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'ECONOMIC RESULTS OF DIESEL ELECTRIC MOTIVE POWER
ON THE RAILWAYS OF THE UNITED STATES OF AMERICA*

‘By H. F. Brown, Ph.B,, Fellow ALEE.}

Part 1: Economic Conditions and General Statistical Data

INTRODUCTION A
THIS STUDY OF THE ECONOMICS of diesel motive power is
based mainly on data contained in the ‘Statistics of Rail-
ways of the United States’ published acnually by the
Interstate Commerce Commission, hereinafter referred 1o
as L.C.C. .
The decisions by the various raflways to make the change
from steam to diesel power were based largely on the
operating economies made by the relatively few units placed
in yard and in road service during the period 193546,
These economies appeared 30 large in comparison with the
costs of existing steam operation at that time, that the

question of stearn persus diesel has been regarded as a -

closed issue, and of but academic interest in the United
States of America since 1950, .

*  However, by 1955 it was becoming evident that a
number of factors pertaining to the ecomomics of diesel
operation had not been filly known as early as 1945-50.
Today, with nearly twenty years of diesel operation, these
factors can be more clearly defined. During these years, and
for atleast rwo decades prior to these years, other important

factors have been shaping railway economics in the United:

States, . - =

The problem, in this study, has been not only to isolate
the motive power statistics, which are quite complete for
both steam and diesel motive power, but also to show
enough of the general operating and traffic data to enable
the identification and evaluation of these other important
cconomic factors, the results of which have been often
atributed to diesel operation,

In the final analysis made in this study, the costs of the
actual diesel operations for the year 1957--the latest
available at the time this study was made—are compared
with the similar costs of hypothetical operations with
The MS. of this paper was received at the Institution on I1Sth

December 1959, For a report of the meeting, in London, at which

this paper was presented, see p- 313 '

This paper is anecessary datum for a fortheoming paper dealing with

the economic resulss of the electrification of parts of certain class

railways in the United States of America, fa
T Consulting Engineer, Gibbs and Hili, Inc., New York, N.Y.
Prac Tnsen Moch Engpr

equivalent steam power, of modern design and of the same
average age, sufficent in numbers and capacity to handle
the same amount of traffic, Such steam power, of necessity,
would have been installed, had the diese] not been available,
By such a comparison, many of the other contemporaneous
factors which have confused the true picture of diesel
operating economies are eliminated. )

This study is not to be construed as advocating a return
to steam operation. Its sole purpose is to derermine the
economic position of diesel motive power with respect to
other types whose economics are known, or yet to be
determined. :

TRAFFIC
The railways of the United States of America grew

steadily and contributed largely to the development of the .

country, up to about 1920, Then the increasing growth of
automotive highway traffic began to divert the short-haul
passenger traffic to the highways. As highways were rapidly
improved, more of the passepger traffic, and then the
short-haul freight traffic was diverted. '

With the loss of most of the short-haul traffic, the railways
began to'abandon service on branch lines and to reduce the
“local’ train service on the main lines by climipating stops
at the smaller communities. This eliminated many of the

short, slower trains, both passenger and freight, leaving the.

remaining long-haul traffic on fewer, heavier trains.

These ends started as far back as 1920, but have been
increasing more rapidly since 1945.

Between 1930 and 1940 the counuty went through a
scrious business depression which affected not only the
railways, but all business and employment generally, All
teaffic en the railways, both passenger and freight, dropped
to levels lower than those attained in 1910,

The depression was immediately followed by the 1939-
45 war, During 194146, traffic returmed to the railways,
and rose to volumes never achieved before, or since. Much
of this traffic was due to the restricted use of automotive
fuel for highway traffic, as a war emergency measure.
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- Since the war, railway passenger traffic declined further
owing to increasing diversion of the short-haul traffic to the
highways, and of the long-haul traffic 1o the airways. Rail-
way freight revenue-tons are still declining (Fig. la), bu
revenue ton-miles remain at a high level owing to the
increasing length of haul (Fig. 15).

Since 1920, the miles of road operated by the class ]
railways has declined more than 10 per cent. The numbe;
of passenger cars has declined more than 40 per cezl, anc
the number of passenger trains bhas declined approximately
60 per cent.

The waffic pattern is shown graphically in Fig. 1
Traffic has been the most infiuential factor in motive powe:
requirem.enuandoperaﬁon,aswdlasinmilmynpmﬁ.m
expenses and earnings. )

MOTIVE POWER REDUCTION

The number of locomotives on the United States railway
jncreased steadily untl 1924, in which year there wer
69 485 locomotives in service on all the classes I, IT, and IT
railways. Their average tractive capadity has steadily in
ereased up 1o the present time (Fig. 2). Except for the wa
years, the number has steadily declined since 1924, and i
still declining. :

Thenec:ssityforlongetandfewutrainstomdnc
operating expenses created the demand for motive powt
of greater horsepower. Motive power, by itself, did nc
create the longer trains. . T .
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ECONOMIC RESULTS OF DIESEL ELECTRIC MOTIVE POWER ON THE RAILWAYS OF THE USA.

The advances in engineering, technology, and manu-

facruring berween 1915 and 1935 were able to increase the
% maximum horsepower capacity of steam locomotives from
11500 h.p. to single units of 5600 k.p. Since 1935, maximum

259

steam ldcomotive capacity has been further increased to
nearly 7000 h.p. for special operations (Fig. 3).

The acquisitions and retirements of locomotives on the
class I railways over the past 50 years are shown in Fig. 4.
Evcr since 1922, long before the advent of diesel power,

700 - retirements have exceeded acquisitions each year by a ratio
/T : greatzr than two to one, except during the war years. New
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lecomotive capacity doubled dum:tg the life of Lhe old units
retired, and fewer- locomotives were required for the
declining traffic. This wend has continued unaffected by,
and ccnainly not initiated by, the d:.znge in type of motive
power. ‘
Nearly 50 per cent of the motive powe.r was either un-
- serviceable or stored during the depression. Very little new
power, therefore, was acquired during those years, and
littfe new power could be acquired during the war years.
At the end of the 193945 war, more than 40 per cent of
all the motive power still in service consisted of locomotives

built prior to 1915, and well over 31 years old. This equip-’

ment was smalt in capacity, completely worn out, and long

overdue for replacement. Never before in the history of

American railroading had the motive power been per-

mitted 1o becomc 30 old and so madcquatc in such large
_numbers. - ; .

’ ROAD, OR LINE-HAUL MOTIVE POWER
The decrease in total number of locomotives in road, or
line-haul service on the class I railways since 1920 is shown
in Fig. 5. The change in numbers of the three principal
types, steam, clectric, and diesel, and the change in average
age for the diesels and for the whole group are also shown.
The relatively small amount of electric motive power is
quite apparent.

The change in total number reflects the changes in
traffic patterns and in operating methods, together with the
gradual change to motive power of greater capacity.

" Particular artention is called to the change in the average
age. S C e

YARD AND SWITCHING (SHUNTING)
MOTIVE POWER -

Similar data are shown for yard and switching locomotives

in Fig. 6.

Ala:gereducuonmnumbcrnshownbetween 1925 and

. 1940 due to the same causes that influenced road power.
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" There were not sufficient electric or diesel locomotives i

yard service prior to 1940 to cause this reduction in numbe;
The reduction made during the depression was restore
during the war, mamly with diescl units,

A substantial increase in number is indicated ﬁ'om 194
to 1953, due to the incdusion with yard power of a larg
number of diesel units known originally as ‘road switchery’
By 1956 most of these had been properly recla.ssxﬁ:d as roa
locomotives.

The change from steam to diesel power has not reduce
the number of yard Jocomotives required, which remaine
in 1957 at about 8800 uaits, appmnmatdy the same-as i

1935, 1943, and 1948,

OPERATION
Motive power performance during the period under revies
is indicated by the wain-Miles, shown in Fig. 7. )
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Fig. 7. Tramn-miles
Al classes I and IT railways,

Locomotive-miles per train-mile (average locomotive
per train), car-miles per train-miile {(average cars per train
and ton-miles per tram-nnlc (average tons per train) ar
shown in Fig. 8.
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TOTAL RAILWAY OPERATING EXPENSE )
Total railway operating expenses and revenues have in

» general followed the traffic pattern. Nothing indicates that

thechangeintypcofmuﬁvepuwers&noe 1540 has had a
bearing on ejther of these items, unless unfavourably.

- Operadngcxpenscshaveinmusedatagratcrratinthan

operating revenues.

This fact is indicated by the operating ratio, which is the
ratio of total railway operating expense to total railway
operating revenue, shown for ali classes I and II railways in
Fig. 9. The average operating ratio since 1945 is higher
than for any similar previous period except 1918-22, when
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Fiz. 9. Operating ratio, all classes 1 and II reilways
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all railways were under Federal Administration as a war
measure. i

All items of railway operating expense are classified in
six major groups by the LC.C, These are: .

1 Maintenance of way and structures
11 Maintenance of equipment
HI Traffic
IV Transportation
V Miscellaneous
VI General

The sum of all these group cxpenses is the total railway
operating expense. - .

Muaintenance of way and structurcs, maintenance of
equipment and transportation comprise more than 90 per
cent of the total operating expense. : :

The total railway operating for all class I rail-
ways as a group from 1916 to 1957 are shown graphically
in Fig. 10 in billions of dollars. - -

. T~

é 8 f"/\-]

3 I~ /

L Moo L

2 ,I \\\.""' /

T T TR T TR T T T T

YEAN :

Fig. 10. Total raikwey operating expense, all class I

o railways .

MOTIVE POWER OPERATING AND
. . MAINTENANCE COSTS .
The LC.C. statistics show separately for road locomotives
and yard locomotives the following items of expense
involved with motive power on the class I railways: -
(1) Locomotive repairs B
(2) Fuel, inclnding electric power where used
(3) Wages of enginemen _
{4) Engine house expenses
(5) Water
(6) Lubricants
(7) Other locomotive supplies
{8) Depreciation .

Repairs and depreciation are items of maintenance of
equipment expense. All others are items of transportation’
expense.

All of the above itemized costs for road locomodves, with
the exception of deprediation, are shown in Table 1z in
milliops of dollars, for the years 1916, 1920, 1925, 1930,
1935, 1940, and for each year thereafter to 1957, Each item
is also shown as 2 “ratio cost’, of as a proportionatc part of
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262 R A H. F. BROWN —
Table Ia. Cost afoberangwfdmm&mwg road locomotives (e::dudxqueprxm.twn)
All class T railways
Costs a3 incurred in mitlions of doellars
Year Total Qperatng Repairs Fuel and power Engine | Epgine | Water | Lubri-{ Other | Tol
railway ratiq men | house cants | supplics
operating Steam |Dieset | Other{ Toral | Fuel |Power Total ex-
cxXpense ) pense
1916 2211 65-38 1507 Q7| 151-4 ] 192-6 29 | 1855 | 12940 363 | 126 3-6 35 53
1920 5831 94-38 5120 41 1516-1 ] 5660 85 | 5745 | 2680 | 1249 | 261 87 ‘104 152
1025 454) 7410 3885 2.7 |391-2 ) 340-5 82 | 348-7 | 2294 831 | 217 75 64 108
1930 3931 7443 2935 382973 2378 o9 | 2477 | 2046 691 | 20-0 T2 &7 85
1933 2593 75-11 191-6 40]195-6) 173-1 | 113 | 18344 | 1498 410 | 143 57 .28 58
1940 3089 7190 0-1 8.0 | 238-1] 2108 | 152 | 2250 | 171-0 451 [ 162 75 32 70
1941 3664 68-53 2844 10-5 | 2949 | 2595 | 16-2 | 2757 | 2043 525 | 178 9-3 39 85
1942 4601 61-63 3433 140 | 356-5 { 335-8 | 183 { 3541 | 2626 698 | 213 | 120 51 108
1943 5657 62-48 4117 19-G | 4307 | 4324 | 196 | 4520 | 2951 889 | 247 | 146 61 131
1944 6292 6657 4742 2833|5028 | 4738 | 21-3 ) 4951 | 3219 | 111-2 | 273 | 162 T2 148
1945 5418 72-10 461-8 34-4 | 4962 | 4628 { 21-3 | 4941 | 3172 | 1107 | 268 | 168 5 146
1046] 6357 8335 45147 40-9 | 4592-6 | 4525 | 21-4 | 4739 | 3285 | 1158 | 26-1 16-0 T2 146
1047 6797 78-27 4535 59-9 | 513-4 | 545-7 | 23-2 | 5689 | 3343 | 1207 | 278 137 83 159
1948 7472 T7-26 441-4 89-7 | 531-1 | 643-8 | 250 | 668-3 | 3657 | 1297 | 28-1 213 59 173
1949 6892 80-32 3349 126-0 | 460-9 | 4795 | 23-4 | 5029 | 3297 | 1194 | 240 19-7- 79 146
1950 7059 7432 3165-4 1627 | 479-1 | 4724 | 226 | 4950 | 3389 | 1196 | 22-1 19-2 8-1 148
1951 8041 77-39 3259 215-6 | 542-5 | 4947 | 22-4 | 507-1 | 3788 | 1363 | 222 | 215 97 161
1952 8033 76-11 2439 2655 | 509-4 | 4363 | 225 | 4588 | 3743 | 1298 | 133 | 2145 9-2 152
1953 8135 7629 173-5 3035 | 477-0 | 409-6 | 22-4 | 4320 | 3658 | 1198 | 147 213 88 143
1954 7384 78-80 86:4 | 20061 166 | 4026 | 356-4 [ 22-8 | 3792 | 3462 | 106-4 95 209 81 127
1955 T646 75-66 653 |3233| 18214068 ] 3645 | 231 | 2876 | 3658 | 1016 31| 23 | 82 129
1956 8108 T6-85 550 | 3650 | 19-8]{439-8 | 3745 | 23-3 | 3978 | 3859 | 1035 20| 249 - 87 1 136
1957 8228 7842 309 | 3774 | 20-7 {4290 | 3667 | 23:2 | 339-9 | 3883 | 1042 53 | 272 a8 135
Table Ib. Conafopammmdmam:ammgmadlxmm(m&dmgda}nmm) v
All class X railways
Dollar costs coaverted into “ratio costs’
{Proportion of total mailway operating ¢xpense)
Year Total Repairs Fuel Engine Engine “Water | Lubricants Other Tot:
- railway men hotse supplies A
operating expense
expense

1916 2211 0-0686° 0-0385 G-0584 Q-0164 Q0057 00016 0-0016 0-24C
1920 5831 0-0886 0-G0986 0-0460 Q0214 Q-0045 0-0015 00018 0262
1925 4540 00864 0-0770 00505 00183 00048 00016 C-0014 0-24(
1930 3931 00757 00630 0-0521 00176 0-0351 0-0013 0-0012 021€
1935 - 2593 - 00155 00713 0-0555 0-0158 0-0355 0-0022 c-0011 0-22¢
1940 3089 00770 00724 0-0554 0:0149 Q-0052 00024 00010 022
1941 3664 0-0805 00752 0-0557 0-0143 0-0049 0-00235 00011 Q23
1942 4601 0-0775 0-0770 0-0570 00152 0-0046 000256 00011 0-23:
1943 5657 0-0762 Q-0BOO 0-0521 Q0157 60044 00026 oC01L 0232
1044 6282 0-0801 00790 00513 o077 06044 0-0026 40011 023
1945 6418 Q0774 00770 0-0494 00173 0-0042 0-0026 0-0012 O-22¢
1946 6357 Q0775 0-0745 0-0517 0-0182 0-0039 0-0025 0-0011 0-22¢
1947 6797 00755 0-08346 00452 0-0178 0-0041 0-0028 0-0012 Q-2
1948 7472 Q0710 0-0895 0-0489 0-0174 0-0038 0-0029 00012 023«
1949 6892 0-0569 0-0730 00480 00179 0-0035 0-0029 ¢-0012 0-21°
1950 7059 O-0680 00701 Q-0480 00170 0-0031 0-0027 00012 &-21¢(
1951 8041 00676 00631 0472 Q0170 00028 00027 0-0012 -20:
1952 8053 00633 00570 0-0465 0-0161 00023 0-0027 0-0011 018!
" 1953 BI35 00587 0-0532 0-0450 0-0148 00018 00026 0-0011 Q17
1954 7384 00546 00514 0-0470 00145 00013 0-0028 0-0011 017
1955 7646 040532 00507 0-0479 90133 0-0004 0-00?9 ¢-0011 0-164
1956 - 8108 00552 0-0491 {-0476 0-0130 0-0002 Q-0031 0011 C-16!
1957 B228 0-0522 00475, O-0472 00127 0-0006 00033 00011 16
Vol 175 No 3
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Table 2, Cost of operating and maintaining yard locomotives (excluding depreciasion)

. Al class I mailways
Costs as incurred in millions of dollars
Total Repairs Fuel Engine Engine Water Lubricants Other Towml
rallway E men bouse ) supplies
operating - sxpense
expense -
= 1916 2211 e26-55 34-42 37-82 11-18 235 0-62 072 113-66
1920 5531 c8%-1 100-32 9670 45-55 474 1-69 205 349-16
1925 4540 e68-0 6723 8893 30-53 440 135 146 2619
1930 3931 e51-9 45-66 83-55 2518 397 1-18 1-16 212-65
1935 2593 3435 30-61 572 515 297 088 073 141-89
1940 3089 41-44 36-08 75-4 175 33 131 o9 1759
1941 3664 53-63 43-64 91-8B6 19-96 3-63 1-67 1-11 2158
1942 4601 60-22 5203 113-4 25-3 40 215 135 258-45
1943 5657 735 - 62-56 1244 312 436 257 1-56 300-15
1944 6282 82453 6632 1367 375 46 28 18 33217
1945 4418 80-9 65-85 135-4 370 46 - 19 3285
1946 6357 84-1 6677 1477 38-6 44 29 15 3463
3 1947 6797 910 8237 157-3 40-8 473 35 2-23 3825
¥ 1548 T4T2 100-1 97-57 1800 45-6 50 39 25 4347
% 1949 6392 81-9 69-86 1647 397 42 34 22 3660
1 1950 7059 844 6695 179-9 39-1 39 33 21 37963
1951 8041 932 67-05 2164 42-9 40 37 24 429-65
1952 8053 905 55-88 2097 391 3.3 37 23 429-40
1953 8135 B6-2 5035 2140 -3 27 3-6 2 42125
1954 7384 138 4307 2089 . 30 20 - 34 19 364-1
1935 T 7646 . T 2276 2195 293 1-6 37 1-95 3733
: 1956 8108 - 82-8 45-31 2372 303 1-34 40 2:16 403-2
' 1957 8228 ) 841 43-42 242-7 299 1-ia 4-44 218 407-9
- _ ' e Hstimated. Costs were inclnded with road locomotives.
Takab.Cmqfop«aﬁrxgdemﬁ:ﬁgyadkomﬁm(ackdixgdzpnahﬁm} . -
. All class I railways
’ Dollar costs converted into ‘ratio costs’
- . _ (Proportion of rotal railway operating expense) )
Year Total Repairs Fuel Hugine Eogine Water Lubricants Other Totat
: Tailway men house supplics
operatng cxpense . .
_ expense _
1916 2211 0-0120 0-0156 0-0171 00051 000107 0-00023 Q-00033 0-0514
1920. 5831 00153 0-01873 0-0166 000781 0-00081 - 0-00029 0-00035 0-05%9
1925 4540 0-0150 0-0148 00196 0-00673 0-(0097 000030 0-00033 Q-0577
193¢ . 3931 00132 00116 002125 Q-00641 000101 040030 0-00029 Q-0541
1935 2593 001325 - 0-0118 0-0221 0-00584 0-00115 0-00024 00028 00543
1940 3089 0-0134 0-01169 00244 Q-00567 Q-00107 a-00043 0-00029 Q-0572
1941 3664 0-01463 0-0120 00251 Q00545 G-00099 0-00046 Q-00030 Q-0589
1942 4601 ’ 0-0131 G-0113 Q0247 00053 0-00087 0-00047 Q-00029 00563
1043 5657 0-0130 Q-01106 00220 0-00552 0-00068 {-00045 000028 0-0530
1944 6282 0-01313 0-01055 00216 0-00598 0-00073 ) 00045 00029 0-0530
1945 6418 0-0126 0-01025 00211 000576 000072 | Q-0D04F Q00030 0-0513
1946 6357 0-0132 00105 0-0232 0-00608 000069 ¢-00046 000030 Q0545
1947 6797 00134 00121 Q0232 0-00600 0-DOOT0 0-00052 0-00033 0-0563
19438 7472 011335 0-01206 Q-0241 000608 0-00067 0-00052 0-00033 00581
1949 £892 - 0-0119 001013 0-0239 0-D0576 0-00061 0-00049 00032 00532
1930 7059 001195 0-0095 Q-0255 {-00555 Q-00055 Q-00047 0-00030 00538
- 1951 8041 Q-0116 Q-00835 00269 0-00534 0-00050 Q-00046 0-00030 0-0535
1952 + 8053 0-01122 0-0069% 0-0261 0-00485 0-00041 0-000456 0-00029 00534
1953 8135 0-0106 00062 00264 000447 000033 G-0003% 0-00027 00518
1954 7384 0100 0-00583 00284 000421 000027 00046 000026 0-04%4
A .
1955 7646 000975 0-0056 0-0288 0-00383 0-00022 0-00048 0-00026 00489
H 1956 . 8108 0-0102 - 900559 Q0292 0-00374 0-00018 0-00049 0-00027 0497
%- 3957 8228 001022 N 0'00523 00295 300363 0-00014 0-00054 0-00027 0456
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the total railway operating expense for the year in which
it is incurred, in Table 15,

The itemized costs for yard locomotives are shown
similarly in Tables 2 and 25,

TREATMENT OF COST FIGURES
An economic factor affecting all expenses and revenues has

been the decline in the purchasing value of the dollar over

the period studied. This ‘inflation factor” distorts the direct
comparison of costs incurred over a term of years.
By coaverting all dollar costs into ‘ratio costs’, that is, as

proportionate parts of the total railway opcrating expense,
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Fig. 11, Total cost of operating and maintaining road
locomotives on all class I railmays
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& Otker itemized costs of operating road locomotives.
Fig. 12, Costs on all tlass I raikoays
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" the “infladon factor’ appears nearly equally in the numerat

and denominator of the ratio, and i 2pproximately cancell
out, leaving the basic factors which are comparable.

Ratio costs of any item may be compared year after ye
16 determine whether they are rising, Glling or stationa
thereby enabling their change to be more readily relat
to the cconomic factors causing the change,

The totals of the items of road locomotive operati
expense for each year, presented as ‘ratio costs’ in Table ]
are shown in Fig. 11. The graph of the total number of ro
locomotives in service is also shown for comparison. It
evident, and logical, that the operating costs have decrease
in general, as the number of locomotives has decreased.

The three largest items of road locomotive operati
expense shown in Table 1 are repairs, fuel, and engine me
Theix ratio costs are shown in Fig. 124, and comprise abo
90 per cent of the total shown in Fig. 11. The remaini
four items of engine house expense, water, lubricants, &
other supphes, are shown to a larger scale in Fig, 125,

The totals of the items of yard locomotive operath
expense for each year, presented as ratio costs in Table 2
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b Other itemized costs of operating yard locomotives,
Fig. 13. Costs on all class I railways
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- " are shown in Fig.
" engine men, the

13a. Also shown are the costs of yard
largest single item of yard locomotive
operating expense. The ratio costs of the other six items are
shown to a larger scale in Fig. 135

FACTORS INVOLVED IN TRENDS OF
LOCOMOTIVE EXPENSE ITEMS

- “The trends in the graph of each item of locomotive expense

are due to some factors common to all, combined with
specialfactorsinsomeitems.

All items vary with the number of locomotives in service.
All items mmay vary with the type of motive power used.
Special factors of importance in specific items are:

Repairmst;wﬂla]sovarywiﬂ:thcagcoftheequip-
ment and at a different rate for each type.

Fuel costs will also vary with trends in the fael market.

Cost of engine men will vary with the number of
locomotives (not units) used per train, separately manned;
with the total weight on drivers, and with change in wage
rates.

Engine house expense will also vary with traffic, as
short runs and branch Line operations have been
eliminated with their engine terminals; also if steam and
dicsel power are being operated simultaneously.

Where several factors are acting simultaneously to shape

-~ the trends, careful analysis must be made to ensure that

each factor involved is quantitatively identified. Maay of

3 the claims of economies attributed ‘to the diesel locomotive:
. § bave been made erroncousty becanse this analysis has been
- § overlooked or ignored. .

DEPRECIATION

: I)cpreciaﬁun.ismaccuunﬁngchargeforthccost of the

equipment spread over its service life. It sbould equal,
during the life, the original cost less the ultimate scrap

‘value.

Although by 1.C.C. ruling an item of operating expensc

§ under maintenance of equipment, depreciation cannot be
§ properiy converted to a ratio cost since it is not a function
§ of operation but of investment. - ) ’ '

A correct depreciation rate is essential to prevent deple-

"1 tion of assets when renewals become necessary. A rate based

ot A

on-a 30-year life has been generslly used for steam and
clectric Jocomotives, although many of these bave been
retained in service longer.

When diesel locomotives were introduced, it was assumed
they would have service life characteristics similar to electric
locomotives, reduced somewhat by the known shorter Jife
of the internal combustion-type prime mover. A deprecia-
tion rate based o a 20-year life for road power, and a
25-year life for yard power of this type was approved by

1 the L.C.C. The LC.C. does not establish depreciation rates.

i 1t approves such rates established by the railways based on
{ ' proper supporting data. N ;

More recently, studies based on accumudated ﬂpﬁmw
relative to obsolescence and to rise in repair costs with age
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of diesel power indicate an economic life of but 12-14 years
for road power and about 18 years for yard power. The road
locomotives of this type rebuilt or remanufactured within
the past few years have been between 11 and 16 years old.
Such rebuilt equipment must appear on the books as new
units, for by a ruling of the 1.C.C., when more than 50 per
cent of the original cost is spent in any one year for repairs,
that equipment must be retired and charged to the deprecia-
tion reserve.

It is becoming apperent that the depreciation charges
included with the present opersting expenses are not
adequate to properly maintain the equipment depreciation
reserve, and that in some cases the diescl retireraents may
have to be charged to the profit and loss account,

The evidence is now rather well established that the
diesel locomotive has abour one-half the service life of a
steam or electric locomotive in the same service.

\
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B S PEN CENT SALVAGE . ..
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& D

)

& A
°n o 19 R )

Fig. 14, Annual depreciation charge in per cent of

A Steam and electric locomotives. .
B Yard diesel locomotives. :
C Road diesel locomotives. . - -

The annual depreciation charge, on a ‘straight line’ basis
becomes larger as the service life decteases, 2s shown in
Fig. 14. Depreciation rates used in this study are 3-16 per
cent for all steam and electric locomarives; 6 per cent for.
all road diesels, and 4-5 per cent for yard diesels. _

The advantage of equipment having a long economic life
is apparent. .

INTEREST CHARGES
Interest on the unamortized cost of equipment, while not
an item of operating expease, is & proper item to be con-
sidered in an economic study of motive power. A con-
servative rate of 2 per cent of the investment, per year; aver
the service life is used in this study. .
Taxes and insurance are additonal fixed charges 10 be

. considered. These charges are relatively small, and are not

uniform on all the railways, nor jsolared in the statistics.
They have been omitted in this study.
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INVESTMENT IN MOTIVE POWER
The changes in investment in locomotives on the class [
raitways from 1941 to 1957 are shown in Fig. 15. This
information is unavailable in the I.C.C. statstics prior to
1941, Although the total number of Jocomorives, as dis-

et
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INVESTMENT—biHIons of dollars
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o [ [
135 1940 1545 ] 1955 1960

Fig. 15. Investment in locomotives, all class I raifways

tinguished fromr umits, in 1957 was less than one-third the
nunber in i%l,-thz totzl investment has increased 2-4
times. In 1957, the investment in road diesel motive power
was $2760 million, and for yard diesel power, $1120
million. :

A larpe increase in investment for motive power servicing
facilities, shops, cngine houses (sheds), water and fael

- . ‘
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starions, has also bcen made since 1941, shown in Fxg 16
amounting to more than $400 million.

The calcuiated hypothetical investment for the equivalen:
number of modern steam locomotives required to perforn
the service of diesel locomotives in 1957 is shown by the

%0

L] —

760 (

TOTAL ALL FACILIFIES
/ T

5 . /
3 / _
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E /!
g 4
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>
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WATER STATIONS
100 — a,
e FURL slrmous
s T8 98 i, 195 o
YEAR :

Fig. 16, Investment in monive pover facilities

light broken lines in Fig. 15 as $1925 million for road loco
motives, and §555 million for yard locomotives™.

All investment costs have been influenced by the ‘in
flation factor’ previously mentioned.
" The value of long-life investments is enhanced durin
periods when the currency is being devaluated.
* Ses the Appendix for method of caleulation.
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THE CHANGE FROM STEAM TO DIESEL
- MOTIVE POWER

The diesel electric locomotive made its initial appearance

on the United States railways in yard service in 1925, but
fawer than 100 such units were acquirzd during the next
ten years. By the end of 1939, there were about 435 diesels
in yard service and about 90 in road service—too few to
have any noticeable effect on the general railway economy.

Afier the 193945 war, the automotive industry started
an active campaign to sell the diesel locomotive to the
‘American railways. The time was most opportune because
of the age and general worn-out condition of the steam
motive power, -

The first road diesels were used in preferred passenger
service on long runs, and on lines having stiff gradients. It
was quickly found that in such service this new motive
power could be used to the Limit of its availability, which
was quite high. . , ‘

Highannualmﬁagapunnitwmbdngmadc. Grades
conld be negotiated withoot the former *helper” service
required.FucImstswerGIUW,wiﬂidicseloﬂthmatécents
per gallon. Thermal efficiencies were about four titaes better
thzmsteaminmadscﬂicc,anduptn:cnﬁmabenctin

service. Maintenance costs of this new power com-
_pared with the old steam power were quite low.

The steam locomotive almost immediately became out-

moded by the testimony of its former manufacturers, then

themanufactureofdi:sdpowcr.AboutBOOOdisdlooo—
motives had been acquired prior to 1949, During the years
1949-.52, more than 12 500 umits were acquired; and sinee
1952, about 7000 more have been acquired up to the end of
1957. No steam locomotives have been builr in the United

' States since 1953. Oné of the largest manufacturers stopped

building steam locomotives ini 1948.

‘The class I railways are all operating today with most of
their motive power relatively new, compared with that in
service prior to 1945.

BASIC DIFFERENCES: STEAM AND DIESEL
ELECTRIC MOTIVE POWER

Diesel locomotives have opersting characteristics funda-~
mentally different from those of steam locomotives. These
must be understood before the operating economies can be
appraised, Dieselg are more nearly like electric locomotives,
limited, however, by the capacity of their own power plant.

The steam locomotive develops its maximum horsepowez
at near its full speed, At starting, the boiler can generate
steam faster than the cylinders can use it. The cylinder
pressure and wheel diameter determine. the maximum
starting tractive force, within the limits of adhesion. At
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Part H: Economié Results of Diesel Eléctric Locomotive
' Operation

high speed, the boiler horsepower determines the tractive
force. ] ’

The diesel enginc is a constani-borsspower machine.
With its electric drive, which is simply a ‘torque converter’,
the engine can be operated at full speed at starting, and
nearly its full horsepower can be converted - into tractive
force, also within the limirs of adhesion.

Tractive force and horsepower are related to each other
through the speed, by the well-kmown equation

hp.x375

(where T is the tractive force, lb., and ¥ is the speed,
mile/h).

The tractive force therefore falls off rapidly as the speed .
increases.

-
/< S
rd
N~

\ HORSEPOWER =

f-/_"-“"
ri \ .
7 e TRA
7 CTive
/ Force
/
< ] 20 ] *© E] ] F e

SPEED—mideh
Fig. 17. Comparative horsepower and tractive force,
steam and diesel Iocomotives of same maximum horsepower

— — = — Steam.

Dicsel.

The relative horsepower and tractive force curves of a
diesel, and of a steam Jocomotive having the same mazimum
horsepower are shown in Fig. 17. ‘The diesel has greater
tractive force up to about 25 milefh. Above this speed both
{ocomotives have cqual tractive force. This would be,
however, a relatively small steam locomotive. '

The comparative horsepower and traciive force curves
for a diesel and a steam locomotive having equal weight on
drivers are shown in Fig. 18, In this case more horsepower
can be built into the steam locomotive than into the diesel.
The diesel still has a higher starting tractive force up
about 6 mile/h, but above 20 mile/h the steam locomotive
has double the tractive force of the diescl.
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American manufacturers have not bccn able to build a-

single diesel unit having much more than 2000 h.p.,
delivered to the rim of the driving wheels, The average
diesel locomotive will produce about 14 h.p. per ton of its
weight,

\ ~ N HORSEPOWER

/ B 4 i ~ . . .. -
p \ _ e T
4 : - iy SN TRACTIVE FORCE

’f N \:‘- = -h‘- ._
; - R S
,, |
0 0 2 E°3 0 ) [ 70 B0
i SFEED—mitg/h .

Fig. 18, Comparative horsepower and tractive force,
steam and diesel locomotives of same tweight on drivers

— e = Steam,
e [esal,

‘The superior performance of the diesel at slow speeds is

. one reason why it was adopted so rapidly in switching and

yard service, where speeds average but 6 milefh. The diesel
became popnlar alse on the railways having heavy mountain
grades, because by slowing down, the diesel can increase its
-tractive force to a greater extent than can a steam Jocomotive.

Starting tractive force, however important, is but a short
part of the time of the total road performance, Horsepower
is required for speed, and single diesel units cannot produce
the horsepower that modern steam or electric locomotives
can supply in single 1mits.

The tractive force rating usually giver for any locomotive
is that for starting, This can be quite roisleading in the
‘comparison of types, for it overrates the ability of the single
diesel unit. The important tractive force required in road
service is that for accelerating and moving the train load
at the schedule speed. This requirement is independent of
type of motive power. Any locomotive can usually keep
moving any train it can start. The critetion is, “Car it bring
that train up to the desired speed, and in the desired time 7

THE TRUE NUMBER OF LOCOMOTIVES

The I.C.C. statistics for 1957 show that it required 2-08
diesel units per average passenger train, and 259 diesel
units per averags freight train. The average for all trains
in road service was 2-41 units. The tractive force of any of
these, combinations at the runmning speed is well within the
capacity of most of the modern steam power remaining in
either passenger or freight service in 1957.

This leads to the interesting conclusion that it has
required more motive power units 6f the diesel type to per-
form the present transportation service on the class I
Proc Instn Mech Engrs
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railways than would have been required had modern ste
locomotives bzen purchased in their stead. The ac
number of diesel locomorives in road service in 1957 -
not the 18 959 diesel zmies given in the stabstics, but-
this number divided by 2-41, which is 7870 locomotive:

The true reduction in number of locomotives caused
the traffic losses, and the changes in operating patteras
methods made to meet these losses is shown in Fig. 5
the dotted graph, which departs from the solid graph
numbers in 1941 and drops to 10 330, This is the theoret
total numbe:r of all read locomotives in serviee in 1957,

AVAILABILITY. DIESEL AND STEAM
. LOCOMOTIVES
New diesel locomotives have an availabilicy as high
90 per cent. Modern stezmn power bas an availability o
lmtﬁopu'c:ntwhennew Theavaﬂahthtyofallmoi
power is reduced as it becomes older.

Availability is of no great value beyond the wilizat
that can be made of the motive power. The high utilizat
made of the diesel power in selected service during its ear
years has been reduced, as diesels increased in numbers:

This is indicated in Tazble 3 by the approximate ann
milage shown for diesel locomotives, which dmpped fr
101 000 in 1953 to 86 500 in 1957.

To establish a basis for comparison of eperating costs :
investment, it may be assumed that the pumber of mod
stcam Jocomotives equivalent to the road dicsel Jocomori
is inversely proportiona! to their avaitabilities. This assun
tion is favourable to the diesel,

Then 7870 times 1-5 or 11 800 steam locomotives wo
be the hypothetical equivalent of the 18 959 diesel wnits
road service in 1957.

EFFECT OF DIESEL QPERATION ON

NUMBER OF TRAINS AND TRAIN-MILES
It is claimed that the large reductiop in the number
trains as indicated by the reduction in train-miles since 1¢
in Fig. 7 has been due to the multiple-unit operation
diesel units, which has enabled the operation of longer 2
faster trains in both freight and passenger service, This
turn has allowed a largs reduction in the number of trai
thereby making large savings in operating labour. T
claim is given great emphasis by the diesel manufacture
and considerable credence by the general public.

It does seemn plausible to relate the large drop in txa
miles after 1946 to the known substitution of diesels
steam, as shown in Fig. 5, during this same period. Nev
theless, a little analysis will show that these two facts
not at all related to each other. -

Consideration of Fig., 3 shows that at least two d.u
units are required to perform the service of the largest ste
power installed between 1920 and 1930, and up to 5 w
to equal the largest steam locomotives built after 19
Ever since the introduction of diesel motive power in r«
service, the multiple-unit operation of two or more I
has been a necessity to equal the horsepower of the ste

Vol }75 No 5 !



Table 3. Diesel operating statistics 1953-57
All locomotive- and train-miles in millions

ECONOMIC RESULTS OF DIESEL ELECTRIC MOTIVE POWER ON THE RAILWAYS OF THE U.S.A.

269

1953 1954 1955 1936 1957 1953 against 1957
- Increase, | Decrease,
) percent | per cent
Fretghe .
. Diesel locomotive-miles . . R . 373 391 428 446 433 17
Dicsel unit-miles . JE 921 964 1054 1113 1134 =
Units per locomotive . . . - 246 2:46 . 246 2-50 259 53 -
Diesel train-miles ce e 358 374 409 424 417 i6 .
Total freight train-miles . . . . 492 247 476 475 447 10
Cars per train. . . .. 640 656 65-2 67-6 00 93
Gros.s tons per train ... 2870 2500 3000 3100 3220 123
Train-miles per train-hours . 18-2 187 186 186 18-8-. 35 )
Passenger .
Diesel Iommonve-mﬁa . . . 244 251 T244 243 233 5
Diesel nnir-miles .. . 403 506 497 502 483 2
Units per locomotive . 2402 202 204 207 208 | 3
Diesel train-miles . 239 246 239 239 229 S 4
. Total train-miles, looomouve p:opel.led 302 288 271 261 245 23
LT Total passenger train- 333 317 299 290 ¢ 275 21
_ Caspermain . . - - 100 97 161 103 9:8 )
! ) . R
' Train-miles per train-hours 391 395 38 400 40-2 35
; Total i
. Diesel locomotive-miles . -~ . . - 619 642 671 639 &71 ] -
Diesel unit-miles . . . . 1413 1470 1551 1515 1617 143 _
| -1 Units per Jocomotive . 229 229 231 235 241 )
' Train-miles, all 226 764 76 766 722 15
© Diesel .
Average miles per locomotive, thousands 101 950 935 915 - B&3 17

locomotive replaced. Multiple-unit operation is not a virtue,
except where ‘double-heading’ or ‘helper service’ can be
climinated, or reduced, It does provide also for some
. flexibility for maintenance.

"There are two possible explanations for the large drop
in train-ruiles since 1946:

(1) The increase in cars-per-train and in tons-per-
train shown in Fig. § could be caused by the consolidation
of two or more trains into one much longer train, with a
reduction in the number of train-miles, This would call
for an increase in the number of diesel units per locomo-
tive nearly proporﬁonhl 1o the reduction in the number
of train-miles, in order to ;uslify the above claim.

(2) The same increase in mrs-pcr—tram and in tons-
per-train, with the same reduction in train-roiles could
be due to the withdrawal of the many short trains on
branch lines and to Joss of the short-haul waffic on the

remaining trackage. The remaining traffic would be
handled by trains of no greater maximum length than

before, yet the total cars-per-train and tons-per-trait
Proc Instn Mech Engrs

would show a rise in Fig. 8 due to the elimination of the
shorter trains which made up the average. In this hypo-
thesis, the number of diesel units per locomotive would
show only a slight increase.

Data on diesel unit-miles are not available prior to 1953.
In Table 3 are shown the diesel operated train-miles, loco-
motive-miles, and dicsel unit-miles in freight and in
passenger service for the years 1953-57 inclusive. Freight
train-miles decreased 10 per cent during this pedod, gross
tons per train increased 12-3 per cent, and cars per train

" 9-3 per cent. Units per locomotive, however, increased only

5-3 per cent. These statistics indicate improved operating
skill in the loading of cars and trains, but this is independent
of the type of motive power.

In passenger service, train-miles (Jlocomotive-propelled)
decreased 23 per cent, cars per train decreased 2 per cent,
but uzits per locomotive decreased only 3 per cent.

It is quite obvious from Table 3 that the data fits explana-
tion (2) rather than explanation (1), and that this entire
claim for the diesel is invalid.
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Th:avemg:cflﬂmnp:rtféininpassangerservice,and i

70 cars or 3200 gross tops per train in freight service are no
greater than could have been handled by any average siecam
or electric locomotive remaining in service in 1957,

Table 3 also indicates that the diesel, per se, has not been
responsibie for the slight increase in average speed shown.
It is probable that this increase Is due to the elimination of
slower trains and intermediate stops, together with im-

_proved dispatching and signal systems. AAlso, the elimination

of passenger trains allows faster average freight train speeds.

ANALYSIS OF LOCOMOTIVE OPERATING
EXPENSE ITEMS
Repairs
Road locomotives
The graph of repair costs shown in Fig, lzauaﬁmctmnof
numbers, age, and type of motive power.

The ordinates of the ‘number’ curveandthecnrm-
sponding ordinates of the *age’ curve in Fig. 5 were multi-
plied together to make a composite curve of both these
factors. This composite curve and the repair cost graph are
compared in Fig, 19, which leave Lttle doubt that these twa
factors dominate in repair costs.

The rise in repair costs with age for steam locomotives
has been recognized for many years. In Fig, 20 is shown
the result of a study of steam locomotive repair costs which

ot p =
/ "
el Ax7a
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Fig. 19. Road locomotivs repair costs, all class I raikways
compared with the numbers—age graph
20 : -
—
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L] 5 1] 11 i F13 30 a5 40
AGE—yrars
Fig. 20. Cost of steam locomotive yepairs in dollars per
10 000 h.p.~mile unit

From répozt of Federal Co~ordinator of Trdnsportation, June 1934.
Costs are approximately 1929 level.
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CENTS PER 1000 RAIL-HORSEPOWER-MILE UNIT

. appeared in a statement of the Federal Co-ordinato

Transportation in 1934, This graph is based on a ¢
cost survey covering about 66 per ceat of all the st
locomotives of all sizes and typss in use on the da
railways dun.ug 1927-29.

The rise in repair costs with age for diesel locomotiv:
often debated and denied on the basis that after “h
repairs’ the running repair costs drop to former low ler

“When the costs of these “heavy repairs’ are spread pro

over the intervening period between such heavy overh:
the total costs of repairs will be found to rise continuo

. with age.

#

N
K

)
“
-
&

15 ) 5
AGE-—reary
Fig. 21. Comparison of steam, diesel, and electrié loce
molive repair costs on basis of 1953 price level

In Fig. 21 are shown comparative repair costs in «
per 1000 rail-h.p.-miles, related to age, for steam, di
and electric locomotives. The steam curve is the
ordinator’s Curve’ from Fig. 20, adjusted from 192
1953 price levels, The electric graph is from costs on
class I railways operating similar efectric motive p
designed around 1938. The diesel graphs are from sn
made in 1955 of repair costs related to age of more
3000 diesel unies of all ages up to 12 years (on seven ¢l
railways). All costs are shown in 1953 price levels.
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.-he graph marked A is based on calculated diesel repait
costs for an economic life of 15 years. Point P is the cal-
culated repair cost in cents per 1600 rail-h.p.-mile incurred

all the road diesel power on the class I railways in 1957,

- adjusted to the 1953 pricc level The average age of this
diesel power ‘was 6-6 years in_ 1957. The point P falls
slmost exactly on the graph A, at 17-8 cents. L

* * gream repair costs at age 66 years are 78 per cent of

- diesel-repair costs shown in graph A. Road diesel repair
costs in 1957 were §377-4 million. Equivalent steam powes
of the same age, to perform the same number of horsepower-

_ miles, would cost $377-A% 0-78 or $293 million.

Yard locomotive repaiz costs

Itanbeshownthatthegraphofxebaircostsinf"ig. 135
also follows a composite ‘nuruber-age’ curve made from
dama in Fig. 6. IleS?,diuclsinyardsuvicehadan

ageonymThcmﬁoofsmmtodiadcum
(graph A) in. Fig. 21, in the Sth year is 0-695. Yard diesel
repair costs in 1957 were 876, million. Steam locomotives
of same number and age would cost $760-695 or $52-8
million. '

Fuel costs

Th:gmphforfudcostsinfig. 12a is a function of numbers,
typcofmoﬁvepower,andmdsinthefuclma:kct. It
showsag:m:erdropinthcﬁnalSywsthmshowninthn
repaircestgraph.Withoutqucsﬁoﬁtbisisducmlhecbangc
in type of motive power. _ _ B

_Dis:!sinmadmicchavcanavmg:th@al efficiency

ofzbou:26petccnt,compared-with6perm:forsteam.-

InFig.ZZa:cshownoomparaﬁvcmsts,onaB.Lu.basis,
¢ ofﬁmlusedbythedassIrailwaysbctweenl939and1957.
: Althcughdiwdoﬂisahigh-oostfuel,thchigherthamal

eﬂicitncyofthediesd.mgin:makﬂitlnwerinmstthan

coal for the same work performed. The cost of dicsel fuel
nsed in road service, adjusted for ratio of efficiencics has
averaged 79-2 per cent of coal costs on 2 B.t.u. basis during
the past 10 years. o

The cost of fuel for_afl Todd locomotives was $366-7
million in 1957, exclusive of §232 million for electric
power. Diescls were 88 per cent of totat road power, using
: thhpmporﬁonofthcfuelcost,whichis $323 million. This
is 79-2 per cent of the cost of coal for equivalent service,
which would have been $408 million, making the total fuel
bill $451-7 for equivalent steam operation.

In yard service, with lower load factors and higher
stand-by losses, the ratio of efficiencies is approximately
15 per cent for diesel and 1-5 per cent for steam, ot ten 10
one, Diesel fuel costs, adjusted for ratio of efficiencies in
yard service, hafe averaged 343 per cent of the cost of
equivalent coal on a B.t.u. basis during the past 10 years.

Diesel fuel cost §40-5 million for yard operation in 1957.
“This is 34-3 per cent of the cost of $118 million for coal for

the same servicé with steam locomotives.; Diesel operation’

was 95 per cent of the total yard operation. The total fuel
Proc Instn Mech Engrs
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and power bill was $43-4 million in 1957. With equivalent
steatn operation, this would have been $121-4 million.

1
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Fig. 22. Comparativé cost of fuels used on class I railoays,
on B.ta, basis

Assumed B, content: coal 12 500 per 1b; fael ofl 149 000 per gal; -
T diesel oil 133 000 per gzl

Engine men :
The graph for engine men in Fig. 12ais a function of the
reduction in pumber of locomotives, the weight on drivers,
and increase in wage rates.

In Fig. 8, locomotive-miles per train-mila shows a
reduction from 1-07 in 1940 to 1.02 in 1957. This 5 per
cent reduction is probably in ‘double-heading’ and “helper
service’, and can be credited to dissel operation. This can
lso mean a 5 per cent reduction in engine men.

Engine men in road service cost $338-3 million in 1957.
On the above basis, they would have cost 5 per ceat more
with steam operation, or $407-7 million. No statistical data
are available for the additional cost of engine men with
diesel operation due to increased weight on drivets.

No savings in the cost of engine men (52427 million) is
indicated in yard service. This is one example where
savings which might be made with diesel or electric motive
powet cannot be made because of working agreements. The

_ second engine man (fircman) performs no essential function

on switching locomotives of these types. Nearly $100 million
could be saved annually by their elimination.
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Engine house expenses = '~ . :
The graph for engine house expenses in Fig. 125 reflects
largely the reduction in nuwmber of locomotives, branch line
terminals, and traffic and, to a lesser exteat, the changes in
type of motive power. The rise between 1941 and 1954
reflects war traffic and operation of dual types of power.
In the graph for this item in yard service, shown in
Fig. 13b, the dowaward trend simce 1950 must be assigned

* 1o the change in type of motive power. Costs in 1950 are

the same as in 1941, at 0-0055 as a ratio cost. In 1957 this

ratio cost was 0-0036, a reduction of 0-0019, which amounts .

to $15-6 million.

The ratio of road diesel units to yard units in 1957 was
2-3 and the ratio of hypothetical steam road locomotives 1o
rozd diesel onits is 0-623. It may be assumed that the savings
in engine house expenscs in road service for diesels over
steam would be $15-6% 2-3% 0-623, or §22-3 million. This
is about §4 million greater than would be estimated by
taking the drop shown in Fig. 12b for the period 1940-57.

Water -

“There can be no question that the diesel is saving almost
the entire cost of water. Assuming the cost of $5-3 million
in 1957 was for the 1942 steam locomotives stll in road
service, the cost of water for 11800 stcam locomotives
would be §5-3 times the rado of 11 800 to 1942 or $32-2
million.

In yard service, there were 455 steam locomotives still
in service in 1957 and the water cost was $1-1 million. Had
all the 8227 yard dicsels been replaced with steam, the water
cost wounld have been S1-1 times the ratio of 8227 to 455,
or $19-8 million. . - ' S

Lubricants .

In the diesel locomotive, some of the lubricants are con-

sumed with fuel. The costs of lubricants are higher than

_ for other types of motive power.

Most lubricants are products of petroleum, which has
increased in cost 2-4 times since 1940 (see Fig, 22). Lubri-
cants cast $7-5 million for 33 700 steam and electric road
focomotives in 1940, The equivalent steam and electric
locomotives in 1957 would be 14 300, or 425 per cent of
the 1940 number, The costs of Iubricants in 1957 on the
basis of above assumptions would be $7-5X2-4x0-425 or
$7-7 million, a very slight increase compared with the actoal
cost in 1957 of $27-2 million.

Lubricants for yard service locomotives cost $1-3 million
in 1940. Multiplied by the assumed rise in cost, this would
be $3-1 in 1957, compared with the actual cost of $4-4
million,

»

Other locomotive supplies :
The cost of other supplies has not been materially affected
by the change in type of motive, power. These costs were
£8-8 mjllion in 1957, for road locomotives, and 52-2 million
for yard power.

Proc Instn Mech Engrs
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Summary of savings with diesel electric mot
power - : )

The summary of savings for all the izems of locomor
operating expense is given in Table 4, together with 1
comparative total investment and the fixed charges. T
shows that the diesel locomotives, # foto, made operati
savings of $137-0 million compared with the assum
equivalent steam operation, on the basis of 1957 costs. T
each yeur in retrograde prior to 1957, the savings would
correspondingly less. .

"The total investment is $1-8 billion greater for the diest
and the fized charges are $165-5 million greater than for1
equivalent steam locomotive investment, cxcceding
operating savings by $28-5 million. L
" In road service alone, the investment in diesels and p
rated facilities 3s $1135 million more than for the equival
modern steam power. Dicsel operation is $49-7 mill
cheaper than steam operation, but fixed charges amoum
871-6 million more than the operating savings.

In yard service alone, the investment in diesels and p
rated facilities ix 5665 million more than with equival
steam power. Diesel operation is $87-3 miflion cheaper ti
with stearn operation, and fizxed charges are ooly 54
million greater than for steam, making a net overall say
of $43-1 million. This is 6-6 per cent return on the
million increase in investment. . )

Quite obviously, the savings realized by diesel operat
in yard service have not been realized in road operad
It is clear in the development of the analysis just why 1
bas not been possible. Nothing can be found in this anal:
to justify the claim so often made that the diesels are p
ducing a 30 per cent return on their investmeat. Yf this »
true, such large savings would become apparent in
operating ratios, and in increased earnings. -

EARNINGS R
Each one of the class I railways is 2 private eaterp
operated primarily for a profit. In Fig. 23 ace shown the1
capital stock outstanding, common and preference,
gether with the amount of stock paying dividends, and
total amouat of dividends paid, for all the classes I an
railways. It is clear by comparing with Fig. 1 that ecami
are closely related to traffic. _

The incieass in dividends since 1940 doces coincids y
the change in type of motive power; but to relate these
facts is wholly unwarranted. Earnings for this period
fower, with a greater traffic volume, than in the pe
1925-30, when all the motive power was steam and elec

OTHER CONSIDERATIONS

Although the diesel is a cleaner type of motive power 1
the steam locomotive, it still requires expensive ventila
equipment in long tunnels and is excluded from opera
int large enclosed or built-over urban terminals. Any sav
resulting from the through diesel operation of former s
electrified sections in tunnels ate included in the ger
statistical data studied. - '
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1csel Iocomotive design has proved, as electric loco-
motive design bas proved in Europe, that high speeds can
" be safely made with locomotives having small-diameter
driving wheels without the necessity of idle leading axles.
Thus all of the locomotive wmght may be used for adhsion,
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Small-diameter driving wheels, and lower centre of
gravity do produce greater track and rail stresses. Rail
‘burns’ from slipping driving wheels are more prevalent
with diesel operation, than with former steam. It is often
claimed that the change from steam to diesel has reduced

Table 4. Comparative costs diesel operation versus eperation with equivalent modern steam on basis of 1957 costs

b / Al figures in millions of dollars
2t Diesel Steam
Cost Saving Cost Saving
" & Road power :
. : Biese] and equivalentsteam . . . . . . . . 3774 293 844
. Other . . . - oL L s 516 51-6
1 nel: »- -
3 Diesel and cqu;valent steam . . . . . - . . 366-7 - 85 - 45147
Cther . . . .. . . . . 232 232
l‘-:nginc . . . . . . . . . . 388-3 15-3 2077
- Engine house upensc . . . - B . - . . . 1042 223 1265
'y Water . . . . . . . . . . . © 53 269 322
| Lubricants . . . . . . . . ' . B 272 7T 195
1 Other locomotive supphes . . . . . . . . . 88 88
2.
Total road locomotive e:pensc .- . . . . . . . 13527 1536 1402-4 1039
:_;‘ Net operating savmgs . . . . . . N . . 497
Yard power -
2 Diese] and equivalent stesm . . - . . . . 76 52:8 232
L Other . . . . . . - . . . a1 8-1
3§ " 'Dicseland equivalentsteam . . . . . . . . 405 5 118 -
s Other . . . . . " . . . . . . 34 3-3 _
- Engine men - . . . . . R . . . . 2327 242-7
& - Engine house expense . . . - . - . . . . 299 15-6 455
Water e . . ' . . . . . . . . 1-1 187 19-8 )
r Lubricants . . . . . . . . . . . L 31 - 143
- Other locomotive supphu . . . . . . . . . 22 22
4§ Totml yard locomotive expense . . . . . . . 4083 1118 4058 24-5
= % Net operating saviogs - . . . . . . . . . 873
[ Total expense, rvad and yard . . . - . . . . 17610 18980
d Total net operating savings . . . . . . . . . 1370
= Drvestment )
= Road locomouvcs. - . . - . . - . . . 2760 1925 835
T Yard locomotives . . . . B . . . . . 1120 355 3565
] Total locomotives . . . . . . 3880 <2480 1400
Facilities (pro-rated 300 mad, 100 yatd) . . . . . . 400 400
h Tozal investment . . . . . . . . . . 4280 2480
o Net saving in investment . . . - . . . 1800
'; Fixed charges
Depreciation of cquipment:
C. oad . . . . . . . . . . 1656 610 1046
Yard . . . ' . . 50-4 175 328
Interest on u.ndepmclancd eqmpment-
Road . . . . . . . . . 552 385 167
n Yard . . . . . . B . . . . 22-4 11-1 11-3
\g  Total fixed charges, equipment . . . - . - . 2936 1281 1655
‘g Total, aflchargesroad . . . .« - .+ o« .« ] 15135 1501-9 716
s ‘Total, all charges yard . . . . T . . . . . 481-1 431 5242
g Total, all charges road and yard . oo - . < ' . 20546 2026-1 235
Return on differential in investment for yard operation, 6-6 per cent.
61
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the cost of track maintenance, Maintenance of way costs..

have besn carefully examined over the period studied to
verify this claim. No indication cant be found that the change
in type of motive power has produced any savings in this
field. Such costs have increased slightly.
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Fig. 23. Capital stock and dividends paid, all classes I
and I railways

-During the period since- 1940, railway management has
been beset with many serious problems, including increased
competition with subsidized cargiers, loss of maffic, rising
costs, and higher operating ratics, To solve these problems
managemmthaschangedopmﬁngmcthods,mzdelargc
jnvestments in new MOtive Power, €ars, and facilites, in
improved&dghtmrminahmdyards,innewsignalsmd
dispatching systems, and in general improvements in Way,
and in maintenance methods.

In this period the total investment in the classes Y and 1T

‘railways has been increased $9 billion, or more than one-
third. OF this increase, motive power and facilities have
accountsd for §2-5 billion; new cars, $4 billion; with all
other improvements accounting for the balance of $25
billion. The investment in diescl motive power has been the
most spectaculzr, and has had the greatest amount of
publicity.

To claim, however, that the diesel is responsible for all
the operating economics rmade since 1935, or cven 1945, is
10 belittle the skill of managemeat, and to expropriate the
credits due to these other investments.

Such claims cannot be made equitably for any one factor.
All have made their contribution.

“Fhis study simply states that the all-embracing economies

aimed for diesel motive power on the class T railways of the
United States, as 2 whole, da not appear in the statistical
record. '

- . i
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" The diesel locomotive has not ‘revolutionized” Americz
railway economics. Ia road service, diesel motive power I
added to the financial burden of the railways.
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Tables 1a, 24, 3, and diesel costs in Table 4 are compili
directly from the LC.C. statistics. Tables 15 and 2k a
calculated from Tables 1a and 2a respectively.

Figs. 1, 2, 4-10, 15, 16, and 23 are ploted fro
1.C.C. statistical data. -

The average ags in Figs. 5 and 6, the ratio costs in Figs. 1
12a and b, 13¢ and &, and 19, and fuel costs in Fig. 22, ¢
calculated from Y.C.C, statistics.

Fig. 3 is compiled from locomotive encyclopaedias a
other published data relative to steam and diesel tocomot
characteristics.

Dicsel and dlectric locomotive maintenance costs shon
in Fig. 21 are from studies made in 1953 and 1955 in whi
the author collaborated. .

Depreciation costs given in the I.C.C. statistica were
always itemized for the different types of motive power,
arc not used for reasons stated in the text

TFigs. 17 and 18 are from The Stears Locomotive, by Ral
P. Johnson, published by Siramons-Boardman in 1945,

APPENDIX

HYPOTHETICAL INVESTMENT IN STEAM POWZR
EQUIVALENT TO EXISTING DIESEL POWNR
Road locomotives
Existing number of diesels (1957), 18 959 units.
. At 1500 hup. average, 28 500 00¢ h.p.
These units- make 13 959/2-41 or 7870 locomotives.
Assume the number of equivalent steam {ocomotives is invet
roportional to their availabilicies.
Thea T7570X%50/60, ox 11800 steam locomotives will
required.
28 500 000 hup. % 50/60 is 43 000 000 h.p.
Assume 19535 as gverage year of purchase.
In 1929, steam locomotives cost approxitately $30/h.p.
1929 prices dimes 1-40 equal 1953 prices.
Stearn locomotives would cost $45fh.p* in 1953, assw
manufacturing would have been continned.
43 D00 000 hup. x $45/h.p. is §1925 million.

Yard lecomatives
Existing number of diesels in 1957, 8227 units.
At 1500 h.p. average, 12 250 000 h.p.
At $45/h.p., $555 millicn.
Total investrent . road $1925
: yard 533

total $2480 m

* Actually, the last fem steam Iocomatives made in the United .
in 1957 and 1953 did cost approximately this amount.
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jaterruptions during the past few months due 1o break
Jdowns associated with the locomotive. Recently, motorisf
driving into Montreal had seen five commuter trains htd

T up head-to-tail due, he had been informed, to a scavegige-
plower-beadng failure on the engine of the leading 13 hin
So far as it had been possible to ascertain, thope five
failures were due to the following casses:

(1) Failure of a scavenge blower bearing.
(2) Failure of a heat exchange compones
(3) Failure of an electrical component.
(4) Failure of an electrical controller.
(5) Failure dus to overheating. _

The low thermal efficiency of the stes
wminly called for improvement, but it Appeared thar the
higher efficiency obtained from the fiesel-electric loco-
motive was penalized by the introdugtion of wnacceptably
high maintepance costs and a very uestionable degree of
yeliability in service. - .

Possibly a compromise sclution/ would be the use of the
diesel combustion process in fssocistion with a turbo-
‘mechanical drive, That could by met by gasifiers such as the
crunk sysiem successfully jhstalled in locomotives im
Sweden, or the free piston phsifiers installed in locomotives
o United States of Amesica. Of
those two alternatives the/free piston system would appear
ver the crank system, as the use of

comparable to that Af electric drive without the accompany~ '
hd way of some 115 per cent transmission

wis no limitation to the size of locomotive,

Tt was surfrising that the only active development of the
pasifier Jogfmotive in Furope was in two countries com-
mitted to/ a policy of full electrification, and it would
have begh expected that the country whick spent money
investigating such devclopgle.n.ts as the Ljungstrom turbo~
Tocombtive, the Kitson-Sall hybrid, the open cycle gas-
e, and other less promising developments to have
paid more attention 1o the gasifier-turbine compound
eyline with its much higher potential, in regard to both
inmediate benefits and long-term prospects.

Mr H. G. McClean, B.Sc. (Eng.) (Member), wrote that
those who, like himself, had had substantial expericnce of
dieselization both in the United States and on railways over-
seas, must feel that the paper presented a misleading picture
of the results of dieselization of American railroads, now
substantially completed. |

Based on 1.C.C. statistics for United Srates railroads as
a whole, together with some diesel-electric costs for
selected railroads, which readers were asked to assume were

typical, and finally some steam costs (all highly presump-

tive), the author had reached the conclusion that the merits
of dieselization ‘on United States railways were largely
FProc Instn Mech Ei rgrs
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imaginary; that the publicized statements of its benefits
were emroneous; and that dieselization had not been an
economic advantage.

Those findings were those of the author alone and were
not representative of those of United States railroads, either
collectively or individually, and were in conflict with
published statements of practically every United States
railroad president. .

Having established to his satisfaction that modern steam
power would have been more economic than diesel, the
author had withdrawn from advocating a return to steam
operation, leaving a vacuurm, presusmably to be filied by a
recommendation for electrification in his subsequent paper.

It seemed desirable, therefore, to withhold full corament
until the author’s presentation was complete, But some of
his conclusions must be contested immediately as they
might otherwise be highly misleading.

The United States railroad system comprised rather
more than 100 class I railroads operating primarily for
profit, deriving their revenue and profit almost wholly from
bandling freight, and engaged in intensive competition,
both with road haulage, and with cne another, Equally, the
locomotive builders were ggpressive competitors. It was
reasonably certain that any decisions made a3 to the opera-
tion of those railroads would each be taken individually by
the management of that railroad, based on the figures for
that railroad, and for that railroad only. '

If the author’s presentation was correct, then the fine
managements of those many raitroads (and of the loco-
motive builders) were, without exception, by implication
incompetent to a point which would constitute negligence,
and all those railroads had, by the author’s paper, been

' deliberately misled in their policy of diesclization by the

erroneouns claims of the locomotive manufzcuring industry.

* Locomotive repair costs. Essennally, had the author ar-

tempted to justify his presentation on the basis of the
diesel locomotive repair costs presented in Fig. 21, and
especially the rate of increase with age. ; -

Those were figures for some selected railroads, and the
slopes of the curves wers, of course, particularly sensitive
to the accuracy of values at about the 10-year life. The slope
of the author’s curve was unreasonably high.

In Big. 28, superimposed on the awthor’s Fig. 21,
were values for locomotive repair costs from another
laree United States railroad, well known, and early active
in dieselization. Those values were actual costs, not adjusted
7o 1953 price levels. Such adjustment, obviously, would
tend to make the rate of rise with age even Jess. It would
be seen that those figurcs were very much below those on
the author’s chart. : )

However, the figures wonld be cqually misleading if they
were used to develop generalized statements since the values
were most likely well below the average for most railroads.

Fig. 28 showed for that same railroad the curves for

_repair costs for successive additions to their locomotive

fleet and confirmed the general form of the curves, |
It might be repeated that each individual railway would
Vol 175 No 5 196
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make its decisions on motive power based on its own cost
figures.

It was, f].lrthermorc, posst'ble to dispute the author’s
figures by diting statements made publicly by most United
States railroad presidents in placing on record the economic
benefits of dieselization.

In May to July 1955, thers had been correspondence in
the American raifroad press on the increase with age of

maintenance costs of steam and diesel locomotives. At that

time Mr. John M. Budd, the President of the Great
Morthern Railway (a railway which was eiectrified throngh
the Cascade Tunnel) wrote, % . . Those who aretrying toselt

_ electrification to the raflroads have made the same assump~

tions .-. . thar there is a constant ris¢ in the unit mile cost
of mainmining Diese] iocotnotives. We have taken exception

’ tothattheoryandbdmvchaveprmydeﬁmtepmfthatn :

will not stand careful examination, . . . An analysis of care-
fully kept figures on a unit basis for 92 F-T Diesel loco-

_monvesgw:sdcﬁmtemdlcanonofacyclemrepaumsts

per unit mile.., . We made heavy repairs to these loco-
1notves afier about an 8-year life. In the following year the
cost of repairs per unit mile dropped back to about the same

: levelasthx:medmtharthlrdyca:ofhfe,wm:hwas

slightly higher than the repair costs for the locomotives
when they were new. . . . We aiiticipate our repair costs per
unit mile will level off’

That railway’s experience, 195560, had confirmed the
accuracy of Mr. Budd’s forecast, with unit repair costs
following the same general curve superimposed on the
author’s Fig. 21.

Fuel costs.  Fig. 22 showed comparative costs of fuel on a
B.t.u. basis. That was perhaps unfortunate in that it might
lead the reader to imagine that the cost of fucl under
dieselization had been higher than steam locomotives, coal-
fired or oil-fired.

However, the author’s text suggested fuel costs for road
locomum was $367,000,000 in .1957 when coal would
have cost $408,000,000; and even: so his method of cal-
culation might be questioned as unfavourable to diesel.

Proc Instn Mech Engrs

COMMUNICATIONS

- Depreciation and obsolescence. The auther had implied thay

the depreciadon allowance allocated to diesel locomotives
when they were originally purchased was inadequate, QOp
the information then available, the assumed life of a road
locomotive was geperally 20 years, and there was ample
evidence to indicate thar the locomotive was, and was going
to be, a sadsfactory piece of operating equipment m
thatage.

But he was critdcal because the ma.uufactm-ers, by an
active programme of continuous product improvement
with the encouragement of the railways, had made I
possible to establish economic justification for replacemen
or remanufacture of the locomotive before it had reached
its 20-year life. Constant product improvement had made
it possible to increase the capacity of the equipment by the
order of 34 per cent per anmum average, but with lowu
majntenance costs.

It was a perfecily kgrumatc and desirable commerdia
practice, both for a railroad as for any economic under
taking, to purchase equipment on a wellchosen valne of
depreciation, but subsequently to seek to obsolete thaf
equipment by something more efficient in less than jt
assumed full life, There would frequently be a tax advantage
to the user in so doing.

Long economic life frequently involved technical stag.
nation. One of the great demerits, surely, of electrificatior
was that it froze the product in the form in which it was
installed because that required such 2 high first-cost invest-
ment, Clearly, the United States locomotive manufacturer:
were going to try to improve their product at such a rate
that the railways would be encouraged to scrap and buy new
with economic advantage in so doing.

" Traffic., The graphical pmmtnti&n of traffic in Fig. |

might tend to be misleading unless it were emphasized tha
85 per cent of the revenue of the American railecads came
from freight traffic, and that, by and large, that was the only
traffic of importance. The statistics, as presented, migh
give the impression that passenger traffic was more im-
portant than it was. The exceptions, such as the New Haver
Railroad, with which the author was associared, were fay
from typical.

In Part II there was a reference to the acdviry of r.hc
automotive industry in promoting the sales of diesel-electric
locomotives, perhaps with an implication that that was ar
improper promotion and ‘campaign’ when the economis
claims justifying the purchase of diesel locomotives wer:
inaccurately presented. .

For the benefit of the uninformed, perhaps it would haw:
been desirable that the author should have made it plaic
that the reference to the automotive industry should noi
be taken to imply that automotive manufacruring faciliriet
were converted to locomotive manufacture,

The diesel locomotive activity in the United States wat
initiated by a group of men who spent the whole of theb
lives in railwzy motive-power actvity and who latterl]
became associated with an automobile manufacturer whe
provided necessary additional management, philosophy
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.“tcl.‘hmques, and means, especially in the area of shlls n
- yolume manufacture of standard units.

Assumed steam locomotrpe costs. ‘The author assumed z
steam Jocomotive cost of 345 per homsepower in 1953 and
a typical size of locomotive having 5000-rail h.p. It would
be helpful if he would indicate the weight, wheel arrange-
ment, boiler, and grate of a typical Iscomodve of the class

that he had in mind. Experience had shown, in his opinion, .

"that it was difficult to make 2 proper comparison between

the power of a steam locomotive and 2 diesel locomotive for
regular day-in day-out opetation. The output from the
diesel locomoative varied but Little from day to day or year
to year, but there was 3 substantial difference between the
performance of a steam locomotive in a new trial (when
most of the published tests were conducted) and the average
- of its performance in day-in day-out service. On the Iatter
basis a steam locototive havmg 5000-rail h.p. was a very
big locomotive.

Large-horseporer :mgIe-bmm e, Thc author had
stated that American manufacturers ‘have not been able 1o
build’ single units of much more than 2000 h.p, That state-
" ment presumed that the several United Srates manu-
facturers believed that it was desirable to atternpr to build
such uaiss but did ntot know how to do so. In fact, most of
those manufacturers had held the belief thar the retention
of the muliple unit'concept of smaller units was a better
policy for both operator and manufacturer, and experience
confirred their view.

It was the anthor’s presumption that they could not have -

{ done so had they made the attempt. In fact, one manu-
facturér had produced a larger, unit. He was not now
actrvely in the United States railroad Iooamouw: business.

Economic vesults of dieselization. 'I'heamhor’sbasacmn-
clusion was that dieselization had been a mistake, ‘Nothing
indicates that the change in type of motive power since
1940 has had a bearing on—operating expenses—unless
unfavourably’. That sweeping statement was completely in
conflict with the conclusions of every railroad in the United
States, without exception. It would be possible to quote
almost every United States railroad president to the con-
trary in statements made at one or other of the annual meet-
ing reports of ths past 10 years. The statements were in no
way invalidated by the fact that there had been a rise in
operating ratios, and the author, in effect, had subsequently
disproved his own statement by his reference to the saving
in fizel cost alone. If any reader was in doubt he should seek
opinions direct from individual railroads.

But perhaps the best refutation of the guthor’s statements
came from the action of the Norfolk and Western Railroad.
That was a large eastern railroad, heavily engaged in hauling
coal and with, therefore, every incentive to use motive
power energized by coal, whether steam locomotives or
elecrrification. Some 100 miles of thar railroad had been
electrified through a mountainous area handling heavy
{ traffic in 1914 The railroad had abandon:d the electrifi-

" cation in 1951,
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Thereafter it had operated a flcet of modern steam loco-
motives in a way whkich was well known and admired
thronghout the world as a dlassically fine steara locomotive
operation. In 1955 the Norfolk and Western Railroad had
made the decision to buy their first diesel locomotive, and
in 1958 had decided on complete dieselization. At the time
of that decision they had a background of previous expcn
ence of clectrification. They had excellent comparative
operatmg costs for steam locomotives, possibly the best
figures in the United States, and equally, as late starters,
they had available to them from all the other railreads that
had been dieselized, data on the results of dieselization on
those lines to supplement their own diesel experience. The

. Presigent of that railway, speaking at Roancke 9th February

1960, said, ‘Our dieselization programme was a major factor.
in enabling vs to improve our operating performance &0
substantially in 1959°, No more outstanding example is
available to disprove the author’s statement ‘Diesel motive
power has added to the financial burden of the railways’,
Many persons would reserve further comment until they
had read the author’s subsequent paper on electrification.

Mr P. A. McGee, Mem. AS.M.E. (Ventnor, N.J.),
wrote that the great mert of the paper was the presentation
in one paper of important operating datz from I.C.C.
records, It, however, suffered from the mdusxon of un~
necessary and confusing details,

Perhaps the chief error was the omission cf mportan:

. operating and cost indices and their snbstitution by the

author’s unsupported opinions which were largely refuted

- by available data and the substantial operating railroad

records.

The extraordinary increase in class I railroad yearly
operation expenses from 3 billior to & billion dollars per
year in the short period 1940—45 was naturally the cause of
great concern to United States railroad management.
Millions of dollars were spent by railroads and many-

| facturers between the late 19305 and middle 1950% in

- designing and testing all kinds of direct steam and steam-
electric power and gas and solid-fuel murbines,

The results of those tests and the conclusions drawn from
them by the most competent and experienced talent avail-
able were no secret and were well known to United States
railroad management.

The author’s assumption of a mysterious hypotheumi
steam locomotive for a comparauvc cost study with diesel
power was, to put it mildly, quite unconvincing.

The author had stated that after the first fush of suceess- -
ful diesel pcrformancc that doubts had arisen zs to whether
the economies which developed with diesel power were not -
the result of other factors which, he stated, was & natural
development. From his own continued association with
responsible railroad personnel and a close study of current
operating results—and as could be shown from the record
of recent diesel purchases—that erroneous opinion appeared
to be confined to the author and his associates ar 32nd Street
and Church Street, New York.
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Thete was po monopoly in the application of any par- .

ticular power on United States railroads. If there was a
better steaga or a better gas-turhine or electric locomotive,
aﬁthatwasrequiredwastopmduceit;andthcrewould
undoubtedly be a ready response by manufactarers, coal,
and residual oil suppliess,-and the railrcads. *.

The substitution of diesel for steatn power was the result
of an extensive operating study which would continue as
_ long as operating records were available, The purchase of

some $3,500 million of diesel power, as mentioned by the
author, required the approval of 110 Boards of Directors
and the financing support of banking, financing institutions,
and insurance companics throughout the United States.

Hehimselfhadhadanm:nsiveexpuiminraﬂrmd
dcctﬁﬁcaﬁonanddiaelopﬂaﬁonsinceitsinuoducﬁon

in 1937, and it so happcnedthzthehadprepared, at the -

end of 1957, a record of diesel performance between the
years 1941 and 1956. :

Statistics were invariably tedious, He bad, howevez, ;e’- _

duced his 1957 study to include only the essential operating
indicaandcom,wi:hpgrﬁculzrrefe:mcewﬁ;d,mainm-
ance, engine men, znd engines house expenses. He believed
tha:thcywauldbefomdmbeinfonnaﬁnandve:y
interesting. o . _
Tableﬁwithopmﬁngdemilsfuralldasslmﬁvcpower
‘and freight movernent at 5-year intervals from 1941 0
1956 and the available data for 1959 were reduced to 16
stems. Those 16 items gave the full pertinent data of total

Table 5. Summary of certain United Smmofdnm'cadanlraiboado_pna:ﬁtgdamfarmﬂeﬁbyﬂﬂ. McGecm

. COMMUNICATIONS . . ool -

operating costs and compaxative Costs of actual steam and -
diesel power for the approximate 220 000 miles of class 1

Ttem 1 Gross ton-miles (G.T.M.) of trailing freight was
fairly uniform from 1946 to 1959.

Ttem 2 The freight G.T.M. per freight train hour sup-
plied the most sigaificant operating indices of
freipht movement. It explained the whole

.tempo of freight movement and what must be
its operating cost basis. From 1941 to 1959,
thar index improved by nearly 90 per cent.

Ttems 3 and 4 gave the relative G.T.M. of freight hauled
by steam and diesel power. In 1941 freight
diesel operation wes insignificant and in 18

~ years was over 98 per cent. z :

Trem 5 Total operating expenses which were approxi-

-mately $3000 million in 1940 doubled to
$6,000 million in 1945. In the following 14
years with double the basic material and labour
cost, the total increase in operating cost with
diesel power was limired to the same amount,
$3,000 million dollars. That control of
operating cost, as would be shown, was largely
medbythcimpwvedop:ra&ngrateof

- jtem 2 and the fuel cost item 13.

Jtem 6 The large contribution in national taxes should

be noted by critics of the profit motive.

12-9-1957, to show the influence of diesel power on the performance indices; operating expenses with increased costs
Ttem Subject 1541 1946 1951 1956 195%
1 Total freight G T.M., billwns - . 1,193 1,361 1,440 . 1,447 1,300
2 Freight G.T.M. per main . 33,000 37,057 46,407 57,102 61,925
3 Pexcentage by steam . . or5 880 45-6 90 03
4 Percentage operated by diesel 02 97 5245 B89-1 o8-2
5 Qperating millions of dcllars . . 8,106 £9,.077
] Taxes in millions of dollars . . . 8547 8408 $1,203 $1,121 81,043
7 Average yearly compensation per employes $2,045 £3,068 24,133 £5,102 $6,100
8 Ratio of average yeacly compensation per employee, basia 1941 . 19 5 20 2:5 39
9 Rartio of cost of 5 freighe cars} sigoal equipment . i-0 12t014] 1821} 221027
10 Basic cost per hup. typical 130-10n diesel ralroad unit $50 $93 $108 $101 - $04
i1 Fuel unit cost:
steam cosl per ton . . . . . $23 836 $5-00 57 5.4
steam oil per gallon B . . . 2e. 3-0c. 4-6c. 5-4c. 4-9¢.
diesel oil per gallon . . . . 45¢c. 55¢ 9-5e, 16-2¢. 9-8¢.
12 Fuel and power total road and yard:
) steam illion tons . B . 98 160 A8 85 &3
steam oil, million gal. . . 3484 3878 2031 1800
diesel oil, million gal. - 186 511 2262 3581
electric, miilion kWh, . . 1893 1672 1566
13 Fuel 1000 G.T.M. per $1-00 cost:
steam coal . . . . . 6,250 3,900 3,030 3,087 2,570
steam -oil . . 4,700 3,470 2,130 1,959 2,376
diesel 12,250 10,250 6,420 5,290 5165
electric . . ' .. .. . 3,200 3,7 3,300 2,959 2,457
14 « | Fuel and power total cost all services, million § . . R 5322 §518 $562 - 844 5419
Fuel and power total cost all services, million § et 1959 unit cost . 5855 %012 8652 £435 419
15 Tocomotive maintenance road and yard . - . - - 314 576 633 512
Locomotive maintepance road and yard, million § az 1956 unit cost 635 721 634 512
16 Engine house and engine mén road and vard, mitlion § . . 269 632 743 759
Engint house and engine men vozd and yard, million § ar 1956
, rates . . .o . . . . . 924 1,260 1,160 759
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Iterns 7 and 8 The average employes compensation in-
creased by one biliion dollars every 5 years.
" Irseffectonitems 2, 15, and 16 should benoted.
Ttems S and 10 The increase in material costs wasless than
labour increase items-7 and 8. A very interest-
ing development in diesel power showed prac-
tically no incresse in cost on 2 h.p. basis over
the years since diesel road power was apphed.
All fuel costs had increased about 100 per cent
in the l4-year period. Its cffect on items 13

. and 14 should be noted,
Jrerm 12 Total fuel quantities, This item deserves the
special attention of all railroads of the world.
In 10 years 1946-56 the application of diesel
power saved over 90 million tons of coal;
3700 million gallons resideal oil; 330 million
KWh with aa increase of about 3000 million
gallons of diesel fuel, On the basis of 1959 onit
costs, that represented a saving of approx-
mately half 2 billion dollars per year, The total
amount of diesel fitel required with practically
100 per cent diesel operation was considerably
less than the total resideal oil consumed in
1946 with about 185 per cent of the total

freight movement.

} Ttem 13 G.T.M. per $! fuel cost. That important index,

not commonly published with yesr statistics,
confirmed the savings mentioned in items 12
and 14,

Item 15 Locomotive maintenance. That item represented

for recent years about 30 per cent of total
equipment maintenance wmd with succeeding
years and more labour. content in freight and
passenger-car maintenance would become pro-
gressively less. At 1956 maintenance rates,
diesel power for 1946 showed a yearly saving
of abour $200 million.

{Item 16 Engine housc and engine men. Those very im-

portant cost items were practically all employ-
ment compensation and very sensitive to the

requiresnents of locomotive servicing and the

crew costs which were largely influenced by
item 2. At 1956 rates, the diescl power showed
a saving in 1946 operating cost of over half a
billion dollars.

Table 5 did not by any means represent the complete
savings derived with diesel power. The large potential
savings in maintenance of way was not included which,
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without going into details, might ezceed those of main-
tenance of equipment, Nor were the very large savings with
the exteosive closing down of the mandatory tunnel,
terminal, and grade electrifications included.

The total out-of-pocket savings of approximately $1,200
million per year with diesel operation as developed in
Table 5, however, sufficiently refuted zny opinion or sug-
gestion that diesel motive power, with a claimed investrient
of §3,880 million dollars, represented any financial burden
to the United States class T railroad system. .

An investment which paid for itself in less than 3} years,
and thereafier saved probably over a $1500 million per

year, spoke for itself,

Mr J. E. Owen (Doncaster) wrote that on p. 265, under
Locomotive Expense Tterns, the author had dealt with the
subject of depreciation and had stressed the importance of
using a correct depreciation rate in the accounting process.
That rate was shown o be dependent on the economic life
of the asset, and figures of 30 years and 12-14 years were
quoted for the economic life of steam and majn-line diesel
locomotives respectively. That economic life was deter-
mined largely by three considerations: (1) The increasing
cost of maintenance ag the life of the asset was prolonged.
(2) Technical obsolescence, (3) Non-technical considera-
tions, such as, for example, Company policy, the incidence
of taxation, or, in the author’s words on p. 265, ‘a ruling of
the 1.C.C? . -

There was little doubt that the rate of increase in main-
tenance costs would be somewhat greater in the case of the
diesel cngine than the sttam engine, and the diesel engine

- was probably more vulnerable to technical obsolescence.
" Already, particularly in Germany, a strong movement could

be seen away from electrical transmissions to various
systems of hydromechanical transmission. But he ques-
tioned whether those two things alone were sufficient ro
reduce the economic life of the diesel locomotive to onl
14 years. :

He would like the author to state to what extent thar
relatively short life of 14 years or thereabouts had been doe
to entirely non-technical considerations which mighr have
been used to support a “scrap and build® policy.

The importance of the depreciation figures in that case
could scarccly be over-stressed, since it appeared om
reference to Table 4, column 4, that the saving of 716
million delars attributed to steam traction became in fact
2 saving of 11 million dollars to diesel traction if the same
rate of depreciation had been applied to Both steam and
diesel Jocomotives. .
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1ype of development and must log
i a-dothmotive That industry bad

Inreg-ardtoMrOwcnsquayrelanvctothc:nmtthe
- short life of diesel-electyic motive power had been due to
non-technical considerations, such as company policy,
incidence of taxation, or niings of regulatory bodies such
as LC.C, it was his considersd opinior that those factors
had had lLitle bearing on the retirements made to date,
shown in Fig. 30. That figure confirmed the short economic
and service life, regardless of analysis of statistics. ¥ncreasing
repairs with age and obsolescence had been the real factors.

Several failways had attempted to rebuild diesel loco-
metives in their own shops, as steam locomotives once were,
but it had been found to be usually tov expensive. The
heavy overhanl of a steam locomotive was mot greatly
different from its original manufacturing procedure, and
nearly all large railways had shops with trained labour and

_ supervision to handle suchk procedure. In fact, several large
rzitways built their own steam locomotives,

An entirely different type of motive power had. then
entered the scene. The former shops, faclities, machines
and type of skilled labour were all rendered i
21l had to be replaced by something different (see Fig. 16).
On that new equipment new unit assemblies replaced an
entire assembly on which a lesser item bod failed, After
removal the faulty item was found and replaced and the
assembly awaited another replacement. There came 2 time,
with age and service, when too many tmits and assemblies
were out of service because too many items needed atten-

tion. Few shops equipped for simple part renewals or unit

assembly replacements could cope with complete heavy

overhauls, except in special cases. One diesel manufacturer,

as part of his ‘service’ to the railways, had even designed the
"shops for their repair up to that point. For the final heavy
overhaul, after about the twelfth year, he said, “let ns rebuild

it’, But he would not tear down and rebuild it in kind. It -

must always be 2 ‘later model’ like an automobile, not only
with increased capacity, but with greatly changed appear-
ance. ‘Streamlining’, once the trade-mark of the diese] loco-
mative, had become old style—obsolete. Even the under-
frame, or car-body, as it was called in American railway
parlance (Sir. Ralf Emerson in his discussion had called
that the hull), was no longer adequate. So the old unit was
perforce—~—retired—scld back to the manufacturer for a
small fraction of its original cost. In time, 2 new (f.e. re-
built!) unit was received in return, costing more than the
original unjt, and which must be paid for anew, on the
“chattel mortgage” basis.

An important question being asked today in the United
States by all consumers of modern’automobiles, household
appliancgs, even railroad metve -power, was, how much
built-in obsolescence is therein th:sappamms whenit is pur-
chased new ?* It was a legirimare question and a serious one.

Proc Inste Mech Engrs

" Mr McC‘ean had found that the paper presentad a ‘mis-
lwd.mg picture’ to one lke himself having substanrial
experience of dicselization in the United States and on
oversea railways. He himself had bad 2 lLitde reifeay
experience in both areas. He quite understoed that Mr
McClean, from his position as Manager of Export Sales of
the largest American manufacturer of automotive highway
vehicles and railway diesel motive power, conld not be
otherwise than at wide variance with the paper at every
point possible.

In the sscond paragraph of his discussion, he had cor-

rectly, and with precise wording, summarized the con-

clusions reached in the paper. To state, however, that ‘those -
findings were those of the author alens’, however compli-
mentary that might be intended, indicated that he had beeny
more attentive to the sales than to the performance of rail-
way motive power in the United States during the past few
years. That again was to be cxpected from his positon.

Three times in his discussion he had invoked all the
United States railroad presidents to support his opinions
against those expressed in the paper. A poll of opinion could
hardly be accepted as conclusive evidence, If he acrually
could show from his own or frora any other investigations,
evidence to refute that offered in the paper, it would seem
more factual than to ‘call npen all the gods at once’ to blast
that base traducer of the good name of the American diesel,

Possibly he felt that the gods were on his side in that
matter. About three years earlier the diesel manufacturing
company he represented, in a series of front-cover advertise-
ments on the leading Araerican railway weekly magazine,
bad homoursd in tarn many of the prominent railway

idents. Their portraits were presented in, colour over

the trade mark of the manufacturer, with the caption, ‘Men
who have built the fiturs of the American Railroads -
{obviously, no doubt, by pur:hasmg diesels: fmm the -
sponsor).

Few railroad presidents in the United States had ad:.r.eved
that position of responsibility because they were motive
power experts. For a large railway supplier to couple their
names in that manner with its product might have been
dramatic sales promotion, but it could be considered to be
pointing in 100 many directions in these days when the sale
ethics of s0 many larpe American business enterpri
were under fire. He would simply point out to Mr McClean
that that action af his company had pessibly placed those
busy officials in a position where to call upon them for
testimony in that matter, gither pro or con, might be some-
what embarrassing to themn.

Mr McClean had then made a serions chargc, which ha
himself could not accept and must counter:

‘If the author’s presentation was correct” {and the
author will continue to endeavour to show thatitis) ...
‘then the fine managements of those many railroads (and
of the locomotive boilders) were, without exception, by
implication incompetent to a point which would constitute
neglipence, and that all those railroads had, by the
anithor’s paper, been deliberately misled in their policy of
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. mznufacturing industry.’ .

He wished it to be clearly understood: that the association
of all those ideas in that staternent was made by Mr
McClean. e himself had made no smphicasions of any kind

in the paper. He had been extremely careful not to couple
any ‘claims found to be erroneous’ with any ‘Jocomotive
- manufacturing industry’. No statements of any kind had
been attributed to any individual or group, unless it was
clearly on the record. o
Mr McClean apparently had resd into the paper in too
mmyplaces,id’usthathchadm:said,writtm,thought,
or ‘unplied’. Every statement had beenm given careful

. dieselization by the erroncous claims of the locomotive

thnught,bemusethepaperwasmnmwannmbernf )

p:evaﬂingopiniom.Funhctonhhisdiscussionundcrﬂae
heading ‘Traffic’,-he hed again made similar charges,
mociaﬁngwiththcword'campsign’,-hisownwords
*improper sales promotion” and ‘claims justifying the pur-
chaseofdiesdswucinamxrat:hprm@d’.- :

" Since Mr McClean had introduced all those pointed
' gtatements to the attention of the readers, he believed that
ﬂieyshou]dbemrmcdyinformedﬁmnﬂurewrd(pa:tof
whichhadbempubﬁshcdnnlyrecmﬂy)asmfustwhattbc
“Jocomotive manufacturing industry’ did tell the railway
- indunryabomdiuelimﬁoninthoseearlydays. It now

-became a vital. part of his reply to Mr McClean’s entire
discussion,andthrcwmﬁrclynewligh:onthesubiectof
tire paper. Itp!acedhimonmchﬁ:mu’gmunﬂ,aner
McClean very much on the defensive. :
: HehadalmdyshowninhisreplytoLt-GoL Fell’s
remarks, cxactly what the Vice-President of the Baldwin
Locomotive Works, speaking ‘on behalf of the three
. recognized locomotive builders in this country’, had toid
the railway industry in 1935, The performance records, as
showninthepaper,scemcdtoshowthzttheidmexprmed
byMrBh:kgrdatthatﬁmzwmnotonlysmmd,but
prophetic.. ' : .

At that same meeting in 1935 he had slso made the
‘additional statement:

“Therefore; the field of probable profimble application
of the Diesel locometive is pretty generally indicated at
work speeds not exceeding 10 miles an hour.’

That forecast to the railways was also confizmed by the
statistical record which the paper presemted.

In those statements the managements of the (then) lead-
ing locomotive manufacturers, who, with the collaboration
of the leading electrical manufacturers, had been making
diesel locomotives for yard service since 1925, electric
locomotives since 1905 and stcam locomotives since the
earliest days'of their production in the United States, gave
the railways their best advice concerning the economtizs 10
be expected from the diesel, in comparison with steam
power. Why should they have tried to expand the sales of

a product they honesily believed would net'be as economic;
as steam ? Its first costs and its maintenance costs would be

much higher. No one could say that the railways were
Proc Instn Mech Evigrs

‘deliberately misled’ by ‘erroneous claims’ made by any one
of the steam locomotive manufacturers, The fact that some
of them were no longer in the locomorive manufacturing
business in no way invalidated the advice given. It had been
confirmed as sound advice by the subsequent performance.
Quire recenily, and quite timely for the present discussion,
e had received a booklet™ sent out to all the sharcholders of
the automotive and diesel manufacturing corporation with
which Mr McClean was associated. In that, there was 2
short chapter entitled ‘Steam versus Diesel’, which was so
germane to the discussion that he wished to quote two
consecutive paragraphs from it verbatim. They showed the
sales approach of that manufacterer, by ifs omn acknowledge~
mau,withthemilwaysrelaﬁvemitssakspmmﬁonof
‘Laoking back after the many years Diesel locomotives
- have been in service, the advantages of Diesel power as
compared to steam power, for Iocomotives, are obvious.
The record speaks for itself. But in the early years of the
Diesel locomotive industry, it was necessary to dramatize
thess advantages even to prospective customers who were
.ot steam-engine minded. : o
‘Among other sales tools, 2 method of selling was
developed, and is in use today, called an economic study.
Based on the performance record of Diesel electric loco-
motives of all types that were in service, it was possible
to project the economies and retum on investment of
replacing alt steam power with Diesel electric equipment,
These studies became the standard method of sellifig in
1946,bemusearcmmontheinvesrmmtofupmrdsof
thirty per cent per year could be shown in comparison
with steam operations,’ : .

There was disclosed for the first fime to himself, and he

now shared it with the reader, the source of the claim, made

all those years, for the ‘thirty per cent per year refun on
investment®, It really was made by that manufacturer in
1946 to dramatize the product they wanted to sell. To call -
an economic study a-‘sales tool’ developed in 1945 to pro-
note the sales of diesel locomotives, was akin to saying the
mariner’s compass was developed by the Cunard Line to
promote trans-Atlantic travel. :

It should be noted that the “thirty per cent savings per
year’ in no case had been the actual savings made by the
diesels installed, but in every case wers the estimated savings
which could be made, if al the railways were dieselized.
That was estimated to be $350,000,000 in 1946 in the
booklet referred to above. :

1t should alse be noted in his reply to Mr Cendie relative
to the number of diesels in service, that about 58 per cent
of the diesels were in yard service in 19435 (on which year
any estimate of diesel performance would have had to be
based in 1946). No doubt those had made notable savings.

Also should be noted, from Figs. 31 and 32, the quite
small percentage of total diesel operation which must be

*mapnified’ to become the toral, in 1945486,

It was curious 10 note also that in 1957, with but 69 per
# (G.M. CORPORATION 1961, p. 8, "The Electro Motive Sory'.
Vol 173 Ne 5 1961



cent of the motive power, and the corresponding reduction
in train performance, those estimated savings over steam

tion had grown to $1,000,000,000 (Mr McGee now
stated that in 1959 they were $1-5 billion).

These was no lopger any wonder in his own mind why,
jn his search through all the statistical records of acrual
operating performance, ke could find no substantiation of
those "dramatized” estimares.

No railway electrical engineer, with any knowledge at
al] of economics, would ever suggest that ol the railways of

the United States be electrified. Thar would be nonsense.

Neither should have any locotnotive manufacturer ever
suggested that ol the railways be dieselized, except for
their own profit motives. There were many places in the
United States where it would have been far more economic
to clectrify. There were many places where diesel operation
was without doubt the proper and economic method to
use, just as in every other country in the world. There was
a proper and ecconomic place for steam operatiom, as
demonstrated by a number of railways, until steam could
no longer be obtained or maintained. ‘The place for each
type could still be found by economic studies that were not
dramatized sales tools.

Nor content with the climinstion of steam, one diesel
manufacturer had continued its dramatic ‘sales-tool’ studies
of existing electric operation in comparison with substitute
diesel operation, with the script written in red ink for the
elecrric, and in what appeared to be lerters of glittering gold
for the diesel.

' ‘The Interstate Commerce Commission, reporting recently
on the wretched state of affairs of one railroad, which had
received and acted on such a deamatized sales-tool® study; -

described it quite aptly as “a mirage’.

Locomotive repair costs

Under that subject, Mr McClean had pmcntcd Fig. 28 as
evidence that repair costs shown in the paper wers not
typical.

Those had the appearance of ‘cumulative’ repair costs.
That was a method of keeping repair costs, devised by the
manufacturer, to disguise the true rise. Cumulative costs
had one-half the actual rate of rise with age.

He had then stated that those *would be equally mis-
leading’ (as those shown in Fig. 21), ‘since the values were
most likely well below the average for most railroads’.
{As indeed they were.) Why then should such figures be
presented as evidence ? Why not show just what the ‘typical
costs’ were, if he had them. The costs shown in Fig. 28 were
a5 far below graph A in Fig. 21, as the graphs B, ¥, G, and
H were above graph A. Graph A was calculated for a 15-
year life (used in the comparison with steam power). The
slope of graphs B, F, G, and H indicated economic lives
of from 12 to 14 years, and were confirmed by retirements
shown in Fig. 30.

He had then cited a statement from z railway president
to the effect that diesel repair costs on his road ‘levelled off”.
That was even contrary to Fig. 28: It was of interest to note
that on that president’s railway, 87 diesel units had been
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retired up to the end of 1959, That was exactly the number

in service on that railway at the end of 19486, 13 years before,
thus again confirming Fig. 30 which, per se, confirmed
Fig. 21. ’

One inreresting point was noted in Fig. 28: the graph for
the latest unit {or group) starting in 1950-51 had a stecper
rate of rise than the graph for the earliest unit {or group)
starting in 1945. That was to be expected, if the engine had
been given a higher rating. The marerials would be working
harder, and the repair costs would rise at a greater rate,
Since all costs in any one year were comparable, adjust-
ments for price levels wonld have no effact on that relation-
ship., That was poor evidence of lower repair costs due to

Fuel costs

To Mr McCiean Flg 22 was ‘unfortaate” and mxs!eadmg
because it presented fuel costs on a B.t.w. basis so that they
might be equitably comapared. That figore was simple and
factual and would mislead no intelligent person when con~
sidered with the text it was designed to illostrate.

He had referred to the acrual fuel cost in 1957 of
$367,000,000, as being ‘suggested’ in the text That cost
was shown in Table 1a. He thonght that the method of
calculation, shown fully in the text, of $408,000,000 for
equivalent coal ‘might be questioned as unfavourable o
diesel’, but he had failed to submit any evidence to support
his statement, or even to outline his ideas of a method more
favourable to the diesel.

Depreciation and obsolescence

No one,in the period 1942-50, had any reason to quauun
the 20-year life that had been agreed upon jointly by repre-
sentatives of the rzilways and the mapufacturers with the
LC.C, for accounting purposes. The line-haul units in
service at that time were too new. By 1953 there were a few
scattering indications that some might have a shorter Life,
possibly 15 years. As Late as 1954 he had used the 20-year
life in a technical paper*.

He agreed with Mr McClean that ‘there was ample
evidence to indiczte that the locomotive . . . was going to
be a satisfactory piece of operating equipment at that fime’.
There was no “mmplication” in the paper otherwise.

Mr McClean had then attributed to him statements not
made in the paper: (The author). .. ‘was cxitical because
the manufacturers, by an active programme of cortinnous
product improvemeny, with the enconragement of the rail-
ways, had made it pussible to estzblish economic justfi-
cation for replacernent or. remanufacture of the locomotive
before it had reached its 20-year life." By that phrascology
he was stating that the railways had figuratively said to-the
manufacrurer(s), ‘we know cur locomotives are only 12
years old, and we can use them just as they are for another
8 years, but we know they are obsolete from what you have
* Brown, H. F. and Kimearr, R. L, 1954 Amer. Inst, elect. Engrs,

Paper No. 54-29, *A Reappraisal of the Economics of Railway

Electrification: How, When, and Where Can it Compete with
the Diesel-Elecrric Locomotive’.
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told us. Please take them back and rebuild them to be like
the two you sold us this year, They are bigger, and we will
only have to use three instead of four.'

If Mr McClean, or his company, believed any railroad
in the United States was in a finandial position to do that
with their motive power, unless it had become ingperable
_ormoexpensiv:tomnﬁnnetorepaix,thcyhadbcmme
self-deluded by their own philosophy. Railway traffic had
declined, and was continuing to decline. On muost railroads
three old uaits could do the work of four formerly required,
ingm:ra],ifrheywmatalloperablcandcouldsﬁ]lbc

That ‘continuous product improvement” mentioned was
simply the continnous effort of the manufactarer to improve
a design of engine, possibly obsolete, in order o produce 2
panofgtea:ercapadtyperunitthattheraﬂmyshadbem
continnously requiring. It was also highly significant and
unfortunate that most of that ‘product improvement” was
not made until the railways were more or less completely

" dieselized, after 1953.

The fact was still clear, that diesel motive power had not
been retired or ‘rebuilt’ (ie. replaced) untl it had become
badlywomoutandinmpableoffmth:ruse.'rhedi:sel
Tocomotives as presently manufactured in the United States,
simply and factually, did not have 2 long life,

The railsway industry, in spite of Mr McClean’s fantastic
statement about Jong life involving ‘technical stagnation’
was still eatitled to the long life equipment it formerly had,
in any type—steam, electric, or dissel—vand must have it if
itexpcc:cdtosmviveund:rpmmt—daycompeﬁﬁon. .

“Technical stagnation a great demerit of clectrification’ |

ﬁThatstaremmtwoul&'sm:lyraisethecycbrowsofcv:ry

railway electrical engineer in every conntry in Europe, if
pot a0l over the world! Mr McClean was viewing technical
progress through the wrong end of the opera glasses sup-
plied with every one of his *dramatized sales Tools’. Possibly
one of the best examples of “technical sragnation’ was the
diesel locomotive as manufactured in the United States
today. . - - .

Why otherwise would two eof the progressive railways in

- the United States be importing from Europe a number of

4000-h,p. diesel umits havieg hydraulic drive ? Why othez-
wise would onc Americen, mannfacturer have recently
developed a high horsepower unit with every detail newly
designed toward reduced maintenance ? (The fact that that
manofacturer had been tmable to sell any was another part
of the story.)

Traffic

If Mr McClean were an experienced railway man instead
of a diesel sales executive, he would recognize that Fig. 1
{which he thought misleading) was a fair representation of
traffic on the American railways in so far gs its relation to
the subject of the paper was concerned; which was not
railroad revenus, but diesel motive power economics.

Traffic must be hauled, as offered or as scheduled, regard-

fess of type of service. Revenue had lirtle bearing on type
of xailway motive power. Passenger traffic must be provided
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with motive power the same as freight, in accordance with
the trzin milage to be performed. Train-miles were the
units for which the motive power operating officers must
provide. In fact, diesel motive power was used in passenger
service for several years before it was used in freight service.
Mr McClean had possibly forgotten that.

“The most casual glance at Fig. 7 would show that for. the
past 30 years, in spite of losses to the antomotive traffic oa
the highways, the American railways had continued to
operate considerable passenger train milage. Aslate as 1957,
it was 60 per cent of the freight train milage. That had
required its fair share of diesel motive power. With that in
mind, Fig. 1 would mislead no one who understood railway
operations in the United States. -

His introdaction of ‘sales promotion of diesel Foco-
motives’ at that point had already received suffident com-
mentary. The relationship of that subject to traffic seemad
to be significant to Mr McClean, -~ - -

Next, for some reason not made clear, he had siated,

‘For the benefit of the uninformed, perhaps it would
have been desirable that the author should have made it
plain that the reference to the automotive industry should
not be taken to imply that automotive manufacturing
facilities were converted to locomotive manufacture.”

Aguin nothing was stated or implicd concerning that in
the paper, nor did he himself see any bearing it had on
diesel economics. However, since Mr McClean had intro-
duced the subject, he wished to guote another statement
made by Dr Th. Thelander, on p. 29 of his paper already
referred to under his reply to Mr Warder. That had 2
pertinent bearing on the entire discussion and on the sub-
Ject: L .

It should be observed that the extensive use of diesel-
electric traction in the United States is in a2 not incon-
siderable degree 1o be attrbuted to the topography of
that country. In the inland, the trains perform daylong
runs extending over broad tracts of flat, open country,
which are practically free from difficult upgrades, In the
mountainons regions of the Fast and the West;-on the
other hand, the ¢haracter of railway traffic is different.
In these regions, the railway men make a vistue of
necessity. They utilize the ability of diesel-electric loco~
motives to develop a great draw-bar pull at z low speed
as the trains are slowly hauled up the steep grades, This
causes great losses of time, but they are of little im-
portance since they are largely made up for on the wide-
stretching plains. . :

‘In spite of the circumstance that the train schedules -
are thus adapted to the topography, the unproductive
locomotive weight in the United States often amounts
1o such a substzntial part of the total train weight that
the economic aspect of American diesel-electric tractien
appears to be debatable. Contrary to what one i3 some-
times led to believe, this statement holds wue regardless
of the structure of the train servics, which is characterized
by a large proportion of very heavy trains in the United
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States. Tn fact, the draw-bar pull required at the draw-bar

of the locomotive per ton of weight of cars remains un~

" changed irrespective of whether the trains are heavy or

light, and is dependent only on the speed and on the lay

of the land. Therefore, it seems as if the widespread use

of diesel-electric traction in the United States were deter-

mined by financial factors rather than by engineering and
economic consideradons.

‘If we take this broader view of Americon diesel-

_ electric traction, then we discover several noteworthy

circumstances. We find that very large industrial re- .

sources which bad been tied up in the manufacture of
diesel-electric generaring sers for submarines during the
Second World War were turned to account by using such
sets in railway traction. Furthermore, we realize that
diesel-electric traction has enabled the raifways to make
" full nse of the production and the distribution of fizel
otl, which are well developed in the United States. More-

cwcr,nxspossnblethatsomoommcraalbankswh:chm .

" interested both in rallways and in industries tend to

favour diesel-electric traction as a business link which

induces the former to becorge important customers of

- the latter. Finally, it may be presumead that those engaged
in high finance prefer to keep their capital in the form
of liquid or foating assets, which are readily available for
specularion, rather than convert a large part of the
capital into permanent or fized assers. The whole con-

" stitmtes an intricate and peculiar pattern, which mxght
deserve a detailed analysis.’

That was a most concise and accurate summarization of
diesel-electric traction on the railways of the United States,
It was as accurate today as when written in 1956.

He had already ontlined, at the outset of -the closing
remarks and in, kis reply to the discussion of 1t-Col. Feli,
just where and by whom the original development of the
dicsel-electric locomotive in the United States was started;
Mr McClean’s remarks to the contrary notwithstanding.

Assumed stzam locomotive costs
His assumption of $45 per h.p. and the average size of as-
sumed equivalent stearn locomotives, had already been
discussed in his reply to Mr Cock, Mr Lambe, and Sir Ralf
Emerson and as shown in Table 6. The average horsepower
-of steam units was shown to be 3650 and not 5000, Mr
McClean had asked him to ‘indicate the weight, wheel
arrangement, boiler and grate area of a typical locomotive
of the class that he had in mind’. There would be about as
many types as there were at present of diesels, If Mr
McClean would ‘avail himaself of 2 copy of ‘Steam’s Finest
Hour'*, ke would find all those details of the several types
of steam locomotives that doubtless would have been
contnu

No single diesel unit now eperating in the United Srates
would ever be able to equal the life'and performance during
its life of a dlassic steam lncomouve buile by Aleo for

* MORGAN, D.P, cdztor, 1939 ‘Stearﬁ’s Finest Hour’ (Kalmhach
Publishing Co., Milwaukee),
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" Timken in 1530, originally cafled “The Four Aces’. Pur-

chased, shortly after being demonstrated on all the major
railways of the country, by the Northern Pacific and re-
numbered 2626, it was finally retived and. scrapped in 1957
after 27 years of service in which it was operated 2 225 000
miles—an average annual milage of 84 000,

In so far as regular day-to-day performance of motive.
power was concerned, diesels could be just as erratic as
steam, even after skilled technicians took over, as Mr Fuller
had already pointed out. To inject just a bit of humour, he
understood that in England during the past winter, owing
t0 g diesel failure on one important traia (which could
happen to most any type of motive power), an oid popular
song was reworded, ‘Pop Goes the Diesell’ -

Large horsepotoer :fngk Iocpmotive units
The paper was misquoted by the omission of the final
clause—‘delivered to the rim of the driving wheels’. If
Mr McClean wished to presume that the wording of the
paper “have not been able to build’ signified rhat they do
not know kot to build, it was his and not the author’s pre-
sumption. If the American manufacturer(s) really did know.
how to build more horsepower into a single unit, to mest
the demand for such, whick kad existed from the start of
their use, they had limited that ability to the statement which
had appeared unvaried, except for model number, in their
advertising for the past five years: “‘Added capacity enables
three VP-60’s to replace four older units¥’ Meanwhile the
traffic on the railways was declining so that thres of the
older units, had their nseful life been longer, could have
handied the traffic anyway. .

The fact that one manufacturer did make larger capacity
diesel units was connected by Mr McClean o the facr that
he was no longer in the United States railroad Jocomotive
business. That seemed to have a sinister portent, when
considered with his prior smatement thar ‘most of those
manufacturers had held the belief that the retention, of the
muluplcumtmnocptofsmaﬂetumtswasabctterpoluy
Jor both operator and manufacturer’. That had a familiar ring
to many Americans—"What’s good for the (Automotive
Industry) is good for the Country P

A final bit of evidencs of what the railrcads desxred in
motive power capacity was shown by the approaching
acquisition of the European-made 4000-h.p. units with
hydrautic drive (to which reference had been made). In
connection with that, a statement was recently made to him
by a well-informed railway motive power expert of long
years of experience: “This is the first time locomotives have
been purchased by the motive pomer departmert of any
United States railroad in twenty years’. That would seem
to agree with Dr Thelander’s opinions expressed at the end
of his second paragraph quoted above.

Economic results of dieselization

Nowhere had he stated that dieselization had been a mis-
take. The first paragraph in the papec under the heading
“Total Railway Operating Expense’, made simple statements
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- Expenses 2
andhaddedmcdasu‘aﬁchad

| Why should any railway presi

of face which when intelligensly read wonld mislead no one.
andrcvennahadgoneupasm.ﬁchadinmsed.

declined. Expenses had

increased at a greater tatio than revenue, SO the opezating

' raﬁo,ingcneralsinecthewar,wa:_shigherthmbcforethe

war. It would be nonsensica to relate an increase in revenue,
=0 obviously related to traffic, to a change in type of motive

_pawnr.Butithe:chadbecnanyrclaﬁonshipinthat

direction and since expenses had continued to rise in a
p-merraﬁo,thcnthatbaﬁngofmoﬁvepoweronthc
operating ratio would be unfavoursble. It was definitely
stated, however, that the change in type of motive powet
hadhadlitdebea:ingoneitherofthoseitcms.lndeedthe
ﬁnalstudymadeasacheck,mdshownin'l’able4,oon-
ﬁrmadthatsmment-Thmwasverylirdcdiﬂmce
betw:en:h:ma_lcmtwhhdimlandthzcalqﬂaedmst
withsteaminthcove:allpimwithya:dseﬂioeandline
service combined—both of which were in the operating

rauo. .
Thepracnlsmdyhadbeenbasodonth:petformanoeof
motive power on alf the class I railways of the United States
a5 g whele. The statistics ofnyms;oedﬁc raifway had been
selected and appliedasmpresenﬁngthewhole.'_ '
‘Therewasnoquesﬁaniuhjsownmindthatthcdiad
hadbeenhighljrsumfulandecommiconanumbaof
railways. Bythesamzmkenithadbecn'msucxmﬁlland
\meconomically appiied on others, since the gverage, for all
the railroads, by the study, had been about an even break.

or reject any opinions on that sibject? Dieselization was

- notonlyafaitacamnpli,buuhmwasnoothatypeof'

motive power he could buy, unless he looked overseas.

Bﬁmiﬁhadmorcthanadozmlocomoﬁvemanvfacmras,
most ofwhichwuuldmakeanytypccallcdfor. She was
formnateinhavingsomymchmsefmmforhe:nﬂmy

mntivcpowc:naeda.Amongallthepmsandmsof_

Government operation there was a definite advantage to
the Narion’s economy iz having a solid national organization

'oftxainedenginccrsandspecialistsincve:ybnnchofmﬂ-

way operation, engineering and motive power, who neither
presented nor acoepted an econommic study as a “salés-tool’.

Mr McClean bad cited the ‘acijon of the Norfolk and -

Western Railway as the best refutation of his (the author’s)
statements’. That was quite ble to him, who had
been a small shareholder in that well-managed railway for
many years, and was quite familiar with its operations. It
was one of the few financially sound railways in the United
States because its principal traffic, coal, could not be
diverted to automotive vehicles on the highways. The

ience of that railway with its motive power, sical,
electric and diesel, was an excellent epitome of the whole
subject under discussion.

For years that railway had buily jts own steam motive
power which was outstanding in its performance. But there
was a short, difficult section of single-track line, having a
2:2 per cent grade against their prevailing heavy traffic in
the mountains. That was further complicated by a long
tunel, creating a serious “bottleneck’ on their otherwise
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two-track line. Electric ‘operation of that section was in-
stalled in 1914 for helper service of the through traffic. Also
for complete electric operation of the heavy coal trains from

'th:vaﬁousga;hmingyardsovcrthesummitofthcgradc

to the main departure yard, From thence heavy steam power
could take the trains down grade to the seaport i

“That electrification was paid for out of earnings; created nc;

additional debt; satisfactorily solved the operating probiems;
and was just another part of smooth, economic railway
[1} o1 : .

Like all railway electrification installed in the United
States in those early days, it had been necessary 1o install
its own power plant for is operation. Railway loads were
farmhuvytobeamedbythemaﬂimlandindumial
and lighting plants then existing. By 1950, after 35 years of
exceptionally severe operation, including the 194145 war
plant and the electric

were many. They compared the “dramatized version® with

: thefacmmnecuedandsaw.ﬁmherthz:mei:m_m

costs were below either version of diesel costs. -
Thstraﬂwaybdngptincipaﬂyengagedinmalhauhge,
mdhavingexccﬂen:mmlommoﬁvcs,hnddmcdto
reminth:irm:amopersﬁon.Thcyspmxaconsidmble
sumomofmnﬁngsmlmnmamenﬁre!yncwdouble-
track line over a_mmutcthroughthc'motmtains.'l'hat
hadmuchmorefavounblegmdaanda]argcr,ahoﬂer,
double-track tunnel, all of which replaced the forimer
singl&mcksacﬁonthathadrequi:edthc electric operation.

induction-motor type of electnic locomotives had been
capable of performing. All that was acromplished with 1o
inaeascindebtandataboutthcsameoostasnewelecnic
motive power and power supply. -

in 1955thercwasashatpincxuseih:hcmalexpor:
business to Europe. Additional motive power was required
—and soon, Their steam motive power had increased in age
andwasbemmingmorcupenshetomainmin.Morc
especially since all other steam locutmotive manufacturing
had ceased, cven the various small replacement details,
formerly easily obtained from suppliers, were no longer
available, The Notfolk and Western Railway had no decision
1o make by comparing raotive POWer COSIS. They had no
choice. They could no lopger build, maintain or purchase
steam, They had no time 10 study and develop the new
commercial frequency electrification for 60-cycle operation
which would be required. They purchased diesels from the

" two manufacruring companies and it cost them approxi-

mately $86,000,000. That was mare than they wished 10
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divert from the unappropriated earned surplus, So, ke all

the other rzilways, these were purchased by means of
‘equipment trust certificates’, -

He had a copy of the speech made by the President of
that railway, referred to by Mr McClean, relative to dieseli-
zation. Of course-he had to explain the expenditure of that

large sum in the best light to the shareholders. He could not”

be critdcized by anyone for what he had to do, nor were his
statements incorrect. New diesels had saved matesially in
maintenance costs, compared with the much older steam
power now retired. Also, diesel oil was much cheaper at the

present time than the very high grade, high B.t.u. content ~

Pocahontas coal, formerly used. The N. & W. was enjoying
the palmy days of initial diesel operation, as other railways
were doing in 1950-53,

But all costs do not appeer in operating costs or operating
ratics. And that was the part censored in all the ‘dramatized
versions’. The N. & W., which for years had been free from
debt except for a very small mortgage bond issue, largely
covcredbyasmkmgﬁmdamnnulznon,wasnowfor:hs
Jorst time in its history, burdened with a large debt repre-
sented by equipment obligations. It was paying oﬁ' that
debr ar the rate of §5,662,000 pu' year on the principal,
plus annual interest charges of $1,700,000, a total of
87,362,000, (Those sums were all taken from the 1960
record befors its merger with the Virginian,)

The main point to note was that by the time that debt
was paid, the equipment would be womn out and that, or 2
- larger debt, would have to be renewed for replacement
motive power, There was no denying thar the fnancial
bmdmonthatmﬂmyhadbeminmedbymorethan

$7,000,000 annually, because of its necassity of adopting
" diesel motive power. That financial burden must be carried -

unti] a type of motive power having a much longer life
tock its place. The fact that that particular railway could,
atlhcprcacmumc, assume that debt without too much
drain cn earnings had no bea:cmg on the thesis,

The statement made in the paper that "diesel motive

. power has added to the financial burden of the railways® was
not disproved by the evidence uf the N. & W., submitted
by Mr McClean.

He submitted that Mr McClean had not produced any
evidence at 2ll to show that any statements in the paper

were *highly misleading’,

Mr McGee thought that he had made some serious
omission ‘of important operating and cost indices’ and had
substituted unsupported personal opinions ‘largely refuted
by available: data and the substantial operating railroad
recopds’. He also, for some reason, thought that he had
used ‘a mysterious hypothetical stezmn locomotive for a
comparative cost study with diesel power’, and was “‘mildly
unconvinced’.

For the,benefit of the r&dcr, it should be stated that Mr
McGee was a valued friend of his, regardless of opinioas,
and had been almost from the start of their respective
carcers. Their occupational paths had diverged in or about
1937 when Mr McGee had bedame associated with the
automotive-diesel manufacturing industry.
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Mr McGee had submitted, to comect the errors and
omissions in the paper, Table 5, which really was a valuable -
additon to the whole subject. There was displayed, for the
reader’s benefit, the manufacturers’ coneept of an economic
study, dramatized as it should be a3 a sales-tool. That would
be discussed item by item, so that the reader might decide
for himself the comparative value of the cvidence presented
by himself and by Mr McGee's Table 5 and his analysis.

Table 5-started with the year 1941 2nd give values for
every fifih year thereafter, including 1959. He himself had
started originally with the year 1940 but had soon found
that it was essential to obtain a longer *backsight’ because
other factors besides the mere change in type of motive
power were involved. He had not the advantge of 1959
figures in the paper, for it was completed in that year and
he could not give firm fgures much latey than 1957, The
tables and fignres in the paper were self-explapatory as to
the period reviewed.

Item 1. Freight gross ton-miles

He had indeed omitted to show that item—the pattern was
so nearly identical with the revenue ton-miles shown in
Fig. 1b, it was considered vnnecessary, It was shown
graphically, however, in the discussion in Fig. 34

There was no mention whatever in Table 5 of passenger
train operating statistics, Evidently Mr MeGee and Mr
McClean were in agreement that the costs of that service
were unimportant because the revenues were so smail. He,
in spite of his former connection with a large passenger--
carrying railroad (as Mr McCiean had pointed out), thought
from his study that the related statistics and costs of diesel
motive power in that service should also be included. The
passenger ton-miles were therefore included in Fig. 34, |

Item 2. Freight gross tonemiles per train-hour

That, according to Mr McGee, and to many raﬂmad
staristicians, was held to be the most significant of operating
indices of freight movement’. He himself had also been
impressed by that ‘statistical average’ nntil he ‘broke it -
down’ as shown in Fig. 31, to show whether the rise was due -
to any particular type of motive power or to some other
cause, Particular attention was directed to the group of
graphs in Fig. 31 enclosed in the brackst labelled ‘gross ton-
miles per train-hour’”, The staristics shown in Table 5 could
be located on the graph composed of the fine dots marked
AVG, The rise in that graph was the ‘rermnpo of freighe
movement’ that Mr McGee and the staristicians extolled.
What had caused that rise, the change to diesel motve
power ? If so, why should graph S, for steam, rise; or
graph E, for electric, rise ? And why should both rise with the
drop in train-miles ? The performance of the diesels, graph
D, were moch Jower in 1958 than in the period 1945-50,
and even slightly below the AVG. line. Electric had out-
performed the diesel stnce 1951 and even steam had out-
performed the diese] afier 1957.

He submitted that 21l that rendered item 2 valueless for
the use Mr McGee intended to make of it in item 5. The
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jmportance of the rise in that “statistical average’, shown
along the line AVG. which had been held for 2 mumber of
yearstobeduemthechangeintypeofmnﬁvcpower,and
which had been given a leading role in the “dramatized
version’, had been “miscast’ to say the Jeast. Change in type
of motive power had had no important effect.

His analysis of that group of staristical graphs, which was

also applicable to the two other groups of graphs in Fig. 31,
was:
As diesels were acquired for freight sexvice, soon after

1949, they lost their position in special or preferred service

and began to assume more of the everyday work of steam
motive power. Gross ton-miles per train-hour. dropped
because many of those trains wers lighter and many were
slower. Meanwhile the character of freight waffic was slowly
changing. Branch-line traffic slowly disappeared. Local
short-haul traffic on the main lines also slowly declined,
both being taken over by the autoxaotive traffic on the
highways. Those slower steam trains with Jighter tonmage
slowly dropped out of the aggregate ton-foiles and train-’
hours, and steam gross tan-miles per train-hour rose. The
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oldex, lighter steam motive power was retired leaving only
the newer, heavier steam power. As the shorter wains dis-
nppearedmorcdieselpowarmsrdeased, or acquired, to
equal the capacity of the heavier steam power then growing
old. So that beginning about 1955, the diesel unit-miles,
per locomotive-mile and per train-mile, began to rise as
indicated by the two short graphs in Fig. 31 Then the
gross ton-miles per train-hour again began to show in the
diesel performance. Finally, by 1957 only the heaviest
stearn power znd the electric power was left undiesslized
because the diesel could not equal their performance while

remained in service. Much of thal sream power was,

. they
without doubt, that remzining on the Norfolk & Western,

: Thatamlysiswasoﬁcrcdascvidmcebecauseitmcd
to fit all the facts. ItwaspmbablyunbamssingtoMr
McGeebecauseitinva]idatcdthcgscofitams2md5as
he intended, And, as would be shown, same of the other
jtems would be affected if that .analysis was sound. It
rmdmdthc‘indeximpmv:mm:ofnmlymparcmf
somewhatwithoutvalnchsofarasbdng:dmdtomoﬁve
POWEL, : . .

Ttems 3 and 4. Pacmaga@aﬂad@mmmﬂpwmage
operated by diesels : _ -
That was giv:ninTathingrouton-miles.H:had
shown similar percentages graphically in Figs, 31 and 32,

i train-miles. There was very little differcnce
bctweenthctwounimused,asmigb:bescen&omplotﬁng
the values given in Table 5on Fig. 3L .~ . ..+ -

Item 5. Operating expenses, in millions of dollars

also graphically in Fig. 10, If, as Mr McGee caimed, the

ﬁseaﬁul?ﬁwmmonedatanbyi:em-z,itmmiﬂy
mmdfmmmmﬁwofwﬁwpow,mﬁgjl
wouldshow.Thcmajorﬁctorinvalvedinxiseorfallin
tomlopcxaﬁngexpensewssmﬂic.mtwasomthhgthat
all railroad presidents did know—if traffic volume was good,
opcraﬁngcxpensesmnstbeincresedtohandleit.lfitwas
poor, expenses must be cut. L
The:ﬁ'ectofachitemofmuﬁvepowerapmcontotal
operaﬁng@xpmscwasshowninthe ratio costs in Tables 1b
and 2b, The effect of fuel cost (item 13) wras given in those
tables and shown graphicallly in Figs. 122 and 135 )

Item 6. Taxes -

That was of general interest but had no real bearing on the
subject of the paper.

Items 7 and 8. Average compensation per employee, and its .
index on basis of 1941 as unity )
Those itemns were also of interest, but not too relevant 1
his presentation where index costs had been purposely avoided
to prevent distortion. All labour cost involved in motive
power expense had been included for each year since 1940
in such items as repair costs, wages of engine crew, and
engine house expenses, in Tables 1a and b and 2a and 2b.
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‘They were also a part of iteres 15 and 16 in Table 5, Ttems 7

and 8 could not be used at all with item 2 as Mr McGezhad
suggested, unless certain parity factors, almost impossible
to calculate, be applied. For example, how would Mr McGee
apply ftem 7 to AVG. G.T.M. per train-hour shown in
Fig. 31, say, for the year 1951 ? And if an ‘influence factor’
of item 7 could be found for 1951, would he say that by
dividing by two he would get rhat same “influence factor’
. for 1941, or by muldplying by 1-5 ha would get that same
factor for 19597 (That was apparently the operational use
- of itam 8.)

He did not belicve items Tandshada.ny bearing on, or
could be applied to, item 2 in Table 5.

Another point unexplained was the use of the year
15841 astheumtymdc:hascymfor]abommstsmlrcma
and material costs in item 9.

Items 9 and 10. Ratic of cost of rc.iI, cars, signal equipment
and basic cost per h.p, Typical 130-1cm diesel railroad unit
Bethi iterns 9 and 10 were also of general interest but nor
too relevant to the subject of the paper except as material
costs affected repair costs, which were all included in
Tables 1and 2,2 and b,

Examination of the average ratdo cosu of materials
selected, -as shown in item 9, seemed to indicate thar
matenials Aed increased about on the same ratio as labour,
.in spite of Mr McGee’s statement that materials had risen
less.

MrMchchadmodmcmngmm of 394pcrh.p.for
typical 130-ton diesel units. in 1959. That cost, according
to the 1959 LC.C. Annual Statistics (p. 29, Table 37), was
for a rebuilt unit. On p. 27 of the same volume, in Table 37,
“New Units’, there was an entry of 279 multiple-purpose
units, type B-B, 1750 h.p. Avg. wgt. per unit of 131 tons,
Avg. cost per unit, $196,078. That gave a cost per h.p, of
$112. The corrected cost, applied in Table 5, item 10,
m&utcdthatd:mls,likcmrythmgdse hadbcenm—
creasmg in cost.

Trem 11, Fusl unit coszs

That mformanonwasshownmadxﬂ'emn:wzym:hcpapa
in Fig. 22. It would be discussed further under item 12.

Trem 12. Fuel and power total, road and yard

‘The total costs of fuel consumed had been shown in Tables
1 and 2. He agreed that for that discussion the amount of
cach type of fuel consumed was important and submitted
Fig. 35 to show in graphical form the total fuel used on the
class I raitways from 1939-59, Mr McGee called world-
wide atrention to the fact that diesel oil consumption in
1956-5% with close 1o 100 per cent diese! operation was less
than the fuel oil consumption used in 1946 for only 18:5 per

cent of the torat freight movement and, therefore, enormous -

sums, which he roundly estimated at one-half billion
dollars, bad been saved. Even Fig. 35 would seemtomdtcatc
that the entire amount of coal had br:cn saved, '

Once more, parizy of performance must be observed
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before such savings could be claimed. He or the reader
mighy say that since the total freight gross ton-railes shown
in item 1 and in Fig. 34 seemed to be about the same over
the ten-year period, approximare parity of performance
had been observed. When the total tonnage moved was .

-considered with passenger traing and locomotives them-

selves included, Fig. 34 showed a drop of at least 10 per
cent over that period. That was aot all. The tonnage shown
in Fig. 34 for passenger trains could not be compared with
the tonnage for freight movements, in considering fuel
consumption, Because of being higher speed, the fuel con-
sumption per ton-moile would be much greater. Immediatcly,
“gross ton-miles’ became a poor yardstick for measuring
fuel consumption. (It became more obvious why neither Mr
McClean nor Mr McGee liked to include passenger sexvice.)
Train-miles or even locomotive-miles might be a beter
measure, provided the character of train-miles had remained
the same over the years. But even that had been changing,
as might be seen from Figs. 8, 31, and 32; and he still held
that very little in the change in character of the trains from
year to yeat had been due to change in 1ype of motive power.
As stated in the paper, the Increase in train weight had
Vol 175 No 5 1961
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demanded increased capecity in the motive power and that
wasall. . - -

It became apparent that parity of performance was
affected by to0 many fzctors to be blithely converted from
one year to another by the simple applications of index
factors, as had been done, not only by Mr McGee but by
all believers in the ‘dramatized version’.

In so far as fuel cost savings were concermed, he had

" artived.at the conclusion that savings could be determined

only by taking the actual fuel consumption in any one year
and determining as closely as possible the actual work per-

 formed by that fuel. On the general assumption that § per

cent of the B.t.u. content of all the coal and fuel oil con-
sumed in that year the work done by the steam
locomotives, and that 26 per cent of the B.t.u. content of
all the diesel fuel consumed represented comparable work
done by the diesel locomotives, and adding those amounts

- of what might be called ‘nscful B.tu.’s’ for cach year, the

diagram shown in Fig. 36 was obtained. That was for line-
service motive power only, as yard power would require
different thermal efficiency factors. The statistics did not
pesmit goingbackfnrth:rthml%l.'i‘heémﬂaﬁtyof

Fig. 36 to Fig. 1, and more especially, Fig. 7 (train-miles)

was 10 be noted.
From Fig.%(mﬁnmthzmbxﬂatcdﬁgmfmmwhich
it was plotted) might be calenlared 1 any one year the fuel
savings made by the substitution of one type of motive
power for another type.
For exarple, in 1959, the fuel used was nearly all diesel
fuel, Had the same Ene-haul irain services been
by stearn locomotives, the cost of the steam fuel would be

calculated thus: .

By construction, Fig. 36 showed 26 per cent 'of the
actoal diese] fuel consamed, in B.tu. Then the actual
B.t.u, consumption was 100/26 or 3-84 tmes that amount,
which 2t the cost per million B.t.u. shown in Fig. 22 for
1959 was M dollars. If the fuel consumption shown in
Fig. 36 for 1959 had been from coal it would have been,
by assumption (and by construction if any coal had been
used), 6 per cent of the total amount of coal consumed,

. which world be 100/6 or 167 times that amount of
B.t.u. shown for the year. That multiplied by the cost
per million B.tw for coal shown in Fig. 22 for 1959
would be € dollars. Then C dollars minus M dollars was
the saving in fuel cost made by diesel operation in com-
parison with steam, using coal as & fuel, and for that year
only. The same method of calculations could be applied
for any year, but the calculations made for 1959, or for
1956, or for 1946, could not be multiplied by any cost
index, or other factor, to obtzin the savings in another
year, because afl the performance parity factors were not
known.

"That method was used by himself in calcularing the fuel
savings shown in Table 4 for the year 1957. _

-'The soundness of that reasoning was left with the reader;

to decide for himself. Since he belicved that reasoning was
sound, then item 13 was shown to have little meaning of
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value, and the second line of itern 14 was shown to be com-

~ pletely wrong, both in logic and in values shown.

Iiem 13 _ ' L

Those ‘Statistical Averages’, as mentioned above, had litle
real value because not only was the purchasing value of the
dollar changing from year to year, but the fuel cost of pro-

- ducing ‘ton-miles’ was changing each year, due t entirely

different factors, and would mot be equally comparable
for different types of motive power in any year. That
highly ‘dramatic’ index was 5o completcly meaningless
when applied to electric operation that attention must be
called to it. The electric power costs from which the ‘1000
G.T.M. per $1-00 cost® were compiled were from all
the railways using electric power for any type of traction
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service, most of which was for commuter passenger
service, with poor lead factor, with correspondingly high
unit costs per K¥Wh. Only three elecirified railways were
operating any electric freight havlage tod.ay—-Pennsylvama,
‘Milwaukee’ and N. & W. (formerly Virginian), ali
having fairly low electric power costs. Nevertheless, the
statisticians included every electrified railway, with the
exception of the metropolitan rapid transit lines (and even
.one of those), in calculating that ‘index cost’ for hauling
freight by electric power. He was in full agreement with
those who had mentioned in their d.iscussmn the care
required in using statistics.

Mr McGee, however, had stated that item 13 confirmed
the savings he had shown in items 12 aad 14.

Ttem 14. Toral fuel and power cost of all services

Those costs in dollars were shown in Tables la and 2a,
The second line of that item was fully discussed under
item 12,

Item 15. Locomotive maintenance, road and yard

‘The cost in dollars had been shown in Tables la and 2a.
The treatment of those costs as ‘ratio costs’, shown in
‘Tables 1b and 2b, with their comparison to numbers and
age as shown in the paper, took more account of parity than
was shown ia Mr McGee’s ‘index’ comparison, No explana-
tion was given why 1956 had been selected as the ‘base’

. year, That made three base years in Tzble 5, for making the

desired distortion of the dollar costs.

Iten 16, Engine house and engine men, road and yard

" The dollar costs were all shown scparately in Tables la
and 2a. The application of index costs frem one year to
another to that itern was particalarly meaningless. In the
example of engine—crew wages, that item should be treated
for each year, as fuel costs were, In any one year, the change
in type of motive power would have little effect on wew
wages. It unformmarely cost as much for engine crews for
diesel operation as for steam, except for a small additional
amonnt for helper service, shown in Fig. 8 to be abont 5 per
cent in 1957 and for which full credit was given in Table 4,
Actually, crew wages had increased considerably for diesel
operztion due to their being based on *weight on drivers’.
That was too difficult to calculate, so it was omitted (as
being favourable to diesel) in the paper.

The application of index costs to engine-house cxpense
was also without meaning or value, The number of engine
houses had declined principally because of branch-line
abandonments, Each line abandoned removed at least one,
and often rwo, engine houses, The number of employees
in the remaining houses had possibly declined. The effect
of change in fype of motive power on engine-house expense
had been given more than its proper value in the paper for
reasons shown in the calculations.

Relative to savings in maintenance of way and structures
expense that Mr McGee estimated to be in excess of
Proc Insin Mech Engrs
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$200 million annually: little more could be said than was
stated in the paper and the reply to Mr Cantlie, .
However, in 1959 with nearly 100 per cent dieselization,
the rotal maintenance expense of roadway, track, tunnels and
all supporting structures was approximately $702 million
including $120 million for total superintendence. That was
0-0911 of the total railway operating expense. In 1948 with
at least 75 per cent of the steam operation still in the picture
and with the lingering effects of the heavy war traffic, those
C05ts Were approtimarely $848 million, ncluding $83 mil-
lion for total superintendence, That was ¢-1133 of the total

“railway operating expense. A drop of $146 million was

indicated which was 0-0222 expressed as a ratio cost.
The ratio costs of all expenses charged to ‘maintenance
of way and structures’ had been:

1840 .. 1608 -
1945  20:01
1950° 1824
1955 - 1815
1959 1605

In other words, in so far as maintenances of way costs were
concerned, they were right back to what they were before
the war and before dieselization.

To allocate all of the $146 million difference between the
1959 and the 1948 cost indicated above to the change in
type of motive power, was to entirely overlook-

{1) Reduced track milage.

{2) Longer and heavier rails.

(3) The growing milage of welded rail 1omts.

(4) The improved track maintenance machines and

methods,

(5) Fewer trains.

(6) Reduced maintenance on branch lzm peoding
- sbandonment,

to mention but a few of the factors which had contributed
to the drop of 0-0222 in those ratic costs.

Mr McGee could be assured that maintenance of way
engineers had been just as busy, if not far busier, than had
the diesel manufactuvers in improving their contribution to
reduced railway operating expenses. Finaliy, there was no
total of $200 million in the entire picture.

In regard to ‘large savings with the extensive closing
down of the mandatory tunnel, terminal and grade electrifi~
cations” Mr McGee had mentioned, if those had been of
sufficient magnitude to be cutstanding, they had all been
included somewhere in the motive powsr expenses shown.
The major costs of those might be found in reduced engine-
house expenses. The electric operation sbandoned in the
United States appeared impressive when listed, but the
kilowatt-hours of emergy consumed in railway elecrric
tractionn had declined very little from 1940 to date. Any
savings from the abandonment of those various small insral-
lations, if they could be isolated, would be microscopic in
the total railway operating expense.

He submitted that Mr McGee had presented in Table 5
little important information not shown in the paper, excspt
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that he had tmken the reader behind the scenes, had shown
how the ‘dramatization’ had been staged, the backgrounds
shifted, and the principal characters spot-lighted. He had
greatly enlightened the author himself who had no real
concept, when he had started his search for the facts, how
or where they turned into fiction.

The reader having now seen for himseif the ‘dramatized
version® of the Economic Results of Dicsel Electric Motive
- Power on the Railways of the United States of America,

and how they had been calculared in Table 5, could continue
to accept that version if it zppealed to him. There wis
certrinly *more money in if’, (But who had received it ?)
He himself had no mission to make converts to his analysis
or thinking.

Ir was always of interest to uncover the origin of folk-lore
and mythology, but no one gained popularity by upscting
old beliefs. He could only say, with the crusaders of old,

“*Magna est veritas, et praevalehit!' :

Before closing the discussion, he wished to add one or '

" fwo final thoughts, If his analysis was sound, and he be-
Eeved it was, otherwise he would not have speat all that
effort o the study—he was not iraplying, nor was it to be
inferred, in any way, that those who had made other
analyses, or who held other views, had not been just as
gincere and convinced that their views and convictions were
sound and correct. No one could go out and do missionary

work against his own belicfs, nor try to sell a produet

against his own convictions.

Without question, the diesel was sald to the railways of
the United States. Those who sold it believed in it, and did
an excellent sales job of convincing the railways that it mas
allthat_itappczmdtobedmingthosewﬂyy&rs.'l‘heysﬁﬂ
believed in it, and neither he nor anyone else could convinee
« them they were wrong. That was as it should be, for the
dieset had irs mexits as a fine type of railway motive power
and there were many places throughout the world yet await-
ing its economic application. :

One thing was quite apparenf. Sooner or later, the rail-
ways of the United States must wake up to the fact that
they must do a little thinking for themselves about more
cconomic motive power. The manufacturers had no in-

centive ot obligation to do that thinking for them. They

were in business to make profits, and they had been far
more clever than the railways had been in that effort during
the past quarter century. (Actually some of their profits had
been at the railways” expense.) For every million ton-miles
the railways lost to the automotive traffic on the highways
(and that was where most of it had gone and was stll going),
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the atitomotive industry made possibly fewer diesel Ioco-
motives, but 2 great many more automotive highway
vehicles. They could not lose—=nor was it really necessary
for them to change the stafus guo—unless some of the rail-
ways started to wake up and decide they really did require
some more economic, longer life, single-unirs with higher
capacity at all speeds, that cost much less to maintain and
much less in first cost. .
Motive power was not sokd to the railways in Europe.
They studied their needs, specified their desires, and
bought their motive power. There was a large difference.
The same was true in the United States uniil there was no
further demand for steam. The American railways could,
if they really wanted to, put themselves back into that
position again. And they must, if they wished to continue
in business as frec enterprises, Possibly a move in that
direction had already been started by the acquisition of

. some foreign-made diesels.

He could not refrain from stating that as a result of the
study, he was more than ever convinced that the diesel had
been misapplied to a considerable amount of milage of the
American railways. It was well knowm that 50 per cent of
the traffic was handled on about 10 per cent of the American
railway milage. That required also about 50 per cent of the
motive power capacity, That traffic conld be handled, just
a3 it was in Burope, far more economically with electric
operation. Fifty per cemt of the traffic, handled more .

. economically, was really something to think about and to

Jook for. But the mailroads would not be able to:get any
American locomotive manufacturer to help them in their -
search for that, There was no real incentive in that for any
such manufacturer, and for some, it counld be o their dis-
advantage, The ratways must make thar search for them-
selves, ag they had in every country in Europe, and as
England was doing today. ‘
If the paper stimunlated any serious thinking along those -
lines at home; it would have served a further, unexpected

He could not feel otherwise than honoured, and not a
little complimented, by the discussion, both pro and con,
the paper had elicired. He had felt that the results of the
research he had made on the subject over 2 number of years
might be of sufficient interest to others to be made a matter
of record. He had no concept when the paper was com-
pleted in September 1959, that he would have the honour
of presenting it to the Institution, or that it would arouse
the interest that had been shown. 2
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