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MONDAY MORNING SESSION 

September 16, 1985 

The 47th Annual Meeting of the 
Locomotive Maintenance Officers' 
Association, held at the Palmer 
House, Chicago, Illinois on Septem­
ber 16-18, 1985, convened at 9 a.m., 
Mr. Darrell M. Walker, President 
of the Association, presiding. 

PRESIDENT WALKER: I would 
like to call the 1985 joint session 
of the Coordinated Associations to 
order. 

We will start with Father· 
Charles R. Kullman, CSD, Old St. 
Mary's Catholic Church, Chicago, 
who will give the invocation. 

FATHER CHARLES R. KULL­
MAN: God of steam and diesel, 
Mover of galaxies and Hauler of 
worlds, Power beyond our compre­
hension and Mystery beyond our 
reach: We begin this convention 
by raising our minds and hearts to 
You; for what we do here is im­
portant. It does have meaning, as 
we work to move the resources 
that build up nations, provide live­
lihoods for many, and contribute to 
the well-being and prosperity of 
our neighbors and countrymen. 

Therefore, we humbly petition 
You, Almighty God, to grant us 
minds full of wisdom, ears open to 
listen, and hearts full of respect 
for each other. May our meetings 
be productive, and after they are 
over grant us all a safe journey 
home. Amen. 

PRESIDENT WALKER: Thank 
you, Father. 

At this time I would like to 
recognize the presidents of the 
other organizations. 

Mr. A. H. Fiedler, General Super­
intendent Air Brake System and 
Road Foreman, Burlington North­
ern, and president of the Air Brake 
Association. 

Mr. H. P. Zakaib, Mechanical 
Superintendent, CGTX, Inc., Mon­
treal, Quebec, and president of the 
Car Department Officers Associa­
tion. 

Mr. R. Mauney, System General 
Road Foreman, Southern Railway, 
Atlanta, Georgia, and president of 
the Railway Fuel and Operating 
Officers' Association. 

A very important part of our or­
ganization of the Coordinated As­
sociation is Mr. Jack Carney, Jr. 
Jack is with the New York Air 
Brake Company and is president 
of the Railway Supply Association. 
[Applause] 

I am Darrell Walker, Diesel Su­
perintendent, Norfolk Southern 
Corporation, Atlanta, Georgia, 
president of the Locomotive Main­
tenance Officers' Association. [Ap­
plause] 

We are very fortunate today to 
have as our keynofe speaker MT. 
Hobart L. Scott, Jr. Mr. Scott was 
born on October 30, 1927 in Fin­
castle, Virginia. He was married 
on June 20, 1948 to Evelyn Seay, 
and they are the parents of a son, 
David, and a daughter, Amy. 
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Mr. Scott's education was with 
the University of Virginia, where 
he holds a Bachelor of Electrical 
Engineering, graduating in 1950. 
He entered the University of Vir­
ginia Graduate School of Business, 
taking an advanced management 
course in 1960. He is a graduate 
of Harvard University Graduate 
School of Business Administration, 
Advanced Management Program, 
in 1972. 

His career with the railroads 
began in November, 1950 as a 
special apprentice to the Norfolk 
Northwest Railway in Roanoke, 
Virginia. Various positions he has 
held are: 

1950 - Special Apprentice, NW 
Railway, Roanoke, Virginia 

1952 - Shop Inspector, Roanoke, 
Virginia 

1953 - Gang Foreman, Roanoke, 
Virginia 

1955 - Mechanical Inspector, Roan­
oke, Virginia 

1956 - Assistant Master Mechanic, 
Crewe, Virginia 

1956 - Master Mechanic, Norfolk 
Division, Crewe, Virginia 

1958 - Assistant Superintendent, 
Norfolk Terminal, Norfolk, Vir­
ginia 

1960 - Superintendent, Norfolk Di­
vision, Crewe, Virginia 

1960 - Superintendent, New River 
Division, Princeton, West Vir­
ginia 

1961 - Superintendent, Pocahontas 
Division, Bluefield, West Vir­
ginia 

1964 - Superintendent, Scioto Di­
vision, Portsmouth, Ohio 

1965 - Manager Transportation, 
Roanoke, Virginia 

1966 - Assistant General Manager, 
·Atlantic Region, Roanoke, Vir­
. ginia 

1967 - Assistant Chief Engineer, 
Johnson Carper Furniture, Roan­
oke, Virginia 

1968 - Assistant to Executive Vice 
President, Johnson Carper Fur­
niture, Roanoke, Virginia 

1970 - Vice President-Manufactur­
ing, Singer Company, Roanoke, 
Virginia 

1971 - Assistant General Manager, 
NW Railway, Roanoke, Virginia 

1971 - Assistant General Manager, 
Lake Region, Cleveland, Ohio 

1972 - Assistant General Manager 
Motive Power and Equipment, 
Roanoke, Virginia 

1973 - General Manager Motive 
Power and Equipment, Roanoke, 
Virginia 

1980 - Vice President - Operations, 
Roanoke, Virginia 

1983 - Vice President and Chief 
Mechanical Officer, Norfolk 
Southern Corporation, Norfolk, 
Virginia 
Mr. Scott is a member of the 

Air Brake Association; LMOA; Na­
tional Defense Executive Reserve; 
Director, Trailer Train Board; 
Director, Roanoke Transportation 
Museum; and Director, Otisca In­
dustries, Ltd. 

He was in military service with 
the U. S. Army Signal Corps in 
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1946-1947. He is also a Registered 
Professional Engineer. 

Ladies and gentlemen, I give you 
Mr. Hobart L. Scott, Jr. [Ap­
plause] 

MR. HOBART L. SCOTT, JR.: 
Gentlemen, it is a real pleasure 
to be with you this morning, to 
participate in the opening of the 
1985 Technical Conference of the 
Coordinated Mechanical Associa­
tions and the 24th Annual Con­
vention of the Railway Supply 
Association. 

Those who have worked so hard 
to make this conference a· reality 
are to be congratulated for setting 
the theme of "Managing Mainte­
nance for Quality Performance," 
and for arranging for the presen­
tation of the many timely topics 
that are the subjects of the papers 
and discussions to be offered to 
you during the next three days. I 
urge you to attend the sessions of 
your choice and to actively partici­
pate in every phase of your con­
ference. 

Quality performance is absolute­
ly necessary for long-term profita­
bility and survival in the fiercely 
competitive environment in which 
we find ourselves. Not only are we 
competing with other transporta­
tion companies in this country but, 
because our major mining, pro­
cessing, and manufacturing custo­
mers are competing with foreign 
counterparts, we are also indirect­
ly in competition with foreign 
transportation systems, many of 
which are government owned and 

blessed with labor rates substan­
tially lower than our own. 

Now, there is no question but 
that we are in a predicament; but 
if you share my faith in our free 
enterprise system and in the spirit 
and resourcefulness of the people 
of this country, I think you will 
find that when we fully focus on 
our problems we will find viable 
solutions. 

We are at our best with adver­
sity. On the other hand you might 
say, along with the trade protec­
tionists, that we are being required 
to take on unfair foreign compe­
tition. However, what is fair is 
often, like beauty, in the eye of the 
beholder- and, as has been so 
often said, life is not fair. But I 
dare say that every one of your 
counterparts in every foreign land 
would gladly trade his working 
conditions and living standards for 
yours. 

The reason that our working con­
ditions and standard of living are 
higher than the foreign competi­
tors is that we, in this country, 
have been more productive than our 
foreign competition, and as a re­
sult we were the low-cost producer 
of quality products. I emphasize 
"have been" because our edge in 
productivity (the total cost to pro­
duce a unit of goods) has been 
eroding since shortly after World 
War II, and in some industries. our 
edge has completely disappeared. 

The productivity edge that .. we 
had was the result of being blessed 
with an abundance of readily ac-
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cessible natural resources, a popu­
lation of healthy, God- fearing, 
energetic people with a strong 
work ethic, and a government that 
encouraged the accumulation of 
capital and the reinvestment of 
that capital in power plants, steel 
mills, manufacturing plants, farm 
machiner y, railroads, and any other 
undertaking that could lead to re­
ducing the total cost of producing 
goods. 

By reduci ng the number of man­
hours and the cost of material for 
that unit of goods, we could raise 
our standard of living without 
working any more hours or main­
tain our standard of living, and 
work less hours. In the first case 
we would be increasing our real 
gross national product per capita, 
and in the latter case we would be 
maintaining our per capita GNP. 

Jn any case, our forefathers 
built the most productive giant in­
dustrial and food producing nation 
in the world. It was during this 
per iod t hat our foreign competi­
tors were no doubt snying t hat it 
wns not "fair" for t hem lo have to 
compete wit h this industria l g iant 
which had such a substantial edge 
in productivity, but they learned 
their lesson well. As they rebuilt 
after World War JI, using the most 
modern and productive techniques 
and technology availnble, we were 
going through a period of tearing 
down our work ethic by paying 
people not to produce, of govern­
ment price supports for goods the 
market would not accommodate, 
and of government disincentives 

HOBART L. SCOTT, JR. 
Vice Presadent & Chief Mechanical Officer 

Norlolk Southern Corp. 

toward the accumulation of capital 
and the reinvestment of that capi­
tal in areas thnt would keep us 
among the low-cost producers (nnd 
I speak specifically of the tux laws 
that permit and encourage tax 
shelters that do nothing to in­
crease the productivity of this 
country). 

In addition, during this same 
time period, as a result of the ex­
orbitant demands of overly power­
fu l labor organizations and lack of 
incentives for a strong stand by 
managements, our labor rules sky­
rocketed. Consequently, in a num­
ber of areas we have simply priced 
ourselves out of the market. And 

· in practically all areas we have 
lost share in the world market. 

In addition to the proper incen­
tives for the accumulation and re­
investment of capital to reduce 
labor and material costs so as to 
become the low cost producers, our 
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foreign competitors have done a 
superb job in marketing. Basically, 
they did not try to sell us inferior 
products or even products with 
quality equal to ours at a lower 
price, but rather they followed the 
example of our forefathers and of­
fered us products of superior qual­
ity at equal or lower prices. 

Being shrewd, quality-conscious 
consumers, we bought and we 
bought and we bought- automo­
biles, television sets, radios, steel 
bars and shapes and rail, cameras, 
textiles, shoes, bulldozers, genera­
tors, and on and on and on -prod­
ucts of superior quality to our own 
of similar price. Our foreign com­
petitors have encouraged and re­
warded the low cost producers. 
They have not set up price supports 
to protect the high cost producers 
-they have not paid workers not 
to produce. They have not dis­
couraged the accumulation and re­
investment of capital, and they 
have not subsidized their high cost 
operators to protect them from 
their low cost operators. 

Fortunately, we now have an 
Administration that at least recog­
nizes what our problem is, how we 
got there, and the measures it will 
take to restore us as a low cost 
producer in the world market. 
Some sfgnificant steps have been 
taken in the deregulation of in­
dustry. However, we must not stop 
short of complete deregulation of 
all forms of transportation and the 
institution of user fees that will 
cover the full cost of the facilities 
and services provided by govern-

ment for the transporation in­
dustry. 

The Staggers Act has been wel­
come relief and a good first step, 
but we must educate the public, 
our customers and our legislators, 
relative to the fallacy of stopping 
short of complete deregulation, and 
the unthinkable damage that would 
accrue to this nation should the 
Staggers Act be weakened. We 
must encourage and reward the 
low cost producer. 

The present Administration, or 
any other Administration, cannot 
accomplish what needs to be ac­
complished to restore our industry 
and our country to full potential 
without the support of Congress. 
It is distressing to continue to read 
and hear that too many of our 
congressmen are more concerned 
with the short term unemployment 
rate in their state or district than 
they are with restoring our nation 
as a low cost producer of quality 
products in the world market. 

Some politicians are inclined to 
opt for a high cost operator in 
their area who promises to remain 
the high cost operator by keeping 
present employment levels rather 
than opting for the low cost opera­
tor who may reduce employment in 
the short term but, by having 
lower costs, will contribute to rais­
ing our per capita GNP, facilita­
ting our recapture of world market 
share and thereby improving our 
balance of payments, improving 
our employment rate, reducing our 
deficit, and raising our standard of 
living. 
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Stated more briefly: When you 
encourage and reward the low cost 
operator, good things happen for 
this country. When you discourage 
and make it difficult for the low 
cost operator to expand and grow, 
bad things happen for this country. 
Again I say, we must encourage 
and reward the low cost operator. 

I believe you can see why I think 
your theme of "Managing Mainte­
nance for Quality Performance" is 
so appropriate. Maintenance of 
equipment expense on this nation's 
railroads will run between $6 and 
$7 billion annually and will repre­
sent about 23% of combined gross 
revenues and roughly 25% of total 
operating expenses. So, we have 
good leverage on reducing our 
total costs. A 4% decrease in 
maintenance of equipment expenses 
will result in a significant 1% 
decrease in the total costs of op­
erating America's railroads. The 
question now is: How do we go 
about getting a 4% decrease in ME 
expenses? By increasing our pro­
ductivity and becoming the low cost 
producer of quality performance, 
just as our foreign competitors did. 

First of all, we are going to 
have to have sufficient capital to 
provide efficient shops, modern lo­
comotives and the cars needed by 
our customers. Good management 
is a most important ingredient in 
increasing productivity. However, 
a well managed shop or locomotive 
fleet using the techniques and tech­
nology of the '60s will not be as 
productive as the well managed 
shop or locomotive fleet using the 

techniques and technology of the 
'80s. 

Having sufficient capital to keep 
our shops and equipment up to 
date Eo we may be low cost pro­
ducers requires our industry to be 
able to generate or otherwise at­
tract capital; and to be successful 
in this, in the long term, our return 
on equity must be at least equal 
to our cost of capital. We must be 
free to compete, free to make a 
reasonable return on our invest­
ment, and if we mismanage, free 
to fail. 

Secondly, we must have relief 
from archaic work rules that cause 
us to be less productive than we 
can be. The present rule that re­
quires a day's pay for each 100 
miles traveled by our train crews 
is well recognized as a rule that 
must be changed. The arbitrary 
payments to train crews above and 
beyond their daily rate, for initial 
and final terminal delay, for coup­
ling air hoses, for starting and 
shutting down locomotives, and for 
MU -ing units on line-of-road, are 
matters which have received wide 
publicity and are now before an 
emergency board. 

In addition, there are archaic 
work rules in the Mechanical De­
partment domain that are hold..:. 
overs from reciprocating steam 
engine days. We must have re­
lief from assignment of work by 
rigid craft jurisdiction. We simply 
cannot effectively compete in to­
day's environment when we are re­
quired to have three men - a 
machinist, an electrician and a 
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pipefitter - to remove andjor 
apply a particular diesel engine 
component that one man can handle 
alone. We need a composite me­
chanic in the locomotive depart­
ment who has the freedom and 
versatility to work on any part of 
a locomotive, just as a carman has 
the freedom and versatility to work 
on any part of a freight car. Be­
cause of this difference in assign­
ing work, a well managed modern 
locomotive shop will be about 10% 
to 15% less labor productive than 
a comparably managed modern car 
shop. 

Thirdly, we must have a reduc­
tion in the hourly rates paid to our 
work force. We, along with most 
industries in this country, have 
paid premium wages when we 
thought we could afford them. But 
now that it is obvious we cannot 
afford them (and in retrospect 
really never could afford them 
because of their demonstrated con­
tribution to our loss in world mar­
ket share), we must have relief. 
All of us have been partaking 
too freely of the fruits of past 
efforts and accomplishments when 
we should have known there are 
no free lunches - never have been 
and never will be. 

Too many industries in this coun­
try have been depending on the 
consumer to absorb the increased 
costs brought on by premium 
wages and too little capital in­
vested to keep our plants modern. 
The consumers of the world have 
now said loudly and effectively, 
"Enough I" 

We no longer enjoy that tempor­
ary luxury of the postwar years 
when demand was so great that 
there was little or no difficulty in 
passing increased costs through to 
the consumer. Gentlemen, those 
days are gone, and the sooner all 
the labor organizations realize and 
acknowledge it, the better. There 
are too many sources of quality 
products in the world today for 
any labor organization in this coun­
try to believe their membership is 
entitled to wages that are not com­
mensurate with their productivity. 

Fourth, we need to lower our 
material costs by more effective 
purchasing methods and better in­
ventory control, and through im­
proved material reclamation pro­
cedures. There are also big dollar 
savings to be obtained in increas­
ing the useful life of our equip­
ment by well-planned, programmed 
maintenance rather than running 
to complaint or failure. In addi­
tion, we need to increase the utili­
zation of our equipment during its 
extended useful life, for by so 
doing we are lowering our total 
cost and increasing our overall pro­
ductivity. 

We must impress upon our sup­
pliers that quality performance on 
their part is an important and 
necessary component of our own 
quality performance, and we need 
to continually re-examine our ma­
terial acquisitions to ensure tha~ 
we are acquiring products that 
result in our being the low cost 
producer of quality performance. 
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Finally, we must have truly 
innovative, dedicated, fair and 
broadminded management. We 
must be goal oriented, and insist 
that our entire organization be 
goal oriented. If you have an or­
ganization that is aiming at noth­
ing, I guarantee you'll hit it every 
time. 

In addition to having challeng­
ing but attainable goals in every 
area of our operations, we will 
need the wholehearted participa­
tion of every employee, not just the 
managers, to set and meet goals 
that will enable us to be the low 
cost producer of quality perform­
ance. 

Yes, I am an avid believer in 
goal setting in a participative man­
agement environment. We in man­
agement do not have a monopoly 
in connection with the generation 
of new ideas. We do have the re­
sponsibility to solicit and objective­
ly examine ideas from all sources, 
and to selectively use those ideas 
that will be of justifiable benefit 
to our society. We must keep open 
minds and employ objective ap­
proaches in all that we do, and we 
must be willing to accept change, 
to embrace and perfect new con­
cepts. 

However, we must be careful to 
see that the realization of Me­
chanical Department goals will re­
sult in lower total costs and not 
just in lower Mechanical Depart­
ment costs. For instance, the ap­
plication of fuel economy kits to 
older locomotives results in in­
creasing Mechanical Department 

labor and material costs, with a 
resulting increase in ME ratio. 
However, with the resultant fuel 
savings we obtain a lower trans­
portation ratio and, more impor­
tantly, total costs are reduced, 
making possible a lower operating 
ratio. This is an example, I think, 
of managing maintenance for 
quality performance. 

Another example is taking into 
consideration the total costs when 
acquiring new locomotives. We 
must not just consider initial costs 
and maintenance costs but fuel 
costs, crew costs, and reliability as 
well. We must acquire those loco­
motives that will give us the lowest 
total lifetime costs. The new high 
adhesion, high horsepower, micro­
processor controlled locomotives 
provide the low total lifetime costs 
that we need to be the low cost 
producers of quality performance 
today. 

For tomorrow, we need to de­
velop innovative and cost justifi­
able uses of alternate fuels for our 
motive power. There has been no 
real effort until just recently to 
develop a cost-justifiable, coal­
burning locomotive in almost 30 
years. The last coal-fired 'gas tur­
bine locomotive effort was in the 
middle-'50s, and the last coal-fired 
steam turbine effort was discon­
tinued in the late '50s. 

While the dies e 1 locomotive 
manufacturers have done a credi~ 
able job in increasing fuel effici­
ency to offset rising diesel fuel 
prices, the fact of the matter is 
that the diesel locomotive is ma-
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turing just as the reciprocating 
steam locomotive, which it re­
placed, matured. So, not only do 
the railroads need a shot in the 
arm in the way of more cost ef­
fective motive power, but the loco­
motive manufacturers and their 
suppliers need a new product to 
replace the oil-buring diesel just as 
the diesel replaced the reciproca­
ting steam locomotive. 

It is interesting to note that, 
even with the increased escalation 
in the price of diesel fuel in com­
parison with coal, because of the 
significant improvements in effi­
ciency of the diesel-electric loco­
motive that have been brought 
about, the ratio of fuel costs be­
tween the most efficient middle­
'50s coal-burning reciprocating 
steam locomotive and a new high 
adhesion microprocessor-controlled 
diesel-electric locomotive is precise­
ly the same today as the ratio be­
tween steam and diesel was 30 
years ago - and fuel cost was not 
the real driver in the conversion 
from steam to diesel -a real trib­
ute to the locomotive manufactur­
ers. However, they have just about 
run the string out, and both we 
and they need a new cost effective 
coal-burning electric-drive locomo­
tive. 

As we manage maintenance for 
quality performance, we must not 
only keep our marketing people in­
formed of new materials, concepts 
and designs -we must also be 
prompt and innovative in reacting 
to the needs of our marketing de­
partments. We will need to stay 

close to our customers, either di­
rectly or through our marketing 
people. We especially need to be 
sure that we are supporting our 
free enterprise system by directing 
our efforts toward cost effectively 
satisfying a present or future mar­
ket need, and suppress any possible 
desire to create a machine or de­
sign or system for which there is 
no need in the market place or 
which is not totally cost effective. 
In other words, in addition to 
"doing things right," we must be 
sure we are doing the "right 
things." Just because something 
can be done doesn't necessarily 
mean that it should be done; and 
just because something has never 
been done doesn't necessarily mean 
that it shouldn't be done. 

If we are to be the low cost 
producers of quality performance, 
we must have full and complete 
facts on which to base managerial 
decisions. Simply stated, we can­
not tolerate inaccurate records, 
biased reports, juggled figures, or 
withholding of information. Our 
objective must be to assure that 
the most cost effective solution is 
found for every problem or oppor­
tunity, regardless of who appears 
to get the credit or benefit. 

We must never compromise by 
editing, or withholding, informa­
tion in order to tell anyone what 
we think that person or group 
might want to hear. We must 
never forget that in our free 
society, the actions of each indi­
vidual make a difference and that 
each of us is solely responsible for 
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our every act; and we must never 
forget to continually thank God for 
the privilege of living in this great 
land and for the good fortune of 
working in this industry. 

Thank you very much. 
[Applause] 

PRESIDENT WALKER: Thank 
you, Mr. Scott. In appreciation of 
your appearance here, and on be­
half of the Air Brake Association, 
this plaque is presented to you. On 
behalf of the LMOA, which is the 
host this year (we rotate), this 

desk set is presented to you, indi­
cating Life Membership in the 
Ll\:IOA. [Applause] 

At this time we will break and 
go into our individual sessions. 
I hope each of you will attend the 
meeting of your choice. We do 
need your support and expect your 
attendance. The LMOA will meet 
in the State Balh·oom, and the 
other meetings nrc listed in your 
progt·am. Thank you. 

[Recess.] 

LMOA President Oarrell M. Walker presents Hobart L Scott, Jr. with General desk 
set, emblematic of Honorary Life Membership in LMOA. 
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MONDAY AFTERNOON SESSION 
September 16, 1985 

The meeting reconvened at 2 
p.m., Mr. Darrell M. Walker, Presi­
dent, presiding. 

PRESIDENT WALKER: Gentle­
men, we will start the second 
session of the 1985 LMOA meeting. 
As we begin, I would like to an­
nounce that we have two foreign 
members from Australia, one from 
Singapore and four from India, all 
foreign members of the LMOA, and 
some of them may be in atten­
dance. If they are present I would 
like to have them stand and be 
recognized. We are very proud 
to have you with us as members 
of the LMOA. [Applause] 

It appears that at this point the 
President should give an address. 
I had a very nice speech written 
out, but ·somebody by the name of 
Scott got hold of it, so I will have 
to shoot from the hip. 

While sitting at the table eating 
lunch, I was asked how this year 
has been for me as President of 
the LMOA. As I look at this ques­
tion and try to answer it, I can 
see a changing of an era. Most 
people who have stood before you 
as President in the past few years 
have retired effective as of this 
meeting. I have a few years yet 
to serve, and as I look around I 
see young men in the organization 
who also have years to serve. 

It has been a very exciting year. 
This year both builders introduced 

new locomotives. Microprocessor 
locomotives are a new technology 
beyond comprehension. I am proud 
to say that I have had the experi­
ence of riding each locomotive, and 
I believe the technology is so far 
in advance of anything I have ex­
perienced in the last twenty years 
that I get really excited. I have 
ridden locomotives for five and six 
hours at a time, and usually it is 
pretty boring, but I can tell you 
that these trips were like five or 
ten minutes. 

That is not to say these locomo­
tives were introduced without prob­
lems. We at Norfolk Southern 
have these locomotives, and we like 
them enough that we have placed 
orders for next year with both 
builders. We are ready to grow 
with the builders through the 
growing pains we know are com­
ing. 

As mentioned by Mr. Scott, all 
railroad-related companies must 
change. We have to take into con­
sideration what mergers will have 
to do with our organization. We 
know we are going to reduce in 
numbers. The Vice Presidents of 
this organization were assigned the 
job in the past year to look at our 
organization and look into the fu­
ture and find out what our needs 
might be, and come back with 
recommendations as .to what will 
be necessary to make this an or-
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ganization that will continue to be 
alive and active and strong within 
the industry. 

Some of these changes will be 
put into effect next year. Some 
are cost reductions. Others include 
a way to take the LMOA to the 
people, knowing that we cannot 
continue to send the great numbers 
to one place. I must ask you seat­
ed in the audience, whether you are 
supply people, manufacturers of 
locomotives or from the railroads, 
to support the LMOA. Without 
your support we cannot continue 
to survive. We need you as mem­
bers. We need you to solicit new 
members from your companies. We 
need new advertisers. We need 
committee members and people 
who can progress through the 
ranks of the LMOA, which is at 
least a 15-year process. We need 
people who will grow with the 
organization. 

Often in my 18 to 20 years with 
the LMOA I have discussed the 
Association with people, and many 
times I have heard the comment 
that we really don't do that much, 
that we are just one big party 
group. I would like to respond to 
that and say that to me the LMOA 
has meant a heck of a lot. I feel 
that I have grown as an individ­
ual. I also challenge anyone to 
walk into a hospitality room and 
really observe what is going on. 
You will find the women in one 
corner and the men still railroad­
ing over in another corner. These 
contacts that have been established 
for me over the years have led to 

a very strong relationship and 
friendship. I can pick up the phone 
and call Bill James, Mike Wall, 
Jack Kuhns, Dale Propp, and I am 
calling friends, not necessarily 
heads of locomotive departments of 
other railroads. It is easy to talk 
with friends and get a problem 
resolved. 

So, I ~ncourage you to support 
this organization. Send people to 
come through the ranks if you are 
in a position with your railroad to 
do that. Give us members on our 
committees, and I think through 
this cooperation we will all grow 
and be a strong organization. 

Thank you very much. 
[Applause] 

Now I would like to ask that you 
stand in memory of our deceased 
members whom we lost in the past 
year, and especially Past Presi­
dents Ky Pruchnicki, George Nie­
meyer, Nelson Buskey, and a faith­
ful associate member, Mr. Roy 
Touchstone. 

[Silent standing tribute to de­
parted members.] 

PRESIDENT WALKER: Now I 
would like to call on Vice President 
Jack Kuhns, Manager Planning and 
Maintenance, Seaboard System 
Railroad, to serve as officer of the 
session. 

MR. J. L. KUHNS: Welcome to 
the afternoon session. We have an 
excellent turnout after a fine 
luncheon. 

I would like to call on our Fourth 
Vice President, Dave Goehring, for 
the Membership report. 
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D. G. GOEHRING 
Mgr. Locomotive Heavy Maintenance 

National Railroad Passenger Corp. 
Washington, DC 

MR. D. G. GOEHRING [Mana­
ger Locomotive Heavy Mainte­
nance, National ltailroad Passenger 
Corporation, Washington, D. C.]: 
The LMOA membership as of the 
beginning of the meeting yester­
day at noon consisted of 773 rail­
road members, 333 associate mem­
bers, 30 members from foreign 
countries outside the United States 
and Canada, and 90 advertisers, 
making a total of 1,226. On 
Wednesday we will announce the 
total number of attendees at this 
meeting as well as an update of 
the membership figures. 

Thank you. 

MR. KUHNS: Now I would like 
to call on a former ~ice President 
of our Association to give us the 
Nominating Committee report. Mr. 
Bud Cumbea, of the Chessie. 

Mr. B. A. Cumbea gave the re­
port of the Nominating Committee 

B. A. CUMBEA 
Mgr. Loco. Malnt .. • Engr. (Retired) 

Chessie System 
Huntington, WV 

as follows: 

President: 
Dale H. Propp, Chief Mechanical 
0 fficer, Burlington Northern 
Railroad, Springfield, MO 

1st Vice President: 
Donald L. Ward, Coordinator 
Shop 1\Iethods, Burlington North­
ern Railroad, Springfield, MO 

2nd Vice President: 
Jack L. Kuhns, Manager P lan­
ning & Maintenance, Seaboard 
System Railroad, Jacksnville, FL 

3rd Vice President: 
David G. Goehring, Manager Lo­
comotive Hen v y Maintenance, 
Amtrak, Washington, DC 

4th Vice President: 
Thomas A. Kessenger, Senior 
Engineer Facility Planning, Sea­
board System, Jacksonville, F L 

5th Vice President: 
William A. Brown, Superinten-
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dent 1\Iotive Power, Burlington 
Northern, Overland Park, KS 

6th Vice President: 
Paul F. Hoerath, Senior Mechan­
ical Engineer- Shops, Conrail, 
Hollidaysburg, PA 

Regional Executives : 
Donald R. Hudgens, Manager Field 

Laboratories, Union Pacific Rail­
road, Omaha, NE 

Joe Kuzela, Jr., E ngineer Design, 
Union Pacif ic Railroad, Omaha, 
NE 

Francis A. Blundon, Director Ma­
terial, Burlington Northern Rail­
road, St. Paul, 1\IN 

W. C. "Skip" Hamilton, Asst. Engi­
neer of Tests, Seaboard System 
Railroad, Waycross, GA 

Roger W. Vitek, Superintendent 

Motive Power, Chicago & North 
Western Trans. Company, Chi­

cago, IL 
Kenneth R. Keller, Asst. to Chief 

Mechanical Officer, Burlington 
Northern Railroad, Overland 
Park, KS 
MR. R. W. VITEK [Mechanical 

Maintenance Superintendent Mo­
tive Power, Chicago & Northwestr 
ern Transportation Company, Chi­
cago, Illinois) : Mr. President, I 
move tha t the slate of oHiccrs be 
accepted. 

[The motion was severally sec­
onded, was put to a vote, and was 
carried unanimously.] 

PRESIDENT WALKER: Bud, 
we would like to recognize you at 
this time as a member of the 
Ll\IOA who has served for many 

Past Vice President Bud Cumbea, right, is shown accepting the General desk set 
f rom President Darrell Walker. The award was in recogni tion of Bud's outstanding 

contribution t o the association over the years. 
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J. J. DWYER 

years and retired before you reach­
ed the top. It is a pleasure to giva 
you this lifetime membership in the 
Association and this desk set. 
[Applause] 

MR. KUHNS: I would now like 
to ask Jack Dwyer to come up and 
give us the financial report. Jack 
has retired from active railroading, 
but he is still very active with rail­
roads. Jack was on this podium 
for 12 years as chairman of the 
What's Your Problem panel. Jack, 
may we have the financial report, 
please. 

Retired Engineer Environmental Control, 
Chessie System, and long·time LMOA 

officer. 

[Mr. Jack Dwyer gave the fi­
nancial report as follows:] 

LOCOMOTIVE MAINTENANCE OFFICERS ASSOCIATION 
FINANCIAL REPORT 

FOR THE YEAR ENDED DECEMBER 31, 1984 
OPENING BALANCE JANUARY 1, 1984 

(Security Bank, NOW Account) $25,190 
RECEIPTS: 

Dues- Active Members $12,129 
Dues- Associate & Foreign Members 7,433 
Registration Fees 5,110 
Advertising Revenue 22,608 
Interest from Security Bank 1,329 
Miscellaneous 140 

TOTAL RECEIPTS 
EXPENDITURES: 

Convention, Publication and 
Travel Expenses $26,405 

Office Expenses, Office Assistance, 
Equipment, Supplies, Postage, 
Stationery and Taxes 23,536 

TOTAL EXPENDITURES 

EXCESS OF EXPENDITURES 
OVER RECEIPTS 

CLOSING BALANCE 

$48,749 

49,941 

- 1,192 

DECEMBER 31, 1984 $23,998 
The above presents a summary (rounded to the nearest dollar) of 

the receipts and the expenditures for 1984 and the year-end cash balance 
as reflected by the records and the bank statements of the Association. 
3/15/85 Edward J . Hannel, Accountant 
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. . . Temperature Control 

-~~ . . · ,...... . , 

Only Sundstrand Data Control's Thermal Switches offer these 

"buih-in" features: 

• Factory c-.tlibrmed 
• 'hock and 'ibration resistMt 
• i\lounting flexibility 
• Crisp contact action 
• Insensitive to atmospheric pressure changes 
• Stable temperature setpoim 
• Rugged welded construction 

These features combine to o ffer your locommh·e impro,·cd 
perfom1ance and less down time ... along with IO years of 
proven reliability in sen ice. 

For more information con wet Instrument Di' is ion, 
Sundstand Oma Control, Rcdmonci,WA 
Telephone: (2o6) 885-8651 

21 
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TUESDAY AFTERNOON SESSION 

September 17, 1985 
The meeting reconvened at 1:30 

p.m., Mr. Darrell 1\1. Walker, Presi­
dent, presiding. 

PRESIDENT WALKER: 1\Ir. 
Propp, will you please step for­
ward? Dale, this gavel represents 
the Presidency of the LMOA, and 
it is a great pleasure to present it 
to you. (Applause] 

[Mr. Dale H. Propp assumed the 
Presidency of the LMOA.] 

PRESIDENT P R 0 P P : Thank 
you, Darrell. Members and friends. 
I accept this gavel and the Presi­
dency of the LMOA with deep 
pride, pleasure and humility. 

The slogan that you have seen 
on coat lapels is our motto for 
next year: E = l\1Cz. 

Certainly Mr. Einstein probably 
would never have believed that 
the LMOA would use his formula, 
which is the theory of relativity 
(all things being relative) in this 
way. The r eal meaning is Excel­
lence in Maintenance Culture Com­
mitted to the Bottom Line. That's 
what our LMOA philosophy is all 
about- excellence in our mainte­
nance; and since culture repre­
sents the way we do things, the 
way we maintain our locomotives, 

Out~roini President Darrell Walker presents ~ravel to newly elected LMOA Pres ident 
Dale Propp, Chief Mechanical Officer, BurlinKton Northern Railroad, Sprinifield, MO . 



Locomotive Maintenance Officers Association - 1986 23 

the way we accomplish our busi­
ness as individual railroads and as 
an industry. 

Our LMOA. Constitution identi­
fies the purpose of the LMOA, to 
improve the interests of its mem­
bers through information and 
exchange of knowledge and educa­
tion resulting in corrective recom­
mendations on locomotive mainte­
nance procedures to the benefit of 
our industry. Yesterday Mr. Ho­
bart Scott said very ably that we 
must be the low cost producer of 
quality. That is what we are say­
ing in our slogan for next year. 

Certainly our maintenance pro­
grams must exhibit pro(iuctivity, 
efficiency and quality. All of us 
know that we must accept the 
change required to be the low cost 
producer; but more importantly, I 
think each of us has to realize that 
we are responsible for the design 
and promotion of the change. 

All of us must challenge our lo­
comotive maintenance culture; we 
must challenge the way we do our 
business, and we must challenge 
ourselves. This excellent organi­
zation of LMOA has done that for 
many years, and this is the one 
organization that provides the for­
mat for us to challenge the culture 
of our locomotive maintenance. 

The innovative ideas from the 
brainstorming sessions we have 
here in many cases have gone on 
to promote and generate new tech­
nology that we so ably need in the 
future. Not all is accomplished 
here. The supply industry and the 
locomotive builders are always re-

searching the problems daily in 
support of the railroad industry. 
They do an excellent job for us. 

I personally want to commend 
Darrell Walker for the excellent 
leadership he has given in 1985, 
imd we wish him well in the future. 
I remind you, Darrell, that we will 
need your continued assistance as 
Chairman of the Board. I also 
want to recognize Jim Long and 
Tom Harley, Past Presidents, who 
are both here today. Both will be 
assisting us with presentations. 
We wish Bud Cumbea our best re­
gards for a long and happy re­
tirement. 

Our thanks to each of the As­
sociate members. We cannot oper­
ate this organization without you. 
We need your support, and we 
encourage you to continue with 
LMOA. We also give our very 
special thanks to Marty Hausman 
and Don Roberts of Power Parts 
for their continued support to the 
technical committees. 

Finally, our thanks to everyone 
here, to all our members, because 
you are the LMOA and you repre­
sent the maintenance culture of 
our industry. 

I appreciate this opportunity to 
become your President, and I look 
forward to an excellent year. We 
will do our best to put a little 
pizzazz and enthusiasm in our 
meetings. Together I know we will 
continue the great tradition of the 
LMOA. 

Thank you. [Applause] 
Now I will call on Jim Long to 

make a presentation. Mr. Long. 
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MR. JAMES H. LONG [Retired 
Manager Locomotive Department, 
Chessie System, Cincinnati, Ohio]: 
Darrell, I would like to present to 
you the Oscar of the LMOA, a 
Little General desk set that is em­
blematic of Life membership. I 
hope you enjoy it as much as I 
have enjoyed mine. [Applause] 

PRESIDENT PROPP: Now I 
would like to ask Tom Harley to 
present the Past President's Pin. 

MR. E. T. HARLEY [Vice Presi­
dent Equipment, . Trailer Train 
Company, Chicago, Illinois] : Thank 
you very much, Dale. I have been 
kidded a little bit about the Car 
Department Officers Association 
badge, but I will have to admit 
that in the six years I have been 
with Trailer Train I haven't had 
one ground relay, I haven't had an 
engine not loading, I haven't had 
a water leak. Everything is not 
all that bad. 

It is a great pleasure to present 
Darrell Walker with his Past Presi­
dent's Pin. Darrell, you have done 
a great job for LMOA, and we give 
this pin to you in honor of your 
service to LMOA. [Applause] 

I have one more thing to pre­
sent to Darrell. This is the bound 
volume of the Annual Proceedings, 
which is also given to each new 
Past President. [Applause] 

PRESIDENT PROPP: Parrell 
has been delegating all year to 
the 1st Vice President. This time 
I would like to delegate back to 
him. I would like to call on Dar­
rell Walker to present a blazer to 
our 5th Vice President. 

MR. WALKER: Bill Brown, will 
you come forward? 

[Mr. Brown was presented with 
his blue blazer.] [Applause] 

PRESIDENT PROPP: We have 
one more presentation before we 
start the afternoon session. I will 
call again on Darrell Walker and 
Jim Long. 

MR. WALKER: Marty, will you 
come forward at this time, please? 
For those in the audience who may 
not know, Marty, of Power Parts 
Corporation, is celebrating his 40th 
year of service. This guy has been 
named Man of the Year by the 
LMOA in the past. Marty, we have 
had a hard time coming up with 
something else to show our appre­
ciation and to join with you in this 
40th year celebration. 

Marty is not quitting. He picks 
on us youngsters all the time. He 
especially likes to pick on the ones 
just coming into the organization 
without having to shave. 

Marty has a goal even at this 
time in life- to double his busi­
ness in the next two years, he says. 
I believe he can do it. Anyway, we 
couldn't find an appropriate gift, 
so we reached out to a man who 
is a Past President of the LMOA 
and who has a few whiskers on 
his chin. At this time I will ask 
Jim Long to make a special pres­
entation to Marty Hausman. 

MR. LONG: First of all, when 
called upon to handle this little 
task for the LMOA, I wondered 
what we could give to a fellow 
who has everything. With a few 
ideas from Joe and other officers, 



Locomotive Maintenance Officers Association - 1986 25 

Past President Darrell Walker is shown receiving the General desk set and life 
membership in LMOA in recognition of his service as president and for his years of 
service in LMOA. Making the presentation is Dale Propp, newly elected president. 

Looking on in approval is Vice President David Goehring. 

First Vice President Don Ward is shown presenting Darrell Walker with the past 
president's pin. In center is LMOA Vice President Tom Kessenger. 
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Past President Jim Long is shown presenting Marty Hausman with a special LMOA 
pin in recognition of tho 40th year of Marty's company. A smiling Darrell Walker 

joins in the celebration. 

we came up with this, and I like 
it so much that I'm not going to 
give it to him but take it back 
home with me. 

Marty, you have been in business 
for 40 years. The LMOA was or­
ganized fl"om the old Boiler Makers 
and the Mastel" Mechanics Associa­
tion, so really you and this Asso­
ciation are tied together hand in 
hnnd. 

This is a liltle locomotive with 
"Ll\10A" and "Marty" on it. It 
is dated "1985" and "40." The 
"40" is for 40 years young. I 
would like to present this to you 
on behalf of the Association. I hope 
you wear it with pride. Congratu­
lations, nnd we hope you have 
many, many good years ahead. 
[Applause] 

MR. MARTIN C. HAUSMAN 
[Power Pnrts Compnny, Chicago, 
Illinois]: Those of you who hnve 
received letters from me know 
there is no wny in this world I am 
going to say what I want within 
three minutes. Give me five min­
utes or twenty minutes. (How much 
time do I have?) [Lnughter] 

OI course, we start out and 
say thinks; but I've got a little 
more than that to say, nnd if you 
will forgive some sentiment and 
honest emotion I will share it with 
you. 

In 1935 I was Employee #13 at 
Electro-Motive, which is 50 years 
ago, and little did I dream in 1985 
I would receive this kind of honor, 
which I take with a great deal of 
pride. I would like to go back a 
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little farther than that. 
When I was 4 years old, one of 

a family of 5 children, in abject 
poverty, I was brought here as an 
immigrant from Budapest, Hun­
gary with my family, and a11 we 
had was a lot of dreams. Well, 
when you get. something like this 
it's a fulfillment of a dream. When 
you hear this expression, an ex­
pression of our President uses and 
justif iably so, "Only in America," 
or "The American Dream," well, 
you are looking at him right now. 
So, how about giving me a hand? 
[Applause] 

That was something like a joke, 
but I took a little poetic license. 
Never give me a microphone. 

But seriously, somebody asked 
me not too long ago what I had in 
mind when I firs t started this 
business, and for want of a better 
answe1· I sa id I don't know, but 
sure as hell it was nothing like 
this ! 

I told you that in 1935 I was 
with Electro-Motive. What I need 
to t e11 you is t hat I was in t he 
Pur chas ing Depar tment, and ther e 
I discovered that. P urchas ing, and 
Stores, and Services nrc a 11 f ine, 
but. the power- the rea l impor­
tance of a railroad- is in you fel­
lows, the Mechanical Department. 

1 remember when I first came 
out to see you, you pushed me 
down the steps when 1 tried to get 
approval on something. There was 
just no way to get something like 
this. 

When an outfit with such a pres­
tigious character sees fit to honor 

MARTIN C. HAUSMAN 
Power Parts Company 

Chicago, IL 

me, I might use the metaphor 
that's fashioned after David and 
Goliath. Just imagine taking on 
G.E., G.M., Alco and Baldwin nt. 
that time, and not only manage to 
survive, but I t hink we've done 
pretty well, wouldn't you agree 'I 
Just ask my wife- she's got the 
money. 

At this point I would like to 
mention Don Roberts. Incidentally, 
Don, thank you for maneuvering 
this thing. I want to thank you 
publicly. I don't. know how you 
did it, but I think it is wonderful. 
I want to thank Don a nd all of you 
here. lt's fantastic. I can go home 
tonight and convince my wife and 
children that I am rea11y some­
thing, and I think I am. If you 
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can survive in an industry of this 
kind and win the blessings of 
the Mechanical Department, that's 
where it's at. If you fellows say 
we're all right, we have it made; 
if you say we're not, we're dead. 
It's that simple. Purchasing can 
buy exactly nothing except the Me­
chanical Department. So, we re­
spect and we love you, and we try 
like the devil to win your confi­
dence. 

Those of you who carne to the 
plant this afternoon were given a 
tour, and I had the opportunity to 
show you my family and show you 
my background. We bad a man 
visit from Australia who owns the 
Corneng Company there, and he 
walked through our plant and said, 
"By Jove, fellow, you have a lot of 
'blood' around here." I didn't know 
what the devil he was talking 
about. He was impressed by our 
people, by the fact that we were 
free-wheeling, and everybody seem­
ed to enjoy themselves; and we 
have no unions, and no one quits, 
and no one gets fired. I am the 
oldest guy, but we have a lot of 
old guys around the place, and we 
are going to hang around as long 
as we can. 

Again I want to tell you this 
honor is very, very important to 
me, and I accept it with a great 
deal of emotion, and I want you to 
know that I appreciate it. And if 
I'm around here for our 50th Anni­
versary, you'd better come up with 
a hell of a lot more than this! 

Thanks very much. [Laughter 
and applause] 

PRESIDENT PROPP: Thanks 
again to Marty, and thanks to Torn 
Harley and Jim Long. 

PRESIDENT PROPP: It is a 
pleasure for me to call Jack Hoff­
man to the podium at this time. 
As Mr. Hamilton mentioned, Jack 
is retiring in the next few days. 
Jack has represented General Elec­
tric very well for many years. He 
has been with the LMOA for 25 
years, and served on the Fuel and 
Lubricant Committee all that time. 
All of us know that Jack bas 
answered a lot of questions, not 
only on behalf of his own company 
but questions on behalf of other 
members of the LMOA. His ex­
pertise is highly respected by all 
in our industry. 

Jack, it is a pleasure for us to 
wish you well in your retirement 
and to thank you for your out­
standing performance in LMOA. 
We would like to present to you 
this certificate, which reads: "In 
recognition and appreciation of 
your 25 years of outstanding con­
tributions to LMOA and particu­
larly to the Fuel and Lubricants 
Committee, LMOA is honoring you 
with a special 25-year pin" that 
will be presented to you upon its 
completion. [Laughter and Ap­
plause] Thank you again, and best 
wishes for a long and happy re­
tirement. 

MR. J. G. HOFFMAN [Manager 
Combustion Engineering, General 
Electric Company, Erie, Pennsyl­
vania]: All I can say is that for 
the first time on this Committee 
I am speechless. I certainly want 
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to make three c"omments or obser­
vations. 

First, I want to thank Dale and 
the LMOA for this very unex­
pected honor. 

Second, I want to thank all of 
you for your friendship over these 
many years. 

Third, I would like to thank all 
of you for all you have taught me 
to help make my job easier. 

I want to congratulate Dale on 

becoming President of LMOA. Per­
haps the major regret I have in 
severing relationships with the As­
sociation is to not be here and ob­
serve his presidency and in some 
way contribute to it. 

Thank you very much. 
[Applause] -

PRESIDENT PROPP: Thank 
you, Jack. You are going to be 
missed a lot. Do come back and 
see us next year, won't you. 

Best Wishes For Success 
from 

AYLOR AND ASSOCIATES 
V. E. (Bud) Aylor 

Manufacturers Representatives 
Serving the Railroad Industry 

P. 0. Box 7107 
Hi I ton Head, South Carolina 29938 

803 - 785-2030 
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LMOA Vice President Jack Kuhns presents Darrell Walker with bound copy of the 
LMDA Annual Publication coverin~ his year u president. 

Newly elected LMDA Vice President William A. Brown, Supt. Motive Power, Burlington 
Northern, receives his LMOA blazer f rom President Dale Propp. 
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WEDNESDAY MORNING SESSION 
September 18, 1985 

PRESIDENT PROPP: At this 
time I would like to call on our 3rd 
Vice President, Mr. Dave Goehring, 
for a membership report. 

MR. GOEHRING: I have some 
good news. First I would like to 
give the membership figures as 
they stand as of 7 o'clock this 
morning. We have 850 railroad 
members, 383 Associate members, 
30 members from countries outside 
the United States and Canada, and 
90 Advertisers in our book, making 
a total of 1,353 members. 

This year at the convention there 
are 293 registered in the LMOA. 
This is a little less than we had 
last year - but last year, being an 
exhibit year, was an exception. 
There is always a higher atten­
dance at that time. 

Comparing these 1985 figures 
with 1983, in 1983 we had 287 
members attending and registered, 
and this year with 293 we have 
actually exceeded our membership 
of two years ago. I think that is 
a great achievement. 

I particularly want to mention 
and thank two railroads that have 
a good representation this year, the 
Santa Fe and Conrail. They have 
really helped to boost the atten­
dance at these meetings, and we 
appreciate that very much. I hope 
some of the other major railroads 
will put this kind of emphasis into 
attendance in future years. 

PRESIDENT PROPP: Thank 
you, Dave. 

Now I would like to recognize 
three very important people at our 
meeting: Our Secretaries, Joe and 
Lou Koerner, and our recorder, 
Charlotte Emmons. [Applause] We 
do really appreciate the long and 
faithful service by all of you. 

Now I would like to call on our 
1st Vice President, Don Ward, to 
act as officer of the next session. 

MR. WARD: Thank you. We 
have reached the final session of 
our LMOA meeting this year, and 
of course we consider this more or 
less to be the highlight of our 
meetings. This is our What's Your 
Problem session, the time when 
you, the participants, ask any ques­
tions you might have. The people 
up here on the platform and some 
in the audience will try to answer 
them. No questions are off limits. 
I hope you will all participate as 
much as possible. 

It is now my pleasure to present 
Joe Kuzela, Engineer of Design, 
Union Pacific, Omaha, who will be 
the chairman of the What's Your 
Problem session. 

MR. KUZELA: Thank you, Don. 
I would like to welcome all of you 
to our meeting today. I would like 
to introduce our expert panel along 
with our vendors out in the audi-
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ence who are going to help us 
answer all your questions, I hope. 

Ken Keller, chairman of the 
Electrical Committee, Burlington 
Northern Railroad. 

Roger Vitek, Chicago & North­
western, chairman of the Diesel 
Mechanical Maintenance Commit­
tee. 

Merrill Anderson, Manager Me­
chanical Services, Duluth, Missabe 
& Iron Range Railroad, chairman 
of the Committee on Shop Equip­
ment. 

"Skip" Hamilton, Assistant Engi­
neer of Tests, Seaboard System 
Railroad, Waycross, Georgia, chair­
man of the Committee on Fuel and 
Lubricants. 

Mike Starr, Senior Locomotive 
Engineer, Southern Pacific, San 
Francisco, chairman of the Com­
mittee on New Developments. 

Fran Blundon, Burlington Nor­
thern Railroad, St. Paul, Minne­
sota, chairman of the Diesel Ma­
terial Control Committee. 

Now I would like to open the 
floor for questions. 

MR. K. A. KELLER: My first 
question is going to be directed to 
my long-lost cousin from the Bur­
lington, on traction motor builders 
and suppliers of traction motor 
brushes. Anybody and everybody 
who wants to get into this one, 
feel free to do so. 

Here is my problem. I run die­
sels between Chicago and Los An­
geles over the Santa Fe, also be­
tween Chicago and Oakland over 
the Burlington, the Rio Grande and 
the Southern Pacific, and I have 

what I percieve is a big traction 
motor problem - flashovers on 
grounded armatures, and other 
problems. 

To give you a little background 
as to what these locomotives of 
ours face, we run 90 mph on the 
Santa Fe mile after mile after 
mile, and then all at once we hit 
Raton Pass out of Trinidad, Colo­
rado, and we are down on our 
knees for about 20 miles at the 
continuing rate or worse, and then 
if we make it over that hill we go 
to dynamic braking for 20 or 30 
miles down the other side, and then 
we go for several hundred miles 
up and down, up and down, and we 
get to Needles, California and we 
do the same thing two more times 
before we get to Barstow. So, we 
have the worst of both worlds. We 
have high speeds, 90 mph mile 
after mile, and low speeds, high 
current, in the red maybe if it is 
up to the maximum car consist and 
one engine maybe is a little weak, 
or we get wet rail, or that sort of 
thing. 

That's my problem. My question 
is this: The builders have always 
said you can't mix traction motor 
brushes in the same traction motor. 
I ask: In this case, why not? It 
can't be any worse than the prob­
lems we have right now. What 
would happen if I were to mix 
two different grades of brushes 
that are, let's say, vastly different 
in terms of their performance and 
characteristics ? 

MR. KEN KELLER: I think 
your question is pretty lengthy and 
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there is more than one part to it. 
I will make a few comments first, 
and then if I have not answered 
your question let me know and I 
will try again. 

I think your circumstances are 
certainly unique. We in the freight 
business don't see quite the ex­
tremes you just mentioned, 90 mph 
and then at Trinidad you are in 
minimum continuous speed for 
quite a long time. Maybe in this 
type of service you will get some 
film stripping, and when you reach 
90 mph you have extremely high 
voltages on your traction motor 
armatures and your brushes begin 
to trail fire; you ionize the air in 
the traction motor, and you are 
bound to see a lot of flashovers. 
I thing if you haven't done so it 
would be a good idea to try several 
grades of test brushes in your 
motors under these conditions, and 
get a grade in service that will 
perform best for your conditions. 

To answer your question about 
mixing brushes: On our railroad 
we use several grades of brushes 
and sever a I manufacturers of 
brushes. Although we try to keep 
them in areas where they won't 
get mixed, it does happen, and we 
do have some classes of power in 
certain types of service where we 
do have considerable flashover 
problems. 

The older classes of power with 
DC generators and transition steps 
and traction motor field in some 
cases have a severe problem. We 
have brush pigtails burning off, 
some cases where brush holder 

segments will be blown apart, and 
brushes consequently sticking, add­
ing to this problem. There again 
I think you have to look at the 
type of service and the particular 
class of power, and you have to 
watch your brush grades and per­
formance extremely closely. 

I am not sure I answered your 
question. 

MR. K. A. KELLER. Would you 
comment on mixing brush grades 
in the same traction motor? 

MR. KEN KELLER: All I can 
say is that on our railroad we try 
not to do it, but it does happen. 
Many times a locomotive that may 
be assigned out West somewhere 
will receive a 92-day inspection, 
and some brushes will be installed 
elsewhere on the railroad and we 
will get some mixing. I do believe 
there could be cases where this is 
contributing to some of our flash­
over problems. 

MR. K. A. KELLER: What about 
doing it deliberately? Do you think 
it has any merit? 

MR. KEN KELLER: Well, I 
really don't think it is a good idea. 
There are some people on our staff 
who feel you are not going to have 
extreme consequences. However, I 
think under certain conditions, es­
pecially unique conditions that you 
are talking about, your best bet is 
to try not to mix them. 

MR. KUZELA: Do any vendors 
have a comment on that? 

MR. STARR: On the EMD 
motors, GE, strangely enough, has 
come up with a flash ring applica-
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tion. I personally think it is very 
promising, and we have a few out 
on tests on our railroad. 

I think flashovers are a function 
of high speed and high potential 
and improper transitions in power. 
Those conditions are difficult to 
change, but you can change where 
the flash will move to. You may 
want to try a test of some flash 
rings on EMD motors as well as 
research the potential dollar in a 
cost benefit analysis. 

MR. WILLIAM PINCH, JR. 
[Union Carbide Corporation, Elec­
tronics Division, Lakewood, Ohio]: 
Brush operation on DC motors is 
an extremely complicated mecha­
nism. Addressing the question of 
mixing brushes on traction motors, 
parallel circuits are involved. 
There are two positive brush arms 
and two negative brush arms. The 
filming characteristics of different 
brush grades are different among 
grades of the same manufacturer, 
and certainly different among 
grades of other manufacturers. 

The problem in the mixing of 
brush grades is specifically con­
tact drop. No two grades exhibit 
the same contact drop, which is 
the voltage drop between the com­
mutator and the brush right at the 
interface. With the parallel cir­
cuitry some brushes, the ones with 
the lower contact drop, will tend 
to hog a larger share of the load 
current. Current is directly pro­
portional in the laying down and 
taking off of commutator film. 
When brush grades of different 
contact drops are mixed, a dissimi-

larity in the collection of the cur­
rent among brushes exists and a 
change in the film can occur, 
which can then change the friction­
al characteristics of the film. This 
changes the ability of the brush 
to stay down in intimate contact 
with the commutator, and sparking 
may begin to occur. 

If it is necessary to mix brushes, 
do it by polarity. This allows the 
positive brushes and the negative 
brushes to maintain a similar con­
tact drop for more equitable cur­
rent sharing. So, if you agree that 
you have to mix brushes by polar­
ity, then it is probably just as easy 
to maintain the same brush grade 
in a given motor. 

MR. KUZELA: Is there anyone 
else who has a subject to bring up 
or who wants to expand on the last 
subject? If not, I have a challenge 
here for the locomotive builders: 

"I would like to challenge the 
locomotive builders to build or pro­
duce a non-plugging, maintenance­
free crankcase eductor tube. The 
biggest complaint we have from 
the California and Oregon Forest 
Departments is that dirty eductor 
tubes cause fires, and they are 
actually inspecting locomo1;ives and 
want to stop trains to do this." 

So, maybe by next year they will 
have a maintenance-free, non-plug­
ging eductor tube. Any comment 
on that? If not, I have some ques­
tions from the Mail Bag that I 
will bring up. One of them is an 
unanswered question from a pre­
vious session. 
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This question concerns the fact 
that we were going to give the 
battery manufacturers time to give 
us an answer on a quick, easy way 
to fill the batteries - the cells 
that are under the carbody portion 
in the back of the battery box. Any 
comments? 

MR. V. HERNANDEZ: [General 
Battery Corporation, Lisle, Illi­
nois]: As far as cell fillers are 
concerned, there have been a num­
ber of them on the market for 
some time. 

I think the biggest problem with 
regard to railroad operation is the 
wear and tear that takes place on 
cell fillers. There have been prob­
lems setting up repairs on them, 
they become expensive to repair, 
and they are not cheap to begin 
with. 

There is another problem to con­
sider. You can take half a dozen 
different battery supply people and 
each of them has a different water­
ing level for their batteries. You 
buy yourself a cell filler which will 
be compatible to one type, and if 
you have three types of batteries 
each of them might have a dif­
ferent watering level, so when you 
go to buy a filler you have to com­
promise. You don't go by the ,depth 
of the solution above the plate 
itself - you go by the amount of 
distance from the top of the plates 
to the bottom of the filler hole. 
There again you might have any­
where from 1 ',2 to 3 inches. You 
stick a cell filler down in there 
and have it set for a 3-inch dis­
tance. That is no good for a 1 or 

1 % inch battery solution level, so 
you have to make a compromise. 

As far as I know, I think you 
can specify the depth to the bottom 
of the filler hole as to what you 
want in the way of solution. It has 
been pretty much standard for 
years. You want to fill that cell 
to about % to % inch below the 
bottom of the fi_ll tube. You may 
have to sacrifice a little bit of 
solution on some of them, where 
you set to fill, let's say, % or 
% inch below the bottom of the 
fill tube. On another type that 
may be too high, so you have to 
govern yourself by the one that 
has the longest fill tube. It can 
be done. 

They also used to put collars on 
cell fillers, which were a problem. 
The collars got lost, or you didn't 
have a chart which told you which 
collar to use for which type of 
battery, or whose battery, and 
those collars went by the wayside. 

It got to a point where people 
listened when filling a cell, and as 
soon as it sounded like the cell 
was filled they stopped filling. 
You may be low, and by the same 
token you think you are all right 
and you overfill the cell. There 
was also a lot of breakage in cell 
fillers. They have gone pretty 
much to plastic now. I remember 
I used to take them and have a 
half set of batteries on one side 
of the track, and I would fill those 
batteries on that side, throw the 
filler through to the other side, 
walk around and pick it up, and I 
broke them myself. You can't 
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handle them that way. It is a piece 
of equipment that requires careful 
handling. 

These cell fillers come in vari­
ous lengths, anywhere from 12 or 
13 inches up to 48 inches, and in­
termediate lengths like 30 inches 
will probably take care of most of 
your battery boxes. If you have 
to reach in 30 inches, the 30-inch 
type cell fillers will reach in there 
to fill the battery. They have an 
automatic shutoff on most of them 
today. They have- a quick-discon­
nect, so you can disconnect and 
don't have to go back and shut 
the water off. 

Does that answer your question? 
MR. KUZELA: Thank you. I 

guess there is no easy way. 
MR. HERNANDEZ: There is no 

easy way, really, and it is a com­
promise as to where you have the 
levels set, unless you want to 
bother with collars again, which 
nobody liked. 

Another problem was that a 'lot 
of people sold them, and it was 
hard to get them serviced. There 
are people who will service them 
today. 

MR. KUZELA: We have bottled 
drinking water now, and maybe we 
could have bottled battery' water 
and a disposable filler. Maybe 
somebody will come up wit,h that 
next year. 

MR. GOEHRING: The problem 
appears to me to be not just fill­
ing the battery but getting access 
to the battery cells so that the 
water can be applied. What I am 

about to suggest may not be a 
solution for the diesel locomotive, 
but at Amtrak we are currently 
placing batteries in a rollout draw­
er under electric locomotives. 

The device that Wilmington 
Shops came up with is like a filing 
cabinet drawer that slides out from 
beneath the locomotive, exposing 
the whole battery tray where every­
thing is accessible. After the bat­
teries are ·serviced the battery 
drawer is put back and locked in 
place. 

VOICE: The session is leaning 
on battery people here, and I think 
the problem is EMD's. I think it 
is a lousy installation where those 
batteries are, and where they are 
placed on the locomotive. We ought 
to ask EMD and GE about looking 
into where they can put the bat­
teries so they are more accessible 
for servicing. 

We average, I would say, any­
where from eight to ten failures a 
day due to battery problems, and 
the problems are in the servicing, 
using a garden hose to fill the 
battery. You overfill it. This is 
what they call flushing the bat­
teries. They flush all the electro­
lyte out of them. I am sure it is 
not unique to our railroad, the 
Southern Pacific. The battery 
boxes themselves rot away because 
the electrolyte spills over. Basic­
ally it is a lousy application of 
where those batteries are located. 
I would like to have an EMD rep­
resentative address that. 

MR. KUZELA: Has any builder 
a comment on that? I guess they 
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don't want to make a comment on 
that. 

MR. KUHNS: Maybe we can get 
them to comment on this: I would 
like to know if we are the only 
railroad that is having difficulty 
starting our SD50s with the F3B 
engine. If not, what are we sup­
posed to do? 

MR. WALTER WECK [Electro­
Motive Division, LaGrange, Illi­
nois]: Jack and I go back a long 
way, and Jack has a habit of ask­
ing questions he knows the answers 
to. [Laughter] 

Jack, your organization is not 
the only one that is having that 
particular problem. Your sister 
organization on the Chessie had 
exactly the same problem. As to 
what we are going to have to do, 
it ties into an entire research 
project you are also aware of, with 
all of the oil carryover and things 
that will hold valves open that will 
not allow for enough compression. 
It is a long, involved development 
in order to get what you are look­
ing at - 100% start 100% of the 
time. 

MR. KUZELA: Is it that the 
valves are staying open? 

MR. WECK: The assumption at 
the present time is that after a 
protracted period of shutdown 
some of the carbonaceous material 
in the head seat area is depositing 
itself on the valve seat and is 
giving us incomplete closure. That 
is the only thing we can come up 
with at the present time. The 
rings, the liner sizes, the wearing 
components are excellent, so the 

only place you would get into this 
kind of thing is in the area Jack 
is talking about. 

MR. KUHNS! Are we sure that 
is what it is, Walter? I am not 
sure we know this yet. We have 
tried bouncing the valves and it 
still will not start. 

MR. WECK: Jack, you and I 
are never going to solve this prob­
lem standing here on this floor 
talking about it. We are working 
with you on this particular prob­
lem, and we wiU. work with anyone 
on the problem. 

MR. KUHNS: Let's get away 
from the EF3B. Let's stay with the 
E3B. Does anybody have trouble 
starting that one? 

MR. M. M. STARR [Senior Elec­
trical Engineer, Southern Pacif­
ic Transportation Company, San 
Francisco, California]: We had a 
rash of problems with our SD45s. 
We recently changed our require­
ments for our 20-cylinder engines 
to specify only high capacity bat­
teries, what we like to call J ohl')o 
Wayne batteries for our 20-cylin­
der engines. This has helped us 
with our problem. 

MR. KUHNS: Maybe we should 
just turn it faster, then. 

MR. KUZELA: Put a booster 
battery on it. 

MR. K. A. KELLER: Since I 
asked the original question a day 
or two ago, I thought about the 
problem some more. Dave Goehr­
ing mentioned what we are doing 
with the electrics at Wilmington, 
and I have this to offer as far as 
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the rest of the locomotive fleet 
goes: 

I think maybe what we need to 
do is to design the battery installa­
tion so that you can very easily 
remove the whole battery with a 
forklift truck. This would get into 
Mr. Anderson's committee, but 
build the thing so you can pull it 
out with a forklift truck, get it 
disconnected in 30 seconds or a 
minute or whatever, yank it out 
with a forklift truck, and then see 
what you are doing. You can get 
at everything, and do what you 
have to do, and put it back in the 
battery box and hook it back up in 
two minutes or whatever time it 
takes you, and go to the other side 
and do the same thing. It will 
probably be faster and easier and 
better than trying to get the last 
row of batteries the way they are 
presently. 

MR. BLUNDON: Ten or fifteen 
years ago I had an automobile that 
had a battery with caps on it. I 
had to check the water regularly. 
Today I have an automobile with 
a maintenance-free battery, and I 
don't even have to look at it. 

Is EMD and the battery industry 
going to develop a battery like 
that for locomotives? 

MR. STARR: I will make a 
quick comment. About four or five 
years ago a major battery manu­
facturer, which I don't believe is 
represented here, advertised a low­
maintenance battery. They did a 
lot of research to reduce water 
consumption and change the cal­
cium alloys, and so on. It was a 

failure, not lasting more than two 
years. 

I think the railroad application 
is unique because of the higher 
temperatures and more cycling. I 
don't think it is possible to design 
a maintenance-free battery for lo­
comotives that will last four to 
six years. You may extend the 
watering interval a bit, but we 
looked at it closely and came to 
the conclusion that "maintenance 
free" is a misnomer for locomotive 
applications. There were a lot of 
advertisements to that effect about 
four years ago. 

MR. HERNANDEZ: There came 
into the market about 15 years 
ago, if I remember correctly, a so­
called self-watering battery which 
was on the order of a low-mainte­
nance battery. It was tried. I don't 
see it around today, although the 
idea is still there. The one point 
watering system is now available 
from several manufacturers. 

One of the things we all hear 
from you people is: "When are we 
going to get a sealed maintenance­
free battery?" There· are several 
things that enter into it. One is 
the high currents you are dealing 
with. You hit that battery with 
a cranking load and you have 
a breakaway that goes up to 1800 
amps, and that battery jumps. It 
is the same way charging back. 
You are going to have gassing, 
you are going to build up pressures 
within it, and this is probably one 
of several things that hold up this 
development. 

The battery companies are aware 
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~~-are talking about, and tne ~~o~ 
still have that problem. 

MR VITEK: Some of the gentle-

heat treatment of metal :Lu.~; ...... 

face hardening. . 

. our Diesel Mechanical Com-
men on t th t at 

In addition to that, I am gomg 
to share a little secret gui~eline 
with you, and it is a very simple 
checklist. It is for people who are 
skeptical about these coatings: 

mittee brought up the fac a 
one time in the recent past EMD 
had a problem with some of ~he r~­
build kits they were supphed, .m 
that the thickness of the dla­
phragm particularly in the ~ow 
water portion was somewhat thlc~­
er than it should have beed~· I d~n t 
k what the exact lmenslons 

now . ob 

Whenever you get on an aircraft 
that bas jet engines, simply pose 
a question to the pilot: Do you 
have ceramic coatings in your com­
bustion chambers? If he says yes, 
stay on the plane. If he says no, 
get off and take as many people 
off with you as you can, as fast 
as you can. If he says "I d~n't 
know", tell him you are not gom~ 
to let him move that plane untll 

were, but this was causmg a pr -
lem with false shutdown. . 

MR. WECK: That was a whlle 
back, and that was exactly b the 
case. That surely should have een 
behind us for several years ~ow. 
There could be some of the pleces 
still in existence. That is not. an 
. l'bl'll'ty We would certamly 1mposs · . d 
like to look at those partlcular e-

he finds out. 
That sounds a little facetious, 

but the point I am trying to make 
is that for the past ten years 
ceramic coatings have kept those 
jet engines running ~ong . beyon~ 
the OEM's design engmeermg cn-

. That is about the only way v1ces. . 
we could get to a solutlon. 

MR. FINDER: Are you open for 
teria. 

a new subject? Let me make a few more com-
MR. KUZELA: Yes. 
MR. FINDER: Let me make a 

few comments on ceramic compo­
nents. I feel this subject was some­
what glossed over a little too :fast 
yesterday, and there are som: 
misconceptions that need to b 

ments about what is going on in 
your own industry, because I feel 
there are people who don't know. 

1 am going to praise several ~r­
ganizations. First, the Kansas C.Ity 
Southern Railroad has now runmng 
two engines with ceramic coated 
components on them. One of them 
has been running two years as ~f 
this month, and according to thelr 
personnel, whom I will tell you 

straightened out. . . 
In my 18 years' association Wl~h 

putting on and applying c~ramlc 
coatings, I can tell you that lf yo~ 
have the correct application, quah-
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of the situation and have talked 
about it, and some of them are 
coming up with low-maintenance 
batteries, but I think a true main­
tenance-free battery is a little way 
in the future. 

MR. T. D. LEMONS [Supervisor 
Locomotive Equipment, Missouri 
Pacific Railroad, St. Louis, Mis­
souri] : We are going to start 
taking delivery of sixty C-36-7 GE 
locomotives this month. Ten of 
these locomotives will have bat­
teries with sealed tops on them, 
and they are predicted to go five 
years without watering. They are 
476 amp/hour batteries. Maybe I 
will have something to report on 
that later. 

MR. K. A. KELLER: After the 
five years will you be able to take 
the tops off the batteries and ex­
tend their service life ? 

MR. LEMONS: Yes. 
MR. K. A. KELLER: And get 

ten years out of them? 
MR. LEMONS: Predicted, 14. 

They are Exide batteries. 
MR. KUZELA: Mr. Teghtman, 

Shop Superintendent on the Union 
Pacific, asks this question: "Is any 
other railroad experiencing prob­
lems with vibration on the front 
end of E3B engines causing false 
engine protector shutdowns? 

Does the vendor or builder want 
to comment on that? 

MR. WECK: Our experience 
with the engine protector on the 
E3B engine or any of the engines 
has been excellent. The thing we 
think is the problem the gentleman 
is referring to is not vibration 

within the engine, but literally a 
worn-out engine protection device 
itself that is badly in need of over­
haul. Properly maintained, proper­
ly rebuilt, these will not be set off 
by "front end vibrations" in the 
engine. 

MR. KUZELA: I was pretty 
close to this project. We found that 
our older engines, our E3s, don't 
do this. They can have more miles 
on them than the E3B, and you 
don't have a problem with the shut­
down. We have even gone so far 
as to blank off the shutdown de­
vice so that it didn't get any crank­
case pressure, and it still tripped. 
We feel changing out the harmonic 
balances did not help. We still 
have four or five of those culprits 
out there. 

MR. WECK: We will be only too 
pleased to give you four or five 
shutdown devices that will be qual­
ified, and let's see if we can go 
through the same drill on a small 
number of units. 

MR. KUZELA: We went so far 
as to tell the mechanics that they 
can only change out the shutdown 
device once, not five times. Our 
master mechanic, who just retired, 
said the low water/crankcase pres­
sure device was changed out so 
many times that it knew its own 
way on and off. [Laughter] The 
engine still has problems. 

MR. WECK: It is a specific. I 
don't hear anything from anyone 
else in the audience, so I hope it 
is unique to yours. We will be 
only too pleased to get into those 
devices with you on a 1:1 basis. 
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about, it is performing today as 
excellently as it was the day it 
was installed. 

The same is occurring with their 
second engine, which has been run­
ning in the field for 8 months. The 
first engine has been running over 
200,000 miles now, without a prob­
lem and with good results. The 
gentleman to talk to about that is 
the man who oversees that, Mr. 
Bob Jones from Shreveport. I don't 
know if he is here today, but he 
has been here during the confer­
ence. 

The second order of praise goes 
to the Union Pacific Railroad. They 
now have two ceramic coated en­
gines in-house and they are now 
going through the motions of test­
ing them. Mr. Bill Jacobs is over­
seeing that project. I am not sure 
whether he is here today, but he is 
another person to confer with. 

Going back into a little history, 
we talk about the ICG. They have 
had ceramic coated pistons some­
where in their system for about 
3 years, with excellent results. Mr. 
Mel Dinius can probably fill you 
in on those details more than I can. 
So, you see, we are not talking 
about a dream, but a reality. 

The U. S. Maritime Administra­
tion is funding a program which 
will end some time this year on a 
test boat on th.e Mississippi River 
system utilizing an 8-~ylinder 645 
EMD engine. It is heavily screw­
ed, it is computerized, the data is 
very accurate, and this information 
will be made public. It is a very 
carefully organized program. 

I will close with one word of 
caution. There has been some com­
ment about the test being run at 
Southwest Research Institute. I 
myself recommended that they not 
use the coating systems they were 
using, but they were so far along 
in the program that they went 
ahead with it anyway, on the 
recommendation of people who did 
not have any experience in the 
field. Now they are testing coat­
ing systems which are not appli­
cable to your operations. I don't 
know what the results are going 
to be, but I understand now some 
of them are not too good. They 
have gone beyond the limits of 
using those materials in their coat­
ing system, and I would caution 
you to be very wary of relying on 
those results. 

Thank you. 
MR. VITEK: Carl, have any of 

these railroads you are talking 
about made any tests on brake 
specific fuel consumption? 

MR. FINDER: They haven't 
made it on fuel consumption, but 
they have made it on horsepower, 
oil and water cooling tempera­
tures, interaction with the turbos, 
and some of the oil pressures, and 
some of the other information that 
they normally check during their 
operating procedures. 

The U. S. Maritime program has 
made specific measurements on 
fuel consumption, and they are 
very, very accurate. The Union 
Pacific, I understand, is going into 
a very extensive program, and I 
expect their results to be very sig-



Locomotive Maintenance Officers Association - 1986 

Let FSA Rebuilding 
Keep You 
Supplied 

Complete UTEX power packs for 
EMD engines are available for 
shipment to you off the shelf. 

When service in the field is required, 
FSA provides you complete 24 hour 
on call, on location repairs for EMD 
engines. 

WE REMANUFACTURE: 

• Complete EMD power pack 
assemblies 

• EMD mini-packs 
• Air compressor and components 
• Journal boxes 
• Journal roller bearings 

FSA. the only woat cout AAR approved factory 
authorized bearing remanutacturer. 

FSA REBUILDING, INC. 
400 E. MAIN ST. 

ONTARiO, CA 91762 

(714) 391-6423 

51 



52 Locomotive Maintenance Officers Association - 1986 

nificant because they are covering 
all the bases that you will be ask­
ing about. I really expect their 
results to be highly significant. I 
shouldn't speak for Bill Jacobs, but 
I would expect their results may be 
available in the next couple of 
months. I am not sure about that. 
Only Bill can tell you about that. 
He knows what the schedule is. 

VOICE: What about the fuel 
cell in the gas battery? Is that 
safe enough for locomotive power, 
and will it simplify the locomotive 
construction and maintenance if 
they go to a fuel cell operation? 

MR. STARR: We will certainly 
look into that as a possible topic 
for the New Developments Com­
mittee, but to date we haven't done 
any investigation in that area. 

VOICE: I haven't heard any­
thing on it for years, but several 
years ago Allis Chalmers built a 
tractor, and it proved out all right 
in reports I have read, although 
I have no up-to-date information. 
It may be you can save carrying 
a hydrogen tank around. That is 
one problem I can see. Maybe that 
can be safe enough; I don't know. 

MR. KUZELA: Mr. Hodgens, 
Superintendent of Shops, Santa Fe, 
Kansas City, asks: "When is GE 
going into full production on weld­
ed heads to liner cylinders and 
make this standard?" Does GE 
have a comment on that? 

MR. W. A. BAILEY: [Manager 
Product Service, General Electric 
Company, Erie, Pennsylvania]: I 
know most people here realize we 
have tested a great number of 

electron beam welded cylinders, 
going back to the early 1970s. The 
results of these tests on almost 
every railroad have been very posi­
tive, and we are continuing to 
make a limited number of those 
types of cylinders available. We 
are currently investigating differ­
ent types of welding processes as 
well as the facility requirements 
of making a quality product in 
large production quantities, and 
until we have that nailed down we 
won't make a decision about pro­
duction. 

MR. KUZELA: I hear there are 
vendors that can re-chrome them 
and rework them. 

MR. BAILEY: Yes. We believe 
a welded assembly can be rebuilt 
the same way the current one is. 

MR. KEN KELLER: Bill, when 
you are reclaiming a liner head 
that has been welded, would you 
leave it all as one assembly or 
would you cut it apart? 

MR. BAILEY: Our current plan 
is that it would remain as one as­
sembly. 

VOICE: We have just received 
some locomotives with the SISMTR 
recorder system, and we are init­
ially having some problems with 
this equipment. Particularly, the 
needle on the dial seems to want 
to bounce around when the loco­
motive is sitting still. This is not 
a particularly new system; it has 
been around for several years. 

Are there other railroads that 
have similar problems~ If so, what 
did they do to correct them? If 
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..La';i,"'"'~UZELA: Are you still ap-

plyin~ the modulating gover~or. to 
. are butldmg the locomottves you 

today~ t'll 
MR WICKSTROM: Yes, we s 1 

1 • modulating governor, but 
app y a . t' 
we limit the modulatmg m~e. 

MR. KUZELA:. What lS the 

time~ . · 
WICKSTROM: I beheve tt 

MR. After an ad-
. 19 seconds now· 
~itional 77 seconds. all load is drop~ 

d d the engme returned t pe an 
idle. . 

R KUZELA: Here ts a qu~s-

mg p•u!:.!:.'C"' ... -.,- ---ou elaborate on 
turbocharger. Can y . b 'ld­
this '! This oil is also causmg ut h 

the impeller blades on t e up on 
turbo." have 

Does Arrowsmith or EMD 
a comment on that~ 

MR VITEK: I think we have a 
comm~nt to make on that. On our 

. h they were GP50 locomottves, w en 
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the manufacturer is here and has 
any ideas, I would be glad to hear 
them. I know they are working on 
it. If they can come up with any­
thing that can help us we will ap­
preciate it. 

MR. KEN KELLER: On the 
Burlington Northern we have more 
experience with Pulse than we do 
with Aeroquip. However, we do 
have Aeroquip recorders in service 
now. I am not aware of the prob­
lem you described, sir. 

MR. STARR: I think you are 
talking about the speed indicator 
portion of it, which is the speed­
ometer in the cab. I imagine we 
have well over 100. They are rela­
tively new, only around for a 
couple of years. We have had fair­
ly good experience. 

I am not aware of the needle 
bouncing around at low speeds. We 
had a problem with needle failure. 
I don't remember what the fix was, 
but I know they went to an inde­
pendent lab and had some micro­
scopic cross-sections of the needle 
made to see if it was a fatigue 
problem or a manufacturing prob­
lem. We went through a bit of 
changeout on some of those move­
ments, and to date I know of no 
other problems on the Squthern 
Pacific. 

MR. WARD: We bought some 
Barco indicators to go along with 
some Pulse recorders that we had. 
We put the Barco indicator along 
with the Pulse recorders. The first 
few we put on two locomotives 
happened to need load test, and 
during that test they read 4 to 6 

mph while they were being load 
tested. We sent them back to Bar­
co and they eliminated the prob­
lem. It solved our problem. 

MR. KUZELA: I have a two­
part question here from Mr. Travis 
Lux, Supervisor Locomotive Main­
tenance, Union Pacific: "Are other 
railroads having problems concern­
ing unexplained rod bearing fail­
ures on GE U-30-C and C-30-7 
locomotives?" 

MR. CHACONE, Shop Superin­
tendent, Union Pacific, asks: "Some 
railroads have tried to remedy this 
situation by removing the modu­
lating governor on GE units. Has 
this helped ? " 

Any comments by GE or any 
member railroad ? 

MR. BROWN: The Mechanical 
Committee touched on that last 
year - connecting rod bearing 
problems. There was some inter­
esting reading in last year's paper. 

To answer the question, we re­
moved the modulating portion of 
the governor along with some other 
things, and recently our single rod 
bearing failures have diminished 
significantly. 

MR. KUZELA: Does GE have 
a comment on that'! 

MR. R. E. WICKSTROM [Senior 
Engineer, General Electric Com­
pany, Erie, Pennsylvania]: The sit­
uation Bill Brown was talking 
about, I believe, was the 430C coal 
fleet out at Alliance, Nebraska. We 
went through a modification to the 
governor circuit to do away with 
some of the modulation. We also 
went through a pretty intensive 
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cessively and not related to seat 
ring problems. 

The more we looked at the prob­
lem, the more we saw that the oil 
was being carried over from the 
bag filters. We saw extremely 
heavy deposits on the impeller. We 
saw extremely heavy deposits on 
the compressor diffuser, and also 
plugged labyrinth seals. On those 
units we· have operated with paper 
type air filters, we didn't see that 
kind of buildup on the labyrinth 
seals. 

We had EMD out for the F-A 
program rebuild on the GP50s. 
Their men looked at it and said 
the oil deposited on the labyrinth 
seal was suspect as coming off the 
bag filter. We feel there is a prob­
lem associated with this carryover, 
in that the deposits on the com­
pressor diffuser and deposits on 
the impeller are affecting the ef­
ficiency of the turbocharger. We 
now intend to run a test with one 
of the manufacturers, putting oil 
with a strontium trace element on 
bag filters and running it against 
paper filters to see what effects 
over time are going to develop on 
the interior of the turbocharger. 

MR. J. K. SPARROW [American 
Air Filter Company, · Inc., Louis­
ville, Kentucky] : We have listen­
ed carefully to comments about oil 
carryover from our filter. We have 
talked to both GE and EMD to see 
if they have seen anything in tear­
downs between locomotives that 
have our filter on them and those 
that have paper. They have re-

ported they can see no difference 
in the labyrinth seal area. 

We did some calculations. EMD 
tells us that of the 10,000 CFM of 
air moved by a turbo into the com­
bustion area on an SD40, 30 CFM 
goes to each labyrinth seal to make 
it operate. If we had 12 fluid 
ounces of adhesive from each set 
of filters migrate into the air­
stream, all of it, that would put 
.04 fluid ounce into each labyrinth 
seal every 90 days. 

Considering the temperature in 
the labyrinth seals is in excess of 
300°' the evaporation rate would 
be faster than the amount of ma­
terial we could migrate. However, 
we have had a continuing program 
to try to eliminate oil separation. 
The adhesive we use is an oil base 
with a thickening agent and a wet­
ting agent. The oil separation, 
sometimes seen in the poly bags 
which the filters are shipped in, 
is material that, instead of stay­
ing homogenized, has done some 
separation. However, we have 
now developed a modified adhesive 
which we have subjected to exten­
sive laboratory testing and com­
pleted a field test on the Norfolk 
Southern. Experience to date in­
dicates that adhesive separation 
has been eliminated. So, in the 
future, as soon as we can get into 
production, we don't think you will 
see that type of condition. 

Thank you. 

MR. BROWN: Were you able, 
Roger, to determine whether this 
oil was being pulled off the filter 
media or if it was being picked 
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up from the bottom of the air 
plenum? I have noticed that on 
locomotives that have bag filters 
installed in them, after a long 
period of time there is an accumu­
lation of oil around the air cham­
ber, and it could be that maybe 
a periodic cleaning of that chamber 
would eliminate that problem. I 
wonder if you were able to de­
termine whether it was being pull­
ed from the filter material or being 
pulled from a puddle in the bottom 
of the filter plenum. 

MR. VITEK: In almost all in­
stances, Bill, we didn't see any 
puddles in the bottom of the air 
plenum. We believe it was carry­
over off the filter media itself. 

MR. JOHN SEF AKIS [Farr 
Company, El Segundo, California]: 
I travel throughout the United 
States and sometimes farther 
checking various air filtration 
problems. I am actually seeing the 
onboard problems on locomotives. 

To start with, any type of filter 
that relies on adhesive to catch the 
dirt, and so on, is going to be in 
trouble sooner or later because of 
the fact that the adhesive will 
come off the fiberglass. So, from 
that standpoint alone I have seen 
bag housings with pools of oil that 
Bill Brown mentioned, many times 
in large pools. 

At this time I would like to men­
tion that Farr Company also sup­
plies the RF 90B Fiberglass Bag. 

We talk about labyrinth seals 
and plugging. If the railroad in­
dustry is satisfied with a 400,000 
mile or 500,000 mile turbo, fine. 

Probably a fiberglass bag type fil­
ter will do the job. But if you are 
looking for a 1-million mile or 10-
year service on turbochargers, then 
you should be looking for the best 
air filtration possible and elimi­
nating the adhesive carryover prob­
lem. 

I have been involved with the 
bags and housing many times dur­
ing my 32 years of railroading. 
I have been involved recently on a 
Western railroad where they tore 
down a turbo and the buildup in­
side the diffuser area was horren­
dous. I have talked with other 
Western railroads that have been 
on teardown inspections on turbo­
chargers. One particular person 
whom I will not name made the 
comment to me that every time he 
was involved in a turbo teardown 
inspection at EMD or Arrowsmith, 
he has never seen a labyrinth seal 
plugged on a barrier (paper) type 
filter application. He has seen some 
buildup. When he has seen that 
buildup he has been able to go back 
and find a leakage problem as far 
as the application is concerned. 

I have also seen plugged after­
coolers. I believe almost anyone 
involved in air filtration or engine 
problems has seen these plugged 
aftercoolers and high air box tem­
peratures resulting from plugged 
aftercoolers. 

Although you are addressing the 
seal problem as rather a distinctive 
problem, you should also be look­
ing at the efficiency of the turbo­
charger in regard to fuel consump­
tion and even premature engine 
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wear because of the required over­
loading of the engine. In order to 
make the horsepower and do the 
job, you are actually sacrificing 
engine life by using an air filter 
that may not be the best one avail­
able. 

MR. VITEK: That is exactly 
what we plan to do, John, in some 
of the tests we are going to run. 
We will get some baseline infor­
mation and do some specific fuel 
consumption testing, and do some 
measured power assembly inspec­
tions prior to and after the test. 

MR. SPARROW: We introduced 
the AMER-kleen bag type filter 
in 1970. It was approved by EMD 
and GE in 1972. It is not a new 
filter. During all the testing, com­
ments regarding any oil carryover 
were brought up by both locomo­
tive builders. In the case of EMD, 
I think the most recent inspection 
of &.ftercoolers probably was in 
1976, when they pulled aftercoolers 
following a question raised by a 
competitor. 

We also made an oil bath filter 
which did carry over oil and did 
require some maintenance to the 
aftercoolers. EMD wanted to be 
very careful that they did not 
adopt a filter that would require 
aftercooler maintenance without 
first identifying that situation and 
putting it in their service manual, 
so we pulled aftercoolers, and a 
lot of investigations were made 
concerning turbo performance. 
Studies between paper equipped 
and AMER-kleen Cartridge equip­
ped locomotives were done, and in 

all cases the AMER-kleen came out 
looking very, very good. 

MR. SEFAKIS: We talk about 
tests, following field tests, and so 
on. I believe sometimes it is better 
to go out in the field and just pick 
out locomotives at random rather 
than try to follow field tests. 

As one who has railroaded for 
32 years, I realize that many tests 
get lost in the stream, you might 
say, and sometimes tests are even 
made to show what is expected to 
be shown. Within the last three 
months I was on a locomotive on a 
Western railroad that had lost a 
turbocharger. The turbo was less 
than a year old. The aftercoolers 
were plugged. There were seven 
power assemblies in that engine 
that had scored pistons and liners. 
The air box showed signs of an 
air box fire. The bag housing was 
full of oil, and the compressor im­
peller area had a buildup of about 
.015. 

Anyone who knows anything 
about turbochargers, I believe, can 
fit it all together and see what 
they have. This was just a random 
locomotive that was running and 
had a premature turbo failure. I 
believe there are many more turbo­
chargers lost each year for these 
very same reasons. 

MR. SPARROW: At the time 
we were working toward approval 
by the locomotive builders, they 
had engineering representatives at 
two of the locations where we had 
locomotives in service. They had 
those people there for a long period 
of time after we received approvaL 
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They looked at locomotives at ran­
dom, and in no case has a builder 
reported to us any signs of ad­
hesive carried to the aftercoolers 
or any damage to turbochargers. 

When you consider it is 13 years 
that we have been the major sup­
plier of filtration equipment for 
turbocharged locomotives, I think 
in that time if there were examples 
of problems in the field, we would 
have been made painfully aware 
of them. I think our performance 
speaks for itself. 

As I said earlier, we are intro­
ducing a new adhesive which we 
believe eliminates oil separation 
and any carryover. We are talking 
about past history. 

MR. KUZELA: I think we have 
been on that subject long enough. 
I will close it with one comment, 
Joe. I have noticed that since we 
went to the baggie air filters we 
have not had a major fire in the 
generator room of any SD40 Dash-
2. That used to be a big item. 

Here is another question from a 
Wheelshop Foreman in Omaha, 
Mr. R. C. Small: "Does the re­
grinding of axle gears affect the 
hardness of the gear enough to re­
duce the mileage after grinding, as 
compared to a new gear'l" Does 
anyone want to comment on that? 

MR. M. McCRACKEN [Mells 
Cargo Supply Company, San Fran­
cisco, California]: We have been 
operating an Arrowsmith gear re­
profiling machine in our shop for 
six years, and maintained complete 
records on every gear we have re-

profiled. We have reprofiled over 
7000 gears now, including 250 
gears the second time and 42 the 
third time. We have kept a record 
of the wear and date reprofiled, 
and find that the amount of wear 
per month between the new to 
first reprofiling, first reprofiling to 
second reprofiling, and the second 
to the third reprofiling, are basic­
ally equivalent. So, we are con­
vinced that we have not reprofiled 
the gear to an area that would ad­
versely affect the life in any way. 

MR. KUZELA: "Have any rail­
road members verified a saving in 
reducing traction motor failures by 
periodical reprofiling of axle 
gears?" 

MR. GOEHRING: I don't have 
all of our data available, except 
for the problem that Mr. Keller is 
talking about regarding flashovers, 
a problem we haven't been able to 
lick. However, there has been a 
definite improvement in Amtrak's 
traction motor performance since 
we began maintaining proper gear 
tooth profile. 

MR. KUZELA: Here is another 
question: "Has any railroad calcu­
lated the cost of mechanical dam­
age to engines when shutting down 
engines to conserve fuel, rather 
than leaving them idle?" Does any­
one want to comment on that? 

MR. VITEK: One of the items 
we discussed in some previous 
papers was problems relating to 
electric starters versus air starters. 
I see Mr. Brown is here, and per­
haps he can make some comments 
on that. 
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MR. BROWN: As far as we are 
concerned, the answer to the ques­
tion is no, but I am sure we have 
had occasions when we have had 
hydraulic problems with them. We 
haven't any documented evidence 
on it. 

MR. KUZELA: Are there any 
railroads that still leave their en­
gines idle or have a rule that they 
drain them or leave them idle? 
Any comments on that? 

MR. BROWN: Roger asked me 
to say something about air start­
ers. We have about a dozen sets 
on, and some of them have and 
others do not have limited energy 
cranking. To date we haven't had 
any problems with them. 

I might add that there was quite 
a lengthy discussion here this 
morning on batteries. An alterna­
tive to a higher amperage cranking 
battery is air starters, for what­
ever that is worth. 

MR. KUZELA: Does anyone 
want to comment on air start 
versus electric start? 

MR. VITEK: We have put a set 
of air starters on a prototype SD45 
that we have operated for about 
llh years now, and to date we 
have had virtually no problems 
with that locomotive in all types 
of operating conditions, tempera­
tures and climates. 

MR. KUZELA: "I understand a 
wheel problem has been experienc­
ed on GP50 locomotives. Would a 
wheel manufacturer or builder care 
to comment on GP50 wheel prob­
lems?'' Maybe the railroad that 
is affected might comment. 

MR. WECK: We have Mr. Curt 
Swenson with us today. I don't 
know if this is the forum for an 
indepth discussion of a single prop­
erty with a single problem. I think 
we can give you the parameters 
of the problem and where we are 
at the present time, so I would like 
to ask Mr. Swenson to speak to 
this. 

MR. CURT SWENSON: [Elec­
tro-Motive Division, LaGrange, 
Illinois]: So far in this discussion 
we haven't identified the railroad 
nor the wheel supplier, so I will 
say that what has been observed 
is that on one fleet of GP50 loco­
motives, one type of wheel has ex­
perienced a number of failures. 

This is a very unique failure 
that has not been seen before. This 
is a fatigue type of failure that 
originates inside the rim of the 
wheel approximately across from 
the diameter index groove on the 
wheel, so that is could be anywhere 
between 1 and 2 inches below the 
surface of the tread. The fatigue 
failure then progresses. In most 
cases it first shows up on the out­
side of the rim fillet - the fillet 
between the rim and the plate. 

I believe there have been 14 fail­
ures of this type found on a fleet 
of 90 locomotives, approximately 
half of which were equipped with 
this type of wheel. 

In some cases there are multiple 
cracks in the wheel. In one case, 
the crack went all the way from 
the top of the flange to the bore of 
the wheel. Fortunately, there was 
no movement of the wheel on the 
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axle, and the press-off tonnage 
was still high. The other cases 
have been restricted to cracks with­
in the confines of the rim of the 
wheel. 

We are actively working with the 
railroad and with the wheel manu­
facturer to facilitate and under­
stand what is going on. Various 
theories have· been put forth re­
garding the possibility of thermal 
input and the possibility of me­
chanical input. I think there is a 
well-defined field program and a 
well-designed lab test program un­
derway which is investigating vari­
ous parameters such as the width 
of the striations in the fatigue 
cracks and how many cycles it 
takes for this crack to initiate and 
to show up. 

Perhaps this gives you some idea 
of what the extent of the technical 
program is. 

MR. KUZELA: Thank you. 
MR. K. A. KELLER: This is a 

question that I raised two days ago, 
and it is directed to Mr. Vitek and 
EMD. It concerns failure of water 
pumps on the right bank of the 
engine, resulting in the right bank 
of the engine being cooked, and a 
lack of suitable low water pressure 
protection on the engine. 

Does anyone have any experi­
ence with this problem, quick and 
dirty or otherwise? We need some­
thing. I would like to get it pretty 
soon. 

MR. VITEK: I am going to 
quickly defer that to EMD. We 
have not had any problems of that 
nature that I am aware of, nor has 

anyone on our Committee. I will 
ask EMD if they would like to 
make any comments on that. 

MR. DROZD: We touched on this 
subject briefly on Monday. The en­
gine protector, per se, was not de­
signed to save any specific com­
ponents of the engine. It is a 
system-oriented piece of equip­
ment. We accept Amtrak's criti­
cism that it does not protect the 
right bank of the engine, and we 
will look into the possibility of 
providing such a device, but that 
won't be for another year to a 
year and a half. 

MR. KUZELA: In that same 
category, I think EMD will prob­
ably agree with me that if you have 
a water pump failure the bearings 
are going to go, and you will have 
lost the water. I don't know in how 
many of these isolated cases you 
would have cooking on one side of 
the engine. My experience with the 
water pump is that the bearing and 
seal goes and you lose the water. 

MR. K. A. KELLER: Our prob­
lem, when we cook an engine, is 
not that the seals go and you lose 
the water, but that the drive gear 
mechanism for the pump fails in 
one fashion or other, and conse­
quently the engine has plenty of 
water but the right bank has no 
water pressure. You don't find that 
out until it is too late, until you 
get water leaks on that bank, and 
you start piling one head and then 
you put it back together again, and 
then you pressure the engine and 
you find, 0 God, this one leaks! 
Then you do that one, and here is 
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another one, and then "this is cook­
ed". I had one just this morning. 

MR. KUZELA: Mr. Chuck Kun­
kel asks this question: "Has any­
one found a better method of de­
tecting inhibitor levels in cooling 
water other than the Myron L 
meter?" Any vendor's comments 
on cooling water testing? 

MR. VITEK: The only thing I 
know we use right now is the 
Myron L meter. 

MR. K. A. KELLER: I hate to 
hog the microphone, but at Amtrak 
we have used something called the 
Color Comparator, which is nothing 
more than a strip of plastic with 
about seven different colored chips 
glued onto it. The colors range 
from almost white to dark purple. 
There is a number next to each 
chip, and it says 7 bags, 6 bags, 
5 bags, 4 bags, or whatever. That 
gives somebody like me, who likes 
to go out and ride engines and 
look at the water sight glass, an 
idea of whether the water treat­
ment on that engine is close to 
full strength, rather weak, or what­
ever. 

We have taken some samples 
from our locomotives and have 
looked at the treatment le'\Tels. I 
know what we were doing before 
we had the Color Comparators. 
Our program was pretty poor. In 
the last couple of years, since we 
have been using the Color Com­
parators, it seems to be pretty 
good. Maybe that is one thing we 
are doing right. That has been our 
experience. 

Those Color Comparators used 
to be available years ago when you 
used chromates. I can remember 
being criticized by my general 
foreman because I had an engine 
out on the ready track one day 
and it was a pale yellow, and he 
showed me how to use the Com­
parator. I subsequently took the 
message to heart. 

MR. FRANK BOCHEK [Dear­
born Chemical Company] : To ad­
dress the question of whether or 
not there is a better method than 
the Myron L, or a better instru­
ment, I might add that we have 
worked with another manufacturer 
to develop an instrument that does 
have the same function as the 
Myron L, and that is to measure 
the TDS or the parts per million 
strength of the coolant that con­
tains the inhibitor. 

We supply the Myron L and we 
also supply the newer version I 
have just mentioned. The Myron L 
is a sensitive instrument. It does 
have reproducible accuracy; it does 
have a straight line response; it 
has a problem insofar as it is 
fragile. It is a little bit bulky. It 
is a little expensive. 

What happens is that a railroad, 
having a program of testing the 
TDS or strength of the coolant and 
determining how much coolant in­
hibitor is necessary, assigns test­
ing to the people who service the 
engines. They are asked to handle 
a sensitive piece of equipment, and 
in the long run they damage it, 
drop it, or fail to have it with 
them when they are at the engine. 
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So, what we did was to address 
these problems with another manu­
facturer. We said we wanted to 
have something that was going to 
take a beating while in the hands 
of people who handle a lot of tools, 
also to be able to carry it around 
in their pocket. This is what we 
have and are able to supply today. 

You get away from the sensitive 
dial, the swing needle, and so on. 
We use a "match light" system. 
It is waterproof, low profile in 
your pocket, and is in a high im­
pact case that you can drop. I am 
not saying it is built to be dropped, 
but if you drop it you are not losing 
$150 to $200 worth of sensitive 
equipment. Myron L is good and, 
as I said, we do handle both. 

I would like to expand on this 
for just a moment, if I may. There 
are several accepted methods of 
testing coolant inhibitors. Dearborn 
prefers to test directly for the 
strength of the primary inhibitor, 
which is the nitrite portion. If you 
do that, there is no question about 
whether or not your inhibitor is 
strong, too weak, or just right. You 
know where you are at. 

We realize your men are not 
chemists, so we have developed a 
means of chemical testing that puts 
this in their hands without meas­
uring a sample and without meas­
uring reagents. They can do a 
"go-no go" type of test and still 
determine the primary inhibitor 
strength. Or, you can go to exist­
ing methods utilizing titration and 
drop tests. 

We have dealt with the Color 
Comparator situation repeatedly. 
We have been asked why we can't 
do this when so much good was 
done with the chromate comparator 
in the past. It measured the 
strength of the chromate since the 
chromate color is stable. 

There is one thing about the dyes 
that we have available to add to 
these treatments. The most popu­
lar are phenolphthalein or fluores­
cein which are organic dye com­
pounds. The dye is adsorbed on 
metal surfaces. It is adsorbed on 
any surface that might be present, 
such as suspended solids. It is af­
fected by the amount of oil con­
tamination that might be in the 
water. Thus you have a problem 
with an organic dye as being 
an unreliable source of inhibitor 
strength. · 

So, if we had our druthers in 
our industry and yours, we would 
prefer to measure the inhibitor 
strength directly. Second, we would 
prefer TDS measurement using a 
reliable instrument that isn't going 
to discourage anybody's use. Our 
last choice would be the use of 
coolant color. Color variations are 
not dependable. They only indicate 
whether some inhibitor is present 
but do not assure proper, safe 
treatment level. 

I think you would all agree to 
that. If you rea11y want to control 
this inhibitor strength and have 
most of your engines properly 
treated against corrosion, scale and 
deposits, it is best to test directly 
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for the strength of the compound 
you are adding. 

As a final comment on the Myron 
L, there are other instruments that 
are available, and I think the prob­
lems with the Myron L are its 
fragility and that it goes out of 
service very quickly when subjected 
to rough handling. 

MR. KUZELA: Thank you. Any 
other questions ? If not, we will 
have to close this session now. We 
have to vacate the room so it can 
be set up for the luncheon. 

Thank you, gentlemen, for a nice 
What's Your Problem panel. I will 
now turn the meeting back to Mr. 
Ward. 

MR. WARD: Thank you, Joe. 
That was an excellent session. Now 
I will turn the meeting back to our 
President, Dale Propp. 

PRESIDENT PROPP: Thank 
you, gentlemen. 

I have a couple of announce­
ments. First, I would like to re-

mind the Executive Committee that 
we will have an afternoon meeting 
in Private Dining Room 8 immedi­
ately following the luncheon. 

As always, the What's Your 
Problem session is the finale and 
always needs more time. I promise 
we will dedicate more time to it 
next year. 

Special thanks to each of the 
committee members and chairmen 
of all technical committees. We 
had great performances this year. 
Special thanks to all of you in the 
audience. Your participation has 
been tremendous. 

Our next meeting wil_l be on 
September 22, 1986. 

Now let's give this panel and 
yourselves a 'rising vote of thanks 
as we adjourn until next year. 

[The audience arose and ap­
plauded.] 

[The meeting adjourned sine die 
at 11:40 a.m.] 
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REGISTRATION FEE AT ANNUAL MEETING $15.00 PER MEMBER 

LADIES FREE 
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Our registration desk, located in the Lower Lobby of the Conrad Hilton, 
Chicago, will be open Sunday, beginning at 12 noon. Come in Sunday after­
noon, register, and enjoy this special opportunity to visit with our officers 
and your other friends. THIS WILL SAVE YOU VALUABLE TIME ON MON­
DAY MORNING. KEEP YOU OUT OF THE REGISTRATION RUSH. BRING 
YOUR WIFE WITH YOU. She will enjoy the special entertainment planned 
for her! 

SPECIAL INSTRUCTIONS 
1. STUDY these reports closely. 
2. SEND OR BRING written questions to the Committee Cha:rmen. 
3. BRING THIS BOOK TO EVERY SESSION OF THE ANNUAL MEETING! 

There are no extra copies. 

4. BRING your 1986 LMOA Membership Card for identification in registering. 

ALL RAILROAD MEMBERS! The ground rules of this Annual Meeting 
require: 
"THAT ALL SUPPLY COMPANY HOSPITALITY SUITES MUST BE CLOSED 
TO AND OFF LIMITS TO ALL RAILROAD PERSONNEL WHILE THE MEET­
INGS ARE IN PROGRESS." 
Please do not embarrass your Supply Company friends by calling at their 
suites while the meetings are in progress; it will cause them: 
1. To remind you of this ground rule. 

or 
2. To lose their reservation at this meeting, and to forfeit their right to 

attend future meetings. 

ALL SUPPLY COMPANY MEMBERS: Your strict observance of the above 
rule is absolutely necessary, will be greatly appreciated. 
You are urged to attend the meetings because: 
1. Your product might be discussed. 
2. You might be in position to answer a question that is asked. 
3. You need to know what our problems are, in some cases, they are your 

problems also. 



78 

1939 
1940 
1941 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 

D. H. PROPP 
PR ES IDENT 

Chief Mechanical Officer 
Burlington Northern, Inc. 

Springfield, MO 65802 

MEMBERSHIP THRU THE YEARS 
Advertisers Associate Active 

0 v ~ 
34 48 162 
38 48 210 

103 187 676 
101 284 937 
113 295 1183 
134 595 1789 
123 595 2101 
125 626 2912 
135 510 2747 
118 597 3288 
118 545 2943 
81 434 3235 

110 419 3257 
100 423 2678 
~ B 23W 
90 387 2395 
98 393 2302 

101 348 2201 
118 316 2291 
138 273 2345 
155 289 2372 
163 464 2368 
180 408 2327 
200 321 2575 
192 335 2173 
184 345 1929 
140 283 1621 
132 343 1777 
108 345 1563 
124 ~ 1735 
103 326 1579 
109 314 1610 
114 317 1508 
125 363 1367 
1W 391 1251 
112 405 1200 
114 445 1143 
102 440 1261 
92 386 1025 
95 400 1116 
90 386 1006 

Total 
87 

244 
296 
963 

1321 
1591 
2521 
2822 
3663 
3392 
4003 
3606 
3750 
3786 
3201 
275:1 
2872 
2793 
2650 
2725 
2756 
2816 
2995 
2915 
3096 
2700 
2458 
2044 
2252 
2016 
2243 
2008 
2033 
1939 
1855 
1762 
1717 
1702 
1803 
1503 
1611 
1482 



Locomotive Maintenance Officers Association - 1986 79 

OUR OFFICERS 

D. L WARD 
1st VICE PRESIDENT 
(Program Chairman) 

Coordinator Shop Methods 
Burlington Northern, Inc 

Springfield, MO 65802 

T. A. KESSENGER 
4th VICE PRESIDENT 

(Gen. Membership Chmn.) 
Sr. Eng.-Facility Planning 
Seaboard System Ratlruad 

Jacksonville, FL 32202 

J. L. KUHNS 
2nd VICE PRESIDEtiT 

(Advertising Chairman) 
Mgr. Plan. & Maint (Ret.) 
Seaboard System Railroad 

Jacksonville,FL 3m2 

W. A. BROWN 
5th VICE PRESIDENT 

(Supply Membership Chmn.) 
Supt. Motive ?ower 

Burlington Northern, Inc. 
Overland Park, i<S 66225 

D. G. GOEHRING 
3rd VICE PRESIDENT 

(Meeting Procedure Chmn.) 
Mgr. Loco. Heavy Maint. 
Nat'l RR Passenjlcr C!:!rp. 

Philadelphia, PA 19103 

P. F. HOERATH 
6th VICE PRESIDENT 

(Co-ordination Chairman) 
Sr. Mech. Engr.·Shops 

Consolidated Rail Corp. 
Altoona, PA 16603 



80 Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
PAST PRESIDENT AND CHAIRMAN OF THE BOARD 

D. M. WALKER 
CHAIRMAN OF THE BOARD 

Diesel Superintendent 
Norfolk Southern Corp 

Atlanta, GA 30303 

E. T. HARLEY 
PAST PRESIDENT 

Vice President· Equipment 
Trailer Train Company 

Chicago, IL 60606 



Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
SOUTHERN REGIONAL EXECUTIVE 

W. C. HAMILTON 
Asst. Engineer of Tests 

Seaboard System Railroad 
Waycross, GA 31501 

SOUTHERN 
REGIONAL EXECUTIVE COMMITTEE 

81 

Chessie System- E. L. Akers, Manager Quality Assurance Programs, Hunt­
ington, WV 25704 

Florida East Coast Rwy. - S. D. Smith, General Mechanical Superintendent, 
St. Augustine, FL 32084 

Norfolk Southern Corp.- B. 0. Vaden, Assistant Manager Electrical Mainte­
nance, Roanoke, VA 24042 

Richmond, Fredericksburg & Potomac R.R.- J. C. Hobbs, Chief Engineer & 
Mechanical Officer, Richmond, VA 23230 

Seaboard System Rail road- Thomas A. Kessenger, Senior Engineer Facility 
Planning, Jacksonvi lle, FL 32202 



82 Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
CENTRAL-NORTHEAST 
REGIONAL EXECUTIVE 

F. A. BLUNDON 
Director Material 

Burlington Northern Railroad 
SL Paul, MN 55103 

CENTRAL-NORTHEAST 
REGIONAL EXECUTIVE COMMITTEE 

Belt Rai lway of Chicago- Robert M. Campbell, Diesel Supervisor, Chicago, 
IL 60638 

Canadian National- R. D. Bigoray, Senior Technical Officer, Montreal, 
Quebec H3C 3N4 

Canadian Pacific- W. A. MacRae, Supervisor Diesel Equipment, Toronto, 
Ontario MSJ lES 

Elgin, Joliet & Eastern Rwy.- J. F. Madden, General Manager, Joliet, IL 
60434 

Grand Trunk Rail System- R. G. Lipmyer, Chief Mechanical Officer, Battle 
Creek, M I 49016 

Illinois Central Gulf- J. M. May, Superintendent Locomotive-Mechanical, 
Chicago, IL 60601 

Indiana Harbor Belt Railroad-S. A. Papa, Superintendent Equipment-Stores, 
Hammond, IN 46323 

VIA Rail- R. B. O'Neil, Director Maintenance, Montreal, Quebec H3C 3N3 



Locomot ive Maintenance Off icers Association - 1986 

OUR OFFICERS 
EASTERN REGIONAL EXECUTIVE 

~·-···~-. I • , . -· 

¥ ~ ..... • ~. 

~· ,, 
R. W. VITEK 

Superintendent Motive ;>ower 
Chicago & Northwestern Transpn Co. 

Chicago, IL 60606 

EASTERN 
REGIONAL EXECUTIVE COMMITTEE 

83 

Amtrak - R. M. Burk, Asst. CMO - Locomotive, Washington, DC 20001 

Bessemer & Lake Erie Rai lroad- R. E. Murdock, Genera l Foreman Loco­
motive & Mechanical Equipment, Greenville, PA 16125 

Boston & Maine-S. P. Park, Jr., Vice President-Mechanical, No. Bi llerica, 
MA 01862 

Conrail- D. W. Grimm, Superintendent, Altoona, PA 16603 

Long Island Rail Road - J. W. Yaeger, Chief Mechanical Officer, Jamaica, 
NY 11435 

Pittsburgh & Lake Erie Railroad- R. A. Watson, Asst. Chief Mechanical 
Officer, McKees Rocks, PA 15136 



84 Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
NORTHWESTERN REGIONAL EXECUTIVE 

K. R. KELLER 
Asst. to Chief Mech. Officer 

Burlington Northern Railroad 
Overland Park, KS 66201 

NORTHWESTERN 
REGIONAL EXECUTIVE COMMITTEE 

Alaska Railroad- Michael J. Sudol, Chief Mechanica l Officer, Anchorage, 
AK 99510 

Burlington Northern Railroad- W. A. Brown, Supt. Motive Power, Overland 
Park, KS 66225 

Duluth, Missabe & Iron Range- C. E. Voss, Locomotive Superintendent, 
Proctor, MN 55810 



Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
WESTERN REGIONAL EXECUTIVE 

D. D. HUDGENS 
Manager Field laboratories 

Union Pacific Railroad 
Omaha. NE 68179 

WESTERN 
REGIONAL EXECUTIVE COMMITTEE 

85 

Atchison, Topeka & Santa Fe Rwy.- J. G. Carr, Mechanical Superintendent, 
Topeka, KS 66616 

Southern Pacific- C. E. Gable, Senior Regional Manager, San Francisco, 
CA 94105 

Union Pacific - Joseph Kuzela, Engineer Design, Omaha, NE 68179 



86 Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
SOUT HWESTERN REGIONAL EX ECUTIVE 

J . KUZELA, JR. 
Engineer Design 

Union Pacific Railroad 
Omaha, NE 68179 

SOUTHWESTERN 
REGIONAL EXECUTIVE COMMITTEE 

Chicago & North Western Transportation Co. - R. W. Vitek, Superintendent 
Motive Power, Chicago, IL 60606 

Kansas City Southern Railroad- J. B. Rogers, Asst. Vice President-Mechani­
cal, Kansas City, MO 64105 

Missouri-Kansas-Texas- M. F. Rister, Asst. Vice President-Mechanical, Deni· 
son, TX 75020 

Soo Line Railroad-L. D. Bell, General Manager Locomotive, Minneapolis, 
MN 55440 



Locomotive Maintenance Officers Association - 1986 87 

OUR OFFICERS 

TECHNICAL COMMITTEE CHAIRMEN 

M. M. STARR, Chairman 
Committee on New Developments 

Senior Locomotive Engineer 
Southern Pacific Transportation Co. 

San Francisco, CA 94105 

K. A. KELLER, Chairman 
Committee on Fuel and Lubricants 

Mgr. Motive Power Performance 
National Railroad Passenger Corp. 

Washington, DC 20001 

M. S. ANDERSON, Chairman 
Commtllee on Shop Equipment 
Manager Mechanical Services 

Duluth, Missabe & Iron Range Railroat 
Proctor, MN 55810 

R. T. GILL, Chairman 
Committee on Diesel 

Electrical Maintenance 
Mgr. Prod. Engineering & Quality 

Southern PaciftC Trans;>ortahon Co. 
Sacramento, CA 95814 



88 Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
TECHNICAL COMMITTEE CHAIRMEN 

L. G. SALTS, Chairman 
Committee on Diesel Mater ial Con trol 

Engineering Assistant 
Atchison. Topeka & Santa Fe Railway 

Topeka, KS 66616 

M. L. VARNS, Chairman 
Committee on Diesel 

Mechanical Maontenance 
Shop Superontendcnt 

Burlongton Northern Railroad 
livingston, MT 59047 

K. R. KELLER, Chairman 
What's Your Problem Panel 

Asst. to Chief Mechanical Officer 
Burlington Northern Railroad 

Over land Park, KS 62210 



Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 

ADVISORY BOARD 

G. W. BARTLEY 
Chief Mechanical Officer 

CP Rail 
Montreal, Quebec H3C 3E4 

J. S. FADALE 

J. S. CRAWFORD, JR. 
Asst. Vice President & CMO 

National Railroad Passenger Corp. 
Washongton, DC 20001 

J. V. JOLLEY 

89 

Asst. Vice Pres. & Chief Mech. OHicer 
Consolidated Rail Corporatoon 

Philadelphia, PA 19103 

Asst Vice President-Motive Power 
Chicago & North Western Transp. Co. 

Chocago, ll 60606 



90 Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
ADVISORY BOARD 

P. D. LIVELY 
Chief Mechamcal Officer 

Southern Paci fic Transportation Co. 
San Francisco, CA 94105 

D. W. MAYBERRY 

T. D. MASON 
Chief Mechanical Officer 

Atchison, Topeka & Santa Fe Rwy. Co. 
Chicago, IL 60604 

Asst . Vice President & CMO·Locomotive 
Norfolk Southern Corp. 

J . F. McDONOUGH 
Asst. Vice Presldent·Mech. 
Union Pacific Railroad Co 

omaha. NE 68179 Roanoke, VA 



Locomotive Maintenance Officers Association - 1986 

OUR OFFICERS 
ADVISORY BOARD 

V. H. MIZRAHI 
Chief of M. P. & C. E. 

Canadian National Railways 
Montreal, Quebec, Canada 

R. E. TAYLOR 
Vice Presldent·Mechanical 

Burlington Northern Railroad 
Overland Park, KS 62210 

0 . H. SUMMERS 
Chief Mechanical Officer·Loco. 
Burlong!on Northern Railroad 

Overland Park, KS 62210 

R. T. THETFORD 
Chief Mechanical Officer 

Illinois Central Gulf Railroad 
Chicago, IL 

91 



92 Locomotive Maintenance Officers Assoc iation - 1986 

OUR OFFICERS 
ADVISORY BOARD 

D. M. TUTKO 
Vice Presldent·Mechanical 

CSX Transportation 
Jacksonville, FL 

M. L WALL 
Chief Mechanical Off icer 

Union Pacific Railroad 
Omaha, NE 

SUPPORTING STAFF 

T. C. SHEDD 
PUBLICATIONS CHAIRMAN 

Editorial Director, Modern Railroads 
2020 West Oakton 

Park Ridge, IL 60068 

LOU KOERNER 
SECRETARY-TREASURER 

3144 Brereton Court 
Huntington, WV 25705 
Phone (304) 523-7276 



Locomotive Maintenance Officers Association - 1986 

PAST PRESIDENTS 
1939 & 1940- F. B. DOWNEY (Deceased), Asst. to Shop Supt., C. & 0. Ry. 
1941- J. C. MILLER (Deceased), M. M., N. Y. C. & St. L. R.R. 

93 

1942-1946 Inc.- J. E. GOODWIN (Deceased), Exec. Vice-President, C. & N. W. Ry. 
1947- S. 0. RENTSCHILER (Deceased), Chief Mechanical Officer, Bessemer and 

Lake Erie R.R. 
1948- C. D. ALLEN, Retired Asst. C. M. 0. - Locomotive, C. & 0. Ry. & B. & 0. 

R.R., Star Route #1, Box 149, Dunnsville, Va. 22454 
1949- J. w. HAWTHORNE, Retired Asst. Vice-Pres.- Equipment, Seaboard Coast Line 

R.R., 8334 Lawfin St. (S), Jacksonville, FL 32211 
1950-G. E. BENNET (Deceased), Vice-Pres.- Gen. Purchasing Agent, C. & E. I. Railway 
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 

RR., 1061 Nelson Ave., Jacksonville, Fla. 32205 
1956- T. T. BUCKLE (Deceased), Retired General Manager- Mechanical A. T. & S. F. 

System 
1957- J. T. DAILEY (Deceased), Asst. to Pres.- Mech., Alton & Southern R.R. 
1958- F. E. MOLLOY (Deceased), Supt. Motive Power. Southern Pacific Co. 
1958- F. R. DENNY, (Deceased), Retired Mechanical Supt., New Orleans Union Pas­

senger Terminal 
1959- E. V. MYERS (Deceased), Retired Supt. Mechanical Dept., St. Louis- South­

western Ry. 
1960- W. E. LEHR, Retired Chief Mechanical Officer, Pennsylvania R.R., 313 Hayden 

Street, Sayre, Penn. 18840 
1961- o. L. HOPE, Retired Asst. Chief Mechanical Officer, Missouri Pacific R.R. 
1962- R. E. HARRISON (Deceased), Manager Maintenance Planning & Control, South· 

ern Pacific Co. 
1963- C. A. LOVE, Retired Chief Mechanical Officer, Louisville & Nashville R.R .. 

Louisville, Ky. 
1964- H. N. CHASTAIN, Retired Gen. Manager- Mechanical, A. T. & S. F. Ry., Chi­

cago, Ill. 
1965- J. J. EKIN, JR. (Deceased), Supt. Marine & Pier Maintenance, B. & 0. R.R. 
1966- F. A. UPTON, Retired Asst. Vice President Mechanical, C. M. St. P. & P. 

RR., Milwaukee, Wisconsin 
1967- G. M. BEISCHER, Retired Chief Mechanical Officer, National Railroad Passen­

ger Corp., Washington, D. c. 20024 
1968- G. F. BACHMAN, Retired Chief Mechanical Officer, Elgin Joliet & Eastern Ry., 

612 E. Bevan Drive, Joliet, IL 60431 
1969- T. W. BELLHOUSE (Deceased), Supt. Mechanical Dept., S. P. Co.- St. L. S. W. 

Ry., Houston, Texas 
1970- G. R. WEAVER, Ret1red Director Equipment Engineering. Penn Central Co., 516 

Bryn Mawr Ave., Bryn Mawr, Pa. 19010 
1971- G. w. NIEMEYER (Deceased), Mechanical Superintendent, Texas & Pacific 

Railway 
1972- KY PRUCHNICKI (Deceased), General Supervisor Locomotive Maintenance, 

southern Pacific Trans'lortation Company. 
1973- W. F. DADO, Retired Chief Mechanical Officer, Chessie System, 37 Carolina 

Shores Drive, Calabash, NC 28459 
1974- C. P. STENDAHL, Retired General Manager M.P.- Electrical, Burlington Nor­

thern, Inc., 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. Va. 25701 
1976- J. D. SCHROEDER, Retired Assistant C.M.O. - Locomotive, Burlington Northern, 

Inc., St. Paul, Minn. 55101 
1977- T. A. TENNYSON, Retired Asst. Manager Engineering- Technical, Southern 

Pacific Transportation Co., 1528 Mallard Way, Sunnyvale, Ca. 94087 
1978- E. E. DENT, Retired Superintendent Motive Power, Missouri Pacific Railroad. 

33 Deerfield Lane. Creve Coeur, MO fi3141 
1979- E. T. HARLEY, Vice President- Equipment, Trailer Train Co., 101 N. Wacker 

Dr., Chicago, IL 60606 
1980- JAMES H. LONG, Retired Manager Locomotive Dept., Chessie System, 5454 

Cleander Drive, Cincinnati, OH 45238 
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PAST PRESIDENTS 
1981- R. G. CLEVENGER, Retired General Electrical Foreman, Atchison, Topeka & 

santa Fe Rwy., 4133 w. Wilson No. 164, Banning, CA 92220 
1982- N. A. BUSKEY (Deceased), Asst. General Manager-' ocomotive, Chessie System 
1983- F. D. BRUNER, Retired Asst. Chief Mechanical Officer- R. & D., Union Pacific 

Railroad, 10012 Emmet, Omaha, NE 68134 
1984- R. R. HOLMES, Retired Director Chemical labs and Environment, Union 

Pacific R.R., 688 J. E. George Blvd., Omaha, NE 68132 
1985- D. M. WALKER, Diesel Superintendent, Norfolk Southern Corporation, 99 

Spring Street, Atlanta, GA 30303 

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 Mechanical Officer, Consolidated Rail Corp., 158 Wood­

gate Lane, Paoli, PA 19301 
OWEN CLARKE, Retired Vice-President, Chesapeake & Ohio Ry., Cleveland, Ohio 
w. P. COLITON, Retired President, Western Maryland Railway, 201 N. Charles St., 

Baltimore, MD 21201 
B. A. CUMBEA, Retired Mgr. Locomotive Maintenance-Engineering, Chessie System, 

310 Cherokee Trail Huntington, WV 25705 
J. J. DWYER, Retired Engineer Environmental Control, Chessie System, Huntington, 

W. Va. 25712 (P. o. Box 907) 
N. c. ECKERLE, Sales Manager, Specialty Chemicals, Nalco Chemical Co., 2901 Butter­

field Road, Oak Brook, ll 60521 
w. T. FARICY, Retired Chairman of the Board, A.A.R. 
J. G. GERMAN, Retired Vice-President-Engineering, Missouri Pacific Railroad Com­

pany 1776 Lynkirk Lane, Kirkwood, MO 63122 
J. J. GREGORY, Retired Project Manager-Heavy Repair Shop, Consolidated Rail Corp., 

603 Ruskin Drive, Altoona, PA 16602 
S. GRAHAM HAMILTON, President, Global Group, Inc., P. 0. Box 2024, Winter Park, 

Fl 32790 
E. R. HAFLING, Retired Engineering Assistant, Santa Fe Rwy., 2711 James Street, 

Topeka, KS 66614 
w. J. HARRIS, Vice President, Research & Test Dept., Assn. of American Railroads, 

1920 l St .. NW, Washington, D. c. 20036 
M. c. HAUSMAN, President. Power Parts Co., 1860 N. Wilmot Ave., Chicago, Ill. 60647 
H. W. HAYWARD, Retired Chief M.P. & R.S., CP Rail, Montreal 101, Quebec, Canada 
JOHN H. HERTOG, Vice-President- Operations, Burlington Northern, Inc., St. Paul, 

Minn. 55101 
JOHN w. INGRAM, President and Chief Executive Officer, Chicago, Rock Island and 

Pacific Railroad Co., 332 S. Michigan Ave .• Chicago, ll 60604 
A. W. JOHNSTON, Vice President of Operations and Maintenance, Association of 

American Railroads, Washington, DC 
E. A. KUHN, Retired Chief Mechanical Officer, Baltimore & Ohio R.R., Harbor Club, 

Condo No. 2, Suite 308A, 100 Bluffview Dr., Belleair Bluffs, FL 33540 
R. M. McDONALD, Retired Director of Operations, Board of Transport, Commissioners 

for Canada, Ottawa, Ont., Canada 
J. F. McDONOUGH, Asst. Vice President-Mechanical, Union Pacific Railroad, 1416 

Dodge St., Omaha, NE 68179 
F. K. MITCHELL, Retired Asst. Vice-President. New York Central Sys., Sleights Wild­

wood, Manitowish Waters, Wis. 54545 
R. G. RAYBURN, Retired Executive Vice President-operations, Chessie System, Balti­

more, MD 
H. P. RODES, President, General Motors Institute, Flint, Mich. 48502 
F. E. RUSSELL, Retired Chief Mechanical Officer, Southern Pacific Co., San Francisco, 

Calif. 
H. L. SCOTT, JR., Sr. Vice President and Chief Mechanical Officer, Norfolk Southern 

Corp., P. 0. Box 3609, Norfolk, VA 23514 
C. M. SMITH, Retired Manager- Mechanical Engineering- Passenger and Locomotive, 

Consolidated Rail Corporation, 3 Princeton Road, Strafford-Wayne, PA 19087 
R. D. SPENCE, Retired Executive Vice President- Operations, Seaboard System R.R. 
J. TAGGART, Retired System Mechanical Officer-Motive Power, CN Rail, 655 Richmond 

Road, Unit 45, Ottawa, Ontario K2A 3Y3 
C. N. WIGGINS, Vice-Pres. and Asst. to President, Louisville & Nashville R.R., Louts­

ville, Ky. 
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DIESEL INJECTION 
GOVERNOR REPAIR SERVICE 

EMD 

ALCO 

COOPER BESSEMER 

GE 

BALDWIN 

FAIRBANKS MORSE 

WOODWARD GOVERNORS 

SARDELLO, INC. 
2700 NEVILLE RD. PITTSBURGH, PA. 15225 

412/771-2766 
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Chicago Railroad Diesel Club 

We of the Chicago Railroad Diesel Club were again pleased to be 

hosts to the Locomotive Maintenance Officers Association for 

their April 7, 1986 Pre-Convention Presentation. 

Meetings: We meet on the first Monday of each month except 

May (1st Friday), June, July, August and September. 

Monthly Publication: Issued to all members. 

Membership: We welcome all railroad and railroad supply per­

sonnel. For further details please contact our Secretary-Treasurer. 

J. M. MAY 
PRESIDENT 

Superintendent Locomotive-Mechanical 
Illinois Central Gulf Railroad Co. 

Chicago. IL 60601 

D. K. BROOKS 
SECRETARY-TREASURER 

Supervisor Bill. & Expend. Cont. 
Illinois Central Gulf Railroad Co. 

6037 Aspen Lane 
Matteson, IL 60443 
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K. A. KELLER, Chairman 
Mgr. Motive Power Performance 

Amtrak 
Philadephia, PA 

VICE CHAIRMAN 
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Chicago, IL 

K. A. Brinker. Chief Chemist, csx Transportation, waycross, GA 

0 . Bachelder 
D. L. Bartlett 
T. J. Hanse l 
J . F. Hillard 
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W H. Melgren 
0 . T. Murray 
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P. A. Shackleford 
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C. A. Tincher 
J . W. Turner 
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GE 

Mgr. Oi l Control Labs 
Product Manager 
Technologist 
Technical Engineer 
Mgr. Springfield Lab 
Asst. Mgr. Mechanical Maint. 

Mgr. Loco. & Enviro. Testing 
Chemist 
Supr. Auto. & Cammer. Lub. 

Asst. Mgr. of Testing 
Mgr. of Testing 
Sr. Research Engineer 

Technical Adviser 
Staff Engineer 

1986 TOPIC: 

Conrail 
Chevron 
Texaco 
EMO 
BN 
NS 
Conoco 
Santa Fe 
NS 
Ashland 
UP 
C&NW 
ICG 
Amoco 
Lyondell 
Exxon 
Shell 

Erie, PA 
Cleveland, OH 
San Francisco, CA 
Beacon, NY 
LaGrange, IL 
Springfield, MO 
Roanoke, VA 
Ponca City, OK 
Topeka, KS 
Chattanooga, TN 
Ashland, KY 
Omaha, NE 
Chicago, IL 
Paducah, KY 
Napervi lle, IL 
Houston, TX 
Houston, TX 
Houston, TX 

FUEL AND LUBRICANTS - EFFECT ON THE BOTIOM LINE 
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PERSONAL HISTORY 
K. ALLEN KELLER 

Mr. Keller was born in Fleet­
wood, Pennsylvania on August 15, 
1940. He attended public schools 
in Kutztown and Topton Pennsyl­
vania and graduated from Penn­
sylvania State University in 1962 
with a major in Fuel Engineering. 

He began his railroad career 
with the Pennsylvania Railroad in 
1962 as a Junior Engineer in the 
Mechanical Department assigned 
to the Altoona Works. After com­
pleting the program in 1964 he 
served as a Gang Foreman at 
Philadelphia, Pa. He was promoted 
in 1965 to the position of Motive 
Power Inspector. In 1966 he was 
assigned to Cincinnati as Assistant 
Car Foreman. He returned to 
Philadelphia in 1969 as Supervisor 
of Locomotive Maintenance and he 
worked as Night General Foreman. 

In 1976 he joined Amtrak as a 
Power Coordinator and was pro­
moted in 1979 to Manager of Mo­
tive Power Performance. 

He is married to the former 
Gwen E. Keller and they have two 
children. He enjoys model railroad­
ing and fishing. 

FUEL AND LUBRICANTS 
EFFECT ON THE BOTTOM LINE 

I. 
EXTENDED PERFORMANCE 

LUBRICANTS THROUGH 
BETTER CHEMISTRY 

An interest in longer life, ex­
tended performance railway diesel 
lubricants has emerged in recent 
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years as a result of continuing 
evolutionary design changes occur­
ring in both 2 and 4-cycle rail­
way engines. Many recent design 
changes have been directed at 
increasing locomotive horsepower 
and operating efficiencies. The 
latest model locomotives provide 
increased operating efficiencies and 
reduced operating costs - relative 
to older motive power - through 
improved fuel economy, lower lube 
oil consumption and reduced power 
assembly wear. Engine design mod­
ifications needed to realize these 
goals often increase the stress 
placed on the lubricant and can 
shorten lube oil life. The impact 
of recent engine design trends on 
operating conditions and their ef­
fect on the lubricant is summa­
rized in Table 1. 

Table 1 shows that increases in 
horsepoYler, combustion pressure, 
compression ratio, engine speed and 
higher thermostat settings can 
cause higher engine operating tem­
peratures that may shorten the 
useful service life of the lubricant 
due to more rapid oxidation and 
base number loss. A rule of thumb 
says that oxidation rates approxi­
mately double for every 10°C rise 
in temperature. Figure 1 illustrates 
the substantial and significant 
effect of temperature on the oxi­
dation rates of a Generation IV 
railroad oil in a bench test that 
measures oxygen absorption char­
acteristics of lubricants. Even 
though sump temperature increases 
are minimized or eliminated 
through increased cooling, shorten-
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-

If it makes engine oil work better, 
we have it. 

Ifvou need it, 
we probably invented it. 

If you're going to need it, 
we're working on it. 

And if you get it from us, 
it's been field-tested and proven. 

Almost two-thirds of the lubricant 
additives used on the \\'orld's 
railroads come from Oronite. 

If you're ready to go fun her, 
go with us. 

~ 

..... 0RONITE 
Chevron Chemical Company 
010111te Add•trves OMSIOil 
575 Mil~ Slreet 
San franClStll, CA 94105 
(4151 BSHBOO 
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Table 1 

Engi1:e Design Impact on Lubricant 

Effect on Effect on 
Design Trend Operating Conditions Lubricant 

Higher Horsepower Temperature Increase Oxidation, TBN Loss, 
Viscosity Increase 

- Increased Combustion 
Pressures 

- lligher Compression 
Ratio 

-Highet· RPM 

Higher Thermostat 
Settings 

.. .. 

.. " 
" " 

" " 

" .. 

" .. 
.. .. 

Piston & Ring Mod. Low Oil Consumption 
Less Make-up Oil 

" " 

Bronze Bearings Copper in Used Oil Oxidation Promoted 
May Increase 

Lower ldle RPM Inefficient Combustion More Insolubles 

ed lube oil life may still result if 
piston and liner oil film tempera­
tures increase substantially. Higher 
operali11g temperatures can also 
lead to increased ring belt and 
undercrown deposi ts that interfere 
with cooling of the piston crown. 
with cooling of the pis ton crown. 
(See Fig. 1.) 

The usc of low oil consumption 
piston and ring configurations can 
alro increase the stress on the 
lubricant because less make-up oil 
is needed, resulting in additives 
being replenished at a slower rate. 
Figure 2 vividly illustrates the im­
pad. of decreased lubricant con­
sumption rates on viscosity in­
neuse for a group of modern 3600 
HP locomotives. Note that control 

of oxidation and viscosity increase 
in this group of locomotives be­
comes increasingly important as 
oil consumption rates fall below 
0.5% of fuel and approach the 
0.3% rate typical of some newer 
locomotives. 
locomotives. (Sec Fig. 2.) 

The increased usc of bronze bear­
ings in some locomotives may also 
negatively impact lube oil oxidation 
stability if used oil copper levels 
increase significantly. The effect 
of copper on oxidation of a Genera­
tion IV lubricant is illustrated in 
Figure 3 using data from an 
oxygen absorption bench tesl. Ex­
amination of Figure 3 shows that 
dissolved lead, lin and iron have 
little or no effect on oxidation 
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AIR, FUEL & WBE OIL 

FILTRATION 
PRODUCTS 
Engineered to match the higher utilization 

requirements of today's locomotives 

• RIC DynaCell service access door 
• RIC DynaCell engine air filters 
• DynaVane hoods and soot deflectors 
• DynaVane inertial air separator 
• RF-90 bag-type intake air filters 
• Disposable carbody air filters 
• Oil separator with mesh element 
• Turbo nozzle and screen 
• Exhaust manifolds and flex-joints 
• Lube oil filter system 
• Liquid pressure indicator 

• Work and power meter 
• Fuel tank vent filter 
• "Slammer" automatic intake air 

shutdown system 
• FOB fuel mixer-divider 
• Lube oil strainers 
• High efficiency pamic air 

compressor filter 
• Fuel filter 
• Wayside fuel filter systems 

CONTACT THE FACTORY DIRECT 
P.O. BOX 92187, LOS ANGELES, CA 90009 0 (213) 772-5221 Telex: 66-4378 

500 S. MAIN ST., CRYSTAL LAKE, IL 60014 0 (815) 459-6600 
Conover, NC 0 Copperas Cove, TX 0 Crystal Lake, ll 0 El Segundo, CA 
Hazelton, PA 0 Lake Havasu, AZ 0 Longview, WA 0 Antwerp, Belgium 

Montreal, Canada 0 Birmingham, England 
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rate, but dissolved copper tends to 
promote more rapid oxidation as 
its concentration in the used lubri­
cant increases. (See Fig. 3.) 

Lower idle speeds can stress the 
lubricant in a different way. The 
inherently less efficient combus­
tion occurring at low idle speeds 
often results in increased levels of 
soot, insolubles and unburned par­
tially oxidized fuel in the lube oil. 
Partially oxidized fuel can also 
affect the lubricant by promoting 
more rapid oxidation and forma­
tion of insolubles during operation 
at higher throttle settings and tem­
peratures. Insolubles also contrib­
ute to increased viscosity as shown 
in Figure 4. This illustration shows 
that high levels of insolubles can 
significantly contribute to viscosity 
increases that may mistakenly be 
attributed to oil oxidation. (See 
Fig. 4.) 

Finally, certain other design fac­
tors, such as crankcase capacity, 
can affect lubricant service life 
under some circumstances. The ef­
fect of crankcase capacity on serv­
ice life at assumed lubricant con­
sumption rates of 0.3 and 1.0% of 
fuel is illustrated in Figure 5. At 
the higher oil consumption rate, 
crankcase size is relatively unim­
portant, but as lubricant con­
sumption rates decrease and less 
make-up oil is required, crankcase 
capacity begins to affect lubricant 
service life. Operation of high 
horsepower, low oil consumption 
engines at consistently low crank­
case oil levels for substantial 
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periods of time can have a nega­
tive effect on lubricant service life 
analagous to that illustrated for 
smaller sized crankcases in Figure 
5. (See Fig. 5.) 

Since improved fuel economy is 
favored by higher engine and lube 
oil operating temperatures, future 
engine designs may continue to 
place increasing stress on the lubri­
cant in the interest of improved 
overall operating efficiencies. 

The previous discussion clearly 
indicates a need for improved oxi­
dation stability in future genera­
tion lubricants. However, it is im­
portant to remember that improved 
oxidation stability alone will not 
necessarily result in longer lubri­
cant service life. Modern railway 
diesel lubricants are balanced com­
binations of additives that possess 
a wide variety of properties needed 
to successfully lubricate modern 
railway diesel engines. These prop­
erties include oxidation resistance, 
deposit and wear control, disper­
sancy and alkalinity retention. New 
generation products must maintain 
or impro\'e performance in all of 
the above areas in order to sig­
nificantly extend lubricant service 
life. 

Current Generation IV lubricants 
still give satisfactory service in 
latest model locomotives even under 
severe operating conditions. How­
ever, development of extended per­
formance lubricants through better 
chemistry would provide a valuable 
assist to further reductions in lo­
comotive operating costs. 
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CAPRINUSe U OIL 40 
Shell's generation 4 engine oil 

for 2· and 4-stroke 
medium-speed diesels 

With a 13 TBN and unique additive system, this new, im­
proved oil offers railroad diesels the best-ever combination 
of alkalinity retention, dispersancy and oxidation stability. 
And it's zinc-free-a plus for EMD engines. It's API CD, 
too-excellent for auxiliaries. 

OSSAGOL Y GREASE 
Shell's easy-to-apply track 
and wheel flange lubricant 

Railroad industry experience has shown significant reduc­
tions in locomotive fuel consumption and rail and wheel 
wear through the use of track lubricants. Shell OSSAGOL V 
Grease is a semifluid NLGI Grade 000 grease that can be 
pumped and applied over wide temperature ranges. It is 
approved and recommended by major manufacturers of 
mobile mounted lubricators. 

Lubricant District Offices 
Chicago 312-887-5706 
Oeveland 216-842-4000 
Houston 713-439-1000 
East Coast 201-325-5450 
West Coast 714-991-9200 • Shell 
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Figure 1 

Effect of Temperature on Oxidation Rate 
of a Generation IV Lubricant* 
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Figure 2 

Effect of Lubricant Consumption Rate 
on Viscosity Increase* 
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•calculations are based on the analysis of used oils from a 
modern fleet of 3,600 HP locomotives in mainline railroad service. 
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Figure 3 

Effect of Soluble Metals on Oxidation 
Rate of a -Generation IV Lubricant1 
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Figure 4 

Effect of lnsolubles on Viscosity Increase 
in a Railroad Engine 
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Figure 5 

Effect of Sump Size on 
Viscosity Increase* 
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*Calculations are based on the analysis of used oils from a 
modern fleet of 3,600 HP locomotives in mainline railroad service. 
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Importance of Maintenance and 
Operating Practices 

No discussion of extended per­
formance lubricants would be com­
plete without consideration of the 
impact of railroad maintenance and 
operating procedures on the life of 
the lubricant. Railroad practices 
that can or may contribute to a 
shortening of lubricant service life 
are listed below: 

-Improved equipment 
utilization 

-Increased maintenance 
intervals 

-Deferred reduced 
maintenace 

-Low oil level operation 
-Incomplete oil change 
-Lower fuel quality 

As railroads become more ef­
ficient with respect to utilization 
of motive power, the stress placed 
on lubricants increases. Locomo­
tives are pulling longer and heavier 
trains and logging more and more 
miles per month. Under these con­
ditions, the lube oil is exposed 
for longer periods of time to 
higher temperatures and larger 
quantities of acidic combustion 
products. As a result, lubricant 
additives are depleated more quick­
ly. The increased utilization of 
locomotives makes scheduling of 
shop time more difficult but also 
more important. Some railroads 
have extended maintenance inter­
vals to coincide with federally 
mandated inspections. Lengthening 
of service intervals or deferral of 
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needed maintenance can further 
stress the lubricant. In addition, 
these practices place increased re­
sponsibility on line operating per­
sonnel for frequent and regular 
checking· of lube oil levels and 
other routine locomotive inspection 
items. Make-up oil additions -
especially in new high performance 
locomotives - should be complete, 
with no short fills or pass through 
to the next service point without 
adding make-up 'Oil. Stationary en­
gine tests suggest that locomotives 
operating at consistently low oil 
levels may experience shortened 
lube oil life. The potential negative 
impact of operation at low oil 
levels on lubricant service life in 
low oil consumption engines was 
mentioned previously. 

As schedules have become tighter 
and shopping less frequent, some 
instances of "short measure" oil 
changes have been reported. A 
simple calculation can show that 
50 gallons of used oil left in a 
locomotive can reduce the additive 
concentration (and TBN) of a 13 
'IBN Generation IV oil to that of 
a Generation III lubricant and 
shorten the service life. A recent 
study summarized in Table 2 as­
sessed oil carryover based on the 
copper content of oil samples taken 
before and immediately after an 
oil change. Oil carryover was as 
much as 51% and averaged 29% 
for the 10 locomotives surveyed. 
Obviously, this can have a sig­
nificant impact on oil life. It should 
be emphasized that locomotive 
crankcase and filter compartments 
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DEVELOPING 

Diesel Locomotive 
Power Assembly Shop 

G) EMD Cvllnder Head 
Planetary turntable 
Spray Washer. Fully auto­
matic material handling 
available. Machine can 
also be had for EMD liners 
and GE heads and liners. 

® Proceco Typhoon 
Express Conveyor 
Turntable Spray 
Washer. Fora 
variety of cleaning 
jobs. 

®eMDPiston 
Phosphating Machine. 
Fully automatic. Also 
ava1lable forGE 
piston crowns. 

PROCECO INC . 

II CIS 

1 020 East 8th St./ Jacksonville. Florida 32206 
Telephone: 904-355·2888 
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SEE OUR ADS ON PAGES 214-215-310-311 

In Both US & Canadian Manufacturing Locations. 

PROCECO offers all equipment 
for power assembly shop (in­
cluding Conveyor System, 
EMD, GE, and Bombardier>. 

0 EMDCyllnderHead Leak Test 
Device. Also available for cylinder 
liners. 

@ EMD Connecting 
Rod Torquing 
Machine. 

@ Piston 
R~rooving Lathe. 
Available tor all types 
ofoistons. 

MACHINI RIE INDUS!RIIlll llll 

@ EMD Cylinder 
Head Assembly 
Device. Fits in 
conveyor line. 
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PROCECO 
INDUSlRIAl MACHINERY liD 

1243 rue Dorion/ Montreal. Quebec H2K 4A2 
Canada/Tele: 514-527-1335/Telex: 055·62262 
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must be thoroughly drained when 
the lube oil is changed or the use­
ful service life of the new oil 
charged to the unit may be re­
duced. 

Table 2 
Calculation of Oil Carryover 

Based on Copper Concentration 
Copper in Oil, PPM % Oil 

Loco- Before After Carry-
motive Drain Fill over 

1 63 32 51 
2 58 16 45 
3 66 18 27 
4 108 28 26 
5 97 20 21 
6 97 39 40 
7 117 26 22 
8 75 16 21 
9 107 22 21 

10 123 18 14 
Average Carryover = 29% 

Finally, lube oil life is also af­
fected by the quality of the fuel 
in use. The availability of good 
quality No. 2 diesel fuels in most 
parts of the US and Canada is not 
currently a problem, but it should 
be noted that use of lower quality 
fuels on an experimental or interim 
basis can also shorten lube oil life. 

The impact of practices discussed 
above will become increasingly sig­
nificant as engine builders respond 
to the current demand for fuel ef­
ficient high horsepower locomo­
tives. Maintenance practices or 
short cuts that are innocuous in 
older locomotives, especially those 
with high oil consumption rates, 
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may have a more pronounced ef­
fect on engine life and lube oil 
service life in late model, high ef­
ficiency locomotives. 

New Tests Needed for 
Future Railroad Diesel Lubricants 

As a result of improvements in 
additive technology, current gene­
ration lubricants can easily meet 
engine builder requirements and 
oil quality differences are not 
readily distinguished by these 
tests. New standardized tests with 
improved repeatability are needed 
to screen and evaluate extended 
performance lubricants for current 
and future model locomotives. 
Various laboratories have used a 
wide variety of both thin film and 
bulk oil bubbling oxidation tests to 
compare the oxidation stability of 
railroad diesel lubricants. Detailed 
discussion of these tests is beyond 
the scope of this paper but results 
of several independent studies have 
indicated improved oxidation sta­
bility for Generation IV railroad 
lubricants formulated with high 
viscosity index (HVI) base stocks. 
The significance of these test data 
is uncertain due to lack of an 
established field correlation. How­
ever, as field service conditions 
become more severe, it wi1l be in­
creasingly important to screen new 
additive technology in a variety 
of base stocks - including high 
viscosity index stocks - to be 
sure that desired performance ob­
jectives are met. 

Bench (and engine) tests that 
can be related to field service per-
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formance are needed. However, ex­
perience has shown that it is diffi­
cult, if not impossible, for bench 
tests to adequately predict all as­
pects of lubricant performance in 
the field. Until reliable predictive 
tests are developed, the only prac­
tical way to judge field service life 
and overall lube oil performance 
will be through extensive, closely 
controlled field trials. 

Lubricant Improvements 
Through Chemistry 

The increasingly severe oper­
ating conditions expected for fu­
ture model locomotives have 
prompted investigations by lubri­
cant and additive suppliers di­
rected at development of extended 
performance lubricants. Formula­
tion changes needed to develop ex­
tended performance railroad oils 
will likely be extensive and may 
involve both additives and base 
stocks. As field operating condi­
tions become more severe, base 
stock availability and selection fac­
tors and the proper matching of 
additives to lube oil base stocks 
will increase in importance. The 
previous section of this paper dis­
cussed this fact. Other problems 
associated with the development 
of extended performance or ex­
tended life products include the 
lack of bench or engine tests that 
correlate with field service life and 
the current desire to coordinate 

· locomotive maintenance and oil 
changes with required federal in­
spections. This means that for 
some railroads, service life exten-
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sions must come in 3 month incre­
ments to be of significant value. 

To provide extended perform­
ance, additive chemistries will un­
dergo substantial changes. "Ex­
tended performance" will require 
more than improved oxidation sta­
bility if lubricant lifetimes are to 
be significantly enhanced. New 
ac!ditive chemistries will need to 
maintain a balance for overall 
performance so that viscosity in­
crease, filter life, deposit control 
and antiwear properties are all im­
proved or maintained at current 
high performance levels. The fol­
lowing changes in additive chemis­
try are expected to be of particular 
importance to extended perform­
ance lubricants: 

-Higher alkalinity or im­
proved alkalinity retention 

-Improved inhibitor systems 
-Special antioxidants and 

metal deactivators 
-Better dispersants/deter­

gents. 

Higher alkalinity products ( > 13 
TBN) have been tested in the field, 
but in order to control costs, con­
siderable effort is also being di­
re~ted at improving the alkalinity 
retention and oxidation stability of 
13 TBN, Generation IV additive 
systems through use of improved 
inhibitor systems, incorporation of 
special antioxidants and possible 
inclusion of metal deactivators that 
help offset the pro-oxidant effects 
of copper and other wear metals 
in used lubricating oils. If oil 
life is to be extended significant-
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ly, more efficient or increased 
amounts of dispersants may be 
needed to accommodate the higher 
levels of insolubles that could be 
encountered in extended field serv­
ice. Finally, these changes must 
be achieved without depreciating 
the excellent deposit control and 
wear prevention characteristics of 
current generation lube oils. 

In summary, increasingly severe 
field service operating conditions 
that result from engine design 
changes leading to higher lube oil 
temperatures and reduced oil con­
sumption rates have created an 
interest in extended performance 
lubricants. More efficient locomo­
tive utilization by railroads and 
changes in maintenance schedules 
and practices are also placing in­
creased stress on the lubricant. 

Development of extra per£01-m­
ance lubricants has been hindered 
by the lack of bench and engine 
tests that correlate with field serv­
ice. Several bench tests have shown 
promise for evaluating and dis­
criminating differences in current 
and future generation lube oils, but 
further investigative testing and a 
development of field comparison 
data are needed before any test 
can be used to evaluate quality dif­
ferences of future lube oils with 
certainty. 

Development · of extended per­
formance lubricants is expected to 
involve both additives and base 
stocks. The importance of base 
stock selection and proper match­
ing of additives to base stocks will 
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increase as field service severity 
increases. Improvements in alka­
linity retention, ·inhibitor systems, 
and dispersants with possible "in­
clusion of special antioxidants and 
metal deactivators are anticipated 
in extended performance railway 
oils being developed for high per­
formance locomotives. 

II. 
FUELS AND LUBRICANTS 

HANDLING AND HYGIENE 

Introduction 
The accelerating awareness of 

health hazards from exposure to 
petroleum fuels and lubricants is 
being prompted by recent regula­
tory legislation. 

OSHA's Hazard Communication 
Standard is designed to provide a 
downstream flow of hazard infor­
mation from the producers of 
chemicals to'industrial users. Phase 
1 went into effect November 25, 
1985, providing that chemical man­
ufacturers, importers, and distribu­
tors are required to label shipped 
containers of hazardous chemicals 
and to provide Material Safety 
Data Sheets (MSDS) to purchasers 
of these chemicals. Phase 2 calls 
for chemicals users to have de­
veloped formal hazard communica­
tion programs by May 26, 1986. 

Further impact comes from the 
set of regulations known as the 
"right-to-know" laws. These laws 
provide for an employee's right to 
be informed of the potential hazard 
to which he or she may be exposed 
by working with materials possibly 
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designated or classified as haz­
ardous. 

Health Aspects of Handling 
Diesel Fuel and Lubricants 

In the course of the daily opera­
tion of maintaining locomotives, 
shop employees are continually ex­
posed to lubricants and No. 2 
diesel fuel. ~he news media have 
done an excellent job in creating 
doubt in their minds whether ex­
posure to liquids found in the work 
environment is safe for their 
health. 

In an effort to find information 
about the actual hazard to an em­
ployee when exposed to petroleum 
products used in a locomotive 
maintenance shop, we referred to 
the CONCA WE Report No. 1/83 
which is titled "Health Aspects of 
Lubricants". CONCA WE is the oil 
companies' European organization 
for environmental and health pro­
tection which was established in 
19£3. 

The following is a summary of 
the sections of this report which 
refer to lubricating oil and diesel 
fuel. 

Potential Health Hazards of 
Mineral Based Oils 
ACUTE EXPOSURE 

In this section the health haz­
ards resulting from single or oc­
casional short term (acute) ex­
posures will be discussed. 

SKIN: Mineral base oils may 
give rise to moderate skin irrita­
tion in animal tests. In actual prac­
tice this irritation is usually not 
important to a man, especially 
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when exposures are of a short 
term nature as can occur with 
accidental spillage or splashes. 

EYES: Mineral based oils are 
usually mildly irritant to the eyes 
of test animals, but normally cause 
no problems in man. 

INHALATION: The inhalation 
of oil vapors or oil mist may cause 
a mild irritation of the mucus 
membranes of the upper respira­
tory track. At normal tempera­
tures, however, typical lube oils do 
not produce any significant levels 
of vapor in the working atmos­
phere. Even a saturated vapor 
concentration at 100 degrees C 
(212 deg F) would not give rise to 
adverse health effects. 

INGESTION: All types of min­
eral base oils have a low order of 
acute oral toxicity in experimental 
test animals. The main feature in 
man after accidental ingestion, will 
be signs of irritation of the mucous 
membranes of the digestive tract 
resulting in nausea, vomiting, and 
diarrhea. 

With low viscosity products such 
as diesel fuel or spirits, ingestion 
presents a specific hazard, as as­
piration of liquid into the lungs, 
followed by chemical pneumonitis 
may occur, especially during vomit­
ing. This is the reason why vomit­
ing should not be induced after 
ingestion of mineral oil products, 
particularly with those of low vis­
cosity. 
SUB-ACUTE EXPOSURE 

In this section the health haz­
ards resulting from repeated and 
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medium term or weeks to a few 
months exposure will be discussed. 

S KT.N: Primary irritation due to 
the defatting of the skin by direct 
contact can occur to varying ex­
tents, depending on the type of 
product and the degree of exposure. 
A diffuse erythema (redness) with 
some oedma (swelling) combined 
with broken hairs. and occasional 
pustules are the main character­
istics of this dermatitis in the af­
fected area,~ e.g. the skin of the 
fingers, the back of the hands and 
the forearms. The lighter petro­
leum oils such as diesel fuel and 
spirits tend to be direct skin irri­
tants. 

EYES: Repeated exposure of the 
eyes to mineral base oils will lead 
to eye irritation. However, in prac­
tice, repeated eye exposure can be 
simply and effectively prevented. 

INHALATION: As discussed in 
the acute exposure section, health 
hazards from vapors are unlikely, 
except with diesel fuel and spirits. 
When significant vapor concentra­
tions are repeatedly inhaled, irri­
tation of the mucous membranes 
of the upper respiratory tract may 
be expected. Additionally, systemic 
effects can occur from absorption 
of the lighter components and sub­
jects may complain about head­
ache, nausea, dizziness and other 
general symptoms of being unwell. 

INGESTION: Repeated acciden­
tal ingestion is unlikely to occur. 
LONG TERM EXPOSURE 

In this section the health haz­
ards resulting from many months 
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or years exposures will be dis­
cussed. 

SKIN: Skin rash and oil acne, 
recognized by the presence of 
blackheads, pimples and pustules, 
may occur at the site of exposure 
or contact on workers with poor 
personal hygiene when exposure is 
repeated and prolonged. 

It should be noted that skin 
cancer, except that of the scrotum 
(sac con~aining the testicles) is 
normally less serious than other 
forms of cancer and is usually 
curable with early treatment. In 
the case of scrotal cancer the pro;r­
nosis generally appears to be less 
favorable than for other skin can­
cers. Therefore any rash, wart or 
sore on any part of the body, par­
ticularly the scrotum, should b~ 

reported and medical advice should 
be sought without delay. 

INHALATION: Prolonged and 
repeated exposure to concentrated 
lube oil or diesel fuel mists may 
lead to a benign form of lur.g 
fibrosis, p o s sib 1 y preceded by 
symptoms of bronchopulmonary di­
sease. 

Additives In Lube Oil 
And Diesel Fuel 

In considering the general use of 
additives in lubricants, it should 
be recognized that engine oils, 
whether for gasoline or diesel en­
gines, almost invariably contain 
additives. In many lubricants, addi­
tives are minor ingredients of low 
toxicity and the potential hazards 
are essentially those associated 
with the base oil. 
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Before use in lubricants, respon­
sible suppliers ensure that addi­
tives are screened for toxicity and 
skin or eye irritancy. This is essen­
tial to assess potential hazards and 
determine any required handling 
precautions during blending of the 
finished lubricant. If additive 
screening indicates that a blended 
lubricant may present increased 
potential hazards, further assess­
ment will be made. This will in­
clude consideration of likely ex­
posures, the feasibility of safe 
handling requirements and the need 
for further testing before deciding 
whether the additive can be used 
or should be rejected. Results of 
this screening are available in your 
shop's copy of the OSHA Material 
Safety Data Sheet. 

Synthetic Lubricants 

The types of chemical materials 
used in synthetic lubricants to meet 
operational requirements which 
cannot be satisfied adequately with 
mineral oil products, are beyond 
the scope of this report. However, 
experience indicates that they do 
not generally present any signifi­
cant additional hazards and the 
required handling precautions are 
essentially similar to those for 
mineral based lubricants. 

Used Oils 

There is strong evidence that 
carcinogenic contents of mineral 
based oil may increase during use. 
The extent of the increase appears 
to depend on the type of applica­
tion, being up to about ten-fold for 
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diesel engine oils and perhaps one 
hundred-fold or more for gasoline 
engine oils. 

Recent animal studies have in­
dicated that good hygiene practices 
and the avoidance of repeated skin 
contact will offset any increased 
carcinogenicity of used gasoline 
engine oils. 

Reclaimed and Re-refined Oils 
For environmental conservation 

reasons there are attractions in re­
claiming or re-refining of used 
lubricants for further use. A va­
riety of processes may be employed 
rangir:g from simple centrifuging 
and earth filtration for reclaiming, 
or distillation, solvent extraction 
and hydrofinishing for re-refining. 
As with other lubricants, the as­
sessment of potential hazards and 
the required handling precautions 
will dep:md on the characteristics 
of the source of material and the 
process used. Results of this as­
sessment are available in your 
shop's copy of the OSHA Material 
Safety Data Sheet. 

Safe Handling Practices 
And Precautions 

The previous sections give an in­
sight into the potential hazards to 
personnel who use lubricants in the 
form of oils and fuels. The actual 
hazard depends on both toxicity 
and exposure. Even with extreme­
ly toxic materials there is no 
hazard if there is no exposure. 
Conversely, the least toxic J:na­
terials may present a hazard if 
there is sufficient exposure. 
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Precautions Against Skin Effects 
PRODUCT SELECTION: Where 

there is likely to be significant 
skin exposure, select products 
which are agreed by the supplier 
to be suitable. 

INFORMATION: Advise per­
sonnel who are responsible for and 
who come into contact with fuels 
and lubricants of the possible 
harmful effects, the circumstances 
under which they occur, the need 
to minimize contact, the importance 
of personal hygiene, the need for 
medical supervision and the legal 
requir~inents. 

PERSONAL HYGIENE: Pro­
vide adequate washing facilities, 
ensure use of suitable and clean 
work clothing, laundering facilities, 
barrier cream, skin cleanser and 
skin reconditioning cream. Where 
necessary, provision of locker and 
changing rooms for separate stor­
age of clean and contaminated 
clothing should be considered. In 
particular make provision for 
changing contaminated clothing, 
underclothing and footwear. 

PERSONAL PROTECTIVE 
EQUIPMENT: Certain aspects of 
personal protection need to b~ 

given detailed attention. Where the 
use of gloves is practicable they 
should be selected so that the fab­
ric is impervious to the contami­
nant and resistant to perforation 
but allows the necessary degree of 
manual dexterity. Materials such 
as polyvinyl chloride, polyethylene 
and neoprene provide good resis­
tance to most oils and fuels. 
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Where for coEnfort or other 
reasons, non-impervious protective 
garments are provided, or are the 
only practical alternative, they 
should be changed frequently and 
cleaned by any laundering process 
which produces visually clean gar­
ments. When clothing becomes 
grossly contaminated, it should be 
changed as soon as practicable. 
Regular changing of underwear is 
important if penetration of outer 
clothing occurs. 

To avoid the temptation of stow­
ing oily rags or tools near the 
groin area, overalls should not have 
trouser pockets. When practical, 
impervious butcher's apron style 
overalls with detachable absorbent 
fronts should be worn over work 
clothing. Sleeves should be short 
or rolled up to avoid friction be­
tween oil- contaminated clothing 
and the skin of the forearms. 

SKIN CARE: Personal cleanli­
ness is a most important factor in 
skin care. Although there is some 
disagreement as to the degree of 
protection barrier creams provide, 
there is no doubt that their use 
promotes awareness of the need 
for skin care and makes eventual 
washing more effective. However, 
it is important to use the correct 
type of cream for the fluid in use. 

Use of skin reconditioning cream 
after work is also important to 
help replace the natural fats which 
may be removed by exposure to 
lubricants and skin cleansers. This 
is particularly important with older 
employees who tend to have drier 
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skins, and in winter when low 
temperatures and low humidity 
tend to cause dryness and cracking 
of the skin. 

A further important part of any 
skin protection program is to en­
sure that all employees exposed to 
any type of lubricant keep a care­
ful watch on all areas of their skin 
and obtain medical advice at the 
first sign of any abnormality. 
Medical attention should be ob­
tained for any cuts and scratches 
as well as discoloration, soreness, 
itching, swelling or warty growths. 

Finally, it should be emphasized 
that, although the most serious po­
tential hazard from excessive ex­
posure to lubricants is the small 
number of reported cases of skin 
cancer, dermatitis is a far more 
common problem. However, im­
plementation of the precautions 
required to minimize dermatitis 
would be expected essentially to 
eliminate the already very low risk 
of skin cancer. 

Precautions Against 
Inhalation Effects 

Although skin contact is the 
principal concern, some processes 
such as diesel injector maintenance 
generate oil mist and fumes which 
may be inhaled. Where necessary, 
exposure should be minimized as 
far as is reasonably practicable by 
an enclosure combined with ap­
propriate ventilation. Local ex­
haust ventilation can be applied 
to small and large sources of re­
lease, given correct hood design 
and optimum air flow. 
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Precautions Against Eye Effects 
There are no unusual eye effects 

associated with the handling and 
use of the majority of lubricants, 
but processes which release mist or 
cause splash may result in contact 
with the eyes. Where this occurs 
the emphasis should be on environ­
mental control in the form of 
splash guards, enclosures and ex­
haust ventilation. 

Summary: 
The key relationship in exposure 

to toxic chemicals is how much for 
how long. A more toxic material 
requires less time to have a health 
impact. Conversely, less toxic 
agents require longer amounts of 
time during exposure to produce 
health impacts. 

Findings by the American Petro­
leum Institute and others have 
demonstrated carcinogenic activity 
in a range of laboratory prepared 
naphtha and kerosene fractions 
from crude oils of widely different 
character. Taking into account, 
however, the low potencies report­
ed and the long history of safe and 
very widespread use of products 
likely to contain the fractions in 
question, it is considered that the 
findings may not indicate a sig­
nificant hazard. 

Conscientious application of good 
and in many cases common sense 
practices of industrial hygiene are 
viewed as sufficient to protect 
against potential harmful effects 
of petroleum fuels and lubricants. 
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III. 

FUELS AVAILABILITY AND 
PRICE OUTLOOK 

The availability of fuels and 
pricing of those fuels has always 
baen of great importance to the 
railroad industry. After the acti­
vation of the OPEC cartel in 1973 
and subsequent supply disruptions, 
the importance of these concerns 
was greatly increased. In 1973 
crude oil was selling for something 
under $3 per barrel and No. 2 
diesel fuel could be bought for 
about 10 cents per gallon. In 1981 
crude oil prices peaked at about 
$36 per barrel. No. 2 diesel fuel 
prices pgaked in late 1981 or early 
1982 at just over $1 per gallon. 

This rise in pricing of crude oil, 
particularly the precipitous in­
creases in the 1973/1975 and 
1978/1981 periods, brought major 
forces to bear on the supply versus 
demand situation. In the period 
between 1981 and 1985, demand 
was reduced significantly due to 
increased conservation and eco­
nomic stagnation throughout much 
of the world. In the same period 
production was increased as more 
and new facilities, developed in re­
sponse to earlier increases in crude 
oil prices, came onstream. These 
forces created a downward pressure 
on crdue oil prices, led by spot 
market prices. In 1983 OPEC drop­
ped its official prices and assumed 
the role of a cartel trying to de­
fend prices by limiting production. 
OPEC was moderately successful in 
this effort, as long as Saudi Arabia 
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assumed the role of swing pro· 
ducer. 

By 1985, Saudi Arabian produc­
tion had dropped to 2.5 million 
barrels per day, as other OPEC 
members ignored quotas and non­
OPEC production remained at ca­
pacity. At the end of 1985 Saudi 
Arabia abandoned the role of swing 
producer and implemented net-back 
pricing. The result has been a pre­
cipitous drop in crude oil prices as 
Saudi production has climbed to 
over 4 million barrels per day. At 
the time of this writing crude oil 
prices had dropped to about $12 
per barrel and refined products 
were following. 

Due to the volatility and uncer­
tainty of the current oil supply and 
pricing climate, it was decided that 
the bulk of this section of our 
paper will be a presentation of the 
fuel supply and pricing picture, as 
seen at the time of the LMOA 
Annual Meeting. The areas which 
will be covered are: 

1. Historical and Economic 
Background 

2. Supply /Demand Pricing and 
Predictions 

3. Economic Effects 
4. Alternative Fuels Viability 

1. Historical & Economic 
Background 

Since the rapid oil price i.n­
creases in the 1979-81 period, a 
number of important developments 
have taken place in the world 
economy and energy markets. De­
clining demand for oil and natural 
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gas, a surge in non-OPEC produc­
tion, declining share of OPEC oil, 
the emergence of the futures mar­
ket, a rapid growth in the volume 
of spot sales, the demise of British 
National Oil Company (BNOC), 
the emergence of the Soviet Union 
as a major exporter of oil and 
natural gas, and growing discord 
within OPEC rankP. are some of 
the important events that have 
taken place in the world energy 
markets within the past six years. 
In the economic arena, such events 
as sub-par economic growth in the 
industrialized countries, two back­
to-hack recessions in the United 
States, rapid growth in less-de­
veloped countries' (LDC) debt, 
huge U. S. budget and trade defi­
cits, and severe currency exchange 
rate fluctuations have followed the 
1979-81 oil price increases. 

The influence of these events is 
already noticeable in world energy 
markets, but some of the potential 
consequences remain latent and are 
bound to manifest themselves in 
the years ahead. 

2. Supply /Demand and Pricing 
In spite of a dramatic decline in 

price and some 2.3 percent real 
annual growth in Free World eco­
nomic activity, demand for oil 
actually declined from 4 7 million 
barrels per day (b/d) in 1981 to 
46.2 million barrels per day in 
1984. In the United States oil con­
sumption decreased by about 10 
percent despite the price decline 
and a real GNP growth rate of 11 
percent in the 1981-84 period. 
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The bulk of the demand decline 
has been in heavy fuel use. In the 
United State.s alone, demand for 
residual oil dropped by 33 percent, 
from 2.1 million barrels per day 
in 1981 to 1.4 million barrels pe'!" 
day in 1984. This drop has re­
sulted from the decline of U.S. 
"smokestack" industries, conserva­
tion, substitution of other energy 
sources, and structural changes in 
the economy. Only a perception by 
consumers that the current price 
slump is a long term phenomenum 
will cause any significant reversal 
of this trend. Moreover, govern­
ments in the industrialized coun­
tries are not expected to allow im­
ported oil to replace indigenous 
coal or natural gas. They are likely 
to levy new tariffs on oil to dis­
courage its use. 

It seems reasonable, therefore, to 
expect lower prices to have a 
greater effect on supply than on 
demand. In other words, a global 
equilibrium is more likely to re­
sult from reduced exploration and 
shrinking supplies of oil than from 
increasing demand. 

Table 3 describes primary energy 
demand for five basic fuel types 
as experienced in the years between 
1970 and 1984, with what we call 
a "Mid-Price Scenario" growth pro­
jection for the period from 1985 to 
1995. Oil consumption is expected 
to increase from 46.2 million b/d 
in 1984 to 48.0 million b/d in 1990 
and 51.5 million b/d in 1995, if 
prices move as projected in this 
case. Coal consumption will con-
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tinue to increase, but at a slower 
pace. This is because coal prices 
are expected to decline less in real 
terms than those of crude oil and 
thus gradually lose their price com­
petitiveness. Natural gas consump­
tion in Europe is expected to in­
crease rapidly as the Soviet Union 
cuts its expott prices to increase 
volume. While nuclear energy will 
continue to grow as plants under 
construction come on stream, the 
pace of growth for hydroelectric 
power will moderate in t he years 
ahead. (See Table 3.) 

In Table 4 we show three price 
scenarios. The "Low-Price Scenar­
io" assumes that the price of Arab 
Light will decline to $15/bbl in 
1986 and then gradually cl imb back 
to $20/bbl by 1990 and $26/bbl by 
1995. Under this scenario, con­
sumption is assumed to be kept in 
check by increased tariffs on im­
ported. oil in major consuming 
countries. (See Table 4.) 

The "Mid-Price Scenario" allows 
Arab Light to fall to $23/bbl by 
1987, to remain there until 1990, 
nnd then to increa.oe at the rate of 
inflation in the industrialized coun­
tries. In mid-1985, when these pro­
jections were developed by H. 
Tahmassebi of Ashland Oil's Cor­
porate Planning Department, this 
was considered the most likely 
scenario. 

The "High-Price Scenario" as­
sumes an Arab Light decline to 
$26/bbl in 1987, with it remaining 
there until 1990 and then increas­
ing at the rate of inflation in the 
industrialized countries. 
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Table 5 illustrates the effect on 
crude oil demand of each of the 
three price scenarios. ·we are cur­
rently pretty well on track for the 
"Low-Price Scenario" with its 199::i 
projection of 54.5 million barrels 
per day. (See Table 5.) 

A projection of the crude oil out­
look for supply versus demand is 
shown in Table 6. Non-OPEC oil 
production is expected to range be­
tween 23-26 million b/d by the 
mid-1990s. OPEC's production ca­
pacity is currently estimated at 
30Ml\1 b/d. (See Table 6.) 

As we can see in Table 7, gaso­
line demand will continue to in­
cr;)ase, despi te improved fuel ef­
ficiency of vehicles. Residual fuel 
consumption should increase if oil 
prices remain low. Low oil prices 
will narrow the differential be­
tween No. 2 diesel fuel and resid­
ual fuel, as heavy oil gains market 
share from coal and natural gas. 
Whether or not fuel oil prices will 
fall faster than those of natural 
gas will depend on the quality of 
the crude slate, extent of refinery 
upgradings, refi n ery ut ilization 
rates, U.S. policy on natural gas 
decontrol, and the Soviet Union's 
policy on pricing of its natural gas 
exports. (See Table 7.) 

Tables 8 and 9 illustrate the dra­
matic reduction in crude oil a nd 
diesel fuel prices that h:>.s been 
experienced over the past several 
months. Although there seems to 
have been some stabilization over 
the last several weeks, only time 
will tell where the price, level will 
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Table 6 

f;§!!~!U~ ~!Q:~H!~~-§~g~~B!Q_~HQJF;~I!Q~§ 
!~!H !~H!~ !~~2 U~§ 

DEMAND 
u:s~-- 15.7 15.7 16.3 17.2 
Other 30.5 30.1 31.7 34.3 
TOTAL 46.2 45.8 48.0 51.5 

SUPPLY 
---inventory Adjust111ent 0.4 0.5 

Non-OPEC Crude and NGL 24.3 24.8 25-26 23-26 
CPE Set Export 1.8 1.7 1.0-1.5 1.0-1.5 
OPEC NLG & Processing 2.2 2.3 2.6 2.8 
Gain 
Subtotal 28.7 29.3 28.6-30.1 26.8-30.3 

OPEC Crude Oi 1 17.5 16.5 17.9-19.4 21.2-24.7 

TOTAL 46.2 45.8 48.0 51.5 

OPEC's Share of Total 37.9% 36.0% 37%-40% 41%-59% 

Table 7 
FREE WORLD PRODUCT DEMAND OUTLOOK 
----cMiiiioN-iiii!is-P!i-oivi ___ _ 

MID-PRICE SCENARIO AVERAGE ANNUAL 
nn~ng PROJECTIONS ~~B~i!fL~H~~gg 

!~~1 !~~§ ---!~~Q---!~~~ ~;!:~2 ~2=~~ 

Gasoline 13.2 13.3 13.7 14.0 0.6, 0.4, 
Middle Distillate 15.2 15.3 16.5 17.5 1. 5' 1.1' 
Residual Fuel 8.8 8.1 8.0 9.3 -0.2% 3.1% 
Other 9.0 9. 1 9.8 10.7 l. 5' l. 8' 

Table 8 

fH!~g§_§!~~~-~Q~g~Bt;H_!~~~ 
I FIRST OF MONTH I 

~QL~~ D~~-~~ H~-~~ H~-~~ ~~H-!!§ ~~H_g! 

WEST TEXAS INTERMEDIATE ---spoi:s/bbi __________ 
29.47 26.64 21.91 15.40 13.50 

Contract,S/bbl 28.00. 28.75 24.90 18.25 15.00 

· BRENT NORTH SEA ---spoi:S/bbi-- 30.81 27.48 22.76 16.87 14.50 

t!Q!.~_!:!U~HL~[»Q'I 
Sew York Harbor, S/gal .8700 .8575 .7500 .5125 .5050 .5325 
Gulf Coast,S:gal .8438 .8250 .7275 .4813 .4200 .4838 
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Table 9 

Price Trends Since November 1985 
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4. Alternative Fuels Viability 
Synthetic fuels will not become 

viable until the crude oil price is 
well beyond anything we can cur­
rently project. Certainly they will 
not be of any significance until 
after the year 2000. 

Declining diesel fuel prices and 
a shrinking margin over residual 
fuel have made blending No.2 with 
heavy oil unattractive. In the fu­
ture declining stocks of low sulfur 
crude will make this option even 
more unlikely to be successful. 

One Mid-Western railroad has 
successfully used a 35 cetane diesel 
fuel at a savings of about two 
cents per gallon. However, we 
would suspect that falling fuel 
prices would tend to erode this 
difference. 

It currently appears that, at 
least for the next several years, 
No. 2 diesel fuel will be abundant 
at an attractive price which will 
ensure its continued place as the 
fuel of choice for the railroad in­
dustry. 

IV. 

SELECTION OF.LUBRICANTS 
FOR WHEEL FLANGE AND 

RAIL LUBRICATORS 

Recent literary searches for in­
formation concerning improved 
railroad operating performance as 
the result of flange/rail lubrica­
tion, has revealed that the applica­
tion of "just any lubricant" to the 
flange/rail interface will not nee-
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essarily result in the improved per­
formance claimed in recent publi­
cations of trade magazines. 

Conversations with railroad test 
personnel whose responsibility is 
to gather the data necessary to 
substantiate the claims of reduced 
fuel consumption, rail wear, and 
wheel wear have indicated there is 
a dramatic difference in the per­
formance of the various lubricants 
presently under evaluation. 

Some of the problems mentioned 
include: 

• Certain locomotive mounted 
flange lubricators are creating 
an undesirable accumulation of 
lubricant on the locomotive 
trucks. 

• Certain locomotive mounted 
flange lubricator vendors cannot 
use suspended particles such as 
graphite or molybdenum disul­
fide in their grease because the 
high pressure will separate them 
from the lube and cause the par­
ticles to behave as a solid with 
the end result of plugged appli­
cation nozzles. 

• Several locomotive mounted 
flange lubricator vendors are re­
questing their equipment be eval­
uated with a particular brand or 
type of lubricant. The selection 
of that brand of lubricator for 
a fleet application would lock 
the railroad to a lubricant that 
may not provide the best per­
formance or be the most cost 
effective. 
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• One grease used in a track 
mounted lubricator would not 
carry the full length of the 
curve. 

• One grease used in a track 
mounted lubricator would collect 
at the base of the rail adjacent 
to the application nozzle instead 
of being evenly distributed on 
the gage side of the rail. 

• Several greases used in track 
mounted lubricators will routine­
ly plug application nozzles. 

• Lubricators mounted on loco­
motives, boxcars, high rail ve­
hicles and trackside are difficult 
to adjust for temperature in­
duced viscosity changes of the 
lubricant. In the case of track 
mounted applicators, the lubri­
cant can be pumped over the tar­
get because of low viscosity and 
will be applied to the top of the 
rail head or the lubricant can 
fall short of the target because 
of high viscosity and in the case 
of vehicle mounted applicators 
will be applied to the wheel 
tread. 

• Excessive lubricant on the top 
of rail head provided enough 
electrical ins u I at ion between 
wheels of empty cars and the 
rail to open the grade crossing 
signal circuit. This allowed the 
crossing gates to open while a 
train was still moving through 
the crossing. 

To better understand why these 
problems occur and what steps can 
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be taken to correct them, let us 
review several laboratory proce­
dures that can be used to screen 
potential flange/rail lubricant can­
didates. The results of these pro­
cedures have not been compared to 
field tests and are not to be con­
sidered as an endorsement by the 
Locomotive Maintenance Officers 
Association Fuel and Lubricants 
Committee. 

Flash and Fire Points 
ASTM D-92 and D-93 

The flash point of an oil is the 
lowest temperature at which it 
gives off vapors that will ignite 
when an open flame is passed over 
the surface of the oil. 

The fire point is the lowest tem­
perature at which an oil ignites 
and continues to burn for at least 
5 seconds. (See Figs. 6 and 7.) 

Cone Penetration of Lubricating 
Grease ASTM D-217 

Penetration is the depth (in 
tenths of a millimeter) that a 
standard cone penetrates a sample 
of grease under prescribed condi­
tions of weight, time and tempera­
ture. This penetration is a measure 
of the relative hardness of a grease 
or helps identify its thixotropic be­
haviour. (See Fig. 8.) 

Grease Shear Stability 
ASTM D-217-A 

Shear or mechanical stability of 
a grease is its ability to withstand 
repeated working with minimum 
change in its structure or consis­
tency. (See Fig. 9.) 
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United States Steel Lubrication Engineers Manual 

CUTAWU VIEW OP 
CLEVELAN'D OPBN PLASH CUP 

ASTM D-92 Flash Point Determination 

Fig. 6 

United States Steel Lubrication Engineers Manual 

ASTM D-93 Closed Cup Flash Point Determination 

Fig. 7 
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United States Steel Lubrication Engineers Manual 
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Dropping Point of Grease 
ASTM D-566 

The dropping point of grease 
is that temperature at which it 
passes from a semi-solid to a liquid 
state. (See Fig. 10.) 

Recent field measurements have 
indicated, that in severe curves, 
under conditions of maximum 
power or dynamic braking, the 
temperature at the flange- rail 
point of contact can exceed 177 
deg. C (350 deg. F). If the drop­
ping point of the grease is below 
this value, the locomotive wheels 
will heat the grease, causing it to 
be thrown from the flange or drop 
from the fail. In the absence of 
lubricant, the balance of the train 
will pass through the curve with­
out benefit of rail lubrication. 
Typical drop point ranges are: 
Calcium base greases -

71-99 deg C (160-210 deg F) 
Sodium base greases -

135-177 deg C (275-350 deg F) 
Lithium base greases -

177-205 deg C (350-400 deg F) 
Bentone base greases -

over 260 deg C (over. 500 deg F) 
Silicone greases -

over 260 deg C (over 500 deg F) 

Grease Mobility 
United States Steel method using 

Standard Oil Development cylinder 
and capillary tube. 

Grease mobility is the measure 
of resistance to grease flow at 
prescribed pressures and tempera­
tures which will predict the pump­
ability characteristics of lubricants 
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under low temperature operating 
conditions. (See Fig. 11.) 

Pressure Oil Separation Test 
United States Steel method using 

Esso Laboratories' cylinder. 
The measure of oil separation 

and caking under fixed conditions 
simulates the stability of a grease 
under the high pressures and small 
clearances found in a centralized 
grease pumping system. (See Fig. 
12.) 

Grease Retention Test 
United States Steel method by 

the Timken Lubricant Tester. 
The purpose of this test is to 

simulate lubrication of sliding sur­
faces for long periods without 
lubricant replenishment. 

This test uses the same equip­
ment as described in ASTM D-2509, 
except the automatic lube feed is 
disabled. The lube is applied by 
spatula to the bearing surface of 
the test cup and block. The ring 
and block are rotated under load 
and the time to destruction of en­
tire film of lube is measured. (See 
Fig. 13.) 

Meausurement of Extreme 
Pressure Properties of Oils 

Four ball method ASTM D-2783. 
The purpose of this test is to 

evaluate the EP characteristic of 
lubricants by a load scar curve 
and weld point. (See Fig. 14.) 

Friction and Wear Test 
Four Ball Wear Tester ASTM 

D-2266. 
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United States Steel Lubrication Engineers Manual 
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Fig. 10 
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United States Steel Lubrication Engineers Manual 
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United States Steel Lubrication Engineers l'tlnnual 
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Fig. 12 
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United States Steel Lubrication Engineers Manual 
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This test is very similar to ASTM 
D-2783 except the torque required 
to rotate the ball is measured and 
the results are plotted against ball 
scar dimensions to determine fric­
tion and wear characteristics of a 
lubricant. (See Fig. 16.) 

Plastic Plate Abrasion Test 
ASTM D-1404 

The purpose of this test is to 
indicate the presence of gritty 
particles in lubricating greases 
which may scratch or abrade lubri­
cant pump cylinder walls and 
cause pump failure. (See Fig. 16.) 

Lubricant Performance 
Values and Limits 

The literary search made prior 
to writing this report found no 
mention of what test result values 
indicated a desirable lubricant or 
which ones did not. Each type of 
operating philosophy, climatic re­
gion, track profile and type of 
oiler or lubricator will require a 
different lubricant performance 
characteristic to provide the rail­
road with optimum improved train 
operating performance. 

Summary 
The concept of using flange/rail 

lubrication to reduce fuel consump­
tion, wheel wear and rail wear has 
been well documented by many 
sophisticated field tests. Proof that 
the concept has merit, has brought 
forth a multitude of vendors, each 
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competing for the railroad's dollars 
by claiming their lubricant offers 
advantages the competition does 
not. 

The problem of verifying the 
vendors' claims by the use of 
lengthy and expensive field tests 
can be significantly reduced by 
using the above mentioned labora­
tory tests to identify a lubricant 
which: 

• can be reliably delivered to 
the metal wear surface by de­
termination of flash point, grease 
mobility and pressure oil sepa­
ration; 

• will not migrate to the wheel 
tread/rail head area by determi­
nation of cone penetration and 
shear stability; 

• will remain in place under ele­
vated operating temperatures by 
determination of dropping point 
temperature and grease retention 
time; 

• will withstand operating pres­
sures by measurement of ex­
treme pressure, friction and 
wear properties; 

• will not cause applicator main­
tenance problems by evaluating 
the results of the plastic plate 
abrasion test. 

The use of thesE! criteria to 
evaluate your railroad's present 
lubricant will provide an excellent 
base line for comparisora of pro­
posed new lubricants. 
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United States Steel Lubrication Engineers Manual 
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United States Steel Lubrication Engineers Manual 
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ASTM D-2266 FOUR BALL METHOD TO DETERMINE FRICTION 
~ND WEAR CHARACTERISTICS OF A LUBRICANT 

Fig. 15 
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United States Steel Lubrication Engineers Manual 
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FUEL & LUBRICANTS 
COMMI'ITEE 

Six-Year Index 

1985 

Managing Maintenance For 
Quality Performance 

1. Disposal of Lube Oil Drainings 
2. Non-ASTM No. 2-D Fuel 
3. Oxidation Analysis 
4. Wheel Flange and Rail Lubri­

cation 

1984 

Improving The Bottom Line: 
With Technology 

1. Locomotive Filters 
2. Traction Motor Gear Lube 

Field Test 

1988 

Changes in Fuels and Lubricants 
1. Field Test Update of Multi­

grade Oils 
2. Update of Alternate Fuel 

Testing 
8. A Review of Locomotive Fuels 

1982 

Quality Maintenance Thru Fuel 
and Lubricants 

1. Energy Conserving Lube Oils 
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2. Alternative Fuels Update 
3. Availability of Medium and 

High Viscosity Index Railroad 
Oils 

4. J oumal Box Oil and Aniline 
Point 

5. Traction Motor Gear Lubricant 
Update 

6. Traction Motor Gear Case Seals 

1981 

Problems, Solutions and 
New Techniques In 
Fuel and Lubrication 

1. Effects of Using Alternate 
Fuels on Existing Diesel 
Engines 

2. Update on Cold Weather Pro­
cedures for Fuels 

3. New Techniques in Lube Oil 
Analyses 

4. Traction Motor Gear Lubrica­
tion 

5. Multi-Viscosity Oils as an Ener­
gy Conservation Technique 

1980 

Fuel and Lubricants -
New Decade 

1. High VI Diesel Engine Oil in 
the Railroad Industry 

2. Ass~ssment of Future Fuel 
Supply and Quality 
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Started in 1946, the Southwestern Railway Club this year 
is celebrating its 40th anniversary. 

The organization consists of Rai lroad and Railroad Supply 

members who cooperate to discuss locomotive and freight car 

maintenance and other aspects of the Railroad Industry. 

Railroad personnel and Railroad suppliers and builders are 

welcome members in the Southwestern Railway Club. Contact 

our secretary-treasurer for details on meeting dates and locations. 

Application for membershi p should be directed to the Secre­

tary-Treasurer, Southwestern Railway Club, P. 0. Box 716, St. 

Louis, MO 63188. 

D. W. BOLT 
PRESIDENT 

Director Research & Development 
Union Pacific Railroad 

Omaha, NE 68179 

F. R. HICKERSON 
SECRETARY-TREASURER 

Master Mechanic 
Union Pacific Railroad 
North Little Rock, AR 
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150 

PERSONAL HISTORY 

LELAND G. SALTS 

Born near Topeka, Kansas, July 
22, 1933. He graduated from high 
school in 1951 and attended VVash­
burn University. For nine years 
he worked for Pittsburgh Plate 
Glass Company prior to starting 
with Santa Fe Railroad in Febru­
ary, 1960,.as a Machinist Appren­
tice. 

After serving a four year ap­
prenticeship, he worked as a Me­
chanical .Draftsman in the Shop 
Extension Engine"ering Department 
for five years. He was then trans­
ferred to Kansas City in 1969 as a 
Safety Supervisor at Argentine 
Shops for a period of over seven 
years. In 1976 he was transferred 
back to Topeka as a foreman in 
the VVheel Shop and other areas 
in the shop. 

In 1978 he went into the Me­
chanical Engineering Department 
at Topeka where he is presently 
employed as arl Engineering Assis­
tant. He and his wife, Martha, 
have one son and two daughters. 

INTRODUCTION 

The theme of the Diesel Material 
Control Committee's 1986 Techni­
cal Paper is: 

Electronics: New Methods For 
Handling Material - With Proper 

Quality and Sources 

Our subtopics are: 
I. The In-House Electronic 

Requisition System 
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II. Electronic Data Interchange -
Railroad Experience 

III. RAILINC Corp. and Elec­
tronic Purchasing 

IV. Quality Evaluation 

V. Sourcing Decisions 

To get better-rounded insights 
on the material required to keep 
our locomotive fleets running prop­
erly, the Diesel Material Control 
Committee is composed of members 
from both Mechanical and Ma­
terials departments of the major 
railroads. 

It is the intent of this commit­
tee to keep up with the latest 
material securing and handling 
methods and to present them for 
the use of all interested parties. In 
our 1983 paper we covered a topic 
entitled: Improved Locomotive Pro­
ducth•ity Through Computerized 
Data Transfer. Our paper this year 
continues on the electronic methods 
being used. 

The. LMOA theme for 1986 is: 
E = MC2 or Excellence In Mainte­
nance Culture Committed To The 
Bottom Line. VV e believe our paper 
to be consistent with this theme. 

The Committee Report this year 
should be of interest to all in se­
curing and evaluating material. 

I. 
THE IN-HOUSE ELECTRONIC 

REQUISITION SYSTEM 
Increasing productivity and re­

ducing costs are the goals of every 
company. One railroad found that 
one method to increase productiv­
ity was to use an electronic requisi-
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tion system, developed to allow de­
partments to expedite the flow of 
requisitions from the point of 
origin to the Purchases and Ma­
terials department for issuance. 
The current approval methods 
(requisitions approved by specific 
department supervisory personnel) 
will still be required. However, the 
system eliminates the time requir­
ed for handling and mailing of 
typed requisitions; and, in the case 
of stock items, it eliminates all 
manual handling, as the requisition 
is directly entered into the com­
puter. 

The approval method under the 
electronic requisition system is 
based upon department structures 
with the vice-presidents or their 
designated representatives being 
t he top level (Level 1). Level 1 
is the highest level a requisition 
will need to reach before being sub­
mitted to the Purchases and Ma­
terials department for issuance of 
the requested items. Level 2 per­
sonnel are directors, superinten­
dents, or their designated represen­
tatives. Level 3 personnel a re 
managers or their designated rep­
resentatives. Levels 4, 5, and 6 
involve personnel where departmen­
tal structure allows for additional 
levels of approval. 

Each supervisor is assigned a 
secret password that must be en­
tered into the computer in order 
to maintain the security of the 
system. 

The first step in implementing 
the system within a specific de-
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partment is to establish the limits 
master with monetary item and 
user information. The monetary 
limit establishes the maximum 
amount for a requisition that each 
level may approve without the 
requisition needing further approv­
al. Establishing item limits allows 
the user to alter the approval flow 
for a specified item while the user 
limits does the same for a requi­
sition issued by a specified user. 

Once the limits master is estab­
lished, each intended user of the 
system must be entered into the 
Purchases and Materials · User/ 
Scope Authorization Table. This 
table contains the authorized is­
suers and approvers of requisitions 
and their assigned CRT's (cathode 
ray tubes). Before any requisition 
may be issued or approved on a 
CRT by authorized issuers and ap­
provers, the CRT that was assign­
ed to them must be authorized by 
the Purchases and Materials de­
partment. A CRT need only be 
approved once unless it is deleted 
from the authorization table. 

If so desired, RML's (repetitive 
material lists) may be established 
to simplify the procedur e of issuing 
a requisition. An RML is a list of 
frequently ordered items stored in 
requisition format owhich may be 
called up when ordering all or part 
of the items contained on the list. 
Prior to being used the RML must 
be approved by the Accounting_ de­
partment. Each RML may contain 
up to 99 items and may be created, 
updated, or an item deleted at any 
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time. When any changes are made 
to an existing RML, the updated 
RML must be approved by the 
Accounting department just as a 
newly created RML must be. 

The RML contains the consignee 
name and address, accounting, 
quantity needed, Materials depart­
ment item number, unit of meas­
ure, and description of the items 
wanted. 

The issuance of requisitions may 
be made from any level as long as 
the user is listed in the Purchases 
and Materials User/Scope Authori­
zation Table. The electronic requi­
sition system may be used for 
stock and non-stock items; how­
ever, in some instances requisitions 
should be handled manually. These 
instances include call-in orders fo~· 
stock items; when Purchases and 
Materials is called for a purchase 
order number to purchase item 
locally; whenever a sample needs 
to be sent in with the order; and 
requisitions for office furniture, 
office equipment, and special equip­
ment (e.g. cameras, slide projec­
tors, etc.). 

Once a requisition is generated, 
it must be approved by the ap­
propriate people. The levels of ap­
proval necessary on stock items 
depends on the monetary limits 
established in the limits master 
and occasionally the user and/or 
item limits. Non-stock items re­
quire approval at all levels. Aft~~ 

the requisition is approved by the 
necessary departmental levels, it is 
transmitted to the Purchases and 
Materials department for handling. 
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Personnel responsible for approv­
ing requisitions should inquire into 
the computer at least once a day 
by each department to maintain 
efficient handling of requisitions. 
A list of any requisitions that have 
been in storage for over five days 
awaiting approval will automatic­
ally print in the office of thE! Level 
1 user responsible for the requisi­
tions. The Purchases and Materials 
department material supervisors 
are responsible for the handling of 
stock items that might be rejected 
because of exceeding the quantity 
limits established and make daily 
inquiries to resolve any discrepan­
cies. 

II. 
ELECTRONIC DATA 

INTERCHANGE 
The fastest growing field today 

is technology. The business world 
is being revolutionized by the prog­
ress made in this field. It is im­
portant that railroads recognize 
that the way we are conducting 
business is dramatically changing. 
In our deregulated environment, 
railroads should strive to be will­
ing to open the door and welcome 
in the future. 

Over a century ago, when rail­
roads started moving their way 
across this country, business 
changed forever. Merchants, min­
ers, and manufacturers had to re­
think their business potential and 
had to face the exciting market 
possibilities that railroads offered 
through increased speed and in­
creased capacity to move goods. 
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Now a new transporter has ar­
rived on the scene. That new trans­
porter is computer communication 
technology, the split second trans­
porter of information. 

Every year railroads haul mil­
lions of carloads of grain, coal, and 
manufactured goods throughout the 
United States. To keep locomo­
tives and rail cars operating safely 
and efficiently, to keep tracks in 
top condition and to keep em­
ployees working productively, rail­
roads purchase everything from 
paper clips to locomotives. Pur­
chase order forms are used in re­
questing these materials from ven­
dors. 

Over the past few years, rail­
roads have made significant prog­
ress in eliminating internal paper 
procedures primarily through com­
puterization. At some railroads, 
with computerized ordering sys­
tems, the material requirement is 
entered into a computer terminal 
at the field location and transmit­
ted back to a main office where the 
order is generated and approved by 
a purchasing agent. 

Copies of these purchase orders, 
which may serve as receiving docu­
ments at material warehouses, are 
no longer mailed from one location 
to outlying areas. Instead, pur­
chase order data are printed out in 
the warehouse on the material 
manager's printer. This computer­
ized process has allowed railroads 
to change the amount of paperwork 
procedures involved. The clerks 
who used to burst, sort and en-
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velope the purchase order copies 
destined for storehouses are now 
being utilized in other work areas. 
And the material managers now 
get receiving documents on their 
own printers the next day, instead 
of via mail after a three to seven 
day wait. 

The next step in the move to­
ward paperless purchasing is to 
eliminate paper exchanges between 
suppliers and railroads. The com­
puter ordering system will take 
requisition data and print pur­
chase orders. After printing, these 
orders are then mailed to the sup­
pliers. They will spend days in the 
U. S. Mail system. And what will 
the receiving suppliers do when 
they receive these orders ? Key the 
right data right back into a com­
puter! 

Invoicing works the same way. 
Many suppliers have computerized 
invoice systems that print paper 
invoices. The invoices are then 
mailed back to these railroads and 
a high price is paid to have all of 
that invoice data keyed right back 
into a computer for payment auth­
orization. 

Even though most business trans­
actions are transported through 
the U. S. Mail as paper do~uments, 
statistics indicate that 70% of the 
U.S. Mail is. computer generated, 
and 30% of that material is re­
entered into a computer by the 
receiver. 

It is obvious that benefits would 
be enjoyed by both railroads and 
their suppliers if purchase orders 
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could be electronically transmitted 
from our computers to theirs and 
invoices received back the same 
way. Sepous consideration has to 
be given to this concept along with 
research into. how electronic data 
exchange could be accomplished. 

First, a standardized method that 
could be adopted industrywide 
would have to be used in order to 
make this data exchange feasible. 
Such· standards have already been 
developed by the American N a­
tional Standards Institute (ANSI) 
and the Transportation Data Co­
ordinating Committee (TDCC). The 
standards are referred to as the 
ASC X12 Standards. 

The ASC X12 formats are noth­
ing more than a standardized 
coding system that can be used to 
put purchase order data into a 
computer readable sequence. 

Revisions are being made to 
these standards and, through the 
National Association of Purchas­
ing Managers, some railroads are 
actively working to reach an agree­
ment among the major U.S. and 
Canadian railroads to use these 
standards for electronic purchasing 
and invoicing. 

This agreement is being pursued 
so that differences will be mini­
mized on purchase orders received 
electronically from one railroad to 
the next. Differences on invoices 
the suppliers will be transmitting 
will also be minimized. This uni­
formity will obviate the need for 
different programs to transmit 
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from one railroad customer to the 
next. 

The electronic data interchange 
system does more than just trans­
mit purchase orders electronically 
to suppliers. EDI allows purchas­
ing agents to approve, change or 
cancel purchase orders on their 
computer terminals instead of on 
r~per. At the end of the day's 
operations, approved orders are 
either printed for mailing or for­
matted for electronic transmission. 
And with the electronic acknowl­
edgment system, invoices are re­
ceived electronically and automatic­
ally entered into the ·computerized 
invoice system. 

There are two levels of electronic 
acknowledgments to back the elec­
tronic purchase orders. The first 
level is a syntactical acknowledg­
ment ge:1erated by a program that 
edits the orders as they are re­
ceived by the supplier. This edit 
checks to make sure each order 
meets the X12 Standards. Are the 
numeric fields numeric ? Are aU 
mandatory elements present? Are 
all elements within the length 
specifications of the Standard? If 
so, the acknowledgement communi­
cates that the transmission was 
acceptable. If not, the errors are 
identified and communicated back. 
A syntactical error would indicate 
that there is a programming bug 
at the individual railroad; or that 
some characters were dropped or 
altered during transmission. 

The second level of acknowledg­
ment is the application level. This 
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is an acknowledgment that resuits 
from the file of orders being put 
into a supplier's order booking sys­
tem or that result from orders 
being reviewed one by one by a 
customer service representative. 
This is where the actual data are 
edited. Are the prices correct? Do 
the part numbers and noun de­
scriptions match? Do order quan­
tities meet minimum packing re­
quirements ? 

Orders accepted as is by the 
supplier are cleared for receipting 
and iuvoicing. Changes a supplier 
has made to orders are reviewed 
by the buyers on their computers 
and are either accepted as changed 
and cleared for receipting and in­
voicing; or are rejected and can­
celled. 

The supplier also has the option 
of rejecting an order or order line 
if the information is so inadequate 
that it cannot ship the material. 

The invoices received from the 
suppliers will go through the same 
process. A functional acknowledg­
ment will be transmitted back to 
the supplier indicating whether 
the invoices met the standard. 

Invoice data will be automatic­
ally matched with the order data. 
Those matching on items, price, 
terms and quantity, will be ap­
proved for payment. Those not 
matching will be suspended. If 
the error is the railroad's, it is up 
to the railroad to have it corrected 
and rematch the invoice acknowl­
edgment, by indicating which in-
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voices have been cleared for pay­
ment, which invoices have not, and 
why. 

What has enabled some railroads 
to receive such an enthusiastic 
commitment from their suppliers? 
One factor has been the develop­
ment of softwear for personal com­
puters, for mini computers and for 
mainframes that can facilitate the 
electronic exchange of data in the 
ASC X12 formats. For a hardware 
and software investment of less 
than $15,000, any supplier can be 
receiving and sending purchase 
crders, acknowledgments and in­
voices electronically; not just ·with 
the railroads, but with other cus­
tomers and even its own suppliers 
- all with the same equipment 
and the same softwear. 

Benefits to both railroads and 
suppliers are significant; clerical 
costs can be reduced and produc­
tivity increased. Data accuracy in­
creases tremendously when the re­
keying of data is eliminated. Lead 
times are reduced by eliminating 
mail time and -clerical processing; 
and finally, safety stock inven­
tories can be reduced. 

The key to advancing the prac­
tice of electonic purchasing and 
invoicing is STANDARDIZATION 
of electronic data interchange for­
mats. 

The X12 Standards go a long 
way to answering what gets trans­
mitted. However, another question 
that has to be answered is how do 
two or more parties communicate ? 
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Computers can communicate 
either via a dedicated line or via 
a dial-up connection. Leased lines 
are very costly, $1,000 to $2,000 
per month. Dial-up over regular 
phone lines is less costly, but it 
may not be the best communication 
solution either. 

A supplier dialing up four cus­
tomers, might well have to allow 
for four different communication 
requirements. As more suppliers 
and customers become involved, 
scheduling phone calls, having an 
adequate number of lines and all 
other sorts of considerations have 
to be taken into account. 

Fortunately, companies known ge­
nerically as third party communi­
cation services or electronic clear­
ing houses have jumped into the 
market place to untangle communi­
cation problems and act as post 
offices for electronic messages. 

One phone call to an electronic 
service to drop off and pick up 
messages, saves all parties a lot 
of hassles. If a supplier chooses 
to use an electronic service differ­
ent than the one a particular cus­
tomer has chosen, no problem. The 
supplier and that customer still 
only have to make one phone call 
to drop off and pick up all mes­
sages. 

Electronic clearing houses pro­
vide additional services as well. 
They have consulting groups that 
can help a company get started or 
provide a company with software 
development. They can take busi-
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ness data from one standard and 
format it into another standard. 
For example, they can take X12 
purchase orders and translate them 
into another file format, if that is 
required. Or they can take an in­
voice file in a unique company for­
mat and put it into an X12 format 
so that X12 users can read it. 

The service can also mailbox 
messages, that is store messages, 
for scheduled deliveries and pick 
up; or provide immediate trans­
mission on to the intended re­
ceiver. 

Several railroads have set up a 
system whereby they can communi­
cate with their suppliers either 
through a third party service or 
through a direct dial-up connect­
tion. Most prefer just using a 
third party service. 

The point to emphasize is that 
by using an electronic clearing 
house, customers and suppliers can 
call ONE electronic service to 
handle ALL data exchange. Just 
one phone. call is needed to trans­
mit and receive; the service sorts 
and forwards outgoing messages 
and consolidates all incoming mes­
sages. This spares the customer 
and suppliers the hassle of making 
multiple phone calls and of pro­
gramming for various protocols 
that individual computer systems 
require. 

In the brief space available in 
this committee report, we have 
tried to give you an idea of what 
some railroads are doing and what 
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some railroads are planning on 
doing. We cannot emphasize enough 
the benefits of STANDARDIZING 
data formats. One of the key 
things to remember about it is that 
it is not just large Companies that 
will be exchanging business data 
electronically. Personal computers, 
software packages and third party 
services have made it possible for 
operations of all sizes to cash in on 
the benefits of EDI. 

Business is changing. The future 
is here. Participating in the rela­
tively new area of EDI will prove 
to be an exciting start in the revo­
lution of the business world. 

III. 
RAILINC. 

And Electronic Purchasing 

RAILINC is a data processing 
and telecommunications subsidiary 
of the Association of American 
Railroads (AAR). Originally the 
Management Systems Department 
of the AAR, its principal users 
were the rail carriers themselves. 
However, in March of 1982, RAIL­
INC became a for-profit subsidiary 
of the AAR and now has the flexi­
bility to expand its services to 
other companies that are associated 
with the railroad industry such as 
rail shippers and suppliers. 

RAILINC provides all computer 
services for the· AAR as well as 
large data processing jobs that 
affect the entire railroad industry. 
One example of this type of job 
is TRAIN II, the national freight 
car database that RAILINC main-
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tains for the railroad industry. 
Based on information supplied by 
rail carriers, TRAIN II contains 
movement and waybill information 
on every railcar in the country 
(over three million characters of 
information!). RAILINC supplies 
these data to rail carriers for car 
location, car accounting, car main­
tenance and other purposes. RAIL­
INC also maintains UMLER, a 
computerized version of the Rail­
way Equipment Register. Most 
importantly, RAILINC maintains 
a telecommunications network for 
the railroad industry used for elec­
tronic data interchange (EDI), the 
paperless exchange of information 
among railroads and other com­
panies. 

In the mid 1960's, the railroad 
industry decided to construct a 
telecommunications network that 
would allow railroads to transmit 
information electronically among 
each other. Essentially, they had 
two options - a private line net­
work where a carrier would main­
tain a separate line to each other 
carrier or a centralized message 
switching network where each car­
rier would have one line to a cen­
tral site and electronically switch 
data to all other carriers through 
this central site. The industry 
chose this type of central message 
switching network which is now 
the network operated by RAILINC. 

With this network, every major 
rail carrier in North America has 
a leased communications line con­
nected to RAILINC's computer in 
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Washington, D.C. These lines are 
open 24 hours a day, seven days a 
week to send or receive data to or 
from carriers. A carrier sends a 
piece of information down its com­
munication line to RAILINC. 
RAILINC automatically transfers 
this information from the sending 

· carrier's line to the receiving 
carrier's line. It does not process 
or look at the data but merely 
"switches" it to its destination. The 
types of information switched over 
RAILINC's network include data 
such as waybills, advance consist 
information, billing information, 
automobile inspection reports, em­
bargo notices, and other types of 
administrative data. 

This type of electronic exchange 
of information, called "message 
switching", has grown termendous­
ly in the railroad industry over 
the past five years. In 1980 ap­
proximately 4,500 messages a day 
were transmitted among rail car­
riers using RAILINC's network. In 
1985, that number grew to 112,000 
messages a day and over 3 billion 
characters a month. Clearly, EDI 
is being used increasingly by rail­
roads and will soon b~ the domi· 
nant method of communicating in­
formation among carriers. 

Besides me.ssage switching 
among railroads, the railroad in­
dustry also encourages EDI with 
non·railroads. · A variety of ship­
pers such as General Motors, Ford, 
and Cargill use the network to 
electronically receive car location 
messages (CLM's) fro~ carriers. 
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In addition, service bureaus such 
as SCM Kleinschmidt and McDon­
nell·Douglas have communicatio!l 
lines to RAILINC that allow them 
to pick up data from rail carriers 
and pass it to other companies. 
Other companies such as car 
lessors, rate bureaus, and private 
car companies also maintain lines 
to RAILINC's network. 

The most prevalent type of in­
formation switched on RAILINC's 
network between railroad and non­
railroads is CLM's. However, ship· 
pers also use RAILINC to trans­
mit fleet updates, freight bills, 
waybills, and bills of lading with 
carriers. In fact, any type of mes­
sage can be transmitted electronic­
ally between a rail carrier and a 
no~·railroad, the most recent being 
purchase orders and invoices be­
tween railroad~ and rail suppliers. 

RAILINC's network is now used 
by railroad suppliers to electronic­
ally transmit purchase orders and 
invoices to rail suppliers. Rail­
roads use their leased lines with 
RAILIN C to send purchase orders 
electronically. RAILINC puts these 
data in a supplier's electronic mail­
box and stores it until the supplier 
dials in to retrieve it. Conversely, 
a supplier can electronically send 
an invoice to RAILINC for a cer­
tain carrier and RAILINC will 
automatically "switch" that invoice 
to the appropriate carrier. 

RAILINC offers various types of 
EDI services to facilitate the 'Q.Se 
of EDI between suppliers and rail 
carriers. The most basic EDI serv-
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MOSEBACH MANUFACTURING COMPANY 
1115 ARLINGTON AVENUE 

PITTSBURGH, PA 15203 

(412) 488-5043 
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ice RAILINC provides is electronic 
mailbox facilities. When railroads 
send electronic purchase orders, 
they are formatted by the carrier 
according to standards set by the 
American National Standards In­
stitute (ANSI). RAILINC puts 
these data in this ANSI format in 
the supplier's mailbox. The sup­
plier can dial in anytime to re­
ceive these data. 

Another RAILINC EDI service 
for suppliers is message reformat­
ting. A major difficulty in EDI 
is data format differences between 
railroads and suppliers. Some 
suppliers are unable to accept 
electronic information in ANSI for­
mat. RAILINC's message refor­
matting service will accept an EDI 
message in ANSI format from a 
carrier and translate it into another 
format that the supplier can ac­
cept. This eliminates the need for 
a supplier to change its internal 
computer systems in order to par­
ticipate in EDI with railroads. 

RAILINC can also purchase IBM 
PC hardware and communications 
equipment for suppliers that are 
just beginning to use EDI and are 
unfamiliar with computer equip­
ment. Various types of software 
that format purchase order/invoice 
data are also available. 

RAILINC offers special EDI 
programming for suppliers that 
have unique EDI computer require­
ments such as special formatting, 
different record lengths, special 
translations, etc. RAILINC's data 
processing expertise and railroad 
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orientation make it particularly 
qualified to assist suppliers in EDI. 

RAILINC's network is one of the 
largest privately operated networks 
in the country. Since railroads use 
this network 24 hours a day, seven 
days a week to transmit critical 
transportation data, the network 
boasts several important features, 
including: 

Security: All dial-in users to 
RAILINC's network use a pass­
word protected log-on procedure 
to guard against unauthorized 
access to data. This password 
must be changed annually or a 
user cannot receive information. 

Reliability: RAILINC is proud 
to have a 98% availability rate 
on its network. Maintaining this 
high level of reliability is criti­
cal to the railroad industry as 
carriers continue to use EDI in 
their daily operations. 

Integrity: Data can be retrans­
mitted upon request if notified 
within 24 hours. 

Connectivity: RAILINC's net­
work can link to various types 
of EDI software as well as other 
value added EDI networks. 

RAILINC also maintains a net-
work control center with its net­
work which is open 24 hours a 
day, seven days a week. The cen­
ter is equipped with the latest 
technology to assist users with 
communication's problems and 
answer questions. 

The biggest feature of RAIL­
INC's network is that it is the 
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NEW YORK 
AIR BRAKE 

A UNI T OF GE N E RAL S I G NAL 

Our specialty 
is giving railroad 
people a brake. 
Today, NYAB is giving American railroad 
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brake equipment systems and controls 
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quality service and experti sc 
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of the " Iron Horse". 

For the who I e story , write 
New York Air Brake Company , 
A Uni t of General Signal, 
l 'latertown, NY 13601 . 
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centralized source of electronic in­
formation for the railroad industry. 
Instead of dialing-in to each indi­
vidual carrier to receive electronic 
information, a supplier places a 
single phone call to RAILINC to 
get purchase orders and invoices 
from all major carriers. This elimi­
nates the need to maintain separate 
lines to every carrier, each with its 
own log-on procedure, protocols, 
start-up requirements, etc. 

EDI is the business practice of 
the future and the railroad indus­
try is leading the way. As the 
operator of the network that sup­
plies electronic information from 
rail carriers, RAILINC is in the 
forefront of this exciting new way 
of conducting business. It works 
to encourage EDI between rail 
carriers and other firms as well as 
assists the railroad community in 
implementing EDI with rail car­
riers. 

EDI benefits the railroad in­
dustry as well as shippers, sup­
pliers and other railroad related 
companies. It reduces l?aperwork, 
clerical effort, data entry, post­
age, and expensive communications 
equipment such as TWX and 
TELEX machines. More important­
ly, it eliminates the expensive and 
often time consuming errors that 
are associated with the manual 
handling and keypunching of infor­
mation. The result is increased 
productivity, accuracy, timeliness, 
and cost savings that have been 
estimated to equal millions of dol­
lars a year for certain companies. 
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IV. 

QUALITY EVALUATION 
OF MATERIAL 

In order for today's railroad's to 
compete successfully in the market 
place, they must continually im­
prove the overall quality of their 
operations, which in turn will im­
prove their service to customers. 
This requires an organized ap­
proach to quality improvement, and 
therein lies the problem. Quality 
is one of those elusive attributes 
that is easy to evaluate but diffi­
cult to define and achieve. The 
reason is simple. A quality evalu­
ation consists of a range of indi­
vidual perceptions formed by 
knowledge, experience and even 
culture. Quality isn't one thing ... 
it's everything. 

A quality evaluation sometimes 
involves a comparison. If two 
products are visually the same but 
are from different suppliers, they 
are usually perceived as being "the 
same" to the user. Many manu­
facturers differentiate their prod­
ucts from those of competitors by 
advertising and distinctive pack­
aging. Most railroad suppliers do 
not use brighly colored packaging, 
but there are real and significant 
differences between similar prod­
ucts from different suppliers. 

There are two things to remem­
ber when evaluating ·two products: 

1) Two things that look identical 
often are not. 

2) You usually get what you 
pay for ... 
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Specialized Chemicals and Service for Railroads 
... serving the Railroads through Practical Applied Science 

Nalco Complete 
Water Treating 

Service and Chemicals 

:.~-~.-~.·.:~::~:{.· To control scale, corrosion and foaming in 
train heating boilers, stationary boilers and 

:::.:.: :. auxiliary condensate systems. NALPAC 
: ·.:·: 
·: ·: · multifunctional liquid boiler water treatments :p( provide sup!rior results with simplicity and 
. . . . . . control. These single drum treatments replace 
·.~:~.:.: ~ ~ 3 or 4 - eliminating mixing, dissolving and 
·.:: :·: : measuring errors. 

----------:~f~=.-------------­
: :'::·:·: · Formulations and "know-how" to help you 

Nalco Waste Water 
Disposal Treatments 

...... 
: ·:. ·:. improve waste treatment plant efficiency ... :::::: . 
.'~:":(: sharply reduce sludge generation . . . 
.. · .. ·. · increase capacity ... meet stream pollution 
:':·:·:··:·:. requirements. Consulting and analytical .. ; . :. 
:.~.:..:...: .. : services help solve immediate and long-term 

problems. _________ ____.·:.·.·.: _____________ _ 
Nalco Diesel Fuel Oil 

Treatments 

·~·:.':.:<·. Improve engine parformance and minimize .· .. •. 
;}::). maintenance costs. Nalco' s exclusive 

~ .. : .. ~ .. ~.~-~ formulations protect against fuel gelling, 
control microbial and sludge formation for . ...... 

. =. ::.::: improved C011Jbustion. ----------;:_:::.=::: _____________ _ 
N alco Diesel Cooling · ·: : : Wide selection of formulations to keep diesel 

::·.·.·. 
Water Treatments :'·.'·.'· ·: cooling systems scale and corrosion free . ..... 

N 
NALCD 

NALCO CHEMICAL COMPANY 
2901 BUTTERFIELD ROAD 0 OAK BROOK. ILLINOIS 60521 
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In a critical application, one wro~g 
decision can offset gains realized 
by many correct decisions. 

Product quality is defined by a 
quality assurance organization as 
"meeting the specs". This defini­
tion of product quality is a narrow 
view since there are other types of 
quality determinations than those 
measured by specifications. The 
human eye can detect a light 
source 3-4 microns in diameter. A 
human eye can reslove an arc of 
1/60 of a degree or 100 microns 
at 10 inches. A human finger can 
detect a vibration of .02 microns 
amplitude at some frequencies. 
Modern measuring instruments can 
amplify these detection levels hun­
dreds of times in a production pro­
cess. Product quality is more than 
numbers. The question remains, 
"How much quality is enough?" 
The goal for you and your business 
should be to obtain enough product 
quality and performance to keep 
the railroad running smoothly and 
at minimum life cycle cost levels. 

Let us present two examples. The 
first example provides· a means to 
determine how much quality to 
purchase. The second example pro­
poses a method of evaluating simi­
lar products from two different 
vendors. (See Fig. 1.) 

A curve similar to the one in 
Fig. 1 exists for every item. The 
curve is a product life cycle cost 
curve and it graphically depicts 
several important points: 

1) Every product has a finite 
life. 
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2) Long before its finite life is 
used up and given a reason­
able sample size, some quan­
tity of the item will fail, 
thereby incurring a replace­
ment cost. 

3) Point of initial failure will be 
determined by the materials 
and processes used to manu­
facture the item and also how 
hard/long the item is used. 

4) At some point in time, the 
failure rate begins to occur 
at an accelerated pace, which 
greatly increases the life 
cycle cost required to keep 
the part in service. 

5) Finally, and perhaps most 
importantly, many parts 
through interaction negative­
ly affect other parts of the 
system, decreasing their life. 

The goal here is to repair or 
replace the item at the "knee" of 
the curve, at Point A for critical 
applications with possible secon­
dary and/or severe failure modes 
and before B for minimum life 
cycle cost. (See Fig. 2.) 

If you have two vendors for this 
part, in all probability the products 
from these vendors fall on two 
separate performance curves. A 
comparison for the same generic 
product from two different ven­
dors, shown in Fig. 2, allows us to 
make some interesting comparisons 
regarding product performance and 
cost. 

The question we will try to 
answer is: "Does the product sold 
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PRODUCT LIFE CYCLE COST VS. TIME 
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at a higher price by Vendor I re­
sult in significantly longer life and 
therefore lower overall life cycle 
cost?" This is the key to a quality 
evaluation. We will make a few 
assumptions regarding first cost 
and product life. If you have actual 
data you will greatly improve the 
decision making process in your 
situation. (See Fig. 8.) 

For this example which assumed 
a 20% fist cost advantage by Ven­
dor II and a 54% life advantage 
to Vendor I, Vendor I has an over­
all 19% life cycle cost advantage. 
Note that this example does not 
include labor and overhead to re­
pair, secondary failure modes, cost 

· of out of service time, cost of 
money or the ultimate cost, the 
cost of reduction in service. Cost 
of reduction in service is a perma­
nent cost which leads to loss of 
market share and failure of the 
enterprise itself. 

The type of analysis presented 
in Fig. 4 can result in some in­
teresting "what ifs ?". For ex­
ample: HOW LOW MUST THE 
INITIAL PURCHASE COST BE 
OF THE VENDOR II PART TO 
BE COMPETITIVE WITH VEN­
DOR I? (See Fig. 4.) 

This example demonstrates that 
on a life cycle cost basis, a higher 
first cost translates into tangible 
life cycle cost savings for the rail­
road. If the intangible and not di­
rectly assignable costs of replace­
ment are included, the advantages 
to the premium product are even 
greater. 
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For Vendor II to compete with 
Vendor I, he has to reduce his 
price by another 19% (a total of 
35%) or increase his product life 
by 85% to compete on a life cycle 
cost basis. It is doubtful that Ven­
dor II has the pricing or design 
flexibility to recover the advantage 
while remaining the low cost ven­
dor. It appears that the two items 
from the two different vendors 
really are different. Actually, so 
are the vendors. 

The original equipment supplier 
and his reputation are critical to 
understanding and evaluating this 
trade-off. A major supplier has a 
commitment to his total product 
and its overall performance. He has 
several inherent advantages, all of 
which accrue to his customers in 
terms of improved quality of the 
item itself and in the system on 
which it is used: 

• He builds the entire device on 
which the part ·is applied. He 
specifies the materials and meth­
ods that will match the system. 
He knows what will work and 
what won't. 

• Mo~t original equipment sup­
pliers send the supply parts 
down the same production line 
they use for their apparatus. 
Materials, tolerances, inspection 
and quality levels are indentical. 
• The purchaser obtains the ad­
vantage of all technological in­
put to the entire product. 

• The original equipment sup­
plier maintains design control 
and materials and processing re-
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UFE CYCLE COST COMPARISON 

THE UFE CYCLE COST COMPARISON IS EASILY DEVBDPED USING 
A FEW ASSUMPTIONS: 

RRST COST UFE . 

VENDOR I 
VENDORU 

ADVANTAGE 
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80 
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-COST OF REDUCTION IN &VICE 
-SECONDARY AND SEVERE FAIWRE 

MODES 
-LABOR AND OVERHEAD tO REPAIR 
-COST OF MONEY 

Fig. 3 

UFE CYCLE COST 
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WHAT IF ••• ? 
THIS TYPE OF ANALYSIS CAN RESULT IN SOME IN I &ESTING 'WHAT IFS?" 
FOR EXAMPLE: HOW IDW MUST THE RRST COSTS BE OF THE VENDOR 0 PART 
TO BE COMPETITIVE WITH VENDOR I? 

VENDOR I 
VENDORU 

ANSWER 
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RRST COST UFE 

$100 4.0 YEARS l'fl 2.6 YEARS 

~ 2.6YEARS 
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WHAT UFE MUST THE VENDOR II PART HAVE TO BE 
COMPETITIVE WITH VENDOR I? 

VENDOR I 
VENDOR II 

ANSWER 

RRST COST UFE 

$100 4.0 YEARS ao lut:l 
$80 1.2 YEARS 

Fig. 4 

UFE CYCLE COST 
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sponsibility for any parts he 
resources and assures quality 
using his in-place inspection and 
quality assurance systems. 

• The original equipment sup­
plier has a multifunctional, mul­
tidisciplined staff who can solve 
a wide variety of problems. 

A non-OEM also enters the mar­
ket with several advantages which 
he uses to assure his continued 
participation: 

• His size can sometimes permit 
him to react somewhat quicker 
to changes in the market place. 

• He is usually willing to work 
closely with customers to adapt 
his design to their particular 
maintenance or assembly habits. 

• He is usually well ·versed in 
personal selling; he knows his 
customers and is committed to a 
high .level of personal service. 

While the advantages just men-
tioned are not directly attributable 
to product quality, they contribute 
to the reputation of a non-OEM 
as a quality supplier to the rail­
road. 

When an equipment supplier has 
facilities, including robotics, for a 
high volume combination of appa­
ratus and spare parts, he is capable 
of shipping consistently higher 
quality levels. (See Fig. 5.) 

The curve in Fig. 5 shows a com-

parison of human operator vs. 
robot output for a part. A cor­
rectly programmed robotics opera­
tion makes a greater percentage 
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of parts with ideal dimensions. 
This repeatability permits tighter 
tolerances. A robotics operation 
achieves this repeatability by elimi­
nating the variables introduced by 
the human element. The result -
quality. 

Most major manufacturers enjoy 
the production volume which jm;ti­
fies the use of robotics in a va­
riety of applications. Capabilities 
of major suppliers in this regard 
should be considered in any make 
vs. buy decision, especially if large 
capital expenditures are involved. 
(See Fig. 6.) 

A reliable, long life product with 
low life cycle cost is the goal of 
the complex process which is de­
signed to maintain and improve 
quality. Fig. 6 shows the organi­
zations and the interaction re­
quired to ship quality consistently. 
The key features of this process 
are: 

1) It is multifunctional 
2) It uses a team approach - in­

cluding the customer 
3) It makes extensive use of 

feedback. 
In our comments on the subject 

of product quality, we have seen 
the large role of the supplier and 
the railroad. In fact, a Notch 8 
supplier and railroad, in partner­
ship, are essential requirements in 
order to bring: 

E- MC2 
"Excellence in Maintenance Culture 

Committed to Bottom Line" 
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v. 
SOURCING DECISIONS 

Past presentations have focused 
on such issues as the need for 
accurate inventories, improved 
methods of identifying and locating 
material using bar-coding technol­
ogy and improved material hand­
ling equipment, applying discount­
ed rate of return techniques to 
locomotive maintenance, the costs 
associated with the holding of in­
ventories, and the application of 
advanced computer techniques to 
inventory management. Our inten­
tion this year is to review how 
these various topics can be inte­
grated into one analysis on sourc­
ing decision - making. In other 
words, once you identify a require­
ment, your next cha11enge is that 
of procuring the stock. 

The first cha11enge, identifying 
the requirement, may seem obvious 
but in many cases your possible 
choices are determined based on 
this initial decision. Care must be 
exercised when evaluating the in­
tended use. Do you want to main­
tain the original specification re­
quirements as defined by either 
your Mechanical department or the 
original equipment manufacturer 
or upgrade to current technology ? 
This is a question which must be 
answered in advance. The replace­
ment of an item with a compar­
ably engineered component will 
provide expected performance but 
it may also provide performance 
which is not needed. For example, 
servicing which is performed annu-
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ally may not necessarily require 
material which is designed for 
longer life and it may be more 
economical to replace most com­
ponents during the annual servic­
ing period than to recall the unit 
for a mid-year replacement. It is 
also reasonable to assume that you 
will pay a premium for this extra 
serviceability. 

Another alternative is to up­
grade units to the current tech­
nology by using improved design 
components. Better reliability and 
serviceability are often achieved by 
upgrading, but additional training 
of your personnel may be required 
in the proper installation and main­
tenance of this new equipment. 
During recent years, a great deal 
of emphasis has been placed on 
fuel economy. Consideration should 
be given to the initial expense re­
quired to upgrade your units as 
opposed to anticipated fuel savings. 
As reviewed in last year's paper, 
a variety of discounted rate of re­
turn techniques can be used to help 
you decide. 

Once the intended use is defined, 
a decision must next be made re­
garding sources of supply. These 
are either "in house" (from re­
manufactured components or from 
existing inventories) or from out­
side suppliers. The remanufacture 
(or requalification) of components 
was discussed in detail in last 
year's paper, "Reconditioning Ma­
terial In-House vs. Vendor", and is 
obviously an approach that more 
railroads are considering. There 
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OCONTZ RAILROAD -
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For over 25 years, 
Ogontz has been 
a leading supplier 

of railroad controls: 
• Thermal Drain Valves 
for positive freeze 
protection. 

• Water Temperature 
Regulators. 

• On-Board Permanent 
and Portable Cab Signal 
Testing Units. 

• Cab Heaters/ Defrosters 

• Liquid-Filled & Mercury 
Tube Thermostats. 

• Diode Cabinet Air 
Relays for overheat 
protection. 

• Cooling System Fan 
Control Switches. 

• Air Compressor Gover­
nor Control Switches. 

• Low Water Alarm 
Switches for pres­
sure/flow protection. 

• Electronic Fuel Level 
Indicators. 

• For details, contact 
Rod Olsen, Ogontz 
Controls Company, 
141 Terwood Road, 
Willow Grove, PA 19090. 

can toll free: 
1-800-523-2478 
In Pennsylvania: C215) 657-4770 
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are two basic advantages associated 
with in-house component remanu­
facture. Firstly, the railroad can 
carefully monitor the manufactur­
ing process so that material can 
be made available more quickly as 
it is needed. Because work is 
routed through its own shop, the 
railroad is aware of its status at 
all times permitting more direct 
input when establishing priorities. 
A second advantage of in-house re­
manufacture is cost. Reduced unit 
costs are possible through the use 
of less expensive labor in some 
cases. In-house sourcing may also 
result in reduced lead times which 
equates to less inventory and may 
also act as a vehicle to help assist 
in supplier negotiations. 

Each of the in-house remanu­
facture advantages has a corres­
ponding disadvantage which must 
be considered. 

Although basic labor costs may 
be lower, the. possibility of signifi­
cantly increased capital investment 
for new machinery, tooling, and 
maintenance as ·well as available 
facilities space which might re­
place other productive functions is 
possible. Administrative expenses 
for supervision and supporting sys­
tems will also be increased. Once 
these costs are included you must 
also consider t~e employee liabil­
ity assumed by the added work 
volume as well as the loss of the 
vendor's warranty and possible in­
efficiencies resulting from labor 
turnover in your shop. The possible 
longterm risk also is that the orig-
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inal equipment manufacturer's re­
search and development may be 
jeopardized, thus limiting the intro­
duction of innovations and creat­
ing a need for expanded engineer­
ing resources in your own organi­
zation. 

A second in-house source of ma­
terial results from the efficient 
utilization of existing stock. This 
was also discussed in our 1985 
paper, "Identification and Dispo­
sition of Surplus Material." There 
often exists a requirement at one 
location with material at another. 
Whether to issue a new purchase 
order or elect to pay the freight 
to have it transported to where 
it is required is a decision that 
must be made after considering the 
·value of the material and the 
urgency of need. 

Substitute material is often a 
source which is overlooked when 
requisitioning stock. The substitute 
may be either one-for-one or the 
use of higher level assemblies. A 
component of lower tolerance may 
b2 interchanged with one of higher 
tolerance providing that all the re­
quirements of serviceability, relia­
bility, and safety are met. An 
example of such a swap could be 
the use of available power assem­
blies to replace a failed component 
.such as a head or cylinder liner. 

Once in-house sourcing has been 
exhausted; ·~ourcing from outsid~ 

suppliers must then be considered. 
Your choices are to source from the 
OEM or the non-OEM. Non-OEM 
suppliers may not always offer the 
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-------OR-------

SODIUM 
The choice is yours with Conoco 

Traction Motor Gear Grease. 

C 
onoco 's Research & Development teams have worked 
long and hard to develop ideal lubricants for Traction 
Motor Gears. 

Conoco COGREASE®L lithium grease gives you all the 
advantages of lithium formulation. It is naturally highly water 
resistant plus it contains rust and oxidation inhibitors together 
with extreme pressure additives to give maximum gear protec­
tion under the most severe operating conditions. 

Conoco COGREASE®S sodium grease provides you with 
the consistent performance characteristics associated with sodium 
soap base TMG lubricants. Its higher viscosity base oil provides 
the needed gear protection under severe conditions. 

Both, Conoco COGREASE®L and Conoco COGREASE®S 
offer the following features: Tough, tacky, adhesive film; mini­
mum case leakage, maximum gear wear protection, packaged for 
easy application. 

For more information on our complete line of products for 
cars, trucks and trains, call or write: Mike Allen, Orlan McClung, 
Lori Tipton, or Ed Ellis at Conoco Trans-

portation Sales Division, P.o. Box 2197, ~COnOCO~ 
Houston, Texas 77252, 713/293-3024. 

Conoco COGREASE®L and S give 
you freedom of choice. HoHest Brand Going® 
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full range of both new parts and 
remanufacturing services which are 
offered· by the original equipment 
manufacturer. 

Several factors come into play 
when selecting suppliers: 

Cost. Unit costs are fairly well 
defined by the outside supplier. It 
is the price quoted in his catalog 
or by his sales representative and 
it is the price normally charged on 
his invoices. Prompt payment in­
centives or quantity discounts may 
further reduce the unit costs from 
the list price. Unit costs for in­
house manufactured components 
may not be as clearly defined. 
Labor measurement techniques, as­
signment of direct labor charges, 
raw material costs, coupled with 
the application of operating ex­
penses often make in-house costing 
difficult. "How much does it 
cost?" is not always as simple a 
question as it sounds. 

Freight. It is often overlooked. 
Freight paid by the railroad may 
obliterate unit cost savings based 
on the cost of the material alone. 
Perhaps your Purchasing depart­
ment places several different 
orders each day with the same 
supplier when fewer but larger 
orders would be more economical 
by taking advantage of lower 
freight rates and internal consoli­
dation of clerical effort. Less than 
full load shipments cost money. In 
some cases business has been trans­
ferred from one competitor to 
another based on relatively small 
unit cost differentials. Later re-
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views have proven that the in­
creased freight charges were more 
than enough to negate the original 
cost differential. 

Supplier prepay is yet another 
option. However, you may dis­
cover that the supplier is less 
anxious to make less than full load 
shipments or provide special air 
s£rvice if he is paying the bill. 
Chances are good that he has 
already given traffic expense some 
c~msideration when developing his 
pricing structure. 

Railroad pick-up is the final al­
ternative. The customer picking up 
the material is not charged by the 
supplier, nor is he paying the hid­
den cost buried in supplier pre­
payment. However, there is a cost. 
The wages paid to the employee, 
the cost of equipment along with 
its maintenance, depreciation, and 
fuel charges which should be pro­
rated back over the costs of each 
individual item being delivered if 
possible. 

Inventory carrying cost. By be­
ing able to maintain stock which 
can be readily interchanged you 
will not be forced to carry exces­
sive safety stocks. Suppliers pro­
viding dependable material deliver­
ed to schedule will minimize 
carrying costs. Tllese costs are 
seldom reflected back in the unit 
cost but must be taken into ac­
count. 

Consigned inventory. In this case 
the supplier maintains an inventory 
conveniently located on (or near) 



Locomotive Maintenance Officers Association - 1986 183 

Save on filter 
maintenance costs 

with AMER-kleen replaceable filters 
AMER-kleen nonflammable filters are ideal for engine 
intakes. They cost less to use and throw away than 
washin9 and reoiling metal filters . With AMER-kleen 
filters, you don't need filter cleaning eq uipment at all. 

Air cleaning eff iciency is greater than that delivered 
by any panel-type filters available for locomotive 
service. AMER-kleen filters are progressively ·packed 
for greater dust-holding capacity. 

And because AAF glass-fiber filaments are spun 
continuously , and bonded with a heavy-duty adhesive, 
fiber particles cannot be dislodged despite air volume 
and dirt buildup. For additonal information on the most 
practical filter for engine intakes, write Manager, Rail­
road Products, American Air Fi lter Company, Inc., P. 
0 . Box 1100, Louisville, Kentucky 40201. 

m ~~:~~a.~ ~i~!~~~~: 
Designed specifically for locomotive service. 

Unique spinning process guaran­
tees continuous filament fibers 
throughout the pad. • 

Fast, easy installation. Throw away 
, old filler, tuck new one in, close 

grid ... in seconds. 
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the customer's premises. The rail­
road pays for the material only 
when it is placed into service. 
Inventory carrying costs are there­
fore minimized or are non-existent. 
Additional costs may be encounter­
ed due to special handling to main­
tain segregated stock as well as 
periodic inventery reconciliations. 

Part number proliferation. This 
provides for better opportunity for 
substitution but often at the ex­
pense of holding more inventory. 
Supporting systems need to be de­
veloped . to report the availability 
of material having multiple appli­
cations, otherwise inventories will 
expand. Information systems are 
also required to insure the efficient 
reallocation ·of inventory through­
out the organization to wherever 
it is needed, Ideally, a good infor­
mation system should provide you 
with available substitutes as soon 
as an order is placed for an item 
which is temporarily out of stock. 

Ease of ordering. This is often 
referred to as the "transaction 
cost." You may find it advan­
tageous to place fewer, but larger, 
orders with certain suppliers if 
you do not have to issue and re­
view purchase orders as frequent­
ly, insert the orders in envelopes, 
pay postage, and process supplier 
invoices. 

Long-term contracts are one 
method of reducing transaction 
costs. Issuing one order covering 
deliveries throughout the entire 
year helps minimize administrative 
costs w bile also providing the pos-
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sibility of price concessions based 
on the volume being purchased and 
the elimination of much of th~ 

market uncertainty for the sup­
plier. Most major suppliers now 
offer this type of program, par­
ticularly for routinely consumed 
high volume material. Both the 
supplier and the railroad benefit 
by the reduced necessity for main­
taining large safety stocks to cush­
ion the uncertainties of the market­
place. 

Product Reliability. Both cost and 
reliability must be considered to­
gether. Poor reliability yields 
higher operating cost. Maximum 
and minimum performance criteria 
must be adhered to otherwise units 
will be returning to the shop for 
rework more frequently. 

Good records of component fail­
ures must be retained so quality 
concerns can be addressed with the 
supplier, as well as to locate alter­
native sources if problems persist. 

Reliability can also apply to the 
timely receipt of material. The 
supplier needs to demonstrate a 
consistent record of timely delivery. 
Longer lead times cost money and 
your lead times used for scheduling 
must be re-evaluated often. This 
is particularly true if lead times 
are based on the most recent ex­
perience with that specific sup­
plier. A railroad issuing a planned 
order today for receipt of material 
in two months based on the most 
current performance will have .. to 
consider two months worth of 
uncertainty and plan for some 
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More effective freight transportation 
is essential to greater productivity 
in the economy. Movement by rail 

offers the greatest opportunity 
for enhancing productivity. The 
technology in General Electric 

New Series Locomotives, 
built at the Factory With A Future~ 
represents a significant contribution 

towards improving the productivity of 
rail transportation. 

We bring good things to life. 

GENERAL~ ELECTRIC 
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additional safety stock. It is pos­
sible that the supplier could ship 
sooner but prior mam:facturing, 
labor, or traffic problems had 
caused a temporary delay which 
has since been rectified. Unless 
the supplier knows that he can 
ship sooner and demonstrate im­
proved performance then the lead 
time record will never be updated. 

Technical Support. This is a cost 
which is often hidden by the sup­
plier in the cost of his products. 
Such support may be in the form 
of service engineers, engineering 
research and development, the elec­
tronic interchange of information, 
or the availability of maintenance 
instructions or technical manuals. 
The accurate assessment of costs 
for these functions is difficult to 
define much less to assign with ar.y 
certainty to specific products. 

Only consider what your costs 
would be if these functions were 
not made available from outside 
your company. 

Returned Goods Policy. These 
are costs which are real but diffi­
cult to measure. The effectiveness 
of the supplier's warranty policy, 
how quickly he replaces failed com­
ponents, or how he compensates 
his customers for damage resulting 
from component failures are costs 
which vary with each supplier. Ef­
fective warranty service results in 
reduced downtime and decreas~::; 

the need to maintain back-up in­
ventory. 
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Some suppliers will also permit 
the railroad to return surplus ma­
terial providing that it is resale­
able. In some cases the return is 
based solely on the discretion of 
the vendor and in other cases it 
may be calculated as a percentage 
of the business done with that 
supplier. The precise terms and 
conditions of such credits vary 
widely. 

In summary, total value analysis 
is the most effective method to 
use to make your sourcing de­
cisions. There is a distinction be­
tween cost and value. Additional 
material, labor, or overhead in­
creases cost - but not necessarily 
value. If added cost does not im­
prove the ability to perform the 
required functions, then value is 
reduced. Tangible costs are typic­
ally the unit cost, transportation 
expense, and the cost of carrying 
inventory. The intangibles such 
as interchangeability, transaction 
costs, reliability, technical support, 
and the supplier's return policy are 
benefits which are difficult to 
value but are still real. Sometimes 
you may find that the lowest cost 
is not the best value. 

In order to reach the optimal 
decision, you must consider assign­
ing values to the intangibles. Some 
are more e as i I y defined than 
others. An accurte measurement 
of the total value will make your 
sourcing decisions much easier. 
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ELIMINATE 
HIGH 

MAINTENANCE 
COST 

In less than 10 years the 
"regenerative" air dryer has 
surfaced as one of the most 
beneficial and dependable options 
available to the railroad mdustry. 

The new 975-100 Series a1r dryer 
eliminates cold weather operatiOnal 
difficulties expenenced w1th 
conventional filtration systems 
and prevents habitual corrosion of 
parts . saving down time, 
cleanmg lime and replacement cosL 
Th1s ideal cond1t1on provides the 
opportumty to consider an 
extended maintenance schedule of 
related brake equipment wh1ch 
will prove to be econom1cally 
beneficial. 

For l~nher lnlorll!.lllln JJ1d 
sptedle~lloru c~II70J.387·5620 

GRAHAM- WHITE 
MANUf'ACTUAIHO 

SALES DIVISION 
,., o•cCM.ot~~aoo"atu ,.. N& , .. , 

........ Y'llOwt• ,. u .. , ••• 
Over 70 Years of Dedicated Service to the Railroad Industry. 
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DIESEL MATERIAL CONTROL 
COMMITTEE 

Five-Year Index 

1985 

Controlling the Material 
Investment - A Requirement 

For Deregulation 
1. Evaluating Locomotive Mainte­

nance 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 Equip­
ment in Railroad Use 

1984 

Material Control In A Changing 
Environment 

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) 

1988 

Material Systems - Action 
Through New Ideas 

1. Improved Locomotive Produc­
-tivity Through Computerized 
Data 
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2. Inbound Material Inspection 
3. Minimize Maintenance Cost 

Through Material Management 
Systems 

4. New Ideas In Material Storage 
Containers 

1982 

Maintaining Product Quality 
Through Improved 
Material Handling 

1. Use of kits in locomotive main­
tenance 

2. Cost effective methods of ship­
ping material from vendors 

3. Union Pacific's Component In­
ventory Maintenance System 
(CIMS) 

4. Advantages of using shipping 
containers 

1981 

Diesel Material Control: 
Innovations In Material Handling 

and Control 
1. Disposal of Unserviceable Com­

ponent Parts: What is the 
Most Profitable Method? 

2. Innovations in Stores Material 
Handling, Via Computer Tech­
nology 

3. Locomotives Held for Material: 
An Update for the SO's 

4. The Best Approach to Procur­
ing Material; New, UTEX, Re­
pair and Return or Shop Repair 
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Exxon lubes. 
A proven 

track record 
for engine 
proteclion. 

You'll be on the right track for 
long-lasting engine protection 
when you choose one of Exxon's 
high-quality diesel lubes. All six 
grades nre formulated to protect 
engines agninst corrosive acid 
formation. Two grades ha\'e a 
10 TBN. Four offer 13 TBN. They 
all control deposits, keep intal-.e 
ports clean and minimize wear 
in rings and cylinders. 

In addition, two of our lubes 
contain our proprietary friction­
reducing technotosy which has 
demonstrated sigmficant fuel 
savings over conventional rail­
road oils. 

Exxon railroad oils are for­
mulated from naphthenic base 
stocks, a long-preferred rnilrond 
standard. And they meet all 
requirements for General Electric 
and EMD engines. 

For more information, write 
Exxon Company, U.S.A., P.O. 
Box 2180, Room 2355, llouston, 
Texas 77252-2180. 
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SOUTHERN AND SOUTHWESTERN 
RAILWAY ASSN., INC. 

Continuous Operation Since Organization in 1890 

A mutual intercourse for the acquirement of knowledge, by 
reports and discussions, for the improvement of Railway Opera­
tions, Construction, Maintenance and Equipment, and to bring 
into closer relationship men employed in Railway work and 
kindred interests. 

Many major developments in the Railway Industry have been 
by participating Railroads in this Club. 

"Why not write our Secretary today and request a membership 
application?" 

H. C. HOLDERFIELD 
PRESIDENT 

Mechanical Systems Engineer 
CSX Transportation 

Jacksonville, FL 32202 

J. S. MASTRANGELO 
SECRETARY 

717 Pinecliffe Drive 
Chesapeake, VA 23320 
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PERSONAL HISTORY 
MERRILL S. ANDERSON 

Born in Duluth, Minnesota. He 
attended Duluth public schools and 
graduated from high school in 
1973, and then a degree in mechani­
cal Engineering completed in 1977 
from the University of Minnesota 
in Minneapolis. 

For one year, he worked as a de­
sign engineer in a midwest manu­
facturing firm before joining the 
Duluth, Missabe and Iron Range 
Railway Company as a Locomotive 
Foreman in August of 1978. Later 
that year, he was appointed Shop 
Engineer, and in 1983 was pro­
moted to Manager- Mechanical 
Services which is his present posi­
tion. 

He and his wife, Kim, have one 
son and are living in Duluth. 

LOW COST THROUGH 
QUALITY TOOLS 
AND EQUIPMENT 

Introduction 
Overall shop capital expenditures 

by United States railroads have 
risen sharply over the past several 
years. These increases are partly 
due to catching up on projects de­
ferred earlier. However, much of 
the increase can also be explained 
by an effort in the industry to 
more closely control quality and 
reduce costs through improved fa­
cilities, equipment, and tools. 

Some fine examples of the latest 
railroad plant and machinery will 
be featured in this paper, which 
includes an update on robotics tech­
nology and new applications, a re-
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view of CNC machinery, a new GE 
Power Assembly area, and a fully 
automated brush type locomotive 
wash system. 

I. 
ROBOTICS UPDATE 1986 

NOW WHAT? 
During the past few years since 

our original report on the appli­
cations of robotics, significant 
gains in robotic technology have 
occured that will directly influence 
the future of robotic applications 
in the railroad industry. While 
technologies have advanced, the 
rate of progress has not been sig­
nificant. Earlier sales projections 
by experts in the robotics field 
were indicative of rapid growth. 
Several robotic companies have 
already entered and left the mar­
ket. While the market has greatly 
expar:ded, actual sales have fallen 
far short of earlier anticipated esti­
mates. Basically, ~hese shortages 
have directly resulted in a reduc­
tion of the monies available for 
research in robotics and their re­
lated systems. But even though 
research and development has been 
curtailed, a number of advances in 
technology have transpired which 
should be mentioned. 

Vision systems which provide the 
robot with the capability of sight 
have made the greatest advance­
ments. Several new competent 
manufacturers of vision related 
equpiment have entered the market 
in recent years. These systems 
offer the greatest promise for fu­
ture developments and enhance-
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NEW! 
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ments to robot intelligence. Vision 
systems will furnish the greatest 
potential for the robot to adapt 
to changes in its working environ­
ment through the visual input of 
the camera. Systems have evolved 
to the point where they have ex­
cellent interface capabilities with 
the robotic equipment, are very re­
liable and have dropped in pur­
chase cost enough to justify their 
installation. Some of the current 
applications for vision systems are: 

1. Weld Seam tracking - The 
camera follows the seam to be 
welded and makes any neces­
sary directional changes re­
quired if the actual weld path 
differs from the original pro­
gram. 

2. Inspection - The camera can 
be programmed to recognize 
the correct configuration of 
manufactured parts. Any de­
viations are quickly noted and 
the incorrect part rejected. 

3. Part Orientation - In cases 
where a part to be handled 
or welded is not presented to 
the robot in the same position 
in every instance, the camera 
will locate the part and change 
the program in the robot con­
trol to accommodate the new 
part position. This change to 
a new environment is known 
as adaptive control. It is an 
important part of applications 
which have known process 
variables. 

Advancements have also been 
made in other sensor fields such 
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as lasers and complicated mechani­
cal devices which give the robot 
greater intelligence and the capa­
bility of performing a wider range 
of manufacturing tasks. Welding 
systems have progressed consider­
ably with a variety of manufac­
turers offering component systems. 
Two-dimensional seam tracking ad­
justs for not only seam variances 
but also adjusts the welding head 
height as well. Seam gap sensing 
capable of internally changing 
welding amperages and wire feed 
rates to compensate for unforseen 
variances in the weld seam gap are 
now under development. 

Robotic systems are currently 
being successfully implemented in 

. numerous industries to perform a 
variety of diversified tasks that 
include the following: 

1. Spot, MIG, TIG and submerged 
arc welding processes for new 
manufacturing, rebuild and 
hardfacing applications. 

2. Material handling of large and 
small components that vary in 
weight from 2000 lbs. to less 
than an ounce. The assembly 
of electronic components using 
robotic systems has become 
prominent. Accuracies of ro­
botic equipment have increas­
ed with tolerances of .0001" 
available in some machines. 

3. Cutting of shapes in various 
materials using laser, plasma 
arc, oxy-acytelene or water 
jet systems. 
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Increase Your 
Wheel-Retnring Production ... 
with Hegenscheidt' s 
High Performance 
Under-Floor Wheel Lathes 

For getting maximum productivity while producing pre· 
cise wheel contours and sizes, Hegenscheidt offers the 
finest Underfloor Wheei-Retruing Lathes in the industry. 
Hegenscheidt's tracer-controlled semi-automatic lathes 
recondition wheel-sets economically and feature quick 
wheel-profile changeovers and independent driving and 
centering systems. So, whatever your needs are in wheel 
reconditioning, contact Hegenscheidt. 

HEGENSCHEIDT 
Corporation 
1070 Livernois Ave. 
Troy, Michigan 48084 
(313)585-7704 
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4. Painting of materials or equip­
ment as large as a commercial 
airliner. 

5. Loading and unloading of pro­
duction machinery. 

6. Assembly of components such 
as circuit boards. 

In general, the overall intelli­
gence of the robotic system has 
improved considerably, allowing a 
wider range of applications in the 
railroad industry. The next portion 
of this paper will pertain to exist­
ing applications now being accomp­
lished by robotics and possible 
future considerations based on the 
current trends in the robotics field. 

The first and certainly utmost 
consideration in any robotic appli­
cation is that of safety. A Robot 
is an automated piece of equipment 
which is not directly influenced by 
human control and .thereby incap­
able of being stopped by an opera­
tor should a threatening situatio-:t 
arise. Intentional hesitations . or 
waiting periods are frequently pro­
grammed into the robot's normal 
working routine. This mode can 
project a false image that the ma­
chine is not actually operating, 
perhaps leading an individual to 
believe that it is safe to enter the 
working env.elope of the equipment. 

In order to insure that the possi­
bility of personal injury is elimi­
nated, it is mandatory to install 
several items which will shut down 
the robotic equipment should per­
sonnel enter its working envelope. 
The first is a fence or railing. This 
will prevent people from inadver-

Committee on Shop Equipment 

tently wandering into the area by 
placing known boundaries on the 
working perimeter limitations. This 
perimeter protection can be equip­
ped with interlocks that will auto­
matically shut down the robot 
should a gate be opened or chain 
removed. Secondary devices can 
include pressure sensitive floor 
plates, photocell sensors such as 
light curtains, infra-red and ultra­
sonic detectors and pressure sen­
sors built into the robot's arm. 
Arm sensors are not the most de­
sirable since contact with the ro­
bot must actually be made. Some 
robotic arms weigh upwards of 
2000 to 3000 lbs. and can move at 
velocities of up to 40 inches per 
second. It is frequently necessary 
for a programmer to work within 

· the perimeter of the robot working 
envelope for exacting placement of 
welding heads or positioning of 
rna terials. In these cases, the pro­
grammer has an emergency stop 
button built into the programming 
pendant which he may actuate at 
any time. Caution must still be 
exercised by the programmer while 
working within the robotic working 
envelope. 

Are robots applicable to your 
needs ? Good question. The first 
basic of robotic applications is that 
you do not buy a robot and then 
look for a place to put it. The 
robot must be purchased to fit 
exacting specifications for each in­
dividual project application. Each 
proposal must be evaluated for ap­
plication feasibility and cost justi­
fications. Non-repetitive environ-
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ments such as component rebuild­
ing will require greater analysis 
because of the numerous variables 
involved with wear conditions. 
Past experience in this area has 
ir.dicated that rebuilding operations 
are at best difficult to deal with 
utilizing currently available tech­
nologies and will require the use 
of extravagant sensor or vision 
systems. If you are planning your 
first time project, it would be ad­
visable to stay away from the com­
paratively complicated rebuilding 
types of applications. Following 
are the basic justifications for in­
stallation of robotic systems: 

1. Saftey - While robotics may 
contribute to the overall safety 
problem if unprotected, they 
also are capable of removing 
your personnel from poten­
tially hazardous processes such 
as painting, handling of toxic 
materials or welding. 

2. Force Reductions - Robots 
will replace personnel with re­
ductions in labor cost and shop 
expenses. It should be noted 
that manpower requirements 
will remain for programming 
and maintenance of the robotic 
equipment. Robotic justifica­
tion obtained by force reduc­
tion carries the prerequisite of 
making sure that the opera­
tor's time is actually elimi­
nated as a direct result of the 
robot installation. In more 
than one instance, it has been 
noted that an operator will 
watch the robot perform its 
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programmed procedure. This 
not only voids the obtainable 
savings, but actually increase~ 
the cost of production consider­
ably over the original non­
automated operation. During 
the robotic welding procedure, 
the onerator must be perform­
ing other productive functions 
such as component set-up or 
completed part finish work. 

3. Quality Improvements - Robot 
repetitive accuracy is always 
consistent, providing excellent 
work quality with fewer re­
jected parts. Once program­
med for optimum performance 
and accuracy, the robot will 
repeat this optimu~ perform­
ance on every consecutive part. 

4. Reduction in Equipment Ex­
penditures - Since a robot 
will directly replace a human 
in conjunction with its instal­
lation, it will eliminate expen­
ditures for normal consumable 
items such as personal safety 
equipment, welding hoods and 
related supplies. When ap­
plied in hostile environments 
such as painting or handling 
of hazardous waste, it will 
eliminate considerable expen­
ditures involved with purchase 
of environmental control sys­
tems. 

When considering any robotic 
installation, the one basic question 
that you must ask is "Can the 
robot adequately perform all of the 
tasks currently being accomplished 
by the person it is to replace." If 
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any aspect of the existing opera­
tion is questionable, it will be nec­
essary to re-evaluate the entire ap­
plication for feasibility. It should 
be noted that a robot is simply 
another tool to use in our manu­
facturing processes. 

Current Applications 

One locomotive component which 
is currently being rebuilt is the 
traction motor. One railroad has 
purchased and programmed a 
single arm welding robot to per­
form t~e build-up welding opera­
tion on several areas of a worn 
out motor frame. The robot is of 
a basic configuration with stand­
ard hardware and software pro­
grams with the exception of seam 
tracking options. The robot is pro­
grammed to weld each of the worn 
areas of the traction motor as a 
specifically different entity. This 
allows the capability of welding 
only those areas of the frame that 
actually require build-up. The trac­
tion motor is bolted to a shop-made 
holding fixture mounted to the 
robot positioner. After the correct 
sequence of programs to meet weld 
requirements is selected, the robot 
program is started and the posi­
tioner places the traction motor in 
the correct attitude for the first 
welding procedure. During this 
time, the operator will complete the 
touch-up welding of the previously 
completed traction motor and pre­
pare the next motor to be welded, 
eliminating any idle time on his 
part. The robot will continue the 
welding build-up process, complet-
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ing the following areas on the 
motor: 

1. Axle bearing bores. 

2. Axle cap mating surfaces. 

3. Axle bearing thrust faces. 

4. Commutator and pinion end 
armature bore. 

5. Commutator and pinion end 
inner and outer bore faces. 

6. Main and inter-pole pads. 

7. Brush box holding pads. 

After the traction motor frames 
have been completed, a special fix­
ture is mounted to the robot posi­
tioner to accomplish the welding of 
the axle caps to include the axle 
bearing bores, frame mating sur­
faces and axle bearing thrust faces. 

Another robot has been installed 
to complete the welding of locomo­
tive sub-assemblies such as draft 
gear pockets, front and rear draft 
stops, center plates, journal boxes 
and other miscellaneous locomotive 
assemblies. This machine is also 
equipped with seam sensing and is 
capable of following welded seams 
which deviate from the normal pro­
grammed welding path. This option 
is required in cases where it is not 
possible to control fit-up and manu­
facturing tolerances to less than 
1/16". This robot is equipped with 
a double ended positioning table 
that will allow the operator to pre­
pare parts to be welded on one end 
of the table while the robot ac­
complishes the required welding· to 
the second part. Upon completion, 
the operator simply rotates the 
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positioner to orient the new part 
to the robot for welding. As with 
all robotic equipment, this machine 
has the capability of storing a 
large quantity of different S\lb­
assembly welding programs for 
easy retrieval, permitting simple 
change-over to allow the achieve­
ment of a wide variety of differ­
ent parts configurations. 

One railroad has been using a 
robotic welding system equipped 
with vision for some time now to 
weld wear plates onto freight car 
side frames. In this case, the vision 
system is used as a corrective de­
vice to properly re-align the entire 
pre-established wear plate welding 
program to accommodate any dif­
ferences in the initial positioning 
of the plate. The vision system 
performs this re-alignment by 
focusing on a pre-cut we"ld slot 
within the plate. The program is 
then shifted automatically to match 
the new plate position. 

Future Applications 

As robotic technology advances, 
the possible applications increase 
accordingly. The robot must be 
able to reason or think at least to 
some extent. It is not capable of 
accepting or coping with any 
changes in its preprogrammed en­
vironment without having built in 
adaptability. This adaptability or 
artifical intelligence is derived by 
informational sensing sources such 
as vision systems or other external 
sensors. As the complexity of these 
input systems advances and they 
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become economically feasible, in­
creased robot intelligence makes 
more applications a reality. Some 
of the areas which could be in­
vestigated are the following: 

1. Painting and stenciling of lo­
comotives. While the technol­
ogy for this application is 
present, there are robots cur­
rently in the late stages of 
development which have work­
ing envolpes capable of reach­
ing all parts of the locomotive 
without the use of elevators 
or lifts .. The robot is mounted 
on a guided vehicle for in­
creased mobility. 

2. Rebuilding of sub-assemblies 
such as heads, injectors, and 
air brake equipment. 

3. Installed in conjunction with 
manufacturing cells for fabri­
cation of locomotive parts such 
as gaskets, bushings and other 
machined or fabricated com­
ponents. 

4. Loading and unloading of pro­
duction machinery. 

5. Welding of new or rebuild 
components. 

On a final note, we would like 
to briefly discuss the reason for 
purchase of new robotic or manu­
facturing equipment. That reason 
is specifically to rebuild or manu­
facture components within our rail­
road systems. All of us do this 
because we believe it saves money 
over purchase from outside sources. 
Of course, this isn't always true. 
There has been a trend by several 



Locomotive Maintenance Officers Association - 1986 201 

SERVICE 
Locomotive Wheels and Wheel Sets 
Traction Motor Support Bearings 

Brake Shoes 
L----.-- 215-964-6255 __ ___, 

Traction Motors 
and Main Generators, 

Repair and Unit Exchange 
'------ 800-325-5073 ---

Abex Corporation A) l"' 
Mechanical Products Division ( .. y 
Wayne, PA 19087 .t'-

An IC Industries Company 



202 

railroads to use outside contractors 
because they offer the same work 
at lower pricing. In many in­
stances, vendors do our work at 
low cost and with high quality. 
However, the following facts are 
pertinent when making a decision 
about work being done internally 
or externally. 

1. While wages outside the rail­
road industry are generally 
lower, the vendor supplying 
the components must make a 
profit. This profit will usually 
counteract the higher wages 
being paid by the railroad in­
dustry, provided our produc­
tivity and quality are equive­
lent. 

2. There is no better place to con­
trol the quality of a product 
than in your own environment. 

3. Each project should be ana­
lyzed for its own merits before 
making a decision on contract­
ing. It may be found that 
through a minimal investment 
in new equipment, or a change 
in production procedures, you 
are able to directly compete 
with outside vendors. 

4. One of the reasons outside 
vendors can often be competi­
tive is that they can readily 
dictate production quotas to 
their employees, and also 
readily remove them from 
service if quotas are not met. 
To maintain the rebuilding of 
components in house, we will 
have to maintain production 
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standards equivalent to or sur­
passing those of the outside 
concern. As managers, we 
must insure that our labor 
forces are utilized to their full 
potential. If for no other rea­
son, we require the capability 
of component rebuilding as a 
stabilizing factor that will 
keep prices competitive. In 
more than one instance, as 
soon as vendors were informed 
that the railroads would start 
to build components in house, 
their prices dropped dramatic­
ally in order to retain business. 

5. The bottom line is: We are 
here to save . our railroads 
money by whatever ways pos­
sible. If contracting of work 
to outside vendors is deter­
mined to be the most economi­
cal method, fine. But don't 

.. arbitrarily give up an existing 
repair operation or pass up 
evaluating new applications 
without conducting studies to 
determine their feasibility and 
possible cost savings potential. 

II. 
CNC Machine Tools 

Numerical control (NC) was 
first successfully tried at MIT in 
1952, and has progressed to com­
puterized numerical control (CNC) 
today. While NC and CNC have 
been used in the manufacturing 
process for more than thirty years, 
their use in the railroad industry 
has just begun. There are two 
reasons for this: 
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1. Until the advent of the inter­
active CNC controller, it was 
not economically possible to 
manufacture small lot quan­
tities. 

2. Until the advent of the touch 
probe, it was not economically 
possible to remanufacture com­
ponents in small lot quantities. 

Computerized numerical control 
as it pertains to machine tools 
transfers the work piece and tool 
positioning requirements from the 
operator to the control of a com­
puter. Positioning can be simul­
taneously accomplished in three 
dimensions with an accuracy of 
± 0.0004 inch over the full move­
ment length. The CNC can repeat 
that positioning to within ± 0.0002 
inch. 

Machine Types 

For railroad applications there 
are four basic types of machine 
tools; CNC turning centers, CNC 
vertical machining centers, CNC 
horizontal machining centers, and 
CNC "pantograph" acetylene or 
plasma shape cutting marchines. 
CNC turning centers are slant bed 
lathes with automatic tool chang­
ing turrets (either one or two per 
machine). The bed is slanted to 
allow the hot chips to fall away 
from the bed and not induce heat 
into the bed which could distort 
the machine's accuracy. (See Fig. 
1.) Most CNC turning centers are 
two-axis machines with the "Z" 
axis being the spindle (chuck) axis, 
and the "X" axis being the tool 
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Fig. 1 
Slant Bed Turning Center 

cross feed. Controllers with graph­
ics display generally only show the 
upper half of the part geometry 
since the lower half is a mirror 
image of what is shown. 

Some CNC turning centers have 
two independently controlled tool 
turrets and are known as four-axis 
machines. This allows for faster 
part generation since two tools can 
cut at the same time. Other CNC 
turning centers have light milling 
capability built into the tool turret. 
This allows for more work to be 
done in one chucking of the part. 
More recent machines (those intro­
duced in the last year) have tool 
changing capability using a tool 
magazine versus a tool turret. This 
greatly increases the number of 
tools that can be programmed into 
the controller. Both live milling 
tools and regular turning tools are 
stored in the tool magazine. 
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CNC vertical machining centers 
are knee brace machines or Arc 
"C" frame type. Most CNC verti­
cal machining centers are three­
axis machines with the "Z" axis 
being the spindle or vertical axis. 
The "X" axis is the long axis from 
right to left under the spindle. The 
"Y" axis is the short axis from 
front to back under the spindle. 
Controllers with graphics display 
show the three dimension image of 
the part, and this is where color 
differentiation is really helpful. 

Generally, CNC vertical machin­
ing centers have a tool magazine 
that holds anywhere from 20 to 
100 tools per magazine. The larger 
magazines are used in automatic 
processes and store several tools 
of the same type in the magazine. 
The machine is equipped with a 
tool monitor and when a tool wears 
out or breaks, the program auto­
matically calls up the backup tool 
from the magazine. 

CNC horizontal machining cen­
ters are more rigid and more flexi­
ble than CNC vertical machining 
centers. They also cost more. Like 
vertical machines they have three 
axis. The "Z" axis is the spindle 
and moves in towards and away 
from the part mounted on the work 
table. The "X" axis is from right 
to left in front of the spindle. The 
"Y" axis is the vertical movement 
of the spindle. 

A CNC horizontal machining cen­
ter equipped with a rotating table 
is a very versatile machine. It 
allows five sides of the part cube 
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to be exposed to the cutting tool. 
A machine supplied with a pallet 
(work table) shuttle allows or.e 
part to be machined while another 
part is being loaded on the second 
pallet. CNC horizontal machining 
centers also have tool magazines 
which hold from 20 to 100 tools. 

In addition to machine tools, 
CNC controls are also available on 
sheetmetal punches, plasma cutting 
machines, planers, EDM cutting 
machines, and grinders. Any ma­
chine whose operations are a func­
tion of distance can be controlled 
by a computer. The applications 
are endless and innovative pro­
cesses are being adapted every day. 

Controllers 

The heart of a CNC machine is 
the controller and its microproces­
sor (computer). (See Fig. 2.) It 
is the microprocessor that monitors 
and controls the ll\Ovement of the 
tool and work piece as directed by 
the program. Like any computer, 
the controller is only as smart or 
efficient as the individual who is 
doing· the programming. 

In the past, part programs were 
prepared by transferring the geo­
metric requirements from the shop 
fabrication drawings to a manu­
script. A manuscript was a form 
used to list all control instructions 
such as. 

- sequence of operation 

-distance travel in "X" 
direction 
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Fig. 2 
Typical CNC Control Unit 

- distance travel in "Y" 
direction 

- distance travel in "Z" 
direction 

- Spindle speed and direction 

- coolant on or off 
- end of block. 

This information was converted to 
a paper tape which was fed 
through the controller's tape read­
er. The controller read the tape 
and executed the instructions as 
programmed. 
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Today, controllers are equipped 
with CRT tubes and programming 
is done through a conversational 
process by the programmer answer­
ing questions about the process to 
be performed. It is no longer neces­
sary to prepare a manuscript. The 
programmer can program the part 
directly from the part print into 
the controiier. Some controllers 
allow programming to be accomp­
lished in the background while a 
part is being manufactured by the 
machine. This is an important con­
sideration if the machine operator 
is to do part programming. 

Another important feature of the 
recent controllers is that they show 
the part geometry as it is being 
programmed. Controllers now have 
dry run capability which means the 
tool path is traced on the CRT to 
be sure the tool does not crash into 
the part. Also, controiiers are avail­
able with color monitors and this 
helps to clarify the part geometry 
versus the various tool paths being 
traced. 

Some machine tool manufacturers 
build their own controllers, and 
others apply generic controllers on 
their machines. The selection of 
the controller is the most critical 
question to be answered when buy­
ing a CNC machine tool. Fanuc 
(General Numeric in the USA), 
General Electric, Allen Bradley, 
and Bendix are some manufactur­
ers of generic controllers. 

Stand Alone Programming Systems 
Another key question that must 

be answered is, "Do I want the 
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operator to program the machine?" 
Programming can be done by a 
technician away from the machine, 
or by the operator. 

There are now hunderds of stand 
alone, inexpensive, parts program­
ming systems avnilnble on the mar­
ket. (See Fig. 3.) In most cases 
they usc a personal computer with 
n plotter and tape preparation 
punch. In mnny cases the com­
panics offering these services have 
only been in business for .five years 
or less. The key issues regarding 
the procurement of a stand alone 
programming system are: 

1. Does the supplier use hard­
ware of a well established com­
puter manufacturer? The same 
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question should be asked re­
garding the plotter. 

2. How a rc software updates ob­
tained and what is the cost? 

3. What is the cost of the post 
processor and is it a universal 
type? The basic software will 
produce the part geometry and 
tool path r equirements in 
general terms. The post proc­
cssot· converts that information 
into the specif ic requirements 
of the machine tool and its 
controller. 

4. What training is included in 
the purchase price? 

5. How will the supplier handle 
any problems that develop? 

Fig. 3 
Stand Alone Programming Sys tem 
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Touch Probe 
The touch probe is the key ele­

ment in any remanufacturing op­
eration. In most cases, remanu­
facturing in the railroad industry 
means machining to standard over 
sizes or standard under sizes. But 
the controller does not know what 
it should do until it finds the part 
in space. The controller then ad­
justs the program to machine the 
part based on what it found in the 
probing operation. It is the touch 
probe that finds where specific sur­
faces are in the "X", "Y", and ~'Z" 
directions. 

Railroad Application 
CNC machine tools are currently 

being used in railroad shops for 
the following applications: 
1. Grinding serrations of main 

bearing caps. 
2. Machine traction motor 

frames. 
3. Cutting end plates and pilots 

on a pantograph. 
4. Boring wheels. 
5. Machining axles and shafts. 
6. Endless variety of machining 

tasks. 
The productivity gains achieved 

by using CNC equipment are sig­
nificant. Considerable study is re­
quired to get the right machine 
tool that can handle many applica­
tions. Flexibility is the key factor 
because the application for which 
the CNC machine tool was original­
ly purchased will change over time 
and the machine must be usable 
for other work. If more than one 
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machine is contemplated, then 
standardizing on one machine tool 
manufacturer and controller is very 
important. Part programming and 
training are greatly reduced by 
standardizing on one manufacturer, 
particularly one controller manu­
facturer. 

III. 
A New G. E. Power Assembly Area 

Introduction 

When two major railroads merg­
ed, the Mechanical department 
found itself with two EMD power 
assembly facilities. Expansion of 
the more modern of these facilities 
permitted all EMD power assembly 
work to be transferred to that fa­
cility by the fourth quarter of 
1983. At the same time, the older 
facility, which had produced EMD, 
Alco and GE power assemblies, 
switched to the exclusive produc­
tion of General Electric power as­
semblies for the combined loco­
motive fleet. Recognizing the need 
to improve this facility, shop super­
vision made a series of visits to 
other GE power assembly facilities. 
From these visits, a plan for a new 
GE power assembly area was de­
veloped by early 1985. Presentation 
to management included detailed 

. estimates, projected savings and a 
scale model. Relocation of existing 
equipment and some capital im­
provements began in July of 1984. 
By the end of 1985, capital im­
provements approaching $1 million 
were complete. 
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Objectives 
A series of roundtable discus­

sions with shop supervision and 
members of the Mechanical depart­
ment staff, led to a number of 
design criteria for the new GE 
power assembly area. These in­
cluded the following: 

1. Locate the new facility in the 
11,000 square foot area already 
used to rebuild power assemblies. 

2. Design a facility capable of 
rebuilding 32 GE power assemb­
lies per day. 

3. Retain the "freezer method" 
of assembly where the cylinder 
head is chilled to -125 deg. F 
rather than heating the cylinder 
jacket. 

4. Improve methods of cylinder 
tear down. 

5. Reduce labor for parts clean­
ing. 

6. Reduce repetitive manual 
handling of power assembly parts, 
such as the cylinder jacket. 

7. Improve the high pressure 
fuel test device and the water test 
device. 

8. Eliminate delays while shop­
craft personnel wait on overhead 
cranes. 

9. Use programmable controllers 
rather than relay logic for equip­
ment control. 

10. Keep the existing parts 
washer accessible for cleaning 
parts from other areas of the loco­
motive shop. 
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Planning The Facility 
1. The first area addressed in 

planning the facility was cylinder 
tear down. Of special concern was 
improving the method of pressing 
the head and liner out of the 
jacket. In the old facility a port­
able press was suspended from a 
crane while the head and liner 
were pushed out the bottom of the 
jacket. 

A survey of other shops led to 
the design of a tear down press 
mounted in the floor. Power as­
semblies, less rod, pass through 
the press on a cart rolling on four 
casters. The head and liner are 
pressed out and hoisted away. 

Expanding on the cart concept, 
a loop track flush with the floor 
was designed. Moving about the 
loop, sixteen carts could be at any 
of four work stations for cylinder 
teardown. The cart was designed 
to permit access to the manifold 
sides of the power assembly and 
to rotate the power assembly 360 
degrees. 

2. Two areas were targeted to 
reduce labor in parts cleaning. One 
was the hand scraping of the inlet 
ports on the cylinder head and 
jacket to remove carbon build up. 
The second was use of a manual 
air blast cabinet to clean jackets, 
heads, crowns and other parts after 
washing. 

Experience with the existing 
parts washer and investigation into 
alternative machines showed many 
cycles through the wash and/or 
hand scraping would be required 
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to clean carbon off the inlet ports 
of the cylinder jacket and head. 

At the same time, contact was 
made with blast booth manufactur­
ers about using a spinner hanger 
blast booth with centrifugal wheels 
to clean parts instead of the man­
ual air blast cabinet. A sales rep­
resentative from one of these com­
panies suggested preliminary clean­
ing of the cylinder jacket and head 
with a burn-off oven rather than a 
washer. The oven would remove 
moisture from the carbon to pre­
pare the castings for effective 
blast cleaning. Trial tests in the 
oven of a neighboring service shop 
showed the burn-off process to be 
an effective preparation for blast 
cleaning even in the dirty inlet 
port area. 

3. After production of GE power 
assemblies for the combined rail­
roads began, it became apparent a 
great deal of labor was used mov­
ing parts, particularly the cylinder 
jackets, heads and liners. Hoisted 
off pallets, parts proceeded through 
the stages of cleaning, inspection, 
repair and machining only to be 
placed back on pallets and moved 
by fork lift to the next step. This 
problem was addressed in three 
ways. 

a. It was decided to rebuild the 
power assemblies on the same 
cart used for cylinder teardown. 
Just like the tear down area, an 
in-floor loop track formed the 
rebuild area. Unlike the roller 
conveyor once considered for 
handling the power assembly 
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during rebuild, the loop track 
permits fork lift access and does 
not present a tripping hazard. 

b. A chain driven roller conveyor 
system was designed to convey 
parts passing through the exist-

·ing parts washer directly to their 
respective work areas. An al­
ternate destination for outcom­
ing parts is a return loop in the 
conveyor system for bringing 
parts back alongside the washer. 
Parts from other areas of the 
locomotive shop can be unloaded 
here. 

c. At the suggestion of a Me­
chanical department engineer, a 
power and free conveyor was 
chosen to carry the cylinder 
jacket and head through the 
power assembly area. A com­
pletely separate system from the 
chain driven roller conveyor, the 
power and free system is located 
overhead. 

The power and free conveyor 
uses two tracks, a power track 
and a free track. A motor driven 
chain suspended from an !-beam 
forms the power track. Below 
the power track two pieces of 
channel form the free track. 
Trolleys travel between the chan­
nels with their carrier suspended 
below. Through a system of 
cylinders and solenoids, loads 
suspended from free trolleys can 
be accumulated at stops in the 
track. Programmed routing of 
parts is also possible. Two drop 
sections in the system lower the 
cylinder jackets or heads to near 
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floor level as required in the re­
build process. 

The overhead installation re­
lieves storage problems on the 
shop floor. More importantly, the 
power and free conveyor passes 
through the shot blast booth to 
automate the blast cleaning pro­
cess. After blasting, these parts 
are raised above the shop floor 
for delivery to the assembly loop 
track. 

4. With the power assembly 
being rebuilt on the cart, it was 
desirable to build new test devices 
for the water test and high pres­
sure fuel test of the combustion 
chamber. These test devices were 
designed to permit testing of the 
power assembly on the cart and 
reduce the time for manual con­
nections of fuel and compressed air. 

5. Delays from waiting on over­
head cranes were eliminated by in­
stalling Mannesman DeMag KBK 
equipment over the work stations 
Manufactured in Germany, KBK 
enclosed track can be configured in 
monorail or bridge crane arrange­
ments. Ease of movement and an 
unusual two speed hoist combine 
to make this an efficient system 
for moving loads up to 550 lbs. 
Bridge cranes traveling overhead 
supplement the DeMag system for 
lifting heavier loads. 

Operation 

1. Tear down. 
Complete assemblies are lifted off 

the racks and separated from their 
piston-rod combination. The piston-
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rod assemblies are placed on a 
twenty foot gravity conveyor, split 
down the middle to accommodate 
the rods. At the end of the con­
veyor a powered turnover fixture 
is used to disassemble the piston 
crown, piston skirt and rod from 
one another. Parts are separated 
for washing. 

The so called "short" assembly 
is placed on one of sixteen specially 
designed carts. The carts roll on 
V -grooved casters around a sixty 
foot loop track. With the assembly 
upright, the fuel system, rocker 
arm shafts, rocker arms and re­
lated parts are removed. All parts 
are separated into baskets for 
washing. Air tools hang from over­
head on a tool drop system. Next, 
the power assembly is rolled under 
a "C" frame press. A pneumatic 
cylinder is used to depress the 
springs for removal of the valves, 
keepers and rotators. 

With valves removed, the short 
assembly is turned upside down on 
the cart for removal of the clamp­
ing ring. 

Reduced to three comp~nents, 

the power assembly is rolled under 
the tear-down press. A hydraulic 
cylinder below the floor is equipped 
with four fingers to reach around 
the cylinder head valve guides. 
With the jacket remaining on the 
cart, the head and liner are pressed 
out of the jacket. The liner is 
hoisted away for washing. The 
head is delivered to the valve guide 
press where the guides are pressed 
out and scrapped. 
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All that remains on the cart is 
the cylinder jacket. The jacket is 
carried by overhead bridge crane 
to the burnoff oven. 

2. Parts cleaning. 
Small parts are grouped together 

in baskets and fed through a 
Stoelting belt washer. Baskets are 
coneveyed to and from the washer 
on a chain driven roller conveyor. 
Cylinder rods and piston crowns 
pass through the washer on trays. 
Cylinder liners are conveyed with­
out trays. 

Upon exiting the washer, parts 
are identified by height and routed 
by a programmable controller. 
Should the liner, piston rod or 
crown conveyor be full, the pro­
grammable controller will direct 
the parts to the return loop of the 
conveyor. 

Cylinder jackets and heads are 
loaded into the burnoff oven. A six 
hour, 700 deg. F cycle in the oven 
reduces oil and carbon buildup to 
an ash-like substance. 

From the oven, cylinder jackets 
and heads are loaded onto the 
power and free conveyor by a lift 
table. The power and free con­
veyor delivers parts to the blast 
booth for cleaning. Jackets and 
heads suspended on work hangers 
queue up at the entrance of the 
blast booth. Programmable con­
trollers for the conveyor system 
and blast booth interface to control 
movement of parts into the blast 
booth. Inside the booth uniform 
cleaning is achieved by rotating the 
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parts on a sprocket-equipped work­
hanger while simultaneously mov­
ing the part lengthwise through 
the booth at a speed matching the 
blast time. 

Valves are blasted with glass 
bead in a special valve blast ma­
chine. Loading of the valves in 
and out of the blast cabinet is done 
automatically. 

Other small parts are cleaned 
with air blast on a twin table 
blast cabinet. Such parts include 
the piston crown. 

Piston pins are polished in a 
cylindrical grinder. A spongy-like 
abrasive wheel cleans the pins. 
Pins are spot checked for the 
proper RMS finish. 

3. Parts inspection. 
Parts such as the piston crown, 

cylinder rods and piston pins are 
conveyed to the Magnaflux inspec­
tion booth. After particle inspec­
tion, parts are conveyed through a 
washer and accumulated at the 
piston rod work station. 

4. Modifications. 
Most modifications to the GE 

power assembly pertain to the 
cylinder jacket. As many as seven 
modifications to the jacket are per­
formed at the radial arm drill 
press. The drop section from the 
overhead conveyor lowers jackets 
to the drill press for inspection and 
repairs. Tapped holes are cleaned 
and lubricated before the jacket is 
hoisted away by the drop section. 
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5. Liner work. 
Cylinder liners are delivered to 

the hone on an accumulating con­
veyor. Hoisted off the conveyor on 
a KBK monorail section, the liners 
are positioned on the hone. After 
honing, liners are moved to a liner 
washer. After the liner is cleaned, 
it is delivered to the liner lathe for 
machining of the second o-ring 
groove and the liner tang. Digital 
readout on the lathes improves ac­
curacy and efficiency in this ma­
chining operation. 

6. Piston-rod assembly. 
Rods are inspected for twi~t or 

bend. Piston skirts are inspected. 
A keyway type slotter is used to 
remove defective bushings. An oven 
heats the skirt for bushing instal­
lation. Then the bushing is bored 
to specifications. 

Pistons are reassembled and 
torqued to the cylinder rod on 
a specially designed piston pi~ 

torquing machine. Upon comple­
tion, piston, rod assemblies are 
stored by type on this gravity 
conveyor. 

7. Cylinder assembly. 
Rebuilding the power assembly 

begins when the cylinder jacket is 
lowered onto a cart at the assem­
bly loop track. Frozen heads are 
lowered into the jacket bore. Liners 
are pressed in with a hydraulic 
press and held under 35 tons of 
force while the clamping ring bolts 
are torqued to 100 ft lbs. Assem­
blies then proceed through the 
water test and high pressure fuel 
test. The operator's identification 
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number and test results are docu­
mented on hard copy. After test­
ing, rocker arms and the fuel sys­
tem are applied. When the short 
assembly is completed, it is lifted 
over the piston rod conveyor. After 
being lowered onto the piston, the 
complete power assembly is hoist­
ed to the shipping rack for trans­
portation to the engine, locomotive 
or running repair shop. 

Conclusion 

While substantial work in the 
industry has been done at various 
shops to improve the rebuild pro­
cess for EMD power assemblies, 
less progress has been made in de­
veloping rebuild techniques for the 
GE power assembly. Construction 
of this GE power assembly facility 
is a significant advancement in the 
maintenance of the General Electric 
7FDL engine in railroad service. 

Future improvements may in­
clude the following: 

1. Installation of a personal com­
puter for storing data down­
loaded from the test devices. 

2. The addition of a spur track 
on the power and free con­
veyor to accommodate more 
jacket and head storage. 

3. Installation of a vertical car­
ousel for cylinder rod storage. 

4. Design of an automatic cylin­
der rod checking fixture. 

5. Modifications to the equip­
ment to accommodate the new 
welded head to liner assem­
blies. 
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IV. 
Locomotive Wash System 1986 
Are the railroads ready to wash 

their locomotive units with brush 
type washers? 

One railroad decided it was time 
to find a better and more eco­
nomical system to clean its loco­
motives than the high pressure 
system presently used. Working 
with a wash system manufacturer, 
a prototype washer was set up to 
test each type of brush to be used 
- to help refine the various de­
sign ideas and to help properly 
size all of the various components 
such as electric motors and gear­
ing. 

The complete train wash design 
shown in Figure 4 is the result of 
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the manufacturer's years of ex­
perience and results from the vari­
ous tests performed. 

The locomotive wash consists of 
a chemical arch, system on/off 
wands, truck brushes, top brush, 
window brushes, nose brushes, side 
brushes, inside handrail brushes, 
flood rinse arch and a 250 psi 
high pressure fresh water rinse 
arch. 

The chemical a rch was designed 
slanted because in tests it was 
proven that adding chemical from 
the bottom up breaks the film 
better. The bottom dirt breaks 
first, allowing the upper portions 
to slide down. The arch is also 
split, allowing a heavier concentra­
tion of chemical to the truck and 

F ig. 4 - Locomotive Wash System 
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walkway areas and a lesser con­
centration on the cleaner areas, 
thus providing more effective 
chemical usage. 

Feedback was provided by many 
locomotive and chemical people re­
garding which chemicals were best 
to use. The manufacturer in turn 
did a lot of testing and came up 
with some recommendations on 
chemicals. In all tests, however, 
it was proven that only one alka­
line chemical would normally be 
needed to do the job properly. 

The actual brush portions of the 
wash are as follows: The first 
brush is the top brush (Figure 5). 
Its sole purpose is to wash the top 
of the locomotive. The sides of 
the brush have longer bristles to 
compensate for the rounded con­
tour of the locomotive top. This 
top brush is able to move up and 
down a total of three feet and its 
center core at its lowest position 
will not interfere with any of the 
EMD or GE locomotives. It is ap­
proximately 17 ft. 2 in. from the 
rail to the center core of the brush. 

As the locomotive engages the 
top brush, the brush moves up. 
The penetration of the top brush 
bristles is controlled by the counter 
weights on the brush arm. The 
ideal compression of the brush 
bristles in washing is approximate­
ly four inches. This compression 
is accomplished by a simple counter 
weight adjustment. 

The window brush (Figure 5) 
cleans the nose of the locomotive 
hood and then the windows. 
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This brush's sole purpose is to 
clear the nose and wash the front 
windows of the locomotive, whether 
or not the unit enters frontwards 
or backwards. As the locomotive 
continues to pass through, the ro­
tational direction of the brush 
moves it out towards the side of 
the locomotive. This whole brush 
operation is based upon gravity, 
the rotation of the brush and th!? 
movement of the locomotive. 

A flexible coupling that mounts 
the brush to the motor allows it 
to pivot in any direction. This 
coupling allows the brush to bend 
so that it can fit the contour of 
the locomotive. This brush design 
was built by the manufacturer for 
drive-thru vehicle washes. Flexi­
bility of the coupling allows the 
brush to fall in behind the cab as 
the locomotive proceeds. The brush 
also washes part of the side of the 
locomotive including the uneven 
contour of the side. 

The sole purpose of the truck 
brushes (Figure 6) is to wash the 
fuel tank and truck areas visible 
from. the side. They ·are yoke 
mounted and fall into place by 
gravity and the rotation of the 
brush. Their center core at no 
time will interfere with the loco­
motive. They pivot horizontally 
from right to left when required 
to get out of the way. Bristles are 
70 inches in diameter. The truck 
brush cleans the fuel tank and 
reservoir area. 

The truck brush has the roughest 
job to do and a five horsepower 
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Fig. 5 - Top and Window Brushes 

truck brushes 

Fig. 6 - Truck Brushes 
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drive is necessary to do the job. 
The water and chemical help sham­
poo the brush to keep it clean. 

The nose brushes (Figure 7) 
are similar to the window brush 
discussed before except that their 
objective is to clean the front end 
of the locomotive, then along sides 
and rear above the handrail. Each 
brush is suspended by a single arm 
and has the flexible coupling. Each 
arm falls towards the center line 
of the locomotive based on gravity. 
The rotation of each brush is such 
that it walks out to the side of the 
vehicle and then down along the 
side as the locomotive passes 
through. 

The nose brushes encounter the 
nose of the locomotive just above 
the handrail. Each nose brush 
cleans a part of the front and side 
of the nose up to the cab door. 
It also cleans the cab door all the 
way down to the walkway. The 
flexibility of the coupling allows 
the brush to bend and climb out 
of the area beVween the nose and 
the handrail. As the brush pops 
out of this area it cleans the side 
of the cab just above the handrail. 
The brush will then swing in back 
of the cab door and along the side 
of the locomotive above the hand­
rail. 

The woodpecker brush (Figure 
8, was given its name because of 
its up and down bobbing motion. 
The primary purpose of the wood­
pecker brush is to clean the area 
from the handrail down to and in-
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eluding the walkway. As the lo­
comotive approaches the wood­
pecker, the rotation of the brush 
is clockwise which helps it climb 
up and over the rail. This brush 
has an up and down movement and 
can pivot from right to left allow­
ing it to get out of the way of any 

. locomotive even if the brushes were 
not on. 

The rotational movement of the 
brush is what makes it pivot up 
and down. It wants to climb up 
out of any area once it encounters 
a verticle surface such as the cab 
door. It will not only rise up but 
it will also pivot from right to 
left. As the cab proceeds, the brush 
drops down into its normal oper­
ating position to clean the side 
and walkway behind the handrail. 
A sleeve at the base of the brush 
rolls along the handrail to keep 
the brush at the perfect height to 
do -the job. 

As with all brushes, the wood­
pecker works on three simple prin­
ciples: gravity, rotational force 
and the movement of the locomo­
tive. It makes no difference if the 
locomotive comes in forward or 
backward or the type of locomotive 
to be washed. Other than the ro­
tation of the brush, gravity and 
the motion of the locomotive, there 
were no other controlling mecha­
nisms on this particular brush. In 
fact, the whole wash system could 
be off and this brush would still 
get out of the way of an approach­
ing locomotive. 
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Flood Rinse 

The reclaim flood rinse arch 
rinses the locomotive with approxi­
mately 150 gallons per minute 
at 70 to 80 psi. It rinses off 
any of the .larger particles left 
that have been loosened by the 
brushes. The high pressure fresh 
water rinse at 250 psi will use 
120 gallons per minute to do the 
final rinsing of the unit. 

This brush wash system can save 
a lot of money when compared to 
most of the high pressure wash 
systems in operation today. It does 
such an excellent job of cleaning 
the vehicle that many of the hours 
spent handwashing can be elimi­
nated or the intervals extended 
tremendously. 

Some of the statistics on this 
locomotive wash: It uses approxi­
mately 350 to 400 gallons of 
water per minute of which the 
majority can be reclaimed. It will 
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use approximately four to five gal­
lons of chemical per wash and will 
require less horsepower than most 
high pressure washes. The total 
horsepower for all of the brushes 
is 52. The total horsepower for 
the complete system with reclaim 
is approximately 112. 

A liquid recovery system is 
available for the locomotive wash. 
Water is becoming a very precious 
commodity and should be treated 
as such. 

The primary benefit of the brush 
wash system is that it will really 
clean a locomotive. It will do it 
at less money than most of the 
pressure washes in operation to­
day. It will either eliminate the 
need for hand washing altogether 
or stretch out the intervals, there­
fore, reducing costs. The water re­
covery system is proven and pro­
vides quick investment payback on 
its own. 
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Fig. 7 - Nose Brushes 

F ig. 8 - Woodpecker Brushes 
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SHOP EQUIPMENT 

Five-Year Index 

1985 

lmpro,·ed Methods of Maintenance 
Management and Material 

Movement 
1. Computer-Assisted Preventative 

Maintenance 
2. New Tools for Material 

Handling and Overview of 
Balancing Technology 

3. Effect of Governmental Regu­
lations on Locomotive Finish­
ing 

1984 

More Productivity At Lower Cost 
1. Shop Tools 

A. New Tools 
B. Shop-Made Tools 

2. Traction Motor Shop Equip­
ment Up-Date 

3. Hazardous Waste Handling 
and Disposal 

1983 

Training and Tools 
Will Do The Job 

1. Locomotive Maintenance Using 
a Production Line Process 

2. Shop Tools to Increase Pro­
ductivity and Improve Quality 
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3. Dynamic On-Line Performance 
of Locomotives Without On­
Board Tele-Metering 

4. Management in Action 
5. New GE Training Center 
6. Welding Qualifications 

1982 

Quality Maintenance Through 
Modern Tools 

1. Tools 
2. Rebuild line for EMD turbo-

chargers 
3. Air brake equipment line 
4. Industrial robots 
5. Automated machines 
6. Safety related items and equip­

ment 

1981 

1. Training Aids 
2. Testing Devices Inspired by 

New FRA Laws 
3. Tools and Training for 

Productivity 
4. Changes to Shop Facilities 

Required by Newly Adopted 
EPA & OSHA Regulations 

5. Tour Through Conrail Altoona 
Shop 

6. Supply /Service Facilities 
7. GE Assembly Shop 
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PERSONAL HISTORY 
ROSS T. GILL 

Ross was born in Albuquerque, 
New Mexico on July 24, 1939. 
Following high school he attended 
Colorado State University before 
receiving a federal appointment to 
White Sands Missile Range as a 
coop student mathematician in 
1959. In 1965, he received his BS 
degree in Mechanical Engineering 
at New Mexico State University. 
Ross joined the Southern Pacific in 
1961 holding several positions in 
the Maintenance of Way Depart­
ment at El Paso, Texas. He was 
promoted to Assistant Engineer in 
San Bernadino, California for the 
construction of the Southern Pa­
cific's Colton Cutoff in 1966. In 
1967, he joined the Mechanical De­
partment as Equipment Engineer 
headquartered in San Francisco. 
Major projects included the Vert­
a-Pac and Stac-Pac automotive rail 
cars. In 1970 through an exchange 
agreement, he joined the U. S. 
Department of Transportations, Of­
fice of High Speed Ground Trans­
portation (now the Office Research 
and Development in Washington, 
D. C.). Mter two years in Wash­
ington, he was promoted to General 
Engineer at the Transportation 
Test Center in Pueblo, Colorado. At 
Pueblo, he was responsible for con­
struction planning and test opera­
tions at this facility. Major proj­
ects included the Linear Induction 
Motor Research Vehicle Test 
Track, Rail Dynamics Laboratory, 
Tank Car Torch Facility, Transit 
Car Test Track and the Facility 

for Accelerated Service Testing 
(FAST), a joint AAR and DOT 
funded program. In 1977, he re­
turned to Southern Pacific in San 
Francisco to become M11nager of 
Research and Development in 1978. 
In 1980, he joined the Sacramento 
Locomotive Works where he pres­
ently serves as Manager of Pro­
duction, Engineering and Quality. 

He resides in Fair Oaks, Califor­
nia with his wife, Donna, and four 
children, Michael, Sandy, Randy 
and Karen. His major hobbies are 
classic automobiles and playing 
golf. 

CLEANING, HANDLING & 
STORAGE OF ELECTRICAL 

EQUIPMENT 
Introduction 

When one looks at infant mor­
tality rates of new and rebuilt 
electrical components on locomo­
tives, it is clear that a significant 
saving could be made if they can 
be reduced. 

Quality workmanship is one very 
important aspect of infant mor­
tality. However, the proper clean­
ing handling and storage of this 
equipment make a significant con­
tribution to the end quality of 
the product. The Diesel Electrical 
Maintenance Committee has de­
cided to examine part of the 
problem in this paper. 

I. 
SOLID STATE COMPONENTS 

A. Handling & Storage 
Among the many economic and 

technical realities railways are 
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having to confront is the advent of 
more and more sophisticated solid 
state devices on locomotives. These 
range from very sophisticated 
logic and control systems bnsed on 
the microprocessor to applications 
of the recent advances in power 
electronics. While these devices 
have proven to be more durable 
than their predecessors, this may 
not. apply to other conditions they 
may encounter outside of locomo­
tive operation. One com ponent r e­
liability problem beyond the manu­
facturing process is the contt·ol cf 
static electricity. 

1. Electrostatic Discharge (ESD) 

ESO Discharge-A hidden cause 
of component failures. We all 
know of s tatic electricity from our 
everyday world as the mild shock 

received when something conduc­
tive is touched niter having walk­
ed across a particular surface, or 
as annoying "static cling". Beyond 
this, it does not seem that it should 
concern us at all. However, ESD 
is a major cause of component 
failure, and hence, of equipment 
failure. The damaged component 
will rarely exhibit any obvious 
s igns of damage, thereby allowing 
it to evade routine quality control 
systems. 

This lack of immediate evidence 
causes ind ividuals lo be less wary 
of this particular hazard. ESD dis­
charges well below an individual's 
range of sensory perception can 
cause significant damage. 

While it is the small geometry, 
low power, low voltage technologies 

DIELECTRIC TESTING EQUIPMENT 
PORTABLE MODEL 5210 

EXCELLENT FOR TROU BLE SHOOTING 
SELF CONTAINED - PORTABLE 
INTERNAL BATTERY POWERED 
WITH VOLTAGE & CURRENT METERS 

HIGH VOLTAGE TESTERS, AC OR DC 
HIGH VOLTAGE POWER SUPPLIES, DC 

AUTOMATIC EQUIPMENT CO. 
6547 N. AVONDALE AVE. 

CHICAGO, IL 60631 (312) 775-4104 
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that arc most subject to ESD dam­
age, the investigation of the prob­
lem had led researchers to believe 
that passive components such as 
metal film resistors are also sus­
ceptible. 

In order to address this problem, 
storage and repair areas must be 
set up as antistatic environments. 
To do this floors, floor polishes a nd 
cleaners, bench tops, shows, carts 
and wheels and dozens of other 
everyday items must be brought 
into question to ensure they are 
not contributing static electricity. 

Static electricity damages com­
ponents when a charged person or 

part comes into contact with the 
"target" part. In order to avoid 
static, one must understand how 
the three types of ESD can be 
generated. 
a. Triboelectr icity 

This type of static generation 
is the result of two sul'faces 
being separated or rubbed to­
gether such as removing mask­
ing tape from a roll which can 
generate in excess of 5,000 
volts or walking across a vinyl 
floor which can generate up to 
12,000 volts (3,000 volts is about 
the beginning of ESD percep­
tion). Judicious selection of the 

Fig. 1 
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materials in the environment 
can avoid most triboelectric 
problems. 

b. Induction 
When the electrostatic field of 

a charged surface induces po­
larization of a nearby conduc­
tive body, the polarized body 
will discharge if a discharge 
path exists. This can occur, 
for instance, if a person were 
to handle components inside a 
plastic bag. Use of anti-static 
packaging will eliminate most 
inductive problems and still pro­
tect the device from triboelec­
tric effects. (See Fig. 1.) 

c. Capacitive 
This effect is a result of a 

change in capacitance of a body 
which is already charged. For 
a fixed charge, voltage is in­
versely proportional to capaci­
tance. If the capacitance is 
suddenly reduced (such as by 
lifting a board from a table) a 
dangerously high voltage will 
result. When the board is put 
down the resulting discharge 
can damage components. Dif­
fusive rather than conductive 
anti-static techniques are the 
best approach to prevent this 
type of static damage. 

2. Prevention of ESD 
What are the steps that can be 

taken to prevent ESD and to cre­
ate a static free environment? The 
foll()wing list involves actions that 
management should take in terms 
of acquisition of equipment, and 

instructions which should be in­
cluded in shop training programs 
to ensure ESD awareness. Anti­
static environments should be set 
up wherever solid state devices are 
stored, examined or repaired. It is 
clear that because of the expense 
of setting up such an environment 
a separate section of the stores be 
set up for solid state components. 

B. Packaging for Storage and 
Transportation. 12 Precautions 

1. Always use anti-static pack­
aging. 

2. Pack tightly to prevent mo­
tion which may generate 
static. 

3. An appropriate anti-static con­
tainer is a Faraday cage con­
structed of carbon-loaded plas­
tic, metal or metallized plastic 
containers. The transparency 
of the metallized plastic bag 
allows for visual inspection 
and thus has the advantage 
over the others. However, all 
three types provide adequate 
protection. (See Fig. 2.) 

4. "Pink poly" bags are not ade­
quate because they do not 
guard static being generated 
by induction. Faraday type 
bags "shield" components from 
inductive static. 

5. Always ensure that tubes used 
to store and transport inte­
grated circuits are anti-static. 
Plastic types will cause a 
charge to be generated due to 
triboelectric effect. 
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6. Place warning labels showing 
the JEDEC/EIA (Joint Elec­
tron Device Engineering Coun­
cil/Electronic Industry Asso­
ciation) symbol indicating the 
sensitivty of components in­
side. 

7. Transportation and storage ap­
paratus such as carts, wheels, 
frames and shelves should 
always be grounded. Without 
this precaution, the large 
amount of relative motion 
which takes place in the trans­
portation process will gene­
rate significant triboelectric 
static. 

8. Keep insulating material away 
from sensitive components 
(e.g. do not stack electronic 
devices on top of insulated 
traction motor cables, or on 
top of fiberglass or polyethy­
lene liner). 

9. When removing, handling or 
examining electronic compo­
nents on board a locomotive, 
personnel should employ port­
able antistatic techniques. 
Portable wrist straps should 
be worn at all times. Portable 
workstations consisting of 
grounded antistatic mats 
should be used to provide a 
safe work area if any prolong­
ed study of components is to 
be done on the locomotive. (See 
Fig. 3.) 

Any devices to be removed 
and then transported to anoth­
er location should be placed in 

an antistatic container before 
antistatic protection is remov­
ed, and should not be reopened 
until in the appropriate anti­
static environment. Power 
should always be turned off 
before electronic modules are 
disconnected or removed. 

10. Do not use electrical tape on 
any solid. state device for any 
reason. 

11. Ip.tegrated circuits should be 
packed in conducting foam in 
order to short out all the pins. 
A clip or ring may be used 
but does not physically pro­
tect the pins. Do not use 
styrofoam. 

12. Always ensure that electronic 
components and assemblies are 
protected against physical 
damage. 

C. Anti-static Work Stations for 
Repair and/or Inspection of 
Static 

SENSITIVE DEVICES 

1. Outer clothing, especially 
sleeves and gloves shoud be 
cotton and not made of syn­
thetic materials. Some anti­
static clothing is available. 
Avoid contact with compo­
nents. Short sleeves are best 
where possible. 

2. Keep work area clear of all 
insulators. These consist of 
most plastic, synthetics, poly­
ethelyne, cardboard and un­
grounded metal. 
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Locomotive Maintenance Officers Association - 1986 

Where railroads are, we are. 
• 260-plus "neighborhood" sales/service centers. 
• Regional distribution centers. 
• Traction motor bearings, new and repaired (SKF & 

FAG); Hyatt Clark traction-motor and journal-box roller 
bearings. 

• Bearings and power transmission for cars, locomo­
tives, cabooses, all maintenance and maintenance of 
way_ eqt:Jipment, docks and piers. 

Call our nearest branch, or write or call: 

• 
Bssdngs, Inc. 
Dlx/11 BlllldnJA lnt:. 
Btusnlng Blllldngs, lnt:. 
3600 Euclid Avenue, Cleveland, Ohio 44115 • (216) 881-2838 

Reliability and Service 

HUGHES RAILWAY. SUPPLIES Inc. 

934 Suburban Station Building 

Philadelphia, Penn. 19103 
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3. Antistatic table and floor mats 
should be installed at each 
work station. Wrist straps 
should be available and strap­
ped directly to bare skin. If 
more mobility is required, heel 
straps or antistatic footwear 
may be used. All antistatic 
devices in the environment 
should be connected to a com­
mon ground point through a 
one megohm resistor. Provide 
extra ground straps for visi­
tors. 

4. Soldering irons, work benches, 
stands, electrical equipment or 
any other metal objects should 
be grounded to the common 
ground point. Cabinets, shel­
ves and other storage equip­
ment should be antistatic types 
and grounded to the common 
ground point through a one 
megohm resistor. 

5. Any proper AC ground point 
may be used as the common 
ground point of the environ­
ment. AC ground plugs should 
be verified. 

6. Use antistatic containers for 
storage, and do not stuff labels 
inside of packages. 

7. Any cleaning utensils such as 
rags and brushes should be 
made of natural or antistatic 
material. 

8. Ionizers may be used to reduce 
the susceptibility of an area to 
static buildup. They also have 
the added advantage of remov­
ing some dust particles from 

the air. AC, DC, and nuclear 
types are available. However, 
the ionizer should be the bal­
anced type, (i.e. equal number 
of positive and negative ions 
formed) so that it does not 
create the very problem (un­
balanced charges) we are try­
ing to avoid. 

The ions will find the static­
ally charged areas and help 
neutralize them before they 
can do any damage. Ionizers 
are the only effective way to 
deal with insulators in the en­
vironment. 

Floors are the single great­
est source of static generation 
in the environment from tribo­
electric effects. The best so­
lution is the application of 
conductive floor tiles. For re­
pair facilities these may be 
applied as a false raised floor 
to allow for passage of cables 
underneath allowing easy and 
neat installation of new equip­
ment, and some extra storage 
space. Where economics pre­
vent a new floor installation, 
grounded floor mats may be 
used exclusively but may pre­
sent a safety hazard due to 
curled up edges or corners. 
However, under no circum­
stances should carpeting be 
present in an antistatic en­
vironment. If a hard floor is 
used dissipative floor finishes 
are available which remain ef­
fective for approximately two 
months of normal wear. 
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10. Post appropriate warning signs 
in the area. 

The relative humidity has a 
significant effect on the volt­
age levels which may build up. 
The following chart gives some 
indication of the effect. 

Source 

Walking across 

ESD Value 
70-90% 10-20% 

RH RH 
KV 

vinyl floor 0.25 12 

Walking across 
synthetic carpet 1.5 35 

Sitting on foam 
cushion 1.5 18 

Picking up standard 
plastic bag 0.6 20 

Pulling tape from 
PC board 1.5 12 

Cleaning circuit 
with eraser 1.0 12 

A humidifier should be used 
to ensure that relative hu­
midity in an antistatic en­
vironment remains above 60%. 

D. Some Simple Precautions 

1. A void touching electronic com­
ponents, pins, leads or traces. 
Handle by the plastic or metal 
parts of an assembly not as­
sociated with the circuitry. 

2. Ensure you are grounded be­
fore handling any solid state 
parts. 

3. Do not slide devices around. 

4. Spread the word. Courteously 
notify others when you see a 
static control problem. 

5. Static detection devices are 
available to help detect prob­
lems. 

6. Various antistatic liquids and 
wipes are available for clean­
ing purposes. 

E. Receiving/Shipping 

1. Keep parts in original anti­
static containers until ready 
for use. If your railway quali­
fies components or assemblies 
upon arrivial, they should not 
be opened until in the anti­
static environment. 

2. Part number and count verifi­
cation should be performed 
only at a static controlled 
work station. If no other way 
is possible, one should be set 
up in shipping and receiving. 

3. When repackaging ensure the 
ESD-sensitive warning label 
is present. 

4. Verify that ESD precautions 
are adhered to by outside con­
tractors. 

Employee education is a key 
to the ESD problem. Employees 
should be trained about ESD, to 
recognize labels and what to do 
with these labeled items. 

The cornerstone of a static con­
trol strategy is grounding. This 
may present a shock hazard under 
certain conditions in your shop. 
Please take care when setting up 
antistatic work areas. 
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Classes of Electrostatic Susceptibility 

lA - Extremely Sensitive 
(0-170 volts) 

MOS Devices 
JFET 

Typical Applications 
Dash-8 60 series 

lB -Highly Sensitive 
(170-1,000 volts) 

LSI micro-circuits 

CMOS Devices 
Bipolar transistors 
ECL Hydrid 

Dash-8 60 series 
Dash-7 50 series 
E-Type 40 series 

SCR 
Thin film resistors 

2- Moderately Sensitive 
(1,000-4,000 volts) 

Schottky Diodes 
Precision resistor Dash-8 60 series 

networks 
ECL circuits (Less Dash-7 50 series 

than 1 ns) 
TTL microcircuits 

3 - Marginally Sensitive 
(over 4,000 volts) 

Zener Diodes 
Power rectifiers 
Power diodes 

All Locomotives 

F. Cleaning of Electronic 
Components 

Dirt and other debris which may 
be found on electronic components 
may interfere with normal opera­
tion by degrading components, in­
sulation, and conductors or by al­
lowing a path for current discharge 
thus causing short circuits and/or 
damaged components. Dirty con­
nectors may cause open or high 
resistance connections. Although 
this problem is much less serious 
than in the past due to the intro­
duction of pressurized cabinets, a 
card or module should always be 
cleaned before returning to service 
to remove any incidental debris. 

The key to any cleaner that is 
used is that it should remove dirt 
while leaving as little residue as 

possible. Different pressurized 
sprays are available on the market 
for removing flux, or degreasing. 
A can of pressured air is also very 
useful. Acrylic sprays are avail­
able which will protect a large 
amount of residue, such as dish­
washer types, are not generally 
recommended. 

Ultrasonic baths are available 
which do complete cleaning jobs 
leaving very little residue on the 
components. Where extensive 
cleaning is required, ultrasonic 
baths which use heat will return 
devices to good-as-new condition. 
Various manufacturers offer a 
wide range of cleaning products 
and have a technical support line. 

Dirt may also interfere with the 
shedding of heat from electronic 
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components by acting as an insula­
tor. It is important to assure that 
all heat sinks mounted on P.C. 
boards are clean before they are 
returned to service. In the case of 
power electronics on the locomo­
tive, it is important to do a peri­
odic visual inspection of heat sinks 
mounted in areas where they are 
susceptible to dirt. 

These should be cleaned as re­
quired. Heat sink mountings should 
be checked for corrosion to ensure 
that heat transfer is still adequate 
between device and sink. 

Summary 
Some of the suggested proce­

dures may seem a little elaborate, 
but with the exception of new 
floors, none of these items is overly 
expensive. If the railways wish to 
benefit from the increased loco­
motive productivity offered by solid 
state devices, these precautions 
should be observed. The cost cal­
culation must not only include the 
cost of the damaged components 
but also the cost of reduced re­
liability due to reduced perform­
ance and increased over-the-road 
failures. Remember that a static 
zap, imperceptible to human sensi­
tivities, could at some time later 
cause a 10,000 ton train to stall. 

II. 
ROTATING EQUIPMENT 

Preface: 
This section of this paper will 

cover cleaning, handling and stor­
age of rotating electrical equip-

ment. Since there are so many 
different cleaning methods and 
types of cleaning material, only the 
most prevalent will be discussed. 

One cleaning method that is 
quickly gaining popularity at this 
time is high pressure spray wash­
ing. This method has been refined 
to be very effective in all cleaning 
requirements of the railroads and 
is finding its way into many rail­
road rebuild shops across the coun­
try. In its analysis, each repair 
facility must choose the method 
that best suits its scale or needs 
of operation. 

Thorough cleaning of parts is 
necessary-

To remove bulk grease and dirt 
from all surfaces of the parts. 
On all rotating equipment, mainte­
nance personnel find that these 
bulk contaminants are a main 
reason for failures. The dirt and 
carbon tend to hold moisture 
around insulated areas and allow 
weak spots to go to ground or 
short sooner than normal. These 
contaminants also cause mechanical 
abrasion on rotating parts. Parts 
that vibrate in normal operation 
and expand or contract due to am­
bient temperature and load changes 
will also mechanically abrade. 

To maintain high insulation re­
sistance to ground. Any kind of 
contaminant that may reduce the 
intended resistance of insulation 
will create problems. These prob­
lems are accentuated during high 
voltage situations. Contaminants 
that could reduce resistance are 
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carbon from brush wear, copper 
particles coming from commutator 
or slip ring wear, steel particles 
from mechanical abrasion or slip 
ring wear, or chemical contami­
nants from past cleaning where 
the cleaning material was not 
rinsed off thoroughly. Dirt and 
some chemical contamination will 
hold moisture in a continuous film 
rather than beading up, causing a 
path to ground. This is very evi­
dent if the V-ring string band seal 
on a traction motor armature is 
not kept clean. 

To accurately inspect and test 
rotating equipment to determine 
the extent of electrical and me­
chanical repairs needed. Once all 
grounds or shorts due to contami­
nation are cleared, the equipment 
can be tested for more positive 
evidence of failure. Also, once the 
bulk type contaminants are remov­
ed, the parts can be inspected close­
ly for mechanical problems. 

To prepare the parts that are 
insulated with varnish for vacuum 
pressure impregnation (VPI). Once 
all contaminants are removed, var­
nished surfaces can be revarnished 
for another service life. If dirt 
filled air passages are revarnished, 
that dirt will be secured there for­
ever, thus limiting cooling air flow 
and causing an overheated part. 
The contaminant could also break 
loose at some time during opera­
tion and interfere with rotation 
and cause electrical or mechanical 
failure. Balance of the armature 
could also be thrown off and cre­
ate severe vibration of the motor. 

Dirty components that are VPI'd 
may also contaminate the varnish 
in your VPI system. 

Whenever people are made to 
work with very dirty parts, they 
are less satisfied with their work. 
They do not take good care of the 
parts or tools. Quality also suffers 
not only because defects can be 
hidden, but also because the people 
don't take as much care. 

When all parts are thoroughly 
cleaned there is less chance of get­
ting contaminants on other parts. 

A. Methods of Cleaning (General) 

1. Dry compressed air. 
a. Used to remove loose, dry 
contaminants only. 
b. Not recommended as the sole 
method of cleaning. 

2. Steam. 
a. Wets and depends on heat 
and force of steam to soften 
grease and oil. 
b. Does not remove dirt me­
chanically bonded to or imbed­
ded in surfaces. 
c. Is chemically neutral since 
no alkaline agent is used. 
d. Parts must be dried in oven. 

3. Manual spray washing. 
a. Uses steam or hot water and 
non-caustic, alJialine cleaning 
solution. Depends on heat, force 
of water or steam and chemical 
action. (A caustic is an alka­
line solution containing sodium 
or potassium hydroxide.) 
b. Wets and penetrates contam­
inants. 
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c. Scrubs and breaks down con­
taminants into small particles 
so they can be washed away 
with water. 

d. Removes oil, grease and loose 
dirt. Does not remove dirt me­
chanically bonded or imbedded 
in surfaces. 

e. Not chemically neutral due 
to alkaline cleaning solution. 
All parts should be promptly 
rinsed when exposed to alkaline 
cleaning solutions (Kapton is 
particularly sensitive). If not 
rinsed thoroughly a residue will 
be left that will absorb water 
in normal service and cause 
leakage to ground. 

f. Parts must be dried in oven. 

g. Indoor cleaning will require 
ventilation, depending on the 
cleaning solution. Suitable pro­
tective equipment must be used 
for eyes, skin and respiratory 
system. 

4. Spray or immersion in solvent. 
a. Hot or cold solvent and com­
pressed air wets, penetrates, 
scrubs and dissolves contami­
nants. 
b. Removes oil, grease and loose 
dirt, but does not remove dirt 
mechanically bonded to or im­
bedded in surfaces. 
c. Results in saturated insula­
tion which should be air dried. 
d. Expensive nature of solvents 
may result in re-use of dirty 
solvent, which allows dirt to 
soak into porous insulation and 
cracks. This can result in leak-

age to ground if surfaces are 
recontaminated. This is especial­
ly true for the immersion 
method. Often armatures will 
never recover from low resis­
tance readings because conduc­
ting contaminants become trap­
ped in cracks which may have 
been present or were opened up 
during immersion. Commutators 
should never be immersed since 
contaminants can be carried 
into inaccessible and critical 
areas. Filtration or distillation 
equipment for separating dirt 
from solvent can be expensive. 

e. Dusty residue may remain 
after solvent has evaporated. 
This should be blown off with 
clean, dry compressed air. 

f. Insulating varnish may be 
removed and certain insulation 
may decompose if armature or 
frame is exposed too long to a 
hot solvent. 

g. Some solvents are explosive 
arid can be hazardous if stored 
or used improperly. 

h. Indoor cleaning requires 
modern ventilating equipment 
to remove harmful fumes. In­
door or outdoor cleaning re­
quires a breathing apparatus 
for operators. Suitable protec­
tion is also required to prevent 
solvent from getting on skin 
or in eyes. 

5. Solvent vapor-degreaser. 
a. Hot solvent vapor condenses 
on cooler part being cleaned 
thereby wetting and dissolving 
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contaminants. Fresh, clean sol­
vent condenses on part until 
part attains temperatures of 
vapor. 

Further scrubbing is obtained 
by spraying a strong jet of 
liquid solvent. 

b. Removes oil, grease and loose 
dirt but does not remove dirt 
mechanically bonded to or im­
bedded in surfaces unless strong 
jet of solvent is used. 

c. If solvent has substantially 
higher boiling point than water, 
part becomes hot enough to 
drive off moisture, thereby 
eliminating the need to use an 
oven for drying. 

d. Cleaning time is reduced to 
minutes versus hours with 
methods requiring oven drying. 

e. Parts with pocket areas must 
be tilted or up-ended to spill 
out the solvent before leaving 
degreaser. Dusty residue gen­
erally must be blown off with 
clean, dry, compressed air after 
solvent has evaporated. 

f. If parts are exposed too long 
to solvent vapor, insulating var­
nish may be removed and/or 
decompose on armatures and 
frames. 

g. Some solvents are explosive 
and can be hazardous if stored 
or used improperly. Suitable 
protection is required to pre­
vent solvent from getting onto 
skin and into eyes. Breathing 
apparatus may also be required. 
Indoor cleaning requires proper 

ventilation equipment to remove 
fumes from the shop to prevent 
them from spreading to other 
areas. 

6. Abrasive blast. 

a. Compressed air and abrasive 
material such as ground walnut 
hulls, glass beads, rice hulls, 
corn cobs or aluminum oxide 
powder are used to remove 
hardened deposits of oil, grease 
and dirt by blasting the con­
taminant loose. When abrasive 
particles are to be reclaimed, 
contaminants must be removed. 
This method removes dirt that 
is mechanically bonded or im­
bedded in surfaces. 

b. Sand should not be used as 
an abrasive since its sharp cut­
ting action can peen over edges 
of laminations, shorting them 
together, and causing additional 
iron losses in rotating equip­
ment. Sand also damages in­
sulation more quickly than any 
other method. 

c. Air pressure and pellet size, 
density and hardness must be 
carefully selected to avoid dam­
age to insulation. Heavy, soft 
pellets driven at high speed 
will pound the surface and may 
loosen the bond between layers 
of insulation ana the part with­
out cutting. Abrasive pellets 
also wear out hoses and nozzles 
which then require periodic re­
placement. 

d. The abrasive blast method 
only cleans areas that are di-
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rectly exposed to the blast of 
the abrasive material. All other 
areas are left dirty. 
e. Cleaning is dry and will not 
require oven drying except to 
drive out moisture that is al­
ready in the part from normal 
operation. 
f. Indoor and outdoor cleaning 
requires breathing apparatus 
and goggles to keep fine parti­
cles from the operator's lungs 
and eyes. The cleaning facility 
must be designed to keep ab­
rasive material from spreading 
to other areas of the shop. An 
open air facility makes recla­
mation of abrasives difficult. 

7. Ultrasonic vibration and vapor 
de greaser. 

a. Cleaning solution in an ultra­
sonic tank is excited by high 
frequency vibration, (20,000 Hz 
or higher) to produce extremely 
rapid oscillations in the solu­
tion. This sets up alternating 
high and low pressure waves 
which mechanically scrub sub­
merged parts. This scrubbing 
action combined with solvent 
action results in thorough, ef­
ficient cleaning of large as well 
as small parts. 

i. Many ultrasonic systems 
utilize an integral vapor de­
greaser for precleaning and 
final cleaning of parts. This 
reduces cleaning time and mini­
mizes solvent contamination in 
the ultrasonic tank. 

ii. Some ultrasonic systems 
have a refrigeration module 

that takes the place of water 
cooling of the vapor condensing 
coils. This eliminates the con­
tinuing expense of a water 
supply and discharge system. 
b. Transducers, which change 
electrical energy to ultrasonic 
vibrations, can be installed to 
the bottom or sides of most 
standard vapor degreasers that 
were discussed in Section 5, thus 
increasing the capability of 
present equipment. 
c. Everything mentioned pre­
viously under "Solvent Vapor 
Degreaser" in Section 6 applies 
to this method of cleaning. 

8. Power Spray Washer. 
a. Spray wash machine equip­
ment. 

i. Totally enclosed automatic 
machine. 

ii. Machines that clean very 
dirty parts generally have a 
sludge conveyor to remove set­
tled contaminants from bottom 
of holding tank(s). 

iii. Electronic timers are in­
terlocked to control length of 
prewash, wash and rinse cycles 
automatically. 

iv. Motor driven turntable 
swings out with door for each 
loading and unloading. 

v. High horsepower motor 
drives a high flow rate pump. 

vi. Many spray nozzles are 
positioned inside cabinet to per­
mit spray action from all angles 
(side, top and bottom). Some 
washers include a center pipe 
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with nozzles to clean the in­
teriors of some parts. 
b. Cleaning solution. 

i. Cleaning solution is large­
ly made up of heated water 
(120 F to 180 F). Solution is 
heated electrically or with high 
or low pressure steam or gas. 

ii. A medium alkaline clean­
er is generally used. 

iii. Since cleaning solution 
is pushed through nozzles at 
pressures of about 60 psi, the 
cleaner should contain defoam­
ers. Where applicable, a layer 
of oil may be allowed to settle 
on top of solution in holding 
tank. 

iv. If aluminum parts will 
ever be washed, the cleaner 
should be silicated to protect 
the aluminum. 

v. Another principle behind 
a power spray washer is that 
much of the grit removed from 
previously cleaned parts is sus­
pended in the cleaning solution. 
This grit is recirculated and 
when pushed through the noz­
zles at high pressure results in 
an abrasive blast type of clean­
ing. It does not peen over any 
edges. 

vi: If the cleaner is alkaline, 
a power rinse cycle with fresh 
water to remove and neutralize 
cleaner residue is required. If 
this feature cannot be added to 
the washer, an external rinse 
tank should be used with appa­
ratus to agitate water and to 
check PH for alkalinity. 

c. This type of cleaning does 
require oven or vacuum drying 
of rotating equipment. 

d. When fine particle grit is 
recirculated, there is a possi­
bility of some of the grit being 
metallic. It has not been found 
that this metallic grit creates 
ground or short problems on 
commutators. In shops where 
commutators are turned and 
undercut, personnel should 
never see this kind of problem. 

e. Operator· does not need any 
special protective equipment 
under normal operation of ma­
chine since entire operation is 
enclosed. Machine cabinet should 
be ventilated properly to keep 
fumes from entering shop. De­
pending on cleaner used, a res­
pirator, gloves and eye protec­
tion may be required when 
adding cleaner to water in hold­
ing tank. 

B. Recommended Method of Clean­
ing Traction Motors Prior to 
Rebuild 

As you can see from the "Meth­
ods of Cleaning" section of this 
paper, there are many ways to 
clean traction motors. Any one of 
the methods has proven effective 
in cleaning at least the minimum 
amount of contaminants from the 
parts being cleaned. Each method 
has good and bad aspects regard­
ing health hazards, waste disposal, 
cleaning effectiveness above the 
minimum required, damage to the 
part, expense or time consumption. 
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In recent years there has been one 
method that has been tried and 
proven to meet the majority of de­
mands imposed by traction motor 
repair shops. This method is the 
power spray washer. This is the 
method that will be referred to in 
the rest of this paper. 

1. Remove armature lock if it 
was applied to prevent brinelling 
during shipment. 

2. Remove pinion/shaft protec­
tor and remove paper from pinion. 

3. Remove pinion from arma­
ture shaft as instructed by vendor 
publications. 

4. Remove all covers. 
5. Remove brushes. 
6. Remove armature as in­

structed by vendor publications. 
7. Disassemble frameheads as 

instructed in vendor publications. 
8. Since most power spray 

washers have large wash cabinets 
and turntables, many parts can be 
washed at one time. Load arma­
tures onto a rack designed to hold 
armatures vertically. Load rack 
into washer turntable. Weight on 
turntable should always be dis­
tributed so table bearings are load­
ed evenly. 

9. Close washer door and set 
timers for required amount of time 
for all cycles. 

10. The prewash cycle is the 
first of three cycles. This cycle 
removes the bulk contaminants 
from the parts. These contami­
nants settle quickly at the bottom 
of the pre-wash tank where they 

are usually removed by a sludge 
conveyor that disposes them into a 
proper waste disposal container. 
In all wash cycles, the parts are 
rotated by the turntable to orient 
all surfaces of the parts to numer­
ous pressure nozzles. The pre-wash 
water has the manufacturer's 
recommended concentration of 
cleaning solution and is heated to 
120-180 F. 

11. The wash cycle is the second 
cycle. Once the prewash cycle 
times out, the wash cycle begins. 
This cycle also has the manufac­
turer's recommended concentration 
of cleaning solution and the water 
is heated to 120-180 F. It is usually 
the longest cycle to enable the 
pressure heated, alkaline solution 
to dissolve and wash away any 
contaminants that are usually dif­
ficult for most cleaning methods 
to remove. The wash tank may or 
may not have a sludge conveyor 
since the majority of bulk contami­
nants are removed in the prewash. 

12. Once the wash cycle times 
out, the rinse cycle begins. The 
rinse cycle is heated to 120-180 F. 
No cleaning solution is needed. It 
is used to wash away any remain­
ing contaminants but its main duty 
is to remove any trace of the alka­
line cleaning solution. If this alka­
line solution were to remain on the 
armature and dry, it would leave 
a film that might allow current 
flow if armature got wet in the 
future. 

13. When the rinse cycle times 
out, the turntable stops moving. 
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Now the door can be opened and 
the armatures removed. 

14. While armatures are still 
warm, they must be placed in a 
drying oven or a vacuum dryer. 
Drying ovens are found in most 
motor shops. Oven temperatures 
should be about 300 F. Baking time 
will vary depending on the number 
of parts being dried, frequency, and 
duration oven doors are open dur­
ing baking and ventilation inside 
oven. Armatures should reach a 
surface temperature of at least 
257 F. At this temperature, mois­
ture vaporizes from the parts. 'Ihis 
is why ventilation is important 
since the moving air will remove 
any water vapor from the oven. 
Each shop should estimate the 
baking time for its specific oven, 
type and quantity of parts being 
dried. Temperature checks could 
be done with a pyrometer at pre­
determined intervals at the core 
laminations between the wedges to 
estimate drying times. 

The vacuum dryer is also used 
in some shops. A vacuum pump is 
piped to the chamber where atmos­
pheric pressure is reduced to 0 
psia. This absence of air pressure 
reduces the temperature that water 
boils. This way, insulated parts 
can be dried much more quickly 
than when using an oven while 
using a lower temperature. This 
will save shop energy costs. When 
using either of the above drying 
methods, their effectiveness will be 
proven when the armature is test­
ed with a megger. If the commu-

tator to shaft resistance is less 
than 1 megohm, the armature must 
be dried again and retested. 

15. If brush holders are cleaned 
at a later time, they can be left 
in the frames. Otherwise remove 
them and place them in a cleaning 
basket. 

16. The traction motor frame 
is loaded onto the washer turntable 
so the pinion end bore faces up­
ward and is centered on the turn­
table. This allows the center nozzle 
pipe to extend down into the frame 
and clean the interior. All leads 
must be tied to the frame so none 
of them are pushed around by the 
pressure spray and get caught in 
the machine. Since the center noz­
zle pipe does such a thorough job 
of cleaning the interior of the 
frame, if required the frame can 
be varnished without the problem 
of sealing in contaminants around 
the field and interpoles. 

17. Close and lock the door. Set 
the cycle timers to thoroughly 
clean the frame. Start the ma­
chine. The machine cycles repeat 
the same steps as noted in 10 
through 13 for armature cleaning. 

18. When the machine stops and 
the frame is moved to a qualifying 
area, brushholders are removed. 
The insulated studs can then be 
cleaned by putting them through 
the washer again with other parts 
or the abrasive blast method can 
be used if done carefully. 

19. As the traction motor is dis­
assembled, all the framehead parts 
and brushholders should be placed 
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in a wash basket designed to be 
placed on the washer's turntable. 
Parts should be oriented so they 
are exposed to the pressure nozzles 
as much as possible. One style of 
basket that works well in this type 
of washer is a "christmas tree" 
shaped basket that allows the cen­
ter nozzle pipe to extend through 
the center. It should have hooks 
to hang parts on and a bottom 
platform to lay parts down that 
cannot be hung. 

20. Close and lock the door. Set 
cycle timers to thoroughly clean 
the parts. Start the machine. The 
machine cycle repeats the same 
steps as noted in 10 through 13 
for armature cleaning. 

21. When machine cycles are 
complete, unlock and open the door. 
Remove parts baskets from the 
machine. Since parts are very hot 
when removed from the washer, 
moisture evaporates quickly from 
most surfaces. 

22. When cleaning armatures, 
frames and other parts, if there 
are any pocket areas, the parts 
should be tilted or up-ended to 
drain standing cleaning solution or 
rinse water. When used with cau­
tion and correct protective equip­
ment, compressed air can be used 
to blow the standing water off the 
part. 

C. Recommended Method of Clean­
ing Main Alternators and 
Generators Prior to Rebuild. 

1. Remove rotor or armature 
lock if it had been applied. 

2. Remove shims if they were 
placed between rotor or armature 
and frame. 

3. Remove all protective paper 
and tape. 

4. Remove auxiliaries if they 
were left on the alternator. 

5. Disassemble the alternator 
or generator as suggested by the 
locomotive manufacturer's publica­
tions. 

6. Place rotor or armature on 
the washer turntable with the slip 
ring or commutator end up. 

7. Follow steps 9-14 and 22 as 
described for cleaning insulated 
traction motor parts in the washer. 

8. Place frame on the turn­
table either standing on its feet 
or laid down on its side. When the 
frame is laid on its side, the cen­
ter nozzle pipe can extend down 
through the frame and do a better 
job of cleaning than when it is left 
standing on its feet. 

9. Follow steps 9-14 and 22 as 
described for cleaning insulated 
traction motor parts in the washer. 

10. Place end housing on the 
turntable. Because of the size of 
most end housings, several of them 
can be stacked on top of each other 
as long as they will not fall or 
keep the pressure spray from 
cleaning the parts. 

11. Follow steps 9-13 and 21 
and 22, as described for cleaning 
metallic traction motor parts in 
the washer. 
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D. Recommendations for Cooling 
Fans, Auxiliary Generators, 
Grid Blower Motors, Inertial 
Motors and Other Miscellaneous 
Rotating Equipment. 

Because of the large variety of 
small motors and generators, this 
section will discuss their shipping, 
handling, storing and cleaning in 
general terms. 

1. When shipping small motors, 
generators, fans and blowers, the 
following preparations should be 
done: 

a. Secure all covers provided 
with equiment. 

b. Place waterproof tape over 
any openings where a cover is 
not provided. 

c. Thoroughly clean and apply 
rust preventive compound to 
any unpainted machined sur­
faces. 

d. Use tie-wraps or rope to 
secure any leads that may drag 
or get crushed. 

e. Place the item on a standard 
sized pallet and secure with 
metal banding. A special ship­
ping container can also be built 
for cooling fans and grid blow­
ers. This allows them to be 
stacked. 

If small rotating equipment is 
secured to a pallet, a forklift can 
easily transport the item(s) any­
where they are needed. Without a 
pallet, all of these items can be 
lifted by an overhead crane with 
chain or wire rope slings where a 

lifting eye can be mounted. Fabric 
slings can also be used on cooling 
fans and grid blowers by wrapping 
the sling around the edge of the 
frame. 

When storing small rotating 
equipment, the preparation for 
shipping should be sufficient for 
storage. Inertial blowers, auxiliary 
generators and other motors or 
generators should be stored inside 
to keep moisture from entering 
them. Cooling fans and grid blow­
ers are designed with shrouds so 
they can be left outside in the 
weather. Care must be taken not 
to set these items where flooding 
could affect the component. 

Dust and dirt may be blown into 
this rotating equipment on windy 
days. This is why it is important 
to cover all openings with water­
proof tape. 

2. Recommended method of 
cleaning needing-repair small ro­
tating equipment for rebuild. 

a. Remove equipment from pal­
let. 

b. Remove protective coverings. 
c. Disassemble each item as in­
structed by locomotive manu­
facturer's instructions. 

d. As each item is stripped, 
place parts into parts cleaning 
baskets designed to expose as 
many surfaces to the spray 
nozzles as possible. 
e. Several parts of this small 
rotating equipment are made of 
aluminum. The cleaning solu­
tion in the wash tank must be 
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silicated so the aluminum will 
not be etched. 
f. Place basket(s) onto turn­
table, evenly distributing the 
weight. 
g. Follow steps 9-14 and 22 as 
described for cleaning insulated 
traction motor parts in the 
washer. An exception would be 
to consult the locomotive manu­
facturer's maintenance instruc­
tions for mtmmum megger 
readings after drying. 
h. Follow steps 9-13 and 21 and 
22, as described for cleaning 
only metallic traction motor 
parts in the washer. 

E. Recommendations for Electrical 
Cabinets 

This section will discuss reasons 
why electrical cabinets need to be 
cleaned and methods to get them 
clean. Electrical cabinets usually 
are neglected since most methods 
of cleaning are not sufficient, take 
too much time to do a good job, 
require the locomotive to be re­
moved from service to allow all 
components to dry or create elec­
trical pro b 1 ems that normally 
wouldn't happen. 

With present designs of electri­
cal cabinets, dirt is kept out much 
b3tter than on older models of lo­
comotives. Locomotive manufac­
turers have been forcing filtered 
air into the cabinets to create a 
positive interior pressure relative 
to atmospheric pressure. This way 
air is always being pushed out of 
the cabinets so no dust filled air 

can enter. Compartment doors are 
also sealed better with material 
that will not deteriorate as quickly 
as some material used in the past. 

It is important that maintenance 
personnel inspect control compart­
ment doors, seals, door fit and con­
trol compound air filters. If there 
is a defect, repairs should then be 
made to keep dirt from accumu­
lating on electrical components. 
When there is evidence of dirt ac­
cumulation on electrical compo­
nents, an inspection should be made 
to find the problem. Usually the 
problem can be located in the area 
of most dirt accumulation. 

Electrical cabinet pressure can 
be checked with a U -tube manom­
eter. The cabinet should have a 
minimum static pressure of 1.5 
inches of water. There are a few 
reasons for cleaning electrical cabi­
nets. 

1. To allow normal mechanical 
operation. Dirt may get into mov­
ing components and cause them 
not to move correctly. 

2. To prevent some components 
from overheating due to dirt build­
ing up on the component and pre­
venting heat dissipation. 

3. To prevent dirt from holding 
moisture and causing a short or 
ground. 

4. To minimize chafing of wires 
and cables. Even though wires and 
cables are secured in the cabinets, 
they still move and vibrate due to 
r.ormal operation of the locomotive. 
Then when the abrasive dirt is 
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added to the movement, insulation 
wears more quickly. 

5. To provide cleaner compo­
nents and wiring for quick identi­
fication when troubleshooting or 
modifying. 

6. To give the craftsman a 
cleaner work area. 

F. Suggested Steps for Cleaning 
Electrical Cabinets 

1. Low Voltage 
·a. Pull battery switch and open 
low voltage cabinet doors. 
b. Blow dirt and dust off cards, 
relays, diode, panels, resistors, 
capacitors and compartment 
sides with dry compressed air 
at 40 psi. Where compressed 
air is used, protective eyewear 
and a respirator must be worn. 
c. A fine bristle brush may be 
used for dislodging any accum­
ulations that the compressed air 
did not remove. 
d. Use a vacuum cleaner to re­
move any dislodged dirt and 
dust. 

2. High Voltage 
a. Pull battery switch and open 
high voltage cabinet doors. 
Make sure cabinets being clean­
ed are in a well ventilated area. 
A ventilated hood should be 
used to protect the operator 
against breathing solvent va­
pors and to keep cleaner from 
getting into the operator's eyes 
and face. Protective clothing 
should be used to protect the 
skin on the rest of the opera­
tor's body where necessary. 

b. Remove plugs from the 
bottom of the compartment to 
allow cleaning solution and 
water to drain out. It is not 
recommended to clean electrical 
cabinets in the following man­
ner if there are no drain holes 
for liquids to escape. 

c. If necessary, dilute cleaning 
solution to manufacturer's rec­
ommended standard. 

d. Use a cleaning spray gun 
with an air supply hose con­
nection and a siphon hose to 
spray cleaner into the cabinet. 
Thoroughly soak all contactors, 
relays, switches, resistors, wir­
ing, cables and cabinet sides 
with cleaner. Allow cleaner to 
soak into the dirt for a couple 
of minutes. 

e. Thoroughly rinse with clean 
water so no residue can remain 
on the components. 

f. Leave cabinet doors open and 
allow to dry for 4 or 5 days. 
Because of this long drying 
time, this type of cleaning 
should only be used when a lo­
comotive is undergoing a re­
build. 

Summary 
The quality of work we perform 

today will have a significant effect 
upon the survival of the industry. 
Productivity can only be increased 
by continuously re-evaluating work 
procedures, both new and old, in 
order to develop and make use of 
new methods and technologies. The 
Diesel Electrical Maintenance Corn-
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mittee has examined industry prac­
tice for the cleaning, handling, and 
storage of electrical equipment, 
and hopes this paper will be a use­
ful instrument towards our larger 
goal. 

QUALIFICATION OF 
LOCOMOTIVE POWER PLANTS 

THROUG;H SELF LOAD 
The basic advantage of locomo­

tive self load compared with en­
route testing is that the operator, 
equipment and geographic varia­
tions are neutralized. Results of 
the test should thus be very re­
peatable at a particular location 
excluding only temperature and 
atmospheric pressure changes. Lo­
comotive self load provides the 
ability to perform the following 
functions with a high degree of 
confidence in the results for com­
parison purposes: 
1. Performance Monitoring 

a. Periodic measurement of per­
formance (horsepower at the 
alternator). 
b. Correcting to rated perform­
ance under working condition. 
c. Tuning to desired perform­
ance following major repairs. 

2. Fuel Consumption 
a. Optimize system adjustments 
for controlled conditions of load, 
temperatures, type of fuel, air 
density, etc. 
b. Restore optimum fuel com­
bustion for engines not normally 
operating at optimum load, 
i.e., units from long layover or 
out of storage. 

3. Troubleshooting 
a. Duplicate actual load con­
dition for purposes of causing 
recurrences of failure mode. 
b. System checkout following 
major repairs. 
c. Environmental checks (ex­
haust fumes, noise). 

4. Testing 
a. Static (stationary) testing to 
obtain data under simulated 
road conditions. 
b. Comparative system testing 
under controlled condition of 
temperature, vibration, etc. 
c. Checking out the utility 
of new /different tools, mainte­
nance procedures or similar 
items that may affect road per­
formance, personal safety. 
d. Obtaining data or investigate 
previously unknown phenomena. 

GE LOAD TEST 
To determine if a repaired unit 

is ready for service, a load test 
must be performed. This involves 
checking and testing numerous 
items. Various electrical outputs 
must also be determined, as well as 
the general mechanical and elec­
trical condition of the unit. 

By following the proper testing 
procedure, you can help eliminate 
potential operating problems in 
General Electric locomotives. 

Safety is always important. Be­
fore working on any unit outside 
the shop, the first step is to apply 
a blue flag. Next, the hand brake 
must be set. Before power check­
ing or loading the unit, make sure 
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it is isolated from the rest of the 
consist by disconnecting the 27 pin 
train line cable. 

Before starting the engine, sev­
eral items must be checked. These 
include the engine lube oil and the 
fan drive lube oil. Inspect the 
radiators to insure they are not 
plugged. The air compressor oil 
level must be checked. Also, the 
governor oil level and the auxiliary 
drive lube oil must be checked. 

At the same time the test must 
be made for low voltage grounds. 
Be certain all circuit breakers are 
on, and qualify the test iight. In 
order to do this, connect the light 
across the battery switch. This 
should cause the bulb to light. Now, 
ground one lead while the other is 
connected to the positive side of 
the switch. 

Next, move the lead from the 
positive side to the negative side 
of the switch. In either case, if the 
light glows, a ground exists. 

Before testing for a high voltage 
ground, place the ground relay 
switch in the "off" position. Re­
member to qualify the megger. 
Connect the two leads and crank 
the megger. A reading of zero 
should be obtained. Now, attach 
one lead to ground and the other 
to the ACCR BUS bar. When the 
megger is cranked, a reading of at 
least one megohm must be ob­
tained. 

If all levels are satisfactory, 
start the fuel pump. On older 
units, this will require pushing the 
reset button. On newer units, turn 

the fuel pump switch to prime. 
Fuel pressure should be 40 psi. 
Now, start the engine. At idle, 
lube oil pressure should range from 
35 to 45 psi. 

Now check the independent 
brakes to make sure they are cut 
in, and applied, brake shoes are 
against the wheels, and that piston 
travel is not excessive. Make cer­
tain the unit has enough fuel and 
shut the engine down with the 
emergency fuel cut off switch. 

Determine the condition of the 
air filters by looking at the service 
indicator. If the red band is visi­
ble, you must take a manometer 
reading to see if the filters require 
changing. Now, reset the fuel pump 
and restart the engine. 

Open the carbody doors and 
listen for any u nus u a 1 sounds 
which might indicate misfiring, im­
properly set racks or problems with 
the fan drive or couplings. Also 
visually check for exhaust leaks 
or any leakage of lube oil, water 
or fuel. Carefully inspect the low 
pressure fuel lines for leaks or 
improperly applied clamps. 

Increase engine speed to eighth 
notch. Using a calibrated tacho­
meter and an overspeed test lever, 
slowly increase engine speed and 
make sure that overspeed trips at 
1717 RPMs, ± 15 RPM. 

Now, before the engine dies, re­
set the overspeed trip. Be certain 
the overspeed link is completely 
compressed. Check the rack set­
tings. With the engine in idle, the 
racks should be at 5% to 6 milli­
meters, with a tail rod gap of one 
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inch ±1/32. At this time, each 
cylinder must be test fired. The 
racks should not be pulled further 
than 3 to 5 millimeters for the test. 

Allow the cooling water to reach 
normal operating temperature and 
check and mark its exact level. 

After ensuring that all person­
nel are in the clear, power check 
the unit in both directions. With 
the generator field switch on, and 
watching the load meter, place the 
reverser in the forward position 
and advance the throttle to notch 
one. Then return the throttle to 
idle. Place the reverser in reverse 
position and advance the throttle 
to notch one. In both cases, the 
load meter should show from 300 
to 350 amps. Return the throttle 
to idle and center the reverser. 

You should also test the opera­
tion of the ground relay. To do 
this, place the load box switch in 
the load position. Connect a jump­
er from either the GA test jack or 
the BB terminal of the EXP termi­
nal board to the car body. Place 
the generator field switch in "On" 
position. With the reverser handle 
in the forward position, advance 
the throttle to notch one. 

This will cause the ground relay 
to trip and ring an alarm bell. 
Then the ground relay will reset. 
This sequence will repeat three 
times; however, the fourth time 
the ground relay will lock out. 
Once this has been accomplished, 
return the throttle to idle and re­
move the jumper wire. Now, reset 
the ground relay. 

The next step in the load test 
procedure is to make electrical 
checks. Before doing this, inspect 
the condition of the meter and 
leads. To check the main alter­
nator voltage, connect a 0 to 1500 
voltmeter to either the GA and GN 
test jacks or to the BB and BE 
terminals of the EXP terminal 
board. 

Watch the ammeter on the con­
trol stand to make sure there is no 
current flow through the traction 
motors. Observe the voltmeter 
while the throttle is slowly ad­
vanced to eighth notch. The volt­
age should not exceed 1135 volts. 
If this voltage is exceeded, check 
for an open grid circuit. 

Before you remove the meter, 
return the throttle to idle. Next, 
connect the voltmeter to the blue 
test point on the MP card marked 
300 kilowatts per volt. 

Again, advance the throttle slow­
ly to notch eight, and leave in this 
position. A normal meter reading 
is from 7.0 to 7.2 volts. To compute 
horsepower, multiply this reading 
by 424. 

At this time, the machinist 
should be checking the racks, which 
should read 19.5 millimeters. He 
should check the power piston 
which should be at .344 or .343, 
and he should check the load regu­
lator which should be at the 5:00 
o'clock position. 

With these checks complete, ap­
ply the meter to the test point on 
the filter card marked ACCR 600 
amps per volt. A normal meter 
reading should be from 3.5 to 3.67. 



Committee an Diesel Electrical Maintenance 261 

Multiplying the meter reading 
times 600 will give you the cur­
rent output of the main alternator. 

The voltage output is determined 
at the filter card test point mark­
ed VCR 150 volts per volt. A nor­
mal reading should be from 6. 75 
to 7.3 volts. This reading is multi­
plied by 150 to determine the 
voltage output. 

While the unit is still under load 
in the eighth notch, you should also 
check the following items: 

Lube Oil Pressure -
This should be 90 to 115 psi 

Fuel Pressure -
25 psi minimum 

Turbo Air Pressure 
18 to 25 psi. 

When these readings are deter­
mined, return the throttle to idle 
and place the load box switch in 
the run position. 

Again, after ensuring all per­
sonnel are in the clear, power 
check the unit in both directions. 
Remember, the load meter must 
indicate 300 to 350 amps in both 
directions. With the load test com­
pleted, return the throttle to idle, 
center and remove the reverser 
handle, and place the generator 
field switch in the off position. 

Before leaving the unit, with 
water temperature the same as 
previously observed, check the 
water level to be sure it is the 
same as before load testing. 

When the various tests and 
checks have been completed and 
any problems corrected, remove the 

blue flag, and the unit is again 
ready for service. 

EMD SD40-2 
LOAD TEST 

.In order to determine if a re­
paired unit is ready for service, a 
load test must be performed. A 
properly conducted load test can 
simulate most operating conditions 
and allows various mechanical and 
electrical problems to be isolated 
and corrected. 

Before working on any unit out­
side the shop, first apply a blue 
flag. To further insure safety, re­
member to set the hand brake. 
Also be certain that the unit is 
isolated from the rest of the con­
sist by disconnecting the trainline 
cable. 

Before attempting to start the 
unit, several checks must be made: 
Check the condition of the engine 
air filters; be certain they are not 
plugged or collapsed. The engine 
lube oil level must also be checked. 
The dynamic brake grids must be 
checked for obstructions. Also be 
certain the grid blower motor 
blades are intact. It is important 
to check the governor oil and en­
gine water levels. The radiators 
must be inspected to be sure they 
are not plugged. Also remember 
to check the air compressor lube 
oil level. 

The thermometer well located in 
the temperature switch manifold 
must be filled with oil and a glass 
thermometer placed in the well. 
Now, a thermometer must also be 
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suspended below the oil level in the 
lube oil strainer housing. Next, be 
certaip to open all the flashcocks. 
Then manually tum the engine 
over one revolution. If no water 
was discharged, tighten all of the 
flashcocks. 

Now close the battery switch. 
This will start the turbo lube oil 
pump. To verify that turbo lube 
oil system is working, remove the 
number 16 crankcase cover and de­
termine if the oil is being returned 
from the turbo to the crankcase. 

After replacing the cover, turn 
the start switch to prime and when 
the fuel return sight glass is full, 
start the engine. With the engine 
at idle, open the carbody doors and 
listen for any unusual sounds or 
vibrations. Be certain that various 
engine gauges are functioning 
properly. This includes the engine 
oil pressure, engine water tempera­
ture and air compressor gauges. 

It is important that the over­
speed setting be checked. At this 
time on 645E3 engines, the over­
speed should trip between 1045-
1060 RPM. Returning to the cab, 
cut in the air brakes and apply the 
independent brake. Check to be 
certain the brake rigging is com­
plete and that piston travel is not 
excessive. At this time, check to 
see that the unit has a sufficient 
amount of fuel. 

The next step is to check for 
lower voltage grounds. First, the 
test light must be qualified. To do 
this, connect one lead to each side 
of the battery switch. This should 
cause the bulb to light. 

To test for a ground, attach one 
lead to the positive side of the 
switch and ground the other lead. 
Now attach one lead to the nega­
tive side of the battery switch and 
ground the other lead. In either 
case, if the test light glows, a low 
voltage ground exists. 

At this time, the engine tempera­
ture switch should be tested. De­
pressing the button on the ETS 
should cause an alarm bell to ring 
and cause a hot engine indication 
in the cab. On the annunciator 
module, the hot engine LED will 
light. 

Now the low water and low oil 
shutdown devices must be tested. 
When the petcock is turned to the 
horizontal position, a short stream 
of water will be discharged from 
the valve. This should cause the 
low water shutdown device to trip. 
With the engine at idle, approxi­
mately one minute will elapse 
before the low oil button on the 
governor will trip. An alarm bell 
will ring. A low oil indication will 
be shown in the cab, and the engine 
will shut down. 

After turning the petcock to the 
vertical, reset the low water and 
low oil devices, and restart the 
engine. Next, check the emergency 
fuel cut-off to determine that it 
will cause the engine to shut down. 
While the engine is shut down, 
a check must be made for high 
voltage grounds. Before this test 
can be made, the megger must be 
qualified. To do this, connect the 
leads to each other. When the 
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megger is cranked, a zero reading 
should be obtained. Separate the 
two leads and crank the megger 
again. This time a reading of in­
finity should be observed. 

Next, remove the seal from the 
ground relay cut-out switch and 
place the switch in the "off" po­
sition. Also, before actually con­
ducting the test, all of the modules 
must be pulled out so that they are 
not making contact. This is done 
to protect them from high voltage 
if a ground is present. 

A jumper is now connected be­
tween the positive and negative 
test points. One lead from the 
megger is then connected to either 
test point, and the other lead is 
grounded. The megger should show 
a minimum of one megohm. Dis­
connect the megger and the jump­
er. Return all of the modules to 
the proper position. Place the 
switch in the "on" position and 
apply a new seal. 

When the engine has been re­
started, it must be determined that 
the unit will load in both directions. 
Place the generator field switch 
"on", move the reverser to forward 
and advance the throttle to notch 
1. Return the throttle to idle and 
place the reverser in reverse, then 
advance the throttle to notch 1. 
The load meter should indicate 
from 200 to 350 AMPS in both di­
rections. Return the throttle to 
idle and center the reverser. Now, 
turn the test switch to the load 
test position. 

In order to obtain readings for 
later use, two meters must now be 

attached. Remember to inspect the 
meter leads for damage. The 0-50 
millivoltmeter is attached to the 
load test shunt test points. The 
~-1500 voltmeter is attached to the 
<;rP and GN test points. 

Next, connect one end of a 5-amp 
fused jumper to ground. Connect 
the other end to either the GN or 
GP test point, and advance the 
throttle to notch 1. This will trip 
the ground relay and cause an 
alarm bell to ring. When the 
ground relay has tripped and reset 
twice, return the throttle to idle. 

Move the jumper to the other 
test point and advance the throttle 
to notch 1. When the ground relay 
has tripped a third time and locks 
out, return the throttle to idle. 
Remove the jumper and reset the 
ground relay. Again, advance the 
throttle to notch 1. The 0-50 milli­
voltmeter should read approxi­
mately 4.0, and the 0-1500 volt­
meter approximately 180 volts and 
be certain that the grid blower 
motors are rotating. 

Return to the cab and push the 
DG module test switch. This will 
cause the engine speed to return 
to idle, and an LED to light on the 
AN module. When this occurs, the 
throttle must be returned to the 
idle position. Pushing the test 
switch again will reset the DG and 
AN modules. 

Now the AN module and the 
LED's must be verified. This is 
done using the AN test switch. All 
of the LED's should light. After 
resetting the AN module, advance 
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the throttle to notch 3. Be certain 
that the load meter now shows 
amperage. 

When the water engine tempera­
ture has reached at least 130 F, 
check and mark the water level. 
Return the throttle to idle and 
begin to advance the throttle slow­
ly. Allow the engine speed to stabi­
lize in each notch and record the 
readings shown on the two meters. 

Now, using the thermometer in 
the temperature switch manifold, 
check and record the fan pick-up 
temperatures. The proper pick-up 
temperature is indicated on a plate 
attached to each end of the three 
switches and on the ETS. As each 
of the three switches picks up, re­
cord the temperature and remove 
the plug from that switch. Be cer­
tain that the shutters open when 
the TA switch picks up. 

When the ETS trips, an alarm 
bell will ring, a hot engine light 
will be displayed, and "the engine 
speed will be reduced to 6th run. 
Now, starting with the TA switch, 
begin to re-attach the wires which 
were removed. Allow approximate­
ly 30 seconds between each con­
nection to avoid overloading the 
D-14 companion alternator. After 
recording the pick-up temperatures 
and re-attaching the plugs, move 
the thermometer to the well in the 
water inlet pipe near the right 
hand water pump. 

With all of the engine compart­
ment doors closed, allow the engine 
to run at full load. The water 
temperature should be checked 

at 15 minute intervals until no 
further increase is noted. Now 
compare the water temperature 
with the temperature of the lube 
oil in the strainer. Refer to the 
chart in the maintenance instruc­
tions. If the oil temperature is 
more than 15 ° F higher than the 
Jine on the chart, a problem exists 
with the lube oil cooler. 

When the governor is balanced 
at the point indicated on the gov­
ernor name plate and the water 
temperature and other conditions 
are stable, check the load regula­
tor. It should be between the 9:00 
and 11:00 o'clock positions. Now 
begin to record the information re­
quired on the load box sheet. Read­
ings should be recorded approxi­
mately every 15 minues. With the 
engine under load in the eighth 
run, engine horsepower can be cal­
culated. Horsepower is determined 
using the following formula: 

Volts x Amps = Watts = 
700 

Horsepower 

Voltage is determined with a 
digital meter by moving the deci­
mal point in the reading one place 
to the right. Decimal conversions 
may vary depending on meters 
used for this application. 

115.5 = 1155 volts 

On the SD40-2 u11its, the load 
meter shunt is rated for 4000 amps 
at 50 millivolts, or 80 amps for 
each millivolt. This allows amp­
erage to be determined by multi­
plying the meter reading by 80: 

12.2 mv x 80 = 1856 amps. 
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Multiplying amperage by the 
voltage gives the available watt­
age: 

1155 volts x 1856 amps = 
2,143,680 watts 

Dividing watts by 700 equals 
horsepower: 

2,143,680 + 700 = 
3062 Horsepower 

The engine speed is now slowly 
reduced to idle. With the throttle 
in idle, place the generator field 
switch in the "off" position and 
return the load test to normal. Re­
move the meters from the test 
points. When the water tempera­
ture has cooled to approximately 
130 F, check the level to deter­
mine that no water was lost during 
the load test. 

The unit must now be power 
checked again. Place the genera­
tor field switch "on", the reverser 
in forward and advance the throttle 
to notch 1. Return to idle and 
place the reverser in reverse, and 
advance the throttle to notch 1. In 
both cases, the load meter should 
indicate from 200 to 350 amps. 

Return the throttle to idle and 
turn the generator field switch 
"off". Center and remove the re­
verser handle. 

When all of the checks and tests 
have been completed and any re­
pairs made, the unit is again ready 
for service. 

In summary, we have prepared 
a troubleshooting guide listing the 
most common problems found by 
our locomotive personnel. The guide 
is included as part of this report. 

EQUIPMENT COMPANY 

1903 FERN VALLEY ROAD 

LOUISVILLE, KENTUCKY 40213 

TELEPHONE (502) 361-2374 

LOCOMOTIVE WASHING SYSTEMS 
LOCOMOTIVE AND CABOOSE SEATS 

LOCOMOTIVE GEAR CASES 
FREIGHT CAR WELDED COMPONENTS 



GENERAL TROUBLE GUIDE FOR E.H.D. LOCOHOTIVES N 
m 
en 

Horsepower Gov. Rack Load Reg. 
Operating V X A/700 Position Position 
or Teat Engine Teat Shunt Indicator (9:00 to Type of Trouble 
Condition S2eed A=H.V.XSO* Stol!=1.96 11:00) to Sua2ect 

Load Test or Normal Low or Long Max. -Electrical-
Road Operation No Load Field Excitation too lew** 
TH 8 over 25 HPH Wheel slip correction 

Load Teat or Hay Variable Hunting Hunting -Electrical/Hechaniul-
Road Operation Vary Excitation too high** 
TH 8 over 25 HPH Fuel rack and linkage 

Fuel supply, filters 

Load Teat or Normal Low Normal Balanced -Mechanical- n 
Road Operation Fuel supply, hot fuel 0 

3 THS Over 25 HPH Fuel Quality, Water in Fuel 3 Injectors or Governor = m 
m 

Load Teot or Normal Low Long Balanced -Mechanical-
0 Road Operation but toward Engine air pressure*** ~ 

THS Over 25 HPH Min. Field Governor/pressure line a 
iii" 
en 

Load Teot or Normal Low or Short Balanced -Mechani ca 1- !!. 
Road Operation High Governor 
TH 8--0ver 25 HPH 

,.. 
m 
n .. 

Load Test or Low Low or Short Min~ -Electrical-
~ 

c; 
Road Operation High Overload/Over Excitation** !!. 
TH 8--0ver 25 HPH 

3: 
I» 

*50 Series Units: Amps = M.V.XlOO :r .. 
'**High excitation can result frOID high reference or low feedback signals. m 

Low excitation can result from low reference or high feedback sipala. ~ 
I» 

*'**Compare air box pressure to that of a siiDilar engine. ~ 
n 

For specific inf-ormation, refer to the appropriate Maintenance and Service Manualo for the locomotive. 
m 
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0 
3 

Operating or HP= Gov Rack Load Pot 3 
or Test Engine VXA/700 Position Position Turbo ~ .... 
Condition: Speed HP Pwr. .344 in 4:00- Air:20 ... Type of Trouble CD 

TH Run 8 1.48XRPH 7-7. 4V 19.5 KH 5:00 RPH:SV+ to Suspect CD 

0 

Load Teat or Normal *Low or Long Haximum Low -Electrical- = 
Road Operation No Load Excitation set too low CJ 
Above 25 HPH Reduced excitation** c;· 

Wheel Slip Correction en 
Turbo Speed Sisoal !!. 

Load Teat or Hay be Variable Hunting Hunting Low Electrical/Mechanical rtl 
Road Operation Variable Excl!aa load/engine B.O. iD 
Above 25 HPH High excit/LCP voltage n .... 

fuel supply :::!. 
Rack liokaaelaovemor n 

Load Test or Normal Low Normal Balanced Low -Hechancial- !!. 
Road Operation Hot fuel/fuel quality ~ 
Above 25 HPH Engine B.O./settinga I» 

Eosine air supplJl ;· 
Load Test or Normal Low Long Balanced Low -Mechanical -CD 
Road .Operation but toward Governor/engine air = Above 25 HPH ttin. Fuel suppl:r: vea low I» = Load Teat or Normal Low or Short Balanced Low or Electrical/Mechanical n 
Road Operation High but toward High Excess load/high excit. CD 
Above 25 HPH 12:00 Eosine sett.insai Gov. 
Road Teat or Normal No Long Kinimum Low Electrical/Mechanical 
Road Operation Power Governor ORS operating 
Above 25 KPH Hot eosine*** Gov. 
Load Teat or Low Low Long Balanced Low -Mechanical-
Road Operation 12:00 to Low oil pressure 
Above 25 KPH HaxiiiUIII Low water pressure 

~Governor modulation 
Load Test or Low to Low or Short Kinimum Low to Electrical/Mechanical 
Road Operation Normal High Normal Load pot circuit open 
Above 25 HPH Load pot voltage high 

ACCR or VCR feedback 
~If red excit. active EE rela:r: should drop and reduce load~ Eosine B.O.lsettinas 

*Some units reduce power to 2/3 during hot lube oil. 
**Reduced excitation ioacti ve on some C30-7 units. 

***Units with energize CRS during hot engine. ..., 
en For specific information, refer to the appropriate Maintenance and Service Manuals for the locomotive. ..... 
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DIESEL ELECTRICAL 
MAINTENANCE 

Five Year Index 

1985 

Innovations, Maintenance and 
Troubleshooting Locomotive 

Electrical Systems 
1. Locomotive Microprocessor 

Technology in Retrospect 
2. Dynamic Brake Protective De­

vices and Trouble-Shooting 
EMD-2 and GE-7 Locomotives 

3. Indicators and Recorders for 
Locomotive Retrofit Application 
- Fuel, Speed, Power and Se­
lected Events 

1984 

Electrical Technology To 
Improve Performance 

1. On-Board Diagnostics 
2. GE's CATS (Computer Aided 

Troubleshooting System) 
3. Fuel Conservation Through 

Electrical Modifications 
4. Performance of Locomotives 

After Storage 

1988 

New Solutions to Locomotive 
Electrical Problems 

1. Ground Relay Trouble Shooting 
2. Traction Motors 
3. Locomotive Storage (Electrical) 
4. Water Cooling and Refrigera­

ting Methods for Locomotive 
Cab Application 

1982 

Quality Maintenance - Assuring 
Thorough Repairs 

1. Tests on Traction Motors 
2. Transition Trouble-Shooting 
3. Onboard Diagnostic Systems 
4. Starting Systems 

1981 

Innovation: Past and Present 
Traction Motors 

Evaluation of Improved Test 
Methods 

Teflon Bands 
New Generation Locomotives 
Electrical Troubleshooting 
Batteries and Charging Systems 

Troubleshooting EMD AC Aux­
iliary Generator System 

Selection of Locomotives for Major 
Locomotive Overhauls 
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SUN IS AU. 
YOU NEED 

••• when it comes to Railroad Lubricants 
• Engine Oils 
• AAR Products 
• Hydraulic Oils 
• General Purpose 

Lubes 

• Way Lubes 
• Traction Motor Lubes 
• Air Compressor Oils 

Sun also offers SunSpot, an 
oil analysis program. 

To check your 
requirements against 

our line of railroad lubricants, 
call or write: Don Brantley 

Sun Refining 
and Marketing Company 

P.O. Box 141 
Tulsa, OK 74120 
1-800·835-8967 

(In OK) 1·918·586·6907 
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G. W. BARTLEY 
Chief Mechanical Officer 

CP RAIL 
Montreal. Quebec H3C 3£4 

LMOA wishes to express its thanks to the Canadian Railroads 

for hosting and participating in the Pre-Convention Presentation 

of our Diesel Mechanical Maintenance Committee in Montreal 

on May 1, 1986. 

The attendance and interest exhibited was most gratifying. 

Our special thanks to Mr. Bartley for the fine arrangements 

and tour of the CP Shops. 
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PERSONAL HISTORY 

MARVIN L. V ARNS 

Born in Missouri Valley, Iowa 
on June 4, 1934. Began Railroad 
career in 1952 serving S.M.W. 
pipefitter apprenticeship with the 
Union Pacific Railroad. After ten 
years with the Union Pacific Rail­
road, left the Railroad industry 
and returned in 1964 with the Chi­
cago, Burlington and Quincy Rail­
road. In 1967 was promoted to 
Roundhouse Foreman. After the 
CB&Q Railroad became a part of 
the merged Burlington Northern 
Railroad in 1970, was appointed as 
Foreman at Dale Street Shops, 
September, 1974, Foreman of 
Locomotives, Superior, Wisconsin, 
May 1977, Assistant General Fore­
man, West Burlington Shops, May, 
1978, Superintendent Shops at Hill­
yard Shops and January, 1982, 
Superintendent, Shops, Livingston, 
Montana. 

Marvin is married to the former 
Phyllis Walkins of Modale, Iowa. 
They have four children and two 
grandchildren. Marvin's hobbies in­
clude walking, community service, 
gardening and when time permits, 
taking motorcycle trips. 

I. 
REBUILD OF VALVE BRIDGE 

ASSEMBLIES 

A. Introduction 

It is recognized that proper main­
tenance of EMD valve bridges is 
important to ensure the reliability 
of the diesel engine. When the 

bridge or lash adjuster fails, the 
necessary zero lash clearance can­
not be maintained between the end 
of the valve stem and the bridge. 
This will result in valve breakage 
and premature engine failure with 
probable damage to other engine 
components. 

It is the intent of this section to 
review reconditioning specifica­
tions, procedures, and practices and 
make recommendations for han­
dling valve bridges at the time of• 
engine overhaul. 

B. Qualification and 
Reconditioning 

1. Valve Bridges 
a. Qualification 

The chart indicates EMD's 
basic dimensional standards 
for the qualification of valve 
bridge bodies. Important 
aspects of these specifica­
tions are: 
1. Spring seat wear step 
(x - x dimension) .015". 
2. Lash adjuster socket di­
ameter .8738" - 8748" to be 
checked with internal tri­
point micrometer. 
3. Retaining ring groove 
depth (dimension E). 
4. Insure no cracks or dam­
age around circumference by 
making a visual check. 
5. No wear step on shank 
diameter to a point 2.5" 
where shank taper begins 
(dimension F, Figure 1). 

b. Reconditioning 
Of the above listed points 
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ALTOONA GEAR COM9£1NY 
. OF LOUISVILLE. 

RECYClE YOUR GEARS 
ON or Off THE AXlE 

273 

TEETH REPROFILED 0 HUB TURNED & BURNISHED 
BORE HONED 0 SEAL FACED & BURNISHED 

GRADED & STAMPED 
Minimum material removed to maximize remaining life. 

ALL OF THIS FOR 25°/o OF NEW COST 
WE WILL: Buy Your Surplus Gears, Recycle All Wear­

ing Surfaces, Sell Recycled Gears, Trade Gears and 
Unit Exchange 

CALL OR WRITE: 

ALTOON4 GEARCOM94NY 
of Louisville 

499 ROBERTS AVENUE, LOUISVILLE, KENTUCKY 40214 
(502) 367-6333 or (213) 776~890 
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VALVE BRIDGE BODY EMD P/N 8054088 

APPLY PEBUILDERS STAMP 
AND DATE 9F REPAIRS HERE 

SURFACE FINISH TO B 
60·80 MICRO·INCHES 

F 

• 
~1 ... 1--r 

CATSEVERAL 
LOCATIONS 

A ... LASH ADJUSTER SOCKET DIA. .8738· .874 
.• ·~·~ASH ADJUSJER SOCKET DEPTH .SI2.BMIN. 
C ... aooy SPRI~.,aAT ,187 MAX. 

(MAX. WEAR REP ON IUM"ACE .X•.X) ..015 
. D ••• VALVE BRIDGE SHANK LENGTH ~.062-4.0S 
··a '"RETAINING RING QftOOVE D1Pn1 ,031 t .OOS 
f•••IHANK DIA.,FROM ·ShANK END TO· 2.10 ... ABOVE END- .8220·.823 
G .... SHANK CONCENTRICITY, MAX. DEYIAiJoN . .OUIN 4 

Fig. 1 
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the two that have received 
the most reconditioning at­
tention are the shank and 
socket (see 2 and 5). 

c. Shank Reconditioning 
Valve' bridge shanks can 

be brought back within di­
mensional specifications by 
nickel or chrome plating. 
Reliability and quality have 
not been a problem to rail­
roads utilizing this type of 
reconditioning. 

d. The valve bridge socket 
must be within precise 
dimension a 1 specifications. 
Current methods of recon­
ditioning valve bridge sock­
ets include plating (nickel 
or chrome), knurling, sleev­
ing, and threading. Of these, 
plating has been the most 
widely utilized. However, 
maintaining out of round 
specifications after plating 
has resulted in high re­
jection rates ranging from 
15% to 55% depending on 
the vendor. This has led 
railroads to try other recon­
ditioning procedures, such as 
threading. 

e. Threading. 
Threading the lash ad­

juster socket is a relatively 
new concept. This feature 
is offered either on newly 
manufactured (not O.E.M.) 
or as a conversion to con­
ventional heavy wall bridge 
bodies requiring recondition­
ing. It eliminates the need 

for an interference fit be­
tween body and adjuster. 
Problems experienced to date 
with threaded valve bridge 
bodies include seal leakage, 
loss of torque and cracking 
of the body bridge. These 
problems have been address­
ed by the application of a 
vitron seal, proper torque 
value, and eliminating thin 
body bridges from recondi­
tioning. 

2. Lash Adjusters. 
a. Qualification. 

The lash adjuster is com­
pletely dismantled before 
qualification can begin. EMD 
specifies minimum leakdown 
time as measured with an 
approved tester; however 
this does not insure that in­
ternal dimensions and com­
ponents are within specifi­
cations. 

b. Reconditioning. 
Important aspects of lash 

adjuster reconditiorting are 
listed as follows: 
1. Internal bore and plunger 
clearance, .001" to .002" with 
a surface finish of 32 RMS 
maximum. 
2. Outside diameter of the 
interference fit surface be­
tween .8750" - 8755". 
3. Plunger hardness mini­
mum 55 Rockwell "C". 

It is also recommended 
that when lash adjusters are 
dismantled for recondition­
ing return springs and 
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plunger ball checks be re­
placed unconditionally. 

c. Qualification and Reuse. 
It is the recommendation 

of this committee that at 
the time of engine overhaul 
lash adjusters be uncondi­
tionally replaced with either 
new or reconditioned units. 
The results of tests indicate 
an adjuster cannot be prop­
erly qualified to insure re­
liable operation through 
another life cycle without 
disassembly. 

d. Reconditioning vs New. 
Adjusters can be reliably 

reconditioned at approxi­
mately two-thirds the cost 
of new if close adherence to 
specifications is maintained. 
Also a leakdown test of the 
assembled bridge and ad­
juster on a test stand is 
recommended. Several roads 
have developed or purchased 
a test stand which cycles the 
complete bridge assembly. 

C. Recommendations 

The committee recommends the 
dismantling of the valve bridge and 
lash adjuster assembly for qualifi­
cation at power assembly removal. 

Valve Bridges - The valve 
bridge body may be qualified and 
reused if within specifications. If 
the valve bridge body is out of 
specifications, reconditioning is 
only recommended if the adjuster 
socket is within specification and 

doesn't require rework. The com­
mittee doesn't recommend recondi­
tioning valve bridge body sockets 
at this time due to high rejection 
rates. If quality assurance could 
be maintained, reconditioning could 
become an efficient alternative pro­
viding the assembled adjuster and 
body are tested as a unit as de­
scribed earlier. 

Lash Adjuster - At the time of 
removal, the committee recom­
mends the replacement of lash 
adjusters with either new or re­
conditioned units. We do not feel 
qualification and reuse of an ad­
juster which has not been disas­
sembled will adequately assure 
quality performance throughout a 
second life cycle. Additionally we 
recommend extra consideration be 
afforded to quality control of the 
reconditioned product. 

u. 
UPDATE OF NEW LOCOMOTIVE 

SERVICE PROBLEMS, 
EMD AND GE EFFECTING 
QUALITY PERFORMANCE 

Referring to last year's paper deal­
ing with specific engine related 
failures and defects on model GP 
and SD-50 locomotives equipped 
with 16-645F3B engines, and B30-
7 A GE locomotives· with 7FDL-12 
engines, we present an update on 
some of the specific problems. 

A. EMD 
1. L6 hardened upper bore 

(HUB) cylinder liner part no. 
9318833. 
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L3 

Stud Boss Cracking 
Fig. 2 

L6 

F ig. 3 

Cylinder liner upper bore crack­
ing at the stud boss area, typical 
of the photograph in Figure 2, 
has plagued the hub liner config­
uration since the introduction of 
the L3 HUB liner part number 
9318833. 

Initially, the problem was con­
sidered to be associated with the 
cylinder head to liner stud nut 
bolt-up torque resulting in increas­
ed liner bolt-up stress levels. To 
reduce the cylinder liner bolt-up 
stress levels, two changes were im­
plemented. One, the liner stud nut 
torque specifications were lowered 

L. 
Liner Design Com parison 

F ig. 4 

from 270 ft lbs to 240 ft lbs, and 
secondly, a design change was 
made to the L3 HUB liner to a 
new configuration (L6). This new 
design LG HUB liner part number 
9318833 featured an extended stud 
boss r ib, see Figures 3 and 4, de­
signed to reduce bolt-up stresses. 

The continuation of upper bore 
cracking on this new design and 
stod boss, under controlled liner 
bolt-up stresses eliminated liner 
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bolt-up stresses as the major cause 
of the upper bore cracking prob­
lem. 

In determining the actual dy­
namic stress levels at the stud boss 
on the L6 HUB liner, it was estab­
lished that the major contributing 
factor for cylinder liner upper bore 
cracking was the residual stress 
level in the liner caused by 
the laser hardening process. See 
Figure 5. 

Strain gauge instrumentation re­
vealed that a 20,000 lbs per square 
inch (20 ksi) stress was introduced 
in the cylinder liner wall at each 
rib section during the laser haren­
ing process. Stress levels in ex­
cess of 30 ksi were observed after 

30 

§ 
~ 
~ 20 .... ., 
I 
i 10 

the liner stud nut bolt up. The 
residual stress in the liner by itself 
is not sufficient to cause cracking 
in the upper bore area; however, 
the composite stress levels, resid­
ual bolt-up, in excess of 30 ksi are 
the actual cause for liner bore 
cracking. 

Proper bolt-up torque cannot be 
overlooked as a condition in elimi­
nating liner stud bore cracking. 

This development along with the 
determined composite stress levels 
for the 9318831 L6 laser hardened 
port relief (Mae West) liner, which 
are not known to have experienced 
upper bore cracking, have provided 
the design criteria for new liner 
development work L-6D. 

I l-6 DYIMIC STRESS 1 

TI£RML 
SHIFT 

0~-------+--------~------~------~------~ RESIDUAl HEAD-To-LlER TOIIII£D CRAB stiiiOI SP£ED STEADY STATE AT 
!Ol.T·UP BOLTS All) LOAD 950 RM, FUll lOAD 

APPLICATI .. 
TO 900 Aflll, 
FULL LOAD 

Fig. 5 
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This interim development work 
( L-6D) has resulted in the intro­
duction of the L-9 liner incorpo­
rating a new longer stud boss 
ridge which is blended at a one­
half inch radius into the inner wall. 
Reference Figure 6. 

This new design reduces the liner 
stress levels at the stud boss and 
as can be seen in Figure 7, results 
in a reduction in composite stress 
levels of the 9318833 (L-9) hub 
liner as compared to the 9318831 
L-6 Mae West hardened liner. 

The stress levels of this new 
9318833 (L-9) hub liner are now 
comparable to that of the original 
L3 configuration. 

10 

0 
L-8(8331 
HUI 

Fig. 7 

L·IC833t 
HUI 
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1/21 

L·l 

Fig. 6 
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2. F3B turbocharger part no. 
9529223 17.9:1 turbo gear ratio -
high capacity planetary gears. 

The new design high capacity 
turbocharger planetary gear drive 
train system (17.9:1 ratio) was 
introduced into railway applica­
tions on the F40PH locomotives 
and the change was made to reduce 
planetary gear wear, which was at 
the time considered to be the pri­
mary cause of a high frequency 
vibratory impact, responsible for 
fatigue failures of turbine vanes 
in high speed light load applica­
tions. 

Experience with marine installa­
tions also revealed that the clutch 
roller ramp failures were associ­
ated with the same high frequency 
vibratory phenomenon. This asso­
ciation was revealed when, in ef­
forts to save fuel, marine opera­
tions were operating their vessels 
at reduced throttle positions, in­
creasing the incidence of power 
being transmitted through the tur­
bocharger gear train. 

With the introduction of the SD­
GP 50 locomotive in May 1980, the 
.. high capacity" gear train has be­
come basic and all subsequent rail 
models including the 645EC con­
figuration utilize this planetary 
drive system. 

Initially the new design plane­
tary gear drive system (17.9:1 
ratio) did not experience any fail­
ures in service. However, through 
time, the performance started to 
deteriorate, whether due to changes 
in manufacturing technique, ma­
terial specifications, adherence to 

dimensional tolerances or a combi­
nation of these factors. 

The investigations through the 
program revealed the following dis­
coveries and resulted in the imple­
mentation of the necessary cor­
rective measures. 

a. August, 1984, carrier shaft di­
mensional specifications con­
firmed to be under strict con­
trol. See Figure 8. 

b. October, 1984, sun gear ma­
terial hardness and gear tooth 
profile under strict control. 
The problem of "notched" sun 
gears was overcome by im­
proving the grinding process 
by the manufacturer. Gears 
which underwent the improved 
process were identified by a 
Blue Dot. See Figure 9. 

c. May, 1985, (effective serial 
no. 85E), the .. Torx bead" 
screw part number 9578219 re­
placed the "Allen bead" screw 
part number 9436588 as the 
improved clutch retainer screw 
in production and Utex turbo­
chargers. 

Failure of the 5/32 Allen head 
% x 28 x %' screws occured as a 
result of extending the hole depth 
beyond the specified allowable 
tolerance, which resulted in in­
sufficient material ~tock. The ad,. 
ditional staking operating com­
pounded this situation and the 
combination resulted in fractures 
occuring in the head area of the 
screw from the edge of the drilled 
hole to the outer wall. See Figure 
10. 
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The "Torx head" screw elimi­
nated the previously necessary 
"staking" operation and through 
design also eliminated the need for 
the previously required counterbore 
bolt head clearance. The new "Torx 
head" screws are also applied with 
high temperature epoxy. It should 
be noted that no planetary system 
failures have occurred on turbo­
chargers built with the new clutch 
retainer screws. See Figure 11. 

3. Differential pressure detector 
(EPD) assembly part no. 9320130 
Delta "P". 

One member road has experi­
enced failures on a total of eight 
of these devices in short periods 
of service time (one to six months 
approximately). 

The failure mode on all of the 
assemblies has been as a result of 
water leaking from the telltale 
hole in the spacer - diaphragm, 
part no. 9549027, located between 
the housing assembly - air, part 
no. 9552496 and the housing - low 
pressure, part no. 9549028, as per 
Parts Catalogue no. 300 Plate 
C159-13 listing F159 page 23. 

Observation on one dismantled 
device reveals a cut or rupture in 
the fold area of the diaphragm as 
part. of the spacer - diaphragm 
part no. 9549027. 

Presently the locomotive winteri­
zation configuration is thought to 
be the cause of failure in that, in 
the winterized position, outside air 
is drawn into the engine room 
freezing the EPD devices. See 
Figure 12. 

More recent diaphragm failures 
have not entirely been confined to 
those locomotives that are or have 
been operated in the winterization 
mode, although the numbers re­
ported have been few. 

In addition, and also recent, are 
reports of erratic tripping on test 
stands of railroad rebuilt EPD's 
where the simple changeout of the 
diaphragm in question corrects 
the problem. Presently, the dia­
phragm's integrity is under in­
vestigation. 

B. GENERAL ELECTRIC 

1. Radiator and dynamic cool­
ing fan column inspection. 

One member road has experi­
enced, at the time of overhaul, 
distortion of the rotating seal and 
bearing retainer on the upper 
column of the fan clutch drive. 

Initially, this distortion was be­
lieved to be the result of the bear­
ing retainer's failure to support 
the thrust load in operation. Sup­
porting this belief was the obser­
vation of grease escaping from 
between the bearing retainer and 
bearing housing mating surfaces. 

Investigations into the actual 
cause of the bearing retainer's dis­
tortion have established that the 
dismantling procedure permits and 
results in the angular contact of 
one of the two upper ball bearing 
inner races to clamp on the shaft 
during removal. This interference, 
or hanging up of the ball bearing's 
inner race is thought to be a result 
of disassembly and is not due to 
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WINTERIZATION 

Fig. 12 

normal operation or assembly pro­
cedures. The assembly clamping 
stresses are low and the fan thrust 
load is in the direction opposite to 
the rotation. There is no pressure 
build-up in the bearing cavity 
which might force the bearing 
g rease out of the bottom labyrinth 
seal. The cap on the upper end of 
the column prevents the bearing 
assembly from seeing the increas­
ed static pressure above the fan. 
There will be some "slumping" of 
the g rease through the bearings 
and down the column into the 
labyrinth seal due to gravity and 
vertical forces encountered during 
normal road operation. Through 
normal scheduled relubing inter­
vals excessive lubrication will even­
tually escape. This is norma l and 
does not compromise the operation 
of the Eddy Current coupling. See 
Figure ·14. 

The builder has reviewed the de­
sign criteria and more recently re­
written the maintenance manual 
to provide updated information and 
improve the clarity of the tear 
down and reassemble procedures. 
In addition, the tooling drawings 

have been revised to improve tool­
ing and assure proper fits during 
tear downs and reassembly. It 
is still of the opinion of one mem­
ber road that an alternative or 
improved design should be con­
sidered by the builder to facilitate 
a procedure more accessible to re­
pair and lubrication. 

2. Traction motor rubber nose 
supports. 

One member road has reported 
two conditions concerning the trac­
tion motor rubber nose support. 
First, a condition whereby the rub­
ber in the nose support has taken 
a set after a period of three to four 
years and has required their re­
placement. The second problem 
with the nose supports concerns 
the cracking of the wear plate 
welds. This cracking extends be­
yond the wear plate welds, where 
over 50% of these supports are 
cracked in the main body of the 
seat. 

The builder has r eviewed the 
design criteria of the traction 
motor suppor t and manufacturing 
is being changed to improve on the 
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performance. The effective changes 
on the traction motor nose sup­
ports are: 

a. increase in the thickness of 
steel from %" to 3fs" for the 
box section; 

b. the top of the box section and 
wear plate machined to pro­
vide for a flat mating surface; 

c. the increase in the number 
of welds on the wear plates. 

All of these three improvements 
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are directed at reducing oil can­
ning of the wear plate which 
breaks welds. 

The builder has also provided a 
procedure for the repair of exist­
ing nose supports with cracked 
wear plate welds. The following 
procedure is outlined: 

a. Remove the wear plate from 
the motor suspension support 
using a grinder or air arc. 

b. Air arc cracks in the base box 
section and repair by welding. 
If cracks are longer than two 
inches it would be advisable 
to scrap the section. 

c. Grind all welds on the box 
section and wear plate so the 
wear plate is in intimate con­
tact with the box section. 

d. Clamp the wear plate to the 
. box section and weld four 

sides using a .25" weld 1.5" 
long. Apply three equally 
spaced welds on the long side 
and one weld on the end. It 
is recommended that the weld 
rod normally used to weld high 
carbon steel wear plates be 
used. See Figure 15. 

3. 12 cylinder 7FDL engine 
versus the 16 cylinder 7FDL en­
gine. 

Member roads are experiencing 
increased maintenance costs as a 
result of the increased horsepower 
per cylinder on the 12 cylinder 
7 FLD engine. 

General Elect}:'ic has developed 
a welded cylinder head and liner 
assembly to improve diesel engine 
reliability. These assemblies have 

been field tested for over five years 
on several domestic and overseas 
railroads and engineering has now 
released them for production. 

The welded head-liner is a single 
assembly, replacing the individual 
cylinder head and liner. The spiral 
wound top liner seal and the back­
up silicone seals are eliminated, re­
placed by a strong, full penetratiQn 
weld. This assembly utilizes a steel 
liner with a hardened (Melonite) 
bore. 

Member roads agree that the 
welding of the head and liner de­
veloped to overcome compression 
gases from entering the water sys­
tem, which is commonly referred 
to as "black water fever," will re­
duce and/or eliminate the com­
pression leaks. However, the build­
er in doing so has developed a 
unique combination for the rail­
roads. This welded head-liner as­
sembly does not permit the rail­
roads to rework the liner bore, 
cylinder heads, valves or valve 
seats, with their present tooling. 

The fire deck seals are among 
the most difficult design tasks on 
diesel engines. This seal area has 
been under continuous engineering 
development and testing for many 
years. 

The processes used to manufac­
ture the welded head-liners are 
sophisticated, mating nearly finish­
ed machined parts. This joining 
must leave very small head affect­
ed zones and low residual stresses. 
Liner bore distortion must be kept 
to a minimum and correct head 
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to liner concentricity maintained. 
Electron beam welding (in a vacu­
um) has been acceptable and 
inertia welding is under develop­
ment. 

It is projected that this combi­
nation will significantly reduce the 
number of cylinder changes due to 
leaks between scheduled mainte­
nance intervals. However, cylinder 
assembly service life continues to 
depend on many factors including 
duty cycle, valve wear, jacket seal, 
liner bore and piston ring wear, 
etc. 

General Electric will make avail­
able a unit exchange service on 
welded assemblies. Tooling to re­
condition valve seats is being de­
veloped along with other repairs. 
Liner replacement will be available 
if economical. Chrome plating re­
mains available to salvage worn 
bores. Additionally, tooling is 
being developed to allow for cylin­
der head rebuilding and application 
of a new steel liner, in an effort 
to reduce modernization costs and 
allow the railroads to convert to 
EB assemblies at a more economi­
cal cost. 

It should be understood that used 
cast iron liners cannot be used in 
this type of conversion because 
they can not be welded success­
fully. 

4. Rotor assemblies in turbo­
chargers have experienced more 
damage on 12 cylinder 7FDL en­
gines and the cause appears to be 
the higher exhaust temperatures, 
not foreign material. 

5. Camshaft lobes are experi­
encing a higher rate of pitting. 
and/or etching. Nearly 100% of 
all cam sections have to be ground · 
with a scrap rate of one section 
in twelve on 7FDL 16 cylinder en­
gines. Camshafts on 12 cylinder 
(7FDL) engines are scrapped at 
a rate of three sections to one. 

The builder has reviewed with 
member roads the necessity of the 
volume of grinding involved, and 
has provided to the railroads in­
formation in the form of a manual, 
GET 6337, to establish a more 
selective grinding criteria of the 
cam lobes to be ground. 

Member roads are concerned as 
to whether the increased wear 
rates on the camshaft lobes are a 
result of the increased operating 
pressures on the 12 cylinder engine. 

III. 

CHROMIUM PLATING 
AND ITS USES 

In the late 1930's, research was 
performed to develop a chromium 
plating process to utilize the ex­
ceptional hardness of chromium 
metal as a wear surface. There 
were many major problems to be 
solved such as bath concentrations, 
a proper catalyst and good bond. 
These problems as well as many 
others that were encountered :were 
finally overcome. In the 1940's, 
the use of chromium as a running 
surface became a major factor, not 
only on new parts but as a method 
of restoring worn parts such as 
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cylinder liners, crankshafts, piston 
,rods and other machine parts. 

The two predominant types of 
chromium deposits used in the in­
dustry are dense hard chrome and 
porous chrome. Some of their ap­
plications. 

Dense Hard Chrome 
Electroplated main and pin 

bearings of crankshafts 
Camshaft main bearings 
Piston ring grooves 
Piston rods of all kinds 

Porous Chrome 
Internal bores of cylinder liners 
Piston rods of all kinds 
Piston ring grooves 

Piston rings 

DENSE HARD CHROME is pri­
marily used on surfaces where ex­
treme hardness is necessary. This 
type of chromium is usually plated 
from a conventional chromium 
bath. Various combinations of 
temperature and current density 
can be utilized for this type of 
plating, though they make little 
visible difference in the finished 
product. 

POROUS CHROME is plated 
from the same baths as dense 
chrome, and at various tem­
peratures and current densities. 
The plating parameters, however, 
strongly influence the resulting 
porosity. There are three types of 
porosity that can be developed, 
each with distinctive characteris­
tics: channel, intermediate and 
pinpoint. 

Porosity is developed after plat­
ing by: 1) etching the surface 
with reverse current in a chromic 
acid solution without sulfate; and 
2) honing with aluminum oxide 
stones. The etch process opens up 
the inherent channel structure, and 
the hone breaks up that structure 
to the desired finish and size. 

All of the processes involved, 
however, must have been done 
correctly to get the correct result. 

The second method of inducing 
porosity, such as on the internal 
bore of a combustion cylinder, is 
to hone the plated surface with 
diamond honing stones. Since a 
diamond is harder than chromium, 
it is used as a honing medium to 
induce porosity into the chromium 
surface. 

The plating bath is a solution of 
chromic acid, H2Cr0 4, a very 
strong, oxidizing acid. The concen­
tration of this acid is about 33 
ozjgal. An additional necessary 
ingredient is a small amount of 
some other anion, usually sulfate, 
at a concentration of about 0.33 
ozjgal. The ratio of chromic acid 
to sulfate should be in the range 
of 90-110 to 1. 

The part to be plated is the 
cathode, or negative electrode. The 
positive electrode, the anode, is 
made of lead. The anode and 
cathode are usually in some kind 
of fixture that holds them close 
together with considerable accur­
acy. 

The plating current is then pass­
ed thru this cell: direct current is 
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used, plus to anode, minus to 
cathode. Fairly massive currents 
nrc used. 

What actually happens below the 
solution surface is quite complex. 
At the cathode surface, hydrogen 
is discharged and most of it es­
capes uselessly as hydrogen gas. 
A very small amount of the hydro­
gen reacts with the chromium 
chemicals and the sulfate to pro­
duce the metallic chromium on the 
cathode, and some trivalent chrom­
ium in the solution. 

At the anode, the oxidizing con­
ditions re-oxidize the trivalent 
chromium back to useful chromate 
ions. 

HARDNESS: There are several 
methods of measuring the hardness 
of materials, notably Brinell, Rock­
well and Knoop. Brinell and Rock­
well are usually used in testing 
materials that have hardness rang­
ing from low up to the mid-60s on 
the Rockwell C scale. These two 
methods of checking hardness are 
in most. cases considered non-de­
structive, but they can not be uti­
lized in checking hardness of 
chromium. 

The Knoop test is a destructive 
method of testing, where a sample 
of the material to be tested is 
p!Jysically removed from the sur­
face, cross-sectioned and mounted 
in plastic. This exposes the chrom­
ium and the basis metal. After 
mctallographic polishing, the speci­
men is mounted in the Knoop in­
dentor and the cross-section of the 
chromium is indented under very 

light load. The indentations are 
measured under high magnifica­
tion. The Knoop Hardness Number 
is then calculated from the length 
of the indentation and the con­
stants of the indentor. Chromium 
hardness on the Knoop scale usual­
ly ranges from 800 to 1150. 

SURFACE FINISH can be 
measured with a profilometer. This 
instrument has a diamond stylus 
which is moved over the surface 
either manually or mechanically. 
The electrical impulses from the 
stylus are amplified, and indicated 
or recorded as a weighted average 
reading. 

A more sophisticated instrument 
is the Talysurf, which not only in­
dicates average surface roughness, 
but which also extensh·ely analyses 
the data. Skewness, for instance, 
shows the extent of subsurface 
porosity if there is any. 

Surface finishes in the liner 
industry are routinely viewed 
through a borescope. This instru­
ment allows the user to look at 
a surface at 50x magnification ; it 
is portable and can easily be tra­
versed over the entire liner surface. 

A permanent record of a porous 
surface can be made with Faxfilm. 
When properly done, the Faxfilm 
makes an accurate impression of 
the surface. This can be projected 
on a screen, even several years 
later, faithfully reproducing the 
original surface. 

CONCLUSION. The use of 
chromium as a running surface 
for new and used parts has proven 
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to be very beneficial. Chromium 
has many unique properties which 
make it ideal for this ser vice: high 
hardness, low coefficient of fric­
tion, excellent heat transfer, high 
resistance to corrosion in most 
cases, and it provides an excellent, 
lubricated running surface. Uti­
lizing chromium as a method of 
r epair is usually done at a con­
siderable saving in cost, in most 
cases 20 to 50% of new, and the 
life of the repair ed purt is usually 
equal to or better than new. 

The chrome plater's lot is not a 
happy one. Consider just one item: 
all of the chromium that is plated 
comes from purchased Cr03, chrom­
ic anhydride. A hundred pounds 
of this is quite expensive, but what 
do we find? Only 52 pounds of 
chromium metal in the drum! See 
Figures 16-25. 
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Columnar grains with growth axis 
normal to the cast iron interface. 
There was no indication of inter­
granular porosity. Porosity was 
essentially within grains. 

Fig. 21 

HOI 

Metallogrni>hic Section of C-78Ll301 
Chromium Plate on Cas t Iron 
Showing Details of the Bond 

Interface 
Note that the interface between 
the chromium and cast iron is 
essentially a grain boundary. There 
are no g-aps or contaminating 
layers between the plating and the 
substrate. 

Fig. 22 
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25% Porosity X-50 

Fig. 23 
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INTERMEDIATE Type Porosity 
25% Porosity X -50 

Fig. 24 

PIN POINT Type Porosity 
25% Porosity X -50 

Fig. 25 

IV. 

DEVELOPMENT OF A NEW 
DIESEL ENGINE FOR 

HEAVY -DUTY LOCOMOTIVE 
SERVICE 

R. M. Dunton 
Director, Research & Development 
Rail and Diesel Products Division 

Bombardier, Inc. 

Abstract: 
Future trends in locomotive op­

eration indicate the need for con­
tinuing improvement in efficiency 
and reliability as the pressures of 
fuel cost and labor cost increase. 
In addition, ongoing improvements 
in electric traction equipment and 
controls will increase adhesion 
capabilities, which, in turn, will 
only be fully utilized when horse­
power is increased. 

To meet the above requirements 
in the future, a new diesel engine 
has been designed. It is currently 
undergoing prototype testing to 
prove performance and durability. 
When introduced to the market in 
a few years, this engine will have 
higher specific power than any 
current locomotive engine, while 
consuming less fuel. 

This paper describes the design 
work done, outlines the important 
features of the engine, and dis­
closes the preliminary performance 
of the prototype engines. 
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Six-Year Index 

1986 

Maintaining Today's 
New Technology For 
Quality Performance 

1. Procedures for Storing Service­
able Locomotives for Quality 
Performance 

2. New Locomotive Service Prob­
lems, EMD and GE 

3. 92 Day Service Requirements: 
EMD, GE and Bombardier 

1984 

Will Today's New Technology 
Simplify Tomorrow's 

Maintenance? 
1. Mechanical Aspects of New 

Locomotive Designs 
2. Maintenanace of Locomotive 

Components 

1983 

Cost Control and Extended 
Service Life Through 

Improved Maintenance 
1. Leaks: Cooling Water, Lube Oil, 

Fuel on and Air 
2. Torquing Recommendations 

3. Update on.Fuel Efficient 
Locomotives 

4. Radiator Screens 
6. Alternate Starter Systems 

1982 

Quality Maintenance -
The Key To Fuel Conservation 

1. Fuel Conservation - Effects on 
Maintenance 

2. Fuel Conservation- What It 
Costs 

3. Diesel Fuel Receipt and 
Disbursement 

4. Turbochargers 

1981 

Increased Service Life 
Through Improved Technology 

1. Running Gear 
2. Filtration 
3. FRA Rules 
4. Follow-up on Previous Topics 

1980 

Fuel Economy through 
Improved Maintenance in the 

Coming Decade 
1. Fuel conservation 
2. Winterization 
3. Utilization of on-board load 

test 
4. New FRA Rules 
6. Welded crankshafts 
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J. F. McDONOUGH 
Asst. Vice President Mechanical 

Union Pacific Railroad Co. 
Omaha, Nebraska 

LMOA wishes to express its thanks to Union Pacific Railroad 

for again hosting Pre-convention Presentation in Omaha. 

Our New Developments Committee's presentation was well 

received in what we trust was a mutually beneficial experience. 

Our thanks again to Mr. J. F. McDonough and others respon­

sible for and participating in this activity. 
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Native of Pennsylvania, Mr. 
Starr grew up in the Pittsburgh 
area. He received his Bachelor of 
Science Degree in Electrical Engi­
neering from Carnegie-Mellon Uni­
versity and then went to work for 
the United States Navy. He served 
on board nuclear submarine USS 
Kamehameha SSBN642 as a nu­
clear-trained officer where he held 
positions as Ship's Electrical Offi­
cer, Communications Officer and 
Operations Officer. 

He left the Navy to work with 
Ford Motor Company in their de­
sign department at Dearborn, 
Michigan in the Heavy Truck Di­
vision. He later relocated to the 
San Francisco Bay Area to work 
for the Southern Pacific Railroad. 

Mr. Starr began his career at 
Southern Pacific as Electrical De­
sign Engineer and presently holds 
the position of Senior Locomotive 
Engineer. 

Mr. Starr is presently taking 
prerequisite graduate courses for 
the MBA program at the Univer­
sity of California, Berkeley. 

He and his wife Karen have a 
daughter, Christina Marie. Mike 
and Karen both enjoy backpacking, 
going to ·the symphony, and their 
salt-water fish aquarium. 

I. 
FUTURE TRAIN CONTROL 

SYSTEMS 
In the railroad industry since 

the second world war, two major 
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technological changes stand out 
from all others. The first was the 
shift from steam to diesel. The 
second was the change from pencil 
and paper to data processing. We 
believe that the shift to micro­
processor control of train move­
ment will provide a third change, 
at least of equal importance with 
the other two, shifting emphasis 
from railroad signaling in the tra­
ditional sense to the broader issue 
of train control. 

There are two major future train 
control systems being developed in 
North America. One of these is 
the Advanced Train Control Sys­
tems project funded jointly by the 
AAR and the Railway Association 
of Canada; another is the ARES 
(Advenced Railroad Electronics) 
Project being developed by Rock­
well Collins. 

This paper will address the first 
of these systems, the Advanced 
Train Control System (ATCS). 

This project began with a special 
task force charged with developing 
a single all-encompassing specifi­
cation that could be used to pro­
vide leadership to the supply in­
dustry on how the rail industry 
wants to control train operations 
in the future, and what elements of 
<:ontrol are needed. 

The principal objective of the 
ATCS is to improve the economic, 
operational and safety performance 
of North American railroads 
through the application of micro­
electronics technology to train 
movement control. In other words, 
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the railroad industry is looking for 
ways of improving its competitive 
position by using recent advances 
in micro-electronic technology for 
controlling train movements and 
monitoring mechanical operations. 

Advanced Train Control Systems 
will: 

1. Expand and enhance train con­
trol capabilities by adding new 
features and improving the 
flexibility of present train con­
trol systems. The modular ap­
proach will make it operation­
ally and economically feasible 
to implement train control sys­
tems on low traffic lines where 
installation of existing technol­
ogy cannot be justified. 

2. Maximize utilization of existing 
fixed plant - that is, line and 
yard trackage - in some cases 
reducing the need for costly 
plant expansion expenditures, 
and accommodate required plant 
modification and expansion 
more easily, with minimum 
hardware replacement and traf­
fic disruption. 

3. Provide more precise control 
over train operation leading 
to higher productivity through 
better utilization of the rail­
roads' major resources - per­
sonnel, physical plant, fuel and 
rolling stock - and more ac­
curate management of train 
conflict. 

4. Improve decision-making by 
providing more comprehensive 
and timely operating informa-
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tion to train dispatchers and 
control centers; and ... 

5. Provide more positive controls 
than currently exist to prevent 
unauthorized train and engine 
movement, overspeed operation, 
and to protect track mainte­
nance forces. Currently, com­
plete safety depends on human 
alertness and strict obesrvance 
of operating rules. A data sig­
nal in the locomotive cab will 
close the control loop. It wiii 
be possible to enforce speed 
limits; provide positive enforced 
protection of field forces, and 
so on. Safety is enhanced with 
this more positive, enforceable 
and comprehensive control sys­
tem. 

The overaii design concept is 
that of a modular system with suf­
ficient flexibility to aiiow the user 
railroad to apply the degree of 
simplicity or sophistication that 
best suits its scale of operation. 
To achieve these objectives, ATCS 
wiii consist of six main subsys­
tems, each made up of from two 
to 14 optional modules. 

The presence detection, train 
identification and location subsys­
tem is the most basic, required for 
every implementation of ATCS be­
yond conventional train order or 
the most basic form of manual 
block. The modules will detect the 
presence of trains, locomotives and 
cars; detect the presence of track 
equipment; make positive identifi­
cation of locomotives and monitor 
the location and movement status 
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of trains. One module of this sub­
system would also identify the en­
gineer and automatically record 
employee data for use with crew 
management and payroll systems. 

The optinal track and route in­
tegrity subsystem would continu­
ously monitor track and route in­
tegrity. And more sophisticated 
detection systems would, for ex­
ample, distinguish between stop in­
dications caused by wet ballast, 
broken rail, and track occupancy. 
Depending on the level of complex­
ity installed, this subsystem would 
be able to identify the types of 
track or route abnormality and 
make these data available to the 
dispatcher and/or the locomotive 
cab. 

The ancillary systems interface 
subsystem consists of two optional 
modules. One module would inter­
face with automatic grade crossing 
devices and various detection sys­
tems, such as defective equipment 
detectors. The other would inter­
face with onboard locomotive sens­
ing devices for both diagnostic and 
historical data purposes. 

The switch control subsystem 
consists of four optional modules 
which would monitor and control 
switches - from the dispatcher's 
office, or, conceivably. from the 
locomotive itself. 

The train control subsystem is 
the heart of ATCS. It consists of 
14 modules, most of which are 
optional, and will provide the route 
and interlocking logic, an ability to 
put all movement authorities anJ 
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operating instructions into the lo­
comotive cab and display them, 
speed regulation, and automatic 
enforcement of movement instruc­
tions. It will also provide the neces­
sary interface with track forces to 
ensure optimum productivity and 
safety with minimum detriment to 
train operations. 

An optional module would pro­
vide on-board train handling assis­
tance, by analyzing route charac­
teristics and train handling para­
meters, and offering train handling 
advice aimed at controlling buff 
and draft forces, and optimizing 
fuel consumption. 

The final subsystem is the man­
agement of train operations sub­
system. This is a high level man­
agement system that will tie 
together train control and other 
related management information 
systems. 

ATCS will be an extremely flex­
ible system of train control, adap­
table to the needs of the users. 
The 39 modules making up the six 
subsystems can be configured to 
provide the user railroad with the 
degree of control that best suits 
its scale of operations. And it will 
be upgradable - that is, each ad­
ditional module will be upwardly 
compatible with the existing sys­
tems; therefore, a user railroad 
can enhance its present form of 
train control without throwing out 
its existing system. 

ATCS will be a very communica­
tions-intensive system. It will ex­
pand communications between the 
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trains and dispatchers' offices, 
change information back and forth 
from voice to data transmission, 
ar.d finally, make data communi­
cations to the locomotive a vital 
function. 

The most promising communica­
tion links appear to be conventional 
radio (VHF or UHF) or satellite. 

A special task force representing 
18 railroads, the AAR, and the 
Railway Association of Canada is 
directing development of this pro­
ject. The task force is addressing 
the following issues: 

System Engineering 
Economic Assessment 
Operations 
Communications Engineering 
Signal Engineering 
Computer Systems 
Locomotive 
Track & Roadway Engineering 
Research 
Regulatory Liaison 

In February of 1985, a contract 
for system engineering was signed 
with a consortium led by ARINC 
Research Corporation. ARINC has 
already delivered a functional re­
view of ATCS. The report includes: 

1. An identification of the com­
ponents of ATCS; 

2. A preliminary assessment of 
where the functions will be 
performed; 

3. A preliminary architecture 
for the components that will 
be located on the locomotive; 

4. A description of five levels of 
ATCS implementation; and 
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5. Documentation of the various 
systems with which ATCS 
will have to interface. 

Some preliminary work has also 
been done to define message struc­
ture - that is, the number and 
types of messages that will be 
transmitted to the locomotive. Sim­
ulations have also been run to 
determine the load on communica­
tions channels. 

A system architecture has been 
agreed to leading to test installa­
tions this year and implementation 
in 1987 and beyond. 

Preliminary indications suggest 
that the economics of ATCS will 
be favorable. As yet, there is no 
detailed estimate of the costs of 
providing each ATCS function. 
Cost estimates are currently being 
developed by ARINC; however, the 
analyses are still at an early stage. 
Meanwhile, the benefits are being 
assessed by the railroads. 

ARINC's preliminary estimates 
of cost are somewhat lower than 
expected. Generally, ATCS should 
cost less to install than CTC; how­
ever since ATCS will provide sub­
stantially greater capabilities than 
CTC, the real costs will be sig­
nificantly lower. ARINC estimates 
that the cost of equipping a major 
dispatcher's office should not ex­
ceed $500,000. Simple basic sys­
tems, which would provide train 
location information on low traffic 
routes, may cost as little as $3,000 
per mile; more complex mainline 
installations, which would provide 
most of the control options out-



Locomotive Maintenance Officers Association - 1986 

BEST WISHES 
From 

JOHN W. MAHON CO. 
(Manufacturers' Representative) 

1495 Warren Road 
Cleveland, Ohio 44107 
Phone: 216/226-0950 

MICROPHOR RAILROAD PRODUCTS 
0\"EH 15 YEARS OF HELIABLE A~D ECOi\'O~IICAL PERFOili\li\1'\CE 

• MICRDPHDR 

NEW Micro-Cool 
Locomotive 
Refrigerator 

In s izes ranging from 1.0 to 2.7 
feet capacity. Thermoelectric 
design for maintenance free, 
rugged and long lasting operation. 
Seamless s ta inless s teel interior 
for easy cleaning. 

For Your FREE Railroad 
Products Catalog, 

Call Today, Toll Free 
800-358-8280 

In CA (707) 459-5563 
PO Box 490, Willits CA 95490 

305 



306 

lined earlier, may be available for 
less than $25,000 per mile, or about 
half the cost of CTC. 

The cost of equipping a locomo­
tive has been estimated at $25,000 
to $50,000, depending on what in­
formation is to be provided. It is 
unlikely that all road locomotives 
would be equipped as lead units 
. . . but all locomotives might be 
wired to accept various components 
in order to allow a single control 
module to be moved from one unit 
to another as needed. 

Although a firm dollar estimate 
of the benefits to be derived from 
Advanced Train Control Systems 
is not yet available, preliminary 
indications of potential benefits are 
also very encouraging. First and 
foremost, ATCS will provide over­
all higher quality service through 
smoother, more predictable opera­
tion with fewer and shorter dis­
ruptions. Here are some of the 
operational benefits: 
1. The track and route subsystem 

will eliminate many unexplained 
stop indications. 

2. Flagging, to protect situations 
such as impassable track or a 
train stopped by an emergency 
brake application, will no longer 
be necessary. 

3. With more and better informa­
tion, there will be less reason 
for conflict between trains and 
track forces. 

4. The modular nature of ATCS 
will significantly reduce dis­
ruptions as a result of plant 
changes, and ATCS will require 
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less field testing than conven­
tional relay-based signal tech­
nology. 

5. And, very stringent perform­
ance standards will be speci­
fied for any new system; 
failures cannot be altogether 
eliminated, but when failures 
do occur, they will be on the 
safe side, and the self-diagnos­
tic features of ATCS will sig­
nificantly reduce recovery time. 

Savings in fuel and train crew 
costs are expected to produce re­
ductions in overall operating costs. 
These benefits will be derived 
from: 

1. Improved fuel efficiency and 
better train handling: More 
precise speed control will en­
hance fuel conservation. For 
example, the automatic look­
ahead capability of ATCS will 
permit more efficient pacing as 
trains are slowed instead of 
stopped when they are early for 
a meet or approach areas of 
congestion. 

2. Crew savings are expected to 
be achieved through reduction 
in costs due to deadheading, 
overtime, and initial and final 
terminal delay. 

Some possible additional benefits 
are: 

1. Reduced maintenance cost: 
ATCS will be more reliable on 
a system level than CTC, and 
is seen ultimately as a poten­
tial replacement for conven­
tional wayside signal systems. 
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2. Improved train dispatcher pro­
ductivity and the probable elim­
ination of the traditional in­
efficient train order method of 
train control. 

3. Improved safety of operation: 
It is estimated that at least 
15% of the cost of derailments 
can be avoided with ATCS by 
providing overspeed protection 
and stopping the train if the 
engineer fails to respond to in­
structions. 

4. Important implications for ex­
panded cabooseless train opera­
tion. ATCS can provide rear 
end protection in dark terri­
tory. 

5. Positive block-out enforcement, 
to improve the safety of track 
maintenance person n e I and 
equipment. 

6. Enhanced utilization of loco­
motives, cars, and facilities. 

It is generally recognized that 
efforts to estimate the benefits to 
be derived from the implementation 
of computers and related micro­
electronic technology have consis­
tently understated full operational 
and economic impact. Therefore, 
estimates probably err on the con­
servative side. And no attempt has 
been made to predict the potential 
benefits of an improved ability to 
compete with other transportation 
modes. This might prove to be the 
largest benefit of all. 

The time has come for future 
train control systems. There is a 
large base of industry support. 

307 

Many believe that there can be 
no better way to develop these 
systems than to make use of the 
full range of industry ingenuity 
and expertise available to us. In 
this committee's opinion, the tech­
nology is available and the poten­
tial economic benefits should make 
future train control systems a high 
priority for the industry. 

II. 
BRINGING FUTURE 

TRAIN CONTROL SYSTEMS 
BACK TO EARTH 

With the technological capabili­
ties that exist today, the industry 
can virtually eliminate the com­
mercial signal systems, through 
wayside automatic marker systems 
or through remote satellite com­
munications. 

The determination to be made is 
one of cost/benefit and not tech­
nology or manufacturing; to deter­
mine the R.O.I. for such a change. 

Assuming that the R.O.I. is suf­
ficient to cost-justify such a change 
with the signal and communica­
tions system, then we as officers 
of the Mechanical departments 
must address the issue of how 
these systems of communications 
can be utilized to enhance unit re­
liability and real time conditio':l · 
reporting of unit performance 
while enroute. 

If we were to let emotions ad­
dress this issue, we could become 
very excited about the capabilities 
that such future system could af­
ford the Mechanical department 
with respect to enroute unit per-
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formance; however, to survive in 
the business climate of today, we 
must set our emotions aside and 
perform a thorough cost/benefit 
analysis to determine need and 
performance. 

It seems that reliability is basi­
cally a function of design, which 
becomes optimal when the designer 
clearly understands the environ­
ment in which the equipment will 
operate. 

If that is a reasonable assess­
ment, then it would appear that 
our interests would be best served 
by havir:g on-going dialogues with 
the originial equipment builders, 
leading to the preparation of well­
conceived specifications covering 
the building and rebuilding of 
locomotives. Also it is necessary 
that the following conditions exist: 

- proper facilities available, 
- proper tooling available, 
- adequate work force skill 

levels, 
- sound materials procurement, 

distribution systems, educa­
tional programs for super­
visor~ and craftsmen, and an 
on-going, effective "quality 
assurance program." 

If the real issues of reliability 
are not addressed, then the most 
modern communications system 
will only advise us of our failings 
in a more timely manner. 

Perhaps money would be better 
spent in developing a more reliable 
unit with on-board computers 
that provide enroute circuitjper­
formance analysis. 
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This is the path the industry 
must take to gain train perform­
ance superiority and to reduce 
the costs that are incurred today 
through high unit out-of-service 
time due to unreliable equipment. 

A survey was made of the major 
railroads concerning future train 
control systems and the advantages 
they might have for locomotive 
fleet availability and reliability. 

The views expressed in the sur­
vey indicate that the most obvious 
advantages to the railroads would 
relate to safety. The system would 
produce exact data on train identi­
fication, speed and location; it 
could replace all existing signal 
systems and it could control high­
rail and track maintenance equip­
ment. The locomotive information 
system could receive and display 
data such as clearance, slow orders, 
consist information, wayside de­
tector interface and train annucia­
tion. 

Future train control systems are 
technically appealing in the area 
of maintenance cost savings. Hav­
ing the ability to monitor on-board 
parameters such as horsepower, 
fuel utilization/consumption, en­
gine/turbo temperatures, oil pres­
sures, and overall locomotive 
performance would have many ad­
vantages in terms of both identi­
fying failure trends and providing 
pertinent trouble-shooting informa­
tion. For example, if a locomotive. 
was reported as partially loading, 
it could be checked while it was in 
operation to confirm that the par-
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tial-loading condition existed and 
the accompanying engine operating 
conditions identified. This informa­
tion would do much to reduce mis­
interpretation and identify the 
causes of partial-loading or no­
loading situations. 

Likewise, simi I a r information 
could be developed with regard to 
dynamic brake operation by trans­
mitting locomotive operating con­
ditions to a maintenance facility 
prior to the locomotive actually ar­
riving there; significant savings in 
down time for trouble-shooting and 
system evaluation would exist. 
Prior to shopping units at sched­
uled maintenance and intervals a 
data dump could be made of the 
historical performance and approp­
riate corrective action taken to 
correct deficiencies as necessary. 
Finally, this system would also 
allow an easy method of monitor­
ing horsepower hours to record the 
amount of work performed. This 
would allow an accurate method of 
determining scheduled maintenance 
and overhaul intervals. 

The AT C S Locomotive Task 
Force is addressing what informa­
tion about locomotive health should 
be gathered, processed, and trans­
mitted over the data link. While 
full instrumentation of the engine, 
engine support systems, air com­
pressor, and electrical system is 
possible, it's clear that it is not 
cost-effective to monitor every­
thing. For example, it may be pos­
sible to monitor cylinder firing 
pressure to determine if injectors 
and power assemblies are function-
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ing properly. However, if the pres­
sure transducers are only as re­
liable as the power assemblies and 
injectors, there would be as many 
shoppings for failed transducers as 
for legitimate failures, which is 
clearly not desirable. More useful 
information would involve meas­
uring generator power output and 
determining if proper power is 
being produced. This would help 
eliminate operation of "sick," in­
efficient, and potentially unreliable 
locomotives by ensuring that they 
receive attention at the first op­
portunity. 

More detailed advance infor­
mation on where the trouble lies 
would reduce trouble-shooting time 
and could ensure that locomotives 
are shopped at locations that have 
proper repair material on hand. 
However, the sensors and intelli­
gence that need to be built into 
the locomotive to provide this de­
tail must be cost effective. 

The FTCS equipment necessary 
for train control can affect the 
railroads' Mechanical departments 
in two ways. First, FTCS may con­
trol certain equipment now on loco­
motives such as cab signal/train 
stop equipment, speed/event re­
corders, speed indicators, MUTH 
"fuel saver" switches, deadman; 
alerter systems, and EOT displays, 
thereby eliminating the mainte­
nance of presently installed equip­
ment. 

FTCS equipment can also be 
used to help detect substandard 
and inefficient performance of lo-
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comotives in a very timely manner, 
providing savings from avoided 
road failures and train delays, de­
creased fuel consumption, and less 
shop time. These are the same 
benefits that are derived from in­
creased reli~bility. It is hoped that 
the incremental cost to add this 
capability to FTCS will be suf­
ficiently small to justify these 
benefits. 

Several areas must be addressed 
in order to enhance locomotive 
availability and performance. There 
is no substitute for well designed 
quality equipment to improve the 
reliability of operations. However, 
further enhancement in "on con­
dition" monitoring of equipment 
performance will reduce mainte­
nance costs and increase locomotive 
availability. 

III. 
LOW MAINTENANCE 

LOCOMOTIVE BATTERIES 
Although the lead-acid type of 

storage battery has been in use 
since the introduction of the diesel 
locomotive, it is one of the items 
most often forgotten when new 
developments are discussed. 

The locomotive battery has come 
a long way over the years, as have 
the systems that support it. The 
most obvious changes have been in 
the packagin~, which has gone 
from groups of four-cell batteries 
to 16-cell unitized batteries with 
maintenance intervals of up to five 
years. 

To better understand the signifi­
cance of the term "low mainte-
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nance" when applied to the loco­
motive battery, it is helpful to 
understand its uses, principle of 
operation, and its environment. 

The locomotive battery provides 
large quantities of power over a 
short period of time, essential for 
starting high horsepower diesel 
engines, and can be recharged at 
low rates over long periods, con­
sistent with the intervals of time 
that locomotives operate between 
shutdowns. The reduced charging 
rate requirements allow axiliary 
generating equipment to be sized 
primarily for continuous operating 
requirements rather than for rapid 
battery charging. 

The battery also provides a res­
ervoir to supply make-up current 
when auxiliary generator output is 
less than demand. It also acts as 
a filter that tends to smooth out 
voltage spikes caused by the 
cycling of control relays and power 
contactors. 

The principle of operation of the 
storage battery is based on electro­
chemical action, where two differ­
ent types of lead are acted upon 
by a solution of dilute sulphuric 
acid or electrolyte (H2S04). 

In a fully charged battery cell, 
the active material of the positive 
plate is lead peroxide (Pb02) and 
the negative plate is sponge lead 
(Pb). 

As a cell is discharged, the elec­
trolyte (H2S04) divides into H2 
and S04• The H2 combines with 
oxygen ( 0 2) formed at the positive 
rlate, and produces water which 
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dilutes the remammg electrolyte 
and reduces the specific gravity. 

The 804 combines with the lead 
of both plates forming lead sul­
phate (PbS04). 

When the cell is placed on 
charge, the reverse takes place. 
The acid in the sulphated material 
is driven out, and the specific grav­
ity increase-s. The cell is fully 
charged when all of the acid has 
been driven back into the electro­
lyte and the specific gravity is at 
its maximum. Additional charging 
will not raise the specific gravity 
any higher. 

As the cells approach full charge, 
they cannot absorb all of the 
energy from the charging current. 
The excess current will cause elec­
troysis of the water in the electro­
lyte, into hydrogen (H2) and 
oxygen ( 0 2) which will bubble 
from the cell and be vented from 
the battery. It is this gassing of 
the cell that is the primary reason 
for the required periodic addition 
of water. 

It is the charging of the battery 
cells that has the greatest effect 
on the overall life and performance 
of the battery. The battery should 
receive the "correct" amount of 
charge (controlled by charging 
voltage) sufficient to fully charge 
the battery and maintain that level 
of charge, but not more. Under­
charge or overcharge should be 
limited to that which is practical 
under the particular application. 

Continued insufficient charge, 
even to a small degree, can cause 
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gradual sulphation of the negative 
plates with a resultant loss of cell 
capacity and reduced battery life. 
An undercharged cell will have a 
low specific gravity, which could 
lead to freezing in cold weather, 
resulting in destruction of the 
battery. 

Continued excessive charging will 
tend to corrode the positive plates, 
physically weakening them and 
also decreasing their conductivity, 
resulting in high internal losses. 
Overcharging at relatively high 
rates will cause excessive gassing 
which can not only cause physical 
damage to the plates, but also will 
result in excessive water use. 

It is therefore essential that the 
battery charging system be proper­
ly maintained in order to obtain 
the maximum life from the bat­
teries whether they are of the older 
types or new ''low maintenance" 
types. 

As indicated earlier, the gassing 
of the battery cells during the 
charging cycle is the primary 
cause of water use and required 
periodic addition of water, that is 
normally referred to under the 
term "battery maintenance". 

Much battery damage can be 
done during the periodic addition 
of water if care is not taken. In 
many cases, the battery cells are 
overfilled, resulting in excess di­
lution of the electrolyte, and if 
filled to the point of overflowing, 
electrolyte will be lost. Electrolyte 
washed into the battery compart­
ment can cause undesired corrosion 
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of the battery compartment. Over 
flushing is a major cause of bat­
tery failure. 

If the proper type of deionized 
or distilled water is not used, con­
taminants can be introduced into 
the cell which· can damage the cell 
plate material or inhibit cell opera­
tion. 

Spillage of · electrolyte on the 
surface of the battery can cause a 
conductive path across the battery 
that can slowly discharge the bat­
tery during shutdown periods or 
short it to ground. 

Extending the required interval 
between water addition reduces the 
chances for improper servicing over 
the life of the battery. 

As locomotive maintenance in­
tervals have been extended due to 
continued component development, 
changing maintenance practices 
and lengthened mandated Federal 
inspection intervals, it has become 
essential to develop locomotive bat­
teries that would operate for the 
extended intervals without the ad­
dition of water. 

Many of today's locomotive bat­
teries have been designed to op­
erate up to 24 months between 
watering, accomplished primarily 
by increasing the level of free 
electrolyte above the active bat­
tery plates. 

The 24 month interval coincided 
nicely with the two-year Federal 
inspection requirement. However, 
as the requirement has been ex­
tended to three years and cou{d 
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possibly go to four year~, it would 
be of great benefit to extend the 
required battery maintenance in­
terval to coincide. 

True "low maintenance" batteries 
have been introduced that will ex­
tend the required watering interval 
up to five years. This has been 
accomplished through development 
of "low loss" active plate materials 
that greatly reduce gassing and 
resultant water usage. 

As mentioned earlier, one of the 
major causes of premature battery 
failure is over-flushing. A reduc­
tion of the flushing requirement 
from two years to five years, 
would reduce the chances of short­
life failure due to over-flushing 
by 60%. 

The extended interval will allow 
scheduling periodic battery main­
tenance during a major locomotive 
shopping in which the batteries 
could be removed for proper in­
spection, servicing and cleaning. 
In fact, the newest "low mainte­
nance" five-year interval battery 
is equipped with a snap-on cover 
over the filler/vent caps that re­
quires removal of the battery from 
the locomotive in order to remove 
the cover for service. 

While most of the development 
work on "low maintenance" bat­
teries has been in the area of ex­
tended water addition intervals, 
work has also been done on cell 
plate construction, improved bat­
tery case materials, and battery 
case sealing. 
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It should be noted that the main­
tenance intervals stated are pre­
ceded by the words "up to". It is 
essential that charging systems, 
cable connections, and battery com­
partment securements and covers 
are properly maintained in order 
to obtain the maximum mainte­
nance intervals designed into the 
batteries by the manufacturers. 

Extremes of temperature will 
also have an effect on maintenance 
intervals. High ambient tempera­
tures can contribute to higher than 
normal water usage raes. 

Battery manufacturers have 
made great strides in the develop­
ment of "low maintenance" loco­
motive batteries. Now, how about 
a "no maintenance" battery! 

IV. 
ELECI'RONIC ENGINE 
CONTROL SYSTEMS 
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In the past, locomotive engine 
governing has for the most part 
been accomplished with mechanical­
hydraulic governors with either 
electrically or pneumatically oper­
ated speed settings. Four valves 
or solenoids are actuated in various 
combinations to give a series of 
engine speed settings. In most 
cases eight speed settings are used 
but as many as 16 can be estab­
lished with the four inputs avail­
able. 

Recently electronic locomotive 
engine controls have been develop­
ed which obtain speed settings 
from and interface with the same 

ENGINE SPEED CHART 
THROTTLE GOVERNOR SOLENOIDS ENERGIZED NORMINAL 
POSITION I I I 

ENGINE SPEED 
A B c D RPM 

STOP * 0 

IDLE 315 

315 

2 * 395 

3 * 479 

4 * * 560 

5 * * * 649 

6 * * * * 734 

7 * * 815 

8 * * * 900 
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Figure 1. Block wiring diagram for electronic control tor use on locomotives. 

four inputs available from the 
existing locomotive throttle con­
trols. The individual speed settings 
can be programmed at whatever 
set points are needed. Options 
available include voltage and cur­
rent outputs to control the excita­
tion and therefore the load on 
either an alternator or DC gene­
rator. 

The electronic engine control 
system consists of the electronic 
control box, engine speed sensor, 
rack position sensor and rack 
actuator. 

The electronic control box de­
termines what the engine speed 
and load should be based on 
the individual locomotive operating 
parameters which have been pro­
grammed into the integrated cir­
cuits of the appropriate module 
and these inputs: throttle notch 
selector, fastjslow acceleration se­
lector, operator shutdown, genera­
tor load, and wheel slip. The elec­
tronic control box continually 
monitors the engine speed and load. 
It makes corrections to the engine 
fuel setting and to the generator 
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excitation. Thus engine speed and 
load are precisely controlled. 

The engine speed sensor consists 
of a magnetic proximity detector 
which is mounted adjacent to a 
gear which is driven directly by 
t:te engine. The sensor detects gear 
teeth as they go by and generates 
a corresponding AC voltage. Elec­
tronics change this AC voltage into 
a digital voltage signal. This sig­
nal is supplied to the electronic 
control box as a measure of engine 
speed. 

The fastjslow acceleration se­
lector may be desirable for loco­
motive units which are used in 
both switching and road service. 
This is accomplished by the use of 
two different ramp rates or rates 
of response of engine speed and 
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load to throttle signal change. A 
fast ramp rate can be programmed 
into the electronic governor for the 
quick acceleration needed in kick­
ing cars. A slow ramp rate can 
be programmed for road service 
where it is desirable to avoid 
rapid changes in train forces. Se­
lection of the acceleration rate is 
made with a manual switch at the 
control stand. 

The rack position sensor meas­
ures the fuel rack setting. Fuel 
rack setting controls the fuel being 
injected into the engine. The out­
put of the rack position sensor 
is another digital voltage signal 
which is supplied to the electronic 
control box. 

The rack actuator is generally 
an electro-hydraulic device mechan-

TIME/THROTTLE POSITION 
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ically connected to the fuel rack. 
The actuator converts the electri­
cal signal from the electronic con­
trol box into a fuel rack setting. 
The electrical signal controls sole­
noids which actuate an armature 
that is connected to a pilot valve. 
This pilot valve controls the flow 
of oil between an oil pump and a 
power piston. The power piston is 
linked to the fuel rack shaft. The 
oil pump is driven by the engine. 
The oil supply may be self con­
tained in the actuator or may come 
from the engine sump. When there 
is an increase or decrease in engine 
load, the movement of the power 
piston operating through mechani­
cal linkage will move the fuel racks 
to the new fuel setting to maintain 
the correct engine speed at the new 
load condition. 

The electronic control box com­
pares the engine speed as meas­
ured by the engine speed sensor 
to the desired speed as determined 
from the throttle input. If the en­
gine speed and the desired speed 
are not the same, the control box 
will send a corrected DC voltage 
signal to the solenoid coils of the 
rack actuator. The actuator will 
now adjust to a new fuel setting to 
make the engine speed the same 
as the desired speed. The solenoid 
force is always in the direction of 
increasing fuel. The solenoid force 
is opposed by a spring. Therefore 
in the case of a loss of electrical 
signal the spring will move the 
power piston and rack to the mini­
mum fuel position thus preventing 
engine overspeed. 
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Additional inputs to the elec­
tronic control box are water pres­
sure, oil pressure, and manifold air 
pressure. Minimum water pressure 
and oil pressure schedules may be 
established so that the shutdown 
pressures are higher at higher 
engine speeds. This, of course, is 
because higher pressures are re­
quired to protect the engine at 
higher operating speeds and loads. 
Annunciator lights will indicate 
the cause of engine shutdown. The 
manifold air pressure schedule is 
established to limit fuel accord­
ing to air pressure and therefore 
achieve optimum fuel/air ratio for 
combustion efficiency. Wheel slip 
and transition signals may be used 
to momentarily reduce excitation 
current of the main alternator. 

Testing and set-up of a mechani­
cal- hydraulic governor requires 
three to 3;2 hours by a well train­
ed technician. Initial set-up time of 
the electronic governor is greatly 
decreased and is accomplished with 
a suitcase size electronic tester. 
Accuracy of the various set-points 
and schedules is also improved. 

The advantages of the electronic 
governor over the mechanical-hy­
draulic governor are: faster re­
sponse time; more precise control 
of speed and load; improved fuel 
efficiency; acceleration rate selec­
tor; and reduced set-up and main­
tenance cost. The electronic gover­
nor should also integrate very well 
with the microprocessor and future 
train control systems which will be 
available on new locomotives. 



322 

p 
R 
E 
s 
s 
u 
R 
E 

Committee on New Developments 

IDLE SPEED 
WATER PRESSURE SCHEDULE 
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ADVANTAGES OF ELECTRONIC GOVERNOR 

I . FASTER RESPONSE TIME 
2. MORE PRECISE CONTROL 

OF SPEED AND LOAD 
3. IMPROVED FUEL EFFICIENCY 

4. ACCELERATION RATE SELECTOR 
5. REDUCED SET-UP AND 

MAINTENANCE COST 
6. INTEGRATE WITH MICRO -

PROCESSOR AND ADVANCED 
TRAIN CONTROL 
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