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[.ocomotives | Have Known*
By O. V. §. Bulleid, M.I.Mech.E. (Vice-President)t

furaduction. My intention in this lectuce is to review a number
af the more noteworthy locometives with which I have been
concerned, and to draw attention to some details of their con-
struction which arc of interest to the designer, the operator,
and the many upon whom the self-contained motive power unit
exerts its attraction.

Some of the factors affecting the design of certain loco-
matives will be referred to, and the way in which the designer
dealt with them will be examined. The limitations imposed by
permanent-way Tesirictions on certain designs will be men-
tioned, with the mesns adopted to overcome them without
avoidable loss of power. 2

The impact of modern developments on manufacturing
methods, of the war time control of labour and materials, and of
the insistent need for economy, on the design and construction
of cerrain recent locomotives, will also be touched upon.

fvare’s 0-8-0 Mineral Locamotives. In 1901 Mr, Ivate, the
locomotive engineer of the Great Morthern Railway, put into
service the ficst of his 0—5-0 tender mineral engines, No. 401,
the first of 53 such engines, These cnpines were introduced
o work the heavy mineral traffic between Doncaster, Peter-
borough, and London and were a greatc advance in power on
any existing class. They were fitted with open-back balanced
slide valves above the cylinders, and the exhaust was appreciably
improved ; the valves were operated by Stephenson valve gear
through rocking shafts. In assessing the value of grate arca and

heating surface it is as well 1o remember that coal ar that rime, -

and on the Great Northern Railway especially, was good. The
leading dimensions of these engines are given in Tahle 1,

Ag regards external outline, the engine incorporated all those
features that were w determine the appearance of all Great
Morthern locomotives for many vears, The engines represented
a straightforward development of existing practice, the problems
set the designer being those acising from their increased size and
power,

A sister engine is illusteatsd in Fig. 1, Plate 1, which is of

The M3, of this lecture was received at. the Institution on 7th
January 1944,

* This lecture was delivered before the Graduates’ Section in
London on, Satueday, 15th January 1%44.

© Chief machanical engineer, Southern Railway,

Tawis 1. LEADING DIMENSIONS OF (GREAT NORTHERN
Rarrway 0-8-0 Excive (L.MN.E.R, crass Qlit

Grrate acea ; ; 24-5 5q. fr.
Firebox heating surface ? 1367 aq, ft.
Total evaporative heating surface . 1,438-84 sq. fr.
Total superheating surface | Mone

Doiler pressure . 5 : .

Weight of engine in working order 5
Weight of tender in working order : i
Weight of engine and tender in working order.
Adhesive weight of engine in working order
N of cylinders. ; 3 5
Diameter and stroke .

175 1b, per 8. in.
54 tons 12 cwr.
40 tons L8 cwr
45 rons 10 owt.
54 tons 12 cwr

2

200x 26 inches

Diriving wheel diameter 4 ft. 8<n.
Tractive effort . . 27,620 1b.
Ratio Adhem.m: weight 454
Tractve effort
Tractive effore
» "~ Grate area_ S Rt liiet
Firehox heating surfac £
1 g 553
FTate ared
Total evaporative heating surface
5 o - 58-7
Tae areq

historical interest as it shows Mr. Ivatt and beside him Mr.
Sturrack, the first locomotive engineer of the Great Morthern
Railway, who retired in 1866, and who was 83 when the photo-
graph was taken in 1901.

Sturrock’s and JTvare's Fipht-coupled Tank Engines. The
especial interest of Fig. 1 lies in its link with Me. Sorrock’s
own eight-coupled tank engines, Nos. 472-3 (Fig. 2), which were
ameong the first cight-coupled engines in the country. They were
built by the Avenside Engine Company, of Bristol, in 1866 and
had two outside cylinders, 184 inches diameter by 24-inch
stroke ; with their 4 f1, 6 in. wheels and boiler pressure of 150 1b,
pet sq. in. the tractive effort was 19,327 Ib. The third pair of

% The engine numbers and classification letters are those at present
in wse on the London and Morth BEastern Railway, not thoze to which
the engines were built.

Fig. 2. Sturrock’s —8-0 Tank Engine (13006}
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TanriE 2.

CoMPARATIVE DNMMENSIONS OF STURROCK'S AND I¥aTT's EIGHT-COUPLED TaME EMGINEs

Sturrock 0-8-0 T

Mos. 472-3 MNo. 116, as built
Grate arca, ‘-q ft. { LT | 24-5
Firchox heating surface, 5q. ft. . | 100 136:7
Tatal evaporative heating surfice, sq. ft 1550-1 143884 I
Boiler pressure, lb. per sq. in. 150 175 |
Weight of engine in working order, tons : 56 74 !
Adbesive weight of engine in Wtwi:mz ordun tons . 56 | 66 |

No. of cylinders 2 : ; r = 2 2

B i

Grate aren

Dizmeter and stroke, inc hes 184 =24 20 x 26
Driving wheel -.!.l.a:mn_ur 4ft. 6in 4i. 8in
Tractive effort, Ib. 19,327 27620
Adhesive wroighs E -
- — 3
Rario Tractve effort s =
Tractive effort
e - 1,13 1,128
FTAlE area |
“irebaox ing surfac | |
= Fire heating surface : ! . i ; ; = 5.Af* { 558
{rate arca |
2 Fotal evaporative heating s §1.2% I 587

Ivare 0-8-2 T

No. 116, as rebaslt

* Based on 17 sq. ft. grate area.

wheels were the driving pair, 50 2 long conpecting rod was used.
The leading and trailing pairs of wheels had § inch rransverse
play, which was controlled by check springs o Slaughter and
Callet's patent.

The boiler had a total heaving surface of 15501 sq. fr., of
which 100 sq. fi. was in the firebox. The total weight was 56
tons in working order. I have not been able to ascertain the
grate arca ; it was probably about 17 sq. fr.

Table 2 gives the principal dimensions of Mr, Sturrock’s
engines, together with those of No. 116, a very large 0~8-2 tank
locomotive buile by Mr. Ivatt in 1903 for heavy suburban
passenger traffic. Originally MNo. 116 was identical in design
with the 0—8-0 No. 401, except for the addition of long side

is to get the steam out of the cylinders™,
given o the exhaust passages.

sides of which, it was

related to the anention

The simple form of fircbox s noteworthy, the inwardly inclined
claimed, allowed the bubbles of steam
to pass throneh the water mmstead of crecping up the r-!.are as in
the narrow box. The rather flat brick arch—obmined by using
large quarries in place of ordinary fircbricks—will be noted.
The externzl appearance of the smokebox is deceptive; the
smokebox tubeplate is receszed into the barrel and the smokebox

TapLE 3. LEapinG DIMENSIONS OF IVATT'S LARGE 4—1-2
Adlanic LocomoTives (L.N.E.R. cLass Cl1), A5 BUILT

tanks, and a coal bunker supported by an additional pair of
trailing wheels. Mo. 116 proved 1o be too heavy for the road,
and was very soon given a much smaller boiler and shorter
side tanks, 10 reduce the weight. Forty similar engines were
bailt to this modified pattern during the next three or four years.

Grate area

Firebox heating surface

Total evaporative heating surface
Total superhearing surface

Bailer pressure .

Weight of engine in worllng order
Weight of tender in wnrlmg order

] T i | £E . T r J
Tvart’s Large-boilered 4-4-2 “*Atlantic” Express Bngines. In Weight of engine and tender in Working or dii

1902 Mr. Ivart introduced his first large-boilered “Atlantic™
type locomotive, Mo, 251 (Fig. 5, Plate 1). The boiler was the
chief feature of interest, owing to its unusually large size and
theusze of o wide firebox extending above and beyond the frames.

The provision of a boiler of so large a capacity was & most
valnable innovation in English locomotive design, as it removed
any fear of shortage of steam if the cogine was worked heavily.
Ofien the shortening of the cylinder cut-off is made not s0 much
in the interests of the economy to be obtained from the cxpansion
of the steam as in the desire to reduce the demands on the boiler.

Mo, of cylinders. 3
Diameter and stroke of c}]lmfe:s
Driving wheel diameter
Tractive effort .
Ratio Adhesive weight

Tractive effort

Tractive effoct

(rate arca
Fircbox heating surface

Mr. Ivatt sct an example which we should always keep in mund. Grate arca
The wide firchbox involved the provision of a trailing pair of Total cvaporative heating Sufiace
wheels which were treated on ﬂ'll: lines of the tender wheels, : Grate area

Adhesive weight of engine in w&rkmg order .

30-9 sq. ft.

| 141 3q. fr.

2,500 sq. fr.
None

I75 Ib. per sq. in.
68 tons B cwt.

40 tons 18 owt,
109 tons 6 cwt,
A6 tons

2

187 x 24 inches
6 [t 8 in.
15,600 1b.

5-14

=

1™
g
L=2

810

i.e. given lateral play, the spring resting on a plate free to slide
over the top of the box, It was not a trailing “truck”, and no
side control either by springs or by other means was adopted
to keep the wheels central when on a steaight road. The riding
of the engines was good, although there was some rolling which
could be disconcerting to the pnaccustomed traveller on the
footplate.

Between 1902 and 1908 inclusive, 81 of these engines were
built and the resnlts obdained in service were very good, both
as regards speed and hauling capacity. They readily metr Mr.
Ivart’s requirements of a susmined drawbar pull of not less
than 2 tons at 60 m.p.h.

Mr. Ivatt used o make two remaris about the proportions of
these engines. The first was: “It is no good having a large purse
and nothing to put in it” (referring 10 the vogue for large
cylinders and small boilers); the second, *The difhcult thing

emission of sparks.
183 inches diameter by 24-anch stroke.

a very direct cxhaust was attained.

volume i5 thereby increased considerably.
in conjunction with the lower smokebox vacuum found to be
adequate when a wide fircbox is wsed, materially reduced the

This large volume

This large boiler feeds two comparatively small cylinders,
; Balanced slide valves
were uscd. As in this case they were arranged to work vertically,

A detail of interest is the ryre section. The coupled wheels
are 6 ft. 8 m. diameter on tread, and their centres arc F} fr. 10 in.
apart. The clearance berween the flanges was only 5

< inch, the

depth of this flange having been made 3% inch, as mmpa:ed
with the standard of 14 inches. The leading dimensions of these
engines are given in Table 3.
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The engines were subsequently brought up-to-date by fitting
superheaters and 20-inch diameter cylinders with piston valves
in place of the 1B3-inch cylinders with slide valves; and it was
in their altered form that they did their finest work,

The following cxamples show the innate capabilitics of these
engings . —

(1% On Tuesday, 28th July 1936, No. 4404, the station pilot
at Grantham, then 34 years old, was attached o the
1.20 p.m. ex-King’s Cross at Grantham in place of the
regular train engine: The train weighed 335 tons. A
certain amount of difficulty was experienced starting
from Grantham, but the 63-3 miles from Grantham to
Brayton Junction, Selby, were run in 5% min. 24 sec, at
an average speed of 61 m.p.h.

(2) On Friday, 4th September 1936, No. 4452 was attachedd

to the up Sifver Fubilee at Donecaster, and covered the

1564 miles thence to King's Cross in 139 minutes, at a
start to stop speed of 673 m.p.h.

Mr. Dvatt retired in 1911, and will be remembered for his
work in stressing the importance of a free exhaust, and above
all for demonstrating beyond argument that the performance
of a steam locomotive is determined by irs boiler capacity.,

Greslev’s Early Dengns.  Mur., afterwards Sir Nigel, Gresley
succceded Mr. Ivate in 1911, His first engines were the 2—6-0)
tender engines known as the K1 cldss in the L.IN.E R, classifi-
cation. These locomorives were intended for working express
goods trains.,

A feature of interest in rhese engines, and one used on all
subsoquent engines with two-wheeled leading trucks was the

TaBLE 4. LeaninGg DIMENSEONS OF (GRESLEY'S Two-
CYLINDER 2—5-0 ENGINE (L.N.E.R. cLass O1)
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reciprocating patts, usually (at thar time) about two-thirds: The
Committee’s report showed the benefits 1o be derived from thres-
and four-cylinder engines, and made ir clear that with such
engines higher axle loads would be less harmful to the track
than lighter axle loads with vwo-cylinder engines balanced in
the normal way. This Committee’s recommendations led to
increased attention being paid to the locomotive balancing.

Crresley’s first three-cylinder 2-8-0 mineral engine, Mo, 461,
was turned out in 1918, This engine was fitted with the original
arcangement of derived valve pear, using a series of rockers,
linked to the outside Walschaerts valve gear, to actuate the
middle valve. The gear was complicated, but it led to the
improved gear fitted to all subsequent Gresley three-cylinder
CTIEINECS,

The first batch of three-cylinder 2-8-0 engines with this
improved gear were turned out in 1921, and the type continued
to be built after the amalgamation (Fig. 5, Plate 2). This valve
gear, which is now known as the Gresley gear consists of a “two-
to-one™ lever rocking about a fixed centre located berween the
frame plates, the end of the longer arm being coupled to an
extension of the right-hand piston valve spindle. The end of the
shorter arm carries a straight floating lever, the two arms of
which are equal in length, one being coupled to an extension
of the lefi-hand valve spindle, and the other to an extension of
the middle valve spindle.

The leading dimensions and ratios of the 02 class are given
in Table 5.

Gresley's 4-0-2 “Pacific”’ Locomotioes,  Sir Migel Gresley
completed his first Pacific type locometive (L.N.E.R. class Al
in 1922, This engine 35 shown in Fig. 6, Plate 2. The boeiler is

Tasre 5. LeapiNG DIMENSIONS OF GRESLEY’S THRrEs-
CYLINDER 2-8-0 Encineg (L. MN.E.R. crass O2)

|
(3rate area .| 275 8q. .
Firebox heating sur:uc-& ; .| 1635 sq. ft.
Total evaporative heating surface 2 i 2,032 5q. fr.
Total superheating heating surface | 430-5 sq. ft,

| 180 1b. per sq. in.
T4 tons 4 owt.
43 tons 2 cwt.
119 pons & owt.
a7 tons B owt.
a

Baoiler pressure .

Weight of engine in vrcurkmg order

Weight of tender in working order

Weight of engine and tender in working orde:
Adhesive weight of engine in v.-n::rl..mg order .
Mo. of cylinders. "
Diameter and stroke : : % . | 21 =28 inches
Dhriving wheel diameter . : : .| & ft. 8 in.
Tractive effort . . 33,736 1b,
ﬁdheswc mmght 447

T Tractive etiort

Tractive effort
y ——— : : : . | 1,227
{rrate aren ;

Firebox hearing surface
Cirate arca
Total evaporative heating Su:[nce

(rrafe area

Ratia

545

a2

738

2

Grate area 3 . b 2T5 sq. ft.

Firebox heating surface : c L 1635 sq. .
Toral evaparative heaving surface 12,037 sq. fe.
Total superheating heating surface 4305 5. fr.

150 1b. per sq. in.
73 tons 19 owt,
43 tons 2 oWt
118 tons 15 cwi.
a7 tons 7 owt.

Boiler pressure .

Weight of engine in working order

Weight of tender in working order .
Weight of engine and tender in workmg crder
Adhesive weight of engine it working order .
MNo. of cylinders. : 5 ;

. 3
Diameter and stroke . 18 x 26 inches

Dhiving wheel diameter . 4 fr Bin.
Tractive effore . | 30,470 b,
Adheszive -.l.rclglu |
4-14
A Irn.c_mrc efforz
£ Tnfu:uw offort 1-325
Crrate ares
Firebox heating surfice 5.04
i Grate area
Total evaporative heating a-url'aa,
i T4
Cyrate area i

double swing-link truck, wherewith the level of the engine
remains unaffected by the cant of the track.

Gresley®s first 2-8-0 tender engine for heavy mineral traffic,
Mo, 436 (class O1, L.WN.E.E.) was turned into traffic in 1913
{Fig. 4, Plate 2). This was a rwo-cylinder engine with outside
cylinders 21 inches diameter by 28-inch stroke, driving the third
pair of coupled wheels ; the design can be considered a normal
development of G, practice. The leading pony truck was of the
double swing-link design previously referred to. So far as per-
formance was concerned, the engine showed irself o be very
powetful (Table 4}, and a very valuable addition to the stock.

At that periodamulticylindered engines were being considered
ar adopred on many lines, The remarkable performances of the
Mord four-cylinder compound “Atlantics™ between Faris and
Calais had much 1o do with this,

The Bridge Stress Committee set up in 1923 demonstrated
the serious effects of hammer blow on bridges. The hammer
blow is the result of balancing a propertion of the weight of the

not only muach larger than those fitted to the “Atlantics™, bur
differs from them in many respects, One of its interesting
features is the combustion chamber which not only increases the
firebox volume but reduces the length of the tubes to 1% feet.

The detail design of the motion is interssting, the weight
being reduced very substantally by carcful design and by
the use of alloy steels, The piston is forged in one piece with the
piston rod, which is hellow. The crank axle is built up, the
webs being extended to balance the rotating masses in the same
plane. The engine was fitted with the Gresley valve gear,

The trailing teuck (Fig. 7) incorporates Cartazzi slides and
is, therefore, self-centring, the axle boxes being set tangentially
to a radius of 12 feet. The arrangement is simple and light in
weipht, end is fitted o all Gresley-designed locomotives with
trailing trucks.

The balancing of the engine was carried out in accordance
with Professor Dalby’s method, Professor Dalby himself check-
ing the calculations and diagrams; 80 per cent of the recipro-
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cating parts was balanced. One of the nickel—chromivm con-
negting rods was tested ar the City and Guilds of London
College, and withstood, as a strut, a load of four times the
piston steam load, without permanent deformation.

These class Al ¢ngincs were used in 1928 to run direct from
King’s Cross to Edinburgh, 393 miles without a stop. The
problems involved in a working of such an unusual nature werc
many and difficult. The water required could be picked up
from the troughs at Langley, Werrington, Muskham, Scrooby,
Wiske Moor, and Lucker, the longest distance between which
was 97 miles (between Wiske Moor and Lucker). The capacity
of the tender 15 5,000 gallons. The distance ro be covered after

- .h-i—
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railcars, and a number of runs on these cars clearly showed the
absence of disturbance along the sides.

Bugatti arrived at this form by building bodies of various
shapes on to road chassis, and running them at high speed down
the French main roads; the trials showed quite positively thar
the wedge front and back was the best shape.

Sir MNigel adopted the same form for the smokebox, withour,
however, altering the contour of the boiler. He followed this
course in order not to interfere with the driver’s look-out, He
used the aerofnil shape for the running boards, so as to cause
as little disturbance there as possible.

The boilers differed from those of the other Pacifics by

1
1
|
T BFRING Eemil
i 11 PLATES 5x5: IA
ol LEHE
|l
| L
it o """"_“"—E”‘é: 1 LOADIN
4—5% BETWYJELH TYRES— ] |
e P B CAUGE
|| |

- @r‘j ,."r THIS CEMTRE LIME TAMGEMTIAL TO A
? o

~— RADIUS OF APPROMIMATELY (2=10"

Fig. 7. Trailing Truck of L.N E.R, “Pacifics™

picking up at Lucker to Edinburgh is 76 milas, and tests wece
made to ensure that the tender contained enough water for this
distance after passing over the troughs at speed. The tenders
had to carry coal for the through run, the capacity being approxi-
mately 10 tons, and this fipure determined the weight of the
traing which could be hauled,

As no working parts could be attended to en route, all lubri-
cition oilwells, etc., had to be large encugh for the whaole
journey. Tests were made, and it was found necessary to enlarge
the cilwells on the connecting rods to hold at least 12 oz ;
mareover, oils of the best quality were provided.

A3 one driver could not be expectad ro drive such a distance
at such speeds, two sets of men had to be carried, one set on
the footplate and one in the train. A changeover was made about
half-way between London and Bdinburgh, ic. a few miles
north of Alne. This necessitated the provision of a passage
through the tender, and the result was the “corridor tender™,
The arrangement involved vestibule connexion between tender
and train, a further improvement.

Streambited Locomorives. The A4 class of Pacifics was
designed for the Stlver Fubilze train which in 1935 began to run
between London and Newcastle; and later these engines were
used to work the Coronarion train between London and Edin-
burgh. Fig. 8, Plate 3, shows the streamlining,

Frofessor Dalby always argued that a wedge-shaped front
was the best form for the leading end of & vehicle running on
rails, Bugatti used a blunt wedge at both ends for his high-speed

having the pressure increased to 250 lb, per sq. in. The larger
combustion chamber increased the firebox heating surface by
16 sq. ft. The tubes were shortened to 17 ft. 113} in., although
thiz meant a reduction in' the total cvaporative heating surface.
The tractive effort was increased from the 29,835 1b. of the Al
class to 35,453 1b., although the cylinder diameters wers reduced
from the 204 inches of class Al to 181 inches. Very close
attention was given to the steam passages, not only as regards
layour but also as regards their internal finish. Comparative
dimmséons of the original and streamlined engines are given in
Table &,

Fig. 9, Plate 3, shows one of these engines on its train, The
valance below the carriage bodies to reduce air resistance will
be noticed.

The work donc by these locomotives is known to everyhody ;
and to show their turn of speed, I cannot do better than Eive
extracts from’ the run made by No. 4468, Mailard, with a 240-
ton train on 3rd July, 1938 (Table 7). The regulator was full
open throughout the test. The speeds in the speed column are
the precise speeds on passing cach of the points indicated. The
changes in cut-off tock place at the station or mile-post indicated
on the same line.

Grosley’s 2-8-2 Passenger Locomotives. In 1934 Sir Nigel built
Mo, 2001 (Fig. 10, Plate 3), the first of his 2-5-2 three-cylinder
passenger engines of the P2 class (Cock o° the Nortk), in order
e avoid double heading of heavy passenger trains north of
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FABLE 6. LEADING DMMENSIONS OF GRESLEY'S ORIGINAL AND STREAMLINED 4-6-2 Pacifie ENGINES

Type of engine (L.N.ER. classification)}

Al {original) Ad (streamlined)

(rate area .
Firebox hca'u.ng su.r[um =
Total cvaporative heating surface
Total superheating heating surface
Boiler pressure .
Weight of engine in werkmg ordu:r
Weight of tender in working order
Weight of engine and tender in working m'dl:r
Adhesive weight of c:ngme in “urkmg m—dr_-r
Mo. of cylinders
Diameter and stroke .
Driving wheel diameter
Tractive effort .
R Adhesive me:ghl
atio Tractive effort
Tractive effort

Grate area -
Firchox heating surface

Grate arca

Total evaporative heating surface

(irate area

EE

EL

»

4135 sa. ft.

4125 =q. fr.
215 5q. fi. 231-2 zq. ft.

25763 2q. ft.

7480 =2q, ft,

180 Ib. per sqQ. in.
92 tons 9 cwt.

56 tons & cwt.

148 tons 15 cwt.

250 1b. per =q. in.
102 tons 19 cwt.
>4 tons 19 cwr.

2,930s |
525 sq. A |
! 167 tons I8 cwe.

|

i

i‘r{'ﬁ tons 66 tong
3
70 » 26 inches 18% %26 inches
& 1t, B in. 6 ft. §in
28,535 1b. | 35,455 Ih,
45 ! 418
T2& Ba0
53-22 560
T1-t¥ 62-d

Edinburgh. The boiler follows the lines of the A4 “Pacifics™,
but has a grate area of 50 sq. ft. and 19-foot tubes. Table 8
gives other leading dimensions,

Cock « the North was fitted originally, as an experiment,
with poppet valve gear. The poppet valves were unusually
large, o that the loads on the cams when lifting the wvalves
against full pressure were also ¢xtremely high, As the original
cams were continueusly variable it will be appreciated that the
contact surface was small and the heavy loading scon damaged
the surface.

The freedom of the engine when coasting was quite remark-
able owing to its being possible to lift all the exhaust valves off

their seats. It was demonsteated with this engine that the
machine resistance of a locomotive, in pounds per ton, differs
little from that of the rest of the train.

This engine was sent to the French testing station at Vitry
and was also tested with 2 counter-pressure locomotive and
dynamometer car between Tours and Ocléans. It demonstrated
itself as 4 fast powerful machine and compared favourably with
the French locomotives. In nommal train service in Scotland
the coal consumption was high; and as the cam wear was
excessive, the cylinders were replaced by piston valve cylinders
as used on the subseguent five sister engines illustrated by
Mo, 2006 (Fig. 11, Plate 4).

: TasLe 7. L.N.E.R. TesT Ruy wiTH Coronarion Trams, JuLy 1938

Engine: Streamlined d=6=2 Mo, 4468, Mallard, class A4,
Priver, J. Duddington ; fircman, T. H. Bray (Doncaster shed).
Load : 7 coaches, 2364 tons tare, 240 tons gross.

Stations Mile-posts

Grantham 1054
Mile-post 105
3 104

103 |

102 |

Mile-post 101 |

Stoke Box * |

Mile-post 100

# ey |

P 98

ax
. Ponton

e b b e ek T

Corby

Mile-post &7
23
)
aF
ekl
3%

s G2E

Mile-post
Rl

» 813

Littte Bytham

kv

.h-l E |a‘n| [ ]_-b--‘-l r#-;h-:-'u‘lvl-'-h- [N

-'I-| 1

Times {p.n) Specds, [ Cut-off,
m.p.h I PEr cent
min so0, H |
24 19 § 249* | 40
25 13 32 o
26 3z 523 =
7 36k 593 3
28 351 631 4
20 A0 0% .40
a0 204 743 £
31 05 874 o
31 44} 963 | e
3z 204 104 ;.,
32 sS4k 107 i
33 27k 1113 =
33 294 116 45
34 30 11% 40
— — 1194 5
e o ]20'} 13
34 524 1223
35 o 1223
— — 1224 i
— — 123 %
S oy 124’4" LT}
35 26 1241 2
— o= 1233 =
— — 124 &
— —_— 125 o
35 584 124} 3

* Permanent way slack.
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Tasce 8. LeapinG Dimexsions oF GRESLEY'S THrEs-
CYLINDER 2-3-2 PasseMGER Excine (L.N.E.R. crass P2)

Grate area . % 50 sq. fi.
B 27105, 1
T4 :ﬂpﬂmnw: caling 4 5q. L.
Total superheating heating surface 635-5 sq. .

Bgiler pressure .

Weight of engine in war.'rung order

Weight of tender in working erder

Weight of ¢ and tender in working arder.
Addhesive weight of engine in wurkmg urdcr ;
Mo, of cylinders. .
Diameter and stroke .

220 1b. per 5q. in.
110 goms 5 cwi.
55 tons 6 cwt.
165 tons 11 cwt,
B0 ronz 12 cwt,

3

21 %26 inches

Drriving wheel diameter - 6 fr. 2 in.
Tractive effort . - 43462 [b.
Anﬂmvc wughl: |
Ratio T = . 1415
Tractive cffort 870
' Gmtesrea 5
Flrt_-bnx heating surface 474 -
Grate area ' k
Total cvaporative heating surfane 543
2 Grate area

Sir Nigel’s death must be deplored by all locomeotive men:
lie ranks with our greatest locomotive engineers, and was
equilly at home in all other branches of mechanical enginecring.

French Advancesin Locomotive Design,  Fig. 12, Plate 4, shows
a Paris~Orléans 3-8-0 compound engine of 1935. These engines
have given a véry good account of themselves: they are the
result of many years” development in conjunction with counter-
pressure testing on the track under constant conditions of load

and speed. They are not the result of research in a locomotive
resung plant, the French station st Vitry not being in foll use
until after the design had been developed. It is an inreresting

ion to think of the still further improvements that
could be made if these locomotives were subjected o a full
serics of tests ar Viry. Fig. 13 shows the gencral arrangement
of the enginc.

The engines have very large and well-arranged steam passages,
in consequence of which the work done in the cylinders is high.
The power developed is great, as much as 4,000 Lh.p, being
claimed. The engines have worked trains at 140 km.p.h. (87
m.p.h.), and in the French view confirm the value of com-
pounding, especially in conjunction with high superheat.

The boiler has a narrow firebox with a grate 3-7 m. {12 ft.
1§ in.) long, the arca being 3-77 sq.m. {40-45 sq. ft.). The boiler
represents the limit of the hand-fired narrow firebox. The
firebox is of stecl and is fitted with a single Nicholson syphon.,
which not only improved the circulation but gave no trouble
as regards maintenance. The smokebox is designed round the
latest type “Kylchap™ blast pipe arrangement, with double
chimney (Fig. 14). The two nozzles, branching off a common
cxhaust box, are fitted with four V-shaped bars to spread the
steam ; berween the nozzles and the chimney are two pairs of
petticoats ¢ach giving three points of admission to the smoke-
box gases. The arrangement increases the surface of the exhaust
steam in contact with the guses of combustion and gives a very
even “‘draw’’ over the grate. William Adams led the way in this
direction with his Vortex blast pipe, on the London and South
Western Railway, By this device the combustion gases are drawn
up inside an annular blast pipe so that there is contact and
mixing of the gases with the exhaust steam inside the cone as
well as outside it. The leading dimensions are given in Table 9.

As an example of the capabilities of these engines, on the
15th Februvary 1935, a train of 640 tons behind the tender was

9 18 PER 5Q. . el |
—f T T T i
I 3
i . I FC=—-0*
A e e e S s e = — e
| i I -~ ' { u
e T e ——— ;F;__J H. r-cvbs.,lrﬁ A ,J / 1
S TP L n e e & iy 25 FETROKE Jl.r q
=— s i ¢ '--- :“'_,
y - ' .:_-: - CYLS i _T
y ! ML - :‘._5 F - ] rh;‘_m.";i L v
! . . . e 3 = :—: T ) E !
I L fo | - . t i - [ - 17‘—" Y = L_____J == = | |:- Tie
2 3 1 ¥ " | | = l 1.
= o i 3 I == i =
T o e a5 = = L —:._;;ﬁ:j' = = ¥ .i- |
I -3 —— 1 —— —--l--—-:__«g -|--—s"-4:‘— H—s I-—-—‘IT-———— .'-uf—-—hl

WEIGHTS Iy T

wOoRKING caper W BLLAERLLS

18T, 13C

sa 18T, 135 15T. 3C 15T, 4C.

TOTAL = 1047, 12C

i

i

1.
e &

=2

——— =
=iz

T

- 1= 11§ ! ol
-uf e

SECTION A

Fig. 13, Paris Orléans Compound 4=8-0 Locomotive {1935)
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LOCOMOTIVES 1 HAVE KNOWN

warked from Paris to Calais (183 miles) in 2 hr. 31 min. cxcluding
the stop at Amiens, an average speed of 750 m.pl.

The Paris—Orléans engineers made a meost valuable contri-
‘bution to locomotive design in the work they did in developing
these engines, and above all in showing how much more work
could be done in the cylinders by atiention to the® cross-
seetional area and arrangement of the steam passages. In mid-
Victorian days Crampton used a ratio of cylinder cross-section

- :IJI
| — B e

e =7} D i e —— 1 71 DlA—

BOWLER <o)

141 DA,
IMEIDT BELLACLITE

: v r,
f= 31 DI,

Fig. 14. Blast Pipe of Paris—Orléans Compound 4-8-0)
: Locomotive

o steam pipe cross=section of 51, and the Paris=Orléans Railway
recommends o return o this ratio and even to 3-5/1 in the case
of ultra high-speed locomotives. These locomortives also show
the hencfits of a large steam chest volume. They demonstrate
the viral importance of getting the steam into the cylinders with
the minimum drop of pressure during admission. They also
show the greatly increased capacity of locomotives fitted with
cfficient blast pipes and chimneys.

Mannsell’s Four-cylinder 460 {Lovd Nelsor), Southern Rarl-
way, In 1926 Mr, Maunsell, my predecessor on the Southern
Railway, introduced his four-cylinder 4-6-0 tender ¢nginge, the
Ford Nelson, The general appeacance of the engine as originally
built is shown in Fig. 15, Plate 4. The boiler has almost the
largest narrow firebox that can be used within the Limitations of
the Southern Failway loading gauge, consistent with ample view
from the cab, Monel metal stays, because of their resistance to
corrosion and o electoolyiie action are used to fasten the inner
and outer fireboxes together, this being the first application of
the material, as standard practice, te locomotive fireboxes in
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TABLE 9. LEADING DIMENSIONS OF PaRIs—ORLEANS Founr-
CYLTNDER CoMPOUND 4-8-0 ENGINES

Grate area : i ; : .| 4045 s, I
Firebox heating surface 5 : . 268 sq. [T
Total evaporative heating surface L2323 5. [t
Tatal superheating heating surface 632 sq. ft.

Boiler pressure .

: 4 5 | 20} I, per sq. in.
Weight of engine in working order

- | 104 tons 12 cwt.

Mo, of cylinders,
Diameter and stroke .

|
Weizht of tender in working order g —=
Weirht of enpine and tender in working
order . i 5 > : —_
Adhesive weight of cngine in working
order 5 : ; 3 I T4 eons 5 owt.
|

High-pressure; 175 x
254 inches
Low-pressure ;. 2578«
| 25§ inches
.| 5 F. 11 in.

Diriving wheel diameter

: Simple lCompound
STAT0 1L, | 45,930 Ib,
20 362

Tractive effort . 1
Ratio a"idhcml'-rc wieight
Tractive effort
Tractive cifore
(Fratc arga

Firebox heating surface
Girate arcd |

Toral evaporative heating surface |

2 2 Grate ares |

LE]

L1420 1,137

this country. Leading dimensions of this locomotive are given
in Table 10,

The drive from the four cylinders 13 divided, the two outside
cylinders driving the middle pair of coupled wheels and the
two inside cylinders the leading pair. The most interesting
feature is the sctring of the cranks at 135 deg., as apart from
caperimental engines, this arranpement had not previouasiy
been used on main line express locomotives, The arrangement

TaprLe 10 Leaning DIMENSIONS OF MAUMSELL'S 400
Lord WNelvon LOCOMOTIVES, SOUTHERN Hainway

(3rate arca 3 . Z ; 33 sg. fr.
Firebox hesting surface . 4 .| 194 5q, fr
Total evaporative heating surface | 150 ag. fi.
Total superheating heating surlace 376 sq. T,

Boiler pressure . 3 3 ;

Weight of engine in working order

Weight of tender in working arder g
Weight of engine and tender in working order. |
Adhesive weight of engine in working order . |
Mo, of cylinders. A . ¢ : :

220 1b. per sq. it

83 tons 10 owr,

56 tons 14 owr.
140 tone 4 owt.
61 tons 1% cwt.

4
Diameter and stroke . 15k 3 20 inches
Diriving wheel diameter G ft. 7 in.
Tractive elfort . - .| 33,500 1h,
. Adbesive weight
—_— -
Ratio Tractive effort :
= Fractive cf[orl' : {1,014
E CIrate anea ;
Firebox heating sucface 588
22 Crrate area
Total evapomative heating surface 603
&5 - {Grare area >

aives eight exhausts per revolution, This setting is ideal for
counterbalancing & four-cylinder engine, and gives g regular
TUERing moment,

In 1938 it beeame necessacy to renew the cylinders of these
engines. It had been demonstrated singe. the engines were
buile that a greatly increased performance could be -:}btaa:}cr.{
by increasing the size of the stcam passages and improving
their layoue (as already mentioned in the section dealing with
the Paris—Oricens Iocomotives), so advantage was taken of the
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Fig. 16. Firebox of Lord Nelson Locomotive, Southern Railway (1926)
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opportunity to incorporate such changes in the new cylinders
required.

In order to increase the production of steam without raising
the back pressure, the engines were fitted at the same time with
large chimneys and five-nozzle blast pipes based on the Lemaitre
arpangement introduced on the Nord-Belge Railway and applied
to the French Mord engines subsequently, The arrangement is
much simpler than the Kylchap, although the designer of the
Kylchap argues that the absence of the mixing petticoats renders

349

should be provided, but the design of the Q class engine would
have had to be modified in many respects to cnable such a
boiler o be fitted. Furthermore, the new engines would be
required to work over the whole of the railway system cxcept
for unimportant branches agererating no more than 7 per cent
of the system ; and this meant that the total engine weight must
be under 54 tons, There was insuflicient time for the normal
processes of design, so short cuts had to be taken,

I propose oo describe the design in some detail, in order o

4l AT FRONT -
5 45 AT BACK i

|

P P L S m’.;:%’_ :
Fig. 17,

it less efficient. The effectivencss of the large chimney with
the mmldple-nozzle blast pipe top has been demonstrated quite
clearly.

Having reviewed these few locometives in rather a superficial
manner we new come to the latest locomotives of the Southern
Railway.

The First “Ansterity™ Locomotives. We had in service a
limited: number of six-coupled tender locomotives koown as
clasé Q, but in 1941 the shoriage of this type of locomaotive made
itself felt. Orders were given to huild forty 060 engines during
1942, and with the need for standardization in mind, the dupli-
cation of the existing type seemed to be justified. Investigations
showed, however, that increased boiler capacity would be
advantagecus. It was evident that the largest possible boiler

e e
i-S-—-
-kl AT BACK -
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ot _4_.”1._. \..._ o
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D

T

1 HALF SECTIGH XX

Boiler of “Austerity” 0-6-0 Locomotive, Southern Railway (1941}

illustrate how the designer dealt with his problem under war
time conditions.

We will take the boiler first. The Lord Nelsonr firebox in
CToss-secton, i.e. over the Belpaire plate, is the largest that can
be used over certain sections, owing to the restricted Ioading
gauge dimensions. As the press blocks for these plates were in
existence it was nacaral, in order to save much time and material
to endeavour to use them again, and used they were. This
determined the cross-sectional shape of the firebox which, 1n
fact, is a shortened wersion of the Lord Nelion firebox, giving
27 sq. fr. of grate aren (Fig. 16). It was decided to retain the
wheelbase of the Q class, and this determined the length of
barrel. The boiler is shown in Fig. 17, whilst in Fig. 18 it is
superimposed on the boiler of the original Q) class. Caleulation
showed that a boiler designed on these lines would alone weigh

= e e
= e T

re" e
e

SECTION THROLGH
FIREBOY AT MIQ-LEMGTH

Fig. 18. Comparison:between Boilers of Original  Class 060 Locomotive and Enlarged Q1 "“Austenty“) Class,
Southern Bailway (1941}

—— ——— () Chass,

—ee {}1 Class.
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about 22 tons, leaving some 30 tons for the rest of the engine,
not a very liberal amount. The tractive effort was fixed at 30,000
Ib. The motion adopted that of the ()'s, with some detail modifi-
cations which it was found would improve the valve events.
The cylinders were completely redesigned w improve the
slcam passeyes and to simplify the sitachment to the smokebox.
Fig. 19 shows the cylinders. The lighter “B.F.B.” wheel centres
referred to later wene adopted.

A check of the probable weight showed that the designer was
very near the maximum limir of the 32 vons allowable. The only

HALF ZECTION BB

HALF SECTION €€

Fig. 19. Cylinders of Q1 Class (“Austerity™)
Locomotives, Southern Railway (1941)

way to keep within the maximum permissible weight was to
suppress unessential parts, o lishten the cab and lageing, and
to use a fabricated smokebox, the size and shape being soverned
by the need for giving access to all pipe joints.

Splashers and running boards were discarded as not essenizal,
and as no longer anything but a survival. The lagging was re-
designed both o reduce weight and to provide a casing, in-
dependent of the boiler, which could be prefabricated out of
thin sheer so that the work was made suitable for sheet metal
workers. Fabricated sandboxes were used, and the draghox was
also of fabricated construction.

The construction of the cab had 1o follow the same lines,
i.¢. as regards contour and form of construction. As a result of
the care taken, the weight of the engine in working order is
only 514 tons, whilst that of the engine and tender is 89} tons.

This 0-6-0 tender engine (Figs. 20-22, Plate 5) was nicknamed

LOCOMOTIVES I HAVE KNOWN

“Austerity” by the Dasly Express. It is the most powerful engine &
of the type in the country, and is haoling the heaviest goods §
train on the Southern Railway ; it is also used to work ordinary B
passenger trains. Consequently this locomotive provides am &
interesting study for the designér, as it combines the maximuom
boiler and cylinder power thar can be provided within such a &
restricted weighi as 52 tons. Table 11 gives the leading dimen-
sions; those of the original class Q engmes are also included for
COMPArison. £

The looks of the engine have given rise to much discussion. §
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The lines are new, and result from the new methods of manu-
facture adopred. We must remember “Form follows function”, 885
and “Function creates form", the motio of the Davids of archsS
tecture against the Philistines. These Iines are sound, and ha
rcason behind them, and let us hope they will influence
locomotive designs of the post-war erz.

The Threccyiinder 46-2 “‘Pacific™ Engines, Southern Rat-
emay. For some time before the present war the traffic demandss
forincrt;as«:dweighrsoftmmsandspcﬂis could not be met by
the Lord Nefson engines, and more powerful machines
needed ; in answer to this demand the Merchant Navy class v
mtrm!un:d in 1941. One of these engines, No. 21C3 Roval M,
is shown in Fig. 23, Plate 6. A front-end view of Mo, 21C12
shown in Fig. 24, Plate 6. p

The design problem was difficult, as a very powerful boiler
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TaeLE 11. LEaniG Dinewsions oF 060 ENGIMES, CLASSES O AMD (31, SOUTHERN BAlLWAY

Class

reate aren
Firebox heating surfax.i. 3
Total evaporative heating surfice
Total superheating heating surface
Boiler pressure |
Weight of engine in w&rkmg ar dcr
Weight of ti:n:!er i waorking ocder .
Weight of engine and tender in working erd.ar
Adhesive weight of engine in wurk:ng order .
No. of cylinders .
Dhameter and stroke .
Diriving wheel diameter
Tractive effort .
Rati Adhesive m.lght
A0 T active effort
Tractive effore
Greate arca
F :rcbm: heating surface

~ Grate area
Total evaporative heating r-LuFaLc

(Girate arca

Q | Q1
214 sq. fr. ! 27 sq. ft.
122 aq. ft. | 170 sq. ft.
1,247 5q. ft, 1472 =q. ft.
185 sq. ft, 218 =q. ft.
200 Ib. per 5q. in. 230 1b, per 5Q. in.
40 rons 10 cwr. 51 tons 5 owt.
38 tons

a0} tons

B9 tons 5 ocwt.
A0 ons 10 cwt. i
2

40 tons 10 cwt. |
31 tons 5 cwt.
2

19 %26 inches 19 %26 inches
5ir. 1 in. 514t 1 in.
25,157 Ib. . 30,000 Ib.
423 | 382

1,195 1,110

557 ‘ 63

550 545

was necessary. A laree grate atea had to be provided so that the
coal, with its high proportion of dust, could be burnt without
undue losses through the tubes, i.e. without excessive blast on
the fire. This meant a wide firebox and a trailing axle.

With the grate area of 481 sq. fi. which I considercd the
smallest to meet the conditions the weight limitations alone
made a copper firebox undesirable. Experience in America, in
the Dominions, and in South America, had demonserated how
successful the steel firebox was, and this was confirmed by the
results on the Paris—Orléans Railway, with which I was familiar,

The main reason imposing the use of a steel fircbox was,

however, the high boiler pressure—280 Ih, per sg. in.—which
had been decided upon, This pressure exceeds the recom-
mended limit of pressure for copper boxes. Having decided to
yse steel fireboxes, the next step was to decide to weld the
varions plates; and this was done, both the inner and outer
firchoxes being welded throughout. The resulting firebox is
most attractive ; there 1 no double thickness of plate anywhere.,
Two Micholson syphons were fitted in order to improve the
circulation. Drop type fusible plugs, which have a brass plug
held in position by fusible metal, were fitted as an additional
precaution against damage through low water. In order to
protect the steel box and syphons as much as possible against
cald zir, Ajax auvvomatic firedoors were provided. A general
arrangement of the cab, including this firedoor, is shown in
Fig. 25, Plate 6.

Fabrication was introduced wherever feazible. The smokebox
is a zood example as showing how, at long last, the shape of the
box is made to suit the Jayout of the steam pipes. By using
Mo, 22 5W.G. sheet, in conjunction with cold-rolled sections,
the weight of the lagging was kept low. The same type of con-
struction was also used in the cab, 2

The cngine is fitted with the “B.F.B."” wheel centres, which
are neither of the Boxpok nor of the double-disk types but
something new. Besides reducing the weight by some 10 per
cent, they ensure that the tyre is under uniform stress all round
the circumference, Clasp brakes are fitted so that wheels and
axles are not subjected to the usual longitudinal throst, and
by this means a larger brake block area is placed in contact with
the tyre.

The tractive effort reguired was 37,500 [b.; and this 1:%
obtained by using three cylinders 18 inches in diameter by 24
inches stroke, with driving wheels & ft. 2 in. diameter. This is
found to be the best size of wheel for the operating conditions. -

The piston speed with a 24-inch stroke and a 6 ft. 2 in. dia-
meter wheel, i the same as with a 26-inch steoke and a 6 ft. 8 in.
wheel at any speed (expressed in miles per hour), Three cylinders
driving the same shaft give practically perfect balance, and
render the counterbalancing of reciprocating parts URNeCcesssTy.

The engine, in consequence, exerts no hammer blow, Leading
dimensions of these enzxines are given in Table 12.

A diggram of one set of the valve gear 15 shown in Fig, 26.
There are three sets of valve gear, one for each cylinder, driven
by a three-throw crankshaft revolving in phase with the main
crank axle, from which it is driven by Morse silent rocker chain.
These sets of gear are enclosed in a swmp, together with the
crank axle, middle connecting rod, and crosshead; and all
details are under continueus lubrication, the oil being pemped

TasLe 12, Leapine Disensions oF THREE-CYLINDER
402 Merchant WNavy LOCOMOTIVE, SOUTHERN Rarnway

Grate area 43-5 zq, ft.
Firebox heating wrﬁce 275 sq. ft.
Total evaporative heatings bi.‘II.[H.LL 2,450-9 5q. f1.
Tatal superheating heating surface 822 2q, fr.

Boiler pressure .

Weight of engine in wc:-rkmg arder

Weight of render in working order

Weight of engine and tender in working u:d.f:r
Adhesive weight of engine in working arder |
Mo. of cylinders 2 ; 5
Dhameter and stroke .

1 280 1b, per =q. in.
04 tons 15 ewe.
47 tons 16 cwr,
142 tons 11 cwr.
63 tons 0 cwt,

3

183 24 inches

Drriving wlhicel diameter : : | et zin.
Tractive effort . . 4 37,500 b,
Ratigiaes e WEEhT 376
[ractive effort
Tractive effore 773
{Gratc area fik
Firchox heating surface
3 S-07
Grate arca
Tatal evaporative llcﬁtmb surf":tu.
a3 b1 )
Grate &

from the bottom of the sump by two reversible pumps and dis-
charged over all the moving parts. Accessibility is needed, in
order to make good the wear and tear, but it is better to obviare
the wear and hence to render accessibility a secondary con-
sideration.

The piston "u':ll'l.-'LS_. 11 mches :.lm:nu.u.r, arc operated by
cross rocker-shafts in the exhaust cavity., This armangement
cnables ourside admission to be used without glands, a decided
advantage when we are dealing with highly superheated steam
at 280 lb. per sq. in. pressuve. Fig, 27, Plate 6, shows No. 21C8
working the 10.50 a.m. train from Warerloo.

It may be interesting, before I conclude this address, o
compare the Great Northern Bailway ““Atlantic” engine of 1902
with the Scuthern Railway “Pacific” engine of 1942 {Table 13).
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steady progress in efficiency and in capacity. The major dis-

militating against the development of the locomotive

are I to the use of coal as mined, and raw water with

Taere 13, Comparison OF Leanmwc Dimensions ofF G.NR.
Arlantic Evcing (1902) wiTH S.R, Pacific Encmve (1942)

1
G.M.R. S3.R. | Percentage
Artlantic Pacific i increase
Grare ares, 3q. ft 2 30-9 485 | 57
Firebox heating surface, sq. [t 1410 | 2750 95
Total combined heating |
e TR e e B T e 309
Baoiler pressure, Ib. per 5q. in 175 | 280 60-0
Weight of enginc in i
order, tons. : ‘ f 684 | 04-75 385
Adhesive weight, tons . . 36 | &3 750
HNo. of cylinders 2 | 3 =
Diameter and stroke of qrhn-
ders, inches 3 153 =24 1824 -
Drriving wheel dmmctcr i | B fe Bin, | 6t 2 in. —
Tractive effort, 1b, .| 15,600 37,500 139

home-prod

become available for use in locomotives, just as imported liquid
fuel is now Tﬂ rovided for other forms of transport. The restric-
tion on availability resulting from the limited weight of coal

ML FILTER
Fig. 26. Valve Gear of 4-6-2 Th:oe-Cfﬁndcr Locomative, Southern Railway
' Conclusion. The steam locomotive has contimued to make

carried, the necd to replenish it, and the need for the disposal
of ashpan and smokebox ashes will then disappear.

The water problem, so far as ordinary water is concerned, we
may now consider in sight of solution, in vicw of recent pro-
gress in water treatment. Crude water can now be treated,
especially when allied with all-steel boilers, in such a way as
to obwviate corrosion and priming trouble. The loss of working
days required for boiler washing out and for boiler attention
will then be a thing of the past. We must not be satisfied, how-
ever, until we have recovered most, if not all, of the water lost
in the exhaust steam. We must not forget the latent heat in the
exhaust steam waiting 1o be returned to duoty.

As regards the mechanical side of the Iocomotive, we now
have engines with fully enclosed motions under continuous
Iubrication, and this development, we may bope, will overcome
lubrication roubles. The high-pressure all-steel welded boiler,
by enabling repairs 10 be carried out and readily [ﬂnn]:s
to the development of welding’ should reducc the mechanical
care required to the boilers. We have scen too that it is possible
to balance a locomotive so that no hammer blow is exerted on
the track. We have also scen that the achievement of a high
powerweight ratio hag been assisted by adopting designs only
realizable by the latest process of fubricarion. i

As :'cgatds the efficiency of the engine, higher pressures, in
conjunction with higher superheats, have reduced the quantity
of steam used; and the improvements in walve events and
cylinder design have allowed more work 1o be extracted from
the steam in the cylinders. We must remind oursclves that it is
the efficiency of the machine as regards the power developed
;;uﬁjc:;ﬂmmmmmmm:m:mmhmnwhu

The progress already made, and to be cxpected, in all the
above directions, by increasing the reliability and availability
of the steam locomotive and its economical efficiency, w:]l
cnsure its continued and extended use. There is no n:nsnn 10
think finality has been reached.
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Fig. 1. Mr. Ivart’s 0=8-0 Mineral Locomotive {1901)

Mr. Ivatt (left) is seen with Mr. Archibald Sturrock, first locomotive superintendent of the G.MN.R., who held office from 1850 to 1866.

Fig. 3. Mr. Ivatt's first l.:lrgc-ﬂni]cn:d 4=1=2 (**Atlantic’”) Locomotive (1902)

[I.Mech.E., 1946]
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Fig. 4. Sir Nigel Gresley’s first 2-8-0 Heavy Mineral Locomotive (1913}

Fig. 5. Sir Nigel Gresley's first Three-Cylinder Locomotive (1918)

Fig. 6. Sir Nigel Gresley's first 4-6-2 (“Pacific”) Locomotive (1922)

[I.Mech.E., 1944]
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Fig. 8. Streamlined “Pacific” Locomotive (1935)

Fig. 9. Streamlined “*Pacific’’ Locomotive No. 2509, Silver Link, and the Silver Fubilee Train (1935)

TR s o M o e G

Fig. 10. Sir Nigel Gresley's 2-8-2 Three-Cylinder Passenger Locomotive (1934) with Poppet Valve Gear

[I.Mech.E., 1946]
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Fig. 12. Paris—Orléans Railway 4-8-0 Four-Cylinder Compound Locomotive (1935)

Fig. 15. Mr. Maunsell’s Four-Cylinder 4-6-0 Locomotive Lord Nelson (1926)

[I.Mech.E., 1946]
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