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Lubricating oil analysis chart showing condition of crankcase oil over 120,000 miles of service without oil change 

:eceived from cylinder heads, cylinder liners, pistons, 
:raction motors, axles, wheels and other parts that are 
subject to frequent inspections or renewals. 

Another specially trained Diesel man is assigned to 
:ollow switch locomotives over the system. H e inspects 
the locomotives, checks the operation and instTucts main­
:enance forces and operating crews in proper Santa Fe 
practices. 

Lubrication and Mechanical Ch anges 

Lubrication has played an important part in the opera­
of Diesel engines. By the use of effective oil filters 

the lubricating-oil drain periods in high-speed passenger 
>ervice have been increased from 5,000 miles to 100,000 
"ll iles of service. In switchers, crankcase lubricating oil 
is changed every three to six months of service. The 
:ubricating oil analysis chart shows the condition of 
.:rankcase lubricating oil covering 120,000 miles of serv­
:ce without changing oil. 

It has been found desirable to conduct service tests 
in addition to laboratory tests before deciding upon the 
acceptability of fuel and lubricating oil. 

All of the present road locomotives are powered with 
:wo-cycle Diesel engines. Since these locomotives are 
operated under a load factor of about 60 per cent, more 

is experienced with the Diesel engines. In fact 
Diesel-engine maintenance expense comprises about 

50 per cent of the total locomotive-repair costs. There­
iore, the two-cycle Diesel engine used in this service 
nas been given a great deal of thought resulting in many 
:mprovements. 

Pistons and cylinder heads are removed every 100,000 
"lliles for inspection and servicing. Crankshaft bearings 
::Uilway Mechanical Engineer 

Table l-Average Cost of Opera lion Per Ser vice Hour 
for 1,000 HP Switch Locomotives-Year 1939 

Fuel ...... - . ... ........ · · .. · · · · · · · · · · · · 
Locomotive repairs, labor and materia1s .. . 
Estimated cost general repairs .......... . 
Engine house cx1>ensc ........... . ....... . 
Lub.-ication . . ..................... .... . 
Supplies ................... _ ........ . . . 

1,000 lop., 
4-cyclc 

Diesel-elec. 
loco. 

$0.282 
0.119 
0.250 
0.026 
0.022 
0.021 

1,000 hp., 
2-cyclc 

Diescl-elcc. 
loco. 

$0.261 
0.3.16 
0.250 
0.028 
0.045 
0.014 

Total cost per service hour . . . . . . . . . . . . $0.720 $0.934 
Note--Figures do not include depreciation or wages of cugincmen. 

are inspected at this time and interior of engine thor­
oughly cleaned out. 

Cylinder liners that were worn SO to 60 thousandths 

Table li-Cost of Ope rnlion per Mile-High-speed 
Passenger Service 4,0QQ HP-Year 1939 

Fuel ...... _- .. _ ........ ___ ..... ..... . ......... . 
Locomotive repairs, labor nnd m;:ttc l·inl . . . .. ..... . 
Lubrication .. .. . . .. . .............. .. ..... ...... . 
S upplies .......... - ............. . ... . ..•..•• - .. . 
Water .................... _ .. _ ..... . __ .. __ .... . . 

$0.123 
0.137 
0.011 
0.007 

Total cost per mile ...... _ ... . _ - ... _ . - ... _ . _ . $0.278 
1\""ote-figures do not include wages of cnginemen or depreciation. 

of an inch in about 60,000 miles are now removed when 
worn 20 thousandths of an inch after 325,000 miles of 
service and are re-conditioned for re-application. 

Piston design has improved. At the present time, the 
drop-forged aluminum piston with greatly increased ring 
land width is giving the most dependable service. Piston 
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assemblies are removed for inspection every 100,000 
miles and the service mileage received from pistons re­
moved from road locomotives to date is 220 000 miles. 
This mileage feature will be greatly increas~d as new 
type pistons replace the older design. 

Air for engine radiators is now carried through ducts 
eliminating dirt from this source getting in the engine 
rooms. 

Wheels have been greatly improved. The service life 
of present wheels is about 250,000 miles with about 
84,000 miles between machinings. 

A crankshaft crank-throw grinding machine, designed 
and built on the Santa Fe, is now used at important 
terminals. By using this machine, we expect to run 10 
million miles in road service before removing crank­
shafts from the Diesel engines. 

The E lectro-Motive Corporation has built a 5,400 hp. 
freight locomotive powered with four 1,350 hp. Diesel 
engines. I t has a starting tractive force of over 200,000 
lb. and a maximum speed of 73 m. p. h. Extensive tests 
of this locomotive were very satisfactory, and two of 
these locomotives have been ordered. Two 44-ton 
switchers have also been ordered. 

Discussion 

In discussing the maintenance of Diesel locomotin~~ 
one member from an eastern road raised a question ao 
to the cause of the cracking of cylinder heads, mention­
ing tHe fact that on one recent trip six out of tweh·e 
heads on one engine were found to be cracked. M ::-. 
Gill replied that when such a condition was found :: 
could usually be t raced to defective cooling and sug­
gested that the engine cooling system be thoroughly 
checked for air locking, or binding, in some part of the 
cooling system. 

Another member raised the question of comparative 
maintenance costs between Diesel and steam power. T he 
speaker called attention to the fact that when costs are 
compared they must be compared on specific cases and 
conditions and said that a recent check of comparative 
costs between a steam passenger locomotive of 4,464 hp. 
and a Diesel of 4,000 hp., over a 30-day period, showee 
a cost of 19 cents a locomotive-mile for steam and 1/ 
cents for Diesel. As to engine fai lures, it was brougl:: 
out that on one road the average mileage between engine 
fai lures was 74,000 for steam and 144,000 for Diesek 

Future Loeo1notive Air-Brake Maintenance 
lly J.P. Stewart 

General supervisor air brakes, Missouri Pacliic 

Train operation requirements have been and are con­
stantly growing in magnitude and complexity. Faster 
schedules, higher speeds, longer trains, heavier tonnage 
per train, greater tonnage per car, new designs in motive 
power, high speed, light-weight trains, all are constantly 
calling for new appliances and improvements in existing 
standards. 

As changes have been made in equipment, the applica­
tion of new and special appliances have increased the 
responsibilities of the supervisor of locomotive equipment. 

To meet this progress in transportation has not only 
increased · the responsibility of supervision, but has 
brought about a change in the system of maintaining the 
equipment. Today, more than ever, it must always be 
first in mind to find the small, or the beginning of, 
defects. The elimination of a small defect is often the 
eventual elimination of an engine failure and a saving in 
man hours and expense. It is a big mistake to put off the 
elimination of a small defect until next trip because it is 
constantly becoming a major defect, and what today is a 
minor defect, if allowed to continue, will tomorrow be a 
major defect and perhaps an engine failure. Therefore, I 
wish to register with each of you that in tl1e most perfect 
operating equipment, it is the elimination of the small 
defect that gives the efficient operation and keeps the cost 
of maintenance low. With the increased demands for 
speed put on the locomotive today, the locomotive must 
leave the terminal absolutely free of defects, either major 
or minor. 

In this paper I am constantly bearing in mind the 
proper procedure to follow to bring about the results 
necessary for perfect t rain operation. 

I know it is often difficult for the old timer to adopt 
new systems. There was a time when the a ir-brake in­
spector or air brake machinist was considered a specialist, 
and the real profession of the operation of the air-brake 
equipment was surrounded with a veil of mystery, and, 
when the apprentice started serving his time ·he was 
sworn never to reveal any of the arts of his profession 
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unless it was to a bonafide student who was also sen·i:-:~ 
his time. Today we are endeavoring to make all fam ilia: 
not only with the maintenance and operation but with a: 
the effects of the equipment and the manner in which tG 

continue the operation regardless of defects. 

Exit the Specialist 

In my opinion, the day of the air-brake man as a spe­
cialist is coming to a close. To stay up in the ranks 0: 
up-to-date supervisors, a man has to be familiar with rr.~ 
operation and maintenance details of many differe::: 
appliances and types of equipment. This is made poss:~ 
by the manufacturers, associations, sales organizatio~ 
and service engineers and by high class literature wlic 
mal<es it possible for any man to master any part of r::.= 
equipment or a ny special appliance. Do not misunde:-­
stand me, that I am trying to advance the idea that C: 
men working in the shop or -roundhouse should be ex~ 
air-brake man, but the thought I wish to convey is ti:a: 
any man who so desires can, by applying a little time a::'! 
study, familiarize himself with the operation and main:e­
nance of all parts of the locomotive equipment, or any :-: 
the special devices, so that he will actually have a wice::­
knowledge and a better understanding of the device '=~ 
appliance than did the so-called expert of yesterea:­
Furthermore, it will not cost this seeker of information c-~ 
penny for text books or lessons, but just for a few th:-~ 
cent stamps he will have delivered right to his door, boo~ 
pamphlets, and li terature furnished free by the manu.=c..:­
turers, which a few years ago could not be purchased :o.: 
any price. Furthermore, the veil of mystery has bee:: 
removed from the process of assembly and manufac:::.:­
ing so that today anyone who desires may visit any oi ::.. 
large manufacturing or processing plants, where he ~.-:::. 
be taken on an educational tour of instruction and :::­
spection. 

I wish to pay the greatest tribute to the locomo:7. 
manufacturers, and, when I say locomotive, I include ~ 
companies that manufacture special appliances for loo:.-

Rallway Mcohanlcal Eng; ·_. 
NOVEMBER, ~; 



motives, for the educational advantages and the efforts 
;hey are putting forth to educate the railroad employes 
:n the operation and maintenance of their equipment. 

Not so long ago I had a forceful example of this. On 
:wo divisions we had large freight locomotives equipped 
with a special appliance with which most of you men are 
:amiliar. About every other day on the morning delay 
:eport there would appear a delay of 10, 15 or 20 min­
utes because of the failure of this appliance. We sent the 
air-brake instruction car to that territory and, as attend­
ance for enginemen is compulsory, every engineman at­
rended the car and received his card of attendance. In 
spite of all that the master mechanic, general foreman, 
:oad foreman of engines, my assistant or myself could 
do, these little annoying delays would show up. T hey 
were not real engine failures or appliance failures; they 
were man failures, so we asked the appliance company 
ior several hundred instruction books. These books were 
gladly furnished and we gave one to ·each engineer and 
fi reman·. · The result was that in two weeks, as far as 
:he delays were concerned, you would not know we had 
such an appliance on our locomotives. 

For our railroad to have printed such instruction books 
would have cost at least SO cents per book, the compila­
:ion of the information would have cost considerably 
more, and as the distribution ran into hundreds, this 
educational drive would have been prohibitive without 
:he entire cooperation and support of the manufacturing 
company. Therefore, I trust you appreciate the educa­
:ional facilities we have gratis, and, by taking advantage 
of it, will greatly assist in reducing maintenance costs and 
also reduce the number of delays. 

With the facilities of education we now have, let us 
now get to the real meat of this paper and see how we 
can get the best maintenance of the air-brake equipment 
at the most economical cost. I want to warn you that I 
will be unable to hold my thoughts directly on air-brake 
equipment alone. As we proceed, you will see that the 
:nethods of maintenance I outline will include air-brake 
equipment, as well as other important appliances. 

Today the duties of locomotive maintenance super­
visors, such as shop superintendents, master mechanics 
and general foremen, are so manifold that it is absolutely 
impossible for them to be in direct touch with most of 
the maintenance. Consider for a minute the time con­
sumed in attending meetings, such as craft committee 
meetings, safety meetings, budget meetings, booster 
meetings, char ity drives, etc. For this reason, he must 
have working under him men who are not only loyal 
to his interests but who know their jobs and have the 
ability to function without personal supervision. There­
iore, I am going to build up a shop organization designed 
to get the best maintenance at the most economical rate 
:or the back shop. 

The Ideal Shop Organization 

First, all special appliances should be together in one 
department or unit. By that I mean air-brake equipment, 
boosters, stokers, feedvtater heaters, exhaust-steam in­
jectors, injectors, force-feed and hydrostatic lubricators, 
reverse gears, gauges, air fire doors, bell ringers, and 
steam-heat equipment. Over these I am going to place a 
foreman, a monthly rated man. The general foreman is 
going to give this man absolute authority over the repair­
ing and testing of this equipment. When a locomotive 
comes into the shop, this foreman will see that this class 
of equipment is removed, overhauled, tested and made 
ready for replacement on the locomotive. 

The cost of overhauling is up to this man, and he alone 
can sign requisitions for new material. The only parts 
of the equipment he does not have the authority to super­
vise is the electrical equipment which coordinates with 

the air-brake equipment on some of the high-speed brake 
schedules. -:r:his equipment is sent by him after removal 
to the electnc shop and, after being repaired, it is sent 
back to the special-appliance shop. It is up to the judg­
ment of this foreman as to the amount of work necessary 
on the appliances; also, this foreman must be familiar 
with the operation and maintenance of the different ap­
pliances. He must be the direct representative of the 
general foreman, and, as the shop superintendent holds 
his general foreman responsible, so, in turn, the general 
foreman holds his foreman of appliance maintenance 
responsible, just as he holds his boiler foreman, machine 
foreman, blacksmith or pipe foreman responsible. 

You will be surprised to see how the maintenance of 
the different appliances is naturally associated. As an 
illustration, the air-pump mechanic, with very little 
training, becomes an efficient feed-water-pump mechanic; 
the stoker mechanic grasps the maintenance of boosters ; 
the fire doors, reverse gears and bell ringers group them­
selves together; while the gages, force-feed lubricator and 
speed indicator appear to come under the handling of 
one mechanic; and the feed valve, brake valve and dis­
tributing valve will come under the same mechanic. 
Thus, as these men become familiar with the same classes 
of equipment, they become more efficient. 

On the railroad I represent, we have two main shops in 
which we have this system. In order to distinguish these 
men, they are given the title of air-brake foremen, which 
they still carry, but, in reality, they are foremen of spe­
cial-appliance maintenance. Both of these foremen are 
students picked from the ranks because they were first­
class mechanics, loyal to their superiors, pleasant to work 
with and below middle age. 

The Enginehouse Supervisor's Problem 

The master mechanics and general foremen of the 
engine houses are up against a different proposition. 
Theirs is altogether a different line of operation than 
the back-shop supervisors. For the master mechanic and 
enginehouse foreman the whistle never blows; it does 
not blow to stop work, therefore, it cannot blow for them 
to start. It is not an eight-hour shop; their telephone is 
always ringing. Their one duty is to furnish engines 
when the despatcher needs them regardless of the amount 
of work necessary to be done on the engine. It must be 
ready when needed. 

Each enginehouse foreman should have two good men 
in the positions of lead airman and engine director. In 
picking these two men, we should consider, first-that 
they should be young enough so that it is easy for them to 
study and learn and thus keep pace with the advance 
progress of new appliances and equipment, and second­
that they should have sufficient seniority so they will not 
be displaced everytime there is a force reduction. It is 
very discouraging to go to a point and find a man in­
specting engines who does not know the names of the 
different pipes on the distributing valves. 

We might classify these two positions as the "finder" 
and the "fixer." To them the foreman looks for the 
analysis of the condition of the locomotive. Usually it is 
to the engine inspector's, or the "finder's" report that 
he looks before he tells the dispatcher how soon he can 
have the engine. 

Now we are goin~ to make a "finder" out of our engine 
inspector. In addition to just inspecting the engine for 
I. C. C. defects, we are going to make an air-brake test 
man of him. 

Locomotive Equipment Has Changed 

A few years ago, tl1e locomotive air-brake equipment 
consisted of a 9~-in. pump, reservoir, brake cylinder, 
feed valve and brake rigging, G-6 brake valve and a Du-
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plex air gage. At that time we had to have a special air­
brake man to test out that brake equipment. I find in 
many places that we still cling to that system. Today we 
have large power, compound pumps, special appliances, 
H -6 and H-8 brake schedule, br HSC electro-pneumatic 
brake or HSC automatic brake schedule, but, in spite 
of all these increases, I say we should not have to have 
a specialist to test the air-brake equipment. This does not 
seem consistent, following a comparison of the present 
and past equipment. \ i\fith the increased parts of the 
present equipment, I feel that, with the educational ad­
vantages I have so fully previously described and the 
superior quality of the present-day equipment, both in 
precision of construction and operation, the superior ma­
terials now used with the adoption of the composition 
gaskets and seats, more detail and greater attention to 
engineering and tests before being approved for service, 
there is no need for so much specialization in special 
appliances and air-brake equipment, as in the past. At the 
roundhouse, keep the air-brake mechanic as a fixer and 
us~ the engine inspector as a finder. That does not mean 
that the air-brake mechanic should not test out the 
equipment. Whenever any work is done on any appli­
ance, he should test it out before he pronounces it OK. 
But to let the engine come in and not get the air-brake 
equipment tested until the air-brake mechanic gets to it, 
may result in unanticipated delay. 
~ow let's see how this works. In the first place, I 

believe strongly in inbound inspection and test. This 
gives the foreman assistance in distributing his force. 
Information developed in this manner, in addition to that 
shown on the engineman's or road foreman's work re­
ports, enables the foreman to know what work has to be 
done on the engine and how long before the engine can 
be reported ready for service. So. as soon as possible 
after engine arrives on the incoming lead, the inspector 
will start his inspection and, as he looks for I. C. C. cle­
f e<:ts, he will also inspect the brake equipment. The 
locomotive should be left with brakes applied so the in­
spector will get his brake piston travel. As he passes the 
main reservoir, he will open the bleed cock on the main 
reservoir, which will cause the air compressor to start 
working, and ·he will listen for pounds and blows. W hen 
he gets up in the cab and checks, he will make the follow-
ing tests: · 

1-Release brakes, adjust feeu valves to standard pressure and 
note variation of feed valve which must not exceed 2 lb. per min. 
At the same time note adjustment of low-pressure governor. 

2-Make a 10-lb. brake-pipe reduction with the automatic brake 
valve. Note that preliminary exhaust por.t is open and equalizing 
piston raises. P lace automatic brake valve on lap position. Note 
brake-pipe leakage which should not exceed 3 lb. per min. Note 
adjustment of high-pressure governor. Release brakes. 

3-Apply brakes with independent brake valve in slow-applica­
tion position with 5-lb. brake-cylinder pressure. Move brake 
valve to running position. Brakes should release. 

4-Apply independent brake valve fu lly in quick-service posi­
tion. Brake-cylinder gage will show adjustment of reducing 
,·ah·e. Spring should return handle of independent brake valve 
to slow-service position. ).fove automatic brake valve to full­
sen·ice position. Note adj ustment of safety valve on distributing 
Yah·e. Release brakes. 

5-\Vith automatic brake valve make a 5-Jb. brake-pipe reduc­
tion. Brakes should apply. Move automatic brake valve to run­
ning position. Brakes should release. 

6-With automatic brake valve in running position, brake-pipe 
hand and equalizing-reservoir hand on large and small duplex 
gages should correspond. Move automatic brake valve to full re­
lease position. Warning port should blow and brake pipe and 
equalizing-gage hands should register within 3 lb. of main-reser­
voir hand. Move brake valve to running position. 

7-Move automatic brake valve to emergency position. Brake 
should apply in emergency. Return brake valve to lap position 
and note no increase in brake pipe pressure. Also note that brake­
cy I inder pressure does not dccrea.se. 

T hese tests can be made in a very short time, and \Yill 
prove that brakes are operating and all operations meet 
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the I. C. C. requirements as set forth in Rult! No. 106. 
Should the inspector find the brakes do not meet these 

tests, he will at once give a report to the ait-btake me­
chanic or lead man whose duty it is to find the defect and 
make necessary repairs. 

I. C. C. requirements are that an orifice test be made 
on the air compressor once each three months. I will 
recommend that the air-brake mechanic mak~ an orifice 
test on compressors once each 30 days. He sHould keep 
a running record of each orifice test. When the orifice 
test shows that the strokes are nearing the lirhit, he can 
arrange to apply new rings or change comptessors on a 
trip most convenient, and he can spread out his heavy 
compressor work so as not to h,ave this work coming due 
when he is busy on monthly or quarterly inspections. I 
strongly advocate the application of a copper tag to each 
compressor showing shop initials and date pUmp receiYed 
last general overhauling. This gives the foreman and air­
brake man a line on the quality of 'vork coming out oi 
the shop and length of service before receiving necessary 
repairs. 

It is necessary that the air-brake mechanic make tes~ 
for brake-{:ylinder leakage at frequent intervals. Brake 
cylinders should be given a first-class cleaning at time oi 
general overhauling of locomotive. At that t ime new 
composition packing cups should be appl ied. Then it wil 
not be necessary to clean brake cylinders again until 
brake-cylinder leakage is such that locomotive or tende:­
brakes will not remain applied five minutes with com­
munication to · brake cylinders dosed. 

This is worthy consideration, as on the large mode~ 
locomotive it is a lengthy and costly job to clean and 
lubricate the brake cylinders. I find that if the brake 
cylinders are properly conditioned, lubricated and 
equipped with good composition packing cups the loco­
motive will run a long time before it becomes necessa=:­
to clean brake cylinders. 

As to other tests necessary to maintain the equipme::::. 
the air-brake man can be governed by local conditio:::: 

Enginehouse Maintenance Organization 

Therefore, for the enginehouse we have two men, e;; . ...:.. 

of them with knowledge of air-brake and special appE­
ances. Fi rst is an inspector who can make and chea; 
the seven simple tests I have previously outlined and \'":... 
is familiar with the I. C. C. requirements. 

Second is the air-brake leadman or air-brake mecl::::-3: 
who should be familiar with the purposes of ead: ~ 
of the equipment; operation of the equipment: de:~ 
and what results different defects wi ll produce: me:: 
of making repairs and know when it is necessary to :-e:::;.e!"':' 

parts; short cuts to get results and be able to keep :.:. 
equipment operating until place is reached where p::-r>'""~ 
repairs can be made; testing the equipment, and I. C. 
requirements as to tests and cleaning periods. 

There are two other men who are of great nlue : -
master mechanic, general foreman and roundhouse : -
man; they are the road foreman of engines and a: :--~ 
instructor or inspector. Those two men should he 
miliar with the working conditions of the locomo::i·-e 
all special appliances. They should instruct the engi:: 
in the proper operation of all the equipment and ~~ 
in proper train handling. In the maintenance of a::--" 
equipment and all other appliances, they should : ~-:::-:s::: 
the enginemen in the proper method of handling : !: 
test for defects; as to manner of finding and =-~­
defects and impress on them the importance oi 
intelligent work reports, and ho\\' to make repai:-s -
line of road so as to avoid delays or engine ia:lt: :-es.. 

One of the most Yaluable assets is tO haYe a :-oc.c -
man \\'ho can impress enginemen wirh :he :mpc;-:o-,,. 
making proper \\'O:-k :-e~:-t5 . O ne way :c-:- :!:e ,. 



~eman, road foreman and air-brake instruclor to have 
·.e full cooperation of the enginemen in making reports 
- assist in the maintenance is to give the enginemen credit 

hen due. Pay heed to thei-r reports and listen to their 
:-:>mplaints and grievances. The enginemen will be en­
, uraged to tell you their troubles and will go out of their 
ray to avoid a delay or to bring to your attention some 
..ciect that, if neglected, may tie up a division. 

New Type of Officer Needed 

Today the job of a locomotive maintenance officer is a 
--eal, live, "he-man's" job. Never in history has transpor­
::nion demanded such real major-league talent to stay 
~ the game. The clay of the hard-swearing, tobacco­

d:ewing, rough-neck official is a thing of the past. The 
-ocomotive maintenance officer of today is a student. He 
:.as more duties and more responsibility than ever before, 
~d as the changes and advancements continue to in­
crease, so do his -responsibilities increase, and more and 
::nore he realizes the importance of proper maintenance. 
.-\.lso does he realize that to get and keep this efficient 
~:ate of maintenance in the future, he needs more and 
:nore the full and hearty cooperation of all those with 
whom he works and with all those who come in contact 
"'·ith those who represent his organization. 

There are many ways and means of reaching our ob­
: ective, which is a higher state of maintenance and effi­
ciency at an economical rate. As the future will bring 
~ut new designs of equipment, and new and improved ap-

pliances, so will it bring out better and improved meth­
ods of maintenance. 

I have no fear; I know the class of men we have as 
locomotive maintenance officers, and the men working 
under them will meet and conquer all emergencies and 
will always be on top of their jobs. 

Discussion 

Exception was taken, by one member, to the idea of 
doing any maintenance work on air-brake equipment at 
any enginehouse on the ground that it is not feasible to 
equip terminals with the necessary afcilities to do a good 
job. This type of equipment, said the member, should be 
maintained only in a special air-brake repair .<;hop 
equipped with high-grade facilities such as will permit 
first-class work on precision parts. Only in this way can 
this important equipment be maintained so as to eliminate 
fai lures in service. Just as an e."ample, he said, one 
road went through an entire year without an air-com­
pressor failure and, on that road compressors are now 
running 3;1:! to 4 years between replacements. This kind 
of service, he said, is possible only where -the work is 
done in a specialized shop. This member recommended 
the establishment of a committee in the association to 
develop a report on shop practices in connection with 
air-brake work. (This recommendation was acted upon 
by the association's executive board and such a commit­
tee will be appointed and instructed to report at the 
next annual meeting-EDITOR.) 

LoeoDiotive Maintenance for Long RDils 

By Lee llobioson 
Superintendent of Equipment, JIHnois Central 

What is a long run , and what is the standard of com­
parison regarding proper maintenance? It is more than 
iikely that the so-called long run is now the common 
run and the short run is the rarity, but we still have 
:ocomotive runs with the consequent maintenance to 
:ake care of and I do not feel it is a great deal different 
from formerly, especially where we are dealing with 
:he same equipment we had in former years. 

Naturally, we have a somewhat different set of condi­
<ions to consider and handle today, but it makes me feel 
a little put out when we ascribe them to long runs. If 
it was just a matter of mileage to consider, it should 
not cause much concern, but there is another more 
important factor which has entered the picture and that 
is speed. When the distance between final or lay-over 
•erminals is extended and then the rate of speed between 
these terminals is greatly increased, new problems are 
injected and new costs are created which were not nec­
essary to deal with in past years. 

We are dealing with equipment, which to a large 
extent was designed and built for service under the 
entirely different conditions of 15 to 20 years ago. so 
that a somewhat new job must be done with old tools 
not particularly designed for the purpose. 

hnprovemenls Have Been Made 

Naturally, improvements have been made on the older 
equipment to meet present-day requirements. More 
attention has been given to the design and appl ication 
of ash pans, grates, brick arches, front-end arrangements, 
nozzle and stack sizes, steam distribution, driving-wheel 
design and lubrication. Also where boiler construction 
permitted steam pressures have been increased. 

The general "pepping up" of this equipment to meet 
the increased service demands has necessitated closer 
inspection and working to closer tolerances than was 
considered necessary in the past, but if these features 
are not continually followed up to see that both the in­
spectors and the mechanics fulfill these requirements, 
then the desired effort is lost and troubles appear rap­
idly. Locomotives have a habit of showing the lack 
of proper attention at the most inopportune· times, re­
quiring studied explanations and much extra correspon­
dence concerning the cause of the ensuing failure or 
delay resulting from some remiss action on the part of 
the inspection or maintenance forces. The monotony 
of daily routine is a factor we must all fight to prevent 
workmen from getting into a rut, resulting in perfunc­
tory handling of their work, and it is more important 
than ever that supervisors be on the alert to overcome 
and remedy such a condition. 

A frequent notation on an inspector's work report is 
"tighten bolts." This is too often taken literally by 
merely tightening nuts instead of investigati.ng the cause 
and making the proper repairs. Wherever the use of 
bolts can be eliminated by redesigning, the present parts 
should be replaced by new parts as rapidly as possible. 
A loose part here and there throws an added strain on 
some other part which usually results in the failure of 
the latter. This emphasizes the necessity of making last­
ing repairs when such repairs are performed. 

The increased vibration due to high speed causes loose­
ness throughout the locomotive to a much greater de­
gree than was the case in the past, and it is absolutely 
necessary that closer inspection and the best workman­
ship be obtained in making repairs, particularly to those 



parts which may have a tendency to work loose in service. 

Influence of Fuel and Water on Maintenance 

The quality of the fuel and water available for use 
naturally plays an important part in the maintenance 
expense of locomotives, and while mechartical supervisors 
do not have the final decision as to the source of supply 
of these items, those concerned in the fuel and water 
supply should constantly be reminded of the importance 
of uniform grades of fuel and boiler water. When treated 
water is used systematically-controlled blowing off of 
the boiler on the road and at terminals will naturally 
reduce flue and boiler maintenance costs, as well as 
boiler-washing expense. 

What I have said is nothing new to any of you, but I 
feel that constant reiteration of the right things has a 
tendency to make them second nature. 

Naturally, "the objective of long runs is to obtain 
increased utilization of locomotives, but the economics of 
the situation existing on each railroad will eventually 
determine the length of locomotive runs on the various 
properties in the country. 

Mechanical-department officers and supervisors should 
familiarize themselves with the operating conditions on 
the various divisions over which the locomotives under 
their jurisdiction operate, in order fully to understand 
the work these engines are expected to do between final 
terminals and handle the power to meet satisfactorily the 
existing conditions peculiar to those runs." 

' 
DiscusshUi 

One member made the statement that today, whe::. 
locomotives were required to rhake runs in many cas~ 
five times as long as was formerly the case that locomo­
tive parts had to stay tight five tlmcs as long; that it wa.E 

no longer a job of going arourtd tightening up nuts b~ 
that no effort should be spared to find out why parts ca:ne 
loose and eliminate the cause, by changes in the desig:: 
of parts, if necessary. : 

A master mechanic suggested that one of the mo~ 
important things today is to make sure that a locon:o­
tive is properly aligned and that a considerable imprO\·e­
ment in condition of power bad been effected on his rOO.:. 
by checking locomotive alignment at enginehouses. 

A shop foreman with previous enginehouse experie:~ 
suggested that many roads were not entirely fair to a;­
prentices in trainin~ them exclusively in back shops ::.: 
service in the engmehouse at thtr completion of tl:C:: 
time; that the apprentice should be given a chance ::­
training him at an enginehouse under the condit:o::.: 
where he must ultimately work. By doing this the sta::C:­
ard of enginehouse repair work can be raised. 

Mr. Robinson summed up the discussion with ~ 
remark that there is still too much buck passing betwee::. 
enginehouse foremen and that all outlying terminal io~ 
men should do their own work and do just as good a :c­
as the home terminal. He also stated that one of a= 
greatest problems is that of lubrication and that eYe::' 
effort should be made to improve lubrication met!:c,..-=. 

The Responsibility of the Locomotive Maintenance Officer 
and the Federal Inspector 

By John M. Hall 
Director, Bureau of Locomotive Inspection, I. C. C. 

If we use your meeting last year and your program 
this year as measuring sticks of what to expect in the 
future I can say with confidence that you will be an 
exceedingly valuable asset to the railroads at present 
and during the years t_o come. Railroads spend more 
money for locomotive repairs than for any other single 
item of operating expense. There is need for reduction 
of costs of maintenance accompanied by continuous im­
provement in locomotive performance and your associa­
tion is one of the most effective agencies through which 
these twin accomplishments may be effected. 

I promised to talk on the responsibility of the locomo­
tive maintenance officer and the federal inspector. It 
may be unnecessary to remark that the proper carrying 
out of the respective responsibilities is essential if the 
maximum degree of usefulness of locomotives and free­
dom from failures and accidents is to be obtained. 

The purpose of the ·law is to promote the safety of 
employees and travelers upon railroads by making it un­
lawful for any common carrier by railroad to use or 
permit to be used on its line any locomotive that is not 
in proper condition and safe to operate without unneces­
sary peril to life or limb. 

Responsibility of Maintenance Officers and the 
Federal Inspector 

Rule 102 specifies that the mechanical officer in charge, 
at each point where repairs are made, will be held re­
sponsible for the inspection and repair of all parts of 
locomotives and tenders under his jurisdiction. He 
must know that inspections are made as required and 
that the defects are properly repaired before the loco­
motive is returned to service. 
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Section 6 of the law, specifies, among other tl·.i.::_~ 
that the first duty of the federal inspector shall be :o ~ 
that the carriers make inspections in accordance ~­
the rules and regulations established or approved by :­
Interstate Commerce Commission, that carriers re:n.;; 
the defects which such inspections disclose before .. :._ .. 
locomotives are again put in service, and if the inspo= -
finds a locomotive not conforming to the require:n­
of the Jaw and rules, he shall notify the carrier in ----=-­
ing that the locomotive is not in serviceable co::d: 
and thereafter the locomotive shall not be used _ 
proper repairs are made. 

Purpose and Necessity of Daily and Periodi~ 
lnspeetion·s 

It is the purpose of the daily, monthly, quarterly. ~ 
annual inspections required to be made by the ra:.:..­
to disclose wear and deterioration that inevitabh- · 
ops in service and to detect weaknesses that may .. 
been unintentionally or thoughtlessly incorpo:-a:c:! 
construction or when making repairs. Vigilance ;;;; 
be exercised on the part of the railroads so ~ 
defects and conditions that indicate a defect is :.:: 
process of development will be found at the in~ 
If this procedure is carried out thoroughly a::-d. 
scientiously and proper and timely repairs are 
engine failures, which are a waste of money, a::c -
accompanying personal injuries, which are a wE:.: 
human resources, will be practically eliminated. E ~..,.. 
failures or train delays must be had the proper ;:ci 
have them is at the terminal where safe and ec:o::.-x::~ 
repairs can be made. 

The responsibility for thorough inspection ace -;-: 
Railway M~-::a. =. 
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:-epairs in all the various phases constitute a rather large 
subject running all the way from the trip or daily in­
spection, the monthly inspection, quarterly inspection, to 
the annual inspection which also includes the final inspec­
tion after the locomotive is turned out of the back shop 
newly overhauled and ready for another term of service. 

The time is too short on this occasion to go into all 
the essentials of each inspection and the necessity of 
turning the locomotive out after each kind of inspection 
in such shape that it can be safely used without liability 
of failure for a maximum possible period of service; 
therefore, other than to say that maintenance officers 
must approve or certify to each inspection report, my 
remarks in this connection will be confined to the trip 
or daily inspection required by Rule 104 of the steam 
locomotive rules and Rule 203 of the rules for locomo­
tives propelled by power other than steam. These rules 
are alike and read as follows : 

Each locomotive and tender shall be inspected after each trip, 
or day's work, and the defects found reported on an approved 
iorm to the proper representative of the company. This form 
shall show the name of the railroad, the initials and number of 
the locomotive, the place, date, and time of the inspection, the 
defects :found, and the signature of the employee making the 
inspection. The report shall be approved by the foreman, with 
proper written explanation made thereon for defects reported 
which were not repaired before the locomotive is returned to 
service. The report shall then be filed in the office of the rail­
road company at the place where the inspection is made. 

This trip or daily inspection, and report thereof, 
enables those in charge of running repairs to keep in­
formed of the current condition of each locomotive. The 
value of the inspection reports in the elimination or 
reduction of defects depends upon the thoroughness of 
the inspections made, the integrity and clarity of the 
reports, and the amount of interest displayed by the 
maintenance officers having jurisdiction over repairs. It 
is not the purpose of the rule to permit locomotives to 
be returned to service with any defects in violation of 
the law or any rule or regulation made thereunder or 
with any conditioll that would likely develop into any 
violation during the succeeding trip. 

We have now reached the point at which decision 
must be made as to what reported defects shall be made 
and what repairs, if any, may be deferred. It might 
seem to some unnecessary to say that the decision should 
not be based on expediency, but unfortunately we too 
often find that this is the case. 'vVe also sometimes find 
that the report is approved without any attempt to make 
repairs to reported defects and without any written ex­
planation on the report as to why repairs were not made. 
Approval of an inspection report under these circurp­
stances puts the maintenance officer whose signature ap­
pears thereon in a rather untenable position as he has 
evaded a plain requirement of the Jaw and rules and has 
made his railroad company liable for the penalty pro­
vided in the Jaw for violations of the requirements. 

It is not uncommon to find the same defects repeat­
edly reported, together with indications that at least some 
attempts had been made at repairs each time reported. 
We have had some instances, and these seem to be in­
creasing, wjlere the same defects were reported time 
after time and notations made on the reports each time 
that would indicate that repairs had been made, but if 
made they were ineffectual and culminated in failure of 
the repqrted parts, resulting in injuries or death. Re­
peated reporting of any item should be ample warning 
that tije methods of repair were not effective, that prog­
ress was not being made, and that time an<l money were 
being wasted and human life endangered. Many mainte­
naqce officers do not take full advantage of the oppor­
ttmjty afforded by the trip or daily inspection reports 

to keep informed of the sufficiency and durability of re­
pairs. Comparisons of the items reported on individual 
locomotives from trip to trip will point out ineffective 
repair methods and can be recommended to you as a 
procedure that will, if properly followed up and suitable 
action taken, pay big dividends in reduction of defects, 
greater security of those who work on or about locomo­
tives, and reduced maintenance costs. If a defective 
condition is repeatedly reported it is evidence that there 
is something wrong, therefore the cause should be found 
and an effective repair applied. 

As an example of repeated failures most of which 
could have been avoided I will cite a succession of fail­
ures, on a comparatively small but important railroad 
which I shall not name, that I am sure none of you 
would like to encounter on your road. In a 12 month 
period, April 1, 1939, to March 31, 1940, a total of 54 
stoker failures occurred; 34, or 63 per cent, resulted from 
failure of mechanical parts of the stokers; 10, or 18.5 
per cent, were ascribed by the railroad to miscellaneous 
causes, worn parts, maladjustments, etc. ; and another 
10, or 18.5 per cent were attributed to foreign substance 
in the coal. By far the greater number of these failures 
could have been avoided by thorough inspection, proper 
attention to the inspection reports, and timely applica­
tion of needed repairs. 

It is essential that systematic procedure be adopted in 
routing a locomotive through the various steps after 
arrival and that due weight be placed on the necessity 
for thorough and complete inspection. Upon arrival of 
a locomotive at a roundhouse or shop terminal, or as 
soon thereafter as possible, tests should be made for 
blows, pounds and steam leaks before the boiler pressure 
is allowed to drop appreciably and all visible parts of the 
boiler, machinery and tender, should be thoroughly in­
spected and alJ defects found reported on the required 
form in an intelligible manner. In addition to the in­
bound inspection, parts that have been reported as need­
ing repairs, together with all parts upon which work has 
been done during the lay over, should be thoroughly in­
spected before departure to make sure that all work has 
been properly completed. 

Injectors, feed water heater equipment, water-level in­
dicating devices, low water alarms, brake and signal 
equipment, lighting equipment, train control equipment, 
and other special devices should be tested and known to 
be in proper condition before starting each trip. 

The carriers enjoying the greatest success in eliminat­
ing defects are those having a systematic outbound as 
well as a systematic inbound inspection. 

It is a well recognized principle of all successful pro­
duction methods that thorough inspection of each com­
ponent part, and of the assembled unit, is essential in 
the control of quality and I have therefore emphasized 
inspection, before and after applying repairs, as a prime 
requisite in the process of preventing engine failures and 
their accompanying casualties. 

I may here remind you that the requirements of the 
law and rules covering the construction, inspection and 
repair of locomotives and tenders are the rules and reg­
ulations recommended and established by the best known 
authorities on mechanical matters, such as the Mechan­
ical Division of the American Railw~y Association and 
its successor, the Mechanical Pivision of the Association 
of American Railroads, locomotive builders, and standard 
practices adopted by the railroads prior to and subse­
quent to the enactment of the LQcomotive Inspection 
Law. The requirements of the law and the rules and 
regulations established thereunder are not new and un­
tried theories, but are based on well known and estab­
lished practices. It is therefore essential that the officer 
charged with the duty of passing upon inspection reports 



and necessary repairs have thorough knowledge of the 
requirements and be endowed with sound judgment in 
order that all repairs may be made in proper time and 
place and, in order to keep on the good side of those 
over you, without unnecessarily withholding the locon1o­
tive from service. 

If we are to be successful in eliminating locomotive 
failures and their accompanying casualties we must not 
allow a locomotive to leave a terminal with any defect, 
or condition that is at all likely to cause fai lure .... vhile 
enroute. It is general~ conceded that the best results 
are obtained if we do not permit ourselves to fall into 
the error of considering small defects as of minor im­
portance. The only safe policy is the full recognition of 
the fact that a potential accident lurks in the shadow of 
many apparently insignificant defects. The mere omis­
sion of a cotter key, or failure to spread the key when 
applied, has too often resulted in serious fa ilures. 

Vo/e should not neglect the personal element because 
success in any undertaking depends largely upon human 
relations. Good will and mutual confidence are para­
mount. Vvc all do our best work under the stimulus of 
encouragement and approval of the people for whom we 
are working. S incere efforts to advance the legitimate 
interests and happiness of those whom we supervise, are 
more essential to success than elaborate organization or 
modern shop faci lities, desirable as these may be. 

R esults from Enforcement of the Locomotive 
Inspection Law 

In the first fi scal year of our ~vork, which ended June 
30, 1912, at which time the law was appl icable to boilers 
and boiler appurtenances only, 65.7 per cent of the loco­
motives inspected by our inspectors were found to be 
defective and in that year 3,377 locomotives were with­
held from service by our inspectors because of conditions 
which rendered the boilers or their appurtenances unsafe 
for use; in addition to these, 3,591 boilers of locomotives 
were either held out of service for necessary repairs or 
changed or strengthened to conform to the requirements · 
of the law or permatiently removed from service. This 
is to be compared with the fiscal year ended June 30, 

1940, in which year the percentage of locomotives fo~nd 
defective by our inspectors was 8, and 487 locomotives 
were withheld from service by our inspectors because of 
unsafe condition of the boilers or machinery, or both. 

Complete statistics of accidents and casualties for the 
fiscal year ended June 30, 1940, are not yet available for 
publication, but these will compare very favorably with 
results in the year 1939. Table I shows the results 
with respect to boilers and appurtenances only in that 
year compared with the first fiscal year in which the law 
was effective. 

1·uble I 
Year ended J une 30 

Doilc r and its appurtenances only 
Number of accidents .... . ....... . .. .. ... . 

Per cent decrease from 1912 ... . .......• 
Number of persons killed ....•. . ......... . 

Per cent decrease from 19 12 ...•.•...... 
Number of pt:rsons injured . ........... . . . 

Pt:r cent decrease from 1912 ............ . 

52 

15 

55 

94 

8~ 

95 

1912 
856 

91 

1,005 

Table II shows a comparison of the machinery acci­
dents, the number of persons killed, and the number of 
persons injured as a result of failures of parts other than 
the boiler and appurtenances for the fiscal years 1923 
and 1939. 

Table II 
Year ended J une 30 

MachinerY. accidents (exclusive of boiler 
and boater appurtenance acciden ts ,--1939---, 1923 

Number of accidents . . . . . . . . . . . . . . . . . . . . . 100 839 
Per cent decrease from 1923 . . . . . . . . . . . . 88 

Number of t>crsons killed . . . . . . . . . . . • . . . . . 0 2:: 
Per cent decrease from 1923 . . . . . . . . . . . . . 100 

Number of persons injured . . . • . . . . . . . . . . . . 109 966 
Pe r cent decrease from 1923 . . . . . . . . . . . . 88 

All of you have participated in the work of bringing 
about these improvements and I wish to express my sin­
cere appreciation for the help tl1at has been so willingly 
given. I feel, even without any assurance on your part. 
that I can depend upon you for continued cooperatio:-_ 

Enginehonse Problems of tlae Present Day 

By U. E. IHnds 
Assistant Mechanical Engineer, Burlington Lines 

Running an enginehouse has always presented un­
expected problems and no doubt a lways will, as any 
enginehouse foreman can tell you. To get a picture of 
the foreman's problems, I might suggest that you pick up 
a copy of any recent issue of the Railway Mechanical 
Engi11eer and read the stories by 'i\Ta)t Wyre in which 
fact, fiction and humor are happily blended in depicting 
the troubles of Jim Evans, foreman of the P lainsvillc 
enginehouse of the S. P. & W. R. R. 

While at first glance the picture may seem overdrawn, 
yet a careful perusal will show that the stories contain 
more truth than poetry. \Vhether the problems of today 
are more exacting than those of the past is open to a rgu­
ment. No doubt the Old T imer will insist that his was 
the harder job because of lack of modern facil ities, but I 
doubt very much if he can get the foreman of any modern 
enginehouse to agree with him. Everyone at times feels 
that his job is much harder than the other fellow's, so 
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perhaps by comparison we may arrive at a fair apprec:a­
tion of their respective problems and a determination a..~ 
to who had the harder job. 

Naturally the problems both as to magnitude and i-:e­
quency divide themselves into two parts, viz., main a::_ 
intermediate terminals, and while the first may ha' 
better facilities, yet the difference in magnitude and ::-e­
quency of problems arising at the main terminal may mo~ 
than offset this difference in facili ties. 

The business of the enginehouse and the engineho::::. 
foreman is to furnish suitable power to meet the c~ 
mands of the traffic, and while the intermediate terni.::;L 
is called on to serve but one line the main terminal :-::::z 
have to serve several. Therefore the latter, based on n:::!"­
ber of locomotives despatched, is plainly handica~ 
at the start. In addition to this, the main terminal o:: 
has problems to contend \\"ith that are not commo:"! -
the other terminal s. 

Railway f.."e<C'"t6n iu E.-;-­
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Prior to the present high-speed age, locomotives were 
~esigned to pull tonnage regardless of speed. The result 
-as a certain number of large heavy powerful but slow­

•peed locomotives. However, all traffic was not drag 
-ating stuff. There were always a few fast freight or 
:nanifest trains mixed in, and at certain seasons of the 

ear the high-speed stuff predominated. Naturally the 
a rge heavy slow-speed locomotives could not be used in 
·?ti·s service, therefore where the number of locomotives 
dapted to fast service was limited, the enginehouse had a 

·eal problem in furnishing power to meet requirements. 
:, was this periodical shortage of suitable power that 
:1itiated the so-called e...xtended runs. 

Happily the mechanical department immediately 
:ensed the change in operating methods and realized that 
:he change was here to stay. This resulted · in the de­
·elopment of what are termed "all-service locomotives" 

..nd the modernization or conversion of existing low­
y eed locomotives to suit that service. This gradually 
eliminated one enginehouse problem, but in the interim 
:nrroduced another, viz., rapid despatch through 
ermina1s. 

Where the facilities are inadequate or the force limited, 
-.his introduces another problem, viz., the interruption of 
::outine through drawing men away from their regular 
·ork to service and inspect rapid despatch locomotives. 

:J i course, where such servicing is of sufficient frequency 
a regular force can be assigned to this work, but where 
it is only occasional, it tends to interrupt the regular 
:outine, especially if some minor repairs are to be made 
on the inspection pit. 

Ip.spection of Power 

\iVhen the Federal Inspection order first went into 
r ffect a howl went up that could have been heard to the 
"1igh Heaven. Time has demonstrated that it was a 
~Iessing in disguise. Had it not been for the rigid en­
:orcement of that order, it is doubtful if the present ex­
:ended locomotive runs could have been inaugurated and 
carried to a successful conclusion. In fact, the enforce­
ment of this order has been so helpful that I am satisfied 
=i a vote were taken today for and against it, the vote 
,,·ould be 100 per cent "for". 

Under the head of inspection, we should include loco­
motive accessories such as air pump, stoker, superheater, 
:ubricator, {eedwater heater, booster, running and carry­
=ng gear, valve gear, power reverse gear, etc., parts 
which under the general order must be maintained in 
cperative condition. Some of these introduce problems 
aot common to the older types of locomotives and of 
.:ourse, items that the old timer did not have to contend 
with. The addition of these items to modern power affects 
:he time element, i. e., time to make inspections and re­
j3.irs and this is one of the major problems of the present­
lay enginehouse. In other words, "Time is the essence" 

of the present-day problem that causes the foreman to 
scratch hjs head and wonder how he can have one man in 
~wo places at once or do in 30 minutes a job that usually 
:akes one hour. But somehow he generally gets away 
with it, much to his credit. 

Many of the modern locomotives today are equipped 
with roller bearings on the drivers, engine truck, trailer 
:ruck or tender trucks, and some on valve gears and 
power reverse gears. Roller bearings on the drivers and 
other journal bearings have been a boon to the engine­
house forces as time savers in the quick turning of the 
locomotives, thereby increasing their availability. 

The cast-steel locomotive bed with integral cylinders 
also plays an important part in the modern locomotive. 

The pronounced success of specific types of mechani­
cal lubrication, as applied in the automobile field, gave 
rise to their adoption on the steam locomotive. With the 
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advent of A lemite lubrication to all valve-motion parts, 
together with positive lubrication of hub liners, shoes 
and wedges, and driving-box, trailer- and engine-truck 
journals and mechanical lubrication to valves and cyl­
inders, as an absolute necessity for longer valve-ring and 
cylinder-packing life, enginehouse foremen were faced 
with the problem of reducing lubrication costs. The 
matter of properly applying lubrication had now been 
overcome, and by the regular assignment of men on each 
shift to handle this work, failures from this source have 
been materially reduced. However, there has developed 
the tendency to waste grease and 'bit. The result is that, 
unless a close check is maintained, the net {:OSt of lubri­
cation increases and the capital investment in mechanical 
equipment has not brought adequate return. By a proper 
policy of education for the man handling this equipment, 
and by keeping it in repair, waste can be eliminated. 

As motive power assignments now include longer runs; 
more e..xperienced judgment is required on the part of the 
enginehouse supervision, to know that all work reported 
has been properly performed, and the locomotive is in 
safe and suitable condition for the assignment. It is 
necessary to maintain a closer check on driving boxes, 
and running gear, as a number of intermediate engine­
houses have been eliminated, and conditions which would 
enable locomotives to run 50 miles successfully, will not 
permit them to operate 500 miles, or TJlOre, successfully. 
Therefore closer attention must be paid to knocks and 
pounds, which are ever present, and lost motion elimin­
ated from such important points as reverse gears, 
throttles, main driving boxes, etc. At monthly form 
periods, all items whether only of minor importance 
must be repaired, as locomotives despatched to outlying 
points invariably remain there for 30 days. No exten­
sive repairs are anticipated at tl1ese points, as the major­
ity of this force has been transferred to the larger engine 
terminals, where all repairs are concentrated, and can be 
more consistently handled. As extensive investments 
have been made in water-treatment facilities to improve 
boiler performance, and repair, it is necessary for the 

"supervision assigned to boiler work to see that blowing­
down is properly performed at all engine terminals, and 
daily checks made on the boiler water situation to pre­
vent foaming and accumulation of solids and suspended 
matter. 

As the turning time of power has been reduced, en­
abling a smaller number of units to be maintained in 
service, the forces assigned to engine handling and servic­
ing must be so balanced, as to move the locomotives from 
the inspection pit, ash pit, coal dock and washing spot 
without delay. This feature of engine house operation 
can be definitely controlled through proper planning. 
Improved grate installations have reduced fire-cleaning 
time. Modern coal docks have expedited refueling, and 
improved engine washing facilities have corrected delays 
which were formerly occasioned £rom these sources. 

At the present time, on most roads, Diesel-electric 
locomotives are handled at the same terminals as steam 
power. Experience gained previously with gasoline­
electric power has revealed the necssity for close and 
detailed inspection and repair work on any type of in­
ternal combustion e ngine. Diesel-electric locomotives 
have demonstrated the absolute necessity of cleanliness 
in handling all work. Details of inspection must be fol­
lowed closely at monthly form periods, and no items re­
ported by inspectors or crews left unfinished, when the 
locomotive is dispatched. There is no such thing as de­
ferred maintenance on Diesel-electric power, and a greater 
degree of foresightedness is required to anticipate certain 
repairs, rather than wait until excessive wear requires 
such repairs to be made. The supervision must be alive 
to special equipment necesliary to handle this type of 



motive power, and provide the proper tools for the me­
chanics assigned to this class of work. Mechanics must 
not be transferred periodically from steam to Diesel 
wbrk and vice-versa, but must be kept on Diesel main­
tenance and properly trained to follow through aU jobs 
assigned. Tills practice of course, also applies to those 
engaged in electrical maintenance on Diesel power. 

Solving the Problems 

Your present co-or9inated associations well point the 
way by which an answer can be found, viz., through 
co-ordination and co-operation. While the following 
may be common practice with most of you, nevertheless 
the suggestions offered may be helpful to others, and for 
that reason only are offered for your consideration. 

A railroad is just one big organization, the sole busi­
ness of which is the expeditious handling of traffic. In 
this organization are many departments. Naturally the 
closer these departments work with one another, the 
better the final result. Of course the enginehouse is 
quite remote from the executive, legal and financial de­
partments, but it is tied in closely with the operating 
department. The action of either intimately or materally 
affects the work of the other, therefore I will confine my 
remarks to cooperation between these two. 

The despatcher knows through his connections with 
other lines when and what traffic will be delivered to his 
line. This information is transmitted to the yard master, 
who in turn notifies the despatcher when he expects to 
have a train assembled. If now the despatcher will advise 
the enginehouse foreman when and what type of locomo­
tive he will require to move such trains, giving him all 
the advance notice possible, it wi ll help in the solution 
of the power problem. A good plan practiced at many 
terminals is a notification on the part of the despatcher 
of his requirements during the next 8 or 10 hours; this 
notification to be repeated at least three times every 24 
hours. Where such a system does not obtain the fore­
man, not to be "caught with his pants down," so to 
speak, may fire up a number of locomotives as fast as he 
gets them ready, only to have them stand under steam for 
hours at the expense of the coal pile. Money is not so 
plentiful on the average railroad today as to warrant any 
waste in this manner. 

Influence of Stores Department 

A perusal of the Jim Evans stories in the Railway 
M echa11ical Engineer indicates, at least by inference, that 
most of his troubles are due to fai lure on the part of the 
storehouse to carry an adequate supply of repair parts. 
This criticism may and may not . be deserved. In my 
opinion, an examination into the facts will reveal that 
there are two sides to this as to any other story. 

We must recognize the fact that the storekeeper also 
has his problems. One is always to carry an adequate 
supply of repair parts and yet maintain a low inventory 
and avoid the danger of obsolescence. The enginehouse 
and the storehouse have a mutual interest and by close 
co-operation can each help to solve the other's problems. 

·with the present rigid inspection and more efficient 
methods of repairs- welding instead of patching- the 
possibility of failure of any major part of the present­
day locomotive is rather remote, and therefore the neces­
sity of carrying a stock of such parts for protection at a 
sub-store house is hardly warranted because in case of 
such a failure the locomotive is usually definitely tied 
up long enough to get repair parts from the main source 
of supply. However, this does not apply to locomotive 
accessories where in case of failure of any part, repairs 
can usually be made in a few how·s if proper repair parts 
are available. It is in this connection where close co-
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operation between the enginehouse and the storehouse is 
so helpful. 

Interior parts of locomotive accessories such as air 
pumps, feedwater pumps, superheater units, stoker coh­
veyor screw, etc., are not so open to inspection as are the 
major parts of the locomotive proper, and for that reaso:: 
they may be subject to unexpected failure. Truej sud: 
failures may not result in a co.tnplete engine failure, bt:: 
it may result in a train delay and, if repair parts are no: 
available when the locomotive reaches the terminal, w:1 
of course result in tying up the locomotive until the pa::-:..; 
are repaired or new parts are sent from the main store­
house. 

It is self-evident that it would take longer to remo,·e. 
repair, and replace a failed part than simply to mak~ 
replacement; therefore, it should also be self-evident tl:a: 
it is economy and will expedite out-shopping of the 
locomotive if substitution of the failed part can be mace 
at once, and the failed part repaired, if possible, a::<5. 
returned to storehouse stock as opportunity permits. :: 
is here that close co-operation between the enginehot.:se 
and the storehouse pays big dividends. The storel<ee~ 
has no way of knowing except from his records, just t:o~ 
heavily he should stock up on accessory parts, as he !::?.: 
no way of knowing just how many locomotives equip~ 
with any particular accessory are working out that te=-:::::­
nal, as the number is subject to change at ahy time <!·-"! 
to transfer of power, etc. But the enginehouse fore::I:G.:: 
does know, and if he will keep the storekeeper inforr.:e:.. 
the latter can arrange for protection. It is a good :~ 
for the two to get together, say once a week, go OYe:- ~ 
store stock jointly, agree on what should be carried :.=. 
hand and what should be transferred to another s:-::-e­
house when there has been a transfer of power. 

Probably the greatest single change in enginehco::.:;e 
operation has been the training of supervision to bec:ae 
foreman-managers. This has been a necessity, in orce: : 
handle repair work on a basis similar to that w~:= 
would apply if that foreman were handling or manaf.=._ 
a job-sh_op, where all work must be turned out :_: 
sufficient profit to make the business a "going cor.cc.-:-... 
Material and labor costs are now a definite pan c:' ::. _ 
knowledge of every foreman. With this knowleC.g~ 
has been possible to reduce the cost per engine ..:_­
patched. 

On the Burlington Lines a method is in prac::ce = 
controlling locomotive costs, whereby each ~- .... 
mechanic is furnished each month a budget, ba_~ 
anticipated locomotive miles. This budget is stric':- -
lowed, and should the actual mileage during a mo:::::. 
less than anticipated, adjustment in labor is ma-:..e 
meet the budget estimate of direct labor per tr2e. 
follow up is made to make sure that the labor b::~ 
not exceeded. 

On account of individual locomotive cost recorG 
possible to pick out the engine out-of-line in ro=-: 
make the necessary repairs. 

The cost of material is checked monthly by ci-~..:: 
and if out of line corrective measures are taken. 

Total amounts expended for running repa.:.:: 
furnished by the auditor each month by divisio::s · 
rial, labor and overhead are shown separately. 

The master mechanic with the budget me:.!::=:5. 
check the monthly expenditure with previou~ .... _...._._........__ 
record and make corrections· if necessary. 

This system of accounting has de,·eloped a 
competition among our supervisory forces at :i:e ~= 
houses and shops. 

Improved engine terminal facilities, both ir:. -­
tools and equipment for sen-icing power, have ~ 
a responsibility upon the supe::-,·ision to see ±.a: a_ 



is performed safely. This feature is not an enginehouse 
problem, it is a duty that supervision insist upon work 
being performed properly and safely. It is of course 
definitely known that the caliber of work turned out is 
governed by the safe and efficient manner in which it 
is performed. An enginehouse foreman can no longer 
see that work is properly assigned to the various mem­
bers of his working personnel, but he must know that 
cranes, hoists, scaffolding, hammer handles, chisels, lad­
ders, slings, etc., are all in good condition, so as to avoid 
accidents. Today, the necessity of having trained 
mechanics who can work their regular assignments is too 
important, and the cost of their having a lost time ac­
cident too expensive to allow supervision ~o neglect the 
safe performance of work under his direction. 

The advent of Social Security, and the Railroad Re­
tirement Act, have ·given older employees their well 
earned security, at the pension age, with the result that 
a large majority have taken advantage of this asset. This 
has placed a definite responsibility upon supervision to 
aid in the training of the younger employees. 

The enginehouse foreman, compared to back-shop 
supervision, has an even greater problem, because he is 
dealing with " live" motive power, and all weather con­
ditions. The younger men who have finished their ap­
prenticeship, and are working in enginehouses, must be 
placed with experienced enginehouse mechanics, in order 
to learn the methods peculiar to roundhouse work. It is 
not merely sufficient that one know how to do a mechan­
ical job, but he must know that the locomotive he is 
working on is properly blocked and set to do the neces­
sary work. 

This is a major enginehouse problem today-the care­
ful training of the younger men, so that they may become 
safe and efficient employees, and develop into future 
material for foreman-managers. 

The Smoke Problem 
The main terminal is usually located in or near a city 

having a strict smoke ordinance. Therefore, means must 
be adopted whereby locomotives may be fired up with­
out being charged with smoke violations. 

Smoke did not trouble the old timer. Quite the con­
trary, the presence of smoke was considered an indica­
tion of industry. 

Another important problem is the one of safety. The 
supervisors must be safety minded in order that the men 
working for them be made safety conscious. 

I think you will admit that the fellow near the Cana­
dian border working under sub-zero temperatures has an 
entirely different problem from the fellow in Georgia 
whose enginehouse consists of a bunch o[ tracks radiat­
ing from a turntable with the blue sky for a roof. There­
fore, no definite method of procedure can be laid down 
to suit all conditions. On the contrary, each problem 
must be composed as it arises, and right here let me 
pay tribute to that master composer- the night engine­
house foreman. The day man can consult with the gen­
eral foreman or the master mechanic if faced with a 
tough or unusual proposition, but the night man is usu­
ally on his own. He must work out his own salvation. 
More power to him. 

I have tried to lay down a few simple suggestions. 
Boiled down they spell "Co-ordination and Co-opera­
tion," but I want to add another thought. If someone 
has established what might be called a fence around your 
department, break it down. Get acquainted with the 
trainmaster and superintendent. You will find them 
good fellows who will be only too glad to help if you 
get up against it. After all, we are working for the 
same railroad and there should be no fences between us. 

As R. H. Aishton once said, "If by spending an extra 
dollar, one department of a railroad can save a dollar 
and ten cents for another department, it is money well 
spent." 

Discuss ion 

The member who opened the discussion of the paper 
made the statement that the steam locomotive is on trial; 
that it is being challenged by the Diesel. He followed 
by saying that "without becoming involved in any dis­
cussion of relative costs of operation the score card after 
considering such items as fuel, lubrication, maintenance 
and enginehouse expense indicates that the Diesel may 
only be slightly out in front. So, what is it that stands 
out? It is high availability. Therefore, to find ways and 
means of increasing the availability of steam power would 
most certainly put the steam locomotive in a much more 
favorable position to meet the challenge of the Diesel. 
One of the most remarkable things about the steam loco­
motive is the fact that individual studies show that entire 
classes of locomotives on certain roads show an avail­
ability of over 90 per cent while they are actually used 
less than SO per cent of the time. Lack of traffic may be 
part of the answer but the time spent at terminals may 
be the important factor. A locomotive must go through 
the routine of inspection, firecleaning and ashpit work, 
terminal movement to the house, running repairs, lubrica­
tion, service and final inspection. To increase steam­
locomotive availability for service rests, to a large ex­
tent, upon our ability to reduce the time required to 
perform these tasks." The member then proposed sev­
eral specific questions, the answers to which might serve 
to develop the means of increasing availability. Some of 
these questions were : How can inspection methods be 
improved; by the better training of inspectors and by 
the installation of improved facilities? How important 
is engine terminal and track layout in expediting the 
movement of locomotives within a terminal area? What 
are the most important improvements that could be made 
to speed up running repair work? How about lubrica­
tion ; is it an important factor in the time locomotives 
must spend at a terminal? In answering some of these 
questions it was brought out that firecleaning time is 
often dependent on the type of grates and coal ; that 
roller bearings have a most important influence on the 
time needed for repairs; that good shop tools and time­
saving devices are vitally important and that force-feed 
lubrication on steam locomotives is of outstanding value 
in cutting down repairs and the consequent time spent 
at terminals. 

A chief mechanical officer stated emphatically that re­
gardless o [ any I. C. C. requirements the railroad com­
pany's requirements should be to make sure that each and 
every locomotive should be completely and thoroughly 
inspected every trip and that all necessary repairs be 
thoroughly made and that, regardless of destination, it 
is the duty of every supervisor to make sure that the 
locomotive is in perfect shape to go through to that 
destination without failure or delay. 

Several members brought up the tendency for certain 
enginehouse foremen to pass up minor jobs and take a 
chance that the man at the other end of the run would 
do the work. This should not be tolerated, one master 
mechanic said, and each terminal foreman should develop 
the spirit of working with the other fellow to produce 
as nearly perfect locomotive condition as possible. 

Another master· mechanic said that an inspector is the 
kind of a fellow who likes to feel that his work is im­
portant and that if the work he reports is not done it is 
not fair to the inspector. If you want good inspection, 
he said, it is up to the enginehouse foreman to see that 
the reported work is done. 


