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TANK LOCOMOTIVE FOR THE MIDLAND RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF MR. S. W. JOHNSON, LOCOMOTIVE SUPERINTENDENT. 
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WE give this week a two-page engraving, together with 
other views on tho present and opposite pagoa, of one of 
a class of powerful tank locomotives constructed from the 
designs of Mr. Samuel W. J ohDson, for working heavy 
local passenger traffic on the Midland Railway. Tho 
engiDe now illustrated may be considered to be a develop­
ment of the type iDtroduced by Mr. J ohnson on the Great 
Eastern R ailway, while he was the locomotive superin­
t endent of ~hat liDo-a type which has done excellen t 
service. As will be seen from our engravmgs, the engine 
h as two pairs of coupled wh eels 5 ft. 6 in. iD diameter, 
the axles of these wheels being situated under the barrel 
of the boiler at a distance of 8 ft. apart from centre to 
centre. The trailing end of the engiDe is carried on one 
of Mr. William Adams' bogies, this bogie having two 
pairs of 3ft. wheels placed at 5 ft. centres, and the centre 
of the bogie being 11 ft. 3 in. in the r ear of the centre of 
the driving axle. The total wheel base is thus 22ft. 9 in., 
or measuring from centre of leading axle to centre of bogie, 
19ft. 3 iD. 

The cyliDders are inside, aDd are 17 in. iD diameter, 
while the stroke is 24 in., the tractive force being thus: 

l?Z X 24= 105.09lb. 
66 

for each pound of effective pressure per square inch on 
the pistons. The particulars of the heating surface and 
leading proportions of the boiler are as follows : 

Heating surlace of tubes (external) ... 1105. sq. ft . 
, , firebox ... .. . 104.4 , 

Total heating surface ... ... ... 1206.4 , 
Gratesorface ... ... ... ... 16.7 ,, 
Flue area through tubes .. . .. . .. . 2. 7 , 
Least sectional area of chimney ... ... 1.33 , 
Total beating surface+firegrate area.= 72.4 
Firegrate area-7-Bue area... . .. = 6.18 
FireBTate area+ least sectional area of 

ch1mney .. . ... .. . .. . = 12.55 
Length of tubes+internal diameter = 88.3 
The firebox, it will be noticed, is provided with a fire­

brick arch, and also with a hanging bridge formed by a 
k ind of transver se pocket fixed to the crown of the fire­
box. The pocket or hanging bridge, it will be observed, 
is slightly arched on the other side, so as to facilitate its 
being kept clear of deposit. The fireh ole is fitted with 
a scoop or air deB.ector, as shoWD, and the tiredoor is pro-

vided with louvr es for the admission of air. The general 
dimensions and constructive particulars of the boiler are 
given in the specification which we subjoin, but we may 
point out here that the central plate of the barrel is 
strengthened at the dome opening by an internal thicken­
ing plate, which is not a mere ring, but which extends to 
the adjacent circumferen tial seams. This mode of 
strengthening a dome opening or manhole is an excellent 
one. 

We have said that the trailing end of the ongiDe is 
carried on one of Mr. Adams' bogies. The leading features 
of this bogie, a s many of our r eaders are aware, consist, 
fi rst, in the contro bearing being taken on a large indja­
rubber pad, and, secondly, in the bogie frame being not 
only free to turn upon the bogie centre, but also to shift 
laterally to an extent controlled by springs acting hori­
zontally. In the case of the engine under notice, the main 
frames ar c r educed in depth behind the firebox, their 
thickness, h owever, being at tho same time increased from 
1 in. to It in., and they ar o tied together just above the 
bogie centre by a pair of strong transverse stays which 
not only transmit the load to the bogie, but also take the 
pull of the trailing draw-bar. The bottom flange-as we 
may call it-of the box girder formed by the two trans­
verse stays just mentioned, consists of a plate 1 in. thick 
and 2 ft. 7 in. wide, and to this plate is bolted a casting 
of the form shown in Figs 1 and 5. Between this casting 
and another sliding on the bogie frame is placed an mdia­
rubber ring 2 ft. in diameter and 4 in. thick, this rmg 
forming an elastic centr e bearing for the bogie and leav­
ing the latter free to cant in any direction as r egards the 
engmo frame. A thin brass dish is interposed between 
the mdia-rubbor ring and the lower castiDg, the 
interposition of this brass dish allowing any neces­
sary cir cular movement to take place between the 
india.-rubber ring and the lower casting. The upper 
casting, i t will be noticed, has a centre pin 6 in. in dia­
meter formed on it, this pin entering m to a corrospondmgly 
bored hole in the lower casting. This latter casting rests 
upon steel rubbing pieces fixed to the central transverse 
stays of the bogie frame, a part of the casting also fitting 
between the angle irons forming this transver se stay. 
The lower casting is capable of sliding laterally 2 in. each 
way, but its lateral movement is controlled by the india.­
rubber springs arranged as shown on the plan, Fig. 2, and 
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transverse section Fig. 5. The axle-boxes of the bogi o 
wheels are connected on each side of the engmo by a 
compensating beam, through which the load is transmitted 
from the ends of a. steel spring. This spring is attached at 
its centre to a. l ink, which passes down through tho 
transver se frame of the bogie and a thick india-rubber 
ring below, as sh own iD F ig. 5. This an'angement of 
sprmgs and mdia-rubber pads gives, as may be anticipated, 
very easy riding. Wo have frequently expressed a 
favourable opinion of Mr. Adams' bogie, believing, as we 
do, that it is the best arrangement of ita kind yet brought 
out, and this being so, wo are glad to learn that it has 
found its way into very extensive use, not only in this 
country, but also on linos abroad. 

The wator is, in the engine wo aro describing, carriea 
partly in wing tanks at the sides of tho boiler, and partly 
iD tanks on each aide of the coal bunker at the rear end. 
The total contents of the tanks is 1050 gallons, while the 
fuel bunker cntTies 25 cwt. to 28 cwt. of coal. The 
weight of the engine is as follows : 

W eight in workin~ order : 
On leading wheels ... 

, driving , ... 
, bogie , ... 

Total ... ... 
Weight empty: 

Ori leading wheels ... 
, driving ••• . .. 
, trailing ... ... 

Total ... ... 

.. . 

... 

... 

... 

.. . ... 
• • • 

... 

.. . ... 

.. . 

.. . 

... . .. 
• •• 

.. . 

T ons. cwt. qr . 
13 9 1 
14 12 2 
15 8 0 

43 9 3 

12 4 1 
12 16 2 
12 3 2 

37 4 1 
Inasmuch as we print, below, the apecificatio~ to which 

the engines we have been describing have been built, it 
will be unnecessary that we should enter mto further de­
scribed particulars, but we may direct special attention to 
the general neatness of detail, as well as the substantial 
character of the whole design. The engines arc in fact 
well :fitted for the work which they have to perform, and 
they belong to a type which is we think l ikely to become 
very extensively adopted for working the heavy local 
traffic wh ich has tc be dealt with on l inos in the neigh­
bourhood of the metropolis. In conclusion we subjoin 
the specification already referred to . 

MIDLAND RAILWAY. 

Specification of Fo1.11r Wheels Oo1.tpled Passenger 
Tatnk Engilne. 

CLASS D. 
General Conditiom.-Tbe engines must be made to the 

dimensions given in the following specification, and to 
drawings to be supplied by the company's locomotive 
superintendent, except in cases where his consent to an 
alteration has been obtained in writing. 

The quality of the materials to be of the make specified, 
and when no in.structions are given, both workmanship and 
materials are to be the very best of their respective kinds. 
No advantage whatever is to be taken of any omission of 
details in the drawings or specification, as the contractor 
a ay obtain a full explanation of any part of the work not 
sufficiently shown or understood. The engines must be 
finished in every respect in the most complete manner and 
to the entire satisfaction of the company's locomotive super­
intendent, who shall be at liberty to inspect either person­
ally or by deputy, the work durio~ its progress, and to reject 
any defective or unsuitable matenals or workmansbtp. 

In case of any dispute arising, either during the progress 
of the contract or at its termination, the decision of Mr. 
Samuel W . Johnson, the company's locomotive super­
intendent, is to be taken as final and binding in every 
respect . The engines are to be delivered by the builder s, 
free of charge, to the Midland Railway Company at Derby, 
fit and r eady for work in every r espect; and prior to pay­
ment (in the usual way at the end of the second month after 
delivery), each engine will be r equired to t·nn 1000 miles 
consecutively without showing any defects in materials or 
workmanship, and the builders will be held responsible for 
all euch defects that may appear (accidents being excepted) 
until they have run that distance. All royalties and patent 
rights are to be paid by the contractor. 

QUALITY OF MATERIALS. 
Iron.-In all cases where "best iron," is specified, it 

most be wrought iron of the manufactur e of either Low­
moor, B owling, Taylor and Co., S. T . Cooper and Co., 
Monkbridge, or Farnley best iron, and the brand of the 
manufacturer must be placed where it can be seen when 
the part of the engine in which it is used is finished. 

Brass atnd Gwn,.Meta t.- Wbere "brass" is specified, it 
must be of good tough metal. " Gun-metal" must be com­
posed of copper 5 parts, tin 1 part. 

White MetaZ.-Tbis must be composed of tin 16 parts, 
antimony 2 parts, copper li parts. 

Other materials to be obtained of the manufacture 
specified under the respective heads, unless the consent of 
the company's locomot1ve superintendent be obtained to a.n 
alteration. 

Boiler.- Barrel, dome, firebox shell, and 11mokebox tube· 
plate, with a ll angle irons, rivets, and stays, to be ma.dc of 
Lowmoor iron in ten of the engines, and the remainder of 
one or other of the firms as specified. Barrel to be teleacopi(' 
as shown, and to be made of three plates. Transverse 
joints to be single rivetted. Longitudinal seams to be butt­
jointed and double-rivetted with inside nod outside joint 
plates. Seam joining barrel to firebox shell to be zig-za.g 
rivetted. Joint of middle plate to be welded as shown. 
Tube plate to be secured to the boiler by a ring of 
angle tron, bored, faced, and turned on the edges, and to 
be zig-zag rivetted to the barrel and single-rivetted to the 
tube-plate ; outside covering plate of firebox shell and 
sides of the same to be made in one plate. The dome to be 
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in one plate, welded at the seams and flo.nged top and bottom, 
and to be fitted with a gun-metal cover carrying a pair of 
gun-metal safety valves. The flange of dome and cover to 
be faced so that a perfectly steam-tight joint can be made. 
The r ing r ound bottom of firebox to be of section shown on 
drawings. 

All iron used in any part of barrel or firebox shell to be 
"best iron." All rivets must completely fill the boles, the 
latter must be slightly counter sunk and drilled, or punched 
and r immed, perfectly fair with each other in all plates and 
angle irons. No drifting will be allowed on any consider a­
t ion. Great care must be taken that the plates are brought· 
toget her before any rivet is put in. 

All plates to be planed at the edges bofore being put to­
gether. Plates to be heated before turning; gt·eat care 
must be taken in caulking not to injure the plat es, a broad 
fuller must be used. Four wash-out plugs are to be insei·ted 
in smokebox tube-plate, and seven in firebox shell, round 
bottom ring and in other places, as shown on drawing. 
Girder stays to be fixed to tube-plate, gusset stays to back 
plate, palm stays to firebox, and other st ays where they are 
shown on drawings. 

B efore being lagged the boiler is to be tested by the con­
tractor, in the presence of the company's engineer or his 
agent, to a pressure of 200 lb. per square inch with water, 
and afterwards to 150 lb. with st eam, and it must be per­
fectly tight under these pressures. 

Dimensions. 
L ength of barrel between platea .. . 
D iameter (outside at smokebox end) ... 
Thickness of plates... . .. .. . 

... 

... 
, tube-plate . .. .. . 
, dome ... ... .. . 

Circular lap of plates . . . . .. 
Diameter of rivets.. . . . . ... 

... 

... 
... 
... 

Pitch , ... ... . .. 
Piffebox Shell : 

.. . 
L ength (outside) .. . . .. .. . ... 
Breadth (outside at bottom) . . . .. . 
D epth at front below centre line of boile1· 

, back , , 
Thickness of back plate . . . . .. 

, front . . . . .. 
, side and covering plate (in 

one plat e) ... . . . . . . . . . . .. 
Distance of copper stays apart . . . . .. 

ft. in. 
10 6 
4 1 
0 Ot 
0 0! 
0 Ot 
0 2t 
0 0}~ 
0 1i 

5 
4 
5 
4 
0 
0 

0 
0 

6 
0!-
1t 
6t 
Ot 
Ot 

0! 
4 

Diameter of stays (11 threads per inch) 
Midland standard . . . . . . . . . 0 0! full 

Diameter of rivets .. . .. . .. . 0 0¥u 
Pitch of , ... .. . .. . 0 1j 
Diamet er of bottom ring rivets .. . .. . 0 0}! 
Pitch , , ... . .. 0 2 

Smokebox.-P lates for smokebox and door to be of B.B. 
Staffordshire iron, having a perfectly smooth surface. All 
rivAts to be countersunk outside and filed smooth. Plate 
to be fixed on bottom of smokebox above cylinders 
as shown in drawings. Door and fittings to be made as 
shown in drawings. 

Dimensions. ft. in. 
L ength (outside) .. . .. . .. . ... 2 7·lrr 
Width (inside) . .. .. . .. . .. . 4 10i 
Thickness of plates ... .. . . .. 0 O!a 
Angle. iron... .. . .. . .. . .. . 0 2t 
Diameter of rivets.. . .. . .. . . .. 0 oa 
P itch , ... .. . . .. ... 0 3 

Ohti:rrvney .-To be made of B.B. Staffordshire or York­
sbll·e iron, to have a liner as shown on drawing. Joints to 
be butted and all rivets countersunk down the back and 
filed smooth. The bottom to be perfectly free from hammer 
marks and carefully fitted to the smokebox. The top to be 
made of cast iron. 

· Dimensions. ft. in. 
13 2 H eight of chimney from rail ... . .. 

Diame.ter at bottom of chimney cap 
castmg .. . .. . .. . .. . .. . 1 3t 

A sh-pam.- To be fitted with two movable doors, worked 
from footplate by suitable gearing. See detail &rawinas. 

. Dimensions . ft. i~. 
Th1ckness of plates .. . .. . 0 -'-
An 1 • "' lU 

g e 1ron .. . . .. .. . . .. .. . 0 2 x 2 
Diameter of rivets . . . . . . . . . 0 Ot 
Pitch , . .. .. . ... 0 4 

Inside FiTebox.-Copper of firebox and stays to be of the 
very hes~ quality, and obtained from Messrs. Greenfell and 
Sons; B1bby, Son, and Co.; Vivian and Sons · Everett 
and Co. ; or other approved maker. ' 

Copper stays and rivets to he the best soft-rolled copper 
bars, and plates to be annealed both before and after flan !!in a 
and to s tand a test of being doubled cold without sho; ing 
any 8igns of cracking. 

A brass plug, with fusible centre, to be inserted in the 
crown of firebox, clear of brick arch. 

The copper s tays are to be screwed into firebox plates 
and shell plates, and to b~ very carefully rivetted 
over at each end, t he thread bemg t urned off the portion of 
the stay between the plates. Heads to be larger on inside 
ofbox (see drawing). Fire-bars of cast iron supported as 
shown on drawings. Copper crown and side plates of fire­
box to be in one plate. 

Dimensions. 
L ength at top (inside) ... .. . ... 

, , bottom (inside) .. . . .. 
Breadth a t , , ... . .. 
Top of box to inside of shell .. . .. . 
D epth below centre line of boiler at 

front end inside .. . . .. .. . 
Ditto, ·back end .. . .. . .. . 
W ater space all round at bottom ... 
Thickness of plates . .. .. . .. . 
T ube plat e th1·ough tubes .. . .. • 
Fire-door, length .. . . .. .. . 

, height ... ... . .. 
, section of ring • • • . .. 

ft. 
4 
4 
3 
1 

5 
4 
0 
0 
0 
1 
1 
0 

• m. 
u. 
nu_ 
" '" 4t 
3 

1t 
6t 
3 
Ot 
Ol:f 

lU 

3 
0 

3X3 
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Roof stays, number 8 ft. in. 
, depth .. . .. . .. . 0 5!-
, thickness .. . . .. . .. 0 2 

Copper rivets, diamet er ... ... 0 OU 
, , pitch .. . .. . .. . 0 1i 

Tubes .-To be made of 70 parts of copper and 30 pat·ts 
of Silesian spelter, and to be solid drawn, of either Everett's, 
Green's, Wilkes', or Birmingham Battery Company's 
manufacture, or any other approved make. To be fixed 
with ferrules at firebox end only, and to be carefully drifted 
and flanged over. Ferrules to be made of ferrule steel, or 
best malleable cast iron, and to go into the tubes a t ight 
driving fit, care being taken that t he ends of tubes are not 
cracked by improper drifting. 'J.'ubes at smokebox end to 
project t hrough plate tin., and to be expanded with one of 
Dudgeon's patent tube expanders. To be 11 B.W.G. thick 
at the firebox end for a length of a foot, then to be drawn 
tapered to No. 13 B. W.G. thick at the smoke box end, the 
t aper being on the inside only, the outside r emaining 
parallel. 

Dimensions. ft. in. 
Number of tubes, 221 
Length , ... .. . .. . 11 Ot 
Diamet er outside .. . ... ... 0 1t 
Thickness at firebox end ... ... 0 11 B.W.G. 

, , smokebox.. end ... ... 0 13 B.W.G. 
Distance of centr es apart .. . .. . 0 2i 
Thickness of metal between holes . . . 0 Ot 

S afety VaZ.Ves.-The dome cover with the two safety 
valve seatings, to be cast solid of gun-metal, and fitted with 
Salter's spring balances gt·aduated to 180 lb. per square 
inch. L evers proportioned for 16 ounce balances . One 
lock up safety valve (to pattern supplied) to be fixed on man­
hole cover, as shown. Valves on dome, t wo in number. 
Diameter of each valve Si in. Wrought-iron work see 
drawing. 

R egulator amd Stea;m P -0:>es.- R egulator of cast iron 
having double slides. Steam pipes to smokebox and to 
cylinders to be of copper, No. 7 B.W.G. thick, ha.rd:soldered 
on the inside, flanges to be of brass. Steam pipe t o be fixed 
to the tube-plate by a ferrule of the best steel, turned and 
made a tight fit ; on the other end of pipe a brass cone is 
brazed and secured to regulator by wrought -iron clip and 
t wo bolts made of best iron. · 

Diameter of steam pipe inside .. . .. . 
E roha;ust Pilpe.-To be made to drawing. 

4 in. 

Dimensions. ft. in. 
Dimensions of top inside ... .. . . .. 0 4! 
Height of top above top row of tubes .. . 0 2 

Oy'Wnders.- To be of the best close grained, tough, cold 
blast cast iron, as hard as can be worked, and perfectly free 
from honeycombs or other defects. They mnst be truly 
bored and the ends must be bell-mouthed. All joints and 
surfaces to be planed, or turned and scraped to a true 
surface, so that a pet-feet s team-tight joint can be obtained. 
A Furness lubricator to be fixed on each side of smoke­
box for lubricating the cylinders, and water cocks at 
bottom of chest, and also at each end of the cylinders, with 
suitable gear for working them from the footplate. Under­
side of cylinders to be lagged with wood and cover ed with 
sheet iron. 

Dimensions. ft. in. 
Diameter (inside) .. . .. . .. . .. . 1 5 
Stroke .. . ... .. . .. . ... 2 0 
Distance of centres... .. . .. . .. . 2 4 

, valve spindle centres .. . 0 3!-
Thickness of metal .. . .. . .. . 0 Oi 
Breadth of ports .. . .. . .. . .. . 1 3 
L ength of steam port .. . .. . .. . 0 1i 

, exhaust port . .. .. . .. . 0 3! 
Thickness of bridge . . . . . . . . . 0 1 
Length of working face .. . . .. 0 11 

Pistons . -Pistons to be of good tough cast iron, made 
from cylinder metal, and to be sound and free from all 
defects; to be accurately fitted to cone on end of piston rod, 
and fixed with a nut, as shown on drawings. Piston head 
turned s\ in. smaller than the diameter o( cylinder. Pack­
ingrings to be of cast iron turned on outside and on edges, 
made -to in. larger than cylinder, and then cut and sprung 
into their places . 

A spiral spring to be inserted in the body of the piston for 
pressing out the packing; rings, as shown on the drawings. 
W hen finished, the whole must be an easy but accurate fit 
in tbe cylinders, so that the piston and rod can be moved 
easily backwards and forwards . 

Dimensions. ft. in. 
Width of piston . .. .. . .. . .. . 0 3 
Rings (two) ... ... ... .. . ... 0 Oi 
Thickness of rings .. . ... ... ... 0 Oi 

Piston Rods.-To be of the best crucible cast steel (care­
fully annealed), by Messrs. Vickers, Sons, and Co., Cam­
mell and Co., or other approved makers, to be made with 
cone and nut for fixing to piston and cottered to crosshead, 
as shown on drawings . Diameter of piston rods, 2~ in. 

O?·ossheads.-To bo of best iron, with pins of crucible 
cast st eel , made in accordance with drawing. 

Slide Ba1·s.-To be of cast steel, same quality as piston 
rods. Slide blocks to be of same met al as cylinders, and 
free from all defects : 

Dimensions ft. in. 
Length of bars .. . . .. .. . ... 3 8!-
Breadth .. . .. . .. . . .. .•• 0 2it 
Thickness . .. .. . .. . .. . . .. 0 2 
Length of blocks .. . .. . .. . ... 0 10 

!Jliide Vallues.-To be of the very best gun-metal. Valve 
spmdles of best iron, made in accordance with drawings. 

Dimensions. ft. in. 
L ap of valve ... .. . ... ... 0 0

0
i 

Lead in full gear . .. .. . .. . .. . 0 t 
Centre line of vA.lve raised above centre 

line of cylinder at centre of exhaust 
port .. . .. . ... .. . ... 0 2 

Valve Motion.-All Wl'Onght-iron to be "best" iron, all 

-

the working and rubbing surfaces to be well case-har dened 
a:nd finished in .the best ma~er. Expansion links to be 
lifted at the m1ddle, the we1gh bar shaft being above the 
motion.. All the motion ~ins to be~£ steel accurately fitted. 
E~centr1c ,pulle~~ .to be m two p1eces, t he smaller piece 
bemg of best 1ron, and the larger piece of cylinder 
metal. Eccentric straps to be of " best" iron lined with 
white metal. Valve spindle guides to be of gun-metal lined 
with white met al. 

Dimensions. ft. in. 
Diameter of eccentric pulleys ... . .. 1 3t 
B readth .. . .. . .. . .. . .. . 0 3 
Throw ... .. . ... ... ... 0 5~ 

R eversing Gear.-To be fitted with a screw rever~ino­
gear to drawings supplied. All wrought iron to be " bestR 
iron and working parts well case-hardened. 

Connecting Rods.-Connecting r ods to be forged solid 
"best" iron, in one length not welded, the brasses to be 
fitted with white metal of the same propor tion as the axle­
boxes. Cotters to be the very best crucible cast steel 
(carefully annealed). Bolts to be made of L owmoor iron. 

Dimensions. ft . in. 
Distance of centres .. . ... .. . 6 Si 
Diameter at large end .. . ... .. . 0 7 

, small end .. . .. . . .. 0 3 
Ooup'Wng Rods.-To be · "best" iron, rods t o be forged 

solid without weld. To be made with solid circular ends 
fitted with gun-metal hushes lined with white metal, ends of 
rods to be case-hardened. 

OowplNn.g Rod Pins.-To be of t he same make and 
quality of steel as piston rods, forced in wheels by hydraulic 
pressure and carefully rivetted over on inside. H oles in 
wheels bored parallel. 

Dimensioni. ft. in. 
Diameter of pin-leading and driving . . . 0 3t 
Length of pin , , .. . 0 3! 

.Axles.-Cran.k and straight axles to be made of "best" 
iron, Taylor's, Cooper's, or Monkbridge. T o have coned 
bearings as shown on drawings. All the turned parts to 
be of an exact size and made to t emplate, so that they 
may be interchanged, and they must be legibly stamped 
with' the maker's name. Right -hand crank to lead. 
Drivilng : D imensions. ft. in. 

D iameter in middle .. • .. . . .. 0 6l 
, on wheel seat ... ... ... 0 8 
, of bearing .. . .. . .. . 0 7 
, of crank-pin bearing ... ... 0 7 

L ength of , , .. . .. . 0 4 
, bearing ... . .. ... ... 0 7! 
, wheel seat ... .. . .. . 0 6f 

Distance apar t of centres of cranks .. . 2 4 
, bearings . .. .. • 3 lli 

Cross section of crank arm .. . ... 0 4X 11 
, inside web .. . .. . 0 4:t X 11 

Lead!ing .Axle : 
Diameter in middle .. . .. . .. . 0 6t 

, on wheel seat .. . ... .. . 0 8 
, of hearings at middle .. . .. • 0 6i 
, of bearings at end ... ... 0 7! 

Length of hearings . . . . . . . . . 0 7! 
Distance apart of centres of bear ings . .. 3 11! 

Bogie Axles : 
Diameter in the middle .. . .. . . .. 0 4t 

, on the wheel seat ... ... 0 6 
, of bearings .. . .. . • .. 0 5 

L ength of bearings . .. .. . . .. 0 9 
Distance apart of centres of bearings .. . 3 7 

Axle-Boxes.-All axle-boxes, both for engine and bogie, t o 
be of the very best gun-met al lined with white metal and 
fitted with cast-iron keeps. Every axle-box must be made 
accurately to dimensions, so as to be interchangeable with 
any or all the engines, and the same condition applies t o 
all working parts, which must be exact duplicates of each 
other. Axle-box guides to be of cast steel, by Cammell, 
Vickers, Son, and Co., or other approved maker. The tops 
and sides to be in one piece (of leading and driving), and ~ 
flanges to be planed all over and fitted to t emplate. 

Wheels.-To be of wrought iron made from the very best 
materials and workmanship, with solid rim, spokes, and 
bosses. The spokes must not be dabbed on the rim, but 
for ged with a solid T head and carefully· welded at the 
centre of each spoke. Each wheel must be put on the axle 
by hydraulic pressure before the tyre is shrunk on the 
wheel , with A. pressure of not less than 50 tons. The out­
side diameter of wheel centres to be worked to a gauge to 
insure all being exactly alike in diameter. Balance we~ghts 
to be forged solid in the w heel centre as shown on dt·awmgs. 

Dimensions. 
Leadling a.md D1-ilving : 

Diameter outside rim (leading and driv-
ing) .............. . 

Width of rim.. . ... ... ... .. . 
T hickness of rim .. . . .. .. . .. . 
Number of spokes .. . ... ... 17 
Thickness of spoke at rim . . . .. . .. . 

, at boss ... ... . .. 
Diameter of boss .. . .. . .. . .. . 
Width of boss • .. .. . .. . . .. 
Diameter of hole in boss .. . .. . .. • 
Centre of wheel to centre of coupling pin 

Oootres of Wheels : 
Driving to leading .. . . .. . . .. 

, centre of bog1e... .. . 
Centres of bogie wheels ... .. . 
Diameter of bogie wheels on 1-im .. . 
Number ofspokes ... ... .. . 

(To be continued.) 

... 

... 

... 

... 
8 

ft. in. 

5 1 
0 4ft•, 
0 1i 

0 1! 
0 1!-
1 4 
0 6! 
0 8 
0 11 

8 0 
11 3 
5 0 
2 7 

NICARAGUA SHIP CANAL.-Thetotal length of a canal by 
the Nioara!roan route will be about 61! miles. To this is 
to he added 63 miles slack water navigation by way of the 
San Juan river, and 56 miles across Lake Nicaragua, making 
the total distance from ocean t o ocean about 180! miles. 
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