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PACIFIC LOCOMOTIVE COMMITTEE.
CHAPTER I.

INTRODUCTORY. _
| ~ London, the 31st March 1939.
To

His ExcELLENCY TR MosT HONOURABLE THE

GOVERNOR-GENERAL or INDTA v COUNCIL,
NEW DELHI.

SIR,

We have the honour to present the.report of the Pacific Locomotive
Committee. '

2. Appointment and Terms of Reference.~The appointment of our
Committee was intimated in the Government of India Press Communiqué,
which was published simultancously by the Secretary of State for India in
London and by the Government of India in India on 26th July, 1938.

The Committee was constituted as follows :—

Lt.-Colonel A. H. L. Mount, C.B., C.B.E., R.E. (Retd:),
M.Inst.C.E., M.Inst.T.; Chiet Tnspecting Officer of Rail-
ways, Ministry of Traunsport, Chairman.

- Mr. R. Carpmael, 0.B.E., M.Inst.C.E., M.I.Mech.E., M.Inst.T,,

Chief Engineer (Civil), Great Western Railway.

Rai Bahadur P. L. Dhawan, C.I.E., M.A., M.LE. (India), former
Chief Engineer (Civil), North Western Railway, now Member,
Federal Public Service Commission.

Monsieur Robert I.éguille, Regional (‘hief Mechanical Engineer,
French National Railways.

Mr. W. A. Stanier, M.I.Mech.E., M.1.Loco.E., Chief Mechanical
Engineer, London Midland & Scottish Railway.

The Committee was assisted by Mr. E. 8. Cox, A.M.T.Mech.E,,
M.I.Loco.E., Technical Assistant to the Chief Mechanical Engineer,
London Midland & Scottish Railway.

Mr. K. C. Bakhle, B.Sc. (Lond.), M.I.E. (India), Divisional Engineer,
Great Indian Peninsula Railway, was appointed Secretary to the Com-
mittee.

Messrs, Carpmacl, Léguille and Cox had not previously visited India.

Our terms of reference were :—

“To consider the design and operation of three classes of engines,
viz. ‘XA, XB and XC types, and to advise on :—

(1) the suitability of the designs, as originally framed and as
subsequently modified, for the type of work for which the
engines were intended ;

(2) the suitability of the procedure followed in preparing and
approving the designs for these engines;

(8) the circumstances attending, and the justification for, the
inttial and subsequent purchases of these engines;

(4) the conditions subject to which these engines can be used with
safety, with particular reference to their suitability for the
track on which they are required to run, and, conversely,
the suitability of the track for these types of engine;
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(5) any modifications which would have the effect of increasing
their scope without any sacrifice of safety; and ‘

(6) any modifications that should be made in the procedure
hitherto followed for the trial and purchase of engines.”’

S. Activities and Tour of the Committee—During the months of July
and August, 7 meetings were held in London, and 10 persons in all were
interviewed, including representatives of Consulting Engineers and certain
serving and retired officers of Indian Railways. In accordance with the
suggestion of the Government of India, we assembled in Bombay on 1st
September, and our tour lasted for six weeks from 2nd September till 14th
October inclusive; it thus coincided with the latter part of the monsoon,
which gave us the benefit of observing the effect of the rains on the perma-
nent way in various parts of the country.

The following was our itinerary :—

Bombay—Madras . . , Over the G. 1. P. R.and M. & 5. M. R.
Madras— Shoranur—Madras . Over the M. & S. M. R. and 8. 1. R,
Madras—Secunderabad . . Over the M. & 8. M. R. and N. 8. R.
Secunderabad—Bhusawal . Overthe N. 8. R.and G. I. P. R.
PRhusawal—Moghalsarai—Dina-

pore—Caleutta . . ., Overthe G. L P.R.and E. L R.
Calcutta—Ranaghat-—Caleutta  Over the E. B. R. :
Calcutta——Khargpur—Dantan-—-

Caleutta . . . . Over the B. N. R.
Calcutta—Lucknow—Agra . Over the E. I. R.
Agra—TDelhi—Lahore . . Overthe G.T.P. R.and N. W. R,
Lahore—Simla . . . Over the N.W. R.
‘Simla—Delhi—Bombay . . Overthe N, W.R.and B, B. & C.L R,

We travelled nearly 7,000 miles by rail, and made our headquarters
for most of the time in a special train which the Government of India
kindly placed at our disposal. We were accompanied by certain General
Managers and by the principal Civil and Mechanical Engineers of the
different Railway Administrations; also by some of the Senior Government
Inspectors.

During our tour, we interviewed 63 officers, representing the Railway
Board, the Central Standards Office; and the nine Railway Administrations
referred to above. We also had the benefit of hearing evidence from the
Chief Controller, Indian Stores Department, and from the Senior Govern-
ment Inspectors of Circles Nos. 1, 4, 5 and 7. The limited time available
and the circumstances of the investigation made it impossible to record
verbatim the proceedings of the 36 meetings and of the many other dis-
cussions which we held; but, so far as was practicable, agreed notes were
made of all important statements. No evidence was heard in public.

We visited the following locomotive workshops :-——

September---
2nd . . . Parel G.I.P R,
Bth . . . . Perambur M. & S. M. R.
10th . . . . Lallaguda N. 8. R.
15th . . . . Jamalpur E IR
21st . . . . Khargpur B.N.R.
24th . . . . Lucknow E.IR.
28th .. . . . Moghalpura N.W.R.
October—
13th . . . Dohad . . . . . BLE &C IR
‘We visited the following locomotive running sheds :—
September—
7th . . . . Erode . 5. LR,
9th . . . Arkonam M. & 8. M. R.
10th . . . . Lallaguda N. 8. R.
15th . . . . Bhusawal G. 1. P.R.
16th . . . Chitpore E. P R.
218t . . . . Khargpur B.N.R.
22nd . . . . Asansol E.LR.
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We also visited the Engineering Workshops at Arkonam, M. &
S. M. R.; the timber sleeper Creosoting Depot at Dhilwan, N. W. R.; and
the Walton Training School at Lahore, N. W. R.

We covered some 3,100 miles on the footplates of 29 engines of different
types; at the same time the condition of the track over this mileage was
observed by a Hallade Recorder, which was situated in the same vehicle -
throughout the tour. Numerous detailed inspections were also made, by
trolley and otherwise, of the many varieties of permanent way. We are
satisfied that generally nmo preparations were made to present conditions,
either in respect of engine or track, in an unduly favourable light.

Further, we had opportunities of examining representative experi-
ments made by officers from the Central Standards Office, to assess the
extent of flange forces and to determine their effect on track; these were
carried out between Akola and Bhusawal, on notoriously difficult black
cotton formation of the G. I. P. R., and at Moghalsarai on the E. I. R.

We sailed from Bombay on 15th October, and reached London a fort-
night later. During November we held 7 further meetings, which were
attended by 23 representatives of Consulting Engineers, and of Locomotive
Builders; also certain retired officers of Indian Railways. During the
course of this Inquiry, therefore, apart from many inspections and informal
interviews, we held altogether 50 meetings, at which we met 89 persons for
the purpose of discussing our terms of reference.

4. Acknowledgments,—We desire to express our obligations to all
those who, by their representations or evidence, have materially facilitated
our investigation of the problems which confronted us. We also wish to
express our appreciation of the care and trouble taken by officers of the Rail-
way Board, and by Consulting Engineers, in preparing the mass of informa-
tion regarding the history, design, purchase and trials of locomotives of the
Pacific type, covering the long period since they were introduced into

India.

Our acknowledgments are due to the General Managers of the '
Administrations, who placed office accommodation at our disposal, and
made such complete arrangements for the handling of the special train and
for hauling it with engines in various conditions ot maintenance and design;
as also for our numerous inspections on the footplate and of workshops,
running sheds and track. We are also indebted to the Railway Board and
to individual Administrations for so promptly presenting all documents
and information required by us in the course of this Inquiry.

We desire to acknowledge the ability and efficiency of our Secretary,
Mr. K. C. Bakhle; he has been untiring in his attention to the business of
the Committee, and his technical experience as an Engineer has been of
great value. He joined the Committee on 1st September and accompanied
us to London, where we completed our inquiries and this Report.

We have also to thank the clerical staff, in India and in London, the
operators of the Hallade Recorder, and the other staff on our special train,
for the conscientious manner in which they carried out their duties under
considerable pressure.

The foregoing references cover those to whom our thanks are chiefly
due, but we should like here to include in our acknowledgments the many
railwaymen of all grades, with whom we came in contact, and who, by
their interest or assistance, materially aided the Inquiry.

THE GENERAL ASPECT OF THE PROBLEM,

Before we proceed to deal with our specific terms of reference, it may
help towards a clearer understanding of the various matters, to which we
shall make reference, if we state, as briefly and as simply as possible, our
views on the general aspect of the problem on which we are asked to
advise. -

5. Relationship between rolling stock and track.—The most important
consideration in the investigation of the performance of a locomotive as a
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- vehicle, and of the track upon which it runs, is that they are in effect two
parts of the sameé machine. The essential feature of an engine in this
respect is that it should run smoothly and &teadily, subjecting the track to a’
minimum of stress at the highest designed speed. The track should also be
laid on such a formation, and be so constructed and maintained, that it is.
able to resist, without effective distortion, the forces imposed upon it at that.
speed. :

Much has been written about the relationship between rolling stock and
track. It is well known that if, on the one hand, engine design 1s effective,
rails may be broken, the gauge may be spread, or the road as a whole may be:
distorted, although the track itself is good; in such cases, whilst derail-
ment may not result, the engine is exceedingly mischievous in its effects and.
is therefore unsatisfactory as a vehicle. On the other hand, if the track is.
badly designed, weak, or inefficiently maintained, the same effects may
become apparent, even if the locomotive has been correctly designed and
carefully maintained.

6. Permanent Way.—The locomotive itself is subjected to two forms.
of disturbance arising respectively from external and internal forces.
External disturbances in the smooth running of the engine will be initiated
if the permanent way is uneven; if it is also weak, these disturbances may
obtain sufficient magnitude to cause displacement to a greater or less degree.
Again, substantial and well maintained track may mask the lateral instabi-
lity of a locomotive, so that it may appear to be a good riding engine, and
yet it may prove unsatisfactory when running on weaker track or over more:
yielding formation. ‘

It is axiomatic that no track can be so perfectly designed and main-
tained that it will not contain some irregularities, however minute; and,
similarly, no engine can be so perfectly designed that it will not respond in
some measure to these inequalities. Apart from mere physical imperfec-
tions, it must also be borne in mind that permanent way is, by its very
nature, an elastic structure which can never be completely unyielding. The:
+ difference between good and bad track is, therefore, one of degree, and any
vehicle which is intended to run thereon must be so designed that the effect.
of track imperfections on its stability is reduced to a minimum.

7. Locomotive design.—When the natural features of a country add to-
the difficulty in maintaining the road-bed, there is the more nee-ci, to pay
attention to the design of the locomotive as a vehicle; the features of a given
country are inescapable, and the engines provided must be made to run
satisfactorily under the prevailing conditions. The task of the designer
and builder is not only to provide an engine which can pull a train, but.
also to reduce to the lowest possible point the effects of the external disturh-
ing agencies due to defects in the track, which can never be perfectly level or-
smooth. It is not enough to obtain sufficient boiler horse power with a.
large firebox to burn inferior coal; the design of the engine as a vehicle,
capable of high speed over track as normally maintained, is an equally-
important matter.

Because the permanent way and its supporting formation, and the-
wheels and frame of the engine, are all elastic in varying degrees, there has:
always been difficulty in calculating the actual forces involved. Tt is well
known that different locomotives, doing the same work, on the same road,
and at the same speeds, have widely differing effects on the permanent way ;
all through the history of the locomotive, cases have occurred from time tor
time, in all countries, where particular types of engine have been found to-
behave unfavourably, and have had to be altered. Too much stiffness, too:
much flexibility, bad springing systems, bad weight distribution, and in--
appropriate wheel arrangements may individually contribute to the damage,,
usually in conjunction with eéxcessive speed. , -

8. Ewxamples of unsatisfactory design.—In England, in the early days:
of railways, such cases were not infrequent; there was the “Great Liver-
pool’” designed by Crampton in the 1850’s for the London and Birminghany
Railway, which broke rails and could not be used. Early ‘in‘__éhpl 1890°s,.
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certain 0-4-4 type tank engines on the Great Western Railway were
converted to 4-4-0 tender engines, as the result of excessive oscillation.
More recently, on the Southern Railway, may be cited the ‘‘River’’ class
tank engines, 2-6-4 type, which became derailed on three occasions in 1927
at Sevenoaks, Bearsted and Wrotham. These engines were oversensitive
to track irregularities, and in such circumstances reacted dangerously by
rolling when speed was high; trouble ceased, however, when the trailing
bogie was removed and the type converted to a 2-6-0 tender engine.

Similarly, the mixed traffic tank engines, 0-6-4 type, of the L. M. 8. R.,
which were derailed at Swinderby in 1928, and at Moira and at Ashton in
1935, afford another example of unusual sympathy to track defects, so that
distortion and hunting occurred at high speed; such of these engines as
were not subsequently scrapped, were relegated to slow speed goods work,
Another case of unsuitable wheel arrangement was that of the 4-4-4 type
3-cylinder tank engines of the L. N. E. R., which were prone to excessive
hunting; this was cured by converting them to 4-6-2 tank type. In France,
some years ago, an electric locomotive of the B+B type was also subject to
this unforeseen defect, which was only overcome by providing a spring
controlled articulated connection between the bogies; this alteration
resulted in increased speed with a greater margin of safety.

The foregoing examples, although not strictly parallel to the case
before us, are quoted to show that improvement in locomotive design has
been largely a matter of experience, trial and error, and profiting by the
mistakes of others. With demands for higher speed, increased axle load-
ing, and heavier trains, the relationship between track and vehicle is under-
going close and scientific research. It must also be borne in mind that
track design differs from structural design, owing to the obscure nature of
the stresses, which have not yet been ecompletely determined. Until
recently, standards of track, like some of those relating to the locomotive,
have been evolved as the result of experience and economic limitations, often
unrelated to any scientific basis.

9. Research.—Experimental work on track stresses has been carried out
on the Continent, in America, and in India; there is no doubt that this line
of approach is yielding very valuable results, which will be referred to
later in more detail. In France, in particular, tests have been undertaken
for several years with numerous types of locomotives, steam and electric;
the forces and displacements between wheel and rail, both vertical and
horizontal, have been recorded. Complementary to the determination of
vehicle stability characteristics, special vehicles have also been fitted up to
register continuously the characteristics of the track, viz. superelevation,
alignment and level. Thus the peculiarities of the state of the permanent
way, which are so important in their influence, are determined simultaneous-
ly, and the stability of the vehicle is directly assessed in relation thereto.
In France, further tests have been developed to determine, as accurately as
possible, lateral movements of track under load. In the course of day-to-
day maintenance, it is also becoming the practice in several countries to
determine, and limit, the vertical movements of sleepers under load by the
use of void meters and measured shovel packing.

10. Track maintenance.—The importance of this cannot be over-
stressed in connection with speed; even first-class permanent way material,
perfectly installed and in perfect alignment, will soon give disappointing
results if the standard of maintenance is permitted to fall. Minor defects,
of little consequence when speed is low, may become of serious moment
when speed exceeds 50 m.p.h. and when axle loads exceed 17 tons. Under
similar conditions, the blow caused by a lurch at 70 m.p.h. is almost twice
as great as it is at 50 m.p.h. In fact, good running can only be main-
tained by constant attention to apparently small defects; if these are
neglected, the standard rapidly deteriorates and track damage, or worse,
results. No track, however suitable in design, can be efficiently maintained
to carry high speed heavy traffic unless it is properly supported on a stable
and well drained formation. On account, however, of many variable
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factors, such as weather, formation, and strength of track material, it is
‘not possible to attain a degree of precision in permanent way maintenance,
which is comparable to the standards of mechanical engineering in the
locomotive. '

11. The Economic Aspect.—Further, the economic aspect of the
problem cannot be overlooked. The type of permanent way material, and
the cost of maintenance, are closely related to the speed, frequency, and
weight of trains. Maintenance is influenced by the capacity of the rails to
carry the loads, by the number of sleepers over which the load can be distri-
buted, and by the nature of the formation on which the sleepers are laid.
The formation, in turn, is influenced as much by good drainage as by the
nature of the subsoil and the depth and quality of the ballast. It follows
that speed is limited by conditions of formation, drainage, ballast, and
type of permanent way material, however good the standard of mainten-
ance. Compromise, therefore, based on experience always becomes neces-
sary, and if higher speeds and heavier loads are required, the standards of
both construction and maintenance must be correspondingly raised for the
same factor of safety.

12. Springing and Control of the Locomotive.—It is hardly necessary
to say that the locomotive is confined to its path vertically by its own weight,
and horizontally by the flanges on its wheels; but these considerations are
fundamental to the problem before us, in that impact forces are set up on
the wheels and track in hoth horizontal and vertical planes. To relieve the
rail of excessive stress, it is necessary to mount as much as possible of the
weight of the engine on springs, and movement of the spring-borne mass
is inevitable; the design and maintenance of the engine in this respect
affects the problem. Further, to enable the engine to run satisfactorily,
clearances have to be provided between flange and rail, between frame and

axleboxes, etc. The state of maintenance of such clearances is also a matter
of importance. ‘

In its simplest form, the whole of the locomotive is carried on its
coupled wheels, and the frame is the structure which links up the various
‘forces involved; it must so compromise between flexibility and rigidity as
to avoid cracking or fracture, and experience guides-the designer as to the
best proportions for the particular material. ~As engines got larger and
more powerful, the impact forces increased, and those with lateral effect
would have become excessive had the coupled wheel flanges alone been left.
to transmit the forces to the track. Carrying wheels were, therefore, intro-
duced in the form of Bogie and Bissel trucks, and they require special
consideration in connection with the problem of hunting. Their chief
function, besides guiding the engine round curves, is to ensure a measure of
centring force and to hold the centre line of the engine parallel to the track.
In practice, there are different ways of providing this essential side control |
which is such an important factor in the lateral stability of the engine; the

selection of the right force for a given design has a vital influence on subse-
quent operation. '

13. Necessity for compromise.—The various considerations affecting-
the behaviour of a locomotive as a vehicle are set out later, but attention
should be drawn here to the compromise which has always to be made. An
engine must have side control on its carrying wheels, sufficiently strong to.
avoid hunting on the straight, and yet not so strong as to affect its ?ree
passage round curves; the amount of this control must be appropriate to
the vertical load on the carrying wheels, and to the distance of the support-
ing points from the centre of gravity. The engine must be sprung flexibly
ex}ough to accommodate itself to normal track imperfections without undu)é
displacement of the spring-borne mass, and at' the same time not so
ﬂex;bly as to cause upd’ue rolling. Tt will thus be seen that the design axid‘
maintenance of engine and track, whilst being mutually interdepéndent
call for compromise at practiqally every point; the obvious line to take is t(;
be guided by sound first principles, by accumulated experience, and b .
intelligent experiment with careful deductions. T BT
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CHAPTER II.

HisTory oF Pacrric LocoMoTives IN INDIA.

14. Terms of Reference and Scope of Chapter.—Under our terms of
reference, we are called upon to consider, first, the suitability of the designs
of XA, XB and XC Pacific Engines and the procedure connected therewith,
and, secondly. the circumstances attending, and the justification for, the
initial and subsequent purchases. These engines have now been running
for over 10 years, having been introduced in J anuary 1928, and they were
preceded in 1924 by six Pacifics of an earlier type. Our task, therefore,
must include the review of decisions taken before that time, and, in order
to depict the circumstances in which this type of locomotive was brought
nto use in India, it is necessary briefly to survey the facts since the rehabili-
tation of the Railways after the Great War.

From information obtained from a number of sources, chiefly the Rail-
way Board, the Consulting Engineers and the Administrations, we shall also
deal with some of the difficulties which were experienced in the operation of
these engines, and with the steps taken to effect improvement, up to the time
of the accident at Bihta in July 1937. We have read the Proceedings and
the Reports of the two Inquiries which were subsequently held into that
accident, and certain information thus provided will be included in this
review,

At the outset, however, we think it well to state that, as our Inquiry
is primarily of a technical nature, we have not felt called upon to pursue the
attribution of individual responsibility over so many years. It would,
indeed, be impossible to do so, for the design and manufacture of these
engines was the outcome of much committee work, and prolonged corre--
spondence between the Railway Board, the Consulting Engineers, and the
Builders. But, apart from this, we think that consideration of what is to
be done now is of more importance in the public interest, in order that
mistakes may be avoided in the future.

15. The Acworth Committee.—The decision to introduce Pacific loco-
motives on Indian Railways formed part of the policy following the Acworth
Committee's recommendations. Appointed by the Secretary of State pri-
marily to report on future administration, the Committee toured India
during 1920-21 at a time when the system was suffering acutely from the
effects of the Great War. From 1914 to 1919, renewals and betterments
were held up; repairs and maintenance had also fallen into arrears largely
because material was either not available, or only available at prohibitive
cost. The following extracts from their Report give the Committee’s
impression of the situation :—

“For years past, even long before the War, public opinion in India
has constantly complained of the entire inadequacy of the
Indian Railway system to meet the needs of the country. It
has been expressed not only in the newspapers but by Chambers
of Commerce and in discussions in the Legislative Council at
Delhi. The evidence given before wus in all parts of the
country and on beholf of all sections of the communmity has
been overwhelmingly strong as to the urgent need for drastic
measures of reform and reconstruction of the entire railway
machine.”’ :

(Chapter 11, paragraph 25.) ,
The Committee emphasised the regrettable extent to which the system had

been allowed to degenerate during the Great War :—

“T'here are scores of bridges with girders unfit to carry train loads
up to modern requirements. There are many miles of rails,
hundreds of engines and thousands of wagons whose rightful
date for remewal is long overpast.” .

(C’kdﬁter II1, paragraph 68.)
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“The Great War is an emplanation, if not an excuse, for many prac-
tices which no one would defend under normal circumstances.
We cannot think that even the War is sufficient to explain the
ireatment of Indian Railway revenue in the last few years.
Till quite recently India produced hardly any of the supplies
that her railways require. Locomotives, carriages, wagons,
or at least their compoment parts, rails, signalling work,
bridge work—all were imported from Europe. Even mnow
India produces only o very small part of what she needs. At
an early stage of the War it became difficult to obtain from
Europe the customary supplies. Later on it became practi-
cally impossible. The inevitable result was that maintenance
and renswals fell seriously into arrears from 1914 to 1918
as is shown by the percentage of expenditure on programme
revenue works to gross earnings :—

Per cent. Per cent.
1913-14 . . . . 61 1916-17 . . . . 33
1914-15 . . . . 5.7 1917-18 . . . 2-1
1915-16 . . . 4-6 1918-19 . . . . 2.4

(Chapter I11, paragraph 70.)

“The railway mackine is in urgent need of repasr, and funds to put
it right are not forthcoming. The position at present is this :
maintenance ts lamentably in arrears. The cost of materials
of all kinds is far above pre-war level. Wages likewise have
advanced steeply.”

(Chapter 111, paragraph 71.)

The Committee admitted that the call for large capital expenditure for fresh

railway development was great, but they urged the prior need for bringing
the existing system up to date :—

“T'he question today is not one of development, but of putting the
existing railway system into such a condition as to be able to
handle with reasonable efficiency and despatch, not the traffic
of the juture, but the traffic which is at present clamouring jor
accommodation that the railwoys cannot give. How wurgent
this need is has been sufficrently shown. . . . but we doubt
whether anyone will be able fully to appreciate its meaning
urnless he has . . . . listened personally to the lament-
able tale of the railway shortcomings told by scores of witnes-
ses in all parts of India from Madras to the Punjab and from
Bombay to Bengal. In present circumstances .o
future development must wait. But the rehabilitation and
bringing up to date of the existing system in the shortest pos-
sible time cannot in our judgment be postponed. . . . It
is impossible to put into figures the loss which Indian trade
and industry are suffering from the crippled condition of the
ratlways.”’ : S

(Chapter VI, paragraph 244.)

They were also unanimous in their final recommendation that :—

“T'he money required to put the railways into proper shape should be
raised as fast as it can be economically spent.”

(Chapter VIII, paragraph 27.)

16. Finance Committee of the Legislature.—As a result, the G -
ment of India, under Resolution No. 800-F. of 17th November 192?6;;-
pointed a Committee of the Legislature to consider the following matters
arising from the Acworth Report :— A

(i) Separation of Railway Finance from the General Finance of the

. country; _ '

(i) The requirements of the Railways with regard to eapital ex i
ture during the next 10 years. ¢ pital expendi-
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The Legislative Assembly deferred consideration with regard to the
first, and reference to this is made later; but the Finance Comumittee gene-
rally supported the Acworth recommendations as to the need for liberal
expenditure on tlie Railways. They showed, for instance, that so far as
coal alone was concerned, the production in 1919 had outstripped transport
facilities by more than 2% million tons. They forecasted a more serious
position in the near future, unless steps were taken to rehabilitate the Rail-
ways; the consumption of coal in India had nearly doubled in the previous
10 years, and the Committee anticipated great development in metallurgical
and other industries. To quote their words :-—

“It is not merely a question of buying more wagons and locomotives.
’ Lines must be doubled, bridges strengthened yards remodelled
and the Railways generally fitted to handle more traffic. We
are greatly impressed by the wastage in the use of existing
rolling stock due to the incapacity of bridges to carry the
inereased axle loads involved in the use of the newer and

heavier types of engines and wagons.”’

“Their final recommendations were as follows :—

“4 fter weighing all the factors involved we consider that funds to
the extent of Rs. 150 crores should be devoted to  railway
capital purposes for the newt five years. In placing their case
before us the Railway Board asked for a minimum expenditure
of Rs. 80 crores a year for the next five years and the conclu-
sion to which we have arrived after considering the financial
iesues to which we have referred above is that we should be
justified in recommending that funds should be provided to
this extent. . . .. We desire to state our opinion that
immediate steps should be taken by the Railway Board to
obtain a five-year revised programme from Agents whichk,
after scrutiny by the Board, should be available for ihe in-
formation of the Legislative Assembly.”

On the 27th March, 1922, the Legislative Assembly recommended the Gov-
ernor-General-in-Council to accept these proposals, which had been based

.on the following estimate of minimum requirements framed by the Railway
Board :— .

Crores.
1. Engines . . . . . . . . . . 30
2. Wagons L . . . . . . . 481
3. Coaching Stock . . . . . . . . . 18
4. Strengthening track and bridges . . . . . . 10
5. Doubling lines . . . . 124
6. Yard and station facilities . . . . . . 20
7. Workshops . 10

The issue, however, was ultimately complicated by certain practical diffi-
culties i the distribution of available funds between Capital and Revenue,
and the fact that rehabilitation generally did not progress strictly to pro-
gramme. '

17. Survey of Financial Conditions, 1924—1937.—We have thus
shown how the Acworth Committee urged the need for spending money on
the railway system to bring it.up to date, quite apart from the question of
«coping with extra traffic, and, following the Great War, a spirit of optimism
in India. as elsewhere, anticipated extensive trade development. Hence
‘the figures quoted above, as indicating what were considered in 1922 to be
-minimum capital requirements.

In March 1923, however, after a succession of deficit budgets of the
Government of India, the Inchcape Committee reported on the question of
Retrenchment generally, and, as regards Railways, they expressed the
following opinion :—

“We consider that, with economic working, it should be possible for
the railways in India to earn sufficient net receipts to yield
an average return of at least 5% per cent. on the total ecapital

-20RB ‘



10

Cat charge. . . . A return of 5% per cent. on the (lotal.
capital at charge in 1922-23, after allowing for all interest.
annuity and sinking fund payments, would yield roughly
Rs: §5 crores to the Central revenwes . . . . the failure.
of the railways to yield an economic return on the capital-
invested by the State is one of the main factors responsible for
the present financial difficulties of the Central Government.”’
(Inchcape Report, Part I1, paragraph 5).

In September 1924, a Resolution was adopted by the Legislative Assem--
bly with the object of separating the Railway budget from the general
budget ; but the Railways were to pay each year to general revenues a definite
contribution amounting to 1 per cent. on the Government capital at charge
at the end of the penultimate year, plus one-fifth of any surplus profits after
payment of this fixed return. During the next six years, 1924-25 to 1929-
30, the Railways earned a surplus of Rs. 52} crores, of which Rs. 36 crores.
were paid to general revenues, and Rs. 16} crores were placed to reserve.
In 1930-31, however, when there was a deficit, a contribution to general
revennes could be found only by seriously depleting the reserve, and, there-

after, no contribution was forthcoming until 1937-38, when a payment of’
nearly Rs. 3 crores was made.

During each of the five years 1931-32 to 1935-36 deficits continued, and
to meet these not only was the reserve fund exhausted (with the exception of
about Rs. 4 crore invested in securities) but borrowings to a total of Rs. 313
croves were also temporarily made from the Depreciation Fund. In 1936-37
a small surplus of about Rs. 11 crores was repaid to the Depreciation Tund;
but, by reason of these borrowings, as will be seen from table B, reproduced

on page 12, the ‘‘nominal’’ balanee of this fund was over Rs. 30 crores more-
than the actual balance.

Naturally, as the result of the depression, which made itself felt in
1930, steps were taken to economise. A Retrenchment Advisory Commit--
tee was set up by the Central Legislatare, and in 1931 a special Sub-Com-
mittee was deputed to examine and report on Railway expenditure. Among-
other recommendations, this latter body suggested the appointment of an
expert Committee who “‘should be definitely charged with the task of sug-
gesting such economies and re-orgamisations as would ensure the raihoays
attaining’’ the Inchcape standard of earning at least 5% per cent. on the
capital at charge. (Report of the Railway Retrenchment Sub-Committee,
paragraph 214, page 68.) For various reasons, this expert Committee could
not be appointed, but the Pope Committee toured India in the winters of

1932-33 and 1933-34, to prevent any flagging in the Retrenchment camnpaign
and to stimulate further efforts.

In April 1936, Sir Otto Niemeyer, who had been invited to report on
the financial implications of the Government of India Act, 1935, emphasised’
the importance of the contribution of State-owned Railways to the general
budget in the following terms :—

“The position of the railways is frankly disquieting. It is not
enough to contemplate that in five years’ time the railways
may merely cease to be in deficit. Such a result would also-
tend to prejudice or delay the relief which the Provinces are
entitled to expect. I believe that both the early establishment
of effective co-ordination between the various modes of trans--
port and the thorough-going overhaul of railway expenditure
in itself are wital elements in the whole Provincial problem.””

[Indign Financial Enquiry Report, paragraph 31 (2), page 12.]
As a result, in the antumn of 1936, the appointment of the Indian Railway-
Enquiry Committee followed, under the Chairmanship of Sir Ralph Wedg--

wond, and special attention is drawn to Chapter XIV, Financial Outlook,
of the Report of this Committee, published in 1937. T
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Thus, the Railways are expected to provide a definite contribution to
general revenues. This was earned from 1924-25 until 1928:29, arnd for
the next two years it was made up by depleting reserves; but from 1931-32
until 1936-37, inclusive, nothing was paid, and, accordingly, during that
time, and even up to the present day, there has been pressure to organise
and carry on a ceaseless campaign of Retrenchment. An extract from the
Board's Explanatory Memorandum of February 1938 on the Railway
Budget for 1938-39 may be quoted :—

“With the added incentive and guidance supplied in the Report of
the Railway Enquiry Committee, every effort 18 being made to
improve revenue, proposals for capital expenditure are receiv-
ing more critical examination, and the quest for economies in
working capenses is being unremittingly pursued.”

These Tacts are related because we think that, if the matters on which
we have been asked to report are to be viewed in their proper perspective,
't should be borne in mind that the planning of the X class Pacific engines,
and their operation and maintenance, belong in effect to two different periods
of financial outlook. The engines were designed, and the Railway Board
were committed to obtain them in large numbers, at a time when ideas of
development were so expansive that such proposals as 3,000 ton trains, a
12 ft. load gauge, 28 ton axle loading, 115 lbs. per yard rails, antomatic
couplings, and 100 ft. turntables were being seriously contemplated; the
engines arrived, however, on the eve of depression, when curtailment of
expenditure was the paramount consideration in railway management.

18. Financial and other Statistics, 1924-37.—To illustrate the change
in the fianacial situation during the period 1924-37, we give below two
tables, A and B. The former indicates the trend of relevant Capital and
Revenue Expenditure, and gives other information relating to State-owned
Railways (all gauges); the latter indicates the state of’ the Depreciation
F¥und year by year.

TABLE A.

(Figures in lakhs, except where otherwise stated.)

Average  Average  Average
for 4 years for 4 years for 5 years
Particulars. 1924.25 1928-20  1932-33
to to to
1927-28. 1931-32. 1936-37. -

1. Gross Receipts . . . . 100,23 97,04 90,35

2. Expenditure on Track, Capital . . 3,49 2,26 30
Expenditure on  Track Depreciation

Fund . . . . . . 4,87 4,82 3,05

3. Expenditure on Pridges, Capital . . 93 86 34
Expenditure on PBridges Depreciation

Fund . . . . . . 65 70 34

4. Expenditure on Locomotives, capital . 57 92 —46
Expenditure on Locomotives Deprecia-

tion Fund . . . . . 69 1,61 72

5. Total Programme Revenue Expenditure 8,57 10,25 8,03

6. Maintcenance of Track . . . 3,70 4,27 3,52
. Maintenance and Supply of Locomotives

inecluding coal . . . 21,38 19,97 17,19
8. Tons of Coal consumed for loco. purpos-

e8 (in thousands) . . . . 63,77 65,21 61,10

9. Cost of Coal consumed . . . 947 8,08 6,72
10. Maintenance of Locomotives excluding

cost of coal (i.e., 7-9) . . . 11,91 11,89 10,47

11. Engine Miles (Steam) (in millions) . 2,08 - 2,17 2,00
12. Total Average Number of Kngines in

steam daily (units) . . . 58,40 58,00 52,20

13. Route Miles (units) . . . . 349,60 376,90 383,40

The averages in this table are based on figures supplied by the Railway
Board. The first four vears comprised the period of comparative prosper-
ity; the next four years included the end of it, and the commencement of the
depression. Ixpenditure on the Rs. 150 crore programme was not greatly
affected at the beginning of the latter period, as commitments had already
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been entered into; incidentally, the completion of the G.'I. P. R. clectrifica~
tion belongs to the close of this period. The third period of five years covers
almost entirely the years of depression, and the fall in the. proportion of
Capital to Depreciation Fund expenditure on track was due to the stoppage
of works such as new lines, doublings, marshalling yards, electrifications,
etc. Locomotive Capital was in credit each year during this period, due to
the fact that cagines were broken up without renewal, their original cost
being debited to the Depreciation Fund and credited to Capital, electrifica-
tion was doubtless largely responsible for this. _

Although there was thus a cessation of major works, capital comnit-
ments in counection with the Rs. 150 crore programme had already been
extensive, and the Railways are suffering today from the heavy interest
charges which were incurred in the first two periods on the conssruction of
unremunerative new lines and works planned during the period of optimism;
it should be added, however, that many lines would probably not have been
built at all had the effects of road competition and trade depression been
foreseen.

With regard to the very general nature of the maintenance figures, it
is hardly necessary to say that care should be exercised in drawing conclu-
sions therefrom; for instance, changing methods of accounting may affect
compariscus. Besides covering ordinary fluctuations in the cost of mate-
rials, and unforeseen expenditure on account of breaches, we also understand
that scales of pay and numbers of staff have varied materially, in respect of
both track and engine upkeep. Examination of the former figures (itemn 6)
shows an increase in the second period, followed by a proportionately greater
decrease in the third, in spite of the increase in route mileage.

As regards maintenance and supply of locomotives (item 7), a large
decrease appears in the third period as compared with the first; but, as the
figures inclnde the cost of coal, which 1s subject to considerable fluctuations,
we give its average cost (item 9) for the three periods. Item 10, therefore,
shows the expenditure on locomotive maintenance, excluding the coal bill, and
the resulting figures indicate that decrease took place in the third period.
There were, admittedly, fewer engines in steam (item 12) during the period;
but engine mileage (item 11) is proportionately more than in the first period,
and yet less money was spent on maintaining each engine, notwithstanding
the introduction of pooling and intensive user, which are now in operation on
certain railways. On the other hand, progressive methods of vepair and
modern machinery, which have been introduced in most shops, should tend
to lessen expenditure. We attach graphs to illustrate the position year by

ear (Fig. 4).
year (Fig. 4) TABLE B.
Railway Depreciation Fund.

(Inlakhs of rupees. )
With- Net *Tempo-
drawals acoretion Nominal rary loans Actual
Appro-  towards toFund  closing  to meet closing

Year. priation remewals  during balance.  deficits. - halance,
to Fund.  and re- vear,
placements. .

1924.25 . 10,35 7,29 2,06 3,06 .. 3.0
1925-26 . 10,67 7,99 2,68 574 .. 574
192627 . 10,89 8,05 2,84 8,58 .. 8,58
192728 . 11,38 10,95 43 9,01 .. 9.01°
1928.29 . 12,00 9,60 2,40 141 11.41
1929-30 . 12,59 11,76 83 12,24 .. 1294
1930-31 . 13,07 11,39 1,68 13,92 .. 13.92
193132 . 13,46 8,26 5,20 19,12 4,25 14.87
1932-33 . 13,77 6,35 7,42 26,54 10,23 12,06
1933-34 . 13,56 8,07 5,49 32,03 8,05 9,50
1934-35 . 13,72 8,66 506 . 37,09 5,06 9,50
1935-36 . 13,25 9,16 4,09 41,18 3,99 0.60
1936-37 . 13,17 7,88 5,29 4647  —121 16,10

* Thege are entirely to moet ths doficits in the working of the Stats railways exeept in .1933-34, the
figure for which inclades a loan of Rs. 9 lakhs made to cartain branch line companies for capital expens
diture. ‘ :
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This table is based on the figures printed in the Railway Board's Ex-
planatory Memorandum on the Railway Budget for 1938-39, and shows the
changes in financial conditions during the period under review. In the
first four prosperous years, the average withdrawals towards renewals and
replacements amounted to over Rs. 8} crores; in the second period of four
vears, the figure rose to Rs. 10} crores, the increase being doubtless largely
due to the Rs. 150 crore programme. During the last five years, it receded
to just over Rs. 8 crores. In the year 1932-33, when a loan of nearly Rs. 104
crores was borrowed from the Depreciation Fund to meet the annual deficit,
the amount withdrawn for renewals and replacements fell to vather less than
Rs. 6 crores, the lowest figure during the whole thirteen years. From the
Explanatory Memorandum mentioned above, it appears that under Rs. 63
crores was budgetted for withdrawals for 1938-39.

As already mentioned, there was due to the Fund in 1936-37 more than
Rs. 30 crores borrowed to meet deficits, and it follows that nothing has been
repaid to the Reserve Fund. We understand that it has been suggested
that both the amounts borrowed from the Reserve Fund (Rs. 19 crores) and
the Depreciation Fund be written off, but the Legislative Assembly recom-
mended in 1937 that decision on this question be postponed until 1940.
Recently the Government of India have published the following statement
- showing the action taken on the relevant recommendations of the Indian
Railway Enquiry Committee, which were to the effect that the .norme-ml
balance in ths Depreciation Fund should be Rs. 30 crores, and that, in addi-
tion to this, a general reserve should be built up of Rs. 50 crores : —

“Government accept the need for an adequate depreciation fund and
in the light of past conditions agree that a normal balance of
Rs. 30 crores would not be excessive. They also agree with
the Committee’s conclusion that it has not been established
that contributions to the fund in the past have been unduly
kigh. They are impressed with the necessity for a general
reserve fund from which any deficit on working expenses and
interest could be met in years of depression, and so obviate
railweys becoming a burden on general revenues at these criti-
cal times. The figure of 50 crores suggested by the commitice
as the amount to which revenue balances, after provision for
depreciation, should be appropriated to such a fund is possibly
a counsel of perfection, but Government are ineclincd provi-
storally to the view that this sum should be borne in mind as a
suitable mazimum for a combined reserve fund (including the
Depreciation Fund). The railway reserve funds at the end
of 1937-38 amounted, however, to only 193 crores, and the need
of the railway contribution to general revenmues in present
circumstances precludes any decision or action in regard to
these matters or to amortization of capital at present, beyond
the existing basis of the annual contribution to Depreciation:
Fund.”

NEeED ror FurL Economy.

19. Rise in Cost of Coal.—Though the conception of the X class Pacific
engines took place during the period of prosperity and optimism, we
have no reason to suppose that the Railway Board were not actuated by
motives of economy and efficiency in ordering these engines. Indeed, the
Board were in urgent need of reducing their fuel bill, and they wished to

ursue Standardisation as a further measure of economy, an aspect which is
dealt with later. As regards the fuel bill, the Inchcape Committee had
arged the need for curtailment, and the problem was intimately connected

20RB
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‘with the introduction of Pacific type engines. The Great War had mate-
' rially raised the cost of first grade Indian coal, and the following table,:
which was furnished to that Committee illustrates the position:— :

Average
Quantity Total cost Average consump- Total
of fuel at Engine cost per  tion per Engine
consumed. Shed. ton. Fogine Miieage.
mile. )
) Tons. Rs. Rs, Lbs. Miles.
All 5 ft. 6 ins. gauge
railways—
1913-14 . . 3,773,000 4,09,00,000 10-8 67-5 125,400,000
1922.23 . . 5,175,000 8,62,00,0600 16-6 82.0 140,100,000
Per cent. Increase 37 110 b4 21 12
All Metre Gauge rail-
ways—
1913-14 . . 785,000 1,05,60,000 13-5 44-4 36,900,000
1922.23 . . 972,000 2,29,92,000 237 527 490,400,000
Per cent. Increase . 24 118 76 19 4

Necessity for the wide firebox.—It will be seen from these figures that,
~while the engine mileage between 1913-14 and 1922-23 had only increased
by 12 per cent. on the Broad Gauge and by 4 per cent. on the Metre Gauge,
the fuel bill had grown by 110 per cent and 118 per cent. respectively. One
way of reducing these costs was by extending the use of second grade coal,
supplies’ of which were available over a wider area than first grade, and
were ample in certain collieries which had been acquired by the Railway
Board as some measure of protection against continually rising prices. We
understand, however, that an investigation into boiler ratios then indicated
that existing types-of locomotives would be unsuitable for the economic use
of this coal, and that, to obtain the necessary boiler horse power, wide fire
boxes were considered to be essential. Hence the demand for the wheel
arrangement of the Pacific type, in place of the existing narrow firebox
4-6-0 type, if sufficient power was to be obtained to meet the anticipated
need for heavier loads.

Tur Six PRELIMINARY PACIFIC FNGINES,

20, ., B. and C. I. R.—The need for economy 1n the use of second
grade coal prompted this Administration, in 1919, to initiate experiments
with certain Metre Gauge engines, which were specially fitted with wide
‘fireboxes, and as these trials resulted in the purchase of six experimental
Broad Gauge Pacific engines, which were the precursors of the X type
engines, we briefly recount the facts. In September 1921, the Agent
reported that:— "

“Gireat success has attended the trials of the specially wide firebox
which has been fitted to some of the engines on the Metre
Gauge system, and this encourages me to propose the adop-
tion of a somewhat similar arrangement on the Broad
Gauge . . . . The use of inferior coal, pulverised or
otherwise, is one of the pressing questions requiring solution.
It is mot considered possible to modify existing engines . . . .
I am, therefore, proposing to introduce the new type as shown
on the blue print sketches . . . . The boilers of the
goods and passenger locomotives are interchangeable. The
cylinders and motion, with the exception of connecting,
coupling and eccentric rods are interchangeable .
A wery early decision is requested as there are indents now
going forward for 20 new engines against the 1922-23 grant,
and, if approved, they will be of this type.”
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In November 1921, the Railway Board agreed to the proposed new types,
4-6-2 passenger and 2-8-2 goods, which had thus been designed to burn
low grade coal; but they expressed the opinion that.:—
“It would be a mistake to order as many as 20 engiens of a com-
pletely new design until sufficient experience had proved that.
their adoption would be a success.”™

The Board, therefore, agreed to orders being placed for 2 engines of each
of these types, and they expressed the desire that :—

““These 4 engines be thoroughly tried in running for at least a year,
in order that any defective details which may show in opera-
tion or manufacture can be rectified before bulk orders are
placed.””

In May 1922, the Agent reported that the Chief Engineer saw no objection
to the running of these engines on the sections of the line proposed, as exist-
ing dimensions would not be infringed, and girders were up to the strength
laid down; the Senior Government Inspector’s sanction had also been
obtained.

E. 1. R.—In August 1922, a similar but lighter Pacific was approved
for this Administration ‘“with a view to obtaining a larger fireboz”, the
Locomotive Superintendent having decided on this type in preference to a
three cylinder 4-6-0 engine; he added in a letter that if this type ‘‘proves
a success, and I see no reason why they should not, a large number would be
required.”” ,

Design and manujfacture.—The above-mentioned four experimental
engines of Pacific type ‘were designed and built by manufacturers in
England, in co-operation with the Consulting Engineers, to the specifica-
ot of the Locomotive Superintendents concerned. The first two, with 194
tons axle loading, were received on the B., B. and C. 1. R. about July 1924,
and were known as the P Class; the other two, with 16} tons axle loading
were put into service on the F. [. R. about the same time, and were known
as the PS8 Class. So far as we could ascertain, no more than ordinary
conventional consideration was given at the time to the design of these
engines as vehicles, namely, to the lateral motion of the bogie and hind
truck. No doubt the usual practice was followed by the Locomotive Super-
‘ntendents concerned of fixing the sweights on axles, spacing of wheels,
weight per foot run, etc., the design generally being left for settlement
between the Consulting Engincers and the Builders.

M. and S. M. R.—In March 1923, this Administration, as a separate
approach to the use of low grade fuel, obtained sanction to purchase two
Baldwin Pacifics, the design of which was typically American, with har
frames, steel firehoxes, etc., the Builders being given a free hand. These
two engines had an axle loading of 17 tons, and their purchase was in
accordance with the Railway Board’s policy to experiment with the Pacific
type. When, however, the M. and 8. M. R. applied for sanction for two
further Pacific engines of British design, for purposes of direct comparison
with the Baldwin engines, the Board withheld approval pending the result
of the trials of the four previous engines on the B., B. and C. 1. R. and
£ 1. R. The two Baldwin engines started work on the M. and S. M. R.
about September 1924.

The performance of these six engines is referred to later; it is suffi-
cient to note here that the Board (a) allowed their introduction for trial
purposes, and (b) refused to permit the Railways concerned to purchase

more than two, pending trial for at least a year.
STANDARDISATION.

91. B. E. S. A. Locomotives.—The policy of Standardisation in India
started about 1901, when it was realised that the development by each
Administration of its own locomotives had certain disadvantages as affect-
ing the Indian Railway system as a whole. Tt was felt that if Standardisa-
tion could be adopted, this would admit of exchange of power between
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different Railways in case of emergency, it would limit the number of spare

parts, and enable manufacturers to deliver engines in less time and at lower
cost.

Accordingly, in 1903, the Secretary of State approached the British
Engineering Standards Association (B. E. 8. A.), and a Committee was
set up representative of all interests concerned; it included a member with
first hand knowledge of Indian conditions namely, the representative of the
Indian Locomotive Superintendents’ Committee of the Indian Railway
Conference Association (I. R. C. A.). As a result, during the next two
years, B. E. 8. A. designs were completed for seven B. G. types, and for
three M. G. types. Apart altogether from the standardisation of these
different types, we understand that the designs which were prepared made
provision for the maximum degree of interchangeability of various com- -
ponent parts between the various types. There appears to be little doubt
that the reduction of types, which was thus effected, marked a step forward
on Indian Railways.

But though these .types were widely adopted on the State-managed
lines (in those days only the N. W. R., O. and R. R. and E. B. R.), the
Jompany-managed systems, covering a considerably greater mileage, still
retained freedom of action, and though they adopted the standards on gen-
eral lines, they did not accept the designs in detail. It was, therefore,
considered that the advantages of complete Standardisation were not fully
realised. By 1910, orders had been placed for some 840 Broad Gauge and
470 Metre Gauge standard B. E. S. A. engines; they included all types,
and reports showed that, on the whole, notwithstanding small alterations
in detail, as is usual in new designs, the engines have been successful, parti-
cularly those of the latest 4-6-0 type.

22. Views of the I. R. C. A. and of the Railway Board.—Thereafter,
although Railways continued to purchase B. . 8. A. type engines, Stand-
ardisation does not seem to have bheen pressed, and in 1912, the Locomotive
and Carriage Superintendents’ Committee of the I. R. C. A, expressed the
opinion that the policy had not been a success and had not achieved the
objects for which it had been introduced. The main complaint was that,
with different conditions on different Railways, it was nearly impossible
to produce standards which would meet all conditions. It was, however,
agreed that Standardisation of fittings would be an advantage, and the
following Resolution was adopted by the I, R. C. A.:— '

“This Commaittee considers that it is desirable to standardise such
details of Indian locomotives as are obtained from England
for renewals and repairs in a finished or partly finished state,
but that it is undesirable to standardise types  of locomotives
and minor details as it is liable to hamper progress in design.”’

The intervention of the Great War doubtless interfered with the policy,
and it was not till 1919 that the Railway Board drew attention to the
difference in important parts which existed between different engines of the-
B. E. S. A. types on the various Railways. In 1921, the matter was again
considered by the I. R. C. A. who reiterated their opinion of 1912. In
1922, however, the Board expressed their disappointment to the I. R. C. A.,
and circulated a note pointing out that the Resolution of 1912 was
“inapplicable to presemt, or at any rate to prospective, conditions’ :
also that with regard to ““standardised types of locomotives’®, India had not
up to that time, adopted either the Pacific or the 2-8-2 types which thc’e»
B, B. and C. I. R. were then proposing, “‘an obvious and necessary deve-
lopment to enable us to exiend the use of low grade fuels without detriment-
to train loads. It is fairly certain that other Railways will follow suit ”

A further extract from the note referred to above emphasised that:—-

“There is nothing whatever in the principle of Standardisation to

prevent the adoption of heavier engines if the traffic needs-
them.



17

The criteria of p%ogiess are efficiency in operation and economy i
maintenance. Dealing with the latter first, Standardisation
aims specifically at economy both in manufacture and main-

tenance: and no one can deny its effectiveness for that pur-
pose. Therefore we have to consider now only progress in
respect of efficiency in operation. The measure of that pro-
gress may be  taken practically as the fuel consumed per
horse-power; and the plain fact is that except for the intro-
duction of superheat no substantial progress has been achieved
in this respect. It is perfectly safe to assume that future
progress is far more likely to develop on sound lines from the
pooled experience of all the railways, than from the isolated
and spasmodic cxperiments of individual lines.”

Moreover, by this time, it was generally admitted that the first
B. E. S. A. engines contained so many modifications, which had been in-
troduced by individual Administrations, that interchangeability of their
components had become almost impossible, and, in September 1923, the
I. R. C. A. supported a recommendation of the Locomotive and Carriage
Superintendents’ Committee as follows :-—

“that standardisation of locomotives, coupled with the periodical
revision of standards, is essential in the interests of economy
and efficiency, and that additional types be introduced suit-
able for burning low grades of fuel”. The Committee also
recommended the formation of a permanent Standing Techni-
cal Committee to deal with “progress in, and variations from,
standards of locomotives, coaching stock and wagons.”

93. Decision to implement further Standardisation.—The Railway
Board therefore decided, in consultation with the Agents in October 1923,
that a Committee (known as the Locomotive Standards Committee and re-
ferred to later) should be constituted, to implement the above recommenda-
tion of the I. R. C. A., and to give effect to the Board’s policy which was
“to aim at progressive Standardization as a continuous process, which it is
believed can be ensured by the formation ef a permanent Standing Technical
Committee to deal with progress in and wariations from standards, co-
ordinating requirements in respect of lexisting and future types of loco-
motives, and to be the authority to whom all modifications and improvements
should be referred’”. In preparation for the above-mentioned meeting with
the Agents. the Roard also circulated a Memorandum, which is attached
as Appendix 1I; we were informed that, after full discussion, the views
of the Board, which were thus expressed, were accepted as the policy to be
aimed at in future, and that the Memorandum generally expresses the
policy of the Board today.

Attention is drawn to paragraphs 6 and 16 of this Memorandum; and
on the 15th November 1923, the Board addressed all Administrations on the
subject of the five-year programme, which was referred to in paragraph 16
above. They remarked that some proposals which had been received for the
provision of heavy locomotives, rails and girders could not be justified by the-
volame of traffic to be dealt with. Further investigation was therefore con-
sidered to be essential on this basig, from which train weight was to be
estimated, and locomotive axle-loads assessed, as well as the economic weight,
of rails and the standard of girders, the cost of improvements being expect--
ed to be justified by the estimated net increase which was anticipated in
traffic. Thus the Board desired to establish a definite relationship between
estimates of increase of traffic and the standards of reconstruction to bhe-
adopted; they expressed the opinion that consideration of the problem in
this manner would simplify some of the difficult questions which were then
arising as regards future gstandards and Wou.ld “tend towards placing the-
future programme of works on a proper business basis’’. The Board also.

20RB
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stated that those Administrations not having sufficient traffic to justify
the strengthening of track or bridges for the new types of engines should
speciiy existing standard B. E. 8. A. types. '

24. Consulting Engineers.—Up to this time, various firms acted in-
dependently as Consultants to the Government and to the 1nd1V1dua,l'Com—
pany-managed systems. One firm, however, supervised the construction of
the six preliminary experimental Pacifics, and dealt primarily with the
design and supply of the Standard engines. Except for references later,
in paragraphs 42, 43 and 44, to three firms, the firms in question is referred
to in this Chapter, and throughout this Report, as the Consulting Engi-
neers; they are retained as such by the Secretary of State, the Government of
India, and the High Commissioner for India, and they act both as general
Consultants and as Inspecting Engineers for bridge work, locomotives, roll-
ing stock, permanent way, and Railway work generally. Orders pertaining
to these, whether placed by the India Store Department, or by Departments
in India and remitted to the Director General for inspection, are passed
to the firm for supervision during manufacture and for certification on
completion. The firm’s connection with the Government of India is of very
long standing. '

LocoMoTIVE STANDARDS (COMMITTEE,

25. Appointment of the Committee.—This was the first of a number
of Standardisation Committees (mentioned later) which was set up by the
Board with the object of promoting economy and efficiency. It was formed
in February 1924 of two members with a technical secretary, ‘‘zo standardise
the several modifications introduced into B. K. S. A. types of locomotives,
and to prepare diagrams and general specifications for new types required
on Broad and Metre Gauge systems™. -

The first task of this Committee was to tour India, ‘‘to visit the head-
quarters of the dufferent Administrations and to obtain from the technical
officers all necessary information regarding practical difficulties which have
been experienced and the steps taken to surmount them’’.

Duties of the Committee.—These are described in the Memorandum of
the Board’s instructions on the subject, which is attached as Appendix III,
and which was sent in February 1924 for information to all Agents, to the
Director General, India Store Department, London, and to the Consulting
Engineers. Attention is drawn to paragraphs 4, b and 10; the Locomotive
Standards Committee was expected to lead an organised effort:—

“To bring existing B. E. 8. A. types up to date incorporating such
modifications as practical experience has shown to be neces-
sary, with a rigid adherence in future to accepted standards.
Once amended, or new designs are accepted, no modifications
are to be introduced by users, Consulting Engineers or manu-
facturers without the previous approval of the Railway Board.
In order to ensure progress and prevent stagnation standard
designs should be periodically reviewed.”’ :

In introducing a modification of an approved design, the C. M. E. concern-
ed was expected to prepare drawings and to give reasons for the modification,
“after consultation with the Transportation Department, where the operat-
ing of, and running repairs to, locomotives are not under his jurisdiction’ .
The Committee was to examine the proposal, and, if approved, arrange.
ments for trials were to be carried out ‘‘nol only by the Administration
advocating it, but by all systems using the type of locomotive on which the
alteration is suggested. The trials and their duration should be restricted
to the number of locomotives and to the time considered essential by the
Committee to obtain satisfactory results’’. On completion of the trials
the Committee was to forward its recommendations to the Railway Board,
who would decide whether the modifications proposed should, or should not.
e incorporated in standard designs. o
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For a variety of reasons, the standardisation of details of B. E. 5. A.

Tocomotives does not appear to have proceeded to finality, although a fair

degr‘qe of uniformity was obtained. One of the difficulties was to recopcile
the time required for trials with the obvious urgency of certain modifications,

-and generally to reconcile the often conflicting reports about the same trial

from various Administrations.
26. The Board’s instructions as to new types of engines.—The atten-

tion of the Locomotive Standards Committee was also drawn to the letter
‘of the 15th November 1923 (already mentioned in paragraph 23) dealing with

the co-ordination of requirements in respect of axle loads, weight of rails,

.etc., and the Committee were given certain broad principles to follow :—

“New types to be evolved will depend on actual requirements of all Adminis-

trations . . . . As faras possible, the Committee should, in preparing

diagrams and general specifications for new types, reproduce existing

standards where such have proved sotisfactory, but there should be no hesita-
‘tion in departing from existing standard practice where practical ewpert-
ence  has  shown that an improvement is absolutely necessary’ .

With regard to new types, the following points were to be given special

attention :—

(2) Number of types and classes of a type to be kept down to a mini-
mum;

(b) Axle loads to conform to the standards of loading existing and
recommended ;

(c) Balancing in co-operation with the Engineering Department;
(d) Lightening of reciprocating parts;

(e) Weight in relation to tractive effort

(£) Accessibility and economical cost of working and maintenance;
(g) Adequate boiler power ; and

(h) Largely increased grate areas to permit of the more extended use
of low grade coals.

Careful consideration was also to be given to the merits of a number

.of specified details, among which were the avoidance of tortuous exhaust

passages and the necessity for interchangeability of boilers. Thus the
Board’s instructions were that the new standards should be adopted where
justified ; that axle loads were to conform to existing and recommended

standards; and that the co-operation of the Engineering Department was to

be obtained. The Board further laid down the procedure which was to be

.observed in the introduction of the new standard engines, and this is refer-

red to in Chapter VILI.

27 The Locomotive Standards Committee’s recommendations.—As their
first task, the Committee toured India from November 1923 to February
1924, and though it had been hoped that they would have been able to
benefit by the experience gained from the operation of the six experimental

-engines already mentioned, it is clear that they could not have done so, for

their First Report was submitted in 1924, before any of these engines

arrived.

The preamble to this Report discussed the benefits that it was hoped to

.derive from the restandardisation of the existing B. E. 8. A. type engines,

and from the evolution of the new I. R. S. designs. The Committee for-
mulated their proposals after consultation with the using Departments of
Class I Railways, and prepared a series of recommendations embracing

all future types of Broad and Metre Gauge locomotives, as well as existing

B. E. S. A. Broad Gauge types; they also recommended that new I. R. 8.
designs, for five Broad Gauge X types A to E and three Metre Gauge Y
types B to D, should be prepared by the Consulting Engineers in consulta-
tion with the B. E. 8. A. and the Manufacturers. The technical particulars

prescribed by the Committee, so far as the XA, XB and XC types were
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concerned are stated below and the diagrams of the engines as constructed
are given in figure 1 :—

4-6-2 type superheated.,
—_—

o )
Branch Light Heavy

XA. XB. XC.

Axle load tons (coupled wheels) . . 12-5 17 19-5
Weight of Engine—tons . . . . 59-5 82 94.-5
Weight of Tender—tons . . . . 40-5 58-5 770
Boiler pressure—I1bs. per sq. inch . 180 180 180
Diameter of eylinder—inches . . . 173 214 23
Stroke—inches . . . . 26 23 28
Diameter of coupled wheels—inches . 61% 74 74
Tractive effort at 85 per cent. boiler pres-

sure , . . . . . . 19,810 26,760 30,630
Ratio of adhesion at 85 per cent. boiler

pressure . . . . 4-24 4-20 4-28
Grate area—square feet . . . . 32 45 51
Evaporative heating surface—sq. ft. . 1,600 2,250 2,550
Superheater heating surface—sq. ft. . 384 540 612

The Committee prepared outline diagrams of these engines and explain-
ed that the characteristics had been arrived at as follows:—

(a) The axle loads selected were suitable for rails of the weights!
given below : —

Weight of rail

Axle load. ks, per yard.
Tons. ‘
22.5 . . ) - . . . . . 90
19.5 . . . . 5 . . . . . 85
17-0 . . . . Wil ; : . . . . 75
12.5 . . . 3 j L . . . . 80

(b) The diameter of cylinders had been calculated to give a tractive
effort at 85 per cent. of the boiler pressure equal, as nearly as
possible, to the adhesive weight divided by 4'25;

(c) The grate area had been fixed by dividing the tractive effort at 85
per cent. of the boiler pressure by 600;

(d) The evaporative and superheater heating surfaces had been obtain-
ed by multiplying the grate area by 50 and by 12 respectively.’

With regard to track limitations, it was pointed out that the enginesf
met the following requirements as far as was practicable :—

(a) Revolving parts to be completely balanced;
(b) Cylinders to be horizontal in preference to inclined;
(c) Connecting rods to be long in preference to short,

With regard to the lightening of reciprocating parts, the Committee re--
cognised that alloy steels were liable to give trouble and confined them-
selves to recommending trials with alloy steel piston, connecting, and coup-
ling rods on two locomotives for each Railway requiring them. The desir-
ability of introducing multiple cylinders, mechanical stokers and boosters-
was discussed with the prospective users; but opinion was unanimous
against their introduction under the conditions existing at the time. In
particular, it was held that the-increased capital cost, complication, and
maintenance charges, resulting from the adoption of more than two cylin--
ders could not be justified for Indian Railways. '

The introduction of high pitched boilers, increased size of cylinders,
and straight line valve gear necessitated an increase in the overall height
and width over cylinders. This resulted in the engines infringing the Sche-
dules of Maximum Moving Dimensions of 1922, but the new dimensions-
were, in the opinion of the Cor_nmlttee, the .m@nimu_m within which satis-
factory locomotives could be designed. Administrations were therefore in-
structed that it would be necessary to satisfv themselves, prior to the intro-
duction of the new locomotives, that no fixed structures existed which would’
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interfere with safe running. For example, the overall height for the XA
type confoyms to standard, 13 ft. 6 in.; but this dimension for XB and XC
types was increased to 14 ft. 0 in. and 14 ft. 6 in. respectively.

28. Comparisons of axle loading and total weight.—With regard to
the foregoing figures relating to weight of rail and axle loading of coupled
wheels, the statement attached as Appendix IV gives relevant information
in respect of the XA, XB and XC engines as built, compared with the
existing B. E. S. A. 4-6-0 type, with the previous six Pacifics, with the
subsequent 18 B. N. R. M class Pacifics which are mentioned below, with
the latest B. N. R. 4-6-0 type engines, and with the latest XP and X8
Pacifics. It will be noted that there are now 314 Broad Gauge Pacific
engines running in India, of which 113, 99 and 72 are XA, XB and XC
types respectively. |

29. B. N. R. Pacific Engines.—The M class engines on the B. N, R.
were ordered in 1928, and are of De Glehn compound type; the Railway
Board required that they should follow, so far as possible, the design of the
XC class, particularly in respect of springing, compensation, bogie and
hind truck features. The low pressure cylinders and crank axle inside the:
frames and the arrangement of frame stretchers differed from that of the
standard locomotives; horizontal racking plates were not used. Axle load-
ing is 21-45 tons. as compared with 19°7 tons of the XC class, and with 17°3
tons of the existing 4-6-0 type B. E. S. A. engine. The object of the design
was largely for comparison between the simple and the compound Pacific
types, with similar frames and wheel arrangements.

PROCEDURE ADOPTED IN THE DESIGN oF I. R. 8. LOCOMOTIVES.

30. Preliminary designs.—From the specification and diagrams laid
down by the Locomotive Standards Committee, it appears that the XB
type was largely based on the information available regarding the first
four British built Pacifics, which by then had been constructed, but had
not reached India, and, as the latter were of experimental type, close
collaboration had been necessary between the Builders and the Consulting
Engineers; for this reason, the same Builders were engaged and paid, by
arrangement with the Railway Board, to prepare, under the direction of
the Consulting Engineers, the sets of preliminary drawings for the standard
Pacifics in compliance with the requirements in the Report of the Loco-

motive Standards Committee.

The Consulting Engineers also considered that the recommended
Standardisation was of such importance that one of their Partners paid a
special visit to India, from November 1924 to February 1925 and reviewed
relevant matters with the Locomotive Standards Committee and with the
various Administrations concerned. He also discussed with the Railway
Board the preliminary general arrangement drawings, which he took out
to India. Attached as Appendix V 1s an interesting note on Standardi-
sation of Locomotives in India, dated January 1925, written by him during
this visit, and referring to the part played by the B. E. 8. A. It was at
this time that he also wrote and supported the recommendations of the
Tocomotive Standards Committee on most details; but having visited nearly
every Administration in India, he also strongly expressed the opinion that
the existing B. E. 8. A. locomotives of the latest type should *‘not lightly
be set aside or altered’’, his intention being that certain B. E. 8. A. types
should be retained in addition to the new standards.

31. Criticism of the Board’s Policy.—It was also at this time that the
B., B. & C. I R. drew attention to the Board’s inability to arrange for
the Report of the Locomotive Standards Committee to be discussed by the
Locomotive and Carriage Superintendents’ Committee of the I. R. C. A.,
and the Administration submitted a Memorandum (dated August 1924)
by their C. M. E. strongly urging such consideration. The Railway Board
particularly drew our attention to this Memorandum as being the only
reasoned and recorded objections to their policy of Standardisation. '

20RB
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It was contended in the Memorandum that whereas Standardisation
of details was highly desirable, Standardisation of complete units was
equally undesirable; the organisation of the Standards Committee was
criticised on the ground that its powers would be too arbitrary, and it was
suggested that it should function as previously, through the medium of the
I.R. C. A. The proposals in this Memorandum were not pursued at the
time; but, in the light of subsequent events, we feel that the Memorandum
as a whole is of sufficient gencral interest to be attached as Appendix VI,
having regard also to our recommendations for future organisation in
respect of Standardisation, and of collaboration in design which we shall
make in a later Chapter.

39. Performance of the Siz Preliminary Pacifics—In January 1925,
these engines had been running for some months and, so far as we could
ascertain, no complaints had been received with regard to their riding,
though no specific trials were carried out, and the Railway Board apparently
took no steps at the time to satisfy themselves in this respect. However,
later they did avail themselves of the experience of the two B., B. & C.I.R.
engines which were running on that line; they sent to the Consulting
Engineers a Memorandum by the C. M. E. dated January 1926, with a
request that due consideration should be paid to the 17 points of design
raised therein. The following relevant extracts are of interest :- -

“The design of the tender bogie is not satisfactory. It is very ‘hard
riding’ and the Kngineering Department complain o [ the
engines spreading the roud where the latter consists of flat
Jooted rails spiked on to wooden sleepers.  T'his is undoubtedly
due to the great weight of the engine and tender acting on the
admittedly weak attachment of rail to sleeper, which consists
of one dog spike to take side thrust. It is noticeable, however,
that the tyres of the tender leading bogies wear sharp flanges
very quickly, and it 1is suggested that a different design of
bogie should be considered which will provide for both lateral
movement and rotation. )

American practice appears to differ in that some tender trucks have
~ both lateral motion and rotation, and some have rotation only.
I think we can disrvegard the FEngineers’ complaint about
spreading the road as they can readily strengthen the attach-
ment of rail to sleeper by using additional spikes and bearing
plates on curves. The excessive wear on tyres, however, 18
presumably due to either (@) excessive friction resisting the
rotation of the bogie, or (b) absence of lateral movement. It

is possibly due to a combination of these . . . . ..

The coupling between engine and tender is reasonably rigid, and the
overhang of the rear end of the engine may force the leading
end of the tender to deviate a greater amount than can be com-
pensated for by rotation only of the bogies . . . . . . It
appears as economical to design a bogie with lateral flexibility
as without it, and it is suggested that the question be very care-
fully considered and lateral movement provided. A reasonable
amount of lateral flexibility can obviously be of no detriment,
and will ‘probably completely eliminate the trouble, and the
increased cost of design will be negligible. In any case, ex-
cessive tyre wear is a very evpensive item. It is understood
that the bogie tender on the G. I. P. R. has also proved very
unsatisfactory.”

33. Views of the Railway Administrations.-—As the result of the above-
mentioned discussions with one of the Partners of the Consulting Engineers,
the Locomotive Standards Committee issued a second Report in March 1925,
which embodied a number of amendments. We understand that the First
Report, and the designs submitted therewith, represented the views of the.
different Railways consulted by the Committee, but the papers giving the
details of the interviews have been destroyed, and only the Committee’s
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Reports remain. We were informed, however, that the views of the various
Administrations, expressed in answer to the Committee’s questionnaire,
received due consideration, and the First Report was actually sent to them
for remarks. The modifications thus proposed were embodied in the Second
Report, upon which, however, the Railways were not asked to comment,
but to state which types of engine they could best utilise. We gather that
the Administrations were then asked to place orders for two engines of such
types for trial purposes, the choice being limited.to the proposed range,
which was strictly kept down to the minimum of five types in accordance
with the Railway Board’s instructions. :

While the new standards thus reflected the views of the Locomotive
‘Standards Committee, formed after a measure of consultation with the
C. M. E.’s, it cannot be said that they emanated from the Railway them-
selves.  Actually the Committee were implementing the Board’s policy,
which required engines of greater horse-power than the B. E. 8. A. 4-6-0
type, with larger boilers, and wide fire-hoxes, features calling for the
Pacific wheel arrangement. On the other hand, we were also informed that
‘0o criticism was received from any Administration with regard to the
adoption of the Pacific type, or to the particular sizes and range of the
.standards proposed.

3. Approval of working drawings.—With regard generally to the re-
-commendations of the Locomotive Standards Committee, we draw attention
to their last remark; they emphasised ‘‘the great importance of being given
an opportunity to scrutinise the working drawings prior to the trial engines
being built”. We understand that no such opportunity was afforded, and
that the drawings were not in fact received in India until after the engines
had been built; but while the first contracts were in hand, there was intimate
«collaboration between the Consulting Engineers and the Builders, and close
.touch was maintained, largely by demi-official correspondence, between the
former and the Railway Board.

Moreover, as delay would have resulted (there was no air mail) from a
“procedure involving submission to India and approval of working drawings,
it was arranged that one of the original members of the Committee should
«collaborate in London with the Consulting Engineers. It was considered
that, with his intimate knowledge of Indian requirements and of the views
held by the Committee, his services would be of great assistance to both
the Consulting Engineers and the Builders, in the event of the Committee’s
recommendations upon essential details being insufficiently explicit. By
this appropriate means, the drawings, which were prepared by the Builders,
“were examined and approved on behalf of the Board; and it was arranged
that, whenever a difference of opinion arose, reference was to be made for
-decision to the Board, with whom final responsibility in such circumstances

«naturally rested.

With regard to the four preliminary experimental Pacifics for the
B., B.& C. I. R. and E. I. R., we understand that generally the procedure
cadopted in 1923, as previously, was that no detailed drawings were sub-
:mitted for the approval of these Administrations, and the Consulting
Fngineers assumed entire responsibility; the‘E. I. R. design was based on
that accepted for the B., B. & C. 1. R. Wltl} regard to the two Baldwin
-engines for the M. & 8. M. R., the outline specification was prepared by the
+Consulting Engineers, and the main design was left to the Builders.

DrsieN oF THE X Cr.ass PAcIFIc AS A VEHICLE.

35. Recommendations of the Locomotive Standards Committee.—In
~their first Report of May 1924, only three out of 57 recommendations had
-any reference to the running of the engine as a vehicle, and of these only
~-one, recommending spring compensation in two groups if practicable, was
of any importance in this respect. Indee(_i, it would have bqen unusgal n
“those days for special instructions to be given to the Consulting Engineers
-regarding this aspect of design. Further, out of 18 remarks in the Com-
-mittee’s second Report of March 1925, covering alterations applicable to
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all the proposed standard types, only two have a material bearing on the
point; the first approved overhead spring gear, and the second approved
the Cartazzi radial axle on the hind truck for Broad Gauge engines.

As already mentioned, the modifications recommended in the latter
Report were no doubt influenced by the visit in the winter of 1924-25 of the
Partner of the Consulting Engineers; he had two meetings with the Loco-
motive Standards Committee on arrival in India, and, after his tour of
two months, had further meetings covering three days.

36. Soring Gear on Coupled Wheels.—In the original outline design
prepared by the Builders of the experimental P and PS class Pacifics,
springs were carried on high stirrups on the top of the axleboxes, and the
compensating beams were above the centre line of the coupled wheels. When
the detailed design was being prepared by the Builders of the X class
‘Pacifics, under the supervision of the Consulting Engineers, the springs.
were lowered to rest directly on the tops of the axleboxes, and the compen-
sating beams were lowered to positions below the centres of the axles. This.
matter has given rise to some doubt as to the effect on stability as outlined
in Chapter III. The proposal was not referred to the Locomotive Standards.
Committee, when the alteration was made, but we were informed that had
it been submitted, it would have been approved. The main reference from
India on the subject appears to have been included in a letter to the Board’s.
representative in August 1926, emphasising that :—

(a) the spring must be brought down as near as possible to the crown.
of the box; and ,

(b) the horn stay should preferably secure the frame and the horns,
but if this cannot be carried out, the frame should be stayed
and not the horns, whick has been the practice in the past.

Owing to the desire to use a combined hornblock and framestay, there:
was not room for the retention of the compensating levers in the original
position, and the Builders informed us that, in conference with the Consult--
ing Engineers, it was not considered objectionable to increase the length of
the spring links; it was suggested that the rubber spring pads might, with
advantage, be carried below the bottom of the frame, in order to afford
more room for a wider rubber pad. This was the arrangement approved
by the Consulting Fngineers in August 1926 for the new standard 2-8-2°
Metre Gauge engines then being built for the A. B. R. In February 1927,
the Consulting Engineers approved the whole arrangement of guides and
springs for the X class Pacifics being kept uniform. Further, for the pur-
poses of Standardisation, the same arrangement was adopted for the X class
2-8-2 engines, XD and X¥ types.

87. Iind truck.—The Cartazzi type of radial box was discussed by the
Partner of the Consulting Engineers during his tour in India, and before-
the issue of the Locomotive Standards Committee’s second Report of March
1925, in which its adoption was accepted for Broad Gauge designs. It was.
the only type of truck of which there was then first hand experience (about
three vears) on Pacifics in England, and the Consulting Engineers pointed
out that it was light in weight and gave maximum freedom in ashpan design.
It also provided for centring force different in nature from that of the
spring controlled bogie, and about this time the Chief Mechanical Engineer -
of the B., B. & C. I. R. expressed the opinion that this type of control

(1 in 7 compared with 1 in 10 on the XC) was working satisfactorily on-

the first two experimental Pacifics on his line.

Later, in May 1926, the Consulting Engineers also received a letter-
from the Board to the effect that <‘the Cartazzi bozes onthe B., B. & C. I. R.
have not given @ moment’s trouble, and I feel that, as this arrangement has -
been so successful on the Broad Gauge, we should adopt it on the Metre-
Gauge engines for the sake of uniformity if nothing else’’. It also seems
that the Board and the Consulting Engineers cannot have overlooked the -
Bissel truck as an alternative, in view of its wide use elsewhere, and it was,
in fact, provided on the Baldwin engines which had then been under trial’
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on the M. & 8. M. R. for nearly two years. The proposal to adopt the
Cartazzi type of radial axle box was finally agreed to, as the result of
discussions at the Builders’ Works in March 1927, the arrangement having
the merit of being the same for both XB and XC engines.

38. The Drawgear.—While, as already explained, one of the original
members of the Locomotive Standards Committee was collaborating with
the Consulting Engineers in London, the other member acted on the Railway
Board in India from April to October 1926. It was during this time that
final decisions were taken with regard to the design of the drawgear and the
bogie; the latter is dealt with in the next paragraph.

As regards the drawgear, the subject was raised by the Board, and,
as an example of the discussion, an extract from their letter of 30th March
1926 may be quoted: ‘“‘There is an important point which must not be
overlooked and that is the coupling between engine and tender. If this is
not sufficiently flexible to permit of engine and tender assuming their normal
positions on curves, it resulls in ewcessive side thrust on the leading tender
bogie. With the large overhang behind the trailing coupled wheels of the
new standard locomotives, it is essential that the engine and tender should
be provided with a coupling which will give a wide range of flexibility *.

The Consulting Engineers replied on 29th April as follows :—* With
regard to the drawgear, I think with you that it has been a mistake in the
past not to give more freedom to enable the tender to be guided by its wheels
wndependently of the control due to the friction between the intermediate
buffers, and I am accordingly arranging to fit *‘Goodall’* draw bars to all the
new engines and tenders ”’. The acknowledgment of the 290th May from
the Board stated that ‘I note you propose to fit the ‘Goodall’ drawgear to
all the new standard locomotives, and agree that this is probably the best
arrangement on locomotives having a big. overhang behind the trailing
%ﬁouyi)led wheels 7. It was therefore included in the specification to the
3uilders.

This type of drawgear had been on trial on one engine on the M. & 8.
M. R. since 1923, and was reported to be satisfactory. It appeared to offer
a solution of the troubles that were being experienced in India with the
drag boxes which accommodated the previous type of intermediate draw-
gear; play developed therein, which induced heavy shock loads when buffing, .
and rivets became slack in the built-up type of drag box, while fractures
occurred in the steel casting tvpe. . As the ‘Goodall’ drawgear is an
articulated ball and socket arrangement, it was anticipa.ed that it would
largely eliminate shock loads; moreover, it was considered that the inertia
of the tender would be available to absorb the horizontal forces set up by the
unbalanced reciprocating parts.

Tt will be seen later that we recommend a change; in fact, this was
foreshadowed in 1932 when the ‘Goodall’ type was dropped by the Railway
Board as a standard. In that year, a Senior Railway Officer was deputed
by the Board, with one of the Consulting Engineers, to investigate Con-
tinental drawgear practice, and visits were paid to various French and
German Railways, a report being submitted to the Board. It was pointed
out that French and German authorities then held divergent viéws on the
subject of lateral control, but both agreed that it was advisable to use the
tender to assist as a stabiliser, though different means were adopted to
achieve this object. Further, it was observed that conditions at that time
in Germany permitted Pacific engines to run satisfactorily with considerably
lower initial control values than those adopted in France (vide Chapter VIT),
and no clear lead emerged from this visit as to the correct values for Pacific
engines. We were informed that the Consulting Engineers received no
acknowledgment of their report.

39. The Bogie.—The correspondence on this subject appears to have
commenced in January 1926 with a letter from the Railway Board to the
High Commissioner for India, proposing to substitute a three-point-sus-
pension bogie for a spring controlled mechantsm; it was felt that the latter
was contributing to the hot box trouble which was then being experienced
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on the . I. R. In September, the C. M. E.’s of the four British Railways.
were referred to on the point by the Board’s representative, and the Con-
sulting Engineers agreed to adopt gravity control. In October, the Board’s
representative wrote to India saying that design was proceeding on the
three-point-suspension link type, which was the arrangement adopted for
controlling the Bissel truck of the 2-8-0 engines; the question, however, of
wear and tear was raised, and shortly afterwards the Consulting Engineers
advised that the cost of maintenance was likely to be greater than for the
spring controlled type. Information with regard to heavy wear on pins
and links had been received by them, especially relating to the bearing
surfaces at the top pins where lubrication was difficult.

Turther, the Board’s representative in London drew attention to
practice on British and German Railways as adhering to spring control;
the Board were, therefore, requested to review the question. They wrote
on the 27th October saying that ““if you have not already finally decided on
the design, it might be as well to follow the Baldwin (swing link) arrange-
ment, as fitted to the 4-6-2 M. & S. M. (experimental) locomotives, as I
understand that they have experienced no trouble, also the bogies do not
run hot and the engines ride extremely smoothly’”. The outcome, however,
was that on the 18th November, the Board somewhat reluctantly agreed in
the following terms, having regard to the representations of the Consulting
Engineers :—“We approve of the engine bogies being fitted with spring-
controlled lateral motion, although I must submit I am not altogether
satisfied that spring-control is preferable to gravity-comtrol. But in view
of the modifications to the engine bogies, which you propose to effect, we
should get over the trouble due to hot bogie boxes’’, which was to be dealt
with by increasing bearing surfaces. By this, as it was explained to us,
the Board’s concurrence at the time did not go beyond the general design
of the spring-controlled bogie; they did not specifically approve the actual
amount of the initial side control provided, 15 cwts., as this point was not
referred te them, and it did not come into prominence until the first report
of hunting was made to the Board by the E. I. R. in January 1929, seven
months after the first case occurred.

There is no doubt that prolonged consideration was thus given to this
matter; the Board’s representative in London visited Swindon for the pur-
pose in QOctober 1926, and afterwards advised the Board with regard to
G. W. R. practice and their preference for spring-control rather than for
gravity-control.  Subsequently, a special arrangement with side check
springs was considered, each axle being independently sprung; there is
some evidence from the Builders’ records that the object of this arrange-
ment was to make the side control springs more accessible for examination
and repair than in the B. E. S. A. design. It was decided, however, to
abandon this in favour of the arrangement in use on the 4-6-0 engines
(axcept that the wheelbase is longer), thus affording spring compensation
between the axles, which was considered to be a desirable feature.

The Consulting Engineers informed us that the decision to retain this '
design was taken solely because it was considered to be thoroughly satis-
factory, and had already proved to be so under Indian conditions for at
least 20 years on the 4-4-0 and 4-6-0 types of locomotives. Similar bogies
had also been incorporated in the design for the pre-standard 4-6-2 engines
which, at that time, had been in use for nearly two years. There was no
suggestion that trouble or expense might be saved, and it appears that a
reasonably wide view of the matter was taken at the time. The design
was finally approved at the Builders’ Works in March 1927.

40. Difficulties of design.—The Consulting Engineers pointed out that
in new designs, certain teething troubles were to be anticipated and their
.elimination was bound to require a considerable period of running experi-
ence. They also pointed out that the principal sources of information open
to them about running troubles were the Proceedings of the Locomotive
Standards Committee, and that such troubles must, for the most. part, be
dealt with by the Engineers on the spot; observation concerning influences,
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:such as the bogie control etc., can of course only be made under running
-conditions.  Further, the Consulting FEngineers emphasised that main-
tenance of the engine itself, and maintenance of the track,materially affect
the running of an engine.

In this connection, frame and coupling rod fractures will be mentioned
later; the Consulting Engineers were not advised of the full extent of the
troubles, but they were informed that cracks had developed in the leading
.coupled horns of some of the original engines. More rigid construction
was, therefore, embodied in later designs by means of horizontal cross-
bracing from the saddle casting to the trailing coupled wheels. The matter
was referred to in the Proceedings of the Locomotive Standards Com-
mittee of 1929 and 1931; but the Consulting Engineers informed us that,
in the absence of reports to the contrary, they assumed that the measures
taken had prevented recurrence of fractures. They did not, however, con-
sider that the original design was faulty, and, in support of this, pointed
out that the M. & S. M. R. had experienced fewer frame fractures
than other systems. They attributed the incidence of this type of
failure elsewhere ‘‘to rough permanent way, indifferent locomotive main-
tenance, and the existence of abnormal side clearances in the axle boxes’’ .

PROCEDURE ADOPTED FOR, AND THE CIRCUMSTANCES ATTENDING, PURCHASE,

41. Contracts.—When the stage of tendering was reached, design had
developed to the extent of a set of four basic drawings for each type, and
these, together with the specification covering the details, had been prepared
by the Consulting Engineers. In July 1926, contracts for 68 locomotives
(26 XA, 30 XB, and 12 XC) were placed with the firm of Builders in
England who had submitted the lowest suitable tender. The Firm, with
the representatives of which we had the benefit of discussing the matter, is
one of long standing, with an established and world-wide reputation and
-experience in the construction of locomotives for many countries including
India. Some of the later engines were constructed by other well known
British Locomotive Builders, whose representatives we have also inter-
viewed. The following statements give the details of the contract dates,
present distribution, etc., for all the 284 I. R. S. Pacific X type engines,
‘which are included in our terms of reference.

Contract dates for XA Engines.

Railway Poard’s

letter authorising Railway. No. Indent No. Contrast  Rear truck
purchase. date. spacing,
'204-8 of 10th December {(N.W.R. . 2  66/1926 . ]
1925 to High Commis-
sioner for India. G.LP.R.. 2% 3/1926 . »28.7.26 70" )
E.TLR. . 2 471926 .
.314-8 of 5th October 1927 G.I. P.R.. 20%f 112/1927 . 3-4.28 . T7.0" »XAl
to High Commissioner
for India. '
314-SI of 18th October (G.L P.R.. 25% 112/1927 .
1928 to High Commis- 8.6-29 . 707 |
sioner for India, N.W.R. . 14 45/1929 .
1173-8 of 28th November N. W.R. .. 27 32/1929 14.7-30 . 8-0" )
1929 to High Commis- L
sioner for india, XA2.
NWR. . 7 12/1930 .
-3200-8 of 19th June 1930 22-12.30 . 80"
to Railways concerned. < G. I.P.R., 10 14/1930 .

N.S8.R. . 4 529/1934 . Notknown 9'-0" Shipped in
: Sept. 1935.

Total . .. 113

* Al XA typo engines on G, I. P, R. (including 8 subsequently transferred to N, W. R,) have had rear
truck spacing increased in Indis to 9°-0”,
1 8 engines since transferred to N. W. R.



Present distribution :—

E IR . . . . . . . . . . . 2
G.LPR. . . . . . . . . . . . 49
N.W.R. . . . . . . . . . . . 58
N.8. R . 4

Total . 113

Contract dates for XB Engines.

Rear
Railway PRoard’s letter authorising purchase.  Railway. No.  Contract truck
date. spacing..
E.B.R.. 5%
904-8 of 10th December 1925 to High Commls— ELR . U 28.7-26 . 8.0"
gioner for India. VG.LP. R 9%
S.LR. . 2 14727 . 8'-0”
(E.B.R. 12%* 16-28 .
314.8 of 5th October 1927 to High Commissioner { N. S, R. , 3 1.8-28 . 8'-0"
for India. S.I.R. . 9 23-8-28
( E.BR.. 11 30.4-20 . 870"
314-8 of 23rd August 1928 to High Commissioner M. &S .M 12} 3529 .
for India. - R,
LN. S.R. . 4 20.6.29 . 8.0
ELR.. 10 221230 . 9'.6"
3200-S of 19th June 1930 to Raxlways concerned { M. &S. M. 6 20-12.30
R.
35/70/S of 5th July 1934 to M. & S. M. R. . M.&B. M 2 12.6-35 . 106"
R.
Total : ‘. 99
Present distribution :—
E.B.R, . 18
E.LR. . . . ¢ : . . . . . 38
M. &8 M.R.. . . p : : . . . . . 25
8. I R. . . . . 1 . 11
N.B.R. 7

Total . 99

Contract dates for XC Engines.

Railway Roard’s letter authorising purchases. Railway. No. Indent No. Contract
date, .
. [N.W.R. . 2 66/1926 .
204.8 of 10th December 1925 to High Com- ; G. 1. P. R, 6§ 3/1926 . 1}28.7-26
missioner for India. IF LR, . 2 d4i19% .
B,R&C.ILR. 2 B/23/1926 15-9-26
814.8 of 5th October 1927 to High Commis- {E. 1. R, . 20 78/1927 .  18-10-28.
sioner for India. B,B.&C.ILR 8 PB/1/28 . 2210.28
314.8T of 18th October 1928 to High Commis. fN. W. R. . 26 45/1929 1
sioner for India. E. L R. . 61| 52/1928 } 7-5-20
Total . 72
Present distribution :—
N.W.R. . . . . . . . . . . 28
E.LR. . . . . . . . . . . 30
B.,B.&C.LR. . . . . ; . . . 14
Total . . 72

* 4 Engines from lst batch and 6 engines from 2nd batch subsequently transferred to E. I. R,
+ Subsequently transferred, 5 engines to M. & 8. M, R, and 4 engines to E. I, R.

1 These 12 engines (together with the 5 engines transferred from G. I. P. R.) have had rear truck:
spacing increased to 10’-6” in India.

§ Sunbsequently transferred to E. L. R.
il ¢ Locomotives subsequently transferred to the B., B. & C. I. R.
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42. 8. I. R. X Class Pacifics.—The Consulting Engineers 1o this
Company informed us that, in 1924, they were asked to express their opinion
upon the First Report of the Locomotive Standards Committee; but the
information available therein did not then permit of criticism. It was
subsequently left to the Company in India to decide on the types of I. R. 5.
engine best suited to their requirements, and, when the firm received an
indent in 1927 for two XB and two XD engines for this system (the Indent
being included in a combined call), it was ascertained that the detailed
drawings were under preparation by the Consulting Engineers to the Gov-
ernment of India; the firm, therefore, confined themselves to inspection
and certification, in accordance with the terms of the contract. In view
of the Railway Board’s conditions that, without their permission, no altera-
tions were to be made to standard designs, either by the Railway using them,
or by the Consulting Engineers, or by the Builders, we were informed by
the firm: that they did not interfere, nor were they invited to offer criticism.
Moreover, as the work progressed, and they had opportunities to examine
the detailed drawings, they had no occasion to take exception to the design;
they were satisfied that, so far as the track and local climatic conditions
were concerned, these engines would be suitable for use on this system.
Subsequently, in October 1927, a further Indent for nine XB engines was
received and dealt with as a repeat order.

43. N. 8. R. X Class Pacifics.—Until the 31st December 1931, the firm
concerned in this case were the Consulting Engineers to the Government of
India, and they dealt with the purchase of seven XB engines in 1928 and
1929. Subsequently another firm advised this Administration, and dealt
with the order for four XA engines in 1934; certain modifications were

specified for these later engines as follows:—
(a) The substitution of a laminated spring control bogie for the

standard design;
(b) The cutting away of the frame to permit of clearance for the
trailing bogie wheels.

The latter firm of Consulting Engineers were advised that these modi-
fications were considered mnecessary to lmprove the riding of this class of
engine, which had been in use in India since 1928; they did not, therefore,
feel competent to question the design, which was not new, nor were they
asked to do so. Moreover, they had no reason to consider that the cesign
and they confined themselves to functions of inspection

was unsatisfactory, ;
dance with the terms of the contract.

and certification 1n accor

44. B. N. R. Pucifics.—Reference has been made in paragraph 29 to
the 18 B. N. R. M class Pacific engines, which were brought into service
abott 1930. The Railway Board agreed to the purchase of these enginés
on condition that they generally followed one of the standard designs and
that all standard details were incorporated; as already stated, the under-
lying idea was to compare simple and compound engines of the Pacific type
The Consulting Engineers to this Company informed us that they acoepted
no responsibility for the standard features, for example, the springing
compensation, bogie, and hind truck construction, etc., as these were Speciﬁeé
in the Indent as follows :— ‘These qngines shall have, as far as possible
wheels, tyres, axles, axleboxes, springs, parts, fittings, ete., which aré
standard for the standard XC type of engine.””  The firm were, therefore
merely concerned in assuring that the engines were built to the speciﬁc;i,timi

which was received from India.

The Central Standards Office.

45. Inauguration and Duties of the Office.—The Locomotive Standards
Committee continued to function until 1930, up to which time the technical
work of the Committee in the way of design, and preparation of drawings
etc., had been carried out by the Consulting Engineers, and by a Technical
Qection in the Railway Board’s Office. We understand that the object
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ammed at in forming the Central Standards Office, under the Chief Control-
ler of Standardisation, as part of the Railway Board’s organisation, was
to standardise all equipment, commonly in use on Railways, and to provide
means _whereby “Standardisation could be progressively effected in acecord-
ance with changing conditions and as a result of practical experience’”. On
the Mechanical side, the Office appears to have confined its attention, until
1936-37 and onwards, almost e.xclusively to I. R. 8. designs of rolling stock.
Since then, however, it has become increasingly recognised that the Office

should concern itself in various matters arising from the use of the pre-
I. R. 8. designs, such as—

(a) The examination of dynamometer car reports, and development
arising therefrom;

(b) Proposals for modernising B. E. S. A. type engines, etc.

46. Work undertaken by the Office. —Subject to the above, the work
has been based on the advice of the following seven Standing Committees :-—

(1) Locomotive Standards Committee formed in 1924.

(i1) Carriage and Wagon Standards Committee formed in 1924.
(i1i) Track Standards Committee formed in 1925.

(iv) Bridge Standards Committee formed in 1925.

(v) Signal and Interlocking Standards Committee formed in 1926.
(vi) Stores Standards and Specifications Committee formed in 1928.
(vii) Electrical Standards Committee formed in 1935.

The Central Standards Office provides a Secretary for each of these
Committees, the personnel of which consists of a few selected officers from
Class I Railways. We were informed that the advisory funections of these
Committees remain unchanged, but it appears that the Chief Controller of

Standardisation has an overriding authority and acts for the Railway
Board. '

Originally, the work of preparing standard drawings and specifications
was dealt with, on behalf of the Board, by the Consulting Engineers, by
officers on special duty, and by various Railway Administrations. In 1931,
however, it was decided, for the first time, to invite tenders for locomotives
simultaneously in England and in India, and, following upon this decision,
the Central Standards Office had to undertake, in addition to the work
already devolving upon it, the preparation of tender documents, namely,
Specifications, Tender Forms, and Schedules.

47. Relations between the Central Standards Office, the Consulting
Engineers and Manufacturers.—Since 1930, when the Central Standards
Office was formed, the technical control which was formerly exercised by
the Consulting Engincers, has been modified. Very briefly, the history of
events was that when the Government of India decided in September 1928 to
institute the system of Rupee Tender Purchase in India, an endeavour was
made to bring the organisation of the Consulting Engineers into closer ac-
cord with Indian requirements. A Branch Office was, therefore, establish-
ed in Caleutta in 1929 for the purpose of providing expert advice in the
preparation of technical projects, specifications and drawings, and for the
examination of tenders for technical stores, etc. The cost of this Branch
was partlv defrayed by the Government of India, and the primarv object
was to assist in the establishment of the Rupee Tender Purchase System; a
secondary function of this Branch developed later, by which a liaison was
maintained between the London Office, the Central Standards Office, and
the various Railway Engineers. The impossibility, however, of the firm
keeping experts in every type of engineering in India, together with the
establishment of a regular Air Mail, which made communication easier and
enabled a large number of cases to be referred to England, were among the
reasons which brought about the closing of the Branch Office in December
1931. :
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The functions of the Controllers of Stores were increasingly transferred
to the Chief Controller of Stores, Indian Stores Department, in accordance
with the Rupee Tender Purchase Policy. The effect of the above and other
changes was, first, that the technical control of rolling stock and stores pur-
chase was largely transferred from England to India, with the result that
the onus of preparation of specifications fell upon the Central Standards
Office, and, secondly, the office had to undertake all the drawing and speci-
fication work which had previously been delegated to the various Railways.
With regard to locomotives, however, the Consulting Engineers, in collabo-
ration with the Builders, continue to deal with the detailed design; they are
also responsible for inspection and general liaison with manufaciurers.

The Railway Board informed us that the relationship between them-
selves and the Consulting Engineers is, and should be, exactly the same as
between any other organisation or firm which employs Consulting Engineers;
the latter, heing specialists in touch with modern practice in Europe and
Amwmerica, advise the Board and offer such criticism as they consider neces-
sary on anv proposals which may be put forward by the Board. It is also
intended that they should assist and guide the Manufacturers, who, in
accordance with general practice, accept, as contractors, responsibility for
what they supply. Calculations in connection with the design are made
by the Consulting Engineers, who must accept responsibility for the same;
but as the Railway Board were, and are, generally kept advised on details
of design, there is joint responsibility between them and the Consulting
Engineers. -

We understand that one of the most important duties devolving upon
the Central Standards Office since 1930 has been the preparation and distri-
bution of part-drawings, of which some 2,800 are in existence today. In
1937, a decision was also made that the part-drawing system should he ex-
tended to all the standard types of locomotives and, as a beginning, the
Consulting Engincers were asked to arrange with the Builders for their
preparation, as part of the fulfilment of current contracts.

SUMMARY OF PERFGRMANCE OF X (CLAsSs PaciFic ENGINES 1N SERVICE,

48. Siatistics.-—Up to the 31st March 1938, the mileage run by the 113
XA engines was over 34 millions; by the 99 XB, 34} millions; and by the
72 XC engines, 211 millions; for the 284 engines concerned, therefore, the
total was 90 million miles. Owing to the system of accounting, it has not
been possible to segregate the cost of maintenance of any particular type of
-engine; but there have been 347 frame fractures on the 284 engines, and no
less than 205 fire-box tube plates have had to be changed, due to cracks in
the radius. The XC engines on the B., B. and C. I. R. were withdrawn
just prier to cur visiv because of coupling rod breakages, a trouble which
has also been experienced on other lines. On the E. B. R., operating 18
XB engines, it appears that the average time these spent in the shops under
repairs was three vears out of a total average life of eight years, wiz., no
less than 37 per cent. of their time.

Derailments.—1t appears that while XA and XB class engines were
hauling passenger trains. 10 derailments, attributed, or since believed to
have been due, to hunting, occurred prior to that at Bihta, the lust in October
1933. Two such derailments of an M class Pacific also occurred in 1930.
‘Sone of these accidents, and perhaps all, were accompaniéd by distortion
of track.

Distortion of Track.—Information on this subject is contained in the
Proceedings of the Judicial Inquiry into the accident at Bihta. It appears
that recorded track distortions by 38 XB and 30 XC engines on the £ T. R.
alone amounted to 64, between June 1928 and September 1937, the majority
in 1932 —1934. Of these, 41 had been reported before this accident (the
last in November 1933) and 23 after it. It was subsequently realised that
the absence of reports of distortion after November 1933 was not sufficient
to jvetify the assumption that the alterations which had been made to the
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engines had effectively eliminated their propensities to distort track, and
the E. I. R. accordingly carried out a special investigation, The Investi-
gating Officer reached the conclusion that certain Permanent Way Inspectors
had unfortunately refrained from reporting such cases “‘pre ferring to adjust
the defects and remain quiet rather than risk disciplinary action for an
occurrence, the cause of which they were not responsible.”” Twenty addi-
tional cases of distortion were disclosed, the extent of which would have
necessitated the imposition of a speed restriction. As a result, the Investi-
gating Officer also concluded that :—

“The desiin of the X class engine is such that, given circumstances
Javourable to its peculiarities, the tendency to hunt i3 much
more accentuated than in the case of other classes of engines.
For exumple, it will be seen that of the cases now recorded no
less than 17 occurred where one of the following conditions
eristed :—

(@) The bank was constructed of either black cotton soil or yellow
clay, and, therefore, difficult to maintain, especially during
the Monsoon.

(b) A change of alignment, as, for example, from the straight to
@ curve or vice versa.

(e) Defective cross levels.

(d) Lack of ballast.

(¢) Absence of lateral stability in the design of the ral und the
composition of the permanent way as a whole.

Speed would also appear to be a definite factor, for, in each case,
distcz;tions occurred where conditions were favourable to high
speeds. . . . .o .

Of the 821 miles of track inspected, there is only one section where

it can be said that the conditions are as near perfect as pos-
sible for any considerable length, and that is between Salanpur
and Jhujha. The banks of this section are constructed in
wvery good soil, moorum and clay. The track consists of 115
lbs! F. F. rails on wooden sleepers (n plus 3) with the exception
of portions of the Up track, which are laid with 100 lbs.
F.F.B.S. and 90 lbs. F. F. R. B. S. rails. The section is
well ballasted, the alignment good, the track wcll-drained,
and practically all curves of 2° and over transitioned. On
this section very high speeds are attained, and yet not a single
complaint was received of track distortion.”’

Other examples of extensive track damage took the form of gauge
spreading on the B., B. and C. I. R., during the monsoons of 1930 to 1932,
on the Nagda Muttra section. In 1930, 71 places were affected on 13 days;
in 1931, 23 places on 9 days; and in 1932, 25 places on 8 days. This Railway
was operating 14 X (' engines.

49. Object of the Summary.—This summary of the more important
facts and correspondence (some of demi-official nature) relates to the per-
formance as vehicles of the engines concerned, to the accidents in which they
were involved, and to the steps taken to improve their riding after delivery
in Tndia. Having regard to the mass of information before us, the refer-
ences must necessarily be brief, and this is emphasised because
we do not wish any of the matter recorded to be misinterpreted,
or to give rise to unnecessary c‘ritici_sm and conte:ntion.. Our sole object in
including this summary is to provide a representative and historical
picture of the views held at the time about the troubles which were being
experienced, and of the action taken; also of the uncertainties, contradic-
tions and disappointments encountered in overcoming the problem which
the operation of these engines presented. It is evident that the nature of
the problem was ot appreciated until recent years, during which time
raaterial strides have been made in research on Indian Railways, to the
cvedit of all concerned.
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1928.

50. Commencement of Operation.—The first XB engines were des-
patched in October 1927 and were placed in service for the first time on the
24th January 1928, on the E. I. R.; after a fortnight the Bridge Lingineer
reported that they were the “most wonderfully smooth running engines”.
In June, 14 were 1n service on this line, five at Jhajha and nine at Asansol;
the Divisional Superintendent in control of the former reported that the
engines *‘run and steam very freely and are simple to operate. There is no
difficulty in making up time. At present o slight amount of trouble is
eaperienced with certain parts of the engine, but there is nothing that cannot
be put right”’.  As alvready mentioned, however, it was in May that hunting
was first reported, and, on the 26th June, the first disturbance of track
occurred on the I, I. R.; a report made to the C. M. E. of the G. I. . R.
in October also stated that “on bad road XB type éngines are more sensilive
so far as side oscillation is concerned than the D]5 (B. E. S. A. 4-6-0 type).
They had been operating for seven or eight months on that line.

1929.

51. Report thut bogie control springs were weak.—The Railway Board
reported to the Consulting Engineers in January that “‘the bogie and lateral
control springs have heen found very weak, permitting excessive lateral
movement of the Logee table and a tendency to spread the track’. 'T'he
eugines had then been in service a year, and, having regard to the Board’s
instructions that no alteration was to be made without authority, considera-
tion of the necessary modifications was pursued by the Consulting Engincers
in correspondence, which went on for some months, in connection with the
engines then building. The springs which had been provided for XB
engines did not differ materially in strength from those fitted in the two
lighter PS engines, which had been running since 1924 on the . 1. R., und
the point will be referred to later.

Talandoo, K. 1. R.—In the meantime, in February, at Talandoo, the
derailiment took place in the early morning of the rear 4-wheeled coach of
an express passenger train, which was being hauled by an XB engine; the
train was closely following a mail, also hauled by an XB engine, and both
were travelling at about 50 m. p. h. The first driver felt a lurch which he
attributed to broken or weak bogie control springs, and it was sufficiently
severe to make him stop, to examine the engine (found in order), and to send
a message back to impose a 10 m. p. b, restriction. The second driver actu-
ally observed distortion of the track ahead, and was thrown down on the
footplate as the result of severe oscillation; t}_le_re had been irsuflicient time
to warn him. This distortion, and the derailment, took place on 884 lbs.
B. H. rails on new sal sleepers, but 1). & O. plates with wood sleepers (some
very old) at the joints were also distorted at several places for a considerable
distance. ' _

It was stated that the bank was well consolidated, that there was plenty
of ballast, that joints were in good order with room for expansion, and that
there was no trouble from creep. The Permanent Way Inspector attributed
the accident “to excessive side play by the XB engines pushing the track out
of alnmeént’’ ; but the S G. 1., who held an Inquiry, found difficulty in
explaining the deformation of the track. The Chief Engineer, however,
irnmediately imposed the first speed restriction on all