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PREFACE.

IN the course of a somewhat extensive experience I have often
needed the assistance of a manual describing the principal features
of tﬁe Machines employed in Gold Mining—their sizes, capacities,
and speeds—and the rules and formula governing their use.

These points (it is believed) will be found sufficiently embodied
in this work, and—so far as I am aware—no other volume yet
published covers the same ground.

Lengthy descriptions and catalogue cxtracts have been omitted,
except in so far as the latter refer to the capacity of individual
machines, while the notes on erection and other matters have
been framed with the view of rendering practical assistance to the

Manager and Mechanical Engineer.

PETWORTH,
NEWTON ABBOT,

August 19o6.






CONTENTS.

PAGE

CHAPTER 1.
INTRODUCTORY.

CHAPTER IL
MOTIVE POWER.

Combustion—Fuels and their Value—Steam—Superheated Stcam—licat Losses
-Steam  Motors—Water  Power—Gauging  Supply—Horse-Power  Avail-
able—Forebays—Ditches—Flumes, Pipes—Water Wheels—Turbines, Pen-
stocks—Single and Double Vortex Turbines—Pelton Wheels—The Action of
Gas, Oil, and Petrol Motors —Electric Terms—Action of a Dynamo —Fixing

and Running Dynamos and Motors - - - . - - - - 5

CHAPTER III
ENGINE ERECTING.

Foundations, Setting Out, Materials for—Laying Out and Building Foundations
—Erecting the Engines—Lines—Levelling—Aligning  the Crank Shaft—
Centring Guides and Cylinders—Placing Engine on Centres—Assembling—

Valve Sulmg—jomtlng—Addmg a Second Side— Addlng a Second Cyhnder
in Tandc.m Position - - - - 32

CHAPTER 1IV.
BOILERS.

Requirements—Power of Boilers—Vertical Boilers—Cochran Boilers, Particulars
of —Cornish and Lancashire Patterns—Setting and Placing in Position—
Multitubular—Water-tube—Babcock & Wilcox Boilers - - - 50



viii CONTENTS.

PAGR
CHAPTER V.
CHIMNEYS— FUEL—FEED.

Chimneys, Height and Area of, Draught, Construction, Brick, Masonry, and
Iron—Petroleum, Value of —Coal —Wood—Feed Water, Impurities, Heating
—Methods of Feeding—Tests for Impurities - - - - - - 65

CHAPTER VL
MANAGEMENT OF MOTIVE POWER.

Protection of Machinery not in Use—Overhauling Boilers, Engines—Boilers under
Steam—Firing—Engine under Steam—Taking Diagrams—Detecting E erors—
Calculating Horse-Power—Periodic Tests - - - - - - - 76

CHAPTER VII.
PUMPING MACHINERY.
Pumping Engines, Types of—Geared — Direct-acting—Erecting—Connections—
Pit Work—Plunger Lift, Fixing—Sinking Lift—Station Pumps— Riedler
Pumps—Pumping by Water or Air Pressure—Direct-acting Pumps—Select-
ing a Pump for Required Duty—Fixing and Adjusting Direct-acting Pump\
—Tailings—Centrifugal and Donkey Pumps—Overhauling - - - 87
CHAPTER VIIL
WINDING MACHINERY.

Winding Engines, Arrangement—Portable Types for Underground Use—Com-
bined Pumping and Winding Engines—Geared Engines—Setting Founda-
tions— Direct-acting hnguncs—Ropt.s-—Shachs—Spllcmg—Klbl:les—-La;,u
—Skips—Headgears—Table of Inclines - - - - 120

CHAPTER IX.
AIR COMPRESSORS.

Air Compression, Cooling and Reheating—Air Valves—Walker Compressors—
Ingersoll-Sergeant Compressors— Erecting—Receivers—Mains—Amount of
Air Required by Rock Drills - - - . . - . . - 142

LS



CONTENTS. ix

PAGE
CHAPTER X.
ROCK DRILLS.

Types—Haolman and Ingersoll-Sergeant Drills—Table of Drills—Mounts—Bits—
Drilling—Rotating Drills—Electric Drills—Sharpening and Hardening Bits—
Diamond Drills—Erecting—Running—Deflection in Bores—Deep Bores—

Table of Sullivan Machines and Derricks - - B - - . - 18§
CHAPTER XI.
CRUSHING MACHINERY.

Stamp Mills—Selection of Site—Mortar Boxes —Foundation Piles—Screens—
Cams—Framework —Guides—Stamps—Speed —Order of Drop—Duty—Erec-
tion—Amalgamating Tables—Water Supply—Ore Feeders—Rock Breakers—
Steam, Pneumatic, and Spring Stamps—Grinding—Pans—Settlers —Ball
Mills—Tube Mills—Rolls - - - - - - - - - - 179

CHAPTER XIL
CONCENTRATING AND GOLD-EXTRACTING PLANT.

Concentrators—Percussion Tables—Jigs—Wilfley and Buss Tables—Cyanide
Plant—Capacity, Size, and Shape of Vqtq—Arrangement—Consltucuon—-
Foundations—Equipment - - - . . . - - 202

CHAPTER XIIIL
TRANSMISSION OF POWER.

Various Means—Shafting—Couplings—Bearings—Pulleys—Setting out Shafting
—Belting—Ropes, cotton, wire—Compressed Air—Electricity—Examples - 213

CHAPTER XIV.
~TRANSPORT.

Tram Lines— Rails—Sleepers —Laying Track — Points — Turntables — Trucks—
Light Railways—Locomotives—Ropeways, Various Syst Telpherage
Monorails—Belt Conveyors—Elevators - - - - - - - 228

b




X CONTENTS.

CHAPTER XV.
PIPING AND JOINTS.

Kinds of Pipe—Table of Threads—Jointing—Steam Pipes, Condensation in; Loss
of Pressure in—Water Pipes, Capacity—Air Mains, Leakage—l’o“ cr Supply
Pipes—Flanged Joints—Red Lead and Rust Joints

CHAPTER XVI.
CONSTRUCTION.

Foundations of Buildings—-Mortar——Cement—Rubble Masonry—Brick Making
and Laying—Concrete —Asphalt—Roofing — Roof Frames—Painting

CHAPTER XVII.
TACKLE AND TOOLS.

Chains — Ropes — Pulley Blocks— Winches—Sheer Legs— Anchorages — Lifting
Headgears and Pumping Bob—Capstans—Workshops—Wood-working Tools
—Circular Saws—Fitting Shop Tools—Smithy—Fans and Blowers -

CHAPTER XVIII.
DETAILS FOR ESTIMATES.

Boilers—Water Power—Pumping—IHoisting—Air Compressing—Rock Drills—Ore
Treating—Gold Extracting—Diamond Drilling—Transport -

APPENDIX OF MISCELLANEA (for CONTENTS, see next page)

INDEX - - -

PAGE

242

252

260

273

304



CONTENTS—LIST OF ILLUSTRATIONS,

xi

APPENDIX OF MISCELLANEA.

PAGE FAGE
Angle and Tee Iron, Areas and Names, Common and Chemical 292
Weights - . - - 281 | Pipes, Table of Water Delivery 293
Alloys - - - 281 | Pumps, Rate for Displacement 293
Belting, Power Tmnsmlttcd b) 282 | Bar Steel, Weight per Foot - 204
Birmingham Wire Gauge - - - 282 | Solders - - - 294, 29§
Cements, Various 282, 283 | Screw Threads - 295
Circumferences and Areas of Clrclcs 284 | Timber, Strength and Wexght of 296
Drawing Paper, Sizes of - - 285 | Water, Discharge of, under Pressure 296
Earthwork, Weights and Angles of Wheels for Screw-Cutting 297
Stability - - 285 | Proportion of Parts—
Flat Bar Iron, Weight per Fom - 286 Spanners - - 298
Girders, Working Data - 287 Rod Bearings - 299
Girders, Safe Loads 288 Rod Ends 300
Hydraulic Memoranda 288 Link Fnds 300
Round and Square Bar Iron, Wclght Forked Ends 301
per Foot - - 289 Cranks 302
Metals, Weights, &c., of - 290 Levers 302
Various Materials 290 | Steam Whlstlc, Workmg memg
Mensuration 291 of - - - - 303
LIST OF ILLUSTRATIONS.
—_——a——
FIG. PAGE | FIG. PAGFE.
Erecting 100-ft. Sectional Steel Chim- 9. Concrete Sole-plate - 34
ney by Bamboo Scaffolding 10. Plan of Engine Loading 35
Frontispiece | 11. Cross-section of Loading - 37
1. Forebay for Turbine - - 16 | 12. Longitudinal View of Loading - 39
2, 3. Setting of Jonval Turbinc 13. Squaring Crank Shaft 40
3 facing 16 | 14. Placing Engines on Dead Centres 43
4. Vortex Turbine - - 18 | 15. Diagram for Finding Position of
5. Pelton Wheel 22 Eccentric Keyways 46
6. Two-throw Electric Pump 29 | 16, 17. Cochran Boiler, in section
7. Three-phase Winding Engine 29 and plan SI
8. Two-throw Electric Cenmfuml 18, 19. Cornish Boiler '\nd Semng,
Pump - - - - 30 in section and plan 54, 55




xii
FIG. PAGE
20, 21, 22. Multitubular Boiler, in
section and plan - - 58, 59, 60
23, 24. Babcock & Wilcox Boilers 62, 63
25, 26, 27. Raising a 110-ft. Chimney
Stack at the Abosso Gold

Mine Sacing 68
28. Arrangement for Condensing
Exhaust Steam - - - 73

29, 30, 31, 32. Indicator Diagrams
82, 83, 84, 85

50,

33. Standard Differential Gear - 9o
34, 35. Pumping Bob, in plan and
elevation - - - 94, 95
36. Arnngemcnt of Pit Work in
Mine Shaft - - . -
37. Bucketand Prong for Drawing Lift o9
38. Riedler Differential Pump - - 102
39. Horizontal Threc-throw Single-
acting Plunger Pump _/’ar:’n«r 104
40. Tangye 'ump - 109
41. Evans’s Straight-line %nkmg
Pump - - - 110
42. Packed Water Piston - - 113
43- Mould for Cup Leathers - - 114
44. Pump Piston, with Cup Leathers 115
45. Evans’s ¢ Beam” Compound
Feed Pump - - - 18
46, Ilolman’s Patent Portable Umlcr
ground loist - - 122
47. Hoist for Winding and Haulmg 124
48, 49. Winding Engines, in plan
and elevation - - 126, 127
51. Direct Winding Engine, in
plan and elevation - 128, 129
52. Lang’s Lay Rope - - - 133
53. Long and Short Shackles - - 134
54. Splicing Wire Rope - - - 138
55. Forty-five ft. Headgear facing 138
56. Steel Headgear - ’ 140
57. Combined Diagram of Com-
pressor (IIohnan) at Dolcoath 145
58. Compound Corliss Two - stage
Walker Compressor  facing 148
59. Scction through Ingersoll-Ser-
geant Air Cylinder - - 150
60. Ingersoll-Sergeant Compressor
150

Sacing

61. Holman Air Valve Drill

157

FIG.

62.
63.

64.

6s.
66.

67.
68.
69.
70.

71
72.
73

74

LIST OF ILLUSTRATIONS.

Holman Tappet Drill - -
Section of Sergeant ¢ Arc Valve”
Tappet Drill - - -
Ingersoll - Sergeant  Auxiliary
Valve Drill - - - -
Double-screw Column, with Drill
Rock Drill, with Spra) Attach-
ment - - - -
Sandycroft-Marvin Electnc Drill
Drill Bits - - - -
Sullivan “E” Dlamond Drill -
Diamond Dirill boring a 600-ft.
Inclined Ilole - Jfacing
Sullivan ““ P ” Diamond Drill
Tubular Steel Derrick - -
General Arrangement of Stamp
Battery - - - ﬁzcing
Ore Feeder - -

75, 76. Grinding Pan, in section and

77.
78.
79-
8o.

81.
82.
83.

plan - - - -
Krom Rolls
Frue Vanner (four views) -
Setting-out a Quarter-turn Drive
Three - ram Elcc(rically - driven

Pump - -
Pressed Steel Sleeper - -
Sections of Light Steel Rails
Turntable - -

84, 85. Mine Truck, snde and end

86.

87.
88.

89.
9o.
9l.
92.
93
94.
95-

96.

views - -
General Armngemem of nght
Locomotive - - - -
Roof Frames (six diagrams) -
Armngemenl of Tackle for Lift-
ing 35-ton Pumping Bob
Saw-setting Block - -
Proportionate Parts of Spanners
Propoxlionatc Parts of Rod Bear-
ings - - - -
Proportionate Parts of Rod Ends
Pro, ortionate Iarts of Link Ends
Proportionate Parts of Forked
Ends - - - - -
Proportionate Parts of Cranks
and Levers - - -
Working  Drawing  of Steam
Whistle - - - -

PAGE

158
158

159
161

164
167
169

172
172
176
177

188
190

195

20§
218

226
229
230
232

234

236
256

265
268
298
299
300
300
301
302

303



GOLD MINING MACHINERY.

CHAPTER L

INTRODUCTORY.

THE remarkable growth of the gold-mining industry in recent times—a
fact of notable importance to mankind—is, to a great extent, attributable to
the modern development and perfecting of the machinery employed. For
on the efficiency of the plant and equipment of a gold-mine depend both
the economical treatment of high-grade ores and the profitable handling
of low-grade deposits. In the latter case, especially, it is of the utmost
importance to utilise every possible mechanical advantage tending to
reduction in expense of working and consequent economy in cost of
output.

The design and general arrangement of mining plant are influenced by
many considerations ; the most important of these are the mode of deposi-
tion of the ore body and character of the ore, the power available, and the
amount and quality of the fuel and water accessible. In addition to these
main features, various matters of secondary importance must be regarded,
such as the extent of space at disposal for arrangement of the plant, and
the contour of the ground as affecting all means of transport within the
property. The ability of the attendants controlling the plant forms another
factor to be considered, involving the question whether the increased
economy of highly complex mechanism would justify, in particular cases,
the importation of a skilled staff.

When installing boilers of given evaporative power the inferiority of local
fuel must not be forgotten, nor the decreased draught and smokestack
efficiency common in tropical countries.

‘The design demands regard to those matters of detail which go far
towards fitting each machine to the particular conditions of its employ-
ment ; as, for instance, the use of studs in place of bolts in machinery
intended to work underground.  Such practice is allowable with rock drills,

A



2 GOLD MINING MACHINERY.

which are easily sent to surface for repair ; but when applied to pumps it
has led to disasters, for which the design is unfortunately seldom blamed.

T'he difficulties of transport to outlying districts often demand serious
consideration ; to what extent shall facility in this direction be obtained
at increased cost both in manufacture and erection, and with a less
efficient result.

A sectionalised machine, when erected where it was made, may be as
efficient as any other form; but it is not so at the end of along and
difficult journey, when rust and rough usage have destroyed the accurately
machined surfaces, and parts and connections have possibly been lost on
the way. In such cases considerable skill is necessary to construct even
a workable machine from the damaged remnants.

All these local, and therefore constantly varying, requirements preclude
the adoption of any standard design or system of arrangement.

Orders for machinery, although originating at the mine, are seldom
accompanied by complete plans and specifications; usually only the
principal featurcs are indicated, and refercnce in some cases made to
those local conditions on which the design of the plant so largely depends.

The manager, necessarily a man of many parts, is not always con-
versant with mechanical details; nor may he be able to spare the time
for the investigations demanded. In such cases he cannot always rely on
his mechanical staff, who are often practical men with little knowledge of
theory, proportions, and strengths. Fortunately such orders are usually
placed with manufacturers making a speciality of this class of work ; and
the result is something suitable for the duty to be performed, if not hest
adapted to the peculiar conditions of local service.

Given an equipment of suitable capacity and design, its efficiency and
cost of maintenance depend on the staff at the mine, on whom devolve
the selection of proper sites, the provision of foundations, the correct
alignment of parts to each other, and of units into a complete installation.

Comparatively few mines are equipped at once for the output required,
the machinery being gencrally erected in units at different times to keep
pace with underground development; and when competent guidance is
absent, the machinery becomes arranged in isolated groups and patches,
with little regard to centralisation or the relation of units to the whole.

The laying out and disposition of the mine plant are subject to condi-
tions as numerous and complex as the design ; no rules can be laid down,
though general principles may be indicated.

In addition to the work of installing new machinery, the mechanical
staff is daily confronted with problems arising from the state of the plant:
in one mine a thousand gallons per minute arc pumped regularly and
without difficulty, another may be unable to cope with the same quantity
hourly. Only those who have experienced it know the strain and worry
of attempting to get regular results with inefficient and worn-out machinery.
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Pumps break down, boilers leak, and pipes burst at all hours of the night
and day, while the rush of repair work is carried on by those too fully
alive to the hopelessness of their task. '

Just where they are most needed, the means for repair are frequently
wanting, and no machine tools are to be found. On such mines even
the screwing gear is incomplete, and some sort of a thread is made on a
one-inch bolt by a pair of worn-out five eighths dies.

Yet, even under these conditions, good work is done ; such difficulties
call into play the fullest energy and resourcefulness of the staff. On one
mine of this character the crank shaft of the mill engine broke twice in
a fortnight, first through the pin, then through the web; yet it was
repaired and the mill kept going for two months until a new shaft could
be obtained ; the repairs being carried out entircly by native labour, and
a ratchet brace the only tool available.

As regards the running of machinery, there is little doubt that greater
economic efficiency in the production and use of power would be obtained
if the results were tabulated and made more apparent, and if the cost of
a hundred horse-power spent in raising ore or water were known with the
same accuracy as the gold extraction. The data required are easily obtain-
able, the calculations by no means involved ; yet on many mines power
is produced regardless of cost, cfficiency untested and unknown, the
indicator never used.

Take, for example, the case of an air compressor using more than its
common supply of fuel ; as most engines are provided neither with counter
nor meter, it is not easy to decide whether increased work results from
the greater consumption. Still more difficult is it, in case of loss of
elficiency, to trace and locate the loss, which may be either in boilers,
compressor, drills, or connections.

The interests at stake are high, and this need of efficiency often
apparent in no small degree; yet it is only on a comparatively few well-
established mines that inducements are offered to the right class of man
to take charge of the plant.

Often the training rather than the man is at fault ; any sort of training,
marine or otherwise, being deemed sufficient ; theory and practice are not
combined, and even practice is limited to ordinary workshop experience.

Many mechanical engineers during the whole course of their training
may have had nothing to do with foundations or pipe connections, or
been taught how to lay off a line of shafting. In the wider sphere of
outdoor work new phases arise ; while in foreign countries the accustomed
facilities may be non-existent, advice and assistance in emergencies
unavailable.

Book knowledge cannot replace expericnce, supply resourcefulness, or
provide for the many possible combinations that may arise. Still, the
Author hopes this work may prove useful to those engaged in this im-
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portant and ever-increasing industry ; that it may assist managers in the
selection of suitable equipment and indicate the principles on which the
various parts are assembled in correct relation to each other; while to
the mine engineer it may afford some of that information which workshop
routine fails to impart.
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CHAPTER IL
MOTIVE POWER.

Combustion—Fuels and their Value—Steam—Superheated Steam—ITeat Losses—Steam
Motors— Water Power—Gauging Supply — Horse-power Available — Forebays—
Ditches—-Flumes, Pipes—-Water Wheels—Turbines, Penstocks— Single and Double
Vortex Turbines—Pelton Wheels—The Action of Gas, Oil and Petrol Motors—
Electricity—Action of Dynamos--Fixing and Running Dynamos and Motors,

Steam.

Combustion.—As most of the power used in gold-mining is obtained
from steam, it will be advisable to consider briefly the principles of com-
bustion and steam production, especially as in most works of reference
those features directly affecting the result are often obscured in masses of
more detailed information. Even in the boiling of water an acquaintance
with the theory of the subject is essential if our efforts are to be properly
directed.

Combustion is neither more nor less than oxidation, the chemical
union of other elements with oxygen. This union takes place at varying
rates ; the extreme on the one hand being the explosion in the gas, oil,
petrol motor, or gun; while as instancing tardy action we have the rusting
of iron and the drying of paint.

In producing heat for power purposes, combustion proceceds at a
medium pace and the oxygen is caused to combine with fuels which are
valuable as heat producers in proportion to the hydrogen and carbon they
contain. Hydrogen is three to four times as powerful an agent as carbon,
hence the value of hydro-carbons, or mineral oils, as heat producers.

The atmosphere supplies the oxygen, and combustion commences
when the elements are sufficiently heated for the chemical union to begin.
In this union three parts by weight of carbon combine with eight by weight
of oxygen, and form carbon dioxide ; while one part of hydrogen combines
with eight of oxygen and ultimately forms water.

No matter at what rate the combustion goes on, these proportions are
rigidly adhered to ; should there be a surplus of any one element it does
not destroy or impair the combination, but passes away uncombined.
Combustion, therefore, may be incomplete but cannot be imperfect. In
perfect combustion of perfect fuel nothing is uncombined, nothing left—a
result nearly attained in oil burners.
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The quantity of air required depends on the carbon and hydrogen in
the fuel. In the case of ordinary coal 12 lbs. of air contain the necessary -
oxygen, but in practice two, or even three times this amount is admitted
to the furnace. The quantity varies also with the rate of combustion, a
fierce fire and strong draught requiring less air than is necessary for slower
combustion. The total heat obtained is the same in each case, though
more may be available from the slow or fierce fire according to the
temperature required.

In well designed plants not less than 20 Ibs. or 260 cub. ft. of air will
be required for each Ib. of coal consumed, while more must be supplied if
gas or oil is burned.

For the purpose of steam production the fuel is spread over a grate to
offer a large area to the air admitted between the firebars. The quantity
of fuel which may be burned on each square foot of grate surface depends
on the quality of the fuel and amount of oxygen supplied, in other words
the draught.

The following table gives the average coal consumption in lIbs. of coal
per hour per square foot of grate :—
|

Type of Hoile-, Dranght. | Coal. "':__“r' o fbs.
Cornish . . . . . Ordinary . Welsh . . 5
Cornish . . . . Good . . | Welsh . . 10
; Tubular and water- tube . -in. pressure . | Welsh . . 20
" Tubular and water-tube . . -in. pressure . Welsh . . 25
Tubular and water-tube . . I-in. pressure . Welsh . 30
Tubular and water-tube . . | 1-in. pressure . South African 20
Locomotive . . . . Steam blast I Welsh . . 100

The evaporative value of fucl is measured in British thermal units, the
unit being the amount of heat required to raise 1 1b. of water one degree
in temperature, from 32° to 33° Fahr. A million such units arc capable of
evaporating 1035.2 Ibs. of water from a temperature of 212". The calorific
value is highest in those fuels containing a large percentage of hydrogen,
such as the hydro-carbons; 1 1b. of petroleum being equal to nearly 2 lbs.
of coal.

The value of the fuels in ordinary use is as follows :—

i
Lbs. of Water at 212°
Fuel. ‘ British Therm'nl Units Fabr. evaporated

' per Ib. per 1b, of Fuel. ‘

_ N [ ‘ ‘
Petroleum . l 27,000 ‘ 28
Crude oil ! 20,000 ' 21

Carbon, pure 14,500 15.7
Coal . . 14,500 15 |
Wood 8,005 ] |
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Although 1 1b. of good coal is capable of evaporating 15 lbs. of water,
in practice this is never attained, the highest under careful test being 12.9
Ibs. ; in the everyday work of ordinary mine plant from 5 to 7 1bs. would
be the average.

Each 30 lbs. of water evaporated into steam at 70 lbs. pressurc con-
stitute one boiler horse-power ; therefore when 15 Ibs. of coal are con-
sumed per hour on each square foot of grate, and each Ib. of fuel evaporates
7 lbs. of water, 33 H.P. is being produced per square foot of grate.

But the total heat evolved in combustion is never available for power
purposes, some being lost by radiation, some by incomplete combustion
and in forming draught. Whether the draught be produced by fans, steam
jet, or chimney, in neither case is it obtained without expenditurc of power.
If an ordinary chimney is used, the best temperature for the escaping gases
at the top is 60o° Fahr., or approximately 20 per cent. of the total power
produced is expended in obtaining draught.

On account of the foregoing reasons only about 6o per cent. of the
total heat obtained from the fuel is transferred to the water. In carefully
designed plants it may amount to 75 per cent., and to 8o or even 85
per cent. when economy has been especially studied and feed heaters and
superheaters provided.

The duty of the boiler is to transmit heat to the water within. This
transmission is effected more quickly through thin walls than through thick,
hence the quick steaming of those boilers whose tubes are thin and small
in diameter. Heat is transmitted to the water in actual contact with the
fire tubes, but water itself is a poor conductor and does not readily dis-
seminate the heat it receives; thus the heating of the contents of the
boiler is effected largely by circulation, or movement of heated water
upwards and colder water downwards. Boilers with slow circulation are
slow heat transmitters and slow steam producers.

A boiler evaporating 9} Ibs. of water per 1b. of coal is utilising about 75
per cent. of the heat produced, while many triple-expansion engines yield an
indicated horse-power on from 12 to 20 lbs. of evaporated water per hour.

Steam is defined as “an elastic invisible gas, generated from water by
the application of heat.” Water at sea level boils at 212° Fahr, and
cannot be made hotter in an open vessel at that level ; in a closed vessel,
however, the temperature of the water varies with the steam pressure.
There is a great difference between the heat required to boil water and
that necessary to turn it into steam, no less than 966° Fahr. being used in
the change of form which the water undergoes, this amount being known
as the latent heat of stcam. DBut for this fact the change would be
instantancous and the whole of the water pass away as steam directly
boiling point was reached ; this is not the case, the change is gradual, and
in accordance with the heat added. The heat required to evaporate 1 Ib.
of water is sufficient to melt 13 lbs. of gold.
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The following table gives the temperature of ordinary saturated steam
at different pressures, fractions being neglected :—

Gauge Presswre | Temperaurein | Weight ofcub | Cub, . in b
10 240 .06199 16.13
20 259 .08508 11.75
30 274 .1077 9.285
40 286 .12099 7.698
50 298 .1519 6.583
60 307 .1736 5.76
70 316 .1951 5.126
8o 323 .2165 4.619
90 331 -2378 4.205

100 338 .2589 3.862
125 353 3113 3.212
145 363 -3532 2.833
175 377 -4153 2.408
210 392 .4876 2.051
3to 424 .696 1.437

In this table it will be noticed that when the pressure is already high
less heat is required to produce a given increase in pressure. Steam at an
absolute pressure of 50 lbs. per sq. inch requires an additional 46° of heat
to raise its pressure to 100 lbs., while 13" are sufficient to raise the pressure
from 350 to 400 lbs.,, and 21° to raise steam of 400 lbs. pressure to o0 lbs.
In other words, it takes 1,154 B.T.U. of heat to produce 1 lb. of steam at
go lbs. pressure from water at 80°; an additional 15 B.T.U. doubles the
pressure, hence one source of economy in using high pressure steam.

Ordinary, or saturated, steam contains from § to 15 per cent. of water,
and, while in contact with the water in the boiler, cannot be heated above
the temperature due to its pressure.

In separate receptacles this can be done. The superheater used for
the purpose is a coil or nest of tubes through which the steam passes and
around which the flue gases play. Being in communication with both
engine and boiler the pressure is not increased. It is an advantage peculiar
to superheating that increased heat and possible useful work are obtained
without any increase in the steam pressure. Since the work done is repre-
sented by the difference in temperature between the steam admitted and
that exhausted from the engine, greater range of heat gives greater useful
work, or more work for the same fuel.

The use of superheated steam necessitates no special engines, gear, or
alterations to existing motors; the advantages being most apparent in
ordinary slide valve engines, pumps, and auxiliaries. Owing to the greater
heat the density of the steam is diminished and the back pressure decreased,
while there is less condensation on metallic working surfaces ; this latter
loss alone sometimes amounting to nearly 3o per cent. of the steam used.
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By judicious superheating the amount of steam used is decreased by
1o or 12 lbs. per horse-power. The trouble with lubricating oil no longer
exists, as mineral oils capable of standing the temperature are easily obtain-
able. It is only at temperatures exceeding 500° that poppet valves must be
substituted for ordinary slide valves.

The average degree of superheat used is from 120° to 150°, and engines
are running in which the consumption of superheated steam has been
reduced to within a fraction of 10 lbs. per indicated horse-power per hour.

To obtain power economically, all practicable heat must be extracted
from the steam. Decrease of heat not represented by useful work is loss ;
steam must therefore be kept hot until its work is done.

Heat Losses in Steam.—Pressure will be reduced and heat lost in
passages of too little area. This may occur if the steam in any part of its
journey has to travel at a greater speed than 100 ft. a second ; but a more
serious loss is the constant condensation in lengths of naked pipe. It
seems generally taken for granted that there is equal steam pressure at each
end of a pipe, one end being connected to the boiler, and the other to a
pump some hundreds of feet down a wet shaft. Under such circumstances
the loss may exceed 1° Fahr. for each foot of pipe length.

One horse-power is constantly lost in 152 ft. of naked z-in. pipe, in 86
ft. of 4-in. pipe, and in 53 ft. of 6-in. pipe. When these pipes are covered
with 2 in. of non-conducting composition, it requires over 1,150 ft. of 2-in.
pipe to lose a horse-power, 750 ft. of 4-in., and 500 ft. of 6-in. pipe.

Steam, therefore, needs as careful insulation as electricity. It is not a
suitable means for power transmission to a distance, but should be used as
near as possible to the boiler, the pipes and passages being kept short, as
some loss is inevitable, no matter how well clothed they may be.

It is easier to produce steam economically than to make good use of
the heat it contains, the most complicated and highly finished engine
being a far less economical machine than a good boiler. The latter, as has
been shown, utilises from 75 to 8o per cent. of the total fuel value ; while
an engine working on only 10 lbs. of steam per hour is consuming 1.02 1b.
of fuel per horse-power, and utilising less than 25 per cent. of the total heat
supplied to it.

The chief loss lies in the heat still present in the steam when it is
exhausted at the end of the stroke. Losses by radiation and condensation
are also large, especially on those surfaces exposed each stroke to the cool-
ing effect of expanding steam. The cylinder ports and clearance at the
ends of the stroke cause losses most noticeable when steam is not used
expansively ; while before any useful work can be done, the friction of the
engine itself accounts for a proportion of the steam admitted, and constitutes
the difference between indicated and brake horse-power.

The above losses are inevitable and independent of the working oider
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of the motor. Should the engine be in bad order, with leaky valves and
pistons, and when the action is intermittent, as in winding, the losses
become still more serious.

It is safe to say that an enginc in bad order, and working under
disadvantageous conditions, makes use of less than s per cent. of the heat
it receives.  Some forms of direct-acting steam pump, for instance, use
300 lbs. of steam per horse-power, representing between 4o and 50 Ibs. of
coal per horse-power per hour.

Loss of Power.—These inevitable heat losses may be minimised as
follows : —

1. By placing engine and boiler close together so that the steam pipes
and passages are short. ‘T'hc¢ pipes should not be larger than necessary,
and should be well covered with non-conducting composition.

2. By a quick piston speed, a small high-speed motor being more
economical than a larger and slower running engine.

3. By the use of high pressure, preferably superheated, steam, used
expansively, the expansion being carried out in stages, as in the
compound system, so that the cylinder walls are not exposed to extreme
variations of temperature. As the increased engine friction to some extent
counteracts the advantages gained, the compound system is best suited to
pressures of not less than 150 lbs. ; this is especially the case when the
engine is non-condensing.

Steam Motors.—The principal purposes for which power is required
are pumping, hoisting, and milling, to which may be added power for
distribution in the form of compressed air or electricity. The various
forms of engines suitable for the purposes specified being dealt with more
particularly in succeeding chapters, it is only necessary to refer briefly to
those characteristics desirable in engines for subsidiary purposes.

In all remote districts it is advisable that these be, as far as possible,
of one size and pattern, so that not only is a smaller stock of spare parts
required, but in case of emergency a part may be borrowed from an
engine not in use. This is especially the case with steam pumps for
various purposes, including boiler feeding; and complication may be
avoided by restricting the number of patterns and sizes in use.

Motors which are self-contained, or stand completely on one base,
are preferable to those depending on accuracy in erection for alignment
of their parts. Sectionalised machinery is seldom thoroughly satisfactory,
a multiplication of smaller units giving better results.

The bearing surfaces must be ample, as lubrication may be irregular,
while the margin of strength must be sufficient for rough usage, both
during transport, and at the hands of unskilled attendants.

When wrought-iron bed-plates are used, the centre of the engine should

-
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be kept low to avoid warping of the frame, which is liable to occur unless
the foundation is of extra strength and the frame soundly secured to it.

Compounding is not to be recommended in subsidiary motors unless
the steam pressure is high or condensing gear available.

Obviously the various forms of combined engine and boiler are not
best suited for use in tropical countries, especially when, as in hoisting,
the attendant has to be constantly at his post.

There seems no reason why small standard engines, such as are
ordered from stock, should not be arranged to run in either direction, and
crossed belts and other complications avoided at the expense of an
additional keyway for the eccentric.

As delivered from the factory, the finished parts are seldom adequately
protected from wet during transport. Cases containing highly finished
machinery are often dumped on the sea beach below high-water mark,
left on river banks, or allowed to stand unprotected for weeks in open
trucks and waggons. On arriving at their destination they may not be
immediately required, and, for fear of the contents going astray or being
used for other purposes, they are not unpacked ; with the result that the
working faces and polished parts lie rusting in their packing of wet
shavings or sawdust. All this might be avoided if machinery shipped to
foreign ports were so protected by a coating of white lead and tallow as to
stand immersion in water without injury.

On the mine, economy may be gained by doing away with these small
scattered motors, working under disadvantageous conditions, and adopting
a systematic distribution of power from a central station. Nothing will
be gained by merely grouping the boilers, as condensation in long lengths
of pipe more than counterbalances any advantage gained. It cannot be
too clearly understood that steam is one of the least efficient means at our
disposal for distance-transmission of power.

.

Water.

Water is an economical source of power, and well suited to all forms of
mining work. When laying out work in districts where water power is
available it will be necessary to ascertain —

1. ‘The quantity of water at disposal, and if that quantity can be
increased by storage.

2. T'he total fall, and whether it can be incrcased by damming,

3. The reliability of the supply in the driest months of the year, with
due regard to the possibility of storage during wet seasons.

Usually reliability is the weak point, sufficient storage being only
possible by works of considerable magnitude.

Few companies care to incur the expense of a duplicate installation for
steam and water, throughout; but on many mines an intermittent supply
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is used for some particular purpose, such as pumping, steam being held in
reserve.

Gauging.—The quantity of water may be approximately ascertained
in three ways: by measuring the flow through a submerged orifice, the
flow over a weir, or by finding the velocity of the current at a spot where
the channel is of fairly uniform sectional area.

The first method requires a timber dam thrown across the stream,
sufficient in height to destroy the current and pool the water; a square
opening of accurate dimensions is cut in the lower part of this dam. The
orifice must be sufficiently above the tail-race to afford a clear and un-
interrupted discharge, and the sides of the opening must be bevelled
outwards, downstream, leaving the sharp edge of the bevel upstream.
Having ascertained that the water has ceased to rise behind the dam, or
in other words, the opening is passing all the coming water, the depth
must be measured from the surface of the water above the dam to the
centre of the submerged opening. ‘

The square root of this distance in feet, multiplied by the area of the
opening, also in feet, and by the constant 300, will give the discharge in
cubic feet per hour with sulficient accuracy for practical purposes.

In gauging by the second method, water is caused to flow over a dam
or weir, usually built of planks, the upper edge of the top plank being set
level and bevelled downstream as in the previous instance. The dam must
be of sufficient height to pool the water and afford a clear drop of a foot or
50 to the tail-race ; in measuring small streams a notch is usually cut in the
top plank sufficiently large to pass the coming water.

As the overflow on the crest of the weir cannot be accurately measured
from the surface of the passing water, a datum mark exactly level with the
top of the weir is set a few feet upstream. The depth of water on this
mark being measured, multiply the square root of the cube of the depth in
inches by s, which gives the number of cubic feet of water passing over
each foot in width of the weir in a minute.

Or the number of cubic feet per minute flowing over each foot of the
weir in width may be found by the following table; the depth being
measured, not on the weir itself, but on the datum mark] as described
before : —
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Fractions of an Inch.
Depth of

| Water ov;‘ Weir T T T T - - -
| in inches.
\ o ] 3 ! i
o 0.0 : 0.596 1.69 ‘ 3.1
I 4.78 7.46 9.83 IL1
2 13.5 16.1 , 18.9 21.7 \
3 24.8 28.0 31.2 34.6
i 4 38.2 41.7 44-5 48.9
! 5 53.4 57.4 61.4 65.4
| 6 69.4 74.1 78.8 83.6 |
, 7 88.4 93.3 98.2 103.0
| 8 108.0 103.0 118.0 123.0 )
9 129.0 134.0 139.0 145.0
10 151.0 156.0 i 162.0 168.0

Cubic feet per minute.

Having ascertained the quantity of water and the fall, the horse-power
available is found by multiplying the weight of the water in pounds per
minute by the fall in feet, and dividing by 33,000.

The result is the actual or theoretical power, of which a motor will yield
a percentage, varying according to its efficiency from 6o to go per cent.
Assuming an average efficiency, the horse-power may be found by multi-
plying the number of cubic feet of water per minute by the fall in feet and
dividing by 700. By this formula, if any two factors are known the third
may be found; thus the number of cubic feet of water required to yield q
given horse-power on a given fall may be found by multiplying the horse-
power by 700 and dividing by the fall in feet. When the power and
quantity of water are known, the necessary fall is found by multiplying the
horse-power by 700 and dividing by the cubic feet of water per minute.

Forebays.—In laying out the plant the water inlet must be carefully
designed, especially when the supply is drawn from mountain streams
subject to periodic flooding. Floating material may be caught by screens ;
they are more effective and less liable to choke when set at an angle than
if placed vertically. Precautions must be taken against the accumulation
of sand, gravel, and pebbles in the forebay ; this is liable to occur when-
ever the current of the stream is interrupted, as by a dam. The bed of
the stream may in this way be silted up level with the crest of the weir,
leaving only a narrow channel through which the power supply passes to
the intake. .

Stones, gravel, and pebbles are capable of doing considerable damage
when projected at high velocity against the vanes of turbines or buckets of
impact wheels; and even sand rapidly erodes the nozzles through which
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the water passes. Such substances should be sluiced out at intervals
through gates placed in the forebay for the purpose.

From the intake the water may be conducted in flumes, ditches, or
pipes. Ditches are usually led along the hillside, and in steeply sloping
ground are seldom satisfactory if cut only partly in the bank, even though
supported by a wall on the outer, or low, side. Unless for very temporary
use, it will be found cheaper to set the excavation farther back in the bank,
so that both sides of it may stand on solid ground. With those inexperi-
enced in hydraulic work thcre is a tendency to give ditches too much
inclination or fall, the result being, not only a loss of cffective head, but a
rapid current which cuts out the sides and banks. A slope of 1 in 500,
or about 10 ft. in 1 mile, will generally be sufficient.

The quantity of water delivered per minute will equal the area of the
wetted channel in square feet, multiplied by the mean velocity of the current
in feet per minute.

Flumes may be used when rocky ground renders excavation expensive,
or when, owing to contours, it is desirable to convey the water above the
surface of the ground. In building flumes, square timber frames are made
by mortising the top and bottom cross-pieces, and tenoning the two upright
posts. ‘T'hese frames are spaced about 4 ft. apart, and the planking placed
within them ; leakage is prevented by nailing slats over the joints of the
planks, or by slightly bevelling their edges, and caulking the joints from
within the flume with a strand of tarred marline. Inclinations of 30 and
35 ft. to the milc may safely be given to flumes, provided the head so lost
is immaterial. Except where timber is plentiful and iron expensive, pipes
are preferable to flumes for permanent work; the original cost may be
greater, but that of erection and maintenance is considerably less.  Pipes
for this purpose are dealt with separately in Chapter XV.

Motors.-—The ordinary overshot water wheel is suitable in the follow-
ing cases :—(1) Where a slow speed is required, as in pumping ; (2) when
the water supply is abundant (as this form of motor has an efficiency of
about 65 per cent. only); (3) when the fall is moderate, as a fall exceeding
by more than one-eighth the wheel's diameter cannot be utilised. The
two following examples are taken from the mining district of Tavistock,
Devon, a locality where water power is largely used for mining work, and
where wire ropes and reciprocating rods convey power to great distances in
all directions. Pumping wheel—fall, so ft.; wheel diameter, 45 ft. ; width,
5 ft. ; depth of rim, 12 in. ; depth of buckets, 15 in. ; number of buckets, 9o ;
diameter of wrought-iron axle, 12 in.; 36 arms, cach 6 in. square, bolted
to cast-iron centres ; driving 240 ft. of 1z-in. pitwork, and 180 ft. of g-in.
pitwork, with a pumping stroke of 6 ft., and a reserve of power for greater

re as follow :—Diameter,
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30 ft.; fall of water, 32 ft. ; depth of rim, 11 in.; width of buckets, 4 ft.;
depth of buckets, 12 in.; number of buckets, 84; 24 arms, each g in.
square, geared 1 to 2 on to 6-ft. drums; load, 1 ton net.

The fall always exceeds the diameter of the wheel so that the water
may fall into the buckets with a velocity slightly in excess of the peripheral
speed, and that the lowest buckets may be clear of the tail water.

In gold-mining work water wheels are usually replaced by turbines, as
the demand for increased power nccessitates either more water or greater
motor efficiency.

Turbines.—The principle of the turbine is too well known to need
detailed description. The wheel is fitted with inclined curved blades
between which the water is directed by gates or guides, these guides being
adjustable to suit varying conditions of speed and power. The many
varieties arrange themselves into two chief classes—the first containing all
those wheels which work by pressure, in which case the buckets must be
completely filled, and clearance space minimised. In the other class a jet
of water acts on a section of the wheel only at any one time; they are
known as impulse wheels ; the Girard turbine, Pelton, and Knight wheels
belong to this class. Different makes of turbines vary in the direction in
which the water acts. In some types, such as the Fourneyron, the water
enters at the centre, and the wheel therefore surrounds the guide vanes.
In others the guides are above, as the Jonvaly or outside, as in the Vortex.
Sometimes the water enters from below, and by its pressure relieves the
foot-block from the weight of the vertical shaft ; this is the case at the
Niagara powtr works. .

The efficiency of the turbine is about 75 to 8o per cent. of the
theoretical power ; 88 per cent. has been claimed in some American tests,
and over go per cent. has been obtained from Pelton wheels under high -
falls. As the power available is the weight of the water multiplied by the
fall, it follows that a large quantity of water at a small head may be just as
effective as a smaller quantity at a higher fall. Turbines can be arranged
to work either vertically or horizontally, and are designed for falls of even
3 ft.; at this height 40 H.P. can be obtained from a wheel 7 ft. in diameter,
passing 9,500 cub. ft. of water a minute. Vertical wheels are preferable
for all low falls.

“When mounted in an iron housing, and standing on an iron base-plate,
the whole machine is self-contained, and only needs bolting to a level
foundation ; more care is required when the wheel is placed at the bottom
of an open penstock, as the weights and pressures to be dealt with are
considerable.

The foundations should be of well-footed masonry, in which the wheel
bearers are bedded ; these are then decked over, and a hole cut in the
decking for the wheel, the edge around the hole being planed true and



e

‘£ GOLD MINING MACHINERY.

e . as the base of the wheel must make a watertight joint when bolted
Goen.

Penstcks may be constructed of timber, provided the head of water
Geres ot exceed about 35 ft. ; for greater falls pipes are less troublesome.
‘I e umber penstock should be of sufficient size to admit of easy access all
around the wheel ; it is built in the same way as a flume, the frames being
stronger, spaced closer together, and strengthened by iron tie-bars in the
lower part, where the pressure increases. A vertical shaft, an extension of
the turbine axis, passes up through
the centre of the penstock, and is sup-
ported by bearers at intervals.

When pipes are used, the turbine
need not be at the lowest point of the
fall ; the discharge, if piped away, and
not exceeding 25 ft. in vertical height,
being just as effective as an equal
height above the wheel. When the
fall below the wheel is utilised, the
suction pipe should be carried down
well below the permanent level of
the water in the tail-race, see Fig. 2.

If the water is properly screened
at the forebay, and sticks and stones
thus prevented from catching in the
vanes, the only part of a vertical tur-
bine needing occasional adjustment is
the bearing supporting the shaft. This

is either u foot-block, lined with lignum
vitz, and lubricated by water, or is of
the suspension type ; the latter, being
situated above the wheel, is more
accessible.
F1G. 1.--Plan and section of Forebay for Figs‘ 1, 2,and 3 refer to a turbine
Turbine illustrated in Figs. 2 and 3 cerected on a South African gold-mine-
Fig. 1 (drawn to smaller scale than
the other two) is the intake or forebay, and shows the screens and sluice
gates. 'l"igs. 2 and 3 show the general arrangement of the wheel. The
turbine is of the Jonval type, making 200 revolutions a minute, and yielding
300 H.P, on a fall of 57 ft. and a supply of 3,800 cub. ft. a minute; it is
m(mn.lcd on a cast-iron bed-plate bolted to the masonry lining of the pit;
two girders, built into the masonry, support the foot of the discharge pipe.

The Single Vortex turbine is suited for low or medium falls ; in this
pattern the water enters at the outside of the rim, being guided and
repulated by four adjustable vanes. The discharge is at the side in
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horizontal wheels, and below when they are placed vertically ; owing to
its large diameter and consequent slow speed it may be used for direct
driving in pumping and milling.

The following tables have been kindly supplied by Messrs Gilbert
Gilkes & Co., Kendal, who are specialists in this class of work, and
makers of the wheels referred to:—

SINGLE VORTEX TURBINES.

1 5

|

i I
Fall in Feet . . , 4 I 6 l 8 | 10 12
|

i ‘
l Cub. ft. water per min. . 1,765 1L,177 | 883 706 588 10 H.1'
Revs. per min. . - 45 73 91 ns 137 T l
; Cub. ft. water per min. . ' 3,530 | 2,353 1,765 ‘1.412 1,176 20 |
: Revs. per min. . . 35 53 71 |, 89 106 " |
! Cub. ft. water per min. . 7,060 | 4,706 | 3,530 | 2,824 | 2, 353} ‘
| Revs. permin. . . 25 39 52 | 66 Bf 4° »
; Cub. ft. water per min. . o 9,412 7,060 {' 5,650 | 4,706 8o !
Revs. per min. . 28 37 48 60 ”
Cub. ft. water per min. . . 13,240 \ 10,590 | 8,825 %0
Revs. per min. . ' 28 | 36 aa 150 »

DouBLE VOrRTEX TURBINES.

Fall in Feet . ' 20 30 40 so 60 70 8o 90

Cub. ft. per min. ‘ 706 | 471 | 353| 282! 235 202| 176] 157 20 H.P
Revs. per min. . 215| 300! 429| 544 “ 600| G644 | 764|810 e
|

Cub. ft. per min. 1,060 706| 530 424 353| 303( 265|235
Revs. per min. . 174 | 267 | 347 44! 1 526| 568 688|730 30
Cub. ft. per _min. 1,412 | 041 706 | 565 | 471| 403 353 314} °
Revs. permin. . 158| 236| 308| 389 425| s522| 607|644 4° »
' Cub. ft. per min. 1,765 | 1,176 | 883 706'* 588 | 504 | 444 392} o
. Revs. per min. . 145| 210 272| 340, 425| 460 491 | 592 5

Cub. ft. per min. | ... |1,412|1,089| 847! 706| 605 530 470} 60
Revs. per min. . = 210 24§ 300\ 372| 460 491 522 »
“Cub. ft. permin. | ... | 1,647 1,235 989. 824| 706| 618 549}
| Revs. per min. . & ... 192| 245| 300 331| 400| 491|522f 7° >
| Cub. ft. per min. \ wo | 1,412|1,130 042| 806 766 628} %
Revs. per min. . | ... 245| 269, 331| 357 430|522 »”
Cub. ft. per min. «. | 1,765 1,412 1,176 | 1,008 | 882 | 784 100

'Revs. per min. o 220 269l 298| 357 | 382 405

B



18 GOLD MINING MACHINERY.

Fig. 4 shows the arrangement of the Vortex. The water enters the
outside casing at the top—or in any other position that may be con-
venient—and passing thence is directed by four (or more) guide blades
on to the outer circumference of the revolving wheel, which is driven
round at a velocity depending on the height of the fall. The water, having
expended its energy in giving motion to the wheel, is discharged through
the two central openings, half the amount being carried away by each
suction pipe. The guide blades, it will be noticed, are movable, and
turn about on a pivot placed near their inner ends.

F1G. 4.—Vortex Turbine.

The Double Vortex consists of two separate single wheels, water being
received at the outside and discharged on each side at the centre, con-
sequently they are set horizontally. As the speed is higher than in the
single wheel, this type is suitable for direct coupling to dynamos; and it
is worthy of note that, within limits, they tend to govern themselves to
regular speed. When the load is diminished and the speed increases, the
centrifugal force of the water carried round by the wheel opposes the
entry of further supplies; while if the speed is diminished by increased
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load, the centrifugal resistance becomes less than normal, giving greater
facility for entry of water, and tending to increase the wheel’s speed.

In Girard turbines a jet of water acts on only a part of the wheel’s
circumference ; in this way the high speed due to a considerable head of
water on an ordinary turbine is avoided. As the wheel acts by impulse
only, all fall below it is sacrificed. The water always passes through the
wheel, being received on the inside and discharged on the outside ; speed
is regulated by reducing the number or area of the jets.

Impact Wheels.—For high falls this form of motor is extensively
used, and the Pelton is perhaps-the most popular example of this very
simple type. In this particular wheel a jet of water is directed against
bifurcated cupped buckets attached to the rim; these buckets divide the
jet, throwing the water outwards and backwards, clear of the wheel, with
the result that the momentum of the water is transferred to the wheel
itself.

Nozzles of different sizes adapt the same wheel to varying water supply
or power requirements ; while the speed can be governed automatically,
either by altering the area of the jet or deflecting the nozzle.

Normally the jet is directed in a line tangential to the centre of the
buckets, and the speed of the wheel rim is half the velocity of the jet
driving it. Impact whecls are suitable for all falls exceeding so ft., and
under given conditions the number of revolutions per minute made by
the wheel depend on its diameter, the resulting H.P. bearing no propor-
tion to the wheel’s diameter. The larger sizes may be directly connected
to air compressors and line shafting; while, in the case of low falls, two
or more wheels may be mounted on the same axle, each being operated
by multiple jets, if necessary.

A reversing motion, suitable for hoisting, is secured by arranging a
pair of wheels with jets in opposite directions. It is advisable to arrange
the drive, should it be a heavy one, so that the wheel may attain its speed
before the load is let on either by clutch or shifting belt. Under a constant
head of water and a fairly even load the speed is remarkably uniform ;
while an efficiency of over go per cent. is obtainable under favourable
circumstances.

The erection of this type of motor presents no difficulty beyond that
due to ordinary alignment, to be fully described in following chapters;
when wheel and nozzle are mounted on a bed-plate they form a self-
contained machine, easily bolted to fuundations. Should they be separate,
each must be securely anchored, as the pressures due to high fall are
extremely severe; and if, through any displacement, the jet no longer
strikes the centre of the buckets, the efficiency of the wheel is at once
reduced.

Where deflecting nozzles are used, provision must be made for receiving



20 GOLD MINING MACHINERY.

the jet when directed off the wheel ; for high pressures masonry is useless,
and the wheel pit should be of sufficient depth to hold a good body of
water as a cushion for the jet.

The wear and tear of the wheel itself is practically nil. Nozzles require
occasional renewal if the water is gritty, and it is advisable to keep a few
spare buckets on hand.

The following examples are taken from gold-mines in various
countries:—

| Diamie':c;‘ :e‘(.‘vh"l C\';I:r l;'lm\:::ter Fall in Feet. Driving
! - !
: 6 180 ' 254 Forty 750-1b. stamps.
j 6 150 ' 270 Forty 850-1b. stamps.
, 5 200 | 90 30-H.P. air compressor.
' 184 240 ‘ 730 290-11. P. air compressor.
| 80-H.P. air compressor and
4 175 415 | 75-ton concentrating mill.

Fig. 5 represents a Pelton wheel with the housing removed; it is
designed to yield 6o H.P. on a 200-ft. fall, the speed being 225 revolutions
a minute, and the water supplied through 11 and 12 inch piping.

In the table given on the next page it may be noted that, at jo00-ft. fall,
each cubic foot of water per minute yields 1 H.P., and at 3s50-ft. fall, half
a horse-power—facts easily remembered and useful in rough calculations.
As an instance of high fall, a Pclton wheel at the Colmstock mine worked
under a head of 1,500 ft., and yielded 4§ H.P. on 1} cub. ft., or about four
buckets of water a minute. This, however, is by no means the limit. Jets
under a vertical head of 1,960 ft. are in use, the pressure at the nozzle being
850 1bs. to the square inch, and the velocity of the jet approaching four
miles a minute.
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PertoN WHEEL TABLE.

“[:“:e"l"l‘:','f"; Fallin Feet - | 100 | 200 | 300 400 | 500 | 600 | 700
Cub. ft. per min. | 16 23 27 32 37 40 43

15 Revs. per min. . | 613 |867 (1,060 |1,228 |1,370] 1,500 1,620
Horsc-power . 2} 63 11} 18} 26 34 42

Cub. ft. per min. | 28 42 49 53 65 70 75

18 Revs. per min. . | §10 | 720 884 | 1,021 | 1,142 1,251 | 1,351
Horse-power . | * 4 ng 21 33 47 60 75

ICuh. ft. per min. | 49 74 89 104 115 129 135

24 Revs. per min. . | 382 | 541 663 765 856 938 | 1,013
Horse-power . 7 21 38 59 82| mno| 135

Cub. ft. per min. | 113 | 166 205 238 266! 287| 310

36 Revs. per min. - | 255 | 360 440 510 571 | 625| 675
Horse-power - 16 47 87 135 190| 245| 3I0

Cub. ft. per min. | 205 | 296 364 414 462 | 515 5§50

48 { Revs. per min. . | 191 | 270 332 383 429 | 49| 506
Horse-power . | 29 84 155 235 3350| 410| 3550

Cub. ft. per min. | 325 | 466 564 660 735| 790| 8s0

60 Revs. per min. 153 | 217 266 307 343 | 376| 406
Horse-power . | 46 | 132 240 375 525| 675| 850

Cub. ft. per min. | 473 | 670 822 93t | 1,064 | 1,147 | 1,250

72 Revs. per min. . [ 127 | 181 221 255 285 312 337
Horse-power . | 67 | 190 350 535 760 980 | 1,250

Gas, Oil, and Petrol Motors.

All these motors are self-contained, easily erected, require no boiler, use
fuel which is lighter than and more easily handled than coal or wood, and
require no more skilled attention than an ordinary steam-engine. For
these reasons they are well adapted for districts where coal and wood are
scarce, and transport costly ; also for preliminary work, and as auxiliaries
in mines not possessing a power distribution system. Their weight is
generally less than that of a steam-engine and boiler of equal power.
Few gold-mines are so fortunately situated as to be supplied with gas,
but with the adoption of the suction gas system, this type of motor seems
likely to come into more extensive use. Petrol is not largcly used, partly
on account of the excessive transport charges. But all these motors are
so alike in their action and arrangement that a description of one serves
for the others also; with unimportant exceptions, they are all on the four
cycle principle—that is to say, the piston receives only one impulse in
four strokes.
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The explosive mixture is admitted to and exhausted from the cylinders
by two ordinary mushroom valves, which are closed by springs, and opened

e et

5.—Pelton Wheel with Housing removed.

Fic.

by cams mounted on a shaft geared to make one revolution to two
revolutions of the engine.
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The cycle of movement is as follows :—As the piston recedes from the
back cover the explosive mixture is drawn in through the inlet valve ; on
the return stroke the charge is compressed to from 60 to 120 Ibs. per square
inch, and fired as the stroke is completed. The following outward movement
is the impulse stroke, made under pressure of the exploded gases; at the
termination of the stroke the exhaust valve opens, and the return move-
ment of the piston clears the cylinder for the next charge. The chief
difference between gas, oil, and petrol motors lies in the way in which the
explosive charge is prepared. In gas engines the gas is mixed with suffi-
cient air to form an explosive mixture, after its pressure has been regulated
by passage through a rubber bag. In engines using oil, the supply is
atomised, either by a jet of compressed air or by passing through a heated
vaporiser ; the oil may be kerosine, or the less refined varieties, and is
usually supplied in the quantity sufficient for each stroke by a pump con-
trolled by the governor.

Petrol motors draw their supply through a carburetter, in which the spirit
is sprayed and automatically mixed with the necessary air. In all these
motors the explosive charge is fired in one of two ways ; either by a tube
kept hot by a Bunsen burner, or by an electric spark ; the latter is more
certain in its action, more easily regulated, and is gradually replacing tube
ignition.  Electricity is supplied either from a primary battery or by an
accumulator charged at intervals ; during its passage to the spark plug its
voltage is increased by a transforming coil. It is generally easy to change
from tube to electric ignition by screwing a spark plug in place of the tube
and supplying the nccessary current of four to six volts. Motors of this
kind are easily fixed, as they are all self-contained ; but owing to their
irregular impulses, they need substantial foundations. Starting is usually
effected by giving the flywheel a few quick turns by hand, only the larger
sizes being fitted with self-starters.

Should the cam shaft be removed at any time, care must be taken that
it is replaced with the same tceth of the wheels in gear ; a tooth on one
wheel and a space on the other are usually marked for this purpose. If
these marks cannot be found, the wheels should be so meshed that
the inlet valve lifts as the piston completes its backward stroke, and the
exhaust valve just before the forward stroke is finished. Compression is
the life of the motor, and can be roughly tested by the resistance felt
when the engine is turned slowly by hand. High compression means
economy in fuel. _

In the Diesel engine the charge is compressed to 500 lbs. per square
inch, and the heat generated in compression is sufficient to fire the charge.
To ensure good compression the piston rings must fit with exactness in their
grooves, yet be free to expand ; new rings need careful bedding by filing
and scraping. The valves need an occasional grinding to clear their beats,
and when resting on their seats their stems should be a thirty-second of
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an inch clear of the lifting tappets. Free circulation of cooling water
around the cylinder is necessary, and is usually obtained from a tank, the
cool supply being drawn from the bottom and returned to the top of the
tank. The word “cooling” is used in a relative sense only, a constant
supply of cold water being detrimental ; most motors work best when the
cooling water is about as hot as the hand can bear.

Lubrication is another vital point, as all motors of this class need a
regular supply of suitable oil fed through an automatic lubricator. If the
oil is unsuitable, or if too much is used, the interior of the motor becomes
covered with a deposit of burnt oil.  Heating of the engine and premature
ignition will result if this deposit is not cleaned off at intervals ; heating
may also be caused by too rich an cxplosive mixture.

There is nothing mysterious about these motors ; they work regularly
if the necessary conditions arc fulfilled. Provided the lubrication is good,
and the working parts in proper order, valves and piston tight, the only
things likely to cause trouble are the mixture and the firing.

The firing tube may be cracked, may not be high enough, or not a
bright red heat ; many new tubes split when first put in because they have
not been thoroughly dried beforehand.  Electric firing is easily tested by
unscrewing the plug and sceing that it sparks when conncction is made
with the coil; the two sparking points should be J; of an inch apart.
Again, an accumulation of grease or dirt on thc commutator may prevent
proper contact being made; it is also neccssary to sce the timing cor-
rectly set, so that the firing occurs on the completion of the compression
stroke.

Trouble is more likely to be caused by a mixture containing an in-
correct proportion of gas, known as too weak or too strong a mixture.
This is tested by altering the air admitted at the air inlet until the result
is satisfactory. Valve springs need occasional changing or adjustment
to ensure that the valves close sharply, and none of the charge is lost
by their tardy movement. Exhaust pipes should be kept clear of timber
work, and the sound may be muffled by leading the pipe into a perforated
drum filled with coke or old chain.

Electricity.

The following remarks are in no way intended to replace the fuller
information contained in books devoted to the subject, but no description
of mining machinery would be complete without reference to this valuable
medium for transmission and distribution of power. In its wider applica-
tions electricity must be a special branch of engincering, but its use in
mining is becoming so gencral that mining men will find some knowledge
of its principles absolutely essential.
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Perhaps the first step in this direction is a clear conception of a few
of the terms used in speaking of electric currents ; these are more readily
understood when compared with similar terms used for steam and water
power.

The Volt is the unit of electromotive force and corresponds with
strength or pressure, with the height of the fall in case of water power.
The voltmeter measures the voltage or strength of a current, just as a
steam gauge shows the boiler pressure.

The Ampere is the unit of quantity, and corresponds with the
amount of water available. Just as equal effects may be produced by large
and small quantities of water falling through unequal heights, so in
electricity the current may be many amperes at a low voltage, or few
amperes at high voltage, yet each may be equal to the other, and may be
transformed into the other. The Ammeter measures the amperage or
quantity of electric current.

The Watt.—The available power of a waterfall is estimated by two
factors, weight and fall, multiplied together; so the electric current is
measured by volts multiplied by amperes, the resulting figures being
termed watts. The watt is therefore a measure of electric power, and
746 of them are equal to an indicated horse-power.

Conductors.—Like water, electricity tends to equalise itself and flow
from points of greatest pressure; in doing so, it follows the line of least
resistance, and its passage from point to point is called a current. Sub-
stances that offer little resistance are called conductors ; those which are
such bad conductors that they practically prevent the flow of electricity
are known as insulators. Among the former class are the metals;
among the latter, glass and vulcanite. The resistance offered by a con-
ductor of any given material is in proportion to its length and in inverse
proportion to its sectional area. The operation of conveying electricity
may be compared to the passage of a liquid through a pipe, and we know
that an increased head is necessary to pass a given quantity of liquid
through a smaller pipe.

Circuits.—In practice the conductors take the form of wires, and
in its passage through them the current forms a circuit. When the lamps
or motors form connecting links between the two wires, the circuit is

1e after the other on the

”»

of a pair of magnets, and
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a number of conductors which cut or interrupt the lines of attraction
between these magnets. In practice, the conductors would be bound
together into a revolving armature, while the magnets are wound with
wire to increase their attractive power. The current in the armature
is collected by brushes, and may be of two different kinds. In the course
of every revolution each conductor will cut the field between the mag-
nets in two opposite directions, upwards and downwards. If the current
generated in each direction is collected separately, the result is an alter-
nating current. On the other hand, by collecting the current through a
commutator formed of insulated bars, the brushes can be arranged to take
up current in one direction only, and be insulated or out of gear when the
conductor is moving in the opposite direction ; the result in this case is a
continuous or direct current.

It must be understood that by reversal of current the dynamo
becomes a motor, and wvice versi. Both machines are alike in all im-
portant characteristics, and differ only in minor constructional details.

The Armature of a dynamo or motor consists of a central core
around which the insulated conductors are arranged. In ring armatures,
the conductors are wound around a ring. In the more cummon drum
armature, the core consists of a number of iron discs, each insulated from
the others; upon these the conductors are wound in layers, the current
generated in each coil of conductor being conveyed to the insulated
commutator, and there collected by the brushes.

The Magnets, of which there may be two or more, usually in pairs,
are wound with wire so that they may be excited in different ways.
When the ficld magnets are ‘“ series” wound they are covered with a few
turns of large wire conveying all the current generated. The strength of
the magnets, therefore, varies with the current, and this form of winding is
suitable for great variations of load.

Shunt-wound magnets are covered with many turns of fine wire,
through which a portion of the current is sent, or shunted; as the small
wire offers considerable resistance, the degree of excitation is practically
uniform and in inverse proportion to the current generated, being relatively
weakest when the current is strongest.

In compound winding both the above systems are used, so that the
increased strength of the series winding may be balanced by increased
proportional weakness in the shunt winding, and a uniform output
maintained.

Fixing.—Dynamos and motors may be either directly connected, or
may receive or deliver power through a belt; in the latter case they are
generally mounted on sliding base-plates controlled by parallel screws, and

-
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in either case a solid foundation is required to absorb vibration. Concrete
is the best material for the purpose ; small machines may be placed above
the foundation pit, the anchorage bolts dropped into position, and the
concrete bedded around them.

For larger machines the foundation must be laid out with bolt and
crow holes, as described in engine erection. The machine should stand
at a convenient and accessible height above the floor, the base-plate being
accurately levelled and grouted beneath the pure cement.  The alignment
of the machine is described in the chapter dealing with shafting.

Before starting the machine careful inspection will be made to see that
none of the wires or connections have been damaged or broken in transit,
and that it has been thoroughly cleaned of all dust, dirt, chips, and packing
material. The brushes require setting like the valves of an engine ; for this
purpose they are mounted on rockers, and two marks made on the com-
mutator. The armature should be turned until these marks are horizontal,
and the brushes set in their rockers so that their tips are level with the
marks. Carc must be taken that the brushes are squarely fixed in their
holders, and bear their whole width on the commutator.

Even when connections are right and contacts clean, new machines may
fail to excite ; when this happens current must be supplied to the magnets
from a primary battery or another dynamo.  Failure to excite may also be
due to insufficient speed.

Motors at work.—When at work, with the exception of lubrica-
tion, the brushes and commutators require most attention; the amount
of sparking is a fair guide to the adjustment and condition of the
brushes, and the rockers should be gradually shifted until sparking is
minimised.

Sparking may also be caused by too light contact, or insufficient area of
contact between the brushes and commutator, while too heavy a contact
results in unnecessary wear.  When in good order the commutator looks
like burnished copper.  Roughness or small grooves may be removed by
a fine file followed by emery cloth used when the machine is revolving ; but
should the commutator be badly cut, it may be necessary to turn it up by
using a slide rest temporarily bolted to the bed-plate.

Before stopping, the speed should be reduced, switches opened, and
brushes lificd when the machine is ncarly at rest.  When not in use, it is a
good plan to keep the machine covered up and protected from oil and dust,
a very thin layer of this mixture on some parts being liable to cause short
circuit and serious damage.

On leaving the dynamo the current passes to the switch-board, to which
the circuits are connccted, and from which they are controlled. Each
circuit may be provided with a rheostat, to regulate the potential by inter-
posing resistance, and with fuses which melt and cut off the current in case

-
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of overhcating. Motors are often provided with multiple switches, so that
the current is gradually applicd and damage to insulation avoided. For

F1¢. 6,—Two-throw Electric Pump.

FiG. 7.—Three-phase Winding Engine.

ordinary lighting and distribution of power 110 and 220 are the voltages
generally used, potentials which do not need the special precautions
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necessary in dealing with high voltages, such as are used in distance trans-
mission of power.

When used for power purposes only, the three-phase system is generally
admitted to be most suitable, as effecting a considerable saving in con-
ductors ; but should light and power be required from the same circuit, the
two-phase system is preferred.

Electricity is a suitable medium for conveying power to isolated work,
such as subsidiary shafts, or diamond drills, and may be applied wherever
motive power is needed. As the motor revolves at a high speed it is
directly connected to centrifugal pumps and ventilating fans; but when
the turning moment of the load is heavy, gearing is necessitated by the

Fic. 8. —Two-throw Electric Centrifugal Pump.

small torque applied. This complication is gradually being removed ; trams
are running in which the gearing is only four to one, while in some cases
the motor is coupled directly to the car axle.

Inevitable losses occur in every transformation of power, and in the use
of electricity these losses are due to the friction of the machines, resistance
in machines and conductors, and leakage through imperfect insulation.
Thus in driving a dynamo by water power, the water motor may develop
8o per cent. of the power applied to it, while the dynamo yields 85 to go
per cent. of the power it receives. This percentage is subject to further
deduction for losses in transmission, and in converting the current into
useful work at its destination.

Electric Pumps and Hoists.—Figs. 6, 7, and 8 illustrate electric
motors as supplied to pumping and hoisting by the Sandycroft Foundry,
Chester, a firm who have taken a leading part in the application of
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electricity to mining purposes. These machines can be arranged either
for direct or alternating current. The firm in question also make a very
compact liquid starting switch for three-phase currents. The principal
features of this switch are: absolute freedom from sparking, contacts do
not require renewal, no evaporation of liquid, cannot be burnt out, and can
be arranged for pressure up to 550 volts by simply altering the strength of
the solution.
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CHAPTER III.

ENGINE ERECTING.

Foundations, Setting Out, Material for—Laying Out and Building Foundations—Erect-
ing Engines—Lines—Levelling-—Aligning the Crank Shaft—Centring Guides and
Cylinders—Placing Engine on Centres — Assembling—Valve Setting—Jointing—
Adding a Second Side—Adding a Second Cylinder in Tandem Position.

Foundations.—In building foundations the main objects in view are-—

1. To form an unyielding bed for the support of the machinery.

2. To absorb vibration.

3. To resist the pull when power is transmitted beyond the base of
the engine, as is the case in pumping, winding, and driving by ropes and
belts.

In erecting, not only must the various parts be correctly assembled, but
the whole machine must be correctly placed with regard to the direction in
which power is to be delivered. This direction corresponds with the
datum line from which the work is laid out, and should be fixed with such
permanency that reference to it is possible until the work is completed.
Details may differ with the size, shape, and purpose of the motor ; hut the
principles involved remain unaltered. For the purpose of illustrating these
principles it will be sufficient to describe the erection of a pair of Corliss
engines, as this pattern is made in three trunk pieces and presents perhaps
more difficulty than the ordinary engine mounted on a bed-plate.

Assuming that the engines have to be connected with a mine shaft,
the first requisite will be a base line, connecting the two, from which the
work will be laid out. This line is easily obtained by the help of a
theodolite, set up on and squared with the collar of the shaft; the exact
station of the instrument will depend on the purpose for which the engine
is to be used. If for winding, it is set up in the centre of the winding
compartment, or midway between them if there are two compartments.
In setting out for a pumping engine, the theodolite is fixed at the same
distance from the end of the shaft as the centre of the pump rods will be.
It is not always safe to assume that the collar is square with the shaft
itself, and a small error on so short a base is magnified when the line is
extended one or two hundred feet. Plumb lines may be dropped down
the shaft to guard against error from this cause.

In incline shafts a sight may be taken to a candle, placed a hundred
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feet or so down the shaft, and the same distance from the end of the shaft
as the instrument is set; the reversal of the telescope, if the theodolite is
level, will give the required direction. The line so obtained will be the
direction required, and may, or may not, correspond with the centre of the
engine to be erected ; it will be so if the engine is direct-acting, and will
not be should gearing intervene between the engine and the pumping
shaft or winding drums.

In order that this direction, or datum line, may be preserved for
reference, a stout post is fixed in the ground, at least 1o ft. nearer the
shaft than the proposed excavation, and another at least 10 ft. farther away.
The tops of these posts being sawn off level, a nail is inserted in each by
an assistant, who holds it exactly in line with the centre web of the tele-
scope. A fine line or piano wire, stretched between these nails, will
coincide with the direction given by the theodolite.

The theodolite may ve considered almost a luxury. It is, of course,
possible to dispense with it and to obtain the line from bobs, hung at the
collar and carefully squared with the shaft itself. From a position well
behind the plumb lines, sight should be taken along them, while an
assistant adjusts the posts and nails in position. This method is preferable
to any attempt at projecting so short a base by stretched whipcord, which,
in exposed places, is liable to deflection and vibration through wind
pressure.

Alignment being secured and the requisite distance measured off, the
site of the excavation may be pegged out, allowance being made for any
difference between the centre common to the pair of engines and the
datum line. l.et the excavation be at least 2 ft. grcater on each side than
the measurement of the masonry to be built.

The sides and ends of the pit will be lines either parallel with the
original datum, or at right angles to it ; those at right angles are set off by
a square with sides at least 4 ft. long, by theodolite or optical square, or by
application of Prop. 47, Euclid 1. In the latter case the lengths 3 and 4
may be taken as bases and 5 as the tie line ; any multiple of these numbers
does equally well.

The excavation will be carried down to firm picking ground, preferably
rock or gravel. When a firm bottom cannot be reached within reasonable
depth, it may be necessary to extend the dimensions of the pit, so that the
weight is distributed over a large area ; in bad cases piles may be required.

Materials for Foundations.-—As building stone can generally be
obtained near at hand, most likely from the mine dump, foundations or
“loadings ” are usually built of stone, though concrete is used where
skilled labour is scarce, and is equally effective.

In some countries, where lime and cement are practically unobtainable,
timber frames, or “horses,” are laid on bearers in the foundation pit, and

c
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filled around with rock. No matter how well fitted or braced these frames
may be, play is always liable to develop in the joints. Under such
circumstances, perhaps, the soundest timber foundation is made of a crib
work of heavy squared logs forming a box ; bearers are provided below for
anchorage of foundation bolts, and above to carry the engine. The bolts
pass right through from top to bottom, binding the whole together, and the
interior is filled with stone broken to the size of road metal.

Foundations of this kind have been successfully used in the gold-mines
of Venezuela.

Laying out Masonry.—If masonry is to be used, the pit is first
levelled up by a paving course, or by concrete filling ; pointed plumb bobs
are suspended from a wire stretched between the datum points, and that
line transferred to the bottom of the pit. The ends of a straight-edge are

brought to coincide with the
plumb bobs, and the line
traced in damp mortar by a
sharp trowel.

From this, it is ecasy to
set off parallel lines indicat-
ing the centre of each
engine and the width of the
masonry blocks; a line at
right angles to these, and at
the correct measured dis-
tance from the mine shaft
will be the centre of the
crank shaft, and it should
be fixed for reference, as all
longitudinal measurements

Fi1G. 9. —Concrete Sole-plate. are made from it. Across

each block of masonry are

marked the spaces for the crow holes, their sides being parallet with the
crank shaft line, and each being the correct distance from that line.

Footings.—The first or footing course may now be laid and carried
up level with the tops of the crow holes, usually 12 or 15 in. ; above this,
the masonry is often set back on each side, the object of the extended
footing course being to distribute the weight.

Sole-Plates.— These are the anchorage blocks through which the
holding-down bolts pass, and must now be put in place. They may be
slabs of stone with holes drilled through them, or blocks of concrete made
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in rough timber moulds, the holes being cored out and a shallow recess
left around each hole to take the foot of the pipe. When bolts are spaced
closely together, it is often advisable to anchor two or more of them to the
same slab.

Fig. 9 shows a concrete sole-plate: the section illustrates the depres-
sions left around the bolt holes to receive the pipes, while the plan shows
these pipes in position.

A
c £
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F1G6. 10.—Plan of Engine Loading.

The masonry has now reached the stage illustrated on the right-hand
side of Fig. 10, and we now require to reproduce the centre lines at a
height not much above the tops of the sole-plates; ordinary whipcord
answers very well for this purpose. In Fig. 10 the linc A B is the common
centre of the engines, the datum from which all transverse mecasurements
are made ; it is either the original datum line or one parallel with it.
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The line kK L is the centre of the crank shaft, and from it all longi-
tudinal measurements are made. We will assume that the first pair of
holding-down bolts for the main bearings are each 2 ft. from the crank
shaft centre, and g ft. distant from the common centre of the pair of
engines.

On a staff with at least onc edge truly planed, pencil marks are' made
at o, 5, and 10 ft. ; it is then placed so that the 5-ft. mark corresponds with
the centre line A B, and its planed cdge is parallel with and 2 ft. distant
from the crank shaft line KL. The sole-plates are now brought into
position until the centres of their holes correspond with the pencil marks
on the staff, care being taken that the latter is replaced in its original
position should it be shifted by the movement of the sole-plates.  Fig. 10
shows two sole-plates for the right-hand cylinder in position.

In this manner, proceeding from the crank to the cylinder end, the
sole-plates are separately brought into place, the right and left hand sides
being adjusted by one measurement made from the common centre A B;
while the longitudinal distances are all referred to the crank shaft line k L.
Should there be any doubt about the accuracy of the work, it may be
checked by a wooden template made from the engine bed, but this is
not necessary.

The masonry may now be carried up another course, level with the
tops of the sole-plates.

The timber pipes, through which the holding-down bolts pass, are
about 3 in. square inside, 4 in. square outside, and of sufficient height
to reach to the top of the loading, less the depth of the cap stones. Their
feet rest in the depressions made for them, kceping them concentric
with the bolt holes; when the sole-plates are stone slabs, care must
be taken that the masons do not shift these pipes in building the first
course or two.

When the feet of the pipes are steadied by a course of masonry, their
upper ends must be braced in both directions, that they may not be
deflected from the vertical during the building of the loading. Narrow
strips of boarding, about 2 by # in., are used for this purpose; on each
strip is marked the exact distance apart of two or more holding-down
bolts, and a wire nail driven just through the strip at each mark. Having
pencil-marked the centre of the pipes near their upper ends, apply the
strip so that the nail points correspond with the marks, and nail fast. In
large work strips are advisable on cach side of the pipes.

The line of pipes, being thus correctly spaced, must now be secured
in a vertical position by struts at each end of the loading.  In the same
manner the different rows are spaced crossways, and strutted to the
sides of the pit; here again the accuracy may be checked by template if
desired.

two pipes in position on the left or
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sectional part of the illustration; this figure is reproduced at rather
smaller scale than Fig. 10.

Building.—As the work of building proceeds, the levels must be
checked from time to time, that recesses may be left where required for
pipes, brake beams, dash pots, or crank pins. When concrete is being
used, wooden moulds of these recesses are prepared; in large masses of
concrete it is economical to introduce blocks of stone, or “plums,” into
the body of the work. Each block should be thoroughly cleaned and
roughly dressed, to ensure the adherence of the concrete bedding.

In ashlar facing the stones comprising each course should be, as
far as possible, of one height ; the vertical joints should be square with
the course, and fall on the centre of the stones below. In any case, a
continuous line of vertical

jointing should be avoided. A
Bond stones, introduced ¢ E
at intervals, serve to tie the .-k ———-— L

face to the body of the work ;
and as the face of each
course is completed, the in-
terior is filled with well-
bedded stone set in mortar,
and the whole course flushed
level with chips and mortar.
The tie-pieces between
the pipes are removed as the
work advances, and a set
back is usually left at the FiG. 11.—Cross-section of Loading.
floor level of the engine-
house ; the cap stones, either dressed stone or concrete, and provided with
holes for the bolts, must be carefully bedded and levelled ; they are almost
counterparts of the sole-plates appearing in Figs. 10 and 11.  For small
work a wooden frame is sometimes substituted for cap stones. Finally, the
masonry should be allowed time to harden and settle before any machinery
is placed on it.

The Engine.—The following remarks apply equally to every class of
engine, and, granted good design, sound material and workmanship, the
life and duty of the engine depend on the accuracy with which its erection
is performed. Unfortunately, this work is sometimes undertaken by men
who have no experience to guide them, and do not realise the principles
involved. ‘The author has seen horizontal condensers disconnected, being
so much out of line that air-pump rods only lasted a few months ; tandem
compounds with the low-pressure cylinders disconnected for the same
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reason ; connecting rods heated and bent in endeavour to bring the big
ends into line with the crank pins; to say nothing of a mill engine that
would not run without its load on less than 4o lbs. of steam, and was fed
for days with a mixture of sand and water in vain attempt to grind the
bearings into alignment.

In engine erecting accuracy does not mean something that can be
measured with a 2-ft. rule, but a few thousandths of an inch measurement
only to be obtained by the careful gauging of a trained hand.

When the top of the loading is some height above the ground, the
various parts of the enginc may be raised into position in several ways.
Heavy and unwieldy pieces, such as bed-plates, may be hauled up an
inclined plane built at the end of the loading; picces of awkward shape,
as cylinders and condensers, may be mounted on skids and fed with rollers.
Usually all parts can be dealt with one or more pairs of shear legs, which,
when properly controlled by block and fall guys, can be swayed a con-
siderable distance on each side of the vertical, thus covering a much larger
area than a fixed tripod. When the walls of the engine-house are already
built, the hoisting gear may be suspended from cross beams resting on
temporary wall-plates, to distribute the weight and protect the walls from
injury.

Assuming the different main parts of the engines to be resting on the
loading, the main bearings, cylinders, and guides are roughly in their
respective positions, and their bolt holes corresponding with those in the
cap stones; bolt these parts together, and place the crank shaft in its
bearings.

In addition to the ordinary gear and tackle, the following tools will be
required :—A fine silk line or coil of piano wire ; a brass level with ground
bubble ; two plumb bobs with silk or thread lines ; a staff planed true and
parallel throughout its length ; about thirty wrought-iron wedges, each about
2 in. wide by 6 in. long, # thick at the butt, and tapering to the point.

Setting Lines.—Whether the engine is to be in line with some
particular point in the mine shaft or parallel with an existing run of mill
shafting, the line to which it must conform will be that laid down when
the work was begun. This line must now be reproduced by a wire stretched
the full length of the loading, and as near the centre of the engine as the
diameter of the crank shaft permits. Accuracy is attained by plumbing
from this wire to one stretched between the permanent datum marks
below, the upper wire being shifted until their alignment agrees. The line
thus placed will be ar in Fig. 10; two other lines ¢ p and EE,
parallel with a B, will be required to represent the respective engine
centres. But as these intersect the paths of the crank pins and prevent

visable to put up only one at
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Too much care cannot be exercised in correctly placing these wires, as
all measurements about the engine will be referred to them. Perbaps the
most convenient plan is to fix a stout plank at each end of the loading, and,
with the help of a spirit-level, make a horizontal mark across each plank at
the same height above the cap stones as the engine centre. Measuring
from the common centre of the engines with a staffl correctly marked,
lay off on these lines the correct distance of each engine from the
common centre, and bore 1}-in. holes through the planks at the points of
intersection.

The wire is now reeved through the guides, cylinders, and condenser,
passed through the holes in the planks, made fast at one end to a piece of
round iron, while the other end terminates in a }-in. straining bolt to take

F1G. 12. —Longitudinal View of Loading, showing Centrc Wire.

up the sag. If the work has been correctly done the wires will be in their
proper positions when in the centres of the holes in the planks ; but this is
not likely, and the levels and horizontal distances are alternately adjusted
until their positions are correct.

‘This final adjustment is rendered casier when the planks arc firmly
fixed and the holes bored at the proper level.

Levelling.—The main bearings are levelled with a spirit-level placed
on the flywheel keyseat, or any parallel part of the shaft. The bearing to
be raised should be lifted with the point of a crowbar resting on a piece of
flat iron, wedges being driven only for final adjustment. These wedges
are inserted at the front and back of the bearing, two at each end ; folding
wedges may be used should one not be thick enough.
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The accuracy of the levelling may be checked by a plumb line suspended
from a point above, so that it shall hang near the crank face. With the
crank in its highest position make a mark in its face near the circumference,
and measure from the mark to the plumb line. Now turn the shaft until

the mark is in its lowest position and again measure

c to the line. If both measurements are identical, the

shaft is level. It is immaterial how much the crank

face is out of truth provided the measurements are

made to the same point. Should there be any end

play in the bearings, eliminate it by pushing the shaft

hard over to the right or left each time a measure-
ment is taken.

This plumbing is only necessary when the level
cannot be relied on, and should be avoided if pos-
sible, as it is likely to interfere with the centre line.

ol

Lining the Crank Shaft.—The shaft, being
levelled, may now be squared with the centre line;
but first it is necessary to see that the line intersects
the centre of the crank pin bearing. Should it not
do so, the crank must
be adjusted on the
shaft, or the whole shaft
K L moved to the right or
left. The crank being
at one end of the stroke,
— Fi1G. 13.— the distance from the
Squaring Crank Shaft. centre line to one side

of the crank pin bearing

is carefully gauged (see o, Fig. 13). The crank is

now turned to the opposite end of the stroke, as

nearly as the wire permits, and the same measure-

N ment made (p, Fig. 13). If these two measures

agree, the shaft is square; if not, the opposite bear-

ing must be jacked forward or backward until the

measurements at each end of the stroke are identical.

Care must be taken to eliminate any end play that

D may exist by pushing the shaft bard over to one side

or the other. The shalt is now both level and

square. Tighten the foundation bolts on the main bearings, and connect
the guide trunks and cylinders.

poorany
[t

hese are located by gauging
centre wire, the best gauge for
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the purpose being an ordinary piece of soft deal, about the size of a lead
pencil, with a pin pushed into each end. Lift the cylinder by wedges
inserted at the front and back, until the distance from the wire to the
bottom of the stuffing box bore is the same as it is to the top. Adjust the
back of the cylinder also on wedges until that end too is centred on the
wire. Next adjust the cylinder horizontally, moving it to the right or left
as required. Check the vertical and horizontal measurcments alternately,
as movement in one direction may disturb the other, and shifting the front
end will alter the back.

Occasionally test the cylinders to sce that one side is not higher than
the other; this is done by a spirit-level placed on the valve box or any
flat machined surface. The level may also be tried in the bore to guard
against possible sag in the wire.

All these adjustments have to be gone over several times until the
cylinder is in place, and the gauge, when placed in the bore at 3, 6, 9,
or 12 o'clock, lightly touches the line when the free end is swept past it.
In exactly the same way any other cylinders or air-pump barrels are aligned
with the centre wire, the distance pieces being first inserted between them.

If the guides are bored out they may be centred, in the same way as
the cylinders, by gauging from the machined surfaces. When planed there
may be a slight difference between the top and bottom measurcments, but
this is immaterial, as it is allowed for in planing the cross-head and slippers.
In any case both top and bottom guide surfaces must be parallel with
the line.

Planed guides are adjusted to the centre line by their flats and edges,
while a sheet-iron template is used should they be V section. The re-
maining foundation bolts may now be dropped into position and tightened
with an ordinary spanner to a solid bearing: see that the rounded end
only of the bolt projects above the nut, when half-a-dozen threads come
through it shows slovenly work. Check all measurements again to make
sure nothing has sprung or shifted during tightening.

Bedding the Frames.—The feet on which the engine rests may
now be a quarter of an inch or so above the cap stones, and it is necessary
to fill this space so that the feet bear evenly over their whole surface:
this may be done in several ways.

When the interval is a quarter of an inch or less, lute around the out-
side with clay, block up the foundation bolt holes with waste, and lute
or grout the joint with neat Portland cement.

When the space exceeds a quarter of an inch, use thicker cement
mixed with an equal quantity of sand ; or a rust joint may be made, but
must not be caulked, only tamped into position with a piece of thin board.
In both these operations men must work opposite each other, the space
being first filled at the centre and finished at the outside. Alternative
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plans are to fill with melted sulphur, or with parallel strips of hard wood ;
wedges must not be used, cach slip is planed to fit the part of the opening
it has to fill, and lightly tapped, not driven, into position.

Foundation Bolts.--When this joint has set, the bolts should be
again screwed up, this time with a long-handled spanner, or one which
has been lengthened by a piece of pipe slipped over its end ; they will
need a final screwing after the engine has worked a day or two. Nothing
is gained by filling around the foundation bolts with concrete or cement,
by reducing the size of the pipes through which these bolts pass, or by
dropping them through the bed-plate and building around them. Such
arrangements might be beneficial if the bolts were subject to any shearing
strain, but they are not; all the strain is tensile; and no matter how
carefully the work was laid out, the extra half-inch around the bolt may
be of the greatest use in the final adjustments.

Two and a half inches square inside is the smallest size advisable for
these pipes, and answers for engines up to 14-in. bore; from 14-in. to
24-in. bore 3-in. pipes may be used, and from 24-in. to 48-in., 4-in. pipes;
while the 3-in. bolts of an 8o-in. pumping engine will pass through 6 in.
pipes.

All main parts of the engine being now correctly placed, the centre
wires may be removed after a final checking of levels and measurements.
It should be noted that the principles indicated are adapted to all classes
of horizontal engines, and that the wires from which the work has been
aligned are but reproductions of the centre lines laid down by the draughts-
man when he began the design.

A horizontal ¢ngine mounted on a bed-plate presents even less difficulty,
and alignment is secured in exactly the same way, by the path of the
crank and the bore of the cylinder.

Assembling.—The pistons, after being thoroughly cleaned, may be
placed in the cylinders; see that the spring rings arc free to move and
correctly set.  The rods may be passed through the covers and joint rings
and secured to the pistons, screwing hard up and staking over the last thread.

Fit on the cross-head and keep the cylinder covers in position with a
couple of nuts. Now push the piston up against the front and back covers,
marking in each direction the extreme travel of the slipper on the guide;
these marks will denote the clearance remaining as wear takes place in
the bearings.

The flywheel may now be placed in position ; should it be in one piece
a crank must be removed after its position on the shaft has been marked.
Let the wheel rest on blocking in the pit while the upper part is supported
by tackle or securely shored; work the shaft through, lower into its
bearings, locate the wheel in its proper position and key up.

-
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Wheels made in two or more pieces will be held together by bolts in
the rim and bands shrunk around the hub ; in this case assemble as before,
the lower parts being blocked up in the pit.

Bolt the sections together, and enter the key a few inches to ensure
the alignment of the keyways, as it may be impossible to move the wheel
after the bands have shrunk. With the appliances usually found on a
mine the bands cannot be heated after they are on the shaft; and if they
will not pass over the cranks they must be heated and held over or around
the shaft while the latter is passed through the wheel. Verify the position
of the wheel on the shaft before shrinkage takes place. ‘The bolts in the
rim may now be removed and their shanks heated to a dull red before

Position.1. 7

! 157
—Position.2. = _\_ _\?/__J‘ B

N/

—_—

FiG. 14.—Placing Engine on Dead Centres.

being finally screwed up ; to avoid distortion of the wheel alternate bolts
from the right and left hand sides should be tightened, as in making a
joint.

Finally, tighten the key, and see that any eccentrics or governor pulleys
are in position before dropping the shaft back into its bearings. The
connecting rods should now be put on.

Dead Centres.—There are, of course, many ways of setting an engine
on its centres, but the following plan is so easy and so accurate that it
should be more generally used. It applies equally to engines set hori-
zontally, vertically, or at any angle ; and when the marks have been made,
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the connecting rods may be removed and the operation of valve setting
performed by turning the shaft only.

1. At any convenient point in the circumference of the flywheel or
belt pulley fix a piece of plank with top edge planed; the plank
must be close to the wheel, but the latter must revolve freely without
touching it.

2. Turn the engine round until it is near the end of the stroke, exact
position quite immaterial ; scribe a line across the edge of the guide and
slipper, and another line from the top edge of the plank on to the surface
of the wheel.

3. Turn the engine in the same direction as before until the crank has
passed the dead centre, and the marks on guide and slipper again coincide.
Scribe from the plank to the wheel, as before.

4. Bisect the distance between the two scribed marks on the wheel,
and turn the shaft until the point of bisection is opposite the scriber on
the plank. The engine is now on dead centre.

This is repeated at the opposite end of the stroke, and the connecting
rods can be taken off, since the engine will always be on centre when the
points of bisection correspond with the scriber point. Both ends of the
stroke may be scribed from the same plank surface.

Valve-Setting.—Among the advantages claimed for Corliss valves
are a sharper cut-off, less clearance, less friction, less condensation owing
to separate valves for steam and exhaust, and better drainage of the
cylinder. They cannot, however, be set in the same way as slide valves,
since, when in position, neither their leading edges nor the ports they
cover are visible. Before inserting each valve in its box, place a straight-
edge along its leading edge, and scribe a continuation of that line on its
outer surface. The edges of the steam and exhaust ports must be marked
in the same way.

Fasten a weight to each end of a line, and hang it over, or suspend it
from, the wrist pin on which the eccentric rod works. Measure from the
front part of the line to the front exhaust pin, and from the back part of
the line to the back exhaust pin, turning the wrist plate until these
distances are equal. This plate is now in the centre of its stroke, and if
the steam valves are coupled up by their rods the marks made on their
faces should indicate .equal lap over each port. Should these laps not be
equal, make sure that the wrist plate has not altered its position before
adjusting the lengths of the valve rods. On a 25-in. cylinder the steam
valves will have about five-sixteenths of an inch lap, the exhaust valves half
this amount.

Having keyed up the eccentric, bolt on the strap and rod, and place
the free end of the rod on a piece of plank fixed, as nearly as possible, level
with the eccentric pin in the wrist plate. Scribe a mark on the eye or
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joint at the end of the rod, turn the engine round and mark on the plank
the two extreme limits of the path travelled by this scribed mark. The
distance so marked is the stroke of the eccentric; bisect it, and bring the
mark on the rod to coincide with the point of bisection ; the eccentric is
now in the centre of its stroke. In this position the eye of the rod should
engage with its pin on the wrist plate; if not, see that the plate has not
moved from its central position before lengthening or shortening the rod
to make it engage with the pin. The lead of the valves will be equal if
the eccentric is correctly placed in relation to the crank ; it may be checked
by turning the engine slowly round, and marking on the guides the position
of the cross-head at the moment the valves trip. ‘The trip, or release, of
both valves should take place when the piston is the same distance from
the end of its stroke. 1f necessary, it may be adjusted by altering the
length of one of the valve rods, equal lead being even more important than
equal lap. The exhaust valves are set in the same way, and the dash pots
connected after having ascertained that the length of their rods will allow
sufficient clearance at both ends of their strokes.

Setting Slide Valves.—Before leaving this part of the subject it
may be advisable to describe briefly the setting of ordinary slide valves,
such as are used in a pair of winding engines, fitted with reversing gear.
Although differing entirely in shape from the Corliss, the slide valve per-
forms the same duty, that is to say, it determines the points at which steam
is admitted to, cut off from and released from the cylinder, with relation
to the position of the piston in its stroke.

The exact point of steam admission to the cylinder depends on the
lead of the valve, lead being the width of steam port uncovered by the
valve when the crank is on dead centre.

The point in the piston stroke at which steam is cut off depends mostly
on the lap; in other words, the amount by which the exterior of the valve
overlaps the steam ports.

The amount of lap is fixed in any particular engine, since it depends
on the relative dimensions of the valve and ports ; the lead is not fixed by
any proportion of parts, but depends on the angular advance of the eccentric
in front of the crank.

Yet the two, lap and lead, are so intimately connected that ncither can
be altered without disarranging the other. If lap is taken off a valve, the
eccentric must be placed further ahead of the crank to maintain the same
lead ; and should the eccentric and amount of lcad be altered, the point
of exhaust cannot remain unchanged. The stroke of the slide valve in any
ordinary engine is cqual to twice the width of one steam port added to the
amount of lap.

The angle at which the eccentric stands in advance of the crank is
equal to go° plus an advance equal to the lap and lead of the valve; if
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these two factors did not exist, the amount of advance would be exactly a
quarter of a revolution.

In practice, the position of the eccentric is fixed by that of its keyway
on the shaft, and this is usually cut before the engine leaves the maker’s
hands. In case this keyway has not been cut, its position may be
determined by trial, or by a diagram, preferably drawn full size, on the
lines indicated in Fig. 15.

Let M N be a line joining the centre of the shaft to that of the crank
pin; at any point near one end of it erect a perpendicular s T, and from
the same point draw a circle B ¢ D equal to the travel of the slide valve,
and a circle E F G representing the shaft. On the side of s T remote from
the crank pin draw the line A A parallel to s T, and distant from it the
amount of lap and lead of the slide valve. This line intersects the circle

- ~
!/ s \ \
M Crank_pin | o K \

F16. 15.—Diagram for finding Position of Eccentric Keyways.

B C D at the points B and c. Draw lines joining these points to the centre
of the circle; extend these lines to the circle £ F G, and the points of
intersection 1 and ¥ will be the centres of the keyways for the forward
and backward eccentrics respectively.

It is somewhat difficult to transfer to the shaft the positions determined
by the diagram, and on the whole, perhaps the ordinary method of trial
and error is preferable ; the procedure is as follows : —

First, by the help of a square placed against the cylinder face, scribe
lines on the valve chest so that the position of the steam ports may be
known when they are covered by the valve. Place the valve on the
cylinder face; connect it to its spindle, lost motion between valve and
spindle being carefully avoided ; connect spindle and slot link together.
Slide the eccentric along the shaft until the end of its rod engages easily
with the slot link ; connect, and adjust the reversing lever until the rod
end is level with the valve spindle. Revolve the eccentric in either
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