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not more than three times the thickness of the speci-
men.

Rivets are to be of the best quality of iron, and so
ductilo that a bar of the diameter of the largest rivet
used will bend close through one hundred and eighty
degrees without sign of fracture.

Test of structurc.- -On the completion of the entire
structure, any bridge, after being in constant use for
one day, may be tested Ly a loul equal to that for
whith it was designed, remaining upon it for at least
one hour, without showing any permanent set.
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ON SOME MODERN SYSTEMS OF CUTTING METALS.®
By Mi. W. Forn SmrTH, OF MANCHESTEER,

In this paper it is proposed to treatiof some of the processes
of Cutting Metals which the writer has adopted since he read
a paper on Tool-holders before the Institution (Proceedings,
1866, p. 286). The success of the round tovl-holders then
described hus led to the further adoption of mechanical meaus
of making and maintaining the tuols used in various machines
for cutting and finishing metals in their cold state.  Such ma.
chines are commounly known by the term ¢ machine tools;”
and comprise lathes, planing, shaping, ~ud slotting machines,
milling machines, drilling and boring machines, screwing and
chasing u achines, etc.

Toor.-HoLbers axp CUTTERS.

The former paper mainly described what have since hecome
kuown as right and Jeft-hand round tool-hollers. They are
used in difierent machine tools principally for “roughing out,”
or, in ather words, for rapidly reducing eastings, forgings, ete.,
from their rough state to nearly their finished forms and di-
mensions. ‘The tool-holders are called round from their cut-
ters being mado of round stecl cut from the bar. Notwith-
stanhge that they are very widely applicable, take heavy cuts,
and do the tulk of all wachine-work in lathes, and in planing,
shaping, and slotting machines, it was soon found that they
could not compass the whole of the work required in the shons 5
and it was therefore necessary still to allew the use of some of
the common forged tools in conjunction with the round tool-
holders. This howe.er was ohjectionable, as no pasitive rale
could then be laid down to define what number of forged tools
should be allowed to cach workman ; and it became appatent
that the tool-holder system, in order to reach the highest de-
gree of cHliciency, must be made complete and independent in
itself. This led to the designing of another tool-holder of the
most general kind the writer could devise, iu the hope therehy
to complete the system.,

With this object in view, all the remaining forged tools then
in use were collected together, and the swivel tool-holder was
schemed, Figs. 1 to 3, page 264; with cutters so adjustable that
they conld not only be swivelled raund aud then fixed to any
desired angle, hut conld also be made to project at pleasure to
any required distance in onder to reach and cut intoall sorts of
difficult and awkward corners ; in fact to machine any work
which the round tool-holder conld not finish, Two of the prin
cipal objects aimed at were to devise u sy-tem of eutters which
should not require any forgiug or smithing, and should yet be
capable of being 1 by the simplest possible means, and
by grinding the ends only, to ali forins which the round cut-
ters would not meet.  The special section of steel decided upon
was a sort of deep V st ction the lower part of which is slightly
rounded, as shown in Fig. 2 The angles of the sides give the
same amount of clearance (1 to §) as that given in the round
tool-holders, and this same angle of cl-arance is given 19 the

rround pats  The section of the swivel entter is made very
deep, in order to obtain ample strength in the direction of the
pressurz it has to support when cutting, as shown by the arrors,
Figs. 1aud 4 Theangle of the cutter, as in Fig 21, page 268
is 68 ©, and is common to every swivel toolholder. In the
cutter for the round tool-holder two angles had been fixed npon
as standands, one to cut all kindsof wrought metals, the others
all cast wietals. To avoid complication however, in the swivel
toolholders one cutting angle was fixed upon for all metals,
and applied o all cutters. The augle selected, or 682, isone
differiug slightly from that of the round cutters, but is that
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which worked out the best in practice. The cutters of the -
round tool-holders are found very advantageous in producing
and finishing standard-size round corners in journals of shafts,
otc., and in other cases, where the engineer of the present day
is anxious to preserve all the strength possible in the parts;
but there are still cases where square, angular, or undercut
surfaces must be produced, as illustrated in Figs. 5-11, psge
264, These are front views showing the tool-holders at work
planmng or shaping.  They are supposed to be travelling for-
ward, or the work to be moving 1 the opposite direction ; and
the artows in each view indicate the direction in which the
tool-holder 15 being fed at each stroke of the machine, to take |
the next eat. a

Fig. 5, page 264, shows the mode of planing the under hori.
zoutal surface of a luthe bed. The cutter shown in use is ground
to an angle of 86°, or 4° less than a right angle, and thus
has a elearance of 2° at esch side when cutting either hori.
zontally or vertically. This cutter is very general in its
applicability, and is devised so as to finish with oue setting
both the vertical surface A, and the horizontal surface H, with-
out the necessity for disturbing the cutter in any way. The
orduary system 1s to use at least two too's for roughing out,
and two for tinishing, on two surfaces at right angles with
cach other.

Fig. 6, pago 264, shows the method of planing in a very
limited space the under horizontal surface S ; the corresponding
surface B is planed afterwards, without disturbing the tool.
holder 1 the tool-box, by simply slacking the nut, swivelling
the bo't X halfway round, replacing the cutter with one of the
opposite hand, and again securing it by the nut. .

Fig. 7, page 264, shows a swive] tool-halder clearing without
difficulty a bass which projects and would be very muchin the
way of any ordmary taol.  The cutter in this case planes not
only the horizontal surface C, but the inclined surface V also,
with one setting and without being being disturbed in the
tool-box.

Fige. 8, page 264, shows the method of eutting a vertical
slot 1 a horizontal surface of metal. The cutter in this caseis
called a parting tool.  Fig. 9, page 263, is a side _clevation of
this same cutter, showing the cutting angle, wiich is 65 ©.

Fiz. 10 and 11, page 264, are toal-holders ‘with cutters of
rather spectal forms. The former is shown *planing out or
under-cutting a T-shaped slot ; and the latter is planing outa
small rectangular clearance corner.

Figs. 12 and 13, page 265, show a swivel tool-holder with a
vound shank, such as isused on theslide-test of a screw-cuatting
lathe, for cutting square threads. It is carried on & wrought- I
iron or stee! block, provided with a groove, semicircular in
section, in which the round shank of the tool-holder lies, and '
is «Jamped down in the usual way. The cutters for cutting
ant the spaces between the square threads are of very simple
furu, and by aid of this taol-holder any tool ade to the cor-
rect width of the space will cut eithier right-hand or_ left-hand
serews, no watter whether they are single threads, double
threads, or anv ather. T cover the same ground with fo
toals, 10 less than six expeasive cutters would be required,
each one forged from square steel, and carefully filed up and
hardened.  With the tool-holder only one cutter is required,
and it costs probably not mare than 10 per cent. of one of the
six forged taols, while it maintains its size much better, and
consequently Iusts much longer. It also takes off about twice
the weight of enttings per hour as compared with an ordinary
forged tool.  This system is useful where many screws of odd
forms and pitches are required ; but where there are sufficient
numbers to be cut, special chasing lathes ace far preferable to
ordinary screw-cuttiny lathes, as they will do about six times
as much easing of V threads, or cutting of squave threads, a3
can be accomplished in the ordinary lathe in the same time.
Instead of carrying one chaser, the chasing lathes carry, in a
chasing apparatus, three or four chasers ; and these have their
threads, whether aquare, V, rounded, or any other furm, cutin
their places by aid of & master tap,  They are then tapered at
the mouths, backed off, and hardencd veady for work.
number of shavings cut simultaneously from a screw by this
process varies from twelve to twenty-four, according to the
size, streugth, and pitch of the thread. Screws up to 6 in.
dmmeter, can be very rapidly cut by this system, on which
very much more might be said if time permitted. A few ycrews
cut by this pracess arc exhibited.

When the twosystems—the round and the swivel tool-holder
—are worked in conjunction with each other, theirunivermlity §
of application is so_thorongh that almost every difficalty is ¥
wet ; andd it was only in the case of paring and shaping articles
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