

these 2000 labor statistics is that a

potential exists for 37% of the work
force to retire under the new Act in

the next six years. That is a tremen
dous number to cope with in the
maintenance environment.

What measures are being
implemented to respond to 60/30?

• Staff replacement.
How does the industry attract

new hires in the locomotive field?

There have been many societal
changes in the last 25 years that are
impacting the traditional hiring
process. A larger percentage of the
population elects to purse higher
education goals. The computer soft
ware and management industry has
attracted many people who might
have otherwise entered into railroad

trades. Newer generations do not
have the desire to work the off shifts

or do without traditional weekends

off. It is hard to attract a new hire

with the thought of Tuesday-
Wednesday off while working 15:00-
23:00 on the service track. They can
work cleaner and higher paying jobs
in many instances. In the past the
railroad industry has been an
employer of several generations
from within the same family. With
the decline of employment opportu
nities and competing job markets,
that has changed. The challenge is
to attract the younger generation to
jobs that are not appealing in nature
to a great number of them.

• Attrition based on synergies
or efficiencies

Locomotive fleet reductions have

been achieved through increased
availability and tonnage capability as
demonstrated by the latest models.
Improvements in that area would
require less maintenance personnel
in total to maintain the fleet. That in

itself would go toward mitigating
some worker loss but would not

address the overall impact of 60/30
on staffing levels.

• Increased training for the
existing force

In-house training through appren
ticeship programs that have been
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reintroduced by the major carriers
has been in place for the last seven
to eight years. Also, the large rail
roads have expanded training at
their respective education facilities
to cope with technology. One major
carrier has reduced outsourcing of
its training centers to concentrate on
improving skill levels of its own
employees. Other methods of train
ing include internet based instruc
tion and plug-in software programs
that assist the locomotive maintainer

in the performance of duty.
• Increased contract

maintenance oversight
Many railroads have entered into

agreements with third parties to
maintain locomotives. This tends to

be based on reliability and availabili
ty guarantees that are agreed upon
for the fleet designated. The con
tractor uses the existing locomotive
labor staff, vendor supervision, main
tenance policies and material sourc-
ing to meet the contract parameters.
In several of these agreements it is
stipulated that the maintenance con
tractor must provide locomotive
maintenance training for the crafts.
That shifts the burden from the carri

er to the vendor. Does shifting the
responsibility do anything about the
larger issue of retirement migration?
At the end of the day there needs to
be a sufficient number of well

trained trades people to ensure cus
tomer satisfaction. Merely contract
ing out maintenance oversight does
not necessarily ensure adequate
locomotive maintenance.

• Hiring Strategies
Many roads are not hiring in any

numbers today. In fact layoffs have

been occurring on a periodic basis
as the world economy slows, espe
ciallythat of North America. Smaller
railroads hire on a "just in time"
basis, meaning that the retiree has
left or is leaving employment before
a replacement is on board. For the
most part, short term economics dic
tate that approach. In the long run it
is detrimental to locomotive per
formance. The larger carriers tend to
look forward and judge when hiring
must be done to ensure a smooth

transition in the workplace. But they
too are under the same economic

constraints as the smaller employees.

Training
On the majority of railroads, no

in-house, full time training facilities
with instructors exist. This leads to

either no formal training or to
outsourcing for those type of activi
ties. All too often locomotive

assigned personnel make do with
little or no training to perform tasks.
Federal regulations require carriers
to have qualified employees
performing service. It is up to
the railway to determine what
constitutes a qualified employee.

• Apprentice programs
Apprenticeship programs result

in short-term reduction of shop craft
productivity. The pairing of a jour
neyman who mentors the trainee
reduces overall production when
staffing levels are reviewed. This
changes after the trainee has com
pleted the program and is promoted
to journeyman level. A number of
carriers have reintroduced the

apprenticeship program in conjunc
tion with formal education tech-
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niques to speed up the learning
curve. Smaller roads generally do
not have the human resources to

implement an apprenticeship pro
gram of any substantial substance.

• Third party contractor
In the regional and short line

world where funds are restricted and

formal training is non-existent many
choose to use third party instruc
tional firms. There are several to

choose from who can educate in all

shop disciplines. Services are
offered on site and at off site facili

ties dependent on the customer
needs.

The Genesee & Wyoming system
of railroads has a very aggressive
mechanical training program in
place using a third party training
firm. The goals are to have all
mechanical employees attend and
pass programs during the next three
years. The disciplines include air
brake troubleshooting, diesel engine
maintenance and repair, alignment
of rotating equipment and electrical
troubleshooting and repair. The
costs involved (financial and
resource allocation) are not inconse
quential. However, senior manage
ment fully supports and funds train
ing to improve safety and skill levels
for all employees.

The Southern California Regional
Rail Authority (SCRRA) utilizes a
comprehensive training program
developed in conjunction with a
mechanical services contractor. The

training program covers locomotive
inspection, car exterior inspection,
car interior inspection, air brake the
ory, Class 1 air test, single car air test,
and automatic train stop (ATS).

These modules demonstrate "hands

on" training and classroom instruc
tion. Random practical evaluations
are conducted to validate the train

ing requirements.
• In-house programs
Many railroads are turning to a

team leader/lead man/technical
assessment position to aid in diag
nosing and troubleshooting defec
tive conditions.

• Correspondence courses
The Railway Educational Bureau

offers many correspondence-based
courses that improve skill levels of
tradesmen. This type of training
involves independent study on the
part of the employee. With this type
of training there may be wage and or
labor agreement issues that have to
be worked through.

• Fee for service training
centers

Several of the major carriers have
in-house training facilities and pro
grams, which at times may be
offered to the industry for a set fee.
Openings are dependent upon inter
nal demand by the carrier. Many
smaller railroads use this environ

ment to enhance skill levels with

their mechanical forces.

• Cascading of locomotive
types

As the Class 1 railroads purchase
the newest generation of locomo
tives they are releasing numerous
locomotives that have been consid

ered the standard to which other

types are compared. Examples of
this are the many EMD Dash 2 and
GE-7 and -8 locomotives that are

being released from Class 1 service
and are now finding homes on the
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smaller roads. This poses training
challenges for the roads acquiring
these types of units, as this technol
ogy may be more advanced than the
existing fleet make-up. The flip side
of this is the challenge faced by the
major carriers in retraining their
forces to maintain locomotives

equipped with the newest genera
tion of microprocessors, electric fuel
control, electronic air brake and AC
traction motors.

"Is the Railway Industry
ready for the challenge"

The mechanical service teams

throughout the railway industry are
looking for across-the-board solu
tions to the aging work force. What
are your insights and suggestions as
to how this matter can be best

solved? Does the potential exist for
an industry-wide standardization of
training for shop forces?

60/30 has an impact on all of us.
What we put in place today to
address losing 33% of the workforce
will decide if detrimental service

issues arise.
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Wick Lubricators for

Traction Motors

Locomotive Gear Case Seals

Wear Plates, Center Bowls Si

Pedestal Liners

Filler Caps

V/7 rJ/ / hi I
Manufacturer

MILL

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 & GE locomotives.
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II. CONDITION BASED

MAINTENANCE, PRACTICAL
APPROACHES AND TECHNIQUES

Prepared by David K. Miller,
Manager, Mechanical Engineering I,

Union Pacific Railroad

The cost of maintenance is one of

the largest contributors to the life
cycle cost of an asset. The mainte
nance cost can also be a significant
opportunity to decrease the overall
cost of operation, and thus create
value by controlling and optimizing
the utilization of material, manpower
and the asset itself. The strategy that
dictates the maintenance program
determines the level of control that a

company will have over its resources
to maintain the asset. Maintenance

strategy can be categorized into
three approaches: reactive, preven
tative and reliability centered. Each
of these strategies differs in their
techniques as well as cost.

Maintenance strategies
A reactive maintenance strategy

employs the principle of performing
maintenance activity when the asset
can no longer perform its desired
function. Repair is essentially the
only maintenance activity that takes
place. There is not an effort to
engage in activity that will preclude
failure during the life of the asset.
This approach will create a relatively
low cost to operate the asset until
failure occurs. Once this happens,
the failure event can have a signifi
cant cost to repair, and have a signif
icant, undesirable impact on the
availability of the asset.

Preventative maintenance utilizes

the execution of periodic mainte
nance events to decrease the likeli

hood of failure. Many of these activ
ities are scheduled lubrication, filter
replacements and visual inspections.
The approach is the most widely
used in maintenance today, and has
shown to be effective in reducing
failures and avoiding significant
downtime events. The drawback to

this approach is that it is no effort to
actively manage risk and a majority
of the resources expended are in
low yield activity. The likelihood of
finding a condition that is in need of
repair is a low percentage of the
inspections performed. Many of the
components are replaced on a
schedule. The risk at the time of

replacement is not known or quanti
fied. Much of the activity that does
take place is usually at the manufac
turer's recommended interval. The

approach is effective in obtaining the
desired result; however the cost to
engage in such activity is high, and
significant opportunity for improve
ment exists in that most components
removed do have a relatively low risk
of failure.

Reliability centered maintenance
is quantifying and understanding the
risk of failure and using this knowl
edge on an asset by asset basis to tai
lor the maintenance activity appro
priately. The maintainer must deter
mine what level of risk is acceptable
or economically justified and the
maintenance program must be
designed to manage that risk.

There are a number of ways risk
can be assessed. Developing risk of
failure vs. age functions for each
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component or assembly is a com
mon method. These models can be

developed to determine the eco
nomic optimum for component
replacement if the cost of failure and
the cost of replacement are known.
This method is explained by Nott in
"Are We Ready for Reliability
Centered Maintenance?" Another

method that can be employed
to assess risks is by engaging
in condition-based maintenance.

Condition based maintenance is a

sublet of reliability centered mainte
nance in that it provides alternative
techniques to assess risk. A period
ic, non destructive risk assessment of
the asset is performed, usually while
the asset is under normal operating
or test conditions to determine the

risk level and decide if continuing
operation is economically justified.
The decision to perform mainte
nance, replace components or make
adjustments is done only after the
condition is assessed and the condi

tion of the component(s) is known.
This approach will allow the main-
tainer to optimize the replacement
of the component only when
the potential failure is identified. In
the book "Reliability Centered
Maintenance," John Moubray stipu
lates an important aspect for consid
eration when designing a condition
based maintenance program: "A
potential failure is an identifiable
condition which indicates that

a functional failure is either about to

occur or in the process of occur
ring." For a condition based mainte
nance program to be successful,
the potential failures must be identi
fied and acted upon before the func

tional failure occurs.

To illustrate this difference in

approach to risk assessment, consid
er the following example. A main-
tainer may determine that the
economically optimal level of risk of
failure for a particular component is
five percent risk of failure. Using a
purely risk vs. age base model, the
component removal can be accom
plished when the age of the compo
nent reaches the five percent risk
of failure age. However, considering
the overall population of the assets
managed, this also means that
ninety five percent of the compo
nents removed under this program
will be removed with some usable

life remaining in them. Condition
based maintenance will allow the

maintainer to determine the level of

risk during the periodic assessment.
This will allow the maintainer to dis

criminate the low risk components
from the high risk components, pro
vided the potential failure is identifi
able. The low risk components
could then be allowed to continue

operation until the next periodic
assessment when another evaluation

and decision whether to continue

operation will take place. This strat
egy will allow the maintainer to
replace components only just before
they have reached the end of their
useful life. Economically, this
approach will allow the user to per
form significant maintenance activity
only when it is needed and have a
minimal impact on the utilization of
the asset.

In reality, most locomotive mainte
nance programs will employ several,
if not all of these strategies in exe-
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cuting their daily maintenance activi
ties. In some cases there may be no
potential failure that is detectable, or
the time interval between the poten
tial failure and the functional failure

may be shorter than the interval in
which the condition assessments

take place. Therefore, the use of
reactive and preventative programs
should not be abandoned altogeth
er. The suitability of a maintenance
strategy must be assessed on a fail
ure mode by failure mode basis to
determine if that strategy will be
appropriate for a given situation.

Reliability centered maintenance
has found practical application
because of improved failure report
ing, risk assessment techniques, and
an OEM effort to design and manu
facture a product with a greater
focus on reliability. This paper is a
discussion of several available condi

tion based maintenance techniques
and processes in use today by sever
al railroads.

The techniques used vary by the
type of equipment being monitored
and the available means to assess

that equipment. The examples and
techniques shown in the paper are
intended to give a brief overview
and provide some examples of how
these techniques can be used to
have a desirable effect on locomo

tive maintenance. These examples
do not encompass all possible con
dition based maintenance tech

niques that can be used on locomo
tives. For the railroads that use these

methodologies, there are slight varia
tions in techniques and the systems
used to collect and analyze the data.

Vibration analysis
One of the most widely used sys

tems used to monitor rotating
machinery is a vibration analysis sys
tem. Vibration analysis works
because all rotating machinery
vibrates. Even well balanced

machines will create some form of

vibration during their normal opera
tion. These vibrations will take the

form of complex periodic wave
forms. In most machinery, these
waveforms are produced from the
sum of all the vibrations produced
from the moving components within
the machine. A relatively simple
machine is capable of producing a
complex vibration pattern. The
vibration pattern can be captured in
a number of ways. Sensors that are
capable of measuring displacement,
velocity or acceleration are com
monly used to determine the vibra
tion vs. time waveform. The output
of the sensors is collected by a data
acquisition system and displayed or
analyzed using a computer.
Analyzing the periodic, time vs.
vibration waveform by itself is diffi
cult because that waveform is the

sum of all the vibrations coming
from the machine. If a Fourier trans

form is performed on the time vs.
vibration waveform, the components
of the complex waveform can be
determined. The Fourier transform

will change the waveform from a
vibration vs. time to amplitude vs.
frequency of vibration. The ampli
tude vs. frequency function is
referred to as a spectrum. If the run
ning speed and the internal makeup
of the machine are known, the vibra
tion level of the various components
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can be determined from examining
and interpreting the spectrum.

To use vibration analysis as a main
tenance tool, acceptable levels of
vibration at various frequencies must
be determined. One way to accom
plish this is to collect data in a simi
lar fashion from several machines

that are known to be in good work
ing order and average them togeth
er. This average spectrum is then
used on subsequent vibration read
ings to determine the amount of
deviation from the average a vibra
tion from a component is producing.
This deviation from the average and
its nature in amplitude and frequen
cy can reveal the condition of the
machine.

As components in the machine
wear or conditions that predict fail
ure materialize, the vibration levels
will change. The amount of change
can be determined by examining the
vibration spectrum. Detailed knowl
edge of the machine is required to
analyze and interpret the patterns
found in the spectrum. The speed of
operation, gear ratios, and bearing
types must be known to determine
at what speeds expected vibrations
will occur. Changes in these pat
terns will show what components
are experiencing wear or other con
ditions that would predict failure.
The severity of the problem is deter
mined by the amount of change
between the measured spectrum
and the expected or average spec
trum. Many of the details of vibra
tion analysis theory and methods of
manual analysis, as summarized
here, can be found in "Introduction
to Machinery Vibration" by White.

The following is an example of
using a vibration analysis system to
determine the risk level in an EMD

turbocharging system. The system
used has a portable data collector,
accelerator and software to store

and analyze the data. The process
to collect the data is simplified to
work in a railroad operating environ
ment. The user loads the data col

lector with the information neces

sary to perform the test. This infor
mation is organized into locomotive
specific routes. The route contains
all of the test setup information for
the data collector such as what fre

quencies to collect data, how much
data to collect and what locomotive

is associated with that test. Once

the data collector is loaded, the user
then performs the test on the loco
motive. To accomplish this the loco
motive must be setup in a manner
similar to that in which the average
data was collected. For an EMD tur-

bocharged engine, one way to ana
lyze the turbo charger and associat
ed gear train is to run the engine at
throttle notch eight with no load
applied to the main alternator. This
configuration will adequately stress
the gear train and will keep the turbo
charger clutch system engaged. If
the overriding clutch is engaged, the
rotational rate of the turbocharger
shaft and gears in the gear train can
easily be determined by knowing the
engine speed and the gear ratio
between the crankshaft and the tur

bocharger shaft. Once the engine
speed has stabilized, the accelerom-
eter can be attached to the tur

bocharger and the data can be col
lected. After the data collection has
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been completed, the data collector
is attached to the computer and the
data is transferred to the software for

analysis. Shown in Figure 1 are a
typical test data and the average
data for an EMD turbocharger.

Once the data is collected, analyz
ing it to determine if faults exist is the
next step. Some programs require
that a trained analyst examine the
test data and determine the nature

and severity of problems that may
exist. Some vibration programs have
automated analysis systems that will
highlight and isolate faults and deter
mine their severity. In this example,
the software's expert system will use
the spectrum in Figure 1 and an aver
age spectrum to develop specific
diagnostic information and repair
recommendations based on the

nature and severity of the deviation
present. The output of a typical
analysis system is shown in Figure 2.

The diagnosis and recommenda
tions are tailored to specifically ana
lyze an EMD turbocharger and pro
vide the recommendations in a cus

tomized language specifically for this
application. The output of the analy
sis references internal maintenance

instructions as well as detailed tasks

that need to be completed to further
troubleshoot or repair a problem, as
necessary.

Shown in Figure 3 is a spectrum
from a test performed on an EMD
710 engine in an SD60 locomotive
during a periodic inspection. Based
from this spectrum, the computer
system offered the recommenda
tions as indicated in Figure 4.

In the case of this engine, the rec
ommendation was to replace the tur

bocharger because of a significant
imbalance in the rotor shaft. This

turbocharger was removed from
service and a detailed teardown was

performed. As shown in Figure 5, a
failed turbine blade was found.

If this condition had been allowed

to persist, the imbalance would have
accelerated the rotor bearing wear
rate and a premature failure of the
turbocharger shaft would have
resulted. That failure would have

caused an in service failure event as

well as an unscheduled repair event
of the locomotive. Instead, the tur
bocharger was removed during the
scheduled periodic inspection in
which the test was performed, and
the unscheduled repair event and
catastrophic failure of the rotor shaft
was avoided. The net result is that

utilization of the locomotive was

optimized and the failure event was
avoided altogether.

Engine analysis
A method that can be employed

to assess the condition of an engine
is the use of engine analysis. Engine
analysis can be best described as a
performance assessment of each
cylinder in the engine. Conditions
that predict failure can be deter
mined and the overall performance
of the engine can be assessed. To
accomplish this the in-cylinder pres
sure and cylinder head vibration are
measured in phase with the crank
shaft rotation. Measuring the in-
cylinder pressure vs. crankshaft
angle will allow the user to deter
mine the peak firing pressure, peak
firing pressure angle relative to top
dead center, and an in-cylinder pres-
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sure vs. crankshaft angle curve for
each cylinder can be obtained. The
cylinder head vibration measure
ment will allow the user to deter

mine and quantify the injection tim
ing, the valve timing, the condition
of the lash adjusters, presence of
liner scuffing, piston ring perform
ance and if bearing wear is present
in the connecting rod bearing or the
wrist pin bearing. The performance
of each cylinder is independently
collected and analyzed. Using all of
these parameters together will allow
an assessment of the overall condi

tion of the engine to be performed.
A typical engine analysis program
consists of periodically testing all the
cylinders in an engine and determin
ing if conditions exist that would pre
dict failure. Examples of these con
ditions and how they are manifested
in an engine analysis program are
contained in "Diesel Engine Analysis
with Recip Trap" from Dynalco
Controls. The equipment needed to
perform this analysis technique con
sists of a crankshaft position instru
mentation system, a data collection
system, and a computer program to
store, organize and analyze the data
collected.

The crankshaft position instrumen
tation system is needed to provide
crankshaft rotational position infor
mation to the data collection system.
The crankshaft position input data is
important because all of the meas
urements are phased relative to top
dead center for the cylinder being
analyzed. There are several methods
by which the crankshaft position can
be determined. Magnetic pickups,
encoders, and light sensitive sensors

are commonly used instruments to
establish a once per turn reference
for the crankshaft. This signal is then
communicated to the data collector

via a wireless data radio or a hard

wired cable.

The data collection system con
sists of a data collector and the vari

ous sensors. The data collector is

capable of multiple input channels
and the crankshaft reference. The

pressure transducer, accelerometer,
and ultrasonic microphone input sig
nals are simultaneously sampled by
the data collector. Most systems
used for engine analysis provide a
screen in which a signal vs. crank
angle graph can be viewed while
data collection is taking place.

The pressure transducer must be
exposed to combustion gases that
reside in the cylinder while it is
under typical operating conditions.
To accomplish this, the pressure
relief needle valves are removed and

temporarily replaced with an indica
tor valve. An indicator valve fits into

the pressure relief valve housing and
provides a petcock arrangement that
can be opened and closed outside
of the engine. There is also a thread
ed adapter that has matching
threads on the pressure trans
ducer. Once the indicator valve is

installed in the engine and the pres
sure transducer is attached to the

indicator valve, the flow of combus
tion gases to the pressure transducer
can be controlled by the petcock on
the indicator valve. This will allow

the user to apply the pressure trans
ducer, expose it to combustion
gases by opening the petcock, col
lect the necessary data, close the



196 Diesel Mechanical Maintenance Committee

petcock, and safely remove the pres
sure transducer.

Two separate vibration sensors are
used to collect vibration data in sev

eral frequency ranges. A standard
industrial accelerometer is used to

collect vibration in low, mid frequen
cy ranges, and an ultrasonic micro
phone is used to collect vibrations in
a higher frequency range. The
accelerometer can be attached to

the compression relief valve housing
by a magnet or a clamp and the
ultrasonic microphone is firmly held
against the pressure transducer.

To standardize the data collection

procedure and make valid compar
isons between different engines a
standard test configuration is used.
A typical configuration is testing an
engine during a standard load test.

The data that can be collected

using this system is used to assess
individual cylinders as well as the
engine as a whole. To assess the
overall engine, all of the cylinder
pressures must be considered and
analyzed to determine the pressure
balance of the engine. The balance
of the engine has a direct impact on
the torsional loading the crankshaft
experiences. A wide variation in
cylinder pressures will result in a
large crankshaft torque variation
from cycle to cycle. This variation
will increase the cyclic stress that the
crankshaft is subjected to and poten
tially decrease the life of the crank
shaft because of higher cyclic stress
loads. The pressure variation can
also be used to infer the temperature
variation between cylinders. A larg
er temperature variation can cause
uneven cylinder head temperatures

and create a situation where a

power assembly failure is more likely
in one cylinder than another cylin
der in the same engine. An example
of assessing the combustion per
formance of an engine is shown in
Figure 7. This plot represents the
pressure curves from all the cylin
ders in an engine in firing order. This
plot can be used to determine which
cylinders are in need of adjustment
or repair.

The vibration vs. crankshaft angle
graphs, Figure 8, illustrate the various
mechanical events that take place
during an engine cycle. Events like
the opening of intake ports, closing
of exhaust valves, and the combus
tion event can all be determined

from examining the various vibration
graphs.

The cylinder head vibration vs.
crankshaft angle graph is particularly
useful in diagnosing valve and lifter
problems in EMD engines. This
example illustrates the case of a col
lapsed lifter and a dropped valve on
an EMD 710 power assembly. In
this case the valve closing event
occurs much earlier then expected
and creates a large vibration when it
closes relative to the other exhaust

valve closure events in the same

engine. Figure 9 shows the phased
vibration graph for a collapsed lifter
and dropped valve. Upon visual
inspection, it was found that a
hydraulic lifter on the #9 power
assembly had collapsed and the
exhaust valve associated with it had

began to drop. This condition was
corrected by replacing cylinder and
the valve bridge/lash adjuster assem
bly. This replacement avoided the
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failure of the component and the
subsequent unscheduled mainte
nance event. Had this condition

been left uncorrected, the valve
might have dropped into the com
bustion chamber during operation
and caused power assembly failure.

Another example of using engine
analysis to diagnose engine prob
lems is the use of the pressure data
to balance an engine. In this case
the engine was found to have a sig
nificant imbalance between several

cylinders. The highest measured
pressure in this engine was 1900 psi,
the lowest measured pressure was
1300 psi. The difference in pres
sures amounts to a difference of

38,000-lbs. difference between the
highest and lowest pressure cylin
ders. The pressure curves for this
engine are shown in Figure 10. This
difference in pressures will cause
higher wear rates and shorter life on
the cylinders that are experiencing
higher peak pressures and decrease
crankshaft life as previously dis
cussed. Reviewing the engine timing
and maintenance history for this
engine showed that several injectors
had been replaced due to failure.
The replacement injectors were not
properly set and a gross error
occurred in the injection timing of
the engine.

Electrical / Control Systems
Condition based maintenance for

electrical systems can be done using
remote monitoring or an automated
fault log analysis program. This
approach uses fault and operational
input data to assess a locomotive.
The data is communicated back to a

central data analysis hub. This is
accomplished by manual fault log
downloads, cell phone, data radio,
or satellite. The transfer of informa

tion occurs either periodically, on
demand, or if preprogrammed crite
ria are met. Either trained analysts or
an automated analysis tool then ana
lyzes the fault and operational data.
Repair recommendations are then
developed. This methodology pro
vides the opportunity to develop
customized recommendations that

are tailored to a specific problem.
The severity of a problem is also
determined to prioritize the repair
and determine the scope of the facil
ity where the repair can be accom
plished. In some cases, this degree
of customization greatly streamlines
the repair process and focuses the
maintenance resources to obtain an

optimal maintenance and repair
strategy. Messrs. Estes and
Chessario have extensively covered
this subject in a recent LMOA pres
entation "RM&D - What it is, What it
does."

Challenges
Implementing condition-based

maintenance is not without its chal

lenges. The technical and opera
tional challenges are difficult, but
can be accomplished. The econom
ic aspects of this approach provide
the greater degree of difficulty.
Mechanical departments determine
their budgetary requirements based
largely from traditional scheduled
maintenance programs. Overhauls
and larger scale project work scopes
can be defined and planned with a
reasonable amount of lead-time.
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Changing the maintenance strategy
to a condition based approach will
have both a positive and negative
effect on a maintenance budget.

Positive effects include improve
ments in asset utilization and a

reduction in associated damages
that accompany failures. When
these techniques are performed dur
ing scheduled maintenance events,
the repair can coupled with sched
uled maintenance activity. This
results in a repair event, which is an
unscheduled activity, taking place
simultaneously with the planned
maintenance event. Overall, this will
decrease the number of shopping
events over the life of the locomo

tive without having a negative
impact on the operational availabili
ty of the locomotive.

Negative effects of moving to a
condition-based approach include
budgeting concerns, most notably
with respect to overhaul planning
and financing. Incorporating a con
dition-based approach should
extend average overhaul intervals.
However, a shift of work should take
place, moving more work from the
overhaul shop to the field repair
shop. Traditional approaches to
overhaul programs have also been
planned project work. Overhauls
planning can take place more than a
year in advance of the actual event.
Funding and the scope of these pro
grams are usually determined well
before overhaul work takes place.
This shift creates some challenges in
planning and funding locomotive
repairs and overhauls. One possible
way to manage this shift is to change
the scope of the overhaul work into

a fragmented approach. The various
sub-systems that would normally
undergo a major refurbishment at an
overhaul are done in the field on

condition. This would decrease the

cost of the overhaul but shift the cost

to the repair environment. Another
approach would be to enter a long-
term parts and overhaul agreement
with an OEM or after market parts
provider. This way the costs of the
overhaul and repairs could be
spread out over the life of the asset
and the burden of cost variability
can be shifted from the operator to
the parts provider.

Condition-based maintenance will

find its way into locomotive mainte
nance programs where appropriate.
The need to provide an acceptable
return on investment requires loco
motive maintenance programs to
optimize the life cycle cost and uti
lization of the asset. The challenges
of using these technologies is imple
menting them into a railroad envi
ronment where they can be effec
tive, and creating a cost structure
that is capable of meeting challenges
of this approach, especially as they
pertain to overhaul planning.
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PLANT: EMD-SD70M

MACHINE: UP 4371 EMO SD70 TURBO

AREA: UP4350-UP4399

LOCATION:TURBOCHARGERSHAFT [1]
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- Figure 1 -

Average and Typical Spectra of an
EMD Turbocharger
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- Figure 2 -
Typical System Report

UP 4371 EMD SD70 TURBO
Report generated on: 5/17/03 10:20 AM
Acquired: 5/15/03 10:41 AM 1 xT = 15179 RPM Averages: 35

Maximum leuel: 119 (+0) VdB at 0.22xT on 1T in low range

RECOMMENDATIONS: .

DESIRABLE: SIGHT OR MODERATE VIBRATION FAULTS MAY EXIST, CONTINUE IN SERVICE IF POSSIBLE
DESIRABLE:

DIAGNOSES:

MODERATE TURBOCHARGER ROTOR IMBALANCE

102 (+2) VdB at lxT on 1A in low range
104 (+10) VdB at lxT on IR in low range
102 (+4) VdB at lxT on IT in low range

MODERATE TURBO DRIVE GEAR MESH PROBLEM ORWEAR

108 (+11) VdB at 6.6xT on 1A in low range
96 (+2) VdB at 6.6xT on IR in low range

107 (+10) VdB at 6 .6xT on IT in low range
85 (+11) VdB at 19.8xT on IR in high range

SLIGHT COMPRESSOR IMPELLER OR GUIDE VANE PROBLEM

100 (+5) VdB at 17xT on 1A in high range
102 (+10) VdB at 17xT on IR in high range

POSITION LEGEND:
POSITION 1 IS: TURBOCHARGER SHAFT
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PLANT: EMD-SD60

MACHINE: UP 6059 EN© SD60 TURBO

fF6~l

Diesel Mechanical Maintenance Committee

AREA: 6051-100

LOCATION:TURBOCHARGERSHAFT [1J

fioxl
- 4/16/98 15169 RPM*
~Avq+slq 15222 RPM

- Figure 3 -
SD60 T\irbocharger spectra showing a problem at IX.
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UP 6059 EMD SD60 TURBO
Report generated on: 11 /11/99 07:28 AM
Acquired: 4/16/9810:54 AM 1xT = 15138 RPM Averages: 15

Maximum level: 120 (+16) VdB at 1xT on 1A in low range

RECOMMENDATIONS:

MANDATORY: REPLACE TURBOCHARGER

MANDATORY: NOTIFY PLANNER AND/OR MANAGER THAT TURBO NEEDS CtO USE LMI1502

MANDATORY: FOR QUESTIONS CALL D K MILLER, 8-271-5846

DIAGNOSES:

EXTREME TURBOCHARGER ROTOR IMBALANCE

120 (+16) VdB at lxT on 1A in low range
115 (+20) VdB at lxT on IR in low range
115 (+13) VdB at lxT on IT in low range

SLIGHT TURBO DRIVE GEAR MESH PROBLEM ORWEAR

104 (+8) VdB at 6. 6xT on 1A in low range
98 (+3) VdB at 6.6xT on IT in low range

SLIGHT FLYWHEEL DRIVE GEAR MESH PROBLEM ORWEAR

110 (+8) VdB at 4.74xT on 1A in low range
96 (+6) VdB at 4.74xT on IR in low range
81 (+10) VdB at 19xT on 1A in high range
94 (+5) VdB at 19xT on IT in high range

POSITION LEGEND:
POSITION 1 IS: TURBOCHARGER SHAFT

- Figure 4 -
Expert System Recommendations

Based on Spectra of Figure 3



2
0

4
D

ie
se

l
M

e
c
h

a
n

ic
a
l

M
a
in

te
n

a
n

c
e

C
o

m
m

itte
e

-
F

ig
u

re
5

-
T

u
rb

in
e

fro
m

S
p

ectra
in

F
ig

u
re

3In
d

ic
a
to

r
V

alv
e

^U
ltrasonic
M

icrophone

re
s
s
u

re
T

ra
n

sd
u

c
e
r

-
F

ig
u

re
6

-
T

ypical
Indicator

V
alve,P

ressure
T

ransducer,
an

d
U

ltraso
n

ic
M

icro
p

h
o

n
e

a
rra

n
g

e
m

e
n

t



li
t

0
3

4
.

1J
37

.1
D

5

1
5

0
0

-

U
P

4
4

3
9

8
/9

/0
2

1
:0

6
:4

1
P

M
A

Ji
c^

ln
d

er
e

*
in

Fi
ri

ng
O

fd
sr

:

1
6

0

C
ra

nk
A

n
g

le
(d

eg
)

-
F

ig
u

re
7

-
T

yp
ic

al
E

ng
in

e
C

yl
in

de
r

Pr
es

su
re

s
in

Fi
ri

ng
O

rd
er

.



-
F

ig
u

re
8

-
C

yl
in

de
r

H
ea

d
V

ib
ra

ti
on

,P
ha

se
d

to
th

e
C

ra
nk

sh
af

t.



I2
0

.7
W

.
7

.W
U

P
4

1
2

2
4

/1
1

/0
2

9
:0

0
:2

2
A

M
E

n
g

m
«

C
yl

in
de

rs
:

P
h

a
se

d
V

lS
ra

tl
on

V
T

4:

-
F

ig
u

re
9

-
D

ro
pp

ed
V

al
ve

an
d

C
ol

la
ps

ed
L

ift
er

in
a

71
0

Po
w

er
A

ss
em

bl
y.

i>
K

I
J



HiMMUJiJiimw
SP9821 5/15/02 7:5723 AM

All cylinders - In Bsnk Order
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- Figure 10 -
Imbalanced Pressures in a 710 Engine.
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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, and shall
have the 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
not be entitled to receive a copy of
the published Pre-Convention
Report or the Annual Proceedings
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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 service, he may con
tinue to serve until the end of his

term, and, if he chooses, 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 service. In the event a

member of the Board of Directors

becomes inactive, he may contin
ue 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
approve expenditures of all affairs
of the Association.

Section 2 - The First Vice

President, shall in the absence of
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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

ities, especially those held within
their assigned region and monitor
membership activities on those
railroads so assigned.
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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 active serv

ice 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
transactions of this Association

shall be governed by Roberts Rules
of Order, except as otherwise
herein provided.
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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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1.

2.

3.

4.

5.

DIESEL MECHANICAL MAINTENANCE COMMITTEE

TWENTY-TWO YEAR INDEX

2002

Detrimental Effects of Loco
motive Engine Idling 4.
Emissions Standard Compliance
for the GE Dash 8 Locomotives 5.
Tier 0 Emissions Compliance for
the GE Dash 8 Locomotive
Locomotive Inspection Training -
A Preview of CFR 229/238 1.
Computerized Record Keeping to
Improve Performance and Re
duce Maintenance Expense for 2.
Shortline and Regional Railroads

2001

Troubleshooting Electronic
Fuel Injection on GE Loco- 3.
motives 4.

Troubleshooting Electronic
Fuel Injection-EMDEC Electro 5.
Motive Division Two-Stroke
Engine
How to Maintain ALCO 1.
Locomotives in the 21st
Century 2.
Catastrophic Engine Failures:
Shortlines & Regionals (Best 3.
Practices)
Are We Ready for Reliability- 1.
Centered Maintenance?

2000 2.

2000 Emissions Review - GE

Perspective 3,
2000 Emissions Review - EMD

Perspective 1.
EMD Diesel Engine Crankshaft
Main Bearings Edge-Load Condi- 2,
tion (Description, Detection and
Resolution)
2000 - LMOA Best Practice

Series: Locomotive Truck Over- 3,
haul Procedures

1999 4,

Vibration Analysis
EMD Power Assemblies Change
Out Practices for Regional and 1,
Shortline Railroads 2,
Improved Access to GE7FDL

Engine Intake Manifold
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
Downing B.Jenks Locomotive
Facility-No. Little Rock, Arkansas
GE Turbo Rebuild Procedures
Mechanical Impact of Locomotive
Emissions Regulations
Locomotive Engine Bearing
Developments

1997

LMOA Best Practices - GE Water

Leaks
Locomotive Update - MK 1200G
LNG Powered Switcher
Proper Use of Gaskets and Seals

1996

Air Brake Trouble Shooting-
Where We Are Now
Best Practices - Internal Water
Leaks on EMD Locomotives
Best Practices - Oil Out Stack

1995

General Electric New 7HDL 6000
HP Diesel Engine
LMOA Best Practices Series - Low

Oil Pressure Trouble-shooting
Procedures for EMD
Turbocharged Locomotives
How Can a Regional or Shortline
Justify a Wheel Truing Machine?
EMD SD60M Natural Gas
Locomotive Development

1994

Electronic Fuel Injection.
ICAV - The Physical Affects on
Instantaneous Crank Shaft

for
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Angular Velocity Technology. 3.
3. Maintenance Practices Com-pari-

son Between Regionals and Class 4.
I Railroads. 5.

4. Amtrak Document Manage-ment.
1993

1. EMD's Three-Axle Radial Steering
Truck 1,

2. The Natural Gas Locomotive at
BN RR 2.

3. Locomotive Waste Oil Reten-tion 3.
4. Fragmented Maintenance 4,

1992 5.

1. Mechanical Quality Progress
Developing on Major Railroads. 1.

2. Coal Fuelled Diesel Locomotive 2,
Development. 3.

3. 18:1 Upgrade for the 645E Engine
4. Automatic Stop and Start Control

System
5. Acquiring Locomotives for 4,

Regionals and Shortlines.
1991

1. Recommended Practices for
upgrading 567 to 645 Design. 1,

2. Conversion of SD40 Loco
motives to SD 40-2 on CSX. 2,

3. Update: Diesel Engine Emission
Controls.

4. Stationary and Dynamic Test 3,
Procedure for Locomotive Fuel 4,
Efficiency Measurement.

5. Personnel training on New
Technology. 1,

1990

1. Caterpillar Power in Reman-ufac-
tured Locomotives. 2,

2. The EMD 710G3A Engine
3. Improving Performance of 3,

Traction Motor Friction Suspen
sion Bearings.

4. Fluid Leaks on GE 7FDL Engine. 1,
5. Rebuild of the EMD F3B Fuel

Injector. 2,
1989

1. Wheel Axle Gear Wear/Impact
on Traction Motor Life. 1,

2. 710 Engine - Operational and
Overhaul Update. 2,

GE Power Assembly Improve
ments on Welded Head-to-Liner
Assembly Rework Procedures.
EMD Engine Oil Leaks. Secondary
Air Filtration - Barrier vs.

Impingement.
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.
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3. Update on Fuel Efficient
Locomotives.

4. Radiator Screens
5. Alternate Starter Systems

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-TWO YEAR INDEX

2002

"Mentored Champion Process" -
CSX Supply and Service Manage
ment

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 Manage
ment

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

2. Electronic Cataloging
Material Perspective

3. 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

Packaging and Containerization
for Today's Railroad.

2. Innovations in Material Distribu

tion 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

Communication - The Vital Link in

Materials Acquisition.
Quality Assurance Through
Communications and Feed-back.

Paperless Requisitions.
A Practical Application of Bar
Coding in the Railroad Industry.

1

1

3.

4.

217

from a
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1987

1. Suppliers Selection for Com
ponent Failure Analysis.

2. Vendor Performance or Service

Level.

3. Bar Codes.

4. Bar Coding - Railroads
5. Material Handling Innovations by

the Airline Industry.
1986

1. The In-House Electronic Requisi
tion System.

2. Electronic Data Interchange.
3. RAILING and Electronic Pur-chas

ing.
4. Quality Evaluation of Material

Sourcing Decisions.
1985

1. Evaluating Locomotive Main
tenance Projects.

2. Reconditioning Material: In-
House vs. Vendor.

3. Identification and Disposition of
Surplus Material.

4. Cost of Carrying Surplus.
5. Evolution and Future Directions

of Material Handling Equipment
in Railroad Use.

1984

1. Bar Coding of Material.
2. Forecasting Material Require

ments.

3. a. Fuel Security - Are You
Getting What You Pay For?

b. Fuel Oil Is Expensive.
4. Pros and Cons of Material

Purchasing Contracts (Single
Source - Just In Time Inventory).

1983

1. Improved Locomotive Productivi
ty Through Computerized Data.

2. 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 mainte

nance.

2. Cost effective methods of ship
ping material from vendors.

3. Union Pacific's Component
Inventory Maintenance System
(CIMS).

4. Advantages of using shipping con
tainers.

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.
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SHOP EQUIPMENT AND PROCESSESCOMMITTEE
TWENTY-TWO YEAR INDEX

2002

1. NOTE: PAPER ON LIFTING SYS

TEMS WAS PRESENTED BY RON

BEGIER OF PORTEC AT THE

2002 CONVENTION; HOW
EVER IT DID NOT APPEAR IN

PUBLICATION - WILL APPEAR

IN THE 2003 PROCEEDINGS

PUBLICATION

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
Mobile Locomotive Service
Vehicle

Electronic
Tooling.
Locomotive Roller Support
Bearing Tooling.
Fall Protection and Man Lifts.
Locomotive Washing Systems.

1993

Dynamic Balancing for GE Dash 8
Model Locomotives
Air Compressor Automated
Station

Ergonomics in the Work Place
Hydraulic Traction Motor
Shimming Table

1992

Automated Test and Production
Equipment
Safety Corrective Action Team
Automated Locomotive Wheel
Shop
Cleaning and Surface Pre-paration
with Sodium Bicar-bonate Based
Abrasive Blasting
Trainline Continuity Tester
BN - Railroad Power Assembly
Shop of the 1990's.

1991

Economic Separation of
Emulsified Oil from Waste Water
Using Ultra Filtration Membranes.
EMD Cylinder Head Valve Seat
Machining.
Automated Barring Over Machine
for EMD Diesel Engines.
New Equipment for Testing EMD
Engine Protectors.
Compressed Air for Railroad
Facilities Issues and Solutions to
Achieve Clean, Dry, Oil Free Air.

1990

EMD Valve Bridge Machine
GE Traction Motor Roller

1994

Fuel/Unit Injection
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Suspension Bearing Replace-ment tions on Locomotive Finishing.
Equipment and Pro-cedure. 1984

3. Locomotive Component Re 1. Shop Tools.
placement Forklift Attachment. A. New Tools.

4. Locomotive Sanding, Fueling and B. Shop-Made Tools.
Drop Tables. 2. Traction Motor Shop Equipment

5. Hazardous Waste Disposal. Up-Date.
1989 3. Hazardous Waste Handling and

1. Automated Locomotive Wheel Disposal.
Shop. 1983

2. Laser Guided Material Handling 1. Locomotive Maintenance Using a
Vehicles. Production Line Process.

3. Bulk Rail Lubrication Storage & Fill 2. Shop Tools to Increase
System. Productivity and Improve Quality.

4. Pilot Plate Straightening Equip 3. Dynamic On-Line Performance of
ment. Locomotives Without On-Board

1988 Tele-Metering.
1. Fuel Management Control 4. Management in Action.

Systems. 5. New GE Training Center.
2. Locomotive Mounted Rail 6. Welding Qualifications.

Lubrication Fill Systems. 1982

3. Comparison of Shop Air 1. Tools.
Compressors. 2. Rebuild line for EMD turbocharg-

4. Locomotive Toilet Servicing ers.

Equipment. 3. Air brake equipment line.
5. Innovations in Blue Flag and 4. Industrial robots.

Derail Protection. 5. Automated machines.
1987 6. Safety related items and equip

1. Modern Servicing Facility for ment.

Improved Reliability and 1981

Availability. 1. Training Aids.
2. New Developments in GE Tools. 2. Testing Devices Inspired by New
3. Implementation of a Quality FRA Laws.

Process. 3. Tools and Training for Pro-ductivi-
4. A Quality Traction Motor Shop. ty.
5. Wheel Truing Machine Tech-nolo- 4. Changes to Shop Facilities

gy. Required by Newly Adopted EPA
1986 & OSHA Regulations.

1. Robotics Update 1986 - Now 5. Tour Through Conrail Altoona
What? Shop.

2. CNC Machine Tools. 6. Supply/Service Facilities.
3. A New GE Power Assembly Area. 7. GE Assembly Shop
4. Locomotive Wash System - 1986.

1985

1. Computer-Assisted Preventative
Maintenance.

2. New Tools for Material Handling
and Overview of Balancing
Technology.

3. Effect of Governmental Regula
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DIESEL ELECTRICAL MAINTENANCE COMMITTEE

TWENTY-TWO YEAR INDEX

2002

1. Commutator Profiling
2. Basics of an Operations Center
3. Diagnostics for Older Locomo

tives

4. Traction Motor Protection Panel
5. "Locomotive Auxiliary Power

Units" - Lessons Learned
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
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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

1991

1. Locomotive Rebuilding
Something Old - Something New.
Standardization of Elec-trical
Equipment.

2. Locomotive Batteries
a. Storage Handling Proced-ures.

b. Recommended Maintenance
Procedures.

c. Recommended Repair Pro
cedures.

3. Amtrak's AC Traction Loco
motives.

4. Modern Tooling for Electricians
Recorders.

3. Why Can't We Have One Central
Computer?

4. EPA and Regulation Driven
Cleaning.

1990

1. Modern Tooling of Electrical
Troubleshooting.

2. Maintaining Solid State Event
Recorders.

3. Why Can't We Have One Central
Computer?

4. EPA and Regulation Driven
Cleaning.

1989

1. Modern Tooling for the
Troubleshooting Electrician: a)
test meters available (single func
tion); b) test meters available
(multiple functional); c) analysis
and diagnostic tools.

2. Sound Electrical Repairs and
Practices for: a) traction motors;
b) grids and fans; c) wire and
cable solderless termination.

3. Guidelines for Preparing
Electricians for the 1990s.

1988

1. Utilizing Magnetic Tape Event

Recorders for Locomotive
Maintenance.
Solid State Locomotive Data
Recorder.
Improved Utilization of GE DASH
8 Data Recording Systems.
Locomotive Health Data and Its
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-factured
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.
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3. Onboard Diagnostic Systems.
4. Starting Systems.

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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1

1

1.

NEW TECHNOLOGIES COMMITTEE

TWENTY-YEAR INDEX

2002

On Board Rider - A Remote Loco
motive Condition Monitoring
System
Cool Your Jets: A Low Cost High
Performance Rooftop Air Condi
tioner

2001

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

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-pneu
matic 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 Tech-nology

4. Common Rail Fuel Injection

1996

1. Activities Toward

Standards for

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
Technology

3. Updates on
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

2. Improvements in Locomotive
Adhesion Performance.

3. The Role of Duty cycles in
Locomotive Fuel Consumption.

New Safety
Passenger

in Off-Shore

AC Traction
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4. What's New in Gadgets and 2.
Black Boxes: What do our

Locomotives Really Need? 3#
5. Failure Analysis

1990 4
1. Motor Driven Air Compressors

for Diesel-Electric Locomotives

2. Locomotive Cab (HVAC) Heating,
Ventilation and Air Conditioning 1-
Systems.

3. Effect of Technology on 2.
Standardization of Cab Control

Equipment. 3#
4. Locomotive Durability, Relia- 4.

bility and Availability

Understanding Your Abilities. 4«
1989

1. A Rational Approach to Testing 1.
Locomotive Components. 2.

2. New Developments in Loco- 3.
motive Cab Design. 4.

1988

1. Amtrak F69 PH AC Passenger

Locomotives 1.

2. New Component Develop-ments
Retrofittable to Older Model 2.

Locomotives 3,

3. Locomotive Applications of 4,
Catepillar Engines. 5,

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.

Bringing Future Train Control
Systems Back to Earth.
Low Maintenance Locomotive

Batteries.

Electronic Engine Control
Systems.

1985

The Sprague Clutch for E.M.D.
Turbocharged Engines.
A.C. Traction Locomotives

Update.
Natural Gas Locomotive Update.
Ceramic Coated Engine Com
ponents.

Locomotive Cab Develop-ments.
1984

G.E. Dash 8 Locomotives.

E.M.D. 50A Series Locomotives.

Natural Gas Locomotives.

Appraisal of the A.C. Traction
Locomotive.

1983

Microprocessors for Locomotive
Control and Self Diagnosis.
Locomotive Fuel Tank Gauges.
Locomotive Aerodynamics
Bombardier HR 616 Locomotive.

Missouri Pacific - Phase Ml

Locomotive Heavy Repair Facility,
N. Little Rock, Arkansas.
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FUEL, LUBRICANTS AND ENVIRONMENTAL COMMITTEE
TWENTY-TWO YEAR INDEX

2002

1. Improved Generation 5 Lubri- 1.
cant Provides Potential for
Extended Lube Oil Filter Life 2.

2. Corrosion Protection of
Locomotive Cooling Systems

2001 3.

1. On-Board Oil Management
System

2. Evaluation of Locomotive Engine 4.
Oil Analytical Laboratories

3. Fuel Additives - Friend or Foe "*•
2000 2-

1. Biodegradability and its Relev
ance to Railroad Lubricants and
Fluids 3

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 1.

4. Further Development in Top-of-
Rail Lubrication Testing 2.

1999
1. Lube Oil Analysis-Achieving 3.

Quality Results
2. Effects of Engine Lubricants on Oil

Filtration 1,
3. Recycling and Re-refining of Used

Lubricated Oils 2.
1998

1. Safety and Chemical Cleaners
2. Development of a Low Emissions, 3.

Dual Fuel Locomotive
3. Fuel Oil Stability Update 1.
4. Ten Questions on EPA's

Locomotive Exhaust & Emission 2.
Regulations

1997 3.
1. Ferrography-Used Oil Analysis 4.

Program
2. 2000 - A New Millennium for

Locomotive Maintenance: EPA 1.
Exhaust Emissions Regulatory
Impacts 2.

3. Standardized Test Procedures -
Current Developments 3.

4. Industry Updates and New
Developments

1996
Standardized Test Procedures-The
Annual Subcommittee Update
Diesel Fuel Standards and their
Applications to Railroad Fuel
Quality Issues
A Look at Generation 5 Oil
Performance and Future Oil
Needs
LNG as a Railroad Fuel

1995
MSDS'S - What do they tell us?
Applying Satellite Communi
cations Technology to On-Line
Oil Analysis of Crankcase Diesel
Engine Lubricants
Standardized Test Procedures -
Past, Present & Future
Developments
Locomotive Exhaust Emissions
Regulations

1994

TBN-A Review of Currently
Accepted Methods.
GE Multigrade Lubricating Oil
Testing and Specification.
The Economic Impact of Low-
Sulfur Diesel Requirements.

1993
Used Oil Analysis of Multigrade
Oils and Condemning Limits.
Insoluble Determination with the
Advent of Multigrade Diesel
Engine Oils
Bioremediation.

1992

Environmental Issues Relating to
Multigrade Railway Issues.
Readily Biodegradable and Low
Toxicity Railroad Track Lubri-cants
Support Bearing Oils.
Recycling and Re-refining Loco
motive Oils.

1991

Infrared Spectroscopy as an
Analytical Tool.
Diesel Exhaust: Health Effects
Research and Regulations.
Traction Motor Gear Case Seals
and Lube Containment (Oil
Lubricant)
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4. Partnership in Development.
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 Point.
5. Traction Motor Gear Lubricant

Update.
6. Traction Motor Gear Case Seals.

1981

1. Effectsof 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



P1VIC
Precision Locomotive
Gears and Pinions

Triple Alloy Steel ♦ Over 80 Years ot Gear
•Carbunzed and Hardened Manufacturing
•Cubic Boron Nitride Ground • 50% Lower Life Cycle Costs

Exclusive 8-Year Warranty Wlth PMC SuPer Gear

CONTACT US TODAY FOR

ADDITIONAL INFORMATION.

Penn Locomotive Gear (412) 279-4460
ADivision ot 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
Blairsville, PA (724) 459-0302 FAX: (724) 459-0305

Also Reprofiled and Recycled Gears
A member o( l he Mormon (Iroup "I iompanies



Quality and Value
A reputation earned through

32 years of service to the
railroad industry with remanufactured

EMD engines and components.

Complete rebuilt EMD engines
Custom engine repair

Rebuilt and repaired cases and pans
Power assemblies • Oil and Water pumps

Other major EMD components
Locomotive inspections and maintenance

Maintenance training211

peaker services, inc.
8080 Kensington Court • Brighton, Michigan 48116

800-622-4224

ENTERPRISE PRINTING SERVICE • (708) 489-4000


