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Class Locomotives

of the Southern Railway

By O. V. S. Bulleid, M.L.Mech.E. (Vice-President)*

The opcrating reguirements in rezpect of weights of trains and speeds derernined the main imen-
sions of these new locomotives, and the paper refers 10 the limi: ions on the development of powerful
hwmmmpmadbytbclm&ogpmmdwghtm

The Merchanr Naoy class locomotives embody many innovutionsz in British locometive practice,

and the reasons for these changes from osthedox practice are §i

the changes were carried out described,

v vaplained, and the way in which

Some difficulties were naterally experienced in service as a result of these departures, snd they are
fully related, rogether with the modifications which successfully overceme them Some of the im-
proved results obtained 25 a resulr of the lanevations are reported.

Opeating Requérements.  When the design of these engines was
first gaken in hand it was required that they ghoul? be able o
work traing of greater weights than the maxinwun ten allowed

The MS. of this paper was received ar the Institution oa Sth
Aggzust 1945. For th= Minstes of Proccedings of the macting iv Ton-
dom on 14th December 1945, ar which this paper was prosented, s
Proc. LMech.E., 1045, vol. 152, p. 38

& Chief Mcdumc.‘.l Engincer, Southern Railway,

and ar higher average - seeds. Tossenger trains of S50 to 600 tons
had to be regarded a3 peobable in the near  ceure, Avernus
start-to-ston speeds of a4 mile 2 dnute on s ort runs such
to Dover and of 70 moph. on loager runs to Exeter, etc., bl
10 be provided for, with a maximum limit of 90 o 95 m.p.h.
Express goods trains form 20 ever-increasing proportion of
the train scrvice and the tendency is 10 rur them at the same
specds as passenger trzins, This practice improves the opsration
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of the line by avoiding shunting the slower trains on to slow lines

B or loops to let the faster trains pass: and this is especially so on

the Southern Railway with its dense passenger services,

This results in a demand for mixed-traffic locomotives, or
general-puspose machines, Provided the areas of the steam pipes
and ports and the volume of the steam chests are such thar the
cylinders can be fed properly with steam with a2 minimum drop
of pressure during admission, locomatives can do useful work at
piston speeds as high as 2,000 fi. per min, A locomotive with a
6 ft. 2 in. wheel, therefore, will be able to operate traing 2t the
bighest speeds likely to be required in ondinary scrvice,

Characteristics Required. Experivnce shows that to work

trains at high average speeds engines should have a
ve effort of 35,000 to 40,000 lb, and an adhesive weight of

it least 63 tons, if the trains are 1o be accelerated quickly enough
and are to be operated over severe gradients,
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Fig. 1. Southern Railway Loading Gaugs

Experience has also proved thar a grate area ap oeooching
50 sq. fr. is needed if suffclent water is to b2 evaporared to
ensure the cylinders being supplied with all the steam they can
use at the maximum races of consumption, & gratc ares of this
size means a large boiler with kuge fircbox sres and volume,
sequate water capacity, and sufficiens tubes to ensure that as

2 much as possible of the heat generared but not sbsorbed in the

is transmitted o the water in the barrel before the gases

B reach the smokebox. Such a boiler must be of considerable

¥ Bauge is shown in Fig. 1 an

weight,

Limitatione en  Dimenwsions. The designer, however, s
feverely restricted a5 regerds the cross-section:! aren of the
locomotive by the loading gavge. The Southern Railway loading
shows that the height must not

B txceed 13 fi. 1 in., the width over cylinders 8 Fr. 10 in. and the
2 ¥idith over the cab at the cornice 9 fi. 0 in.

3T

The overall wheelbase of the engine and tender is limited by
the available turntables, which are 70 feet long.

The maximum weight allowed on any one pair of wheels iz
21 wons, ‘The towal weight of the engine and render is limired by
the strength of the bridges.

Leading Dimengions. The following basic data were arrived
at and the design has been based thercon :—

Adhesive weighs . g . 63 tons

Tractive effort 5 . . 37,500 Ib.

Drriving whee] diameter . . 6ft.2in.

Boiler pressore * . . 280 Ib. per sq. in.

Grate area i : 48L sq. ft.

Total weight of cngine . 94 tons 15 cwt,

‘lotal welght of engine and tender 145 tons
Number. H . 3

Cylinders< Diameter . 18 inches
Stroke . . . 24 5

Wheel arrangement . . . 462

Fig. 2 is the weish: disgram of the engines as built and slso
gives the lcading dimensions and ratios. To design and build
an engine of the power required and with adequate boiler
capacity within such a restricted weight necessitated particular
attention to the reductdon of weight wherever possible.

Innovations, The principal inmovatons in British practice
introduced in these engines, and to which attention will mainly
be devoted in this paper, are :—

(1) High-pressure boiler with welded stecl fireboxes fitted
with syphons.

{2) Enclosed motion with pump lubrication.

{3) New wvalve prar inoorporating piston valves operated
between the heads.

(4) New wheel centres with pew tyre fasteniog,

(5) Reciprocuting weights not balanced.

THE HIGH-PRESSURE BOILEE WITH WELDED FIKEBDX
AND SYPHOMNS

The pressure of 280 Ib. per sq. in. was adopted in place of
220 Ib. per 5q. in., the highest hith<rto in vse on the Soothern
Railway, in order 1o Jimit the cylinder dimensions. This preseuce
approaches the limit for simple-expansion engines, especially
when the engine is working at & very carly cut-olf and with
reduced steam chest pressure and severe wiredrawing of the
steam,

The MNon-Ferrous Metals Besearch Association's investi-
gation into the corrosion of copper firel-ox plates and the wasting
away of the staybolt heads showed clc rlv the unsuiabiliy of

i 30 deg. F. recorded in

the ends of the stays, the pressure of the beoiler tested being
220 b, 3q. in., corresponding to ~ stcam tempersiu-e of
395 deg. F. At such th= cupper Joses ils clasuciny.

temperatures
This mems ther efter the plae expands, 2=d cools down, it
does not return to its original position er forrn. Arsenical coppee
would be less suitable for the intended prassuee of 280 Ib, per
8q. in. with its steam temperature of 416 deg. ¥,

The life of steel tubes {5 short andd the tuic: bhave to he

renewed frequently, maialy through pisting; they cive trouble
not only in the workshops bt zlsa in the running <004z, 22 they
requirs considerable astenticu o beep them tght in 1l o
tubepiate.

Wancr-softening in hard-vics distriors, water trosiincst in

soft water districts, remowal of =l scale, cic., are al! suezcctod
methods for o¥ercoming tle tmouble, The suthor has shw=ys
considered the main cause 1o be the clectrolytic action sct up by
the use of steel ohes < copper fircboxes, The use of steel fire-
boxes was therefore considered.

Steel fireboxes are vsed exclusively in the US A and
Canada and to an increasiog extent 1p France, South Africa,
and Australia. It is difficuli -+ believe that the U1.S.A., 5 coppee-
producing country, would persist in using steel if this cuarerial
w.Tc rezlly unsatsfactory. It is often stared that steel can be
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so- £ TOTAL WH '.I:'E LBASE

D\“:H. BUFFERS

T lc
?I* l.'?:u 14 =10
1
' ADHESIVE WEIGHT £1 1 7 2 ”
TVL
ENGIME TOTAL ‘H-—IL|5 TEMDER TOTAL 4? -5"

' : E d T4 C
CTOTAL WEIGHT OF ENGIME AMD TEMDER IM WORKING ORDER 144—2

: : Fig. 2. Weight Diagram of Locomaotive
LEADING DIMENMSIONS

Bailer Ashpan Tyres g
Werking pressure . . 280 Ib, 5q, in. Area of opening, front : + 56 5. fr. Fastening i . i . lip
Three Hoss pop safety valves « 3 im. dia. ™ 33 TERE X . 66 sq. It
Length betweaen tube plotes + 17 fect Bearings
Length of barrel - o 16 e, 9§ In. Emokehex Diameter, Length,
Maximum diamerer of barrel . 6 ft. 34 in, Length = . . Bt IE:I'- in. inches  Inclies
Thickness of barrel plotea . . 34in. Muximum width 3 * - 6T, 108 i, Acxles, i\l:ln:l.t . s - LT 10
2 WERPPET . ' g in. Heighz, front . 4 {r. 51 in. ,, 5 £ g 10y,
W:mht of boiler empty . . 2605 tons 4  TEAT 5 ft, 11§ in, o, Jm truck . " f [ 13 g
YWeight of water in boiler . B75 tons Sweam pipes . Ti in. d.l:m::t:r 385 s, b, i 'I.r:m.ler £, g 2 & & 13l
Velume of watee in boiler = 314 Exhaust nezeles, number 5 Crank pins, ourside . H . 6
cu, ft. o OG0 gal. a0 dismeter . 2% inches inside T g &
Velume of steam at half g]ns: + 113 o £, total srca 2%-05 aq. in, l:‘.o-up]ed ping, leading E 3 5 4
MAren of water surfice 5 « 130 eq. . C:hinn:;.. dizmeter at choke . 2t 1in. i driving ! P 7 4
Main stenm '\un:. g in. 1J-m.k T is. - » s LOP o . 205 in. » trailing fE . 5 41
bore, . : . 385 ag. Ina. o g » bottom . 25 8 in o
Springs
Tubes (Small) Cylinders Bogie, helical, 120 dnches free length, 5% in. dia,,
Marerial | . . v . stesl Mumber . i -3 Tirnmis section,
Humber , = 3 ] DHarnerer and stroke . . 18 in, by 24 in Coupled, laminated, 4 feet centres, loaded, 20 plates,
Diamerer outside H . . 2} in. Wolume per cylinder 5 o FEI L fE 5 1nches wide |r|c|'| thick.
Thickness . . P1LG im, = 11 597G Clearance volume, per cent . 88 Trailing truck, h.c'l..caJ, 1 [t 4 in, free length, 6 in. dia,
Timmis sectinn,
Terbes (Snprr}mrrr J"ue,- Priron Tender, Inminated, 4 ft. ceatees, loaded, 15 plates,
Mnterinl | z . gteel Materiul . . v . . cast fron 5 inches wide, § fnch thick,
HNumber . f . + 40 » o
Dinmeter gutside . 5% ins, Plison Rings 4 Side Control Springs :
Thickneas & ", 0156 in. s, Material | L s S . cpst iron % 3 Initial  Fina
Humber . Fi . o ) d, Load,
Superkeater Width . . A k, . 245 inch 1o0s tons
umber of elements : ] Thickness 5 F d . 3] inch Ropie 3 = ¥ ., 3 L%
Eriaineter putside 4 i . 1k in. Trailing truck . = R e 10 20
Thickness = o 00144 dn. = 9 5WLG, Pirron Speeds
! At 60 miles per hour, feer per Brakes 5
Heating Surface min. 1,000 Engine, type . p « Bheamn
Firebox [m*[ud u.L syph l:-mi} . 27540 eq. fi, .ﬁt f)ﬂl miles ]:ur.r ]:u:-u.r, feet pr.-: w Do, ef l:_ﬂmdc:u . 2
Tubes . i . 1,241-6 » 55 »  diameter and utrnke . 6} ins. by 8 ins,
Fluea B E . & . 9343 34 ﬂt III:I railes pn:r !auur, !'cnr. p:r pull . 574 tons
. e min., . 2,000 Tcnd-.‘r, ype . 5 . ¥acuum
Taotnl evaporative . g R L o . = nio, of l:j'l.l.nllﬂ.‘i A
Superhestee (orside) a . B220 C Merion z 5 dinmerer . X o 31 Grsches
? x i Typ= . . - . » Bulteid w. pull . . . - 24T tons
‘Total combined . 3 « 32729 F I ! - L]
e Ve Lahrizarion :
pe . - - B . piston Piston valves and pistons . - force feed
Firebox Diinmneser. B u 5 1 inchea . Walve f_.p.tmgmg alaaft and pins &3
Matecrial . 5 + steel Sueam lap . . - B 4 inch Motion, flood by rotary pump,
"Two thermic syphens . : Seeam leacd . . -1 “‘."E‘:’ Axlebooess, oilboxes on back plate,
Thickness of tubeplite 3 . finch Manimurm travel . « B} dnches 4 !
Thickness of back and side plates % inch Maximum cut-off, T cent -7 Y Tractive Effort
QOutside length ar bottom . T i, I|:|§ in, Fort area (liners) . - 0T g, dn. Ar &4 per cent bodler pressure . 37,500 b,
» width 4 . . Tt 9in Valve 20
lengpth ac top : . O ft. R4 in. T, JL Weiphis
L1
s width ,,  front . 5t 64 o, ﬁ:éf.& o \alw: 2 Ty o drar Adbesive : . 63 tons, O cwes,
d. i rear . g}‘: E;&*in. wiah i ' 3 luch Emg cusammwn;éenw n:;itr .84, P
I.na: e Lo th nt hﬂTtD’.‘I:I % k. im. 2 3 E bEN, ol engine & wender in
? 5 3 M ﬁ';ié o Thicknrss . i 5 . #inch working order ; i, oz,
., I:n,t;l.h at top . . 81 in. - i q 2 i
w width  ,,  frant . . 51t 2% in., Cﬂ]_:ﬂg:{ﬁﬂdu : i c LB feer AdReiion
» w  FEET . Bf.51in outside, 3 E 11 feet 5] Factor . F X A - 376
Volums . 300 cu. ft. = < .
‘Bridge between fuesat Fr\ehnx Enl:l 13 inch Woheel Diavrerer Tracrive Power =
Ares through Rus tubes 2 3B sq. fi, Bogis ) 3 . % Ee 1 im. Per ton of ndhesive weighe. . 505 Jb,
» srmall gy o 256eq I . Coupled . ; . & 2 in. Fer square fool of grate ures 773 1b.
Trailing truck . . 3t T in. Per sguare foot of combined heats
Grate Tender . 30 Tin. ing surface . . Z . 115 I,
Length of "lupe . + o T 0k Ing
Width . = A o G fe 111 in, Wheal Ccmre: Tender
Grratg arei . 4850 5q, 1L M!' ‘ . ¥ . B, Water capacity " e p E.cu:ﬂ:l gllons
Aeea of air possages through grate 2425 sg. It. tevial . . s . . cast steel Cpal capacity . 5 . . 5 tons
BATIOS &
Firehox heating surface rate area Cylinder urea
Grrate aren =67 Aahpan opening aren ] Steam pipe Ares 662
Bvaporative heating surface o g Grate ares a0 . Cylinder volume 136
i Crrate ares Aren of air spacts through grate Sreamchest volime
Evaporative heating surlace Arca of chimnoy ar choke _ Engine beake foroe
Superhcater heating surface 298 Area of exhaudl noreles 1913 Adhesive weight $1-1 per cent
H Tender
Total area thivugh tabes 126 pes cent Cylinder are 67 er brake foroe
Cirute aren

Tort vrea : Tender woight (il 50 per cent
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used for wide fireboxes but not narrow, but steel was nsed in the
1.8 A, before the introduction of the wide firehox.,

Steel firehoxes were sald to be unsatisfoctory owing to the
plates eracking. Copper fireboxes, howsaver, are not inrmune
from this trouble, There had been no expericnce of stecl fire-
boxes in Lngland in recent years and it was known that firebox
steel plate had improved in quality. A special firebox plate
manufacrured by one steel maker is better than anything avail-
able previously. The analysiz of this plate is: carbon 0-15 per
cent mux., manganese, 055 per cent max., phosphorus and
sulphur, 003 per cent max. The mechanical properties are:
ultimare tensile strength, 24 to 28 tons per sq. in., clongation
on 8 inches, 25 per cent min. The analysis of the standard
American fieebox plates 15: carbon, 023 per cent max., man-
ganese 03 to 06 per cent., phosphorus and sulphur 0-04 per
cent max., with similar mechanical properties.

This new plate is almost free from creep, a preat merit in
firebox plate. It is also readily weldable and a completely welded
firebox, both inner and outer, was a practical possibilicy in view
of the development of electric welding. As riveted joints would
be suppressed there would be no double thickness of metal to
cause trouble through overheating and burning away. Moreover,
should any craclks develop there would be no difficulry in cutting
aut the defective plece of plate and welding in a new piece of
plate, an operation that would take lictle time and could be done
in position.

The use of steel would effver a larpe reduction in weight as
compared with copper, which in the case under consideration
would be at least 14 tons. During the war, too, anything that
would reduce the use of copper was desirable,

The vse of steel firchoxes on recent French locomotives with
250 M. per sq. in, pressure and over had been satisfactory and,
in fact, the author found the French engineers convinced hat
for such pressures steel hreboxes must be vsed.

The successiul introduction of the Nichalson thermic syphen
had provided a reliable means of improving the boiler clrenlation
whilst, at the same time, giving added securicy against over-
heating of the crownplate,

It seemed reasonable to expoct good results from steel fre-
boxes provided that care was taken in the design o allow for
the differences between steel and copper, and alzo that all
reasonable precautions were taken to ensure that the fireboxes
were treated with proper care in service. It was therefore decided
to use steel fireboxes on these locomotives,

The boilers of the first ten locomaotives, of which the general
arrangement is shown in Fig. 4, were built by the MNorth Britsh
Locomative Compary, and the author is nuch indebred 1o Mr,
Lorimer and Mr, Black for their help in their design and manu-
facrure. The subsequent ten boilers bave been produced in the
Southern Railway workshops at Eastleipgh.

Firgbox. The firebox is illustrated in Fig, 5. All the plates
of the outer firchox, comprising the back plate, wrapper, and
throat plate are welded together, The outer box is siveted 1o the
Belpaice ring. The inuer firebox plates, compilsing back plate,
wrapper, throat plate, and tube plae, are also welded together,
the top flanges of the two syphons being welded into the roof
of the firebox., The inner and outer firchoxes ace welded to-
gether at the firehole.

For practical reasons the inner fircbox has to be inserted
through the foundation ring opening, and the shape of the inner
box has to be checkéd to ensure that this is possible.

All holes in the pressed plates are drilled before the plates are
assernbled together. In the case of the wrappers, the plates
are drilled on the flat before bending, as are the Lasrel plates
before relling, an advance in manulacturing technique that has
speeded up prodection considerably. The foundution ring is
gunhle Tivered throughout, and is welded from four pieces.

The welding technique employed in the Southern Railway
workshops is as follows. The foundation ring is placed on a jiz
and levelled, and the side, baclk, throat, and wabey ¢ holted
in position. All the joints between these membon are single

S e welds with the edges bevelled to give 20 o0 “oded angle
of 70 deg. with a 55 inch root face, A joing is «howa in Fig. 6.

Distance pieces % inch thick are placed between the plate
edges, and the plates are tacked in position. After checking for
alinment the assembly is placed In a manipulstor, shown in
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Fig. 4. General Arrangemment of Boiler
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Fig. 7, Plate 1, in order that all the welds may be pecformed in
the downhand position. Stiffening bars are bolted to the plates
to prevent distortion,

The first runs, using 8 gauge clectrodes, are made by two
welders, working simultaneously on the fire side of the joints
between the side and throat end side and back plaves, respec-
tively. These runs are then cleared of slag, chipped, ground, and
inspected.

The second run on each joint is made by a 6 gaupe electrode,
and these runs are dealt with in a similar manner, The thicd
and final run on the fire side follows, using a 6 gauge electrode ;
this run, which provides a reinforcement of 10 per cent on the
5}3;; thickness at the centre of the weld, is thoroughly cleared

g
To complete the joint the sutface of the first run on the water

L
! [ LD Ga
WATER SIDE

1

Fihg e .ﬁ-! . FLATES FREPARED FOR WILDIG

4 RooT Face
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and from en examination of Fig, 10 it will be seen that an intri-
cate contour has o be carefully developed.
The operations on the plate are -—

(1) Forming the flanges for attachment to the crown plate.

{2) Forming the bulges which support the brick arch,

{3) Folding the plate,

{4) Forming the cylindrical neclk which connects the syphon
to the throat plate, and the back and front flanges,

{5 wcaﬂy welding the syphon on the front, back, and

{6} Fitting and riveting screwed stays in the flat sides of the
syphon.

On completion the syphons are tested by hydranlic pressurs
te 50 per cent above the working pressure of the boifer.

Fig. 6,. Preparation of Plates for Welding

side of the joint, is chipped our, zeound and inspected, for the
sealing Tun which is made by an 8 gauge electrode, This run is
also thoroughly cleared of slag. It should be noted that defects
in cach run are cut out before proceeding with the next ron.
The tebeplate joint is dealt with similarly, with the exception
that ene welder only is employed.

Nexr the syphons are Otted and tack welded with stiffening
bars bolved vo the crown of the box to prevent distortion. The
“back step” method, performed by two weldees, is nged for the

phon joint at the crown. It should be noted that althoogh
r‘z inch thick distance pieces are used berween the plates, con-
traction between them while welding is sufiicient to gquesze 1.
distance picces down to 3 thickness of } inch, the design fiyure.
Similar methods sre used in constructing the outer firebox.

The electrodes used are of the solid extruded type usin, an
arc voltage of 28-30, with a current of 150-160 amp. for an 8
gauge electrode, and 190 amp. for a & gauge. All pressings are
stress-relieved before welding and all welding 13 examined by
X-ray photographs. The boxes are no: annealed after welding.
A vicw of the inter firelbox 18 shown in Fig. 8, Plate 1, and of
the assembled box in Fig, O, Plate 2

Syphons. The construction of the syphons is shown in
Fig. 10, Plate 2.* This is the first use of such syphons in this
country, o some details of their construction will be of interest.
The manufacture of thermic syphons involves the use of press
blocks specally designed for the purpose, and the method of
flanping is adapted for cold working the plates, which are of
specizl firebox quality. The svphon is made from a single sheet

* The sathor will cxhibit plywood models of the inner and outer
fircboxes and of a syphon, which will show the press work invelved.

These syphons have been made for the Southern Railway by
a manufacturer, and the same strict control is exercised over
the welding as in the case of the fircboxes, Al welds are also
examined by modern industrial X-ray appuratus as in the
Southern Railway shops.

Experience with Stee! Fireboxes. In view of the diverse
opinions held in this country on the steel firebox, it will be of
intetest to record the rroubles experienced and how they have
been overcome, and to mention improvenrents which have
been found nocessary.

A number of cracks have ocourred in the throat plaie under
the syphon necks, and in the side plates and door plates, A
typical gproup of eracks in the thmu platc is shown in "‘:g. Il.
Many of the cracks ocour 2t or near the tﬂp of the firz whore the

heat can be very fieree and where soole may form snd coliect.
T'he cracks may be dus in part o :'.".r., > COUSES,
The operation of pressing (e openings in the sheoat plage

for the syphon necks severely steains ihe plates and some
buckling in the radius is tnavoidable : e ceacks in the throat
plate are attributed in part to ihis canse, he practice now being
followed is to cut out Two opoenings in the thwoat sheot and weld
in a separate diaphragm for each of the syphoo holes. This
method should remove any fear of cracking i ough vndue
stressing of the throat sheer,

The cracks are :lso ascribed o Lnrmsmn fatigue and this s
no doubt a contoibatory caose, It will be considered later when
dealing with the firebox s A ',-;\, proportion of the cracks
are surface cracks nnly. Such cracks as have oceurred bave
causcd no anxicty and are welded readily it sim, thowch
spocally traned and selected welders olone are alfowed o do
this wark,
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Fig. 11. Cracks in Throat Plate adjacent to Syphon Neck

Thesc fircboxes have now been in service five years and no

plate, or part of a plate, has had to be rencwed. There has been
no trouble at all with any weld in the fireboxes; in fact, they

hn'e not been touched since the boilers were put into service.

The repeirs 10 the syphons have only necessitated the welding
necar the 1op flange of one small surface crack, the rewciding of
the scaling weld at the neck in 2 few cascs, and rewelding a
number of cracks, mostly surface cracks about the necks.

Except for recaulking the few stays loosened ss a result of
low water level referred to below, not a single stay in any syphon
hag required artention,

Firebox Roaf Plates. There have been two instances of over-
heated firebox roof plates as the result of low water level,

Fig. 13. Flexible Stays ronnd Syphon Neck

Fig. 12, Plate 2, is a photograph taken inside the firebox of
Engine Mo, 21 C.4 shortly afterwards, this being one of the
two engines concerned,

All four fusible plugs, three across the forward end of the
firebow and one at the centre at the back of the box, had operated
and had called attention to the low water level and so prevented
more serious damage,

The following is a beief description of the repairs required
and bow cffected . —

150 roof stays leaking : these stays were recaulked.

4 supesheater flues leaking slighily: the sealing welds were
cut away and rewelded.

2 wp mull,.ndhl the left syphon leaking slightly : they were re-
CanEea

No new stays were required and the repairs were done at the
running shed.

This is a severe test of both design and construction and
there can be no doubt that the relatively slight damage was due
o the effective action of the fusible plugs and to the two syphons.
The syphons, in addition to the added protection they give by
discharging water over the crown plate, reduce the area of plate

exposed to the heat from the fire, and, by being welded into the
crown, assist the heat in the top plate @ transmit jtself throush .
the syphons plates to the water thercin.
The results so far obtained from these steel fireboxes are
graul‘}mg,md;usufyﬂudmamtomundum them, They
show that the use of higher steam pressure can be considered
on itg merits and not be ruled out of consideration because of
the copper fircbox.

Stays, Steel stays were used throughout, Flexible stays
were used only round the syphon necks and the design of these
is shown in Fig. 13, the other stays being dicect stuvy, In order
o keep down the thameter of the stays so as to moke them as
flexible as possible, they are spaced at 3t-inch .entres, the
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Fig. 14. Fastmmg of Tube in Firebox Tut-ep{s:tc

diameter being § inch in the body and § inch over the screwed
ends. The warer less were widened and the increased le..zth was
expected o reduce b . The results as regards leskagc
bave been exeremely good and when the fircbox is kepe really
clean it is pracricaily free from leakage.

There have been a number of broken stays in service, but
they do not show any grooving due to corrosion. The average
number of stays renewed in the first ten boilm after an average
mileage of 141,000 per engine is 97-4. Fig. = shows the location
of the stays renewed in the boiler of Engine No. 21 C.7, in
which the larzest number, namely 123, have been replaced after
a mileage of 134,000,
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Fig. 11. Cracks in Throat Flate adjacent to Syphon Weck

These Oreboxes have now been in scrvice five vears and no
plate, or part of a plate, has had to be renewed. There has been
no trouble at all with any weld in the fireboxes; in fact, they
bave not been touched since the boilers were pat into service,

The repairs to the syphons have only necessitated the welding
near the op flange of one small surface crack, the rewciding of
the sealing weld at the neck in 8 few cases, and rewelding a
number of cracks, mostly surface cracks about the necks.

Excepr for recaulking the few stays loosened as g result of
low water level referred to below, not a single stay in any syphon
bas required attention.

Firebox Reof Plates.  There have been two insiances of over-
heated fircbox roof plates as the result of low water level.

A

o
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1
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flﬂé:rx PLATE
FREBDE CASING PLATE

Fig. 153, Flexible Stays round Syphon Neck
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Fig. 12, Plate 2, is a phoograph taken inside the firebox of
Engine Mo, 21 C.4 shortly afterwaeds, this being one of the
two engines concerned.

Afl four fusible plags, three across the forward end of the
firebox and one ar the centre at the back of the box, had operated
and had called attention to the low water level and so prevented
more scrious damage.

The following is a brief description of the repairs required
and how effected (—

150 roof stays lealdng @ these stays were recialied.

4 superheater flues leaking slightly : the sealing welds were
cut away ad rewelded,

2 top rows in the left syphon leaking slightdy : they were re-
caulked.

Mo new stays were required and the repairs were done at the
munnang shed,

This is 2 severc test of both design and construction and
there can be no doubt that the relatively slight damage was dus
1o the effective action of the fusible plugs and to the two syphons.
The syphons, in addition {o the added protection they give by
discharging water over the crown plate, recduce the area of plate

exposed to the heat from the fire, and, by being welded intg the
crown, assist the heat in the top plate to transmit itself through
the syphons plates to the water therein.

The resulis so far obtained from these steel fireboxes are
pratifying, and justify the decision to introduce them. They
show that the wse of hipher steam pressure can be considered
an its merits and not be ruled oot of consideration because of
the copper fircbox.

Stays. Steel stays were used throughout. Flexible stays
were used only round the syphon necks and the design of these
is shown in Fig. 13, the other stays being direct stavs. In order
o keep down the dizmeter of the stays so as to ke them as
flexible as possible, they are spaced at 3)-inch ceotres, the
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Fig, 14, Fastening of Tube in Firebox Tubeplate

diameter being § inch in the body and F inch over the screwed
ends. The water legs were widened and the increased le.grh was
expected to reduce breakage., The results as regards leakage
have been extremely good and when the fireboxt is kept really
clean it is pracrically frec from leakage,

There have been a number of broken stays in service, but
they do not show any grooving due to corrosion. The average
number of stays renewed in the first ten boilers after an average
mileage of 141,000 per engine is 97-4, Fig. = shows the location
of the stays renewed in the boiler of Engime MNo. 21 .7, in
which the largest number, namely 123, have been replaced after
a mileage of 134,000,
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Fig. 16. Smokebox

An investigation into the breakage of these stays is in hand,
The indications are that the finish of the threads on the staybolt
and in the hole, and the fit, play an important part in the break-
ages and also in the cracking of the plates. In the meantime,
until the investigation is completed, the steel stays in the break-
ing wone are replaced as they fuil by Monel metal stays,

Fubes. Cold-drawn solid tubes to standard specifications
are uscd. The inethod of fastening the tubes is shown in Fig. 14.
In the first boilers copper ferrules were nsed between the tubes
end the rubeplate, following stondard US.A. practice, bur
vs-inch ferrules. These have now been discarded as they have
been found to be unnecessary. The tubes are expanded into
the wbeplate and beaded. A sealing weld is made round each
tube on the fircbox mbeplate.

The results obtained exceed all expecrations. The tubes of the
first ten cngines were rencwed after an average mileage of
130,000 whilst in the workshops for repairs. They were fit o
run a farther mileage had it not been thought desirable to
replace them during general repairs so as to ensure that they
would require no attention before the engines came in for the
next general repair, The fastening of the wbe to the tubeplate

has justified itself, the tubes remaining completely tight, again
something not prr;viwsljr expericnoed. .

Steam-operated Firedoor, In order to minimize the direct
admission of cold air into the firebox to protect the syphons
and firebox plates from sudden changes of temperature, guio-
muatic steamn~operated firedoors are ftted. The door iy onened
by a weadle which, when depressed Ly the fireman’s foor,
admits steam i the operating oylinder. The door remains
until the steam 2 cut off by rele=sia; The
in this way be opened and cles=c fur cach shovel of coal fired
aimost autmaticaliy. The srznceme: was adopted from
American ¢ sctice and is excellent in ¢« cration. It provides
additional protection against any steam blow in the Srebox,

Brick Arck, A better brick arch arrangement has been made
possible as a result of fitting the two . The arch is in
three sectivns and the outer sections are brought much higher
up the sides of the firebox than is possible with the ordinary
arch, thereby increasing the air space over the fire, and giving a
much better support to the arch. The arch is shown in Fig, [5.
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Smokebox,
in Fig, 16,

When contrasted with the ordinary circular smokebox to
which practice has been wedded, the freedom in design obtainsd
by fabricating could not be more strikingly demonstrated.

The layout of the steam pipes in the smokebox is shown in
Fig. 16, and an intcresting fearure is the use of corrugared
pipes. The first engines, when built, ha plain pipes 7 imches
in diameter. These pipes were wvery rizid and the cylinder
steam inler flanges cracked and even broke due te expansion
stresses. The phiin pipes were therefore replaced by corrugated
Pipcs,

l"C'I"lﬁ:m:'TJl-m steam pipes from the header are 7inchiss in diameter
and arc continued down to the steam inlets of the cuter cylinders
at the same diameter. The middle cylinder is fed by two 6-inch
pipes hranched off the outer 7-inch pipes, each feeding onc
emd.

The flexibility of these pipes is surprising and should easure
stearmtipht joints over a long period. Since they were fitted ne
further trouble at the flunges has occurred,

The smokebox is fabricated and Is illasteated

Blast Pipe and Chimmney Avrangemene. The blast pipe
arrangement is shown in Fig, 16, The exhavst steam dischorges
through the five noz: s of the blast pipe top, the nozzles being
2 inches diameter, zod passes W the atmesphere through the
single chimney which is 2 ft. 1 in. diamezer st the choke. The
nozzles discharze the exhaust steam in five cones, therdhy in-
creasing the ziza of contact between the sicam and the com-
bustion gases. Tie blower is placed rown: i the noczlss end the
stcan from the lioqe and small ejecror: dischaggss o the
cavity, thercby preventing a vacuum therein, which might draw
in clar from the ==:ckebox.

CYLINDERS AKD MOTION

Three scparate cylinders are used as being mare readily cast
in the foundry and more convenient to machine. They are not
in line, the inner cylinder being beliind the outer cylinders and
higher in the framess. All three eylinders deive the intcrmediate
coupled axle. The outside eylinders are shown in Fig, 17, The
incoming steam cnters the casting at the wop flange leading 1o the



326

“MERCHANT NAVY” CLASS LOCOMOTIVES OF THE SOUTHERN RAILWAY

SALNT WIEUTy EULAOUS JOSIRFWRIY v 110 ‘81 Jug

| Wi TS

Elid WM DMILDIMMOCD
. ONY LIWHE U3AZ0W FATVA
MOLLYSRENT J0 LNTHIDNYEY

FATYA NOLTH 9Id o

i o I
R T NMYHD 0 \\/lx

EEANITAD ITELAC
TR QL G0 AT

1
F
S3did r.a._r.mm WOLNSL5IT
PILWE WS

MOILFATTE M MAADHS MOILOW 40 135 N

LIYHEFNYH D
; AATEA AU ITEHE

Hi¥3 D R [ sdmig Ww30 31sdzagsl
L i g zo:u\7 _,__. iy
_ A s, R,

£
AN BRILDAMNNGD JAIVA,

TN ANYUD MO 314vE
D A0 LNIHIDNY Yy

. 4 s

1)
et
| aNvIo acd _r._n_“.,m: =

il g

OO DHILZANNODS 3disNI
HEIANML HIHLYIED WS




ke

“MERCHANT NAVY” CLASS LOCOMOTIVES OF THE SOUTHERN RAILWAY

cored pipe feeding the steamn chests ar cach end. The toral
volume of this pipe and the two end steam chests is 26 cu. ft,
or 105 per cent of the cylinder volume ar the full cut-off of 70
per cent. The port area is 36-8 sq, in,, opening 1o an area of
254-5 sq. in. through the eylinder barrel. The clearance volume
is #8 per cent. %

The exhaust port through the valve is 40-7 5q. in. in area and
discharges directly into the valve cavity between the two valve
heads. It passes through the exbaust pipe flange in the case of
the outside cvlinders, to be aken by a fabricated external cx-
haust pipe to the centre casting, where the three exhausts join
under the common blastpipe. The cylinder castings have been
simplified by this arrangement,

Attention is called to the symmetrical arrangement of the
cylinder aed valve chest and the very direct passages. A notice=
able feature of these engines in service is the cleanliness of the
vabves, steam chests, and pistons, and the ease with which the
piston valves can be withdrawn for examination. .

Enclosure and Lubrication of the Mowon, The steam loco-
motive, as regards the lebrication of s moving pacts, has
remained unchanged since carly days. The time had come to
enclese as much of the motion 25 possible o that it could be
habricated continucusly by flood lubrication, instead of by the
driver with his oil feeder.

The parts may be less accessible if enclosed. but if the results
desired, ramely, no attention between gener.. repairs, reduced
weat, and freedom from heating, were achieved, this would net
matter. d

The problem iz compliczted by the relative moverent of the
frame to the crank axle and cspecially so in the case of an engine
with an ingide crank axle, In the engine in guestion, not only
was it decided to enclose the three sers of valve motion but also
the middle connecting rod, crosshead, slide bar and crankpin,
Morveover, the three scts of valve gear had to be located betvween
the frames. This meane that the mside piston rod aad the three
valve guides hed to be taken through the leading end of the
iﬂﬁi:lggm' sump. The ermangement of the enclosure s shown in

‘Iz 18.

Flaod lubrication was adopted as being simpler when oscilla-
tory movements age involved. Two reversible zear pumps of
normal dusign draw oil from the sump and fores it through

-distribuling pipes from which it is discharged over the moving

parls.

As the middle big-end tends to throw oil off during the upper
half revolution, it was fitted with a tundish which cellects the oil
during the lowee half cevolution and Tetains it during the upper.
The forked type of big-end is used as with rhis desipn the brasses
are well supported and the oil ways are more conveniently
arpanged, The back brass too forms a usciul oil holder.

The method adopred to prevent oil escaping where the crank
axle passes through the casing is shown in Fig, 18, Steam or
water vapour was prevented [rom entering the casing along the
piston rod by the pland shown,

The ol 35 filtered before it is distributed to the metered
delivery pipes, and is Jdowwn through a sisve by the pumps..
The pumps are chain deiven from the valve crankshaft and
deliver oil at 20 lb. per sq. in. pressure, The sump holds 40
gallons of cil.

The specifications of the oil used for the enclosed lubzication
systein and the standard lubricating oil vsed by the railway
corppany are given in Toahle 1. .

The special oil is of the non-emulsifying mineral type, and
containg anti-corrosioe and anti-oxident inlubiters,

AL first trouble coourred due to the pumpes becoming chobked
with flufl frow cleaning clocy, ete, Leskars of oil from ihe suinp
was glin constderabls ar ficst, but rthis loss has been reduced
and the consumplion is now reasonazic. it has oeen found that
the faces of the detachiable parts of the sump have o be very
rigid so that the joint is not distorted when dghrened, Finality,
has, of course, not been reached, but definite progress has been
made rowards the i1deal of an automatically Iubricated logo-
mwtive. As it is, the number of points to be oiled by feeder has
been reduced from 92 to 31, The middle big-ends have run very
well, and only two ciazes of overheated middle big-znds have
ooourred in 1,300,000 iniles,

327
Axiebox Lubricattor.  In order not to complicate the problem
unduly the axleboxes were not included in the pump Iubrication
system as they present conditions peculiar to themselves, The
axleboxes are ubricated from oil boxes with worsted trimmings
carried on the cab faceplate, A desirable feature in such an
grmangement is the venting of the oil pipe round the worsted
tritnming. The oil pipes are fitted with broken syphonsz ar the
delivery points to ensure the pipes remainiog full of cil. The
guides and wheel hubs are lubeicated feom the same boxes.
The merit of the system is that the axle-boxes can be given ml
before the engine moves; the demerit is the piping involved,
The vented oil pipes with brolen syphons at the boxes have
proved successful and little trouble has occurred with axle-

boxes, the number of hot boxes during 1944 being one per
195,000 miles,

TABLE 1, OIL SPECIFICATIONS

Special oil for Srandard 5.R. oil

enclosed a3 used for open
Bystem motion

Type of oil Minerel Mixture B3 per cont
filcered dark mineral
and 15 per cont
rape,

Colous . i : q Red v

specific gravity at 60 deg, F, 0881 Nor to exceed 0930,

Viscosity ut 70 deg. F, 716 secs. } 1,350=-1,40 secs.

Redwood Redwood,
Viscosicy at 140 dep. F, 111 oo, I45-135 sees.  Red-
Redwaod wood.
Flash peint B o] 393 deg. ¥ | ot belew 330 deg. T,
Sedting point 3 : Fluid gt 20 | Fluid at 20 deg. F.
deg .

»

Valve Moden. The special conditions were- 2ach that no
existing valve moton could be accommodated sadisfuctorily in
th= very restricted space available, Moreover, it was desirable
to keep down the unsprung weight of the drivine crank axle:
then, too, should it be necessary w remove the driving e, as
litrle of the sump as possible should be disturbed,

The new valve gear vsed on these engines was therefore in-

venked, cach piston valve being operated by anindependent sot
of motion. The three sets of pear are operated by a thiee-throw
secondary crankshaft. Bach throw of this secondary crankshaft
oscillates its quadrant link by a vertical connecting 1ad pinned
to an arm exteided backwards frowm the Lok : ar the same tme,
it reciprocates the foot of the combination lever by a horizontal
link pinned to the big end of the verticul connecting mod, The
quadrant link operates the upper cad of the combinativn lever
in the usual manoer.
. The combined imotion is conveyed theough a plunger werking
in a guide by the valve rods to the valve operating rocker shalt.
The three-throw ¢rank shalt has to be revolved in phass with
the crank axle and though a gear droive was considered, it was
abandoned in favour of the silent rocker chain deive shown in
Fig. 18,

Provision has been made for the foune to rise 2 inches and
Eall 1} inches relziively o the crank asle and for this axle o
meve sideways ns much as § inch from ivs mid-position. By
locating a layshait 4 feet from the crankshafll centre, the mixi-
mum rise of the frome meant 2 lengthening of the hypotenuse
by 0-04 inches, a negligible amowent in a chain 11-8 feet long
consisting of 118 finks, The layshaft in wuen deives the three-
throw crankshaft by g second chain, As the chain wheels nee
equal in diameter the three-throw cranicshafe is deiven truly in
phase with the cran’s nale.

The power requirad @0 overcome the frictional tesistance of
an ll-inch piston valve not under stemmn pressure snd coll,
was found experinientally to be 3 hup, at 300 rpam. As there
were no date a5 1o the behaviour of chains under locomotive
conditions nor as to the mavimuom Ioad the chain might have w
transmit, nor as to the effect of snatch, a chain 2 inches wide was
fitted. Tlds chain will mansmit 75 hp. at a chain speed of
130 £t por muin.

R
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Plate 2 **MERCHANT NAVY" CLASS LOCOMOTIVES OF THE SOUTHERN RAILWAY

Fig. 10. Showing the construction of Nicholson Syphons Fig. 12. Showing Overheated Fircbox Roof Plates

[T.Mech.1i, 1046]
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The weight of the toothed wheel secured to the axle iz 125 1b,
and half the weight of the chain is 30 lb., a total of 155 Ib,
Three cocentrics plus the portion of the eccentric rods carried by
the axle would have weighed 1,281 Ib., so that the new drive
reduces the unsprung axle weight by 1,126 lb.

The valve motion is shown in Fig. 18. The throw of the three-
throw crank shaft for convenence of layout was made 41 inches,
As the valve travel is 6 inches the rocker shaft in the exhaust
cavity has unequal arms, the driving arm being 23% inches for
the inside cylinder snd 234 inches for the outside cylinders, and
the driven 8-inch centees,

Fig. 18 shows that the lengths of the levers of the valve gear

_Basst,
g :-Jlﬁ"

.1
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ment interferes with 3 free exhaust and the gland trouble is not
eliminated,

In these enpines a new method of operating the piston valves
has been imiroduced, each pair of piston valves being driven by
a rocker in the exhaust cavity, Mo valve spindles are used and
so the glands are suppressed and with them the objections to
outside admission. The rocker is arranged across the cylinder
and when uncoupled the arm in the exhaust cavity drops clear
to allow the piston valves to be withdrawn, The arcangement is

shown in Fig. 18, Piston valves 11 inches diameter have been

provided, which in conjuncuion with large steam chest liner
port arveas give an improved steam distribution. The weight of

_ _}_

10l ETWELH HEADS———————

Fig. 20. Piston Valve

relative to the throw of the three-throw crankshaft are good
and the angularity small. The valve events obtained are shown
in Fig. 19, and it will be seen they are excellent.

The valve motion itsclf has ziven no trouble and has one
especiafly commendable feazure in that the valve events remain
unchanged in service, the engine keeping its regular beat,

A point that was considered was the effect of stackness in the
chain. Assuming a sag of 23 much as 3 inches, the design of th
rocker chain 1s such that most of the sag under load is absorbed
by the rise of the rockers up the teeth. Only the small remainder
affects the valve events, which will be delayed. This can be oo
rected by altering the cut-off. The chain drive has behaved well,
in spite of the many miszivings the use of chains gave rise to,
and oo cheins have broken to date,

Circlips.  For locaung motion ping, cfe., “circlips’” of both
internal and external types are employed In plice of con-
ventional methods using taper ping or washers and split pins,
The wirclip, designed so that the moment of inertia of the
cross-section at any point is proportonal o the bending mooent
at that point, can be removed and replaced without deteins: or to

its misterinl, This application, new to locomotive practice, has
proved setisfactory in service, no failure of a civchip hoving
been reported. The total number uvsed, in all positons, i+ 99 per

engne,

Péston Valwes, With higher pressures, piston valves with
inside admission and outside exhaust have been favoure?, w
reduce the pressare on rhe valve spindle packings. The arrange-

one piston valve complete with the two heads is 92 1b.; it is
illustrated in Fig, 20,

This arrangement of the piston valves has given po trouble
and the wear of the rings is much less than usual, Trouble was
experienced with the first engines in the early days through the
breaking of the driven arm of the piston valve rocker shaft of
the middle cylinders. The cause was difficult to trace. The
middle eylinder as first made did not incorporate any bulancing
passage between the two stearn chests. The front steam chests
were fed by a 6-inch pipe from the T-nch pipe to the left
cylinder and the back by a 6-incl ¢ive from the 7-inch pipe to
the rght cylinder. It was expected that the pressures woud
equalize thiough the header, )

Dr. H. 1. Guy suggested it might be due to a sudden risc
in pressure at the moment the valve wicovered the port o admit
steam to the cylinder, resulting in a o ossure difference on the
two valves,

An indicator diagram taken frem e forward steam chest
showed that the steam pressure was ot steady but varied

continuously, though without any vicooot differcnces, It was »

argued that if the variations in the two steam chests did not
coincide in point of time, there would bhe a difference in load
on the two piston valve heads and this difference, if large, Waylct
throw a heavy load on the driven crank, An external balancing
pipe was fitted and no further trouble was expericnced. The
middle cylinders now mcorporate two balincing passages ¢ach
126 sq. . in cross-sectional wrca, €ast in the cylinder block
connecting the two steam chosts, T

The lubricatios of the valve rockers 15 shown in Fig. 18, The

22

e e R L

-



330 S“MERCHANT NAVY" CLASS LOCOMOTIVES OF THE SOUTHERN RAILWAY

method of conveying oil to the upper end of the recker and the
pins will be noted : the results have been satisfactory.

Reversing Gear. The gear is reversed by steam. The objec-
tions to steam reversing pears frequently expressed in 'l:ht_ past
was found to be due to the stcam-operated gear not remaining
set.

Large oil passages are provided from the filling plug to the
 ends of the hydraulic cylinder, which constitutes the damping

+

GINSOM
RETAIRIMNG ARG

Fig. 22, Wheel Rim and
Tyre with Gibson Ring
Fastening

and locking device, Creeping was dus to the hydoaulic cylinder
not being completely full of oil, This was traced to air bubhles
centrapped when filling, giving a false indication that the
eylinder was full, and since attention has been given to the filling
pipes and passages to prevent air being entrapped, the cylinders
can be filled right vp. The gear will now remain in the position
gt which the driver sets it,

WHEELS AND TYRES

The most obvious departure from traditional practice is t
be zeen in the wheel centres vsed throughout these engines and
tenders. The wsual lecomotive wheel consists of a cast steel
spoked centre on which is shrank a zolled steel tyre, and it has
undergone little alteration since the earliest days.

BLF.B, WHEEL CEMTRE

Fig. 23. New Tyre and
Fastening

When the rims of spoked wheels in the shops for retyring are
examined, flexing between the spokes 15 revealed by - con-
dition of the rim and the inside of the tyre, resuiting in ivetring
corrosion of the tyre. The stresses set up in a rim when a tyre
is shrunk on were investigated by polarized light on celluloid
models in the laboratory at Ashford and showed great variation
from spoke to spoke.

A locomotive wheel hus not only to support the vertical load
but has to have considerable lateral strength to support the




MERCHANT NAVY" CLASS LOCOMOTIVES OF THE SOUTHERN RAILWAY

heavy thrust of the flange against the rail when taling curves.
Lightness too is important to keep down the kinetic energy and
unsprung weight.

Eventually, with the collaboration of Messts. Thomas Firth
and John Brown, the wheel known as the BEB, type was
evolved, Under polarized light the models showed that the
stresses in the rim inside the tyre had been equalized. The con-
struction of the centre is shown in Fig, 21, Plate 3, It will be
scen that the plate or web is corrugated and that bridge pieces
are incorporated to support the tyre opposite cach cocruzation,
The lightening of the whec! hub will be noted, These driving
wheels are very strong laterally whilst at the same time they are
10 per cent lighter than the spoke type.

Tyres. The drive through the tyre depends entirely on the
grip of the tyre cn the centre. Fig. 22 shows the section through
the rim and tyre when the Gibson ring is used. The lip on the
inside of the tyre is closed over the loose ring by rolling it down
cold. It is incorrect to regard the ring as a fustening: it is a
tetaining ring and as such is a precaution intended to prevent
the tyre leaving the centre should the tyre breal,

331
MISCELLANEOUS FEATURES

Main Frames. The main frames arc shown in Fig. 24, The
Eiatcls are 1} inches thick’ and 3 fr. 11} inches at their preatest

prh. .

‘The shape of the hornsheets above the boxes should be noted ;
the large radii were chosen to reduce concentration of stress ar
the corners. No holes are drilled here as it is the place where
cracks usually develop and wedges are not fitted. In addition
to the wsual horn stays, the cross streichers in front of the
leading coupled wheel, between the leading and driving, and
the dreiving and trailing coupled wheels, have been arranged to
reinforce the horn stays by being bolted to the hom sheets gs
well, The forward stay provides the support For the main braks
shaft. The stay berween the leading and driving coupled wheels
alse supports the three-throw crankshaft and the layshaft of
the chain drive. The top cross stay over the leading coupled
axle carries the middle cylinder shidebar, three valve plunger
guides and the boiler front holding-down bracket, additional
cross braces carrying the links and the reversing weighbar shaft,
Forward of the cylinders is a plate cross stay and at the leading
end there is a buffer plank, suitably pusseted to the main frames,

Fig. 28, Brake Gear showing Hangers and Clasp Brake

ok of having to ol the sim over
the loose ring, a decidedly brutal proceeding, the section of the
tyr: is not good from a rolling mill point of view owing to the
large amount of metal on the Inside bore of the tyre on cross
oorners to the projecting flange, The simpler arrangement shown
in Fig. 25 was therefore adopred instead of the Gibson fasteniag
arul the area of contact between rim and tyre is increased,

The opporiunity was also taken to introduce a high-tensile
alloy steel tyre in oeder to obtain maximum wesring qualities.
The steel used is o manganese-chromivm-molybdenin steel
haviog an uldmate tensile strength of 63-59 tons per sq. in.
with an clongation of B=10 per cent on 2 mnches.,

The tempering temperature is 600 deg, C. and the tyvoes have
to be heated to 450 deg. C. to expand them suficicndy for the
projecting lip on the inside of the tyre to pass over the deiving
wheel rims, In view of the importance of heaung these special
tyres no more than was essential, bur as wiformly as possibie
80 a5 not 1o affect their temper, the method of heating hitherto
in uge in the workshops was looked 1o and it was found that
the tyres were not, in fact, heated aniformly & roond, The
method of heating the tyres wos therefore altered. Instead of
holding the yee stationary inside the heating shoes, it is placed
on a face plate coniinuously revolved through gesting by an
electric motor inside the stationary gas-fired hearing shoes, The
heating s tlmed to prevent the temperature being raised too
guickly, and vniform heating 15 now ensured. Special care is
taken in measuring the centre diameter and tyre bore to prevent
any cacess over the shrinkage sllowance laid dovmn,

This design of wheel centre and tyre fastening has heen used
throughout these engines, and has proved cotirely satisfaceary.
The new type fastening s most effective in preventing tyre slip.

The trailing ends of the fiame are bolied o the cast steel
dragbox and to the substantial sizel casting behind the trailing
coupled wheels, this stay carrying the trailing spring hanger
bracket, the anchorage for the trailing truck pin and supporting
the boiler.

In view of the wide use of welding it may be asked why cast
stec] frame stretchers were vsed. Up o the time the ooders weree
placed steel castings were readily obtainable, were thoroegn!s
reliabde, and could be expected to be ¢ast to <losc Umits, Weldors
were not available in sufficienr numbers,

The castings as delivered were heavy and much work had o
be done to lighten them. This drew attention to the advantages
of fabrication by welding where suirable in the construction of
the main frames, In the smaller editions of the Merchanr Nany
cogines now under construction all stretchers are fabricated,
oressings being incorporated in them where possible to reduce
the amount of welding,

Leading Bagie.  The bogie 15 similir o the bogle under the
Eord Nelon sogines, 'The side contro! springs have an indtial
Iosd of 3 tonz and at fall travel of 24 inches a maxiouun load
aof 3} tons,

Trailing Truck, The teailing truck illustrated in Fig, 25,
Pate 3, 15 pivoted at the freme stretcher forming the inside
boiler support, and is Joaded through supports placed behind
the axle centee lne and fixed o the rock frame, which are frez
o move ieansversely on slides atrached to extensions fromm
cach side of the drapghos.

The frame is o single steel casting which houses beneath the
points of support the springs conteolling the side movement.
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These control springs are initially loaded to 1 ton, with a total
Joad of 2 tons at the maximnm throw-over of 5¢% inches.
The bearing springs arc of the coil type having the following
characteristics :—

Free length, 1 fi, 4 in,

Length in position, 1 ft. 2} in. with a load of 4 tons,
Deflexion per tan, y% inch.

They are connected by crossbeams supported from the axlcboxes

which have been designed to suit the outside journals 1 fi. 1§ in.

kong x 6} inches diameter and lubricated by under-feed pads.
The engines ride extremely well and comfortably.

Askpans. The ashpans, three in number, are designed to
ensure a free flow of air over the whole grate arca and o avoid
the restrictions in the spacc under the grate along the sides
experienced with the single central ashpan, Bach section is fitted
with sclf-cleaning ash hoppers fitted with curved doors, all
operated from the ballast.

" Fig. 26, Plate 3, shows the arrangement. The ashpans are

made of §-inch plate and the bottom +%-inch. Back and front

ait doors are provided and in addition there is a small cleani
doer at the back to dislodge any ash sccumulation 2t the ba
of the pans. Fig. 27, Plate 3, shows a view of the ashpan side and
ri it

Brake Gear. These engines are fitted with the steam brake,
The wheels are fitted with clasp brakes, theceby obviating the
thrust against the horns set up when single blocks are used.
The brake block area in contact with the tyres is increased,
which improves the dissipation of heat when braking, and the
blocks require changing less frequentdy. Fig. 23 shows the
arrangement of the hangers and levers.

Lagging. On these engimes the lagsing casing is camied by
the main frames, instead of by the boiler. A very Heht welded
frame of cold-rolled sections has been used and the outer casing
made of 20 gauge plate. The cab is constructed on the same lines.
The usual side platforms have becn suppressed.

This consteuction is at least 17 ewe. Highter than it would
have been had the usual practice been followed. The exterior
form of the casing was partly the result of the lighvweizht form
of construction adopted. The channels, being cold rolled, have
to be rolled in circular curves. The form was also pastly deter-
minsd to ensure a clean cxierior withou: prujeciions, the
advantages of which were obviously attractive.

The contour of the top of the casing iz governed by the Bel-
padre comers of the firebox. The casing could have followed
the shape of the beiler more closely, but this would have been
maore costly as each rib of the framework would have differed
from the next, whereas now all are alike.

One advantage of this form of conseruction is that the work
can be done by sheet metal workers. Anaother is that it is merely
a casing and so can be removed in sections or as a whole without
distucbing the fittings or mountings.

The Fromt of the Engine. Locomotjves with ooz boiler
barrels and shoct chimpeys suffer from steam ap. smoke
drifting down along the barrel and obecoring the Jook-out on
the leeward side.

The causc is attributed to eddy currents, set up by the passage
of the smokebox through the air, fanning out sideways, and
setting up a pocket of low pressure along the side of the barrel
behind the chimney centre ling, into which the steam and
smoke are drawn down. The more efficient the exhaunst design,
especially at early cut-offs and low stcam-chest pressures, t!
worse the wroutle, as there is less cnersy left in the exhaust wo
carry the steam and smoke away. Under certain weather con-
ditions drivers expericnoed difficulrty in observing the signals

“This led to a scrics of cxporiments on models in the wind
mnnel at Southampron University, followed by tests in service.
As a result the front of the engine is now arranged as shown in
Fig. 29, Plate 4, and the difficulty has been overcome, The

PRESIURE GAUGE LIGHTS
[WITH ULTRAMIGLET LIGHT FILTERS)

:

WATER LEVEL GAUGE LIGHT

[P

C'K_E:: FaR HAMDE LAMP

=

WSPECTION LIGHTS

TURBOGLNERATOR

§ HEAD CODE LIGHTY
o LISHTIRG POINTE

o SWITCHES

Fig. 32. Electric Light Equipment
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author wishes to acknowledze Wing Commander T, R. Cave-
Browne-Cave's help in finding this neat solution.

The Cab. The form and method of construction of the cab
have been described already. The fittings have been prouped
not to be symmetrical but to suit the duties of the dsiver and
fireman respectively, and are arranged as follows -—

On the driver’s sdei-- O the fireman's side imm

Fegulator Two injectors, the water and
Reverser steam control valves on the
Brake valve cab side

Blower Dampers

Steam chest pressure gaage
e water level column
0l pressure gauges
Cylinder cock gear

Boiler pressuee gauge

Sream-heating stop cock and
pms':'UII: F‘.'I.I.lg{:

Watcring pipe

One water level column

Electric generator steam valve

Firedoor treadle and hand con-
trol lever

Sand valve

Each man can thus do his work on his own side of the fool-
plate without interfering with the other,

The cab has screens at right-aneles to the sides with glazed
light behind the driver and the fireman as shown in Fig, 30,
Plate 4, with the object of screening the men from side winds,
and this protecuon has been appreciated by them, The troush
glong the endee is shown in Fig. 21, Plate 4, and is intended to
facilitate running tender first by improving the lookout. It also
provides a convenient place for the firing irons, A glazed door is
provided to prevent wind blowing into the cah,

Balancing., If it is assumed, with a threee-cylinder simple-
expansion locomotive with all cylinders driving the same axle,
thai —

a) The weight of cach set of reciprocating pacts is about the
SamC,

&) The angles between the cranks approximate to 120 deg.
Then the crank axle is in balance in itself and the reciprocating
perts need ne counterbalance swelghts, There will then be no
hammer blow, Such assumptions are the more reasonable when
dealing with Jucomaotives weighing nearly 100 tons,

In these engines the reciprocating parts have been made
ax light as possible and are ot balanced. The rotating masses
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on the other hand are balanced completely in the whaels, The
crank axle is built up but the crank webs are not extended as
has been usual in recent practice. The result was to save dead
weight as the extended web would have weighed 490 Ib. per
web, whercas only 548 Ib. were necded for balancing in the
wheels, a saving of 432 Ib. The fact that the reciprocating parts
have not been balanced has not becn attended by any ill effects
and there is no indication ia the riding of the engine that these
parts are not ¢ounterbalanced. Tests over Barnes Bridge at

78 m.p.h. showed the complete absence of disturbing forces ac
the rail. -

Auxiliary Fiuings: Bleerric Light. The engines are fitted
with a generator sct driven by 2 § hup. steant turbine runmning
gt 4,000 r.p.m. and rated at 350-500 watts, “The light points
provided are shown In the wiring disgram Fig. 32,

The gauge faces in the cab are black, with luminous figures.
These are jHuminated by a lamp in the cab roof enclosed in a
box firted with a glass which only allows ulcra-vigler rays to
pass through, so that there is no visible lght from ic. The gauges
can be clearly read at night and when running into a tunoe]
during the day,

The water in the gauge glass is illuminated by a narrow band
of light directed at the water ~olumms through a slit in the fitting,
A light controlled by the fircman is fitted below the footplate to
light the injector overflow a: night. The headlinps are elec-
trically lghted and inspection lights ate provided to facilitate
examination of the running gear.

Tender. The tender tanks are fabricated, the tank plates
being F5-inch thick. Additional water filling hioles have been
provided at the leading end of the tender ar both sides, so that
the fireman can fill up without climbing to the top of the ender;
they also enable the water level to be chiecked casily.

The weight of the tender empty is 20 tong 10 cwt, The
capacity is 3 tons of coal and 5,000 gallons of water, making
the total weight in working order 47 tons 16 owt.

Achuawledrewrene, The author wishes to acknowledge the
cncouragement he has received fvom his General Manager, Sir
Eustace Missenden, in the dovelopment of these locomotives,
and the help he has been given by his assistants, draughtsmen,
works managers, foremen and men in designing and building of
these engines, and the running shed staffs and enginemen for
the way they have looked after and handled them.

]

Discussiocn

Mr. Janmes Hanriern, M.B.E, M. Mech B, said that by the
courtzsy of the author, he lisd recently had the privilege of
travelling on the footplate of one of the Merchant Nazy loco-
motives from Waterloo to Exeter, and had thus been afforded
an opportunity of examining the wvarious departuees from
orthodox practice which were described in the paper. He hoped
that any criticisms which he made would be reparded as cone
structive, 3

The author stated that the ratio of the free gas area through
the tubes to the grate arca was 126 per cent, This appenred to
him to be on the low side, as for really free steaming with good-
quality coal a ratio of 14-106 per cent would be preferable. That
fact very clearly emphasized the way in which the loading guage
imposed restrictions on the desizn of the orthodox ype of
Britizh locomotive, since any increase in free gas area throngh
the boiler would necessitate a corresponding incresss in boiler
dimneter, whicl was obvicusly Impossible in the design under
review, since it was already almost up to the londing pauge.
As the author had peinted out, the dome had been almost
ejiminared.

The ratio- of swept secface o free gas area throuzgh the

tubes, which was a measure of their heat-absorbing efficiency,
wias 310 for the flucs and 208 for the small tubes, as compared
with what he thought was the normally accepred optimum
figure of 400, That again aflustrated the lmitzion fmposed by
the loading gaugs, since to decrease the fgure of 510 for the
flues would mean reducing the length between 1ubeplates and
thus in tern reducing the heating surface. In order to compen-
sate for that loss of heating surface it would be nzcessary to
have additiomal tubes, whicl again could be done only by increas-
ing the boiler diameter—which, as he had aleeady pointed out,
wis almost impossible.

Reference was made in the paper 10 the necessivy T providing
steam poees and passages sufficiently ©oore o ensure che eylinders
being fed with a minimwm pressace deop, The sicam spoed
through the main steam pipe in the boller would appear to be
about 60 ft. per soc., and through supsrheater elerments
about 70 fr. per scc., both speeds ¢ comparatively low
and that led him 1o think thar faicly high steam temperatures
should be aptained undess the superheater acted o some exrent
as a steam dreier. While no dimension appeared in Fie. 4, p, 319,
for the helzht between water level at halfeglass and the regulator
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stearn intake, it would appear to be rather small, probably
about 124 to 13 inches: and if modsture was carried over
to the superheater the final steam temperature would be
reduced. In that connexion, 1 per cent of moisture would
reduce the final temperature of superheat by some 12 deg. F.
Could the author give some indication of the actual superheat
obtained?

As one who was responsible for the manufacture of the
thermic syphons, it was very gratifving to leam that they
had proved so thoroughly satisfactory in service. It was men-
tioned in the paper that difficulty had been expericnced in
pressing the openings in the threat plate for the syphon neclks,
and perhaps some little improvement in the desipn of the
press blocks might be brought abour, since the firm with which
he was associated had long produced that type of pressing
withour undue difficuley. ;

The author was to be complimented on the extent to which he
had replaced riveted joints by welding, and on the most excellent
results achieved. There ¢ould be no doubt that the author had
succeeded in employing welding in locomotive construction
to a far greater extent than had previously been attempted in
this country.

With regard to the most ingendous valve gear, it was stated
that the unsprung driving axle weight had been reduced by
1,126 1b. In view of the great need to keep down the weizht,
it would be interesting 1o learn how the total weight of the gear
compared with that of a well-designed YWalschaerts gear of
orthodon type. One would imagine that the Bulleid gear would
weigh more, particalarly if the sump casing were included in
the caleulation, Excluding the two chain-drives from the crank
axle to the three-throw crankshaft there were thirteen pins,
inclusive of the reversing link trunnion, between the three-
throw driving shaft and the outside piston valve, against eigln
in the normal Walschacris valve gear, Meoreover, the normal
type of valve gear could be arranged as a straight-line drive
in plan, whereas the special gear in question mtroduced a
rocking shaft at each piston valve; and, as the levers of that
rocking shaft effected 2 magnification in travel of about 24/1,
it would appesr that any wear in the numerous pin joints wold
result in some Iost motion of the valve. It would be of interest
if the author could give any figures Tor wear related to mileage,

He noted that the tender tank was zlso of welded construction,

Whether the tender tank should be welded or riveted was rather
an old controversy now, and it would be most interesting to
learn what results had been achicved in service,
. The figures given of the Logic side contrels were very
interesting, and in that coccection he understood that the
loads were carried on sliding supports, and thar frictional
resistance had to be added to the figures quoted.

He could testify from personal experience that the engines
had excellent riding qualitics.

Mr. R. D. Mercavre, M. I Mech E., referred to the arrange-
ment of the injectors and the vacuum-brake cjectors. Both
imectors were fitted on the fireman’s side and were operated
at the cab side by control rods, The practice in this countey
had always been to have one injector on each side of the loco-
motive, 5o that if the fireman wanted o work the injector on
the driver’s side he had to cross the cab floor and might get in
the way of the driver.

The exhaust steam fromm the vacuum brake cjector was

introduced into the cavity of the blast pipe casing, so prevénting
“char™ or fine ashes being drawn into the blast pipe. Many
timis he had found that char had been drawn down through
the blast pipe into the exhaust injector; and the irning of the
gjector exhaust steam into the cavity of the exhavs: pipe would
help a good deal to overcome this troulile,

Mr. T. Henry Turner, M.Sc,, AM.IMechE., said that a
mechanism as complex and important as a main-line Pacific
locotmotive must obviously be judged from snany points of
view, One must ask onesel!d whether it was novel, and certainly
the author’s locomotive was ; whether it worked, and it had been
geen 1o do so; whother 3o pleased the eye, which might be
controversial in the case of the Merchant Newy locomotives,
but certainly they pleased many; and sooner or later some
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mundane accountant would ask, did it pay? The view from which
he looked at it, the particular facet of the diamond in which
he was interested, was, what was it made of, and how was it
made? There the paper revealed a great deal that was of gue-
standing interest. There was so much, however, that wag
novel that the author had obviously suill left for himself enough
material for another paper to the Institution, or to the Institu-
tion of Locomotive Engmeers, of which he was a Past President,
When he came to write that paper, it was to be hoped thar the
author would give still more details of the chemical composirion
of the materials that he had used.

It was o common observation that as mechanisms were
perfected they tended to have a smoother exterior and become
simpler in appearance, their components became fewer, and
their operation almost frec from vibration. In almost all those
respects the Merchane Naoy type of locomotive ran truc to
that rule, but the abuoemally flat sides hid, or in some cascs
barcly hid, the fact that they were just packed with novelties,
e had time to speak only of a fow, and would refer first to a
disappointment ; he regretted to see that the fuel was stiil one
that polluted the atmosphere, and that the water was still the
unsoftened, natucal supply, Almost all the metallurgical details,
however, commanded his admiration. They were really
intriguing in many respects.

The way in which the weight of the boiler and firehox had
been cut down would obviously be carried still further when
the solid foundation ring went and the barrel was welded, He
was reminded that nearly twenty years ago he saw in Canada
loww mickel alloy steels being used for the barrels of locomotive
beilers, with the same purpose of saving weight. It was possible
that low alloy steels might come into a late Jdesign, but so
long as welding was required one felt much hapnier with the
type of stecl that the author had used for his Lreboxes, and
there the welding was most commendable, admirably done,
and admirably controlled, Personally, he felt sure tha the
Southern Railway workshops and staff would bens {rom
the introduction of X-rays in many ways beyond me. iy the
production of the fireboxes in question. He thought tleer the
author had done well to introduce steel firehoxes. In saying
thar he knew thae he did not speak as a chief mechanical engineer,
with the responsibilities of that position, but merely as a merai-
lurgist; but other countrics had got away from the copper
firebox, and someone had to give a lead in this country. He
thought that the author had gives 2 very good lead,

The author had shown what Lippened when the water o
low. The admirable action of the fusible plugs might be o
in part to the fact that the Southern Railway normally used .
rather large diameter for the hole compared with thar of other
railways, and so more steam came out as soon as the plugs had
cause to act; and there were relatively fow moments in which
that acrion should take 1+lace if it was to be effective, He assumed
that the diameter of the hole was the same as that of the standar
tapered plug,

In 1944, and again in 1945, the awther very kindly allowed
him to visit the Southern Eailway works at Eastleigh to sce the
tubes that were being rermoved from some of the Aerchant
Nawy lecomeotives, and he could certainly confitm from his own
observation the statement thae they seemed to be in fit condition
to be put back in the locometive and run for a fucther mileage.
There was extremely little piteing or corrosion or daaage
them, and that was no doubt due to the care taken in the sheds
with their washouts and so on as well as to the fact w which
the author deew attention, the omission of copper In the firchox
construction, so that clectrolytic corrosion was reduced.

The wheels were really most ingeniows in the way they met
the troubles which had been encovntered in the pasi, When
he first saw the photographs of them be thought that they.were
fabricared, and did not like them, but now that he saw thar
they were cast steel he thought that they wers very fine indeed.
They bridiged the gaps, the place where nearly all tyres broke
was nicely supported, they stopped the rocking, an’ his only
criticisin would be that the inside edge of the tyre Iovked rather
too sharp—as though it could do with a larger radius and so
match the curside edge.

The enclosed motion must be regarded as one of the finest
experiments to which the author had drawn zttention, He had
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followed the “little oil bath™ of the bicyele, but had had a most
formidable problem with which to dezl. Tt was to be hoped that
he would persist in his cxperiment and make “oil-bath™
lecomotive motion a reality. It was worth doing, because the
consequences of hot boxes and hot biz-ends were very far-
reaching. Personally, he doubted whether any crank axle biokea
that had not had a previous history of & hot bearing. If one could
prevent a bearing running hot, one would probably alzo reduce
the number of broken crank axles and all that they entailed,
He wondered, however, whether the author would not go
further with repard to the cast iron piston, A steel piston
flash-butt welded on to the rod was in use, and would scem to
offer still further reduction in weight of reciprocating parts.

There were in this country at the present time few men
who could hope to put their name to a class of famous Ioco-
motives, and everyone would welcome the fact thar the author
had joined the select fow, His paper was a model of precise and
concise description, and it showed that the Merchant Nawvy
locomotives bore features which distinguished them from all
their predecessors, His design embraced many features which
he no doubt learned in those years when he worked so hard in
connexion with international raillway conferences and inguirics;
he had probably obtained in that way a wider knowledze of
Centinenrsl, American, and world-wide practice than most
engincers ; but he had not only adopted those things which he
found o be the best—he had alse stepped out into the un-
trodden paths of real invention and inspication.

To udee any coeation one muost take note of the background,
recall the precccupations of his staff and the auchor’s own heavy
Ioad from Dunkick to D=Dhay, The Merchant Mavy locomotives
stood out from their background; they stood out at the head
of trains, aad they stood out as leaders of thought, To railway-
men, Mxcific main-line locomotives were more than cnginess
they resembled the banner, or the band, at the head of a pro-
eession; they gave direction and pride and comradeship to
the whole of the railway staff. The author had raised a new
tanner. There was sull novelty in the steam locomotive. ¥When
one Tooked across the lecture theatre to the portrait of the
auther’s old chicf, Sir Nigel Gresley, who also designed and
wrote papers about locomotives, one fele that Sir Nigel would
have wished o join the members present in congeatulating the
author on an outstanding paper.

Wing Comme, T, R, Cave-Browse-Cave, CBE., AT,
MLT.Moch . (Menither of Coumal), said the auwihor m'd htcn
kind epough to refer to the work done at Liniversity College,
Suut}umapmn, on the shape of the front of the locomorive,
It was a pood cxample of the way in which & meodel could be
used in the wind tunnel o reproduce the aic flow over 2 larpe
moving object and to allow the effect of various changes of
shape to be spadicd. It also showed how aicflow problems other
than those connected with sireraft design could be solved by
means: of a model in a wind runnel.

A model some 5 feer long had been made by the Company
and had been mounted in the wind tunnel at Universicy College,
so that a wniform stream of wind could pass over it moving
parallel to its axis or at @ moderate inclination cither way. In
this tige the object was to study the movement of steam emitted
from the chimney, Smoke was emirted from the chimacy of
the model and small soeams of smoke were also used to explore
the airflow round the front and down the sides of the mode].

With the shape of the locomotive as first constrncted, it was
found that steam was drawn down the sides of the hoiler and
obhgcured the driver’s foreard view so that sometmes he could
oot see the signals, YTt was found thar this movement of the
smoke, emitted from the chimmey of the modsl, satizfactorily
reproduced  the movement of the steam over the fuil-seale
lecomaotive, Variovs aliernative 511apus were, therefore, tried on
e model,

The trouble was dus partly to air overflowing from the cowl
ir front of the smokebox and being theown s0 far out [rom the
gides of the boiler cesing, that 2 region of low pressiure waz
formed and the steam from the chimmey drawn down into it
The cure was offected pardy by leaving a more clear passage
betwveen the side plates and the boiler, 50 a5 to deive o stream
of air close along the sides of the boiler, and partly by giving
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very free outlet over the top of the smokebox, 5o as to give a
stream of really h1gh-speed air over the exit of the chimney.,
This stream carried the steam upwards and well clear of the
windows., It probably had the incidental advantage that the
region of very high speed—and therefore low pressurc—over
the mouth of the chimney did improve the draught,

The shape of the locomotive was altered to conform with the
shape determined by the model, and it was then found that the
airflow over the locomotive exacily reproduced thar which had
been seen on the model.

It would be interesting to koow whether it was found that the
new shape gave greater chimney draught, as was to be anticipated.

Mr, Turner had rajsed the subtle question as to whether the
shape of the locomotive was pleasing, Thar was Jarpely 4 matter
of judgement ; but it was quite clear that if altered shapes were
contermnplated for the purpose of improving appearance, it
would be wise to use the model to study both appearance and
the effect wpon aicflow,

He would like to raise ong further poine though he did so
with some diffidence. Part of the cinematograph film exhibited
during the presentation of the paper had shown the flow of ¢il
over the moving mechanizo inside the enclosed gearbox, and the
author had referred to the difficulty caused by leaksze, It scemed
probable that the oil flow was unnecessarily copious for Jubri-
cation, and that this large excess of oil was probably the cause of
the oil leakage which had giver trouble, and also, incidentally,
of excessive heating of the oil. He suggested that the ofl flo
might be progressively reduced unril there was some indication
of trouble arising through diminucion of the flow,

Mr, W, Cypn Winnrams, M.ILMech B, pointed outr that
no progress could be made in locomotive design without expecr-
iment and innovation, which required courage as well as Evoor-
ledge. The locomotive deseribed in the paper was an outstanding
example of that fact so far as this country was concernesd; it
embodicd departures from established practice, and the intro-
duction of some features which, although proved on overseas
railways, weee new to this couneey,

The suthor referred at the outset to the difficultics which
confronted him as & result of the severe Hmitations of the
lcading gaurs and the limit of the axle lood on the Sowtihen
Railway, and the design desor’bed was an llustration of the
ingetmity which had been exhibitzd o surmount those restric
tions, and of how they had atffecred the desipn. The great
lmitaticns of the Botish losd: HIEE Were cmphasized by
the reflection that the Scouth Afri wling gauge, with a
rail gauge of 3 ft. 6 in., gave o width of ,1’_‘r [eer, 1nst+nd of O feay
a5 in this country, and practically .h-. same height as in this
couttry, While one miphs sightly ask whether any improveaent
in the present maximun: 2xle load in this country of 21 ong
was envisaged, the Ieoding gauge was a permanent linitadon,

The limitation of e dimensions and the operating copaire-
ments referred to in the carly part of the paper gave oo kden
of the ingenuity reoquired to obrain the necessary power, snd
Me. Hadfield had geferred to the difficulties of poow
adw;.mte and efiici '1T. boiler capacity. In view of these ditfic
iies, and the possibile need for a stll fuecher increase in wactve
effort and boiler poiver, one could not but veflect on the poten-
tialities of the articalated locomotive as a means of giving a
new lease of life oo the development of steam locomotves of
high powsr n this countey, Fe bod in mind particolacly an
engine of the Garrait type, which appeared to be :he only
cxisting desizn affording complete frecdom for the desipon of the
boiler,

That point could
the Almerian doubl
which had been ru
of 141 tons and WI‘-.'
of the boiler pros:

Lrn 1zht heme by a brief referen ce to
: Beyer-Garratl express locomoives,
T oower ten vears, with an axle hud
¢ tractive effort of 58,000 1b, at 73 poy coat -
., He was not mﬁ.r;m-r that that Lrs'“‘ﬁ ‘
effott was require: the case of the Souchea Railway, w

fe doubt the power required had been pravic ided; but he made
the point in view of the severc limir'dtl. i ,—Iu which the paper
referred—of the railways in this councry, The Algerian loco-
motives were of standard gauge, with a boiler barrel diameter of
7 It % in., wheeeas the author's locometive had o maximusm
boler diameter of 6 {t. 3% in. near the firehox, and a diameter of
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5 ft. 81 in. at the smokebox. The Algerian cpgines had 5 fr. 11 in.
driving wheels, and ran the 202 miles Leowesn Algiers and
QOran at over 60 m.p.h. for long stretches and, climbed gradients
of 1 in 45.

In support of the auther’s decision to fic thermic syphans,
he would like to mention that over 400 had been manufactured
up to the present by the firm referred to, and no complaints
had been received regarding them.

In such modern engines as those of the AMerchaent Navy class
one would expect to find steamn-operated rocking fircbars, and
it would be of interest if the author pave his reasons for omitting
that feature. The 43% sq. ft. of prate was reaching the limic
{set at 50 sq. ft. in the U.5.A) for ons fireman, and it would also
be interesting if the author would say whether the one fireman
was able o get the maximum out of the Aerchane Nauy class,
and whether he did not feel that the day of the mechanical
stoker was oot very far off.

- The provision of stcam reversing gear was to be welcomed,
for there could be no doubt that the time had come when in this
- country it was necessary to provide, on the heavier locomotives,

that easy “finger-tip™ control which was cxpected in these days.
He had had the great pleasure of riding on the Merchane Navy
class, by the courtesy of the author, and would like to refer to
their very fine runmog gualitics. Having beca on many loco-
motives throughout the world, he was particoladly impressed by
the footplate; at Iast full attention had been given to it in this
country, and it was very pleasant to ride on it and see the
thoughtful attention which had been given to the arrangerment
of all the fittings, and the cxtra room and comfort provided.

Mr. R. H. P, Hott, 5.1.Mecch.E,, said that he understood that
in normal ruaning with locomotives not ftted with a steam-
operated  firedoor, it was costomary to leave the door open

* during most of the run, with the result that cold air was drawn
in over the top of the five. Although presumably in the case of
the Merchant Nawy locomotives that was not permissible,
because of possible damage to the thermic syphons and the
steel fivebox, in orthodeox Iocomotives with a copper firebox
hie understood that it was advantageous, because the excess air
passing over the fire promoted better combustion. That scemed
to be borne ocut by the fact that the smoke emission on the
Merchanr Nawy Iocomonves was greater than on other types,
such as the Lord Nelson class. If that were so, it would be
interesting to know whether anything could be done with the

otthedox locomotive firebox to Improve over Cire air admission,
while at the same time having a steam-oociaed Aredoor.

Regarding the potential advantages oc ‘ﬂiglr;r imitial steam
pressures, it would sppear that with the advent of the steel
firebox, boiler pressures up to at least 300, and possibly 325 1b.
per 3. in., would be practicable, With the recent developments
which had also taken place in the improvement of the engine
gide of the locomotive by the streamlining of valve passages
and the puthor’s improved valve gear, might not there be & case
for a reconzideration of the compound locomotive? He under-
stood that the Midlaind compounds were satisfactory up to

a point, but did not show any sufficient advantage in steam

consumption, or in other ways, to justify their use as compared
with the simple-cxpansion locomotive, In view of the higher
steam pressures now being used, could not that decision he
reversed? i

He would like some information aboot the cost of the Merchan:
Nany type locomotive. He noticed that nobody so far had
raised the guestion of how much more the author’s very
interesting and ingenious machine cost in comparison with the
orthodox steam locomotive.

Finally, with regard to the streamlined casing, he vnderstood
that in cerrain quarters in this country it was considered that,
from the serodynamic point of view, streamlining was not
worth while on British railways, and thar,
added considerably to the weight of the locomotive, the remaoval
of existing streamlining from locomotives was under con-
sideration. With the advances which had taken place during the
war in the production of alumininm alloys on a large scale and
at a rate comparable with mild stcel, would net it be worth
while considering an aluminium alloy streamlined casing if, as

as rthe outer casing.
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in the case of the Merchant Nouy locomeotives, it was considersd
desirable from aerodynamic considerations oo fic ie?

M. W. F. McDermo (South Woodford, Essex) congrato-
lated the guthor not only on an excellent paper, but also on
an excellent locomoetive. One wondered why the pear Gise had
not been thought of before.

His own particular interest, however, was ceatred on the
stec] firebox. It was just prier to 1900 that he himself ran into
trouble with fireboxes and stays—copper and bronze—and after
a-couple of years he suggested o his chief, the Iate Mr. James
Halden, that all these troubles might be eliminated by adopting
steel Rreboxes and stays. As a result he was handsomely
rebuked and given a lecture on the thermal advantages of using
copper; but Mr. Holden did not say a2 word about the
disadvantages of its excessive expansion,

When one assembled copper plate and steel plate side by
side and joined them with cross-stays, one plave was pushing
up from the foundation ring and the other, relatively, was
standing siill, so that every stay was bent into an S-bend.

Obviously the thing to do was to use two similar metals, and,
as it was not possible to use copper for the wrappet-plate, one
should therefore use steel for the firebox,

The author had shown in Fig. 5, p. 320, just where the scove
failed, and from rhat drawing it would be seen that at the o
of the firebox the lacing together was.sc complete that the
was not much room for the firebox plate to encroach vertically
on that area at all; but the stays in the top row failed, and so
did those at the corners. He thought he could say why thar was
50,

He would like to know whether the author had examined any
of the stays taken out, because he was inclined vo thinlk thar if
they were examined, .videnge would be found to show that
they had been in eompressisn, That might sound paradoxical,
but one had to consider the vertical thrust of the side-plates of
the hrebox and the horizontal thrust of the top-plate. The
resultant of those two forces was a thoust ontwards. As zpninst
that there were; inside the wrapper-plates, two  stiffe
plates held together by the cross-seays, and the stays tha &
were immediately under these

In the corner position, whers he damage was miose o i
he thought the coutward theest was amplified by e stiifnoss o
the throat plate and the back plate.

He would suggest that 1k author, who had =hov Wi himself

to he such a picneer, should construer o select s - v ening
with a copper firebox, so thar, by testing, it conly . geriled
just how muach there was in the alleged superior stoou u'rsg with a

copper box, He himself thovphe that the copper Lo mighe be
reparded as the original sin, so far as the locomotive was con-
cernmed,

Turning now to the author™s method of fixing tyres, he recalled
that on certain occasions, when he had been in charge of a
locomotive wheel shop, he had seen evidence of tyre wear on
the wheel centre.

Ordinarily it occurred 1n cases where tyres
so that there was some doubt as to why the
worn, However, there was evidence of chaf
days a tyre was not heated sciontifically @ perha;
tyre was pushed into a furnace soowsh and heais
tyre was turned about a little uoenl the whole wa

Examining some of the wheo! parts after sers
sometimes detect a “semi-sheas™ on the rive
directions, showing that there had been a local
paper deseribed the use of & wevolving table ¢
heating of tyres, and he was cosvineed that the:
be adepted gencrﬂll}'

! bheoome looze,

1 centres had
buc in those
wne-third of
and then the
hot,

‘ce, one could
4 In opposite
11 there, The
ENEUTE CVET~

nethod should

If um conaidered the sie Poset up w heating, onec
would find the -_wn-hnatzr-_., e the secoel suncéss when
heating anocling for hardening 1”:.1'15* [ Jr instance,

He noticed that there was oo ~11 bt ( 12 locomotive
and a voouum brake on ibe fe Fhu., mvolved the use of

the wacuwm gjector whoo ramal
unnecessarily,

The objection to gtemn Deakes was that there was delayed
action duc to cold cylindecs, and oat might lead to serious

consequences. When enpaged on the question of the unification

L_: light, thus using steam
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of brakes, however, one of the experiments which he made, with
a view o the casy conversion of Westinghousc-fitted engines to
steam-braked engines, was to take 2 tender engine with a 13-inch
brake cylinder on the tender and another on the engine, sub-
stitute lhbctkaﬁﬁ:rmclmh:ﬁ,andprm;d'ap'npurtwm]

steam-valve which was given a y-inch diameter permanent
bypass or leak, so that steam contnually seeped through and
kept the cylinders warm. That permanent leak was a remedy
for the delayed action of the steam brake ; with it, the brake could
- be applicd instantly, and it was perfectly satisfactory.

Major-General A, B, Davipson, C.B,, 10.5.0,, M.IL.Mech.E,
{Past-President), thanked the author for allowing him to go
round the Brighton shops of the Southern Railway, where the
next class of engines, on similar lines to those described in the
paper, were being built. The private manofacrurers of loco-
motives in this country were usually tied to a very destailed
specification drawn up by the customer or by the consulting
engineer. They would be very glad o be able o “double™ the
roles of user and manufacturer, as the author had done with
great success. On the question of steel or copper fircboxes, the
private locomotive manufacturers, he believed, were able—and
would be very glad—to it steel frcboxes, but their customers

oftcn would not have them, and the decision lay with the
cl.lm&mcrs In a recent cnse where some Jocomotives were being
designed for a number of users, the steel firebox was sugpested,
but by a majority vote they decided on copper, Privatc manu-
facturers could do little towards the adoption of steel fireboxes
until their ¢customers were prepared to take them. No doubr
the present paper would give them more confidence in steel.

The cylindrical neck which the author uwsed for the thermic
syphons seemed a very good idea, and it was a pity that ic was not
shown in Fig. 10, Phite 2, which illustrated the syphon alone,
The grate was excellent, and in the author’s latest design even
more welding was being done, because the solid foundation ring
was repiaced by a U-shaped foundation ring, and the sides were
welded o the rwo arms of the ““U™.

The absence of balancing of the reciprocating parts was
interesiing. To one who was used o road traction, it was a
great surprise 1o find that weighes had ro be added for various
purposes on a locomotive, ¢ither to balance reciprocating
parts or to get ithe proper distribution on the axles. In the case
of the normal type of wheel, where many hundreds of pounds
were added in balancu&g welglits, there had been troubie recently
because some steel foundevs, new to the work, had not been
able to leave cnﬂugh roomn in the wheel "'me..t
modate the specified weight of lead.

He ook it that the avthor was in close linison with his signal
engineer to ensure that all the signals were easily seen from the
driver’s side of the cab, beczuse the driver kad not much
chance of geming 1o the other side.

He would like to know how the welded-in rubes were removed,
if that ever became novessary. One had scen many pictures of
welding, bur no illustration to show how “unwelding™ was done,

o accomn-

Mr. 0. V. S. BuLi¥in, in reply, said that Mr. Hadficlds
comment on the ratio of swept surface 1o free gas arca through
the tubec was only true within limits, as the hesting surlace
could be increased cither by lengthening the tubes or increasing
the diameter, If the tubes were leagthened unduly, they might
become so long that the effective hear from the gases would be
exhausted before the end of the tube was reached ; and although
the paper figure showed an increased heating surfacs:, the actual
incrense would be unobtainable from the hesat of the gases.
Alternatively, if the diameter was increased sufficiently to allow
the gases to escape [recly, they would not give up their heat in
the tine available ; 10, although the ratio of 1 to 400 was a target,
no Lmit had been kid down for the deviation which could be
made from this hgure withour affecting the stcaming of the
bailer.

It was desirable for the flow of stcam throush the super-

beater clements and stcama pipes 1o be as Jow as possible, in-

order to obtain the maximum amount of heai from the supere-
heater elements and 1o provide a considerablz rescovoir of
steam in the steam pipes as neas to the steam chests as possible,
It had not been possible up to the present to take readings of

EET)

the superheater temperarure, but as soon as this had been done
the figures would be published.

In connexion with the pressing of the throat plate, it had now
been found that rhe best method of preparing the “necks™ o
receive the thermic syphon, in the throat plate, was press
them separutely as diaphragms, and insert them by welding in
posirion, as this proccdure eliminated the forcing through of the
nock from the plate—which had already been pressed on the
outside edges and was therefore fairly rigid.

Regarding the amount of welding carried out on these engines,
it should be pointed out that welding would have been used to
a much greater extent had the times not been so difficulr.

The camparative weighrs of the Walschaerts and Bulleid valve
gear ‘one set of gear) were: Walschaerts, 1,150 lb.; Bulleid,
045 lo. It was true that the number of pins was increased;
but atrention should be drawn to the perfect lubrication nnder
which they worked, compared with the dust and grime, with
consequent wear, of the exposed gear; also account should be
taken of the facr that there were no glands to be packed on the
stuffing boxes—the falurs and repair of which was zll wo
familiar an item—so that on balance appreciable advantages
were 10 be gained by enclozing the valve gear in a casine under
continuous lubrication.

The welded tender tank had given every satisfaction in
running ; $0 much so that all tender tanks subsequentdy built
were of similar construction,

It was difficult to understand why Mr. Turner should view
a wheel with suspicion if it were fabricated, and yer would he
quite happy when he knew it was a casting. In the former case
it was reasonably safe to assume that the metal was homo-
gencous, including the welding il properly carried our, while
castings had been known to contain blowholes.

He thanked Mr. Turner for his remarks about the oilbath,
as it confirmed his own view ; and it was only the extreme= diffi-
culty in obtaining a suitable arrangement which had prevented
the axlzbotes being mcluded in them,

Steel piston heads had been tried, but the waar was o sapid
thar they had boen repla~ed by cast ron heads, which were
giving exccllent resulrs.,

In reply to Wing Commander Cave-Browne-Cave, there had
been no noticeabls improvement of the chimney draught owing
to the fitting of the new front end. In corciexion with the heating
of the oil owing to the copious amoun: pumped, teses cooried
out on the temperature of the eil showed thar ic was genceally
at the temnperature of the atmosphere.

In reply to Mr. Cyeil Williams, it wd aleen!y been pointed
out that these engines were constrecied during the war; and
although rocking grates were discussed, it had Leen found im-
possible 1o incorporate them in the design owing to the diffi-
culties of the time. Mechanical stokers would be ftted in the
feture, as grates of 50 sq. fi. and upwasds weie defiaiezly too
large for onc Zreman 1o charge ender the heaviest conditions
of working.

For Mr. Nowt's information, it was customary to lzzve an
ocdinary firchole door open slightly to provide secondary air to
the fire. This was zllowed for in the presenr avtomatcally-
controlled firedoors by holes and passryes which permined a
similar quantity of air to be drawn into e firehox, even thougly
the door was closed ; this arrangements also caused the aie to
be heated by the door before entering the firebox,

Compounding had beeo congidersd; buar, due o limitaions
of the loading pauge and w weight sestrictions, it had not been
found possible to pet a suitable system which would show auy
saving ¢oirpaed with the simple engine. The cost of the
Merchans Nooy locomotive: was no greater than other modern
locomotives. Aluminium alicy casinzs had been considzred, but
had not been used, a< the poevailinz conditions were all a=ainsg
such fittags.

In reiy o Mr. McDermid, th: water-space stays fued o
the boiler were under constant comsideration. bur up  the
present no satisfaciory explanation could be given why the
stays hroke in the parvcular areas illestrated. The investizations
on stays were proceeding.,

The method of shrinking the tyres on ta the wheel centres
had proved most satisfactory. It should ve pointed out that the
machining of the surfaces in contzet, i the surface of the
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wheel centre and the bore of the tyre, was such as to give a
very close contact between tyre and wheel centre andd was a
much smoother surface than in the case cited by Mr. McDermid,

No difficulty had been cxpericnced through the steam to the
steam brake cylinders condensing and retarding the action of
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the brake; so it had not been found necessary to ensure that the
¢ylinders and pipe line were kept warm.

In reply to General Davidson, when it was nccessary to
remove the tebes, the welding and bead were chipped away,
and the surface was prepared to receive the new weld,

Communications

Mr. W, Barr (Motherwell) wrote that the comments he had
to make concerned the metallurgical aspect, with particelar
reference to the stecl firebox, He would like o thant: the author
for having so spectacularly vindicated the beliefs which he
himself held in common with most metallurgists, regarding
the possibilitics of steel in this direction, It was quite incidental,
but none the less gratifying, that the adoption of steel fireboxes
by Britsh railways would bring more “prist™ to the mills in
which he was particularly interested and which had specialized
in the production of stecl for this purpose,

It was also gratifying 10 note that the author had adopted
welding in the construction of the firebox, the steel for which,
it should be emphasized, was pardeularly amenable to this
process. In the manufactore of these fircbox plates to a tensile
strength of 24-28 tons per s5q. in. the carbon content did not
cxceed (015 per cenr, so the materinl could be regarded as
foolproof so far as weld cracks in the parent metal were con-
cerned. The carbon content of American firebox plates, on
the other hand, was permitted to go as high as 0-25 per cent,
s0 that, from the point of view of weldabilisy and general
ductiliry, it was obvious that the British product was superior,
which fact enhanced the argument in favour of the use of steel
by British railways,

In comparing steel with copper, the author had rightly
stressed the superiosity of the former in regard to welding, At
the same time cmphasis should be laid on the methodical and
careflully thought-out welding technigque employed throushout,
details of which were given in the paper.

What the Southern Railway had accomplished in the con-
struction of these locomotives would be an inspieation to
further progress and he himself would 1ike to have the author’s
opinion concerning the application of welding ia the firebox
extended even to the stay bars. In this connexion reference
had been made to minor troubles experienced in the Initial
stages of service due to minor surface cracks, all of which ap-
peared to have originated ar the staybolt holes. He had had
the opportunity for examining some of these cracks and he was
of the opinion that they were a manifestation of corrosion
fatigue. It was at least significant that evidence of leakage was
apparent where ¢racks bad occurred. Such leakage could be
obviated by welding, either in the form of a sealing run around
the riveted heads of existing stays, or, better still, by adopting
welding throughout and so'climinating the screwed thread which
was a well-known source of trouble. The examples of broken
stay bars exhibited on the table before them had all fractured
in the threaded pordion, due to stress concentration at the
bottom of the threads. Incidentally, he would like o know
if the author had considered the possibilitics of rolled threads
for stay bars, Duc to the compressive surface stresses sct up
in a rolled thread ir would offer greater resistance to fatigue
failore than was the case with a machined thresd.

In concluding, he joined with the other spealiers in congeatu-
Iating the author on the desizn and construction of this loco-
maotive embodying so many novel features, Tt was o very real
centributicn to the national cffort and would add considerably
to the prestige of Doitish enpinecring.

Mr, Cranence Q. Broker, M.I.Mech B, wrote to ask if the
author—whe, in referring to the overheating of the crown shects
of two locomotives, had mentioned thar the fusible plugs had
operated and had prevented further damage——would give a

deawing and particulars of the plugs used, and show the depth
to which they were screwed into the crown sheet,

Referring to the multiple blast nozele shown in Fig. 16, p. 324,
he thought that ULS. Patent No. 1,239,370 {4th September
1917) taken out by his friend Mr, William Elmer, Special
Engineer, Pennsylvania Railread, seemned to have anticipated
this design. !

Lient.-Commr, B, R, Carning, M.A., RNV.R., AM.
I.Mech.E., wrote that the author was to be congratulated not
only on the sucesss of his design, but also on his couragze in
introducing the various innovations to British practice (against
some of which there had been widespread prejudice in this
country) on such a Jarge scale—in fact, on a2 scale which
rezlly allowed the innovations to be judged on their merits,

Usually such cxperiments were tried on one or two enpgines,
and probably some of the failures of experimental features
had resulted from that fact. A single odd engine, however good
in itself, could be a nuisance, and such nuisances rarely gor
PIOPEr ALtEmtion.

The fact that steel fireboxes bad for years been the rule in
America and in large parts of Burope, as well a5 in several of
the Drominions and Colonies, was proof enough that a well-
designed and well-made steel box could be successful, The
carlier failures in Britain might Iargely be atteibuted to incorrect
design, and sometimes to incorrect material.

It was wise of the author to avail himself of the cxpericnce
of those who had made so many steel firchoxes for export.

Welding appeared to be essential for the inner firebox i
trouble was to be avoided, but it was important that all the
precantions deseribed should be taken to ensure really sound
work, Perhaps the avchor would siate whether he was i favour
of an ultimate move to the all-weided boiler,

The low-water episode described on p. 322 was of interest,
as it showed that the syphens provided eaocugh water to protect
the crown sheet, but not so much as to prevent the fusible plug
from melting. i

Incidentally, thermic syphons were not quite new in Britain,
having been used cxperimentally before, for example, in the
late Siv MNigel Gresley’s Banram Cock 2-6-2 tender locomotive
of 1941,

It was not clear whether the fire door permitted some secon-
dary air to enfer to assist complete combustion and reduce
smoke, or if it was virtually airtight when closed. Some secondacy
air was usually desirable, '

The blast pipe, even for a multiple-nozzle type, seemed to
be very close to the chimaeey, It was, sucely, desirable to have
as long a cone of exhaust steam as nossible, to eatrpin the
products of combustion, provided the blast orifice was high
enough to aveid danger of being buricd in any large accumula-
tion of smokebox ash. The blast pipe could have been placed
a good deal lower if the inside pision valve had not been on
the centre line of the locomotive Jirectly above the cylinder,
This position of the valve scemed w cramp the bottom of the
othoerwise admirable smokebox, and did not seem to be neces-
sitated either by the special valve gear or by cossidemtions of
space and dircctness of poris. If the valve were aloced ar the
same distance from the cenere ling of the eyvlindor, but about
30 deg, above the hozizontal, close to the frame, the blast pipe
could be lowered considerably, Possibly there was some good
reason against this which was not visible in Fig. 16, p. 324
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If a hot big-end occurred, however rarely, how were the
crew made aware of it? Was it necsssary for it to reach the state
of being audible, or was some device used as o warning, in the
way that “stink bombs® were used on the London and North
Eastern Railway? : ;

The new type of tyre scemed to be a great improvement !
possibly even mere uniform tyre heating would result from
the use of an electric tyre heater, the ryre being heated as the
shorted secondary of a transformer.

The spacing of the msin frames at the centre lines of the
bearings had much to recommend it, and one wondered why
it had not been done before on wide firrbox engines : it achieved
gt least some of the benefits of bar frames without giving rse to
the difficulties which the lztter might entail in workshops laid
out to deal with plate frames. .

Mr, Araw B, L. Cuowcton, C.B.E., M.IMech E, (Pasi-
President) wrote thar the paper showed that the anthor lad
made the most outstanding changes in locomotive practice that
hed been witnessed for many years. He had not been afraid ta
design and 1oy many novel ideas in vatious parts of the engine.

He would like to ask the author why eight-coupled express
engines had not been a success in this country, whersas in
Canada and the U.S5.A. they were standard practice. This
queastion did not apply to the Southern Railway, but to the
northern lines; for example, on the Londen, Midland and
Scortish Railway there were heavy gradients and the weight of
trains was steadily increasing, and the six-coupled Pactfc
locomotives slipped considerably.

He uiso asked why no other British railways besides the
Southern used blast pipes with multiple exhagst nozzles,

Cast steel frames were general in Canada and the US.A,,;
and were also used on large Dhesel [ocomotives with which he

had been associzted. What did the author think of cast steel
framese

M. Ii, %, Cox, M.I Mezch E., wrote that the most interesting
feature of the Merchant Nauwy engines was the introduction
of the steel firchox with s thermic syphons, Experience in
America seemed to connect good steel firchox performanee with
fully treated water, znd it would be interesting to know how
szasitive the Southern Railway boiler was to this frctor, He
understond that external water treatment was applicd indivi-
dually to the tenders of those engines : bur this method, although
stundard in Frauce, and easily controllable on a smali number of
impartnt engines, was difficult to control on a lacge scale. In
this connexicn, again, American éxperitnes was uncertain
in the choice between presence ar absence of the copper ferrule
at the firchox end of the tubes, but only with rigidly eontrolled
water did it seem possible to rely fully on the connexion without
such ferrules. One featuce jn the ficcbox design was difficale
o understand, namely, the seeming reluctance to use Aexible
stays in the “breaking” zone; to aveid them the unusoal step
was token of employing non-feroous stays in an otherwise all-
steel desion, Ta view of the world-wide acceptance of the
flexitsle sraybolr, it would be interesting to learn the reason for
this—za feature iz which this firebox differed from almose all
other large stecl fireboxes of which he himself was aware.

Turning to the valve gear, ufter re-reading the paper carefully,
the question which still arose was “Why was it necessary to

design a new type of link motion and enclose it with the instde

big-end in a casing, difficelt to design and maintain?™ Qf aif the
parts of a locomotive, the normal Walschaert gear gave least
trouble and maintsnance cost, while 3 correctly desipned and
maintained " inside big-end could give comparative freedon
from failure when conrrasted with the performance Dudicated
by the author for his enclosed arrangement.

Taking the last point first, and referring to the well known
threc-cylinder Rowal Scor 4-6-0 locomotive on the London,
Midland and Scottlshi Railway, whicly had, over a period of
18 years, beoh enpaced in top lnk work with fasy, he=avy Lrains,
seventy engines ran 35 million miles in the cight years 1933-
1945 inclusive, and sustained cighteen big-end failuzes in all, an
averare of practically 1,950,000 miles per failure, This compared
very favourably with the aurhor’s figure of Y00,000 miles.

Turniog to maintenance, i three seu of valve geat, ar service
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repairs averaging 65,000 miles, expansion links and valve
rods might require new die-blocks. Other rods mipght require
lapping and new pins and the eccentric straps might require
re-mesalling, at an avetage departmetral cost,  including
material, of £20. At general repairs, every 165,000 miles, the
valve tod and expansion link die paths were lapped, and
bushes and oiling mbnes in the rest of the valve gear were
renewed, in addidon to what was done at service tepairs, at a
total cost (on the same basis) of £33, These figures represented
a very low proportion of the total repair cost of the locomotive.
Finally, the normal unenclosed valve gear could be dismantled,
repaired, and rerurned to the ergcting shop for refitting to the
engine five days from its enwry inte the erecting shop for
stripping.

The foregoing facts seemed to suggest that there was only a
very narrow margin of advantage in adopting any more com-
plicated forms of constructicn. :

Mr. P. C. DEwmvrsT, M.ILMech.E., wrote that the author
was to be congratulated upon his combining, so successfully,
features new to home practice, though well tried overseas,
with others which were real innovartions in the locomotive
world. He himszelf had Jong advocated and successfully employed
a number of the construciional features—having, in fact, cham-
ploned “international” locomotive design for many years,* and
his remarks were intended for the purpose of cliciting furiher
information rather than as criticisms.

He believed that the author was right in cossidering that

the main cause of clectrolytic action in boilers was the use of
steel and copper—a point mentioned specifically in his com-
ments on Mr, Turner’s recent paper on “Corrosion of Boiler
Tuhes”.t Reparding corrosion as such, injector feed-warter
introduced by a plain top-feed system reduced corrosion very
considerably.

Where weight was such an important consideration he could
not follow the employment of the Belpaive pattern fivchox. A
round-topped radial-stayed fircbox would have saved appre-
ciable weight and this could have been utilized in incressing
the barrel dismeter, thus providing a few saore (perhaps shiorter)
tubes and, or alternatively, increased sieam space ro compensate
for that lost by the eliimination of the “havnches” of the Eelpaire
outer shell. The only stight practical disadvantaoe of the
round-topped box with radial staying {raamely, that o tow of the
stays were not exacily radial with resnect to the outside plate)
had practically disappeaced with the possibility of welding-on
glight supplements in those places having only one thickoess of
plare, or of nsing flexible stays,

The success abrained with steel fireboxes, wich the pacticular
maraes of “serting™ or fixing the steel tubes in the firebox
tubeplate, and with the syphons, was no surpgise to one who
had uszd the first for thirty, the second for fwenty-one, and
the third for ten years with emineatly satisfactory results. These
applications were required to meet conditfons more arducus for
boilers than even those encountered by the Southern Railway
locomotives, conditions indesd which copper firebhoxes could
not withstand—in pasticalar, the keeping of tubes tight in the
firebox tubeplate, ‘The use of g-inch plate all round, excepr the
tube area where a thickness of § inch was desirable, was good
rractice,

The ratio of superheating to cvaporative heating surface
f1 to 2+98) was a welcome figure, the superheater units occupying
no less than five horizont:d rows, He had tried a ratio of 1 to 36
upon engines required w work full-throude combined with
60-70 por cent ncteel working cut-oif for an hour or two
continuousty ; but everheating of piston-rods in the packing
under these cxtreme conditons persuaded hiin not to
vhat ratio. It would be of value to krow the degree of susel
attained by the author’s engines at meximunz output, cocd
the piston glends behaved.

The author had stated that the fube fixing adopted wpen
these eagines had justified el “the wbes remaicing coir -
pletely tight, again something not previously experienced™, 70
the railway with which he had been connected recently a simiz.

* Ppoe. LMeacl E., 1922, p. 375, “British and Amercut Loco-
morive Design'.

4 Proc. I.MechE,, 1944, vol, 150, . 102,
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system ‘was in force, and no case of a tube Ieaking in sexvice or
having to be dealr with berween general repairs had been known
for a number of years. The author's method of forming the
shouider on the water side of the tubeplate was not clear; his
own system was to form the shoulder on the water side of the
plate by means of a Yprosser” (a roller expander being used
only for fixing the tubes lightly in position, ready for the prosser)
which also “bellied-out® the fire side ready for the beading tool.
In this connexion it was of great importance to have the correct
relation between the prosser profile and the thickness of the
tubcplate 30 as to produce the required “nip™ between the
shoulder and the bead, bur no more, othcrwise the diametral
tighmness in the hole became affected. This tube fixing, 25 intro-
duced by him on the varions national railways of Colombia
from 1923, was fully described in a paper® and was also discussed
at an informal mecting of The Instituden of Mechanical
Engineers in the previous year.,

The author appeared to be climinating the copper liner, The
liner was used mainly in order to preserve the surface of the
tubeplate holes {i.e. the “bore”), and this was a matter of
importance for furure re-tubing, because even slight scratches
communicating from ecach side of the mbeplate might cause
trouble. Even the flat surface on the fire side of the mabcplate
was important. His practice had been to cut off the whole bead
and ““weld-seal™ flush when taking out tubes, and to re-face the
landing for the bead and wcid-seal, 2t which time any cascs
needing it were touched up with eleciric welding and mac’ aed
to a good surface and correct thickness of tubeplate, No scali
of the tubes by welding was allowed until bath hydrostatic an
steam tests had been satisfactorily carried out; the sealing was
always done with the boiler in its natural position and with water
in it .

The use of corrugated steam-pipes was an innovation ; some
further information on comparative maintenance and ulimate
life would be welcome.

He admired the enclosing of the parts ia the ingeniovs valve
gear, but considered that there were too many pins. Moreover
the two chains might Jead to *“lag™ in the valve events, and this
. without giving the usual audible indications leading to running-

shed attention, The valve gear might therefore require main-
tenance of a “nursing”” ¢harzcter. Although reference had been
made particulacly to the valve-gear lubricarion, nothing had been
said about the outside connecting and coupling rods. Much
convenience, and considerable saving in lubncanis and engine-
mea's time, could be obtained by grease lubrication oa all the
outside rods. Existing rods could be equipped for grezse by a
very somall modification of the original odl-wells.

In the description of the special method of tyre-fixing,
emphasis had been laid on the importance of evenly heating the
tyres for shrinking. Had the suthor contemplated using an
electric heater of the inducrion type? He himself had been
Ermrmted from adopting it by war-time difficultics, but he had

een much impressed by the efficacy of the method as used
. abroad for the tyres of tramway vehicles, :

In the main frames the author had succeeded in bringing
the zxlebox reactions into line with cach frame, whereas they
were ordinarily, except in bar frames, 45t inches off-ser. It
was noticeable, however, that quite a kg of somewhar compli-
cated cross-staying was built into the frame system, and the
author referred 1o *“ the place where cracks usually develop™
and added that *“wedges were not fined”. These were unsatis
factory features of the plate frame ; one day somcone in Englan
would try bar frames—and be surprisingly successiul!

The reaction brake hangers placed between the coup ol
wheels were intriguing, but whilst hie appreciated the advantage
of situating the brake-cylinders away from the region of the
fircbox, he thoeght that there would be “chatter™ as a result
of the toggle-lik= effect upon the “duplex” hanger system when
the engine was running forward. (For running backwards the
armangement appeared 1o be ideal.) Did not wear 2nd chanter,
and hencc more wear, develop?

It would bc interesting to know whether the author had
comsidered a modernized Midlawnd (Smith-Decley) three-
cylinder compound arrangement, It would seem that the author

* Dewnunrst, P C. 1930 JI, Inst. Locomotive Eng., vol. 20
p. 888, “Locomative Design for Overseas Service™,

was so limited by considerations of axle-weight versus maximum
starting cffort as to be prevented, like himself om wvarious
occasions, from udilizing the system. The really hizh pressures
foreshadowed scemed 1o call for compounding where other
conditions permitted.

It had been said that nothing could be done about the loading
gauge, but could not platform edges and “berwsen  line”
girders (upon certain types of underbridges) be ser back to
allow more room in the region of the cylinders, as he had
suggested some years ago in the technical press?

A very significant feature of this locomotive design was the
manner in which the adjusmment of the whaole optimum to the
prevailing conditions had been made by the Chief Mechanical
Engineer responsible for results, notwithstanding an cphcineral
fashion to disparage this csscntial to satisfactory locomotive
designing. 3

Lt.-Colonel L. F, R, FeL, D.5.0., O.B.E,, M.IL.MechE,,
wrote that he had listened w the paper and the discussion
thereon, with very great inrerest becauss though he had lefi
locomotive work thirty years ago when he was a colleague of
the author, there were features about the Merchant Nawy class
locomotives that were in some ways akin to the werk on which
he himself had been engaged since then.

He was particularly interested to note that it had ar last been
proved possible to enclose the locomotive big-cnd and therchy
dispense with the direct air cooling which, in the past, had been
held to be the saving grace of the locomotive big-end design.
It seemed clear that this had only been made possible by the
rapid oil circulation which the author demonstrated so clearly
in the f}im which was shown at the meeting in Londen, and
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which was rezponsible for conveying the heet at a high rate
from the bezring surfaces to the walls of = crank chamber
where it was dissipated by air cooliv- or this reason he
disagreed with the remarks made by Wing Commr. Cave-
Browne-Cave, during the verbal discussion,t thar it would
be an advantage 1o reduce the ¢il circulation. This would be
contrary to the normal practice on all other high-speed enclosed
type engines, Heagreed with Wing Commr, Cave-Browne-Cove

1 See p. 335,
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that it was possible to over-lubricate a high-speed ball bearing
and that very careful metering of the oil was necessary for this
particular purpose. The fiilures of ball bearings were, however,
duz to an intérnal pumping action which burst the ball bearing
Cage. ;
He would like to ask how the resistance of the Merchame
Navy class locomotive compared with that of normal “open™
type locomotives. He considered that the guestion of resistance
was one 1o which locomotive enpineers normally paid mather
gcant artention. A typical resistance curve of an ““open’ type
locomotive (Fig. 33 showed that at 80 m.p.h. the resistance
of a passenger engine and tender was as much as 42 1b, per ton,
It was trac that a little of chis was due to air resistance, but
comparing the fipure with that of a bogic coach (presenting
3 much larzer arca per unit of weight) which waz only 20 b,
per ton at 80 m.p.h., it would appear that the main source of
resistance of the locomotive was duc to [ow mechanical efficiency.
He submitted that it was obviously preferable to reduce the
resistance of a locomotive by increasing its mechanical efficiency
rather than to attempt still further to increass its nominal
tractive effort, Did the author think he had achieved this end?
Perhaps this was the answer to those speakers who were
advancing the ciaims of Garratt type enpines, the specific
resistance of which might be expected 10 be Targe ar high speeds,

Mr. I, W, Pracoce, B.Sc. (Eng., AMNLLMech E., wrote
that a feature of this cngine which apoeared 1o have escaped
special notice was the unusually preat stiffness of the frame to
resist transverse bending. It was noticeable that care had becn
taken to ensure rigidity over the whole of the coupled wheelbase,
in contrast to the frame of 2 conventional engine, which, while
it might be stfl laterally at the front end, was necessarily woenk
where the firebox came between the framés, Tt was ofien
claimed that some degree of transverse fexibility was necessary
to negotiate sharp curves, and ii was presumably incorpocated
in such dosigns. Tr would be interesting o koow whether any
additional axlebox and axlebex guide cleavances hiad been found
necessary oo the Aferchant Neowy engines, or whether Giffi-
cultics had been capericnced in ncgotiating curves of small
radius. What was the sharnest cueve which the engine could
traverss?

‘The axlebox lubrication, though apparently old-fashioned as
comparcd with mechanical lobrication, had the important
advantage that extra 0il could readily be given to an axlebhox
in need of ir; and the wsual chjestion fo o trimming feed,
namely, the possibitity of a hot axlebox duc o the diiver’s
forgetting w insert the trimming, hardly had mech force
providad the underpad was adequate, Would the acthor explain,
however, what was means by a broken syphon, snd why the
wse of this fitting required the trimmings to be vented, since
with a simple trimming feed and pipe to an axlebox the teimming
worked cxcellently without any provision for venting at all.

Mr. F. A, Popey, AMI Mech B, wrote that the acthor’s
neat arrangement of thece independent sets of valve gear,
with a chain drive, was noteworthy., Would the author agree
that at least 20 h.p. would be required to operate all three sets
under certain conditious of steaming? The author mentioned
an allowance of 3 inches for saz in the chain, Did that mean
1} inches above and 11 inches below the horizontal, or 3 inches
above and 3 inches below? Some years ago, when he was closely
aeguainted with chain drives for certain Ddesel cngine cam-
shafts, chain stretch became serious, for as soon as any “whip®
arose {a condition which covld cccour almost irrespective of
transmitted load) chain inertia, during periods of ous-of-phase
or out-of-balance running, seon cansed guile excessive sageing.
In somc instances the only possible cure was the addition of
inckey pulleys; in others brass mmd fibre rubbing (or guide)
places weee added.

It was of particular interest to read that so little teounle had
been experienced in the chatn dove, irrespective of the not too
ideal conditions existing between the driving and the deiven
wheels, He asked 18 1he chains could be readily inspecied in the
pear case, and whether the case was of fabricated consoructon,
?lm whether any leakage had resulted from distortions in the
raming.
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The housing of such an amount of valve gear in an oil-
tight bath represented a real step forward, but he asked if one
or other of the poppet valve geats, with their many claimed
advantages, had been considered when the locomotives were
being designed.

Mr, H. W, Purrice, M. LMech E., wrote that the Nicheolson
syphons appeared to be very expensive, owing to the amount
of press-work involved and the large number of stays; and it
seerned almost impossible to elean them effectively. The cracking
of the throat plate in the vicinity of the syphon neck was pro-
bably due to contraction stresses set up from the laree mass of
metal in the syphon body when the boiler was heing cooled off.

The syphons improved the circulation in the boiler con-
siderably, but it seemed that this could be done cqually effee-
tively by having three 4-inch tubes set in teiangolar formation
as shown in Fig. 34; the tubes would support the fircbrick
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Fig. 34, Sugeested Substitution of Arch Tubes fer Michalson
Syphons

arch in # similar manner to the syphons, Tt would, of course,
be necessary to have two manholes in the wrapper plate so thae
the tubzs could be expeanded, beaded, and welded in place, but
it would be very easy to clean the wubes with a tubez claun
when the engioes went ta shed for wash-out, 2nd to rensw the:e
if necessary at intermediate or periodic overhauls,

Iiven after allowing for the additional cost of the manholes,
there should be a considerable saving in initial expense and
weizht, with very little reduction of leating sucface,

He was surprised to see thae mverred wooth chains were vsed
for the valve drive. Similar chaing ware used for the final drive
of the Drewry railcars working on the narrow-gauge hill
sections of the Morth Western Railway (India). When new
chaing of <imilar construction were indented for in 1941, the
chain maokers stated that these chains showld be considered
abzolescent, and it would be necessary (o insrall dowil -rolier
chains with new pinions. He wouid be glad if the author would
srate what advintage—il any—tise invertad tooth had over the
rofler ehain, Tr this pavticular czse a single-roller chain eould
have beer ws:d, as the horse-power wansmuoad was Quite small,
k ires in the cab, the

Weirh regard to the &

Mamination of the go
Srminosity obtained froen ultra-violet ravs on luminous figures
was of a low order, it would appen be difficulr for the
1an to read the gauges afier look 1t the intense glare
ted from the firebox, In Tndin alinos 2 locomotives were
fitieed with turbo-generators, whicl v niainly installed for
the engine headlight; eriginally thers weee separate lighting
fittings for the steam gauges, water paocss, and The lubricators,
Orwing 1o the excessively high maintena a1l these fintin:s,
with the exception of the Inbricator light, w000 taken out, pood
the cab was Muminated with one low candle-power lamp of
15 watts in a locally-made reflector fed o the roof of the cab.
This lame gave sofficient light w0 read the gruges without being
intense enough wo interfere woh the deiver’s leokout,

b
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Mr. H. P. Renwick (Bombay) wrotc to congratulate the
author, first on his excellent paper, and second on his soccessful
efforts in carrying forward the development of locomotve
design on British railways. Most Jocomotive engincers on
overscas railways looked (as he did) to British railways to give 2
lead, though they bad no hesitation in adopting American or

ice where such 1o offer advantages.

The author suressed the limitations of the British railways
loading gauge, and it would seem that, since the maximum
~ height and width had now been reached, the only remaining
dimension Ieft for development was length. Whether longer
and heavier trains would become the rule to meet the post-war
traffic trend remained to be seen. In view of the cost of lengthen-
ing station platforms, he thought that the need could only be

met by more trains ; but the cost of providing longer turngables
should not limit the development of more powerful locomotives
of increased length,

As the author points out, the desirability of providing for
power to haul freight trains at passenger specds would necessi-
tate more powerful geneml-purpose locomotives.

He could not but admire the very grear amount of thonghr
that had gone into the design of the Merchan: Naogy locomotive,
with the aim of giving consideraton o the footplate staff who
would operaic them and the running shed staff who would
maintain them. It was the linde things that counted in main-
tenance; and forethought in design meant reduced time in the
shed and greater availability.

There were, however, one or two points that seemed 1o call
for mild criticism. The author had mentioned the difficulties
in desipning a boiler of sufficient power within the weight
restrictions. He stated that there had been 2 number of broken
fircbox water-space stays, all of which had occurred in the normal
breaking zone shown in Fig, 5; yet he stated that flexible stays
of the Flannery type were only installed in the throat plate
arcund the necks of the thermic syphons. It had been standard
practice on Indisn railways to fit flexible stays thtoughour this
zone, with remarkably bencficial results, and he would suggest
a similar provision on the Merchant Nawy locomotives. The
additional weizht could be offsct by the climination of the
foundation ring which might well be replaced by a U-shaped
ﬂmlgodphtewcldrdmrhtinmanﬂmm with two secam
welds.,

The weight of the boiler could be carried by sliding bearer
brackets at the front end and by flexible “breather™ plates at
the rear, as was common practice in the US.A.

Similarly, the suther referred to the stressing of the throat
plate by pressing out the syphon neck connexions. Was there
any reason why the curved connexions should not be pressed
scparatcly and welded into large-diameter holes cut m the
throat plate? One might go a sge further andd, placing the
neck connexion to the syphon farther to the rear, spin a corruga-
tion in the neck picce to aid Aexibility at this point and relieve
the throat plate. The speed of water circulation through the
syphon should prevent accumulation of scale in the corruga-
T,

He admived the author’s attempt to produce an enclosed valve
gear, continuously lubricnted as copiously as was shown in
the film exhibited at the meeting ; bur he could not help feeling
that the possibilities of lealage from vibration with age were
great, and the maintenance costs 1o prevent this leakage must
be high. He had hoped that the aurhor would have given some

- comparative figures of big-end and slide block wear between
the Merchane Nety and the Schoofs (4—4-0) classes, particnlarly
the man-honrs expended on the two classes to reduce and
refit big-end brasses and close slide bars.

Untul the stage of the mulo-cylinder gear-driven high-
pressure Jocomotive of the Sentimel or Besler type had been
reached, he fzlt that the development of the poppet valve gear
witn enclosed shaft deive would give the same desirablc end
that the avthor had endeavoured to attain, with much less weight
and complezity.

For the benefit of overscas members, he hoped thar the
Procrepings would contain a more detailed deseription and
an illustration of the moton-pin “circlips™, for he fele that their
greater use was a move In the right direction,

He was greatly indebted to the anthor and to Wing Comine,

COMMUNICATIONS ON ““MERCHANT NAVY' LOCOMOTIVES

Cave-BrowneCave for their remarks on the experimentation
to decide the best shaping of the front end screening to satis-
factocily lift the smoke at short cut-offs. They had explaincd
his own failure 1o achieve satisfactory results with a similar
problem on the Great Indian Peninsula Railway.

Mr. O. V. S. Burremp wrote in reply m Mr, Barr that, the
welding-in of stays had been under consideration for a number
of years, but no catircly satisfactory method of welding had
yet been evolved. The possibility of fitring rolled screwed
threaded stays had also been investigared, but up to the present
the stays so produced had exceeded a reasonable factor of
safety by work-hardening ; and so0 the experiments continued.

In reply to Mr. Becker, he had placed samples of fuzible
plugs on exhibition in the entrance hall of the Institution when
he presented the paper there. It was not claimed that the
multiple-jet blast pipe cap was new; bur the development as
firred to this class of engine had proved most satisfactory from
a steaming peint of view.

Licut.~-Commr. Carling would appreciate that it was caly
because of prevailing war conditions during the period in which
the engines were built that a completcly welded boiler was not
fitted, and in fininre design it was intended, should the cost not
be prohihitive, to provide completely welded boilers. The boilers
for the Mercherr Navy class were alrcady under i

construction,
_and were fitted with thermic syphons, before Sic Nigel Gresley
locomotive

fitted the syphon 1o the Baniam Cock ive on the London
and North Easzern Railway.

For Lieut-Commr. Carling’s further information, the fire-
door did admir air to the firebox. The blast pipe and chimncy
proved highly satisfactory in creating sufficient draught on the fics
to maintain steam under the most arduous conditions of working,

A fearure of the Merchant Navy engines was that although
the blast pipe nozzles were only 9 inches above the base of the
smokcebox, the middle ris:un valve was remarkably free from
smokebox char; the valves were extremely clean, and caused
no distress when they were removed for examination,

There was no device fitted to enable a case of hot ki =1 -
be detected from the cab. The method of tyre heating .« -
satisfactory with gas, and it was doubtful if any improve.
would result by using electricity.

The question, raised by Mr. Choditon, as to whether =°
eight wheels should be fitted to an express cagic
decided by the loads and coanditions of the trains * be e
The possibility of fitting bar frames, either of rollad stee! |
ar cast steel, was consid=red ; but it was thought that the _
frames as firted were on the whole more satsfactocy foc -
particular enzine.

The use of cast steel frames would have had to be discuss-
with the stcelmakers, and would probebly hawve necessitar=d o
certain amount of experiment-—which would not have been
possible during the war conditions under which the ensines
were built.

In reply to Mr. Cox, the steel firebozes, which had been
examined since the paper was read, had shown dhae the water
treatment first used on these fiveboxes was fur from satisfactory,
but that the present treatment scemed to be giving the resulis
which were hoped for, The treatment was applied in the way
Mr. Cox staved, znd had proved quite gun£ The fitting of
copper ferrules berween the tube and the tubeplate at the fire-
box end, was a controversial matter ; the first rwelve engines were
so fitted. The lasr eight engines constructed were not fitted with
copper ferrules. When the engines had done sufficicnt milease,
obscrvations would be made with a view w deciding furare
practice.

There was no rehictance with regard to the fitting of flexible
stays; the matter was thoroughly discossed, but owing o difi-
culties in design in accommodating this type of stay, they had
not been fitted. In this connexion, the area which should be
fitted with flexible stays had not yet been clear!y defined. It
must be readily apparent to anyone studying firchoxes that,
where flexible stays were used, the number fitted had gradually
grown. Starting with one row at the top of the firebox side
fireboxes were now designed which were now almost compic
fitted with flexible stays at the sides. This led one to con. [
that the arca of the plate relieved by fisting flexible stays tende
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to throw whatever stress it obviously carried on to the adaceat
row fitted wich rigid seays,

e considerzd that the time had azrived when the valve sear
should not be exposed to the dust and grit of the road, and al-
though the wear might not be large compared with other pores
of the engine, it should, if possible, be minimized. Furthermore,
the oiling of a locomotive should not ke carried out by a driver
with an oil feeder ; the whole of the lubrication should Be auto-
matic, a3 it had been arcanped in the case of the oylinders.

It was very remarkable that the London, Midland and Scottish
Railway had gone to the trouble of fitting 2 new type of big-end

‘o inside connscting rods, if the Roval Scor type of big-end

wasz 50 successful. This big-cud was of the type with twa bolts
in a vertical plane, the brasses being held in position by a cotter,
Incidentally, he believed that other railways had found this
type of biz-end so unsatisfactory that, almost withous exception,
it had been superseded.

Mr. Cox, in his last sentence, had suzvested that there mizht
be undue complication in the motion fited to the Merchanr
Mayy locometives; whereas the only complication-—if compli-
cation it could be called-—wsos the oilbath which prevenied the
motion from being readily seen, although not from belng easily
dismantled.

In reply to Mr. Dewhurst, the amount of weight added by
vsing a Belpaire type of firebox was very little roofly ; and thers
sould have been an appreciable loss in steam spoace i the Bel-
pairc box had been abondensd in favour of the roved-topped
type in conjunciion with a bailer of increased dizmerer.

It had not yer been found possible to tese the engine, but when
this was done the stnckelox superheater temperatures would be
recorled,

It was vecy interesting to read of Mr. Dewhurst's method of
re~welding the tubes into the tabeplies.

The wear in the chain driving tae walve gear would un-
doubtedly lead to slickness of the chaing nevertheless there
wis no omeasarable wear of this type of chain after 120,000
miics. Any change in the valve events would be plainly audible
in the cal, just a5 in any other engine. The suggesiion with
reppard to grease lubzicadon woudd be borne in mind; indeed it
Lad alvcady been considercd.

The gas method of heating tyres, now adopted, save excellent
résulis, i was possible that at some future date bar frares
might he fved ; but could iv be said that this type of frame was
entirely free from trouble? There had been no undee smount
of weir on the breke seare--nothing more than normal.

Regarding  Lioui-Col, nacis, a0 would Le
interesting to obtain typical resistance curves of the Merch
Newy fecorpotives, bur such an investigation had not ver boen
found possible. In connexion with the desirability of increasing
the mechanicsl efficiency, although no data were available, it
was rather eomarkeble howr freely these engines rode, as
compared with e more orthodox tvpe of locomotive,

In reply 1o Mr. Peacock™ comments on the rigidicy of the
framcs, due to the cross-siays, it bed not been found necessary
o increase the clearances between the axleboxes and the axle-
box guides; and there was no difficulty in negotiating the curves
for which the locenwotive had been desigped. The minimum
curve which this engine was designed o negotinte was of 6
chaing racdins,

The broken syphon and the veating of the nxlebox trimmings
were not relaced events, The syphon had been fitted fo enable
the lengh of pipe benween the oithox ar the source of supply
and the exit to be always Glled wath ol ; w do this it was necos-
sary to provide o Ioop at the exit end of the pipe sad atsucha
Diedghr relative 1o the Lok that it would tap the ol is the lengeth
of pipe joining the extremitias, At the apex of this loap, it was
necessary o provide an e vend to break the column of oil
when the trimming vy tuken out at the end of the journey,
thereby preventing s her oil from being fed 1o the poine
of applicatioy, This was whay he referred o as the “brolken
syphon’,

The wventing of e wimmings had been fovnsd necessary
ovwing to cheecvailons careled oug in ihe erecting shop, when it
was [ound that o engine which had had s wheels taben ous,
had fed no fusther oil st the end of the pipe ar the axlebox,
diter approsimoely forty-eipht howrs, altheugh the wossted

trimming was in place and the box was full of ail, This led
to experiments being carried out witk a similar length of pipe,
and the times were noted of the rate of emerzence of the droos
of oil from the end of the pipe. It was found that although the
rate of feed at the commencemznt of the worsted trimming
was normal, after a period of time varving between a quacter
and half an hour, the trimming czased to feed, owing to an
air lock having been caused. It was therefore necessary to provide
air veats to the pipe at a point below the end of the trimming,
thereby ensuring that the oil in the pipe line was always under
air pressure. Experiments carred out after these adjustments
had been made showed that the teitamings gave a constant pre-
determined rate of drops per minure, These two improvements
weee being fitted to all cugines as they poassed throurh the
shops for repair, :

Mr. Pudney had asked abeut the horse-power necessary to
drive the three sets of valve pear, Under certain conditions of
steaming, this fizuce might be su high as 20, but no investiga-
tions had been carried out to ascertain the power thus absorbed,
Actually, kowever, the gear was driven in the shops by 1 motor
and the horse-power recorded wes 3 at 300 rooam. It must be
appreciated that there was oo steam in the piston valves during
these cxperiments, although all ehe rings were in place,

Whilst the figure given for the sag of the chain was considered
a maximum, no chain had as vet shown any appreciable amount
of stretch after rurming up to 100,000 :mites, He appreciated
that there might be streeching doe to chain inertia, bui this had
not been found to cause any distress, probably hecanse the
engine had not crceeded 450 ropomn.

The chaing could readiy be examined through an inspection
door at the rear of the oibath behind the crank axle, in the
case of fabricared construction. There had been no leakage
cased by distortion of the framing, as the frame was of very
rigid consituction, Popret vaives had been considered when the
sine was being desizned, but this type of gear was not entirely
wiathout its ditficulties.

In reply o Mr. Puctick, the MNicholzon syphons were ot
cxpensive when one considersd advantages ohiained by
firtirg ghem. Mo difficuliles had becn encountered in maintaining
or cleaning the syphons. Altheagh the sugrestion ofered for the
cracking of the throat plate could not be reluted, fie S0l thowght
that 2 considerable amount of the wouble cqusod was dus
the pressing of the syphon necks nro the theoar plose,

The choice berween arch wibes and thermic syphons was ong
which must be made by cach engincer, and he himself preferred
riwsnie syplons, .

As Mr, Purick was no doobt asears, specizl apparaius wis
generally used 1o clean out arch tibes. bar I was not necessaey
with thermic syphong,

The inverted tootiy for the valve gear chain drive had Lo
decided upon 25 it tended to Bt more clogely into the tooth, and
as the chain steetched the inverted moth tended o incresan its
width owing to the wedge-shape pivating shout its futerun,
which was a rocker bar,

He was quite satisfied with the clectric liphting which had
been fnted, particularly the uira-violer rays for the gauges;
there was no difficulty in secing these pauges at all times of the
day or night.

He would refer Mr. Renwick 1o his reply o Me Cox
reparding the fving of flexdble firebox stags, Fe would be pleasad
1o wnow whother Mr, Resowick sdll fitced any rigid oype stays
in ihe flreboses, or whether pare of the ficcbox was fitted with
flesthle siavs
susmested 1
shaped fhin
Gz ong
caoies of thas o
receive the ther
welded ineo g

The mainrss
very low, and O
increase with th

the foundation rinz by o U-
] already been done In the W
w being built at Beighton, Moreover, in the

being Budly, curved connexiong o
pressed  scparatcly  snd

syphons w
aal plate afterwuasds.

work eaused Ty the uze of Cw oilbah wos
o OWRE N0 reasun [0 Susproet thal it wonid
life: of the lotomortive.

The firting of circhps o the motion pins, had proved o he
meost satisfictory; and if My, Beawick was really intereseed, he
would be glad to supply him with 2 deawing showing e
firring,

T Sy —————



