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PREFACE.
b
Ti1s coursc of Lessons has been prepared to assist Boys
and Students in Technical Schools and Classes who are
taking one year's coursc in lingincering Workshop
Practice, and also to mect the demand for a suitable
work of the kind for beginners.

The course is the samec as that obscrved in the
Workshop Practice at the TPolytechnic Institute, and
the Lessons have been arranged in a progressive manner
with the able assistance of my collcague Mr. 15 G
Davey ; the method adopted being, as far as practicable,
to make uscful tools while gaining instruction, so that
time and material may be profitably employed. This
system, I am pleased to say, has already produced
flattering results,

I take this opportunity of thanking Mr. J. Rogers,

M.ALS.E, Instructor in Engincering Workshop Practice
at the Polytechnic Institute, for his careful revision
and his valuable suggcestions.

CHARLES F. MITCHELL,

Senier 1eacher of the Lechnical Diz ivivit, I'{ytesiinic Day Scicod, Lond.n,

LDeccmber, 1889.
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INTRODUCTION.

—.O—

BEFORE going to thc,\Vorkshdp the Student should
prepare full-sized working drawings of the tool he
desires to make from the figured illustrations in the
book, which he will notice have all dimensions placed
vertically for convenicnce of rcading same, and all
sections hatched to indicate the materials.  The follow-

ing arc the scctions used throughout this work : -

\ § ‘N \:\\ \\\:§$§§
\\\\ \ R \\ \\:‘\‘\\\\\\\

CAST IRON. WROUGHT IRON STEEL. BRASS.

LEAD. WOOD. WOOD.
CROSS SECTION LONGITUDINAL SECTION.

It is advisable to takc off and make a list of all
quantitics from the drawings, and thesc for convenience

may be added to the samec.






FORTY LESSONS

ENGINEERING WORKSHOP PRACTICE.

LEssoN 1.

Tne student should be taught the names and uses of
the following tools and other articles, viz. :—

Hand and bench vices, vice-clamps, bar-blocks, and
clamping-plates.

Grindstonc, grit-stone, oil-stone, and slips.

Hand and rivetting hammers.

Chipping, cross-cut, diamond-point, and round-nosc
chisels.

Centre, dot, round and sett punches, tommies and
drifts.

Back, tee, and centreing squares.

Bevils.

Spirit-level, plumb-bob and line.

Inside and outside callipers and dividers.

Straight-edges, rules, and surface-plates,

Gauges for boring, turning, screw-cutting, nuts,
centres, and drills,

Scribing-block, steel and brass scribers,

Stocks and dies, screw-plates, taps for bolt, gas and
brass threads.
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Chasers or screwing tools.

Rimers and broaches; half-round or D, rose and
wood-packed bits.

Files—taper, flat, half-round, round, square, triangular,
hand or safe cdge, saw, slotting and other files of
special shape, in bastard, second, smooth, dcad-
smooth and float-cut ; and rasps. .

File-brush or card.

Drills—flat, pin, twist, keyway and stock.

Countersinks, flat and rose.

I'rame and back saws.

Hand-turning tools-—gravers, parting, side, scraping,
boring, screwing and milling tools.

Slide-rest turning tools—roughing, boring, knife, side,
parting tools, spring and scrapers, cutters and
holders, vee and square thread-screwing tools.

Lathe with hand-rest, driving and various other
chucks.

Lathe with slide-rest, mandrel, back gear, division-
plate, face-plate, angle-plate, conc-plate, and
various chucks.

Lathe with saddle and leading-screw, change-whecls,
studs and quadrant-plate, self-acting for feed and
surfacing, cross-slide and clamping-nut.

Drilling-machines  (hand and power), hand and
ratchet braccs. o

Fiddle, bow or breast-drill stock.

Emery-wheels, cloth_and _papgr, flour-emery, crocus,
Tripoli and other polishing powders, laps, buffs,
and polishing sticks.

Forge (fitted with bellows or fan), anvil, tongs,
coupling-rings, top and bottom shaft and rod
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tools, swages, fullcrs, flatters, bol.stcx.s, mandrels,
punches, bolt tools, hot and cold chiscls, water-
trough, shovel, poker, raker, lime, sand, and
breeze or coke-boxes.

Gas and mouth blowpipes, copper bit, soldering-iron,
hard and soft solders, borax, spirits of salts,oil,
resin, spelter, and other materials and tools for
hard and soft soldering.

LLEssoN 11

iy
7 GRINDING.

) (e
IN grinding tools for metal working, the grindstonc
should revolve in a direction towards the workman, in
order to avoid the formation of feather cdges ; but for
lads and inexperienced workers it is safer when revolving
from the workman. It should be wetted with a little
clean cold water while the grinding is procceding, to keep
the tool cool and prevent its temper from bcmg lowered
or drawn. = The stone should not be allowed to run
in water, as itis softened thereby and docs not cut so
well.

It is advisable to move the tool while grinding,
when practicable, from left to right, across the face of the
stone, to prevent the stonc from wearing in grooves and
losing its cven surface.

Mctal-working tools should be held firmly down upon
a fixed rest while grinding.
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LessoN III.
ANNEALING.

ANNEALING is a softening process for allowing the par-
ticles of which a mctal is composed, and which have becn
strained, to return to their normal or original position.

Stcel may bec anncaled by heating to a blood-red heat
and allowing it to cool slowly, preferably in a covered
box filled with unslaked powdered lime, which retains
the heat a long time,

Iron that has been rendered brittle by hammering or
drawing may be anncaled by heating to a blood-red and
allowing it to cool slowly. ..¢, ..

Brass, copper, and gun-metal may be anncaled by
heating to a black-red and plunging into cold water. In
the process of drawipg brass and copper into wire
through a draw-plate, it becomes hard and brittle, and
breaks off ; but if anncaled, it beccomes softened and can
be drawn more easily and into finer wire.

L.essoN IV.

e
CHIPPING. W%

To chip the upper face of the block shown in Fig. 1,

line out as shown with a brass scribed linc, and fasten

the block in a vice with the lincs «, 4, ¢, 4 horizontal and
about 1 inch above the jaws. Sclect a cross-cut chisel
about } inch wide, and sce there is no grcase upon the
head of the chisel or hammer-facc. Hold the chisel
firmly -but not tightly in the left hand, and place its
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cutting edge upon the work, inclining the c.hiscl al?out
35° or 40°, and drive it forward by a serics of light
blows upon its head with a hand hammer. Two or
three blows will suffice to show whether the angle at
which the chisel is held and the force applicd are correct.
If the chisel is penetrating the work too dceply, lower

Py
i !

From 50°to 9

Scribod| Lines

Elevations,
Fig.2. Fig.3

Cl:vation.
Fig.l.

the head of the chiscl and usc less force ; but if not
deep cnough, raisc the head of the chisel and usc more
force. A hcavy cut will cause the chisel to pencetrate
more deeply when held at a given angle than a light
one. Experience is the best guide.

Commence to cut the metal at # down to the line,
leaving the line well showing, so that it can be properly
levelled with a file afterwards; and chip towards 4.
Then to 4, and then from & to ¢ ctod, and 4 to a.
When all these points are reduced to one level, the
middle portions, f and g, may be removed by cutting
channels as shown, taking carc to leave the centre portion
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at e a little higher, and the width of mectal between
the channels rather less than the hand chisel used to
remove them (usually § to 1inch).  In chipping surfaces,
especially those of cast metal, be careful to work from
the corners towards the centre of edges of the block,
s0 as to avoid breaking out thc corners as shown
at 2, Fig. 1. A picce of cotton waste saturated with
oil should be at hand, into which the point of the chiscl
should be dipped occasionally to keep its cutting edge
cool, and form a lubricant when cutting.

Carc should be taken that the cutting edge is
slightly wider than the body of the chisel, ground to
an angle of about 80° slightly rounding, as shown in
Figs. 2 and 3, and tempered to a brown ycllow colour.

LLESSON V.
IFIT.ING.

WORK, rough from the forge or foundry, is sometimes
prepared for filing, by removing the sand, skin or scale
with an old file, or by chipping, grinding, or pickling,
s0 as to avoid damage to the file.

In filing, the jaws of the vice should be level with thc
clbow, or from 40 to 44 inches high; hcavy work,
which requires more force used upon it than light, being
placed lower in the vice.  The feet should stand firmly
on the ground, and be separated from 10 to 20 inches,
according to the work to be operated upon, and the
knees not kept rigid.

For ordinary work, grasp the file in the right hand,
thumb resting horizontally upon the handle, and fore-
finger pointing along the file, the head or point being
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grasped with the left hand, the ball of the thumb resting
on the upper side, and the four fingers down over the end
holding the file.

The file should be held firmly, and pressed on the
work with both hands in the forward, and lifted off in
the backward stroke, to avoid damage to the file.

Any variation from the straight line, duc to the
swinging motion of the arms, must be compensated
for Qr raising or lowering the wrists and clbows.

hen the work has been filed all over in onc direc-

tion; it should be filed at right angles, or diagonally, to
the first cut, as shown in Fig. 4, or a slight motion from
left to right given to the file during cach cut, so that
the cut of the file may eross frequently, and prevent the
formation of hollows,

The work should be frequently tried during progress
in various directions, with a straight-edge ; the edge of
which may have a thin coat of “reddle” (red lead and
oil) smeared upon it; scrving to mark the high places
upon the work, which should be filed down carcfully,
until the whole surface is of the desired flatness.
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LEssoNn VI.
CENTREING WITH SCRIBING BLOCK.

TAKE a picce of stecl § inch diamecter, and 3% inches
long, and anncal it as described in Lesson 111

File cach end flat, and square with the length, testing
with a back-squarc; and rub the ends with a piece of
chalk, and place in one of the vees of a vee block, stand-

Vee Block

Surface

Fig.6.

ing on a plane surface, as shown in IFig. 5. Takec a
scribing block and sct the pointer a little above the
supposed centre of the steel. Hold the steel into the
vee groove with the left hand, and with the right hand
move the point of the scriber across the chalked end of
the steel, scribing a horizontal line. Turn the steel in
the groove about a quarter circle, until the previous line
becomes vertical, and scribe another horizontal line;
give the stecl another quarter turn and scribe a third,
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and likewisc a fourth line; thus marking upon the cnd
four lines. The central space enclosed by these lines
indicates the centre required, and should be marked
lightly with a dot-punch.

Repeat the scribing at the opposite end, and dot
punch.

Place the steel between the lathe centres, and spin
round with the left hand, on the holes made by the dot-
punch. If centred correctly, it will run true and con-
centric, but if it runs cccentric, or out of truth, take a
picce of chalk in the right hand, and resting it upon the
hand-rest, advance the chalk gradually towards the end
of the steel, until the portion of the steel farthest from
the centre is marked with the chalk. It should then be
removed from the lathe, and fixed in a vice, and the dot
centre drawn with a centre-punch towards the chalk
mark ; repeating the process until the steel runs true at
the ends. If the cnds run true, and the centre out of
truth, the steel is bent, and should be spun round and
chalked as before described.  Then place the steel, with
the chalk mark uppermost, over the hollow of a bench-
block, and give it a smart blow with a hand hammer
upon the chalk mark, judging the force necessary to be
used by the size of the stcel, and thc amount it is out of
truth. The blow will help to straighten the steel, which
should be taken to the lathe, and again tested, repcating
the process until it runs truc throughout its length. The
centres should now be made larger with a centre-punch,
and a carrier fixed on one end, and placed in the lathe,
and the opposite end should be faced off square with a
side or knife tool. Remove the carrier to the squared
end, and square off the remaining end to the finishcd
length. Then replace the running centre with a drill-
chuck, containing a ;% inch diameter drill for ordinagy

R
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work, and with the aid of the back-centre and a little
oil, drill up the steel at cach end about § inch decp.
And countersink cach slightly with a countersink, or a
squarc centre, made the same angle as the lathe centres,
usually 60" for ordinary work. The stecl is now rcady
for turning.

Work is drilled up to preserve its centre, in casc it
should require turning or truing at a later period, and
to protect the points of the lathe centres from damage.

T.usson VI
THHAND-TURNING TOOLS.,

I'1G5. 6 to 20 illustrate the hand tools ordinarily used
for turning stecl, wrought-iron, and cast-iron. These arc
usually made from square tool steel of from } to § inch
side, forged, filed, or ground to shape and hardened and
tempered  to a dark straw colour, the opposite end
being pointed for driving into a wooden handle.

IFigs. 6 and 7 illustrate the graver, a.tool gencrally
used for roughing out work.® The point is somctimes
ground off as at A to increase the strength of the cutting
edge.

Iigs. 8 and g.—The round-nosc tool for roughing out
and forming hollows in the work.

Figs. toand 11.—The side-tool, used for facing collars,
shoulders, and ends.  Made from a worn triangular file.

Figs. 12 and 13.—The parting-tool, used for dividing
work \vlnlc revolving in the lathe.

Figs. 14 and 15—The outside scrc“mg-tool chaser,
or comb-acnm tool, used for making external screw-
threads.
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Figs. 16 and 17.—The inside screwing-tool, used for.
making internal screw-threads.

These screwing tools dre made by pressing a steel
Fig.G. Fig.7. Fig.0. Fig.0. Fig.10. Fig.il.

Fig.10. Fig.10.
TR
O
A. Angle £rr Cast Iron nnd Prase.
. » reWrought ,, o Stewl.
L~ C. . Clearsnce. ”

blank, previously forged, anncaled, and filed to shape,
against a *“‘hob” or master-tap whilst it revolves in the
lathe, lubricating both with oil.

The tempered hob gradually cuts a scries of parallel
‘grooves in the soft blank, the exact counterpart of the
tlireads upon the hob. When a full thread is attained,
the screwing-tool should be “ backed ” for clcarance,.atd

B2 :



20 FORTY LESSONY
tempered, and may then be used to cut screws of a
similar pitch to the thrcad upon the hob.

Inside screwing-tools are first grooved with the hob,
and bent to shape before tempering.

Chasers of coarse pitch should be roughed out ap-
proximately to the pitch of the screw with a triangular file
to preserve as much as possible the threads upon the hob.,

Figs. 18 and 19.—The scraper used for polishing cast
iron and other mctals while revolving in the lathe. It is
usually made of a worn flat file, forged thin at the end
and ground slightly rounding (shown exaggcratc/d), and
oilstoned to 9o*. T

It should be used resting upon a picce of leather,
placed upon the hand-rest to prevent chattering, and so
as to scrape a polish upon the work rather than cut one.

IYig. 20 is a diagram showing the cutting angles for
wrought-iron and steel, cast-iron and brass, and the
mcthod of applying the same so as to leave the cutting-
cdge as strong as possible.

I.essoNx VIII.
TURNING.

TAKE a picce of iron 1} inch in diamcter and 4 inches
long, square the ends, centre, drill up and countersink as
in‘Lesson VI Turn to dimensions shown in Figs. 21
and 22, Place a carricr upon the head A, and adjust the
work between the lathe centres, so as to move frecly with-
out cnd play, and with the driving tail of the carrier
against the driver of the driving chuck. Adjust the hand-
rest about ] inch below the level of the lathe centre, and
about } inch away from the work.

' Scet the lathe in motion, and taking a graver, hold the
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handle in the right hand and grasp thc middle of the
length of the graver in the left hand.

Placc the graver on the hand-rest point downwards
and to the right, as shown in TFig. 24, and advance
it slowly about {% inch into the work; then give the

L
e

i 5 :
f I ¢ Rounded ' 5
— ,-.__.__._:;E__.,._A__. e e — .
l A | B
{chamter Elevation. Elevation.
Fig.2l. Fig.22.

Elevation.
Fig.24.

Elevation.
Fig.23.

Hand Lot

graver a twisting motion towards the left with the right
and left hands until the point of the graver reaches the
top. Then turn the point down as before, and com-
mencing where the last twist left off inake another ; and
so on along the work to the length desired.  Should any
lumps be met with on the work, not truc, hold the graver
firm on the rest and let them cut themselves level with
the other portion of work against the graver, advancing
the graver slowly into them cach time they come round.
Commence again at the point and take another cut along:
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the work, by stages as before, lubricating the graver with
a little soap and water. Be careful to avoid the forma-
tion of hollows, and to kecp the point of the work at B
smaller than the other portions, until nearly of the
desired diameter. Then make it parallel throughout its
length, by testing with the outsidc callipers, sctting them
so that they just “fcel” the smaller portion, but not
tightly. Then square-up_the head with the graver or
side-tool, takifig care to leave a slight round in the
corner, as at A, Fig. 21, and not undercut and hollowed,
as shown exaggerated in Tig. 23.

Put the carricr on the point B (Fig. 21), and turn the
head to dimensions, and chamfer as shown in Fig. 21.

Run the lathe at a fast speed, oil the back centre and
with a 6-inch dcad-smooth hand-fite, holding the handle
in the right hand and the point of the file with the two
first fingers and thumb of the left hand, press the file
gently upon the work, pushing it forward with a slow
stroke, taking carc that the lathe revolves several times
during its progress.

Avoid using the file much, as if thec work has becen
well done two or threc strokes will be quite sufficient.

Place the carrier upon the end 4, and file the smaller
diamcter in a similar manner, testing with the outside
callipers to scc that it is kept parallel, and polish with a
picce of emery-cloth stretched tightly on a flat stick and
some oil.

LESSON IX.
FILING CYLINDRICAL WORK SQUAREL.

TAKE a picce of steel that has been turned and place
Hetween the lathe-centres with a carricr upon the end.



IN ENGINEERING WORKSHOP PRACTICE. 23

Sct the division-peg in No. 1 hole of the division-
plate, and with a scriber or sharp tool bolted in the slide-
rest, scribe a horizontal line along the steel.

Take out the division-peg, and supposing the division
plate is divided into 100 parts, move the headstock round
until the division-peg drops into the 25 hole ; then scribe
another horizontal line upon the stcel. Move round the
headstock to the 50 and 75 holes respectively and scribe

lines, marking the steel as shown in Fig 25. Remove
the steel from the lathe 'nd place in a vice, and scribe
upon cach end a square (the 4 lines alrcady scribed

serving to indicate the corners), dot-punch the squarcs
with fine dots, which will cut out when the work is
completed.

Place the work in a vice and_ file away the metal down
to the lines, at first with rough and then with smooth files,
doing the oppositc sides first. Test the work with g
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straight-edgc and square, as in Figs. 27 and 28, and make
the opposite sides parallel to one another, testing with the
outside callipers, as shown in Fig. 26 ; and at right angles
with the other sides, testing them with the back square,
as in Fig. 28,

When all is corrected, finish by smoothing and
polishing.

LessoN X.
CENTRE-PUNCH.

TAKE a bar of } inch diamcter stcel, and cut off a

piece 3% inches long, by placing it flat on a bench block,

and nicking it all round with a hammer and chisel

3% inches from onc end. Place the nicked portion over
a hollow in a bench-block, and by giving it a sharp blow
with a hammer upon the nicking, it will break off.

Anneal the piece as described in Lesson I1I., and
squarc and centre the ends.  This may be accomplished
by trial or by using a pair of dividers, having onc
of its legs bent rounding,-the cnds of the steel being
chalked, and four lines scribed upon cach, as shown in
Fig. 31.

To do this, set the point of the dividers a little out of
the supposed centrc, and using the rounded leg of the
dividers as a guide, describe the four curved lines with

" the point, as shown in Fig. 31. The spacc cnclosed by
these lines will indicate the centre required; which
should be lightly marked with a dot-punch, and taken
to a lathe and tested, as described in Lesson VI. Be
careful not to make the centre too large at first, and to

._keep the centre-punch upright in linc with the centre
“of the steel.
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When centred correctly, place a carricr on one end
and turn to dimensions shown in Fig. 29, and smooth

i 1\ il e j I
:;‘ ._'$__._._5§' £ TR —ge—— %
—=doo N, 1| DS I 1
S 1  gu v =
< AV 5 1 i an
% Elevation. n b
Fig.29.
1 ]
J Scribe -
K \ ines " |
@) Centre\—" e "7 T—
i , i
Elevation. . Elevation.
Fig.30. Fig.3l.

and polish. Then set the punch to run true in a univer-
sal chuck, and turn off the centred cnds, making the
centre point to the same angle as the lathe centres.
This in Whitworth lathes is 55° usually 60° and for
hcavy work 45° ) _

The central portion may be left round, or scribed and
made hexagonal, octagonal, or square, according to taste.
When finished, the centre point should be hardened and
tempered to a brown straw colour.

LessonNn XI.
DRILLS.
THE varieties of drills most commonly used are shown
from Fig. 32 to Fig. 45.

Figs. 32 and 33 are that form of drill used in the bow
or fiddle drill stock ; it is very useful for drilling small
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i
Fig.43. (Al
holes, and holes in positions where a machine cannot
be used,
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Figs. 34 and 35 are the ordinary flat drill, used in the
lathe, drilling machine, ratchet, and hand braccs.

Fig. 36 is a “twist drill,” used in the lathe or drilling
machinc.

Figs. 37 and 38 are the “ pin drill,” or “ pin cutter,” in
using which a small holc is drilled first in the work to fit
the pin, forming a guide for a larger hole; uscd in
the drilling machine and ratchet brace; and useful
for rccessing holes to let the heads of bolts, ctc., in flush
with the surface.

Figs. 39 and 40 are the “keyway,” or “flat drill,”
used in the lathe, drilling machine, and hand braces, for
making the holes for keys and feather ways in shafts,

and for rccessing work, when a pin drill cannot be used.::
.. Figs. 41 and 42 arc the “ half-round,” or “D” bit, used
" in the lathe, the end of the hole being first tr_ucd with a
boring. tool, to form a true start for the bit which makes
a round, straight, and pmallcl hole, and has the great
advantagce of not decreasing in size by grinding.

Figs. 43, 44, and 45 give thc usual propor txons
of a flat drill. They should be turned to the correct
angles, and parallel for some distance back as shown, so
that they may be ground scveral times without decreas--
ing their diameter. The cutting edges should be filed or
ground, so as to be of equal length and inclination, other-
wise one edge will do all the cutting ; or the hole will be
drilled clliptical. The parallel portion should be ea;gg'
off or “backed” to a clearance_angle of about 3° as
shown in Fig. 45, to prevent hcatmg The point having
but little cutting action, has to be forced into the work ;
and should not be wider than experience and the ma-
terial to be drilled determine. Flat drills should be
tempered to a light straw—eelour, and twist drills to a~
dark yellow colour, and used with a lubricarit of oil or
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soap !nd water f(# steel and wrought-iron, and without
lubricant for cast-iron and brass, or if the cast-iron is very
hard, a drill hardened “ rlght out,” and lubricated with
turpentine is uscful. A o

Twist drills should only be wd in specially pre-
pared apparatus.

The usual spced of-dritting steel is 12 feet per minute
at circumference of drill ; cast-iron, 18 fect; wrought-iron,
24 fect; and brass; 25 fect.

_ A useful gauge for the angles of drills is shown in
Fig. 50, the divisions serving to adjust thc length of the
cutting cdges.

LEssoN XII.
DRILLING.

. "
For drilling a ?olc, the centrc should be marked
lightly with a dot-punch, and taking a pair of dividers,
set them to a little less than
- the half diameter of the
finished hole A. Then scribe
a circle B (Fig. 46) from the
centre, and dot-punch the
circle, with finc dots, C, so
that the dots will cut out
when the hole is drilled.
Make the centre larger
with a cemtre=punich, and
commence to drill. If the
hole is running out from the
centre of the cnrcle, as shown at D (Fig. 46), take a round-
‘nosed chisel and cut'a grgave from the edge to the
centre as shown at E; this will draw the centre of the

\ (\’ Fig.46.
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drill towards the groove and cause it to cut that way,
and must be repeated until the drill ryns central with the
dot-punched circle. .

This process is known as “ cEn;mnf,z.afhelvc,” and must
be accomplished before the drill has cut its full diameter
into the work.

LEesson XIII.
FILING HEXAGQNAL HEAD.

TAKE a blank similar to that turned and scr/c\t"cd in
Lessons VIII. and XXVI., and divide the head into six
equal parts with the dlvnsxon plate, and at each division
scribe a horizontal line, as "described in Lesson IX.
Remove the blank from the lathe, and join the lines as

e e e —

Fig".41. Elovations. Fig4s. . °

. gl

,] (‘. \"'j
ﬁown at 1, 2, 3, ctc,, Fig. 47, with a brass or stgel scriber,

ribing two hexagons upon the head, one at each eid.
Place the screw in a vice, between a pair of lead
clamps, so as not to injure the screw-thread, and file
away thc metal to the hexagon scribed lines, taking
care to make the faces squate with the bead. Do the
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_opposite sides of the hexagon first,/as A and B, and
make them parallel, testing with a pair of callipers, and *
make the angles to fit the nut gauge correctly. When
correct, file smooth and polish, and place the bolt in the
lathe and chamfer the head, as shown in IFig 48.

LussoN XIV.
> NUT AND DRILL GAUGE.

TAKE two picces of sheet steel, one 31 inches by 2}
inches, by % inch thick; and one 2% inches by 1} inch,
by 4y inch thick, and mark out carcfully to shapes shown
in Figs. 49 and 50 with a shasp.scriber.  With a hand
chisel and hammer, cut out roughly to shape, and filc up
the cdges and angles with rough—files. Smooth and
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Fig.49.

- &
finish the angles, taking carc to make them exact and
correctly pointed; for which purposc a flat-back, half-
xgund, dcad-smooth file may be used, or the angle point
cut in with a l‘ne back . saw, as shown at A, Fig. 49.
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Hold dgwn the gauge on the clardp plate, as showr”*
in Fig. 51/ and smooth-file the sides; after which the
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Elevation.
Fig.60.
filg should be chalked, to prevent its tecth from pen. tra-
ting the work too decply, and the work draw-filed, by
holding the file in the positiog’
shown in Fig. 51, and drawing
the file forwards and backwards
in a parallel manner upon the
work, as indicated by the arrows.
- When very smooth and free from
" deep scratches on both sides,
takc a piece of No. I cmery-
. cloth and wrap round the file,
or polishing-stick, and use in
a similar manner to draw-filing,
finishing the polishing with finer
emery-cloth. A little oil used .
with the emery-cloth while polishing gives a better and

more durable polish.
Draw-file the angles very carcfully, and finish with
one or two rubs with the finer emery-cloth.
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Draw-filing should not be resorted to for accurate
work ; the smoothness of which should be accomplished
by using files gradually fincr in cut, and in onc dircction
only, namecly, from point to tail.

LessoN NV.
FORGING CIHISEL:

TAKE a rod of steel & inch diameter (if octagonal is not
Yobtainable) and heat to a blood-red, and make octagonal,
by using the hand hammer and flatter, for about
6 inches in length.  Then draw down the cutting

< Fig.52.

portion, as in Iig. 52, using the flatter on cach wide and
narrow side alternately ; so as to hammer the steel well
together at the cutting cdge, and to the dimensions
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shown in Fig. 52. Then cut off the chisel from the bar
with a hot chiscl, and holding it in a pair of hollow tongs,
forge the head portion as shown. Then reverse the
chisel in the tongs, and heat the thin end for about 2
inches up, to a blood-red colour; then dip the point
vertically into cold water to a depth of about 1 inch,
and move about at that level to thoroughly cool the
point. Take out and rub the cooled end with a piece of
grit-stonc until bright, then watch the colour appear, and
run down towards the point, until it becomes of a brown
yellow colour, when it should be dipped vertically and
entirely into cold water, and cooled quickly.

LEssoNn XVI.
FORGING IHAMMER IIEAD.

Taxke a picce of 17 inch diameter round steel, and heat
in a forge to a dull-red heat, taking carc not to exceed
this hecat, or the steel may be burnt, and become useless.
Take a round taper mandrel, about 7 inch mecan
diameter, and punch a hole through the centre of the
steel, and 2} inches from the end.  Enlarge the hole by
punching, and usc an oval tapering mandrel until the
Lole becomes as shown by dotted lines in Ifigs. 53 and 5.4.
Then flatten the two sides, while the mandrel is in,
parallcl with the length of the oval hole; and with a
“fuller draw down cach side of the hole, to form facets,
A, B,etc. (Figs. 53 and 54).  Knock out'the mandrel and
forge the ball-panc end; taking carc to hammer thc
stu.l well up together. g
Grasp the ball-panc end in a pair of hollow tongs
and hcat the portion that will form the face end; and
C
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with a “hot” or shaft chisel cut off the hecad about
1 inch longer than the dimensions given ; and hammer

UL

. J
Elevations.

the face end well together, to make the steel more dense.
If the head is to be branded, it should be done with the
mandrel in place, taking care to hold the brand level
Anncal the head thoroughly by heating it to a blood-red
heat, and placing in a box containing sufficient lime to
cover the head, and allow it to-cool slowly.

e

I.ussoNn XVIL
SPANNER.

TAKE a picce of steel 2 by 3 inch, and about 2 feet long,
jump up the end, A (Fig. 55), to 24 inches diam., and } inch
thick, and draw down the handle portion, B, to the angle
shown, allowing a full sixteenth all round for finishing,
and anncal carefuily. Centre the blank in linc with the
handle, and turn samec to dimensions given in [igs. 55,
56 and 357. . .

File the sides and jaw end, A, roughly to shape, and
line out jaws to angle and shape shown. Drill out jaw
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with one or more drills, and clear out space between drill
holes with a haad-chiscl and files.  Drilland countersink -
a l-inch clearing hole at ¢, Iigs. 55 and 57.  Smooth

Elevation.

Fig.55. Elovhtion.
Fig.56.
” _‘I
e -
. — T
\ Plan.
i Fig.57.

filc all over, and make the jaws carcfully parallel one to
another, and at right angles to the handle portion, and
polish all over. The jaws may be tempered slightly.
The jaws arc usually two hundredths (o2) wider than the
flats of the nuts, and if made to the angle .shown ‘will

. turn nuts in less spacc than a straight spanner. I
CTABLE OF WIHITWORTIINUTS, (Uawin's “MacniNe DESIGN.”)
Iam. oF Bowrr, Wiprn over Frars, Heigur or BOLTHEADS.
Inch, Decimals.  Approx. Decimals, Approx,
Inch. Inch.
. '338 il e 1093 o
s ‘348 i e 1640 o
' '525 W 2187 kT
i 00t A e 2734 .
: 799 ai "3281 it
_', 919 "; ‘,;' .. '4 ;73 'lTu‘
& 1'10 1y *54068 an
¥ 130 154 "65C2 E33
z 1°47 134 7656 3
I 1°67 138 . 875 %

Thickness of nut = diam. of bolt.

(@]
[N
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1.EssoN XVIIIL
TO MAKE A PAIR OF QUTSIDIE CALLIPERS.

TAKE a piece of sheet steel 42 by % by 3 inch thick, and
mark on one side with a brass scriber as shown in IFig. 61.

Turned Washers. I
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Fig.568. Elevation.
Sy Fig.59.
3 4 ¢
! e .
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Elcvr‘Ltion.
Fig.GO.

Drill two holes at A A L inch diameter,and then cut them
<ut to the scribed lines with a hammer and hand-chisel.
Flatten and place them with the scribed lincs on the
. outsides and rivet them together by a rivet passing

through the drilled holes.  File up the edges roughly to
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the scnb__d_ lines, and heat the mlhpus to a blood-red
heat ; and bend them over an anvil beak or round bar
to shape shown in Fig. 38, and file up the edges to get
both alike. .
Then cut out the ry,gt and forge cach point a htth.
wider than the thickness of the stecl, as at B, Fig. 50.

~t
Elevation.
Fig.G2.
- (7
Elevalion.
2 Fig.63.
Elevation.
- Fig.6l.

Take a bar block and fix it in the vice, clamp the
calhpcrs down as shown in Fig. 62, and file them on botH
sides, taking cspecial care to keep the part ¢, where the

- washers come, perfectly flat and parallel.  Usce a rough
file at first, then a smooth one, afterwards chalking. the
smooth filc to prevent “ pinning,” i.e., small picces of metal
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clogg )n(r the file teeth, whlch may be removed by using
a filg’card or brush,a brass scriber, or a picce of flat brass
hammered to a thin edge.

When filed smooth all over (Icaving the curve of the
larger ends and points to be finished later); finish the
polishing by using coarse emery-cloth at first and fine
afterwards and a little oil.

Take a picce of flat steel, similar to that usced before,
mark out and drill two !-inch diameter holes,and cut out to
form the washers, as shown in I'ig. 63.  Drive them on a
mandrel, and turn and face cach on both sides, keeping
them perfectly flat and parallel ; and chamfer as shown,

Place the legs together with the washers in their
finished position, and with a slightly tll)Cf rimer and a
little oil, rae-sut the holes, lcaving a gradually tapum(r
hole all tlnounh the four thicknesses of metal.

Take a picce of 1 inch diameter steel, anncal centre,
and turn taper to-form a rivet, fitting the taper hole.

“all through, making it about % inch longer than thg
hole.  Take apart, and countersink the washers slightly
on the outside, and, after wiping all quite clean; put
them togcther with a little oil upon the wearing surfaces
and rivet up gradually, taking care to spread the rivet
cqually so as to fill the countessink, and so that the
callipers will open and close with the pressure of the
hand. Ease off the projecting rivet, and file the large
ends carcfully down to the washers, and polish. With carc,
50 as not to bruise the legs, set cach of them with a
mallet one half their thickness in opposite directions, as
shown in Fig. 6o, so as to make the points linc with one
another when closed.  File the points rounding, as
shown, and parallel to onc another, and polish.

The points arc somctimes hardencd slightly to pre-

vent wear.
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L1ssoN XIX. S
TRY OR BACK SQUARIES.

Tine square being forged roughly to the shape shown in
Fig. 64, and anncaled, should be filed with a rough file
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on the face A 1; making it at right angles to the length’
* of the blade.  Then E F filed at right angles to A B, and
G 11 and ¢ D made roughly parallel to £ ¥ and A B re- -
spectively, The sides should then be filed up square with
the face, and the blade reduced to an cqual thickness all
through, and the cnds squared..

WHen all is roughed out, it should be smooth-filed,
and made morc accuratcly square. Then €D and A B
are filed and made accurately parallel with one another,
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also B ¥ and G 11, taking care to maI\(. them at right
angles to A B and ¢ D.

This may be tested by pldcmor the squalc on a lining-
out plate, in the manner shown in Ifig. 67, and scribing
the line A A upon its surface, then turn the square éver
into the position shown by the dotted lines, and scc if the
cdge 1 I exactly coincides with the scribed line A A, If
not, the squarc must be corrected, until the edge k¥ falls
upon the line A A, when placed in cither of the two posi-
tions. When corrected, the square should be polished.
Any stamping or figuring upon the squarc should be
done before it is smooth-filed or finally adjusted. :

Another method of making a square is to make the
stock and bladc of one picce of steel, and to strengthen
the thin stock by riveting a piece of steel on cach side,
with flush countersunk rivets as shown in Fig. 65.

Another mcthod is to make the blade scparate from
the stock, as shown in Fig. 66, in which case a slot is cut
with a saw, in the stock, and the blade fitted in tightly.
It is then sct square, and two rivet holes drilled through
stock and blade while in position, and fitted with two
steel rivets, and countersunk riveted over, so as to fill the
holes well, and be flush, and not to show when finished.

These squares may be made of various materials, and
should he finally adjusted after riveting, in a similar
manncr to the solid square first described.
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LLESSON XX
SURTACING.

Tk work having been previously prepared by chipping

. and filing, or other methods, should be smooth-filed until”

perfectly flat, as tested with the straight-cdge. It should
be wiped clean, and placed carcfully upon a surface-
plate, the face of which has been smeared over with a

. very thin coating of “reddle,” a mixture composed of

red lead and oil.
By giving the work a slight circular motion while
resting upon the surface-plate, the high parts which come

in contact with the surfacc-plate wxll bccome 1<_ddu‘d,

" ‘

Uik

Elevations.

Cnrm.rn I-‘uumlclf . Fig.68.
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and should be cased off at first by filing with a dead-
smooth filc, and when more correct, by scraping ; taking

carc to remove only a very small quantity of material at

cach scrape, until the work shows the surface-plate to
touch in very small patches, close together, all over the
surface of the work.

The work and the surface-plate should be frequently
wiped clean, and tried again and again, and the burnished
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or bright patches scraped, until the work has attained
sufficient accuracy.

The scrapers gencrally used are shown in Figs. 68
and 69. Iiig. 68 is forged and filed to shape, so as to
cut at A only, and hardened and tempered to a straw-
yellow colour. Fig. Gg is usually made from a worn
triangular file, ground to shape, both being finished upon
a hard oil-stonc.

LessoN XXI.
STRAIGHT-EDGES

TAKE three picces of steel, 12 inches long, 1} inch
wide, and 4% inch thick, anncal them, and drill a } inch
hole through the ends.
File or grind up the sides, and pass bolts through the
holes at the ends, forming the three picces into onc bar,
Jand file or planc up the backs to shape shown in Fig. 70.
?
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Accurately plane or file up the edges a.

Unbolt and number the bars 1, 2, and 3, and then
compare 1 and 2 together, edge to edge, and if they
do not exactly coincide, case No. 2 to fit No. 1. Then
compare No. 3 with No. 2; casing No. 2 to fit No. 3.
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Then compare No. 3 with No. 1; easing No. 1 to fit
No. 3. Then compare No. 1 with No. 2, and so on
repeating the alternatc comparisons until they all co-
incide onc with another, and form true straight-cdges.
Use a smooth file until approximately correct, and
then a scraper to finish with, “reddling” the test
onc on the edge to indicate the high places of the
edge tested.

It is neccessary to have three bars, as two may agrec
when tried together, and yct be hollow or round ; turning
end for end is of no usc, as if the curvature is cqual they
will agree.

Always be carcful to finish the sides and back,
cspecially of a cast-iron straight-cdge, before attempting
to finally corrcct the edge.

I.rssoN X XIIL
TO TURN A HAMMER HEAD.

TAKE a picce of steel 1} inch diameter, and 33 inches
long, and anneal it.
Square the ends and centre, as in Lesson VI. or X.
.Place a carricr upon one end, and turn to dimensions
shown in Figs. 71 and 73. .
Then mark out thé position for the shaft-hole, and
* shape of side, with scribe lines, as shown in Figs. 71, 72,
and 73, and cut out the hole by drilling.
Place the head in a vice, and file or plane away the
vmetal at the sides A A, and clear out the hole by filing ;
making its section as shown in Figs. 71, 72, and 73, and
file off the ends.
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Make' the circular-face perfectly flat, and the ball-
panc rounding, as shown.

It should be branded carcfully, and hardencd at both
bal]-panc and circular-face, to a dark yellow colour.

‘LLessoN XXIIIL.
LATHE CARRIER.

TAKE a piecc of round iron 1} inch diameter, and cut
off 4 inches long, squarc ends, centre, drill up, and
countersink as in Lesson VI.  Turn to shape and dimen-
sions shown in Figs. 74 and 76 ; line out with scribe lines
as shown, and cut the metal A A away by ch_gpmg and
filing, or planing.. "~ s

Line out the hole, as shown in Fig. 74, and cut out
the metal by drilling holes, as shown; cut through the
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metal between the drilled holes with a crogic‘gjt_._chlsel
from cach side, taking carc not to bruise thc por-
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tions previously turned during this operation. Finish-

the hole by filing to dimensions, and easc away metal
Aat B. )
Drill the hole for the screw with a % inch tapping=.
drill (} inch diameter), and tap same with taper, second,

and plug taps.

igpan
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Then smooth-filc all over, the turned portions being
done in the lathe, and polish.

Take a piece of } inch diameter round steel and cut
off to 2} inches long, square ends, centrc and turn to
dimensions shown in Fig. 75. Drill a } inch hole
through the centre of the head, taking care to keep it at
right angles to the axis of the stecl, and slightly counter-
sink same. Place a carrier upon the head, and chase the
thread as descrjbed in Lesson XX V1., or screw it with the
stocks and diefas in Lesson XXV, taking care to make
it a good working fit and without shake. “Easc away the
thread at the point as shown, and harden same shghtly
to prevent its spreading with use.

LEssoN XXIV.
PLUMB-BOB.

TAKE a picce of iron 2 inches diameter and about
4 inches long, square the ends, centre, and drill up onc
end with a 3-inch tapping.drill to depth shown in Fig. 78,°
and tap same.

Countersink hole slightly, and turn to shape and
dimensions shown in Fig. 77, and polish.

Grasp the ball of the bob in a universal or bcvhuck
and turn pomt to shapc and polish. —

Take a picce of iron 1 inch diameter and 1 inch
long, and centre and drill same right through with a

inch diameter clearing holc, and countersink as shown
in Fig. 78.

Tusa the end § inch diameter, and screw same with a
chaser to fit well the tapped hole in the ball.
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Screw cap piece into a § inch screw=chuck, and turn
to dimensions shown, milling the top bead as shown, and},,
polish, screwing the cap into the bob.

~
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The plumb-bob. may be made entirely of steel, iron,
brass, or gun-metal, or a combination of cither metals
according to tastc, and the point, usually made of
steel and screwed into bob, as shown in Fig. 79, may
be hardened to prevent its being injured.
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L.EssoN XXV.
SCR\EW-CU'I‘__]_‘_I_NG WITH STOCKS AND DIES.

For making an external-thread with the stocks and
dics, the blank to be screwed should be turned or filed
round to the diameter at the top of the finished thread,
to remove all scale or.skin that would injurc the dies ;
-and be placed in a vice cither horizontally or vertically,
the latter preferably.

A little oil should be placed upon dics and blanrk,
and the dies opened to drop over the blank for about
two-thirds of their depth ; taking care to place them
square upon the blank. Then screw up the adjusting
screw of the dics, so as to force the tecth of the dies
slightly into the blank. Then move the stocks round
upon the blank, by pressing on the handles horizontally
in opposite directions, and with a slight downward
pressure, turning the stocks in the direction of the screw
to be cut, namely, right or left hand, as far as it is
desired to screw the blank.

Then run them back in the reverse direction to the
top, oil the dies, and tighten the adjusting screw, and
work down as before.

Slack the adjusting screw and run the dics back,
taking them off and cleansing the tecth from the cuttings ;
then oil again and adjust upon the blank, and work up
and down until a full thread is obtained, and the screw
is of the desired size.  Be careful to screw the blank
parallel, and tighten the adjusting screw at the top or
start of the thread only.
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LrssoN XXVI.

SCREW-CUTTING WITH HAND TOOLS
IN THE LATHE.

TAKE a blank turncd to a diameter a little larger than
the top of the thread to be cut, and fix a carrier upon the
head and adjust between the lathe centres, clamp the
hir_l_cwst, the top of which should be smooth and flat,
about ! inch away from the work ; and to such a height
that the top of the chasér may be level with the lathe
centre when in usc.

Set the lathe in motion, and with a sharp-pointed
graver, resting point down on the hand-rest and held as in
Lesson VIIL.  Give the graver a sharp twist, so as to turn
upon the blank a turn or so of a spiral—somewhat ap-
proximating to the pitch of the screw thread to be chased.
Then take a chaser or screw-tool of the required pitch,
and oiling the chaser and top of hand-rest, press the
chaser down upon the rest and into the spiral cut by the
graver, and allow it to travel along, increasing the length
of the spiral by short stages, by commencing at the
point and allowing it to travel onec or two turns farther
along at cach cut.

When the thread is started truly all along the blank,
press the chaser harder into cut, taking cut after cut
until a full thrcad is obtained, being careful to hold the
chaser at right angles to the work ; and to advance the
spiral gradually, and not by fits and starts, in order tp
avoid “drunken threads.”.
~ Somctimes the spiral is started upon e p@nk by
mcans of the stocks and dics, but after a little practice
the above method with the graver is preferable.
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Threads upon brass and similar metals are started
with the chaser dircct, and being upon softer materials
can be morc casily kept true and uniform.

LessoN XXVII.
SLIDE REST TOOLS

F168. 8o to 04 illustrate a simple set of slide-rest turning
tools.

TFig. 8o.—A front roughing or point tool, uscc} for
roughing out work.

IFigs. 81 and 82.—Right and left hand roughing or
side too].s,for roughing outcorners and rpughsurfacing cuts.
{ Tigs. 83, 84, and 85.5-Right and lecft-hand knife
tals, used for squaring. La'-lzus and cnds of sl}afts “and

hr finishing sur(aging cuts, . b—f N ’;}., R
{ Vigs. 86 and 87.—Parting tou\“’ uded for dividing
picces of metal while revolving in the lathe. 7

Figs. 88 and 89.—Boring tool\. The round one for
mu"hm«r out holes and rccus;\hc othcl for smoothm"
Qs ¢ i t.o - ’/

lx«fa go and 9l. -——Scnu\mﬂr tool (outsndc) for R 11
veg threads; the rake of which is dctcrmmcd by the
pitch of the screw to o be cut, Co

Figs. 92 and 93.—Screwing tool (insidc) for L H vee
threads.

Iig. 94 —Diagram of the cutting angles for steel,
wrought-iron, cast-iron, and brass.

The above tools should be forged to shape, at a blood-
red heat, taking care to hammer the cutting edges well
together, to consolidate them as much as possible. They
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should be annealed,and greund orfiled to shape andangles,
and hardened and tempered to a straw- )6.110\\' colour.

L S A S P’ o s
Fug 80. ‘< Fig.al Fig.02. Flg aa an 84.
3k
)
/5 .
253 a -~
3 FLp
AT Fig.85.
e __ ,: —1-
‘ 3’ i oSz
Figloo. ¥
ek
Fig.ot
,«fr, of Rake
/ a( Toold,

A. Angle for Cast iron ):-
and Brass.

B. Angle for Wrought -
iron and Steel.

C. Clearance Angle. .

5y
, The cu;___gg angle found most uscful is Go® for steel
and w rought-iron, and go® for brass and ca_s‘t_-ngn The
angle for finishing is usually about ¢o°; all cutting
edges should have a c]cqmgc_anglg of 3 and should
be ojlstoped after tempering. <> ) o
(Spring tools are not dcscnbed, as they fail to pro-
uce accurate work. For finishing cuts, a wide parting
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tool, ground slightly rounding on its cQg/e, and oilstoned
to about 85° uscd with a light scraping.cut, well lubriz
cated, and slow feed, will be found useful.

The point of the tools should be fixed level with the
point of the lathe centres, so astocut tangential tothe work.

If it is necessary to “pack” the tool to this level, it
should be done with parallel strips of metal, so as to
. retain the correct cutting .angle. S

The tools described above are thosc ordm.mly used,
but small picces of steel, having cutting cdges similar to
those described above, arc now largely used ; and when
fixed in rigid holders, arc uscful and cconomical.

- ]

LEssoN XXVIIL.
CHANGE -WHEELS FOR SCREW-CUTTING.

WIHITWORTH lathes are usually supplied with change
wheels advancing by 5 teeth from 20 tecth to 140, and
by 10 from 100 to 1490, MR onc extra wheel of 40 tecth,

Simple Train, o Compound Train.

< Wheel on stud —- -
R Driven wheel.-... ...

.
N )
\ (.ll.\’rlin‘ Scro )
\\“l
BRNE7ew .'

Elevation. ,‘\, i
Fig.06. [ . AR LY




IN E NG]NFI‘I‘I’\'(' li’OPI\’SlIOI’ I’I'A C7 ILE 53

These wheels are used for screw-cutting, and are placed
upon the lathe, as in Fig. 95 or 90.

The pitch of a screw is the distance between the
centres of the threads in onc revolution, and is usually
expressed as so many threads (or pitches) per inch.

Rule 1.—For finding change wheels :—  ——---
Number of threads per inch in leading
screw

Number of threads pcr inch in screw

_— [ and add cyphers,
to be cut

or multiply by any convenient number.
Lxample—Required to cut 6 threads per inch ; lead-

ing screw 4 threads per inch :—

Threads per inch in leading screw = 4 (numerator)

» screw to be cut = 6 (denomibator)

» ”»

. 40 _ driving .
adding cyphers % — driven " l}gc]s required.
Ondx 3220, o4, 10 _ 40
r, £ % s = 300 o 6 X 15 6o

To prove whether any train of wheels is correct, the
number of teeth in driving wheels multiplied together,
and the number of teeth in driven wheels multiplicd
together, must cqual the proportion of the numecrator
. and the denominator.

Rule 2.—For finding the whecls to cut fractional
threads :—Rcduce the compound fraction to a simple
one, and proceed as given above in Rule 1.

Example. —Rcquired to cut 4} threads per inch.

Leading screw 2 threads per inch :—
2xi=_8xl°—._82+2—4_° drlvmgh

44 %x4 19 10 190 2 95  driven
required for simple train, as in Fig. gs.
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Or, 50 10 8oo 20 X 40 _ driving

190 16 T igoo ~ 20 x 95  driven
required for a compound train, as in Fig. 96.

wheels

Proving X40_40 .10 _4 .2
2

these wheels  X95 95 " 10 9f°

2 numerator
" 43 denominator

Rule 3.—For finding the whecls to cut screws of
decimal pitch.

Write the given decimal as a numerator, and
the unit as a denominator, adding as many cyphers
as there are figures in the numerator. Multiply the
numerator by the number of threcads per inch in the
leading screw, and the result equals the proportion of the
driving wheels to the driven wheels.

Fxample.—Required to cut 08 threads per inch.
Leading screw, four threads per inch.

Numecrator 8 x 432 _320 10 _ 3200
Denominator 100 IOO 10 1,000 10 10,000
40 X 8o drivmg

100 x 100~ driven

20 X 8o
Or, )
50 X 100

wheels required.

wheels required.

NoTE.—When the number of thrcads per inch
requircd to be cut can be divided by the number of
threads per inch in the leading screw without remainder,
the clamping_nut under the saddlc will drop into gear
with the leading screw at any position.

CHANGE WIIEELS FOR SCREW-CUTTING.
(MR. ROGERS' RULES.)

RULE 4.—Multiply the number of teeth in the man-
drel wheel by the number of threads per inch in the
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screw to be cut, and divide by the number of threads
per inch in the leading screw.

Example—Required to cut 10 threads per inch,
mandrel wheel 20 tecth. Lcading screw 4 threads per
inch—

20 X 10 200
Then

— =, =50= number of teceth in
wheel to be placed on the end of the leading screw,
and gecared with the mandrel wheel of 20 teeth by an
intermediate-whecel of any number of tecth fixed on the
stud. This train of wheels will cat 10 threads per inch.

Fxample—Required to cut 8 threads per inch,
mandrel wheel 16 teeth, leading screw 4 threads per
inch—

- 16 x 8§ 128
Then ——— = “= 232 .= wheel to be placed on
4 4
leading screw to cut § threads per inch,
Lxample—Required to cut 10 threads per inch with a
compound train (4 wheels). Icading screw 4 per inch,

10 .40 6o driving

Then % x 12 ~ .
10 5 50 120 driven

wheels required,
Here a fraction, '}’ is used to multiply by, of which the
numerator is twice the denominator, and the sccond
driving and driven wheels arc in the inverse proportion,



56

FORTY LESSONS

LESSON

TABLE
VEE
DiaM, or Scriw,

Inch.
1

EEIEI P IR

TIIREADS

FOR

Sz or TArrPING
Hork,
Inch,

XXIX.

OF SCREW THREADS.

BOLTS (WIITWORTIL).

No. or THREADS
PER INCIL
20
16
12
1
10

Fig. 97 illustrates the proportions of the Whitworth
Vee thread—that generally used in the United Kingdom

for screwing bolts and studs. a/

A

\ ! '
—
Fig.o7. L/ e
~ Thread rdunddd ¥; its ‘%cplh top “"‘ui bottom.
2 71N, N T
. LN
YT INT 7T\ At
> / N/ N
- [ \/ Z ; %
. VA \ ,*' EN \(' ¥,
A Finighod dfplh of threads ¥, \ a*jgm d'p(h
\ﬁ N‘\ v Z 'I' 35> ‘\‘ ) y‘jr ~
é ‘ ) .

Square threads, for bolts arc usually half the pitch of

vee threads, and depth of thread = 1§

pitch.
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VEE THREADS FOR WROUGHT-IRON PIPES.

Size or DiaM. AT Tor  Di1AM. AT BoTToM  No. 0 THREADS
BoRE, OF THREAD, or THREAD, PER INCIHL

Inch. Inch, Inch.

M “_‘ 23 28

> a e '17'6‘ e 19

TR O

; i 1 O

1 1), 28 . 14

| g O 1L

1! 12} 11z T

1} v 17 e 1} - 18

2 2} 2.7, 11

RuULE 5.—To find width of screwing tool to cut square
threads—Divide onc inch by the number of threads
per inch in the screw to be cut, and the result divided
by two will equal the width of the tool.

Iixample—Four threads per inch to be cut—

Then )izg: 25 and iS =: *125 inches width of

-

tool, or one-cighth of an inch.

Lxample—Two and a half threads per inch to be
cut—

Then ~,—?~9— ‘4 and - 2 inches width of tool,

RN
|l

or two-tenths of an inch.
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LrssoN XXX.

SCREW-CUTTING WITH SLIDE REST
TOOLS.

Tie blank to be screwed should be turned slightly
larger than the finished diameter at the top of the thread,
and the change-wheels to cut the, desired pitch placed
upon their respective spindles. - - )

Place the screwing tool, which has been previously
sharpened to the correct angle in the tool clamp, so
that it docs not overhang the slide too much and spring;
sct it squarc with the aid of the sCreyw- cutmw gau«rc
and clamp it down firmly. i -y

Bring the saddle back against a stop, or the back
centre, and set the top slide so that the tool is about
} inch from the end of the work, and towards the back
centre.  Sct the tool in by the cross slide, so that it will
just mark the work on the first cut ; and set the indi-

cator on the crossstide, or chalk thc cql-kus to show
how far the tool has been advanced. -

Try the clamping nut on the underside of the saddle,
to sce if it will drop full into gear with the Ic,_mt,‘sa(.w
if not, pull the lathe round until it does. - <. >

Chalk the leading screw and quadm_t platc-brackct
at the top, and also the centre of the large gear-wheel
and hgadssteck. Thesc chalk marks indicate tgllc%l"{"‘awe
positions of work and lcading screw, when the clamping
nut was put into gear.

Commence cutting the screw by oiling or lubricating
the work. Start the lathe, and allow the tool to travel
nearly to the cnd of the desired screw ; stop the lathe
and pull round by hand, until the end of the screw is
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reached ; if a veg_thread is being cut, case the tool out
gradually at the end of the thread, while the lathe is
moving round.
= A practised. screwscutter does not stop the lathe at
the cnd of the screw, but is able to judge the exact
moment to simultancously take the tool out of cut, and
clamping nut out of gear.

'A If a rounded, huftress, or square thread is being cut,
a hole the same width as the space between the threads
should be drilled at the cnd of the thread, to a depth
c?ual to the finished depth of the thread, to form a
cfearance for the tool.  If the work is removed from the
lathe for this purpose, care must be taken to replace it
cxactly in its former position, or the tool will not “take
up” the cut as before, and will require re-setting, and the
chalk marks altering. When the tool has reached the
end of the thread, take the clamping nut out of gear, and
work the saddle back against the stop, or back centre.
Examine the thread on the screw (while in the lathe) to
sce if the pitch is correct.  Then set the tggl again into
cut, judging by the indicator, or chalked collars, how far
to advance it. Then pull the lathe round until the chalk
marks on the gear-wheel and headstock, and leading screw
and hracket correspond. Then drop the clamping nut
into gear, lubricate the work, and proceed to cut the screw
as before ; repeating until a full threcad has been cut.

Vee threads are usually finished by hand, with screw
tools or chasers, which round the threcad top and bottom
to the corrcct radius; but only very little work should
be left for the chaser to do, as it requires great care in
their use to kecp the work parallel.

Square and similar threads are finished with the slide
rest ; the screwing tool being carcfully oilstoned for the
finishing cuts.
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If the number of threads per inch of length in the
screw to be cut will divide by the number of threads per™
inch in the leading screw without remainder, the clamp-
ing nut will drop into full gear at any time, and the
chalking upon the headstock and lcading screw can be
omitted.

LrssoNn XXXI.
SCREW-CUTTER'S GAUGE AND ITS USES.

TAKE a picce of steel 2} inches by 1} inch, and
inch thiek, and mark out to shape andt dimensions shown
at A, I'ig. 99. Cut out roughly to shape with a hand
chiscl, and file to_dimensions.  Drill a § inch hole in the
position shown, and file out the angles accurately
(a good method is to fit a picce of thin mectal accurately
to the drawing, and use as a gauge), keeping them
perpendicular to the opposite side.  The angular points
may be.cut in with a fine saw, as shown at A7 g, 99.
This enables the point of the tool tested to fit well into
the angle. ~

Cut out the bevel portion, B, Fig. 99, drill } inch hole,
and file to shape carcfully.  Drill, cut out, and turn upon
a mandrel the two washers at ¢, Fig. 98, to dimensions
shown. Grasp the washers, bevel and gauge together in
a vice, and carcfully rime out the hole through the four
thieksresses with a slightly taper rimer, and turn and fit a
taper steel pin.  File the whole smooth, and polish, and
flush-rivet together as shown, so that the bevel can be
adjusted with moderate pressure, similar to callipers in
Lesson XVIIL. A good way to connect the bevel with
the gauge is to turn a taper pin with a head similar to
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one of the washers, and make only onc washer, and
rivet them together.

Figs. 101, 102, and 103 show how the gauge is used
to set the screwing tool square with the work——for cut-
ting inside¢ and outsidc threads.

I'ig. 104 shows how threads arc sct out to obtain the
proper rake of screw tool, and Iig. 105 its application to
the tool.

ILissoN XXXIIL
HARDENING.

STEEL is hardened by heating to a blood-red heat in a
velean. fire, free from clinker; and plunging into cold
water or oil, moving the steel about to cool it cqually
all over.  This is known as hardening steel * right out.”

Iron is * casc-hardened ” by polishing its surface and
placing in a covered iron-box filled with small picces of
horn, hoof, bone and leather, and heating the whole to a
red heat, when the box should be plunged into cold
water and coqled quickly.  When the iron is taken out
it will be f()lmdu)oo\Tm/vc a hard skin or coating formed
upon its surface.

Another method of “ casezhardening” iron is to heat
the polished iron in a very clear fire red hot and immersc
it in a box containing sufficient powdcred ycllow
prussiate of potash to cover the surface; and when the
iron assumcs a dull-red heat, to cool it suddenly in
‘water. B
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LrssoN XXXIIL
TEMPERING.

STEEL lathe-tools are usually tempered by heating the
cutting portion to a blood-red hecat for about 3 inches
up, and then cooling about 1} inch of the heated
cutting portion in cold water, and rubbing the faces Of/
. the tool with a picce of ¢rit-stone or emcrx_gloth until’
bright.  The hcat from the uncooled portion will
gradually work up to the point, giving the polished
surfaces various colours: at first grey, then light ycllow,
dark yellow, brown ycllow, decpening to purple and blue.

The light ycllow colour equals a temperature of about
430° Fah,, and i< the temper used for metal turning-
tools, scrapers, and drills ; dark yellow, about 470% Fah,,
for screw-taps and wood-working tools ; brown ycllow,
about soo* Fah, for chipping chisels ; and purple, 530¢,
and blue, 550 IFah,, used for springs.  The above method
is unsatisfactory, as only the point of the tool is of proper
temper, and after scveral grindings the tempering
process has to be repeated.

A better way is to harden the tool “right out,” by
heating to a blood-red heat, and plunging into cold water
or oil to cool ; then polish the faces of the tool bright
with emery-cloth. Hecat a wrought-iron collar red hot,
and holding the tool to be tempered in a pair of tongs,
place it in the centre of the hot collar, turning it round
and round to allow of its becoming cvenly heated all
over, When the desired colour is seen upon the tool,
dip it at once in a vessel containing oil or clean cold
water ; moving it about so as to cool quickly and
evenly.
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LESSON XXXIV.

SQUARE-CENTREING OR RE-CENTREING
WORK THAT HAS ALREADY BEENl
TURNED.

CENTRE the ends of the wo:k approximately with a
centre-punch or scribing block, and having replaced the
back centre with a triangular or squarc onc (one made
with 3 or 4 facets forming cutting cdges), place the
carricr upon onc end of the work, and adjust between the
centres,  Sct the lathe in motion and with an L tool, as

shown in Fig. 106 (or a flat-ended or vee tool fixed in
the slide-rest), and using the hand-rest as a fulcrum, press
the approximately centred rod lightly against the
triangular centre, lubricating both centre and tool with a
little oil, and advance the back centre gradually into the
work. The pressure causes the triangular centre to cut
away the metal in the centre punched hole, until the work
runs truc upon the L tool. It should then be drilled up,
as in Lesson VI, to prevent the lathe centre from bottom-
ing and destroying its point.
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LessoN XXXV,
SPIRIT-LEVEL.

TAKE a picce of wrought-iron 6} inches long by § inch
squarc, and square the ends. Mark out position of hole
A, and drill same right through % inch diameter, as shown
in Figs. 111 and 112, Mark out upper face wjth scribe
lines as shown in Fig. 109, and drill holes, D, at ends of
slots, countersinking same to form bevel. S

Drill three holes } inch diam. between DD to form
slots, and cut out mctal between them with a hammer
and chisel, saw, or file. Rough-file or planc-up the bot-
tom face parallel with the hole A; and make the top face
parallel with the bottom, and the side faces at right angles
and parallel onc with another, and square with the ends.

_ File out the slots to dimensions given, making the
corners square and sharp, and bevel them at the sides
and centre, as shown in_Fig. 109.

Turn two plugs, B ¥, to sizes shown, making them
slightly taper, so that they may be driven home tightly.

Polish the top, ends, sides, and plugs. _

Obtain a glass tube, filled as shown, and fasten to
same with glue or gum a piece of coloured silk, unless '
liquid inside is coloured.

Place the glass in position shown, and wedge it up
with hard wood wedges, so that air space in glass is
central with the slot, and fill in the remaining spaces
With Plaster of Paris rammed lightly in, then put plugs

“in ends, and allow it to set thoroughly.

Adjust the bottom carcfully by filing so that the
space in the tube is exactly central with the centre of the
slot when placed with the bottom in any horizontal
position upon a surface plate.

E
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LESSON XXXVI.
CENTREING SQUARE.
TAKE a piece of steel 1} inch diameter, énd about 6
inches long, and draw down to finch diameter at onc

end, and flatten the other to § inch thick, and 1} inch
wide. Anneal, centre, and turn to dimcnsions shown

e Liovation™
evation
Figna. —~

in Figs. 113 and 114, and linc out the flat faces Aand B,
at equal distances, and parallel with the centre fine, and
. plane or file to the thickness given.

Scribe a line across the centre of the flat faces A and
B, and line out holc_¢C ; drill out same with various-sized
drills, as shown by the dotted lines, Figs. 113 and 114,
and cut out the metal between the holes with a hammer
and- chisel, or saw, and finish same by filing ; making
the hole accurately at right angles to the flat faces,
A and B.

E 2
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Take a picce of steel % inch thick, anncal, cut to
shape, file to sizes given, and polish.

Dirill four } inch clearing holes in the positions shown
in Fig. 113, and casc the burr off with a file, and place
in position over hole ¢ ; taking carc that the edge D of
the steel coincides accurately with the scribed centre line
on A and B, clamp them together in this position, and
with a steel scriber, scribe the holes to be drilled in the
face A of the stock. Unclamp the steel plate and drill
stock with a } inch tapping drill to depth shown, and
tap same to fit well four % inch chegse-head screws.

Adjust the edge D of the stecl plate accuratcly to the
scribed centre line of the hole ¢, and tighten the four
SCrews, .

Drill two § inch holes in the position F, and F, through
the steel plate and into the stock, and drive tightly into
same two well-fitting steady. pins, filing their ends off
flush with the upper side of the steel plate.

The stock may be made of iron, brass, or gun metal,
according to tastc; but the plate should be of steel,
slightly tempcred.

LEssoN XXXVII.
SCRIBING BLOCK.

TAKE a picce of steel § inch diameter and 6} inches
long, anneal, centre and turn to dimensions to form
standard at A, Fig. 115, and polish.

Take a picce of steel 2} inches by § inch thick, centre,
drill, counter-sink, and turn upon a mandrel to the dimen-
sions shown at_B, Figs. 115 and 117, to form base.

Make the slide ¢ from a piece of steel 1} inch by
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1 inch by 2 inches long, centre, turn, screw, and drill
to dimensions shown in Figs. 115 and 116, and tap for
1 inch adjusting-screw D, and drill a § inch clearing
hole to pass over the standard A, a good sliding fit.

Turn and screw the adjusting-screw D to the dimen-
sions given, and mill its head.

Turn, drill, tap, and mill the nut E to dimensions
shown in Figs. 119 and 120.

Drill the picce for the washer ¥, at £, so that the
scriber will just push through a good fit; and drill the
hole at G to clear the screw on the slide c. :

Turn the washer down to the thickness shown in
TFigs. 121 and 122, and polish all when finished.

Take a picce of § inch diameter steel wire, and point
both ends by filing and grinding. Bend one end as
shown in Fig. 118, and harden the points to a brown-
yellow colour.  Rivet the standard into the basc B, and
put the whole together.

The scriber being placed above the screw at G,
enables it to be adjusted to any position on the standard
by the screw D,

LeEssoN XXXVIII.
RATCHET BRACE.

TAKE a picce of iron 1} inch square and 8 inches long,
and hcat one end red hot; jump it up to 1} inch
diameter, and 1% inch thick, to form jaw at A, Figs. 123
and 124.

Draw down the other end to } inch diameter to form
handle B. Square the ends, centre and drill up, and turn
to dimensions shown in Figs. 123 and 124, and polish.
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Line out the end A as shown, and chip and file to
dimensions. A

Line out hole and jaw for ratchet-wheel, and cut out
mctal of same with drills and files, cutters or planing
machine, to dimensions shown in Figs. 123 and 124.

Take a piece of iron 1} inch diameter, and 2} inches
long, square the ends, centre, and drill from ecach end
right through with } inch tapping drill for square thread.

Turn the outside to dimensions shown, to form the
nut ¢, Figs. 131, 132, and 133, and linc out hexagon.
File the hexagon down to the scribed lines. Chuck the
hexagon to run truc in a universal or bell chuck, and
chamber the hole with a boring tool as shown in section,
Fig. 132.

Place the hexagon in a vice, and tap the two ends of
the holc; onc with § inch vec thread bolt taps, and
the other with } inch square thread taps, using tapcr,
second, and plug taps in succession.

Take care not to brcak the squarc thread tap in the
hole, nor screw the vee thread hole with it, and tap the
holes with parallel threads, not smaller at the bottom ends.

Take a piece of iron 1} inch diamcter, 4 inches long,
squarc the ends, centre, drill up and counter-sink, and
drill the end of D, Fig. 135, with a § inch diameter drill,
to a depth of 1} inch. Turn to dimensions and square
out hole as shown, with cross-cut or diamond  point
chisels and files, or a drift, and polish. Screw the other
end in the lathe, as in Lesson XXX. to fit the square
threaded hole previously tapped in ¢, Fig. 132, without
end or side shake.

Fit and recess into D at J, a steel feather % inch
squarc and 4% inch long; drilling the recess with a flat-
bottomed drill, and cutting the metal out between the
holes with a small cross-cut chisel and files.
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Fit the feather to drive tightly into the recess.
Slightly groove the sides of the feather, and when it is
driven home, dress the metal at the sides of the recess
into the groove, with a sett chisel to hold it in position.

Take a piece of steel # inch diameter, and 1} inch
long, anneal, square cnds, centre, and turn to dimensions
shown at i, Fig. 132, to form centrc point; and screw
end of same, to fit tightly the } inch vee threaded hole
previously tapped in ¢, Fig. 132, and polish. Harden
and temper the centre point to a dark yellow colour.

Take a piece of steel 1} inch diameter, § inch thick,
centre, drill, and drive same on a mandrel, turn to
1} inch diameter, and face sides so that it will just push
into the jaw at A without side shake. Linc out the circum-
ference into sixteen equal spaces, and scribe horizontal
lines, to form the tops of the tecth of the ratchet wheel,
and cut out same to shapes and dimcensions shown at
Figs. 125 and 126. File a fcather-way through same
1% inch wide and % inch deep, and harden and temper
wheel to a brown-yellow colour.

Make a stcel pawl to dimensions shown at F,
Figs. 127 and 128, and drill a 4% inch hole through same
to fit pin upon which it will work, and harden and
temper pawl to a brown-yellow colour.

Make steel spring G, and drill same in positions and
to dimensions shown at G, Figs. 129 and 130, and after
polishing, harden and temper same to a purple colour.

Turn a % inch diameter, stecl pin and screw to
dimensions shown at K, Fig. 123, and polish, harden, and
temper same to'a brown-yellow colour.

Drill holes in stock A BatF, G, 11, and K, and tap
same to dimensions shown, and to fit their respective
screws well, recessing the hole at K with a pin drill to let
the head in flush with the surface.
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Fit the feather in D to feather-way in ratchet-wheel
so that it will drive in tightly, and placc a centrc-punch
mark at K central with the feather to indicate its
position.

File a groove } inch wide and % inch dcep in the
lower jaw A, Fig. 123, central with handle B, to admit of
the feather in stock D passing through it casily.

Sce that all is finished and polished, and put same
together, the ratchet-wheel into the jaw first, taking care
that the fcﬂh@gy is opposite the slot in jaw A. Then
place D in position, entering the feather into the feather-
way.in ratchet-whecl and driving it home tight with a
mallet, so that ratchet-wheel revolves freely in the jaw,
and screw on the nut ¢. Place the catch or pawlin
position and fasten with screw, and adjust spring care-
fully with the two cheesc-head screws.

LrssoN XXXIX.
SOLDERING.

SOLDERING is a method of uniting mctals together by
mcans of alloys which are melted or fused at a lower
temperature than the melting-points of the metals to be
joined.

Soft solders arc those fusible at or lower than 500°
Fah, and can be used with mouth blowpipe, plumber's
iron, soldering iron, or copper bit.

Ordmary tinman’s solder is composcd of 3 parts
of lead and 2 parts of tin, and melts at about 340° Fah,
When solder is composed of 4 of lead, 4 of tin,and 1
of bismuth, it melts at about 320° Fah.; and when of 1
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of lead, 1 of tin, and 2 of bismuth, at 202° Fah,, or below
the temperature of boiling water, which is 212° Fah.

When 3 parts of mercury are added to the last men-
tioned solder it will melt at about 122° Fah.

Fluxces are substances used for preventing the forma-
tion of oxide upon the surfaces to be joined, and to assist
the solder to flow freely when melted. Some fluxes also
assist to clcan the joint.

The fluxes principally used in soft soldering arc
powdered resin, resin and oil, Gallipoli oil, and killed
spirits or chloride of zinc. The latter is made by
dissolving strips of sheet zinc in hydrochloric or muriatic
acid or spirits of salts, in an open vesscl, adding as much
strip zinc as the acid will dissolve. An equal quantity
of water is sometimes added after the killing.

Killed spirit is especially uscful for soldering tin-
plate Tepairs, as it assists in cleaning the cdges to be
joined. It is, however, liable to cause rust, and the joint
should be wiped with a damp rag and cleaned with
whiting after its use.

Resin is also used, but resin and oil are better, and
should be used for new tinplate work, as the joint is not
liable to rust, and the oil helps the solder to run cleaner,
and the joint can be wiped quite clean with a rag while
hot, but with resin used alonc, the superfluous flux has to
be scraped off.

With these fluxes the edges to be joincd require to be
much cleancr than when killed spirits are used.

Gallipoli oil is used with bismuth solder for solder-
ing pewter. When soldering zinc, pure acid or spirit
is used, as it becomes killed upon application to the
joint, which it also cleanses.

In the process of soldering, the edges to be united
are first thoroughly cleansed from all forcign matter,
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then fluxed and placed together in the required position.
A stick of solder previously dipped in the flux is taken
in the left hand, and a cgpper bit heated so as to
melt the solder rcadily (but not hot enough to burn
the tinning upon its point) in the right hand The
cnd of the solder should be rubbed upon the point of the
bit, which should be moved along the joint to lcad the
solder into it, adding more solder and flux as required.

Usc as little solder as possible, only sufficient to
fill the joint, and clean the point of the bit upon a
greasy rag before applying it to the joint.

A better joint will be made if the edges can be
heated just before or while the soldering is proceeding.

Small articles are best soldered upon a piece of
charcoal with the mouth blowpipc.

Bearing “brasses” that are swecated (namely, soft
soldercd) togcther for the purpose of turning or boring,
and other brass articles, should be tinned  before
soldering.

A copper bit can be tinned by filing its pomt clean
while hot, and rubbing it upon a block of sal-ammoniac,
and rubbing the solder upon it.

After a time the hot copper bit burns a cavity in the
sal-ammoniac, which is used as @ rcceptacle for the
solder, and a second cavity is also made in the block and
used for cleaning the bit.

Tinning a bit with the aid of sal-ammoniac does not
cool the point so much as when killed spirits are used.

HARD SOLDERING OR BRAZING.

Hard soldering, or brazing, is a method adopted for
uniting metals in a stronger manner than can be accom-
plished by soft soldering.
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Hard solders are those fusible above 500° Fah., and
require a blast blowpipe, or forge, to meclt them, and
arc chicfly used to unite copper, brass, bronze, iron,
and steel togcther.

Spelter solder, as ordinarily used, is composed of 1
part of copper to 1 of zinc, and is uscful for uniting
ordinary sheet brass together.

Some sheet-brass joints require a silver solder, and
onc composed of 5 parts silver, 5 brass, and 3 of zinc
will be found uscful. Other compositions are 1} of cop-
per to I of zinc, and 2 of copper to 1 of zinc, which are
less fusible, and are useful for soldering copper and cast’
brass.

For soldering iron, good brass wire is uscful.

Silver solder composed of 1 of copper to 2 of silver
is used for uniting copper and iron, and makes a neat
strong joint, and one which will resist a moderatc heat
well.

Another- composition is 1 of copper, 1 of brass, and
19 of silver ; used for brazing steel.

The solder should be kept in a closed box, as the air
has a dcteriorating cffect upon it, to countcract which
the solder is mixed with powdered borax, in which form
it may be casily applicd to the joint.

The flux principally used for hard soldering is borax,
which combines readily with most of the oxides, and
assists in cleaning the joint. It is usually powdered or
ground up with water upon a piece of slate, to the con-
sistency of cream, and is often mixed with pieces of
the solder.

In the process of hard soldering, the edges to be
united arc first well fitted together, and thoroughly
cleansed, then fluxed with borax and small pieces of the
solder, and bound together with binding wire, or held by
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other means in the desired position. The joint is then
placed in a clear fire, preferably of coke or charcoal, and
heated gradually by mcans of a hot blast, when prac-
ticable, applied on both sides of it. The flux will melt
first, and run along the clean surfacc of the joint, and
when the joint becomes red hot the solder will begin to
fuse, and run into the joint, when more flux and solder
should be added; when it has melted and run into the
joint, it should be rcmoved at once from the firc and
allowed to cool. a

Be careful to fit the joint well together before solder-
ing, as hard solders run very “thin,” and will not fill
up gaps; be careful also to heat the joint only enough to
melt the solder, and not to burn and destroy it.

Grooves or channcls arc somctimes filed from the
outside to the inside of a joint, to assist thc flux and
solder to run in.

Solder containing zinc is useful for joints which
cannot be secn; as when fusing, it burns with .a bluc
flame, indicating to the workman that the solder has
melted, and that the joint should be at once removed
from the firc.

LESSON XL.
FOOT LATHE.

FIGURES 137 and 138 illustratc a small foot lathe, as
made by students in the Polytechnic Engineering Work-
shops.

The whole of the pattern-making, forging, planing,
screwing, turning, and fitting was executed in the Poly-
technic Workshops. .

. The headstock A is bolted to the bed B with a square-
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necked bolt, and adjusted by the screws C between the
bed. The mandrel D of steel works in a tempered stecl
bush, and is screwed at the front end with a § inch
Whitworth vee thread to take chucks, etc.,and is adjusted
by a steel cone screw and double nuts at the back. The
speed conc E is grooved for three speeds, and keyed to
mandrel with a sunk steel feather. The poppet head F is
clampced to the bed by a square-necked bolt, washer plate,
and hand nut; and adjusted by a left-hand square-
threaded screw, keyed to the hand-wheel G, and finally
wedged in position by the handle H.

The hand-rest J is.clamped to the bed by a T-hcaded
bolt, washer-plate, and hand nut; and the tee rest
adjusted for height by the steel screw K.

The lathe is actuated by the treadle board L, bolted
to the levers of the rocking shaft M, which is pivoted on
steel centres, adjusted by check nuts; and drivi~g a steel
hook N, connected to the rocking frame by a t:per steel
pin for adjustment, and working on to a cranked shaft o,
which turns upon steel centres, adjusted by check: nuts,
and to which a four-grooved balanced speed pulley, P, is
keyed with a saddle key, for adjustment upon the cranked
shaft, to drive the mandrel at a high speed for turning
wood or brass. The lathe is fitted with a stained deal
tool board, Q, supported on brackets bolted to standard
R, which arc bolted to the bed with two screws, S, at .
each end, and to the floor by coach screws or bolts pass-
ing through thc holes T. A stay rod, U, is fitted
between the standards to increase their stiffness.
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Adjusting, back squares, 40; spirit level,
65 ; straight-edges, 43. N

Alloys, for brazing, (J : melting points of,
74, 75, 77 5 for soldering, 74, 75. .

Angle, clearaunce, 19, 26, 27, 51; cutting
for tools, 14, 26, 28, 51; of lathe centres,
18, 25 ; of spanner, 35 ; point, 30, 6o.

Annealing, 12, 16.

Arrangement of wheels for screw-cutting,
52, 53, 54-

Backing, 19, 27. |
Back squares, making, 39, 40; use of, 16,

23, 24, .
Ball'pane, hammer, making, 33, 34, 43,

44
Bar block, 37

Bed, lathe, 7, oo
Bench block, 17, 24.
Bismuth solder, ‘?4‘,’ 75.

Chalking, files, 31, 37 ; work, 16, 17, 24, 31.

Chamfering, 30, 38.

Change wheels for screw-cutting, s2, 53,
54, 553 proving, 53.

Chasers, making, 19; use of, 18, 19, 20,
46, 49, 50 R
Chipping, hints on, 12, 13, 14; chisel,

“making, 32; use of, 13, 14 ; cast metal,
14; work, 12, 13, 14, 44.
hisel, cross-cut, g, 12, 45; cutting angle
of, 9. 14; diamond po ht, g ; flat, g, 13,
14, 39, 32; hand, making, 32; use of,
13, 14 30; round nose, 9, 28.
Clamping plate, 31.
Cleaninyg files, 38.
Clearance angle, 19, 26, 27, 51.
Colours for tempering, 14, 18, 25, 27, 33,
. 42 44, 51, 63, 70, 73.
Comb screw tools, 19.
Comparing straight-edges, 43.
Composition of solders, 74 75, 76, 77-

Bit, D, 20, 27 ; d, 26, 27 ; ti

h d train of y 52, 54

a copper, 76.

Blast, 7121 . .

Block, bar, 37; bench, 17, 24; scribing,
16, 68, 69, 70 ; vee, 16.

Bolt threads, s6.

Borax as a flux, 77.

Boring tools, 50, 51.

Bow drill, 25, 26.

Branding, 34, 40, 44

Brazing, t'lux for, 77 ; hints on, 76, 77, ;>
solders for, 77, 78.

Brush, File, 38.

Callipers, making, 36, 37, 38; use of, 22,
23, ’1; 30. .

Care, in brazing, 77,78 ; hardening, 62, 63 ;
heating steel, 33 ; soldering, 75, 76, 77,
78; surfacing, 41, 42 ; tempering, 63.

Carrier lathe, making, 44, 45, 46; use of,
17, 20, 21, 22, 25, 43, 40.

(;ase-harden{ng, 62. >4

Centre, drill, 17; punch, making, 24, 25

. use of, 17, 24, 28. .

Centreing, witt'a dividers, 24; scribing

. block, 16 ; square, 67.

Centreing square, 64.

Centres, angle of Lthe, 18, 23 ; drilling
up, 17, 18,

Contents, 5.
Copper bit, tinning a, 76.
Cooling, quickly, 33, 62, 63; slowly, 12,

34 L.
Counter-sinking, 18, 20, 35, 38, 40, 46,

, 68.

Cutl?ng angle for chisels, 14; drills, 26;
hand turning tools, 19, 20; slide rest
turning tools, sr, s2; steel, wrought
iron, cast iron, and brass, 19, 20, 51, 52
edge, 14. 20, 27, 51; Off steel, 24; out
work, 30, 36, 37, 38, 60, 67, 72, 73.

D bit, 27.

Description of lathe, 78, 8o.

Diagram of cutting angles, 19, 26, s1.

Direction of grindstone, 11.

Dividers, centreing wid\, 24, 28.

Dividing with division plate, 23, 29.

Dot punch, 17, 23, 24, 38.

Draw filing, 31.

Drawing a hole, 28, 29.

Drift, 72.

Drill, bow, 25, 26 ; centre, 17; clearance
angle for, 26, 27; fiddle, 25, 26; flat,
26, 27 ; list of, 10; lubricating, 27, 28 ;
keyway, 27; pin, 27; proportions of,
26, 27 ; twist, 26, 27, 28.
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Drill gauge, making, 30, 31, 32; use of, 28.

Drilling, 28; out metal, 34, 35, 43, 44, 65,
€7, 68, 70, 72, 73; speeds for, 28; up
centres, 17, 18, 20, 64.

Elliptical holes, cause of, 27.
Emery cloth, 22, 31, 38; sticks, 3r.
Ends, squaring, 16, 20, 24.

Feather, edge, 11; fitting, 72, 73.

Fiddle dill, 23, 26.

File brush, 38. )

Files, chalking, 31, 37; cleaning, 38; list
of, 10 ; removing metal frem, 38.

Filing, cylindrical work square, 22, 23;

raw, 31; hints on, 14, 15, 19, 20, 22,
23, 27, 29, 30, 31, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 48, 51, 6o, 65,
67, 68, 70, 72, 73, 74 ; hexagonal head,
29, 30 ; in the lathe, 22,

Flat, chisel, 14, 32, 33; drill, 26, 27;
scraper, 41, 42.

Fluxes, 75, 77.

Fluxing, 56, 77, 78.

Foot lathe, description of, 78, 8o.

Forge tools, list of, 10, 11.

Forging, callipers, 37; chiscl, 32, 33;
hammer, 33, 34; slide-rest tools, 50;
spanner, 34 ; ratchet brace, 70.

Front tool, so.

Fusible solder, 74, 75.

Fusibility of solders, 74, 75, 76, 77, 78.

Fusing, 74, 75, 78.

Gas threads, 57.

Gauge, making drill, 30, 31, 32 use of,
28 : making nut, 30, 31; use of, 30}
making screw cutters, 6o, 61, 62; use
of, 62.

Graver, 18, 19, 20, 21, 22, 49.

Grinding, tools, 11 ; dnlls, 27.

Grindstone, Use of, 11.

Gritstone, 9, 33.

Half-round bit, 27.

Hammer, forging, 33, 34; hand, 12, 33;
making, 33, 43, 44; turning, 43, 44;
use of, 12, 13.

Hand, chizel, making, 32; use of, 13, 14,

32 rest, 20, 49, 8o; screwing
tools, making, 18, 19, 20; use of, 2o,
49, 59; turning tools, making, 18, 19 ;
usc of, 18, 19.

Hardening, 623 callipers, 38 ; case, 63
chisels, 33; lathe tools, 18; right out,

2.
Headstock, lathe, 78.
Heating steel, Care in, 33, 50, 62, 63.
Height of vice, 14,
Hexagonal head, making, 25, 30.

F

Hints, to students, 7; on driling, 28, 29}
filing (see_Filing); grinding, 11, 27;
screw cutting, 48, 49, 58, 50, 6o ; solder-
ing, 74, 75, 76, 77, 78 ; turning, 2o, 21,

22, 43.
, Hob, use of, 19.
" Holding, chisel, 12, 13, 14 ; file, 14, 15, 31
Hydrochloric acid, 75.

Index, 81, 82, 83, 84. .

Indicating, centre, 16, 17, 24; materials
used, 7.

Inside screwing tools, Making, 18, 19, 50,
51 ; setting, 52, 6o, 61, 62.

Introduction, 7.

Iron, case-hardening, 62.

Keyway, cutting, 72; drill, 27.
Killed spirits, 75.
Kanife tool, so, s1.

Lathe, 78, 79, 80 ; carrier, making, 44, 45,
46 use of, 17, 20, 21, 22, 2§, 43, 40 ;
centres, angle of, 18, 25 ; description of,
78, 8o; filing in, 22; tools, hand, 18,
19, 21; slide rest, so, 51, 52; tools,
temper of, 63.

Lead clamps, 29.

Level, spirit, 65, 66.

Lime box, 12, 3&

Lining out work, 16, 23 29, 30, 34, 36, 38,
:39) 49 43, 44, 6o, 61, 65, 67, 68, 69, 71,

2, . . .

Lisz, ’o7f3ﬁlcs, 10 ; forge tools, 10 ; lessons,
53 shop tools, g. o

L tool, 64. . o

Lubricant, for chisels; :43; drills, 27, 28;
work, 38, 48, 49, 53, 58.

Mandrel, forge, 33, 34 ; lathe, 38, 68, 70,

73, 8o. -
M;u-iing holes for drilling, 28.
Melting point of solders, 74, 75, 77
Mixture for case-hardening, 62.
Muriatic acid, 75.

Nuts, table of, 35. o
Nut gauge, making, 30 ; use of| 30,

Qil, as.a flux, 75 ; lubricant, 14, 22, ch, 38
" 48,49, 58 ; and resin, 75 ; for polishing,
22, 31, 38 Gallipoli, 75.

Qutside callipers, making, 36, 37, 383 use
of, 22, 23, 24, 30; screwing tool,
making, 18, 19, 50, 51 ; setting, 61, 62;
use of, 18, 19, 58, 59.

Parting tool, hand, 18, 19; slide rest, 5o,

51, 52
Pewter solder, 7s.
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Pickling work, 14.

Pin dnll, 26, 27.

Pinning, 37, 38.

Pipe threads, 57.

Pitch of screw threads, 53. /

- Plumb-bob, making, 46, 47 :

Polishing, 22, 24, 30, 31, 38, 68, 70, 73
in lathe, 22, 68, 70, 73.

Poppet head, 8o.

Preface, 3. .

Preparing work, for brazing, 77, 78;
centremng, 16, 24; chipping, 12;
drilling, 17, 28; filing, 14; soldering,
75, 76, 77, 78; turning, 16, 17, 20,

34

Proportions, of drills, 26, 27 ; gas threads,
57 3 nuts, 35; screw threads, 56, 57;
solders, 74, 75, 76, 77 ; square threads,
56 ; vee threads, 56, 57.

Proving change wheels, 53.

Punch, centre, making, 24, 25; use of,
17, 24, 28 ; dot, 17, 23, 24, 28.

Rake of screwing tool, finding, 61, 62.

Ratchet brace, making, 70, 71, 72, 73}
drills for, 26, 27.

Re-centreing work, 64.

Reddle, 15 ; useof, 15, 471, 43. 5

Removing, metal from ﬁfa‘, 37, 38 ; skin
or scale, 14.

Resin as a flux, 75, 77,

Resin and oil, 75.

Rest, for grindii: . 1x; hand, 20, 21, 49,

Right out, hardening, 62.

Rimering taper holes, 38, 6o.

Rivetting, 38, 40, 60, 62, 70.

Rocking, frame, 8o shaft, 8o.

Roughing tool, se, 51; out work, 20, 21,

22, 39. .

Round-nose, chisel, g, 28 ; tool, 18, 1q.

Rules, for (‘lange wheels, 53, 54, 555 Mr.
Rogers', 54, 55; for decimal threads,
54 ; for fractional threads, 53 ; width of
screwing tool, 57.

Saddle key, 8o.
Sal-ammouiac, 76.
Salts, spirits of, 75.

Scrapers, making, 19, 20, 42; use of, 20,

41, 42, 43.

Screw cutter’s gauge, 6o, 61, 62.

Screw-cutting, chnn{ge wheels fax, - 52,
SF, 54, 553 with hand tools, 49 ; with
s 8lde rest, 58, 59, 60; stocks and dies,

48.

Screw threads, table of, 56, 57.

Screwing tools, making, 18, 19, 20, 50, 51,
52 ; setting, 61, 62; to fin rake of, 61,
62; to find wid.h of square thread,
57 use cf, 18, 19, 49, 50, 51, 58, 59,

Scribe lines, 12, 13, 16, 17, 23, 24, 25, 28,
291 30 36, 37, 40, 44, 45, 60

Scriber, making, 69, 70. i

Scribing block, centreing with, 16, 17;
making, 68, 6g, 70 ; use of, 16, 17.

Section lines, 7.

Setting screwing tools, 61, 62.

ide tool, 18, 19, 50, 51.

flver solder, 77.

ple train of wheels, 52, 53.

of nuts, 35 ; tapping holes, 56, 57.

Slide rest, 10, 58; tools, so, 51, 52; sCrew=
cutting with, 58, 59, 6o.

Soap and water lubricant, 22.

Softening, 12.

Solders, composition of, 74, 75, 76, 77 ;
melting g:mts of, 74, 75, 77+ .

Soldering, hard, 76, 77, 78 ; materials for,
11 ; soft, 74, 75, 76. -

Spanuer making, 34, 35.

Speed cone, 8o.

Speeds for drilling, 28.

Spelter +older, 77.

Spirit level, 65, 66,

Spirits of salts, 75.

Spring tools, st. .

Square, back, making, 39, 40; testing,
39, 40; use of, 16, 23, 24 ; centreing,
64; centreing square, 67 ; threads,
proportion of, 56; threads, width of,
screwing tool, 57.

Squaring, cylindrical work, 22, 23, 24;
ends, 16, 20, 24.

Sturting a screw thread, 49.

Stay rod, 8>.

Steady pins, 67, 68. .

Steel, anncaling, 12: cutting off, 24;
hardening, 18, 33, 38, &1, 62; temper-
ing, 14, 18, 25, 27, 33, 51, 63, 68, 70}
tools, 9, 10, 11, 14, 18, 19, 20, 25, 26,
27, 28, 32, 33, 341 41, 42:.43) 44» 50, 51,

2.

Sloiks ard dics, use of, 48.

Straight-edges, making, 42, 43; use of,
15, 23, 41, 42, 43-

Straightening bent steel, 17.

Surface plates, 41. N

Surfacing, hints on, 41, 42.

Table, of bolt threads, 56; gas threads,
57 3 nuts, 35; screw threads, 56, 573
vee threads, 56, 57.

Taper holes, rimering, 38, 6o. .

'l‘apgmg holes, 45, 46, 70, 72, 73 ; sizes of,
56, 57

Temper, of centre punch, 25; chisels, 14,
33; hand tools, 18; s ide-rest tools, 51;
scrapers, 42 ; spring, 73.

P es for pering, 63.

Tempering, colours for, 18, 2., 27, 33, 42,
44, 51, 63, 70, 73 ; hintson, 6 .

Testing, centred work, 17; squares, 39,
40 ; straight-edges, 42, 43; surfaces,
41; with straight-eages, 15, 23, 47,

42, 43
Threads, proportion of bolt, 56 gas, 57
screw, 56, 57 ; square, 56 ; vee, 56, 57.




84 INDEX.,

‘I'inman’s solder, 74.

‘L'inning a copper bit, 76.

Tin soldering, 75, 76.

‘Tool holders, 52.

‘L'ools, for soldering, 11 ; front, s0; graver,
18, 19 ; hand turning, making, 18. 19;
use of, 20, 21, 22; knife, so, 51; list
of, 9, 18, s0; parting, 18, 19, 5¢, 51,
523 roughing or point, 50 ; round-nose,
18, 19} screwing, making, 19 ; use of,
18, 19, 58, 59; side, 18, 19, 50, 513
slide rest, muking, so, 51, 523 temper-
ing, s1; use of, 18, 19, 58, s59; width
of square thread screwing, 57.

‘I'readle Jathe, 78, 79, 8o.

‘I'riangular scraper, 41.

I'ry or back squre, making, 39, 40; use
of, 16, 23, 24.

Turning, hammer head, 43, 44 ; hints on,
20, 21, 22, 43; tools, hand, 18, 19, 20,
21, 22; tools, slide rest, 50, 51, 5%, 50 ;
various tools, 18, 19, 50.

‘Turpentine as lubricant, 28.
Twist drill, 26, 27, 28.

Undercutting, 21, ta.

Vee, block, 16; threads, gas and bholt,

50, 57.
Vice, 'hex7ght of, 14 ; position of work in, 14.

Washer plate, 8o.

Washers, 37, 38, 60, 61, €9, 70.

Wheels, change, for screw cutting, 52, 53,
54 55 ; proving, 53.

Whitworth threads, proportion of, s6, 57;
table of, s6. .

Width of square thread screwing tool, 57.

Zinc solder, 77, 78.
Zing soldering, tlux for, 76, 77, 78.
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Last Days of Pompeil.
American Humour.
Sketches by Boz.
Macaulay’s Lays and
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Harry Lorrequer.
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11, Hdited by Dr. RonerT Brown.
Illustrated.  Five Vols.

Revised Fdition.

Science of Everyday Life. By Joun A. Bower, I.C.S. Tllustrated, 1s.
Sculpture, A Primer of. By E.Roscor Mu rLLins. With Hlustrations. 2s.6d.
Sea, The: Its Stirring Story of Adventure, Peril, and Heroism,
By F. Waymper. With goo Ilustrations. Four Vols., 7s. 6d. each.
Secret of the Lamas, The, A Tale of Thibet. Crown &vo, ss.
Shaftesbury, The Seventh Earl of, K.G., The Life and Work of. Dy
Evbwin Hopper. Three Vols., 36s. Popular Edition, One Vol., 7s 6d.
Shakespeare, Cassell’s Quarto Edition. Containing about 6oo Illus-
trations by H. C. SkLous. Complete in Three Vols., cloth gilt, £3 3s.
Shakespeare, Miniature. Illustrated. In T'welve Vols., in box, 12s.;
or in Red Paste Gr‘ajg (hox to match), with spring catch, 21s.
Shakespeare, The ‘Engfé%ﬁl‘f;bf. By E. Goapny. lllustrated.
Shaks " The International. ZXdition de Luxe.
“KING HENRY IV.” "Blustrated by 'buARD GRUTZNER, £3 108,
“AS YOU:LIKE IT.Y :llhistrated by EmiLe Bavarw, £3 10s.
“ROMEO AND JULIET.” Illustrated by F. DickskE, A R.A., £55s.
Shakspere, The' LeofBd. With 400 Illustrations. Cheap Edition.
3s. 6d. Cloth gilt, 6s.; Roxburgh, 7s. 6d.
Shakspere, The Royal. With Steel Plates and Wood Engravings.
Three Vols. 15s. each. A .
Short Studies from Nature. [lllustrated. Cheap Edition. 2s.6d.
Sketchin%‘ from Nature in Water Colours. By AARON PENLEY,
With Illustrations in Chromo-Lithography. 1ss.
Skin and Hair, The Management of the. By M. Morxis, F.R.C.S. 2s.
Social Welfareé,dSubjects of. By the Rt. Hon. Sir Lvon Praviaig,
.C.B. 7s, 6d.

2s, 6d.
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Splendid Spur, The. Edited by Q. 5s. .

Sports and Pastimes, Cassell’s Complete Book of. Cleap Edition.
With more than goo Illustrations. Medium 8vo, g9z pages, cloth, 3s. 6d.

Star-Land. By Sir RoBerT STAWELL BaLr, LL.D., F.R.S., F.R.A.S,
Illustrated. Crown 8vo, 6s.

Steam Engine, The. By W, H. NortucorT, C.E. 3s.6d.

Stock Exchange Year-Book, The. By THOMAS SKINNFER. 15S.

Sunlight and Shade. With numerous Exquisite Engravings. 7s. 6d.
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Technical Education. By F. C. MoNTAGUE. 6d.

Thackeray, Character Sketches from. Six New and Original Draw-
ings by PREDERICK BARNARD, reproduced in Photogravure. 21s.
Town Leaseholds. Pros and Cons of Leasehold Enfranchisement. 6d.

Treasure Island. By R. L. STevknson. Illustrated. ss.

Treatment, The Year-Book of. 35s.

Trees, Familiar, By G. S. BouLGer, F.L.S. Two .Series. With 40
full-page Coloured Y’lates by W. H. J. Boor. 12s. 6d. each.

Triumphs of Engineering. With Eight full-page Illustrations. 5s.

Troy Town, The Astonishing History of. By Q. 5s.

¢ Unicode” : the Universal Telegraphic Phrase Book. Desk or
Pocket Edition. as. 6d.

United States, Cassell’'s History of the. By the late Ebmunp
OLLIER. With 600 Illustrations. Three Vols. gs. each.

United States, Youth's History of the. l1llustrated. 4 Volumes. 36s.

Universal History, Cassell’s Illustrated. Four Vols, gs. each,

Vaccination Vindicated. By Joun McVair, M.D,, D.P.H. Camb. 5s.

Veiled Beyond, The, A Novel. By®S. B. ALExanprr. Cloth, 3s. 6d.

Vicar of Wakefield and other orks by OLIVER GOLDSMITH.
Illustrated. 3s. 6d.; cloth, gilt edges, 5s.

What Girls Can Do. By PavLLis BROWNE. 2s. 6d.

Wild Birds, Familiar. By W. SwavsLanp. Four Series. With 40
Coloured Plates in each. 12s. 6d. each.

Wild Flowers, Familiar. By F. E. HuLmg, F.L.S., F.S.A. Five
Series. With 40 Coloured Plates in each. 128. 6d. each.

Wise Woman, The. By GrorGE MACDONALD. 2s. 6d.

Woman's World, The, Yearly Volume. 18s.

Wordsworth’s Ode on Immortality, and Lines on Tintern Abbey.
Fully Illustrated. Cloth, 2s. 6d.

World of Wit and Humour, The. With 400 Illustrations. Cloth,
7s. 6d.; cloth gilt, gilt edges, 10s. 6d.

World of Wonders. Two Vols. With 400 Illustrations. 7s. 6d. each.

Yule Tide, Cassell’s Christmas Annual, 18.

ILLUSTRATED MAGAZINES.
The Quiver. ENLARGED SErIES. Monthly, 6d.
Cassell’s Family Magazine, Monthly, Jd.
“ Little Folks’ Magazine. Monthly, 6d.
The Magazine of Art. Monthly, 18.
The Woman’s World. Monthly, 1s.
Cagsell’s Satwurday Jowrnal.  Weekly, 1d.; Monthly, 6d.
Work. Weekly, 1d,; Monthly, 6d.

Catalogues of CASSELL & COMPANY'S PUBLICATIONS, which may be had at all
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CASSELL'S COMPLETE CATALOGUE, containing particulars of upwards of
One Thousand Volumes.

CASSELL'S CLASSIFIED CATALOGUE, in which_their Works are arranged
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LL'S EDUCATIONAL CATALOGUE, coutalmn%lpamculars of CAS>ELL
& COMPANY'S Educational Works and Students’ Manuals.

CASCELL & COMPANY, Tawiten, Lwxdeate Hill, London,
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Bible, Cassell’s Illustrated Family.

gilt edges, £2 10s.
Bible Dictionary, Cassell’s.

With nearly 600 Illustrations.

With goo lllustrations. Leather,

7s. 6d.

Bible Educator, The. Edited by the Very Rev. Dean PrumrtrE, D.D.,

Wells.

KiTcHin, M.A, 1s.
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Bunyan’s Pilgrim's Progress (Cassell’s

Bunyan'’s Pilgrim’s Progress.
Child’s Bible, The.
Child’s Life of Christ, The.
‘“Come, ye Children.”
Doré Bible.

With Illustrations, Maps, &c.
Bible Student in the British Museum, The.

With zo0 Illustrations.
With 200 Illustrations.
Illustrated.
With 238 Illustrations by GusTavE Dokt.

Four Vols cloth, 6s. each.
By the Rev, J. G,

Yearly Volume. Illustrated. 3s.
Illustrated). g4to. 7s.6d.
With Illustrations. Cloth, 3s. 6d.
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Small folio,

cloth, £8; best morocco, gilt edges, £15.

Earl
D.D
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PoruLAR EDITION.

.y BLIGD.
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Family Prayer-Book, The.
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Days of Christianity, The.

By the Ven. Archdeacon' FARRAR,
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THE HoLy LAND AND THE BinLe.
THE LiFE AND WORDs OF CHRIST,
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My BiBLE. By the Right Rev. W. BOoYyD
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My FATHER. By the Right Rev. Asui-
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MY WORK FOR GOD. By the Right
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MY ASPIRATIONS, By the Rev. G.
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MY EMOTIONAL LIFE. By the Rev.
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MYy BobDyY. By the Rev, Prof. W. G.
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A Series of

MY GROWTH IN DIVINE LIFE,
Rev. Preb. REYNOLDS, M.A.
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By the

My HEREAFTER. By the Very Rev.
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MY AIDS TO THE DIVINE LIFR. By
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Difficulties of the Day. Edited by the Rev. TkiGNMOUTH SHORR, M.A.,
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By the Lord Bishop of
By

CREATION.
Carlisle.

THE DIVINITY OF OUR I.ORD.
the Lord Bishop of Derry.

THE MORALITY OF THE OLD TESTA-
MENT, By the Rev. Newman
Smyth, D.D,
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THE ATONEMENT. By the Lord Bisl
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‘1 Must.”’ Short Missionary Bible Readings. By Sornia M. NuGeENT.
Tnamelled covers, 6d. ; cloth, gilt edges, 1s.

Life of Christ, The. DBy the Ven. Archdeacon Fakrar, D.D., F.R.S.
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Extra crown 4to, cloth, gilt edges, 21s. ; morocco antique, 42s.
Lisrary Eprrion. Two Vols. Cloth, 24s. ; morocco, 42s.
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New Testament Commentary for English Readers, The. Edited
by the Rt. Rev. C. J. sivrcorr, 101, Lord Bishop of Gloucester
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Old Testament Commentary for English Readers, The. Edited
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and Bristol.  Complete in 5 Vols., 21s. each.

Vol. I.—Genesis to Numbers. Vol. I1I.—Kings 1. to Esther.
Vol. LI. — Deuteronomy to Vol. IV.—Job to Isaiah, X
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Religion, The Dictionary of. By the Rev. W, Bennaym, B.D. 21s.;
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St. George for England; and other Sermons preached to Children. By
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St. Paul, The Life and Work of. By the Ven. Archdeacon FARRAR,
D.D., F.R.S., Chaplain-in-Ordinary to the Queen,
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Secular Life, The Gospel of the. : $ermons preached at Oxford. By
the Hon. Canon FREMANTLE. Cheaper Edifion. 2s.6d.

Shall We Know One Another? By the Rt. Rev. J. C. RvLg, D.D,,
Bishop of Liverpool. = New and Enlarged Edition. Cloth limp, Is.

Stromata. By the Ven, Aichdeacon SneriNGHAM, MLA.  2s. 6d.

‘‘Sunday,” Its Origimy-History, and Present Obligation. By the
Ven. Archdeacon Hssev, D.C.L. Fy/th Edition. 7s. 6d.
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Voice of Time, The. By Joun Stroup. Cloth gilt, 18.
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Gducational Works and Students’ Hanunls.

Alphabet, Cassell’s Pictorial. 3s. 6d. )

Arithmetics, The Modern School. By GeorcE Ricks, B.Sc. Lond.
With Test Cards. (List on application.)

Book-Keeping. By ThHreovborke JonNes. For Schools, 2s.; cloth, 3s.
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Chemistry, The Public School. By J. H. ANprkson, M.A.  2s.6d.
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Electricity, Practical. By Prof. W. IX&. Avkron. 7s. 6d.
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Englich Literature, First Sketch of. New and LEnlurged FEdition.
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Latin Primer, The New. By Prof. J. P. PostcaTe. Crown 8vo, 2s. 6d.

Laws of Every-Day Life. By H.O. ArNoLD-ForsTER. 1s. 6d.
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Reader, The Temperance. By Rev. J. Dennis Hirp. Cr. 8vo, 18, 6d.
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Reading and Spelling Book, Cassell’s Illustrated. 1s.

8chool Bank Manual. By Acnrs Lamsert. Price 6d.

Shakspere’s Plays for School Use. s Books. Illustrated, 6d. each.

Shakspere Reading Book, The. Illustrated. 3s. 6d. Also Three
Books, 1s. each.

Spelling, A Complete Manual of. By J. D. MorecrL, LL.D. 1s.
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Handrailing and Staircasing, 38. 6d.—Bricklayers, Drawing for, 38,—
Building Construction, 2s.—- Cabinet-Makers, Drawing for, 3s.—Car-
penters and Joiners, Drawing for, 3s. 6d.—Gothic Stonework, 3s.
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Drawing for, 4s. 6d. —Mectal-Plate Workers, Drawing for, 3s.—Mode
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Technical Educator, Cassell’s. New Edition, in Four Vols., gs. each.

Technology, Manuals of. FEdited by Prof. Avkron, F.R.S., and
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Worsted, by W. S. B. McLaren, M.P., 4s8. 6d.—Design in Textile
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Perry, M. E., 3s. 6dgaCutting Tools Worked by Hand and Machine,
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Test Cards, Cassell’s Combination. In sets, 1s. each.

Test Cards, ‘ Modern School,’” Cassell’s. In Sets, 1s. each.

CASSELL & COMPANY, Livitep, Ludgate Hill, London.
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Books for Poung Jeople.

“Little Folks " Half-Yearly Volume. Containing 432 4to pages, with
about 200 1llustrations, and Picturesin Colour. Boards, 3s.6d.; cloth, ss.

Bo-Peep. A Book for the Little Ones.  With Original Stories and Verses.
Illustrated throughout. Yearly Volume. Boards, 2s.6d. ; cloth, 3s. 6d.

Cassell’s Pictorial Scrap Book, containing several thousand Pictures
beautifully printed and handsomely bound in one large - volume.
Coloured boards, 15s. ; cloth lcttered, 21s.

Flora’s Feast. A Masque of Flowers. Penned and Pictured by WarLTER
CRANE. With 4o Pages in Colours.  ss.

Legends for Lionel. With 4o Illustrations in Colour, by WALTER
- CRANE., 5S.

The New Children's Album. Fcap. 4to, 320 pages. TIllustrated
throughout. 3s. 6d

The Tales of the Sixty Mandarins. By, P. V. Ranmaswanmr Raju,
With an Introducgiqn’by kro. Ilegw Moxpey.” Hlustrated.  ss.
‘qn '.).. - -..T.:,. ". 2
Books for Youn‘g;P:pbn;, . IHosfrated, Cl.d\'[: gilt, 58. each.
The King’s Cominjind: A Story [ :Tho Champion of Odin; or, Viking

for Girls. By Maggie-Synington. Life in the Days of Old. By J.
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Henry Frth. Bound by a Spell; or, The Hunted
The Romance of Invention. Witch of the Forest. By the
By James Burnley. Hon. Mrs. Greene.

Books for Young, People. Illustrated. Price 3s. 6d. each.
Polly : A New-Fashioned Girl. The Palace Beautiful. By L. T.

By L. T. Mcade. Mecade.

. For Fortuneand Glory: A Story Freedom’s Sword: A Story of the
of the Soudan War. By Lewis Days of Wallace and Bruce.
Hough, By Annic S. Swan.

“¥Follow My Leader.” By Talbot On Board the “Esmeralda.” By

Th B?}mci Rfe(:(Llﬁ take, B s})mﬁ John C. Hutcheson.

M e Cost o a stake, Saral 3

A World of Ghirls: A'he St,{:ry of | InQuest of Gold. By A, St. Johnston,
a School. By L. T. Meade. For Queen and King. By Henry Irith,

Lost among White Africans. Perils Afloat and Brigands Ashore.
By David Ker. . By Alired Elwes.

Books for Youngfgeople. Price 2s. 6d. each.

Hexioes lorf_“Everl '-d‘n.yt ﬁ‘ifc. By Early Explerers. By Thumas Frost.

-aura Lane. ustrated. Homeoe Chat with our ¥

Decisive Events in History. B ] vung Folks.
Thomas Archer.  Wilh L)?igin.’ﬂ Hlustrated throughout.

Ilustrations. Jungle, Peak, and Plain. Ilustrated
The True Roubinson Crusocs. throughout,

Peeps Abroad for Folks at The World’s Lumber Room. By
ome. Illustrated. Selina Gaye.

The *“Cross and Crown” Series. With Illustrations in each Rook.
2s. 6d. each.

Strong to Suffer: A Story of By Fire and Sword: A Story of

the Jews. By L. Wynmne. the Huguenots. By * T a
Heroeasotf the ntdi%ru] Empire; a r. £ v+ Thomas

or, ories o alour an Ada; spburn’s Vow: A Tale of

Victory. By Ernest Foster. Kirk and C i
In Letters of Flame: A Story S. Swap. o Covenant. By Annie

of the Waldenses. DBy C. L. No. XIII.; or, The Story of the

Matéaux. Lost Vestal. A T o
Through Trial to Triumph. By Christian Days. By %fnn?: Lﬁ:ry-
Madeline B. Hunt. shall.



Selections from Cassell & Com/:zzny: Publzmhom.

¢ Golden Mottoes " Series, The. Each Book containing 208 pages, with

Four full-page Original Illustrations. Crown 8vo, cloth gilt, 2s. each.

“Nil Desperandum.” By the “IHonour is my Guide.” By Jeanie
Rev. F. Langbridge, M.A. Hering (Mrs. Adams-Acton).

“Aim at a Sure End.” By Emily

“Bear and Forbear.” By Sarah Searchfield.
Pite. “He Conquers who Endures.” By
“Foremost if I Can.” By llclen the Author of **May Cunningham
Atteridge. Trial,” &c.

Books for Children. In Illuminated boards, fully Illustr ted.
Happy Go Lucky. 2s. Cheerful Clatter. 3s.6d.
Daisy Blue kyecs. 28. A Dozen and One. 6s.
Twilight Fancies 2s. 6d. Bible Talks. bBs.

Cassell’s Picture Story Books. Each containing Sixty Pages of
Pictures and Stories, &c. 6d, each.
Little Talks. Daisy’s Story Book.
Bright Stars. Dot’s Story Book.
Nursery Toys. A Nest of Btories.
Pet's Posy. Good-Night 8tories.
Tiny Talos. Chats for Small Chatterers.

Auntie’s Stories. *
Birdie’s 8tory Book.
Little Chimes.

A Sheaf of Tales.
Dewdrop 8tories.

Cassell’s Sixpenny Story Books. All Illustrated, and containing
Interesting Stories by well- known writers, *
Tho Smugglor’s Cuve. . ’ Thre Boat Club., .
Littlo Lizzie. L . -y
Little Bird, Life and Advens ]'{.'N g.lehcmr,owaazaoyn
ture * ©
Luke Barnioott. The Little Peacemaker.
The Delft Jug.

Cassell’s Shilling Story Books. All Tllustrated, and containing Interest-
ing Stories. ¢

Bunty and the Boys. Surly Bob.
The Heir of Elmualo. The Giant's Cradle.
The Mystery at Shonecliff Shag and Doll.

School.
C]m}r‘ned at Last, and Roy’s

Thorms :md Tangles.

The Cuckooiunthe Robln s Nest.

John's Mistake.

Tho l{mtoxv of Five Little
Pitcher

Diamonds m the Sand. .

Aunt_Luefa’s Locket,.

The M Mirror.

The Cost of Revenge.

Clever Frank.

Among the Redskins.

'I'he en‘vmtm of Brill,
Harry Maxwell.

A Banished Monarch.

S8eventeen Cats.

Illustrated Books for the Little Ones. Containing mlen.stmg Stories.
All Illustrated. 1s. each ; cloth gilt, 1s, 6d.

Wa.udering Ways.
ends.

Those _Go. lden San

Little Mot hers & their Children.
Our Pretty Pets.

Our Schoolday Hours,
Creatures Tame.

Creatures Wild.

Serambles and Scrapes.
‘Inttle Tattle Tales.

Up and Down the Garden.
All Sorts of Adventures.
Our S8unday Stories.

Our Holiday Hours.
Indoors and Out.

Some Farm Friends.

Albums for Children. Drice 3s. 6d. each.

The Chit - Chat Album. Jlus- My Own Album of Animls. With
trated throughont. Full-page Ilustrations.

The New Childven’s Al .
ol Picture Album of All Sorts. With
INustrated throughout.  Cloth. Full-page 1llustrations.

The Album for Hnmo. School,
and Play. Containing Stories hy Little Folks’ Holiday Album. A
charming_collection of Stories, &c,

Popular Authors. Set in bold
type, and lllustrated throughout., Illustrated throughout. Cloth.




Selections from Cassell & Company's Publications.

The World’s Workers.

With Portraits printed on a tint as Frontispiece.

Dr. Arnold, of Rugby. By Rose
E. Scife.
The Earl of Shaftcsbury.

By

Henry Frith.
Barah I&obinson, Agnes Wes-
ton, and Mrs. Meredith. By

¥, M. Tomkinson.

Thomas A. Edison and Samuel
F. B. Morse. By Dr. Denslow
and J. Marsh Parker.

Mrs. Somery’ nd Mary Car-

nter. ' . .yllis Browne.
Gez?era.l Goy #ou. By the Rev.
S. A.Swaiue.
Charles Dickens. By his I'ldest
ughter.

8ir Titus Salt and George
Moore. By ]. Burnley.
David Livingstone, By Robert

Smiles.
Library c¢. Wonders.
cloth, 1s. 6d.
TTonderful Adventures.
Wonders of Animal Instinet.
‘Wonderful Balloon Ascents.

Cassell’s Eighteenpenny S(or§ Books:

W9 Willie Winkie.
UpaLaénd Pownsg, of aDonkey’d

Wee Uh’te Lassles.
Up, the Ladder. =

Di¢k’s Hero; and other Stories.
The Chip Bo

Raggles, Bn.ggles the

5 from
Roses from Thor;m.

Gift Books for Young People.
Original Illustrations in each.
The Boy Hunters of Kentuokv
By lidward S, Ellis.
Red Feather: a ‘I'ale 02 the
American I‘ronuer. By
+ Edward S. Ellis.
S8eeking a City.
Rhoda’s Reward; o,
Wishes were Horses.’
Jack Marston’s Anchor.
Frank'’s Life-Battie;
Three Friends.
Fritters. By Sarah Pitt.)

and

“rf

OK‘. The

-
-

|

The Two Huardcasties. By Madc- '

line Bonavia Hunt,

Cassell’'s Two-Shilling Story Books.

Stories of the Tower. ~
r. Burke’s Nieces. .
May Cunningham'’s Tﬂsl
The Top of the Ladder: How to
lotsam. [Redch it,

hildren of the Court.
A Moonbeam Tangle.
Maid Marjory.
Peggy, and other Tales.
Books for Boys.
- Shlgs Sallors. and the Sea.
lrlted Cumew.tl! -Jones,  llus-

Modern Evplorers.

By Thomas
Tost, l‘lustr'ltcd.

b8,

Illustrated Gift-books for Boys.

A Series of New and Original Voll{mes.

1s. each.

Florence Nightingale, Catherine

Marsh Frances Ridley Haver-

Mrs Ranyard (“L.N.R.").

T}yl izzie Alldridge.

Guthrie, Father Mathew,
Elihu Burritt, George Livesey.
By John W, Kirfon, LL.D.

8ir llenry Havelock and Colin
]c’m‘llapbeu Lord Clyde. ByE.C.
Phillips

Abruhalln LincoIn. By Ernest Foster.

George Miiller and Andrew Reed.
By E. R. Pitman.

Dr.

Richard Cobden. By R. (_mme

Benjamin Franklin, By LE. M.
Tomkinson,

Handel. By Eliza Clarke. [Swaine.

Turner the Artist, By the Rev.S. A,
George zmd Robert Stephenson.
By C. L. Matéaux.

Paper, 1s.:
Wonders of Bodily Strength
nd 8kill

Wond‘,rlul Lscapcs.

Illustrated.

Faith’s Father. .

- By L#nd' a.ndB 8ca. b
oun, rringtons.

Je I.S ¢ i

Tom Morrfs’ Error.
Worth more than Gold.
*“Through Flood—Through Fire;
and other Storics.
The Girl with the Golden Looks.
$tories of the Olden Yime.

By Popular Authors. With Four
Cloth gilt, 1s. 6d. each.
Major Monk’s Motto. By the Rev.

F. Langbridge.

Tnxy By Ma;,;‘m Symington.
8 and Rainbows: A Story of
hanksgiving
Unole Wuhams Churgos. or, The
Broken Trust.
Prett¥ Pink’s Purpose. or, Tho
tle 8treet Merchants.
Tim Thomson’s Trial. By Gcorge
Weatherly.
Ursula’s stumblmg -Block. By Julia
Goddard,
Ruth’s Life-Work. By the Rev.
Joseph Johnsen,
Illustrated.

The Four Cats_of tho Tippert .
Marion’s Two Hom ppertons
Little Folks’ S\mdav Book.
wo Fourpenny Bits,

Poor Nelly.
FRrotR il to B

rou eril to Fort e
Aunt %nbn.has aifs. e,
In Mischief Azain.
S8chool Girls.

Famous Bailors of Former Times.
By Clements Markharn. lllustlmtcd.

28. 6d
Wild Adventures in Wild Pl
Byelél: Gordon Stables, R.N. aﬁ!ﬁ:-

trat bs.



Selections from Cassell & T Compa: y's Publications.

The “Deerfoot” Series. By Epwarp S. Eruis.  With Four full-page
Hlustrations in each Book. ~ Cloth, bevelled boards, 2s. 6d. each.

The Hunters of the Ozark. The Camp in the Mountains.
. “'he Last War Trail.

The * Log Cabin” Series. By Epwakn S. Firis. With Four Full
page Illustrations in each. Crown 8vo, cloth, 2s. 6d. each.

The Lost Trail. | Camp-Fire and Wigwam.
Footprints in the Forest.

The ‘“Great River?' Series. By Epwarp S. A Hlustrated.
Crown 8vo, cloth; bevelled boards,-2s. 6d. each. - 7,

Down the Mississippi. { Lostin the W . .
Up the Tapajes: or, Adve 1tures in Bragil.

The ** Boy Pioneer” Seriv ~. By Eow..kp S. Ertis.  With Four Full-
prge Hlustrations in ea lock. Crown 8vo, cloth, 2s. 6d. each.

N e(' in the Wood: . A .2 w ! Not' on the River‘ A Tale of Indian
Larly Days in the We 't i Warfar .
Ned in thc Bloock Iouse. Strr) of vionoer | ife in “lentu.r v

The *“World Q‘cht "' Hlu ted,% uﬁqm. 2s. 6d. cacl

A Ramble Round F L 4 O !"m',:rﬁ» «ndériand (Japan).
All vie Russias. }.-" fgof uth America.
Chats about Ge:rmany, \ (AR PEN
The Land ofl the P\ e s 'T‘hn I'a.d ot fewmples (I dia).
(Egypt). ' o Imies ot th acifie.

. e RS -)s. -“:pﬁ.‘uu

Ha!"-Crown Sogrie R .

Sidge '3.

L..t1: Hingeb ~8? ¥ LR 'l\-er.And Patriot (Goorge W anhe
Murgaret’s BEromy. ton).
Yen’s Pox?lnxnies . i me of Schoo} Z.ilo and Boy-
Notable Bhipwrecks, ' hood.
Golden Davs. . Thoy Young Man in the Battle of
‘Wonders o1 (_ommon Things. Lifo. By the Rev. Dr. I.andels.
Truth will Oy Tha Truo Glo of Wo .an. By the.
Atthe8outh Pr\e. Rev. “'r. Landei .

Three and Six; zuuy Libr.  of Standaru Tales, &c., AlIll s
trated and bound in uinth ;- Cmangvo,  3s. 6d. each.
Jane Austen and her Works Pegg% nﬁhvu. ;] Inhemtance
Mission Life in Greeco and The Fa

Palestine, ather Wes .

Tho Threo ¥Homes. orking t o Win,
DeeBdnlc Vicarage. | Krllof 2 his Fables. By W.R.S.
In Duty Bound. Ralston, M.A.
The Half Sisters. Fairy Tales. By Prof. Morley.

Books for the Little Ones.

The Merry-go-Round. Poems for
Children. THusiat.«l, bs. 168 Large Pictures. B8,
Rhymes tor the Young Foik. ’ The Old Fairv Tales. With ()ngllml
William Allingham. Beauifolly | Iustrations. Boards, 18.; cl., 1s.
|

Little Folks’ Picture Album. With

6ed.
Ilustrated. 3s, 6d. My Diary. With 12 Coloured Plates
The Little Doings of some ! and 366 Woodcuts, 1s.

Little Foll *. By Chatt hecr- Sandford and Merton: Tn Words of
ful, llustrate. Bs. One Syllable. Illustrated. 2s.6d.
The Sunday Scrap Boc k. Wih The 8tory of Robin Hood. With
One 1‘h«~usuul%grip are Pictures, ! Colowed Illustrations. 28. 6d.
1

Boards, cloth, 7 ‘The Pilgrim's Progress. With

Daisy Dimple ] ﬂcmp ‘Book. Coloured Illustrations, 2s. 6d.
Containing nhnut 1,000 Pictures. | Wee Little Rhymes. 1s.6d.
Cloth gilt, 78. 6 Little One’s Welcome. 1s.6d.

The History Scrup Book: With
nearly 1,000 Iingravings: bs.; Ding Dong Bell. 1s.6d.
cloth, 78. 6d. Good Times. 1s.6d.

Cassell & Company’s Co.nplete Catalogue w:il/ be sent post
Jree un application to

CASSELL & COMPAN °, Limitep, Ludgate 777, on.

Little Gossips. 1s. 6d.
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