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PREFACE.

<y
\;EHE drawings of machine tools given 1 the followiug pages are all taken from actual machines constructed at
t

the present time by expert engineers and tool makers,

The objection which 1 often made by our leading engineers and engmeerig journaly that the drawmg exercises,
-
given to students in Techmeal Schools and Colleges, are of old fashioned and out of date machine detaily cunnot there

fore be urged m the case of the present volnme

The various elevations nie projected one from the other, ay explamed i Book 1. The object 1s supposed to stand in

front of the vertical plane npou which 1t 18 projacted, and not bekind 1t

All the drawings are fully dimensioned, and ench detw]l whilst furmsling o drawing exercise for the student, 13 an
exarple of the best device known for accomplishing the particular purpose for which 1t 18 used ~ The student 15 enabled
to make a pictare of a really evistent machine detail, and also to learn the actunl position and use of the detal m the

machme, If of an mventive turn of mind he may be able to sugyest some better device for effecting the same purpose,

The authors feel sure that the stimulation of the mventive faculty of the young engmeer in the school, as well ag
w the workshop, 19 most desrable, s education will be sounder and more thorough.  The knowledge of the exact

use of @ machie put i the best foundation npon which to build an improvement of 1t.

Caleulations of the speeds of the driving and feed gears of the vanons machines are given, and m the Slottyg and

Shaping machimes the varving velocities of the tool m the cutting and 1eturn strokes are shown graphically

The student 18 also encouraged to make fimshed colonred drawings.  Although this work mny not be so inpor tant
ns the knowledge ot corvect construetion, and the alnlity to make n good and accurate drawing, still it wil i many cases
be an meentive to the student to work out and fimsh m mk the varions detmls — To copy Plates I and X1L until neat
and accurate drawmgs of the varous detwmly of the machmes have been made, inked m and coloured, would be
wasting tine ’

On behall of engmeerng students generally, as well as on thewr own behalf, the authors hereby tender their
narmest thanks to the undermentioned Manchester engineering firms, who have kindly furnmished purticulury from which
the Plates have beon prepared -—Messrs, Smith and Coventry Limuted , Messrs. Hulse and Co. Limited , Mewrs Jno,
Hetherington aud Sons lamited , Messis, P, R Jackson and Co. Linuted,

THOMAS  JONES
Manchester, September, 1898. T. GILBERT JONES

PREFACE TO SECOND EDITION.

In this edition twenty three new plutes are added to the orgmal book mahing a total of forty-eight The additional
plates, two of which are coloured, give full working details of a Boriy and Turning Mill, a Homzontal Millmg Machine,
and & Pneumatic ilammer. The particulars from which these drawings are made were kindly furmshed by the makers
of the machmes, Messri George Richards and Co Limited, Broadheath, Messra. Webater and Bennett, Coventry,
and the Pnenmatic Kngineering Appliances Co. Limited, London, to whom we herehy tender our best thanks.

T J—T. G )
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The objection which 18 often made by our leading engineers and engmeerng journals that the drawing exercises,
~
given to students in Techmeal Schools und Colleges, are of old faslioned and out of date machine details cunnot there
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The authors feel sure that the stimulation of the mventive faculty of the young engineer in the school, as well as
w the workshop, 13 most desirable; his edueation will be sounder and more thorough.  The knowledge of the exact

use of w muchine prrt 19 the best foundation upon which to build an improvement of 1t.

Caleulations of the speeds of the driving and feed gears of the various michmes are given, and 1 the Slotting and

Shapnng machines the varying veloctties of the tool in the entting aud return strokes are shown graphically

The student 18 also encouraged to make funshed coloured drawings  Although this work may not be so important
uy the knowledge of correct construction, and the abality to make n good and aceurate drawing, still it will m many caves
be an neentive to the student to work out and finish 1n bk the various detatls  To copy Plates 1. and X11L until neat
and accurate drawings of the various details of the machmes have been made, inked 1 and coloured, would be
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Hetherimgton and Sons Limited , Messrs, P. R. Jackson and Co. Linnted,

THOMAS JONES
Muanchester, September, 1898, T. GILRERT JONES

PREFACE TO SECOND EDITION.

IN this edition tweuty three new plates are added to the orginal book making n total of forty-eight. The additional
plates, two of which are coloured, give full working details of a Boring and Turning Mill, » Horizoutal Milling Machie,
and a Pneumatic Hummar. The particulars from which these drawings ure made were kindly furmshed by the makers
of the machines, Messri George Richards and Co Limited, Broadheath; Messrs Webster and Bennett, Coventry,
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Plate XI.—PLANING MACHINE.

ETAILS OF TOOL BOX.—The tool box is so constructed that the tool can be fed in any direction, vis,
horizontally, vertically or obliquely, and also vertically when the tool is at any angle. It consists of three alides
Yy, Y» Ys and the plate v,, the last carrying the tool holder plate Vi

The first slide Y, is placed against the front of the cross slide, and is so shaped that it passes over tho top edge of
the cross slide and is separated from it by a steel strip of L section which moves with Y, and so receives the vertical wear.
By adjusting the vertical and horizontal set sorews against it, the slide is held against the vertical face and the bottom
bevelled edge respectively of the cross slide. This same slide carries the brass nut for the horizontal feed screw Fs,,
and also the double mitre whoel M, which, together with wheels M;, M;, scrves to connect the shaft F S, with the
vertical screw X of the slide Y,

The T groove in Y, being circular the bolts holding the slide Y, against it can be moved round, and so the tool
placed in any inclined position for planing bevelled edges. Movable along the second slide by the nut and vertical screw
is the slide Y;, whose automatic motion is effected in the manner indicated in Fig. 2. Keyed to the lower end of the
serew is & wrought-iron mitre wheel M, in gear with the double wheel M,, Whose motion is received from a third wheel

M; carried by Y,, and sliding along and rotating with the horizontal shaft FS,.

When the slide Y, is turned into an inclined position, M, simply rolls round M,, for the latter is fixed in the plate
at the centre of the grogve.

The two parts of the double wheel pass over a pin fitted with a feathor key, and are held together by the §” screw,
whose head presses against the face of the right-hand piece,

The plate v, whose inclination relative to the slide carrying it, is limited by the curved slot in it, is provided with
two parallel projections, which afford support for the bolt of the tool-holder plate V., and serve to prevent any side
motion of it. The two steel tool-holders TH are so attached to the plate that their set screws, when tightened up, both
clamp the tool in the holders and the latter in the plate.

To prevent the grinding of the tool on the work dwing the return stroke, the plate V, is hinged so that it may lift
slightly. There is, sometimes, fitted on larger machines an automatic arrangement for lifting the tool clear of the work

during the non-cutting stroke.

Hand feed in all directions may be given to the tool.

EXERCISES,

1.—Back 8lide v, of Tool Box. Draw the front and sectional side elovations and plan of the slide v,
showing its connection with the cross slide. (See Fig. 4 for details of mitre wheels,) Scale, § full size.

2.—Vertical 8lide v, Draw the front, side, and sectional side elevations and plan, showing the screw
and mitre wheel, the latter in section. Scale, § full size.

3.—Tool Holders, Plates v;, v, and 8lide Y, Draw the front, side, and sectional side elevations and
plan. Scale, § full size.

4*—COomplete Tool Box. Draw the given views, showing in the section the wheels as in Fig. 4; add a
side elevation to the left of the front elevation. Scale, § full size.

* This Exercise is intended for Advanced Students.
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Plate XIL—SHAPING MACHINE.

‘(':MENEFML DESCRIPTION,—The shaping machine, of which detailed drawings are given on Plates XIIL to
¢ XVIIL, is made by Messrs. John Hetherington and Sons Ltd., Manchester. 1t is oapable of producing
horizontal, inclined or cylindrical surfaces not exceeding 10” in length.

The countershaft from which the machine receives its motion is 13" diameter, 3'-3" betwoen the bearings,
and carries fast and loose pulleys 14" dinmeter, 33" wide, and a cone pulley of the same size as that on the driving
shaft of the machine.

The bed B, supported on two standards, carties all the fittings of the machine, At the back the pulley shaft DS is
supported by two arms E, E and connected by a pinion, sliding with the carriage, to the wheel w, which carries the
sliding blook for actuating the slotted arm g A.

The wrought-iron rod K connects the arm with the ram R, to which it gives a reciprocating motion across the carriage
of continually varying velocity with a quick return. The ratio of the times of cutting and returning decreases with
the stroke, its value being 2 to 1 when the stroke is 10"

With the counter-shaft making 120 revolutions per minute the number of cutting strokes may be 562, 34-3
or 207 per minute. For constant maximum and mean cutting speeds the revolutions of the driving pulley must
be increased as the stroke decreases.

The tool box TB is carried on the front end of the ram and constructed so that the tool can be fed in any
direction in a vertical plane, When the back slide is vertical the food may be effected automatically at the end of
the return stroke.

The feed screw S, of the carriage carries on one end two ratchet wheels G, G, the former keyed and the
latter turning freely on it and in gear with an equal wheel G; keyed on the worm shaft S,

The pawl lever is connected by the link L, to tho feed lever whose end fits in an eccentric groove on the
wheel W, in gear with w; on the pulley shaft. With a pawl gearing with Gi the carriage is fed across the bed by an
amount which may be varied from 18'4 to 110 strokes per inch of feed according to the position of the link L,

Pieces with cylindrical surfaces to be tooled are held on the eircular motion mandril by conical bushes, and
turned slightly with it at the end of each return stroke ; the mandril carries a worm wheel in gear with a worm
on the shaft 8,.

For the circular feed the pawl above G, is turned over, and so the forward intermittent motion of the lever is
transmitted to Gy on the end of the shaft.

The connections of the table T to the slide L and the latter to the bed are such that the table can
be moved both vertically and horizontally, The former adjustment is effected by turning the horizontal screw s,,
and the latter by means of a bar used in the pinching rack pR.

The stay X, bolted to the side of the table, is placed under the outer conical bush on the mandril to steady
the work during cutting.

EXERCISE.
1.*—Complete Machine, Draw the two given views to a Scale of } full size.

* Tuts Lxeicise 18 intended for Advauced Students,
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NOTE.—See Plates Nos. Xiil., XIV,, XV, XVI, XVil
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Plate XIV.—SHAPING MACHINE.

ETAILS OF TABLE AND SLIDE.—The cast-iron table T, carrying the piece to be shaped, is bolted to the
(#7y slide L by four §” bolts held in vertical T slots. The slide L is itself secured to the front of the bed by four bolts.
These counnections enable the table to be moved both vertically and horizontally.  For the vertical adjustment
the four nuts on the bolts in the vertical slots are slackened and motion given to the scrow S, by turning the horizontal shaft
Sy which i conneoted with it by the mitre wheels M,, M,. The brass nut for the screw is fixed to the plate L as shown in
the sectional elevation (Fig. 1), The sorew is held endways by a % pin passing through the table and fitting in a semi-
circular groove on the end of the screw. For one revolution of the handle fixed on the square end of the shaft s, the table
will be moved vertically through }"—the pitch of the screw.

To relieve the bolts from cross strain there are, on the vertical faces of the table and slide, parallel projections " wide
x }" thick fitting into the slots,

The table is provided on the top with T slots, and on the sides and front with rectangular bolt holes 1§ x 13" to
hold §” clamping bolts. In the latter particular the table shown on this plate differs from that on the perspective

drawing,

Fig. 5 shows a soctional plan of the circular motion mandril. It consists of a cast-iron slecve and a central steel
spindle. The former hns a conical end which turns in a cast-iron bush fixed in the front boss on the bed, and is held
endways by two wrought-iron ciroular lock nuts screwed on the small end at the back of the machine. The portion of the
spindle beyond the sapport is turned down to §” diameter, screwed, and provided with two cone bushes, one capable of

adjustment. The spindle may be turned relative to the sleeve by slackening the nut on its end.

Passing through the piece to be tooled is a drilled hole concentric with the required cylindrical surface, and through
this the mandril passes. So long as the hole is not more than 24" diameter tho piece will be held truly by the bushes when
they are pressed tightly against the edges.

To steady the mandril during the catting, the large end of the outer bush is supported in the V groove of the stay X

(Fig. 4), which is bolted to the nght-hand side of the table by two §” bolts as shown m the general drawing on DIlate
XIL

EXERCISES.

1.—8tay Xx. Draw the two given views, and add an end clevation. Scale, 6 ns. = 1 foot.

2.—8lide L From the given views draw the side and front elevations, and a plan projected from the lattor.
Show in position the brass nut for the vertical screw s, Scale, 6 ins. = 1 foot.

3.—Table. Draw the three given views showing the spindle s; and screw, and add a horizoutal section—below
the spindle—projected from the end clevation. Scale, 8 ins. = 1 foot. ‘

4.*—Table and 8lide. Draw the given views, and show in the plan the pitch cones of the bevel wheels.
Scale, } full size.

5.—Circular Motion Mandril. Draw the elevation, sectional plan, and the sectional clevation taken at
right angles to the length of the spindle, showing the worm and the portion of the bed supporting ths worm
shaft. Scale, § full size.

* Thia Kxercise is itended for Advanced Btudents, o
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Plate XVIL.—SHAPING MACHINE,

ETAILS OF FEED MOTION AND DRIVING PULLEY.—The power is transmitted to the machine
through the three speed cone pulley on the driving shaft DS connected with an equal pulley on
the counter-shaft which makes 120 revolutions per minute. To relieve the boss of the pulley from

strain due to the pull of the belt four webs are oast betweeg it and the rim.

The three speeds of the shaft are—

Maximum ...... % = 1986 revolutions per minute.
Intermediato ... =120 » »
Minimum ...... 12?;&7 =726 " »

On the other end of the shaft, outside the arm E, is fixed the 2ft. fly wheel, shown on Plate XV., Fig. 4,
which ensures more uniform running during the variablo speed of cutting.

The feed gear is designed to effect autotﬁatically the feeds of the carriage and the circular motion mandril.
Carried on the arm E are the feed wheel w, and the lever F; and on the end of the sorew 8, are two wheels @,
G, the former keyed to S, and the latter turning freely on the long boss of G, and in gear with an equal wheel
G; on the worm shaft s,.

The feed pinion W, gearing with W, is fixed on the driving shaft. The ratio of the numbers of teeth on
W W, is the same as that of the driving pinion and wheel W, W, respectively; e, 2} = 12, so that the
wheel provided with the circular groove for feed makes one revolution per double oscillation of the slotted arm S A.

The eccentricity of the groove is 1}”, and therefore the steel bowl on the end of the cast-iron feed lever
performs two vertical strokes, each 2}” long, per revolution., The vibrating motion is transmitted to the cast-iron
bell-crank pawl lever L; by the link L, whose ends are adjusted in the slots to give the required feed. The
maximum and minimum angular displacements of L, are about 80° and 13° respectively. (See diagram below.)

Since the feed groove is circular the puwl lever will be continually moving, the pawl either moving the
ratchet wheel forward or slipping over its teeth, and therefore the feed must commence before the end of
the return stroke and continue during a portion of the outting stroke.  The best position of w, relative to
the driving wheel w, is determined on the machine itself. ~ Undoubtedly the feed motion would be better if
a groove of shape similar to that for the slotting machimne were used.

When the feed of the carriage along the bed is required the pawl above the wheel G, is turned into gear.

The wheel Gy is keyed to the worm shaft S, so that when wheel G, is moved by the pawl the circular
motion mandril will receive a slight angular displacement, varying in amount from j33° to 23° depending upon
the position of the link L,. L, turns freely on s,, and is held in position by a collar pinned to the latter.

Handles are used on the ends of the screw and shaft for rapid adjustment by hand.

CALCULATION OF FEED.—The maximum and minimum angles turned through by the pawl lever are
80° and 13° respectively.

(a) Feed of Carriage. Pitch of screw = }".
Maximum = &% x } = (%" [='055"] or 184 strokes per inch of feed.
Minimum = &% x 1 = (13" [ =009"] or 110 strokes per inch of feed.

(3) Angular Feed of Circular Motion Mandril,—For one revolution of
the shaft the wheel moves through Jsth of a revolution, or 12°

Maximum = 5% x g5 x 282 = 2§°,

Minimum = 23§ x }§ = 3"

EXERCISES.
1.—Feed Levers. Draw two elevations and the plan of the feed levers F, L, and the connecting link,
showing the pawls. Scale, 9 tns, = 1 foot.
2.*—Feed Gear and Driving Pulley. Draw the end and side elevations and plan showing the pulley in
the two elevations, and indicating the toothed wheels by their pitch circles, Scale, 3 ins. = I foot,
* This Exercise is intended for Advanced Students.
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Plate XX.—SLOTTING MACHINE.

HE several views, Figs 1 to 5, show the details of the slotting ram N and the means by whioh it is moved up and
down, go that the return stroke may be performed in less time than the cutting stroke.

On one end of the driving shaft D S i8 fixed a cast-iron diso D P, which turns in a recess in the side projection near
the front of the frame (See Fig, 3). The driving pin P is fixed on the face of this disc by two bolts fitting in T slots to
admit of its adjustment from the centre of the shaft to give the required stroke of tool. To take up the wear of the
driving plate the pad B is pressed against its edge by means of a screw.

The driving pin oarries a rectangular cast-iron block which, sliding in the slot of the arm S A, gives it a vibratory
motion. When the pin is in its extreme outward position, t.c., 2¥ from the centre of the shaft, the vertical motion of
the free end of the arm is 9"—the maximum stroke of the tool. This motion is transmitted to the ram through the cast-
iron connecting rod K, whose upper end is attached to a prolongation of the nut for the vertical adjusting screw §,.

The form of the top of the frame, to admit of the motion of the connecting rod, may be clearly seen from the side
elevation and plan.

The ram is a long hollow casting with a planed face, which slides against the vertical face of tho frame, and is held
in position by an adjustable bevelled strip, Its upper part is slotted to receive screw §, and admit of the motion of the
nut when the ram is being adjusted for height.

The two wrought-iron tool holders H arc held in horizontal slota formed in the enlarged end.

RATIO OF TIMES OF CUTTING AND RETURNING. (See accompanying diagram.)

Let o be the centre of the driving plate, p the driving pin, and a the oentre of oscillation of the arm, When p
describes the circle of radius op the arm ab vibrates through the angle b, ab,—the vertical distanco between ¥, and
by being the stroke of the tool. In the diagram p, p, represents 9",

When p is at #,, the point of contact of a b, with the circle, the tool is in its highest position, and with the given
direction of rotation the shaft turns through the anglo ¢, o ¢, (=2a) before the down stroke ends. For the angle of
rotation # 0 ¢, (=2f3) the arm moves from its lowest to its highest position. So, tho angles described by the shaft

and driving plate during the cutting and return strokes are
Stroke Angle B Avgle %.| @ |Revs permn.| Max. vel. of | 2a and 2/3 respectively, and assuming that the shaft rotates
: ': C[=180°-g) =y ﬁvm“ late t""lr'zﬂ?" uniformly, the times of cutting and returning are propor-
inches. A g plase. | Permin- | tional to o and @ respectively,
Time of cutting _ «
9 | 6975° | 11025°| 158 | 107 187 " Time of return B
8 | 72:05° | 107:95" | 150 107 17:2 The value of this ratio for any stroko from 9” to 3” is
Z ;égg" iggggo i;g ig; {g;g given in the accompanying table.
5 | 789" |1011° | 198 | 1714 | 1885 Cos 5= T of pit _ stroke
4 81113 | 9887°) 122 1714 15-33 The value of B is then obtained from tri i
ame wae | 1. , . gonometrical
3 83-37 96:63° | 1'16 2743 193 tables.  Agnin a=180"— 4.

VARIABLE VELO-
CITY OF TOOL~The
velocity of the tool is con-
tinually changing; for the
positions ¢, ¢, of the pin its
velocity is zero, and is a
maximum in the cutting
and return strokes when
at p,, p, respectively.

The maximum velocity
during the cutting stroke
may be determined as fol-
lows :—

Let n = revolutions of
Lo onmm  driving plate per minute,

SCaiE Of DiSTANCES r=radius op in feet, then
S S S P S S s velocity v of pin in feet
per minute = 27r n,

X foet per minute.
1

The point on the arm in contact with the pin at p, has a velocity », .". velocity of end b =

From the notes to PlateXXT.it will be seen that the three possible speeds of the shaft are 107, 17:14 and 27:43
revolutions per minute.

Assuming the shaft makes 10'7 revolutions per minute, then the maximum cutting speed of tool, when the stroke is 97
is caleulated to be 18-7 feet per minute: where » = 24", ap, = 83" and ab = 13",

For the same maximum speed of cutting, the rate of rotation must increase as the stroke diminishes.
[Continued.

See letterpress to Plate XXII for Exercises.
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PLATE XX,—Continued.

TO DETERMINE THE ANGULAR VELOCITY OF THE ARM FOR ANY POSITION OF THE DRIVING PIN
Let 6 = angle between radius op and arm ab.
w, w, = angular velocities of arm and radius op respectively.
v = linear velocity of pin p.

0 = G= voosf . v, _veosf op cos 8
op ap o, ap =
. v
op
1t og ia at right angles to ab and ¢» parallel to op, then op cos § = ¢p ., o, . o .

0, ap~  oa

Hence, oa of constant length represents the constant angular velocity of the driving plate, and or, the instan-
taneous angular velocity of the arm.

To a different scale o  represents the linear velocity of the end 5 of the arm and of the tool

The maximum angular velocity during the cutting stroke is not determined by this construction, but geometrically
as a fourth proportional. ap, i ao tiop i w,

Diagrams of displacement and velocity.

Through the point 3, draw the line zy3 parallel to the centre line a0, and make xy and yz to represent the
angles 2 and 20 respectively. They may conveniently be made equal to the ares ¢, p, ¢, and ¢, p, ¢, respectively, the arcs
which those angles subtend.

Through the points ¢, b, where 2 ¢ represents the angle ¢, draw lines respectively perpendicular and parallel to the
line of centres, and make cd=eg=or to represent the linear velosity of 6. Then, ¢ f represents the displacement of the
tool from its highest position, and ey its velocity when the driving plate has described the angle ¢ after the beginning of
the stroke : also, for the displacement y ¢ [ =e¢ f] the velocity of the tool is represented by cd.

The loci of the points f, g, d are the displacemont curve and the velocity curves on time and distance bases
respectively.

The corresponding curves for the return stroke aro drawn in a similar manner.

The scale of velocity can be drawn when the maximum velocity is caloulated and the line which represents it
determined graphically as suggested above.

The ratio of the mean heights A, A, of the velocity diagrams on time bases is cqual to the ratio of tho angles
described by the plate during the cutting and return strokes.

Plate XXI,—SLOTTING MACHINE,

passing half through the boss of the bracket and half through the shaft. Turning freely on it is the cone pulley
©C, to the front plate of which the pinion W, is keyed. Oil is passed to the shaft through the two small brass tubes,
The pulley receives its motion from an equal pulley keyed on the counter-shaft running at 100 revolutions per minute.
Above the pinion, and gearing with it, is the spur whecl w;, keyed to the driving shaft D . On the inner face of
the wheel is a groove @, so shaped that during a small fraction of a revolution the pin fitting in it receives a vertioal
motion of §* down and up, and then remains in ita highest position until the completion of the revolution,
By a combination of levers and links this motion effects the feed of the machine table
1 in any horizontal direction, In order that the feed may take place before the beginning of a
now cut, the driving plate must be keyed to the shaft in such a position that the pin receives
its motion in the interval between the tool leaving and again reaching the work.
AP The first feed lever F is centred to a projection on the side of the frame, and in conse-

@HE pulley shaft P S is carried at its ends by the frame and the bracket, and is preventod from turning by a screw

%ui";i- "1 quence of its connection with the arm A, by the rod R, whoso ends may be fixed in any positions
e e in the slots, the angular motion of the feed shaft £ § may be varied from 5° to 30°.
w (1)—Puiley Shaft. SPEED OF PULLEY AND DRIVING SHAFT.
ro‘r Maximum speed = 100x }1-% = 160 revolations per minute.

= Intermediate ,, = 100 ’ »
=1
= - 100 x 10 .
-..{ B Minimum ,, = = 6205 "
= 16
= (2)—Driving Shaft.
= The speed is reduced in the ratio of 12 to 70 by the wheel gearing.
= . 160 x 12 . .
= Maximum speed = 75 = 274 revolutions per minute,
'&Q‘f = - o Intormedisto,, = 1_0972)‘& - e, .
L Minimum ,, = ‘3'_57 ;L"’ = 107 ,

The table facing Plate XX. shows what speed is suitable for any particular stroke,
See letterpress to Plate XXII, for Exercises,
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Plate XXII.--SLOTTING MACHINE.

4 \» HE table and slides are so arranged that the former, and the work fixed to it, may receive motion in either
b of two horizontal directions at right angles, or a circular motion,

THE SADDLE D moves over the horizontal planed face of the frame, actuated by the left-hand sorew s, which is
supported at its outer end by the frame. The feed, when effected antomatically, may be varied from Zgth to yigth of
an inch per cutting stroke. An ordinary bevelled adjustable atrip is used to follow up the wear of the s?ding surfaces.

Cast with the saddle are two arms to support the worm shaft W S, and two bosses to carry the feed mitre wheel Mm,,
and the shaft of tho wheel M, and cast-iron lever K. The worm shaft is held endways by a shoulder near one end and
lock nuts on the other.

THE SLIDE E is moved across the saddle by the screw S,, and carries the circular table T.

The worm bracket, supporting the shaft immediately on each side of the wrought-iron worm, is fixed to the side of
the slide by two §¥ scrows. In order that the worm may receive the angular motion of the shaft for all positions of the
glide, it is fitted with a feather key which slides along a key groove in the shaft,

To admit of ciroular motion the table is formed with a conical base which fits in a corresponding semi-circular recess
in the slide, and is held in position by the lock strip LS. The §* screw is used for Jocking the table when no circular
motion is required, and the §” stud is permanently adjusted to give a correct working fit to the table when the locking
scrow is released.

The two parallel edges of the strip are bevelled to an angle of 50°, and at the hottom are 104" apart, so that the
table base, 10" diameter, may easily bo passed into ita position,

The maximum automatic feeds of the slide and table are ./;” and §° respectively por cutting stroke, (See notes to
Plate XXIIL for the method of determining the amount of feed.)

The nuts for the two scrows, S, S, are of brass, and are held in position by circular projections upon them
fitting into holes in the saddle and slide respectively.

EXERCISES.
Prate XX,

1.—Ram, Draw the front and scctional side elevations and plan showing the feed screw and the tool holders,
Seale, 4 s, = 1 fool.

2.—Blotted Arm and Driving Plate. Draw the front and sde elevations, plan and soctional plan ; show
also the arm of the frame which carries them. Scale, § full size.

3.*—Ram, Arm, &c. Draw the four given views to a Scale of } full size.

Prats XXIL

4.—Driving Pulley and Bracket. Draw the sectional side elevation and plan. Scale, J ins = 1 foo.

5*—Driving Pulley, Wheels and Feed Levers. Draw the given scctionul side clevation, and also an
clevation looking on the end of the bracket, In the latter view omit the wheel W, but indicate, in dotted lines,
the cam groove on its face.

Refer to Plate XIX. for relative positions of pulley and driving shafts. Scale, 3 ins. = 1 foot,
Prate XXIIL

6.—Table, Draw the elevation—half in section—and the plan. Scale, 4 tns. = 1 joot.

T.—8lide E, Draw two elovations and a plan of the slide, showing the locking strip and worm bracket.
Scule, § full size,

8.—8addle D, Draw two elevations and a plan. Scale, 4 ins. = 1 foot.

0.*—Table and Blides, Draw the front elevation, side elevation—half in section—and plan. Draw the plan
of the table apart from the plan of the slides. Scale, .} ins. = 1 foot.

* These Exercises are intended for Advanced Student-s.
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BORING AND TURNING MILL,

ENERAL DESCRIPTION.—The Boring and Turning Mill represented in the accompanying illustration, and of
which detail drawings are given on Plates XXIV. to XXXVIIL inclusive, is made by Messrs. Geo. Richards and

Co. Ltd., Broadheath, Manchester, All the parts have been designed with special regard to the requirements at
the present time for heavy cutting with coarse feeds. The maohine is capable of operating on pieces not exceeding 48"
diameter, with &' maximum height of 36” under the cross slide, or 30” under the tool holders.

The counter-shaft may be run at two different speeds, viz., 300 and 263 revolutions per minute; and the motion is
transmitted from & four-speed pulley to an equal one on the machine shaft by an open belt.

The driving gear is carried by a separate bed-plate, which is bolted to the side of the machine bed; and the table,
carried in a speoial form of large vertical bearing in the bed, receives its motion from the driving shaft through a pair of
bevel wheels and pinion and large spur wheel. The speed of the table may be varied within very wide limits to suit all
gizes of work, viz., from 356 to 1'687 revolutions per minute, with twenty-two intermediate speeds.

The two standards or uprights are bolted to the horizontal faces at the baok of the bed, and are connected at the
top by & strong cast-iron stay.  The oross slide has long bearings on the uprights, and is moved up or down by a belt
arrangement which gives motion to spur gearing carried on a movable arm, and thence to bevel gearing connected with
the two vertical screws in the standards The two saddles which carry the tool bars are moved independently along
the cross slide either automatically or by hand.

Attached to each side of the bed is a patent feed gear box, and the gearing is so compactly arranged that, by
turning the operating handle through one-third of a revolution, the full number of changes (four) can be made.
Leading from each gear box is a vertical feed shaft, which transmits the feed motion to a three change system of sliding
wheels mounted at the end of the cross slide: so that, in all, twelve rates of feed are obtained, varying from 7877" to
“0376" for the cross feed, and from ‘7963” to *0279” for the down feed per revolution of the table.

The tool bars are balanced by a patent spring arrangement which does away entirely with tho use of wcights and
chains, and does not in any way impede the operator in the manipulation of the machine,

The weight of the machine is about 6 tons.
EXERCISE.*

Complete Machine, Draw tho front clevation, and the sile elevation to the right of the fiont elevation.  Use
paper of “Imperial ” size, Scale, 1} ins. = 1 foot.

Plate XXIV.

mACHINE BED.—The bed is a large single casting designed to carry the table and the two standards, and to
give support to all the main gearing. The front central portion is semi-circular, and passing vertically through
it is & bearing 10" diameter, for the trunnion of the table, terminating at the top in a large annular conical
bearing which is lined with anti-friction metal. '

On the planed tops of the two parallel sides of the bed are bolted the right-hand and the left-hand standard. To
the two box-shaped projections on the left-hand side ia bolted the ond of the bed-plate for the driving gear; and this
side of the bed is also provided with two long bearings for the support of the main and the back-gearing shafts.

The feed gear boxes—detailed on Plates XXXIII. and XXXIV.—are fixed to the bed in the positions indicated in
Fig 1; and the feed shaft FS,, which receives its motion from the main shaft through the two chain wheels Cy, Cy
runs right through the bed and serves to actuate both sets of feed wheels.

EXERCISE.*

Machine Bed. Draw the three given views, indicating by dotted lines in the side elevation the thickness of
metal of all the parts. Scale, 3 ins. = 1 foot.

* These Exercises are intended for Ad 3 8
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Plate XXV.—BORING AND TURNING MILL.

~v
?ABLE.—The table is 44" diametor, 43" deep on the edge, and is provided with twelve radial T slots for
the holding-down bolts, The several circular concentric projections on the underside are well stiffened by
{” radial webs.

The trunnion, a hollow eylinder 10" outside diameter by 26” long, rotates in the bearing formed in the bed.
Its upper end which is considerably enlarged, provides a conical surface to take the vertical pressure on the
table, and at the same time ensures uniform wear over the rubbing surfaces together with rigidity. The table is
secured to the trunnion by six 4" screws, and the whole is held down by a collar which is fixed by §* “grub”
screws to the lower end of the trunnion,

The conical annular bearing in the bed has a lining of anti-friction metal, 4" thick, which is prevented from
turning by ribs ou its underside. The surfaces move in a reservoir of oil, being connected by a horizontal pipe
passing through the machine bed to a stand-pipe which contains oil to such a height as to bring the oil level to
the position shown in the drawing. (This oil stand-pipe is seen in the half-tone illustration a little to the right
of and on the same level as the table.)

The oast-iron wheel W,, by means of which the table is rotated, has 100 teeth (24 teeth per diametral inch;

0
diameter = 12% = 40") and is fixed concentrically to the table by twelve §” scrows as shown. The force necessary

to overcome the resistance to cutting is transmitted through these screws, hence the importance of having a large
number accurately fitting the holes.

As will be seen from the calculations of speeds in the notes to Plates XXVI. and XXVIIL the table may be
run at twenty-four different speeds, varying from 356 to 1'687 revolutions per minute to suit all sizes of pieces
to be tooled. If the table be running at the lowest speed, <.c. 1687 revolutions per minute, and the machine
turning the maximum diameter of 48", then—

the outting speed = .g x ?73 x 14687 = 212 ft. per minute.

EXERCISES.

1.—Table. Draw the two half sectional elevations as shown, the complete plan and an outside elevation to
the right of the plan. Scale, 8 sns.=1 foot.

2.—Trunnion. Draw the half sectional elevation and half outside elevation and plan. Scale, 4 ins.=1 foot.

3.*—Table and Trunnion. Draw the two given views, but show half the trunnion in outside oclevation.
Scale, 8 ins.=1 foot.

* This Exercise is intended for Advanced Students.
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Plate XXVI.—BORING AND TURNING MILL,

9

EARING ATTACHED TO THE BED.—In Figs. 1 and 2 is shown the gearing for the transmission of the
motion of the main shaft to the table, and also to the feed shaft FS,  As previously mentioned the separate
bed-plate for the driving gear——detailed on Plate XXVIL—is bolted to the left-hand side of the machine bed ;
and the main shaft, supported in a long bearing, passes through the bed into the space immediately behind the table.
The end of the shaft is supported by a brass-bushed bracket—detailed in Fig. 4—and immediately beyond the bracket
is the steel bevel pinion B,, which gears with the bevel wheel B, on the vertical pinion shaft. (It will be seen from the

drawings that the bed is dished out for the wheel B,.)

The stout pinion shaft is supported by a bracket—detailed in Fig. 3—which furnishes ample bearing for the shaft,
and receives the vertical pressure through the collar at the top end of the shaft. These two brackets are secured to tho
facings on the bed by $” screws, and, to relieve the screws of the shearing stress due to the dead weight, the vertical
face of each bracket is formed with a horizontal projection }” wide, which bears on the upper planed edge of the facing.
The steel pinion W, is keyed to the upper end of the vertical shaft, and gears with the large spur wheel W, attached
to the table.

The feed shaft FS,; runs through the bed parallel to tho main shaft, and gives motion to the gearing contained
within the two feed gear boxes : this shaft receives its motion from the main shaft through a pair of chain wheels,
C,, Cy, of such diameters that the speed is reduced in the ratio of 1 to 3f. The large wheel C, is almost entirely
enclosed within the bed, and the exposed chain and the wheel C, aro completely covered by the chain wheel case.

By means of the bevel wheels B,, B,, and the spur gearing W, W,, the speed of rotation of the table is less than

) . . ByxWy. 4 . 18x20 )
that of the main shaft in the ratio of BoxW. 1, ie, 5x100° 1, or 1 to 125,

Revolutions per minute of main shaft
125,
From the calculations of speeds in the notes to Plate XXVIL, it will be seen that the twenty-four possible speeds
of the main shaft are approximately :—
446, 391, 342, 300, 263, 231, 202, 177 (Single gear).
151, 132°6, 116, 102, 89°5, 785, 685, 60 (Intermediate gear),
53°2, 466, 407, 357, 31-4, 27°8, 24, 21'1 (Full gear).
And, therefore, the corresponding speeds of the table are :—
356, 31-2, 274, 24, 21, 18°5, 16°1, 141 (Single gear).
1241, 106, 9'3, 81, 7°1, 62, 5°5, 4'8 (Intermediate gear).
42, 37, 33, 2:8, 25, 22, 19, 1'7 (Full gear).

" Revolutions per minute of table =

N.B.—It may be noted here that all the toothed wheels used in the machine are machine-cut, ensuring smooth
running and & high efficiency in the transmission of the motion. In most cases the pitch of the teeth is expressed in

terms of n teeth per diametral inch, and then the height of the tooth above the pitch line is 1— inches,
n

EXERCISES.

1.—Bracket for Pinion Shaft. Draw the two views given in Fig. 3, and add an elevation to the left of the
given one. Scale, § full size.

2.—Bracket for Main 8haft. Draw the two given views and an additional elevation. Scale, § Sull size.

3.—Chain Wheel Oase. Draw the front elevation and plan, and add a side elevation to the right of the front
elevation. Scale, § full size.

4,*—(Gearing and Brackets. Draw the two given views, Figs. 1 and 2, and add an elevation to the left of
Fig. 1. Indicate the bevel wheels by their pitch surfaces, except when shown in section. Scale, 3 ins. = 1 foot.

* This Exerciso is intended for Advanced Students,
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Plate XXVII.—BORING AND TURNING MILL,

P\QEARING FOR MAIN DRIVING SHAFT.—All the power necessary for the driving of the machine passes
through the pulley and spur wheel gearing detailed in Fig. 2

The four-speed pulley—which is connected with an equal one on the counter-shaft—is carried on the main shaft,
and has keyed to it the pinion W, and the wheel W, The large wheel W, keyed to the shaft, butts against the pulley,
and, as is usual, can be connected to the latter by an adjustable bolt. The two ends of the pulley are brass-bushed.

The back gearing is such that two rates of reduction of speed may be effected. On the long cast-iron sleeve of the
back shaft are the pinion Wy—cast with the bush—and the two wheels W,, W,, which are movable together through a
distance of 2§” along a feather key. The cast-iron ends of the baock shaft are bored eccentrically §”; one is supported
in a long boss projecting from the side of the machine bed, and the other, to which a handle is fixed for the purpose of
throwing the whoels in and out of gear—see Figs. 3 and 4—is carried by the horizontal arm formed on the bracket for
the outer end of the main shaft. This ehaft support 1s sccured to a separate base of [7] section which is fixed to the
machine bed by eight §” scrows,

The greater reduction of speed by the back gearing is effected when the wheel W, is moved into gear with the
pinion W), and for the intermediate gear the wheels are in the positions shown on the drawing,

EXERCISES.

1.—Base. Draw the front elevation, the plan, and the end elevation projected to the right of the plan.
Scale, ¥ full size.

2.—Bracket. Draw two elevations and a pla, showing the eccentric handle for the back shaft,
Scale, 61ins. = 1 foot.

3.*—Qearing, &c. Draw the given sectional plan, and add a front elevation. Add also an end elevation to the
right of the plan, indicating the wheels by their pitch circles. Scale, 3ins. = 1 foot.

Oalculation of 8peeds of the Driving
Shaft.—The accompanying figure represents

COUNTER- 300AND 263 TasLe | disgrammatically the gearing from the counter-
SHAFT REVS PER MIN | I piy q_l, 0 BJ shaft to the table. The counter-shaft may be
run at 300 and 263 revolutions per minute, and
207 !llll K IIIIIIIIIIIIIIIIIIIlIIIIIIlIlIIIIllIIIIIIIIIIIIIHHI‘ the diameters of the cone pulleys are 194", 177",
Wz | | 00T 153", and 133", respectively.
i l There are three possible arrangements, viz. :
%i . (a) Bingle Gear, when the pulley is locked to
z I: the wheel W, and #o rotates the shaft dir.eotly s
B é? (6) Intermediate Gear, when the motion of
) the pulley is transmitted through W, and W,
LASTOE to the back shaft, and thence to the machine
Zz 3% shatt M8 through W, and W,; (c) Full

Gear, when the motion is transmitted through
Wi, W, and W, W,

Since the pulley has four different diameters, there are four poseible speeds for each gear for each speed of the counter-shaft ;
therefore, in all, there are 24 possible specds of the main shaft

[Continued on Plate XXVIII,

* This Exercise is intended for Advauced Students,
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Plate XXVIII.—BORING AND TURNING MILL,

«

IGHT-HAND STANDARD.—The two standards required for the supporting and guiding of the cross
slide are alike, but, of course, of opposite hands.

Each is of box section, §* metal, and is rendered lighter by the three large holes passing through it. The
base is 35" long x 83" wide, and is fixed to the planed top of the bed by five §” screws. It will be seen on reference
to Plate XXIV. that the face on the bed is 4" narrower than the base of the standard, so that the long edges
of the latter project }” on each side of the facing.  The two standards are stayed together at the top by
the cross stay—detailed on Plate XXIX.—which is attached to them at the facings, 12" x 5}", by §” screws,

The vertical fuce, over which the cross slide moves, is 63" wide, with square edges, and between the two inside
edges moves tho nut attached to the slide. For the introduction of the clamping piece of the slide the distance
between the inside cdges is increased at the top and the bottom of the vertical face.

As shown on Plate XXXI. the feed screw hangs from the top of the standard, and is actuated automatically
from the counter-shaft, through pulleys and toothed wheels, for the rapid vertical movement of the oross slide.

EXERCISES.

1.*—R. H. 8tandard. Draw the two given clevations, the sectional plan, and a complete outside plan.
Scale, 2 ins. = 1 foot.

2.*—L. H, Standard. Draw the views as mentioned above. Scale, 2 ins. = I foot,

CALCULATION OF SPEEDS OF THE DRIVING SHAFT.—Continucd.

(a) Single Gear :—
SrEED OF COUNTER-SHAFT. 300 rER Min, 263 rER MIN.
. 300 x 194 _ 263 x 19§
Maxirium speed... . ... e g = 446 e = 391
. 300 x 174 263 x 17%
1st Intermediate speed................... BTy S 842 153 = 300
2nd Intermediate speed ...... v 300 x 16} = 263 208 x 15} —~ 281
17% 173
. 300 x 181 268 x 18%
Minimum speed ...... ... oo aeeeen 10§ £ =202 oy = 177

[Continued on Plate XXI1X.

* These Kxercises are mtended for Advanced Students.
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Plate XXIX.—BORING AND TURNING MILL,

of the machine rigid. The casting is curved and of box section, }” thick, stiffened by three transverse webs,

and the ends are flanged forward to provide sufficient bearing area against the standards. The top is also carried
forward, at a thickness of 1", to a straight edge which lies 1" behind the vertical faces of the standards when the stay is
in position. Each end is secured to the corresponding standard by four §” screws.

%ROSS STAY.—The cross stay, Figs. 1, 2 and 3, connects together the two standards, and so makes the upper portion

As previously mentioned the cross slide is moved along the faces of the standards by the simultaneous rotation of
* the screws supporting it ; and the brackets for the support of the horizontal shaft connecting the two screws through
bevel wheels (see Plate XXXI.) are carried by the stay. These brackets are detailed in Figs. 4 and 5: the right-
band one is fixed by three §” screws passing through plain holes in its base; while the other, which is extended
backwards to give support to the elevating lever and short pulley shaft, is secured by four screws pnssing upwards ’
through the top of the stay into the base of the bracket. Of the four screws used for the latter bracket, the heads of
the three whioh would be seen from the front of the machine are made cylindrical to fit into recesses.

EXERCISES.

1.—Brackets for Stay. Draw two elevations and a plan of ench of the brackets. Scale, § full e,

2.—Oross 8tay. Draw the three given views, and add an end elevation projected from the plan to the left
Scale, 3ins. =1 foot.

3.*—Cross Stay and Brackets. Draw two elevations and a plan, showing the brackets in position on the
stay. Scale, 3 ins, = 1 foot.

4*—Machine Bed, Standards and Oross 8tay. Draw two elevations and a plan, showing the several
parts connected together. Scale, 7§ wns. = 1 foot.

CALCULATION OF SPEEDS OF THE DRIVING SHAFT.—Continued.

(b) Intermediate Gear,—Motion transmitted through W,, W, and W,. W,.

W, xW,
Speed of shaft = speed of pulley » W. < W,
19
= » » T8
SrEED OF COUNTER-SHAFT, ’ 300 rEr Min. 203 PEr MIN,
Maximum speed . ... . ... . ol 5 “6—5: b =151 3‘?‘{); L. 1326
1
| 342 x 19 3 1
18t Intermediate speed... ................ ] ———E:—— =116 ~905; b 102
2nd Intermediate speed . .. ... .| 208 x19 89 81x19 785
56 56
0
Minimum apeed. ... .......cccocrreerr oo * 22X ess UL S
|

[Continued on Plate XXX,

* These Exercises are intended for Advanced Students.
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Plate XXX.—BORING AND TURNING MILL.

*N’ROSS SLIDE.—Tho cross slide has a total length of 7:— 6", and a width of 16§”, and the parts which bear
agoaiust the standards are extended vertically to ensure rigidity. The slide is of a uniform [T section with
upper and lower square-edged flanges over which the two saddles move; and the portion between the

standards is stiffened considerably, to resist the bending due to the pressure on the tools, by a curved back of

box section, Mach face bearing against the standard is 28" long x 63" wide.

The nuts used for the vertical movement of the slide are detailed in Fig. 6. For the purpose of relieving
the supporting sorews the slide may be clamped agninst the standards by tightening up the clamping pleces—shown
in Figs. 2 and 4. FEach clamp is bored out to 1}” diameter for the easy passage through it of the screw.

Since each saddle with a tool bar is actuated independently of the other, it is necessary to duplicate the feed
shaft and feed scrow. Supports for them are frovided at the ends of the slide, The two feed shafts—detailed
on Plate XXXIL—are placed highest in the slide, and in the same straight line, their inner ends being supported
by the same piece near the centre of length of the slide. Below these shafts are:—first, the feed screw for the
right-hand saddle, which extends almost to the centre of the slide; and then the feed screw for the other saddle
which runs the whole length of the slide.

The adjustable stop, detailed in Fig. b, is for the purpose of setting the left-hand tool bur cxactly central
with the table.

The feed shafts and screws receiva their motion through the two sets of feed gearing—detiiled on Plate
XXXVIIT.—which are fixed on the back of the slide as shown in Fig. 3,

EXERCISES,
1.*—COross Slide. Draw the complete front elevation, the plan and the sectional end elevation, and add an end
elevation to the left of the front elevation. Show the supports for the scrows and shafts and the nuts and
clamping pieces. Scale, 2 tns. = I foot.
2.*—Oross 8lide, Standards, Cross Stay and Bed. Draw the front elevation and plan of these parts
connected togother, Scale, 7} ins. = 1 foot.

CALCULATION OF SPEEDS OF THE DRIVING SHAFT.—Continued.
(¢) Full Gear.—Motion is transmitted through W,, W, and W,, W,.

. Speed of shaft = speed of pulloy X %‘ - W,
k] L]
_ 26 x 19
= v XTI 86
_ tpoed of pulley
- 8388
SrxxD oF COUNTER-SHAFT. 800 rER MIN 263 rer Min.
. 446 891
M d e P . - = B8 2P 48
aximum spee Fass = 582 5388 = 46
1st Intermediate speed e e E-S;—ZB = 407 833_0808 = 857
. 263 231
2nd Inte: te d e = al Y N
od Intermediate epoe gags = 314 gg88 = 278
- 202 177
Minimum speed...... . coooooes veer e o §388 = 24 F38g = 211

Velocity of Driving Belt.—The belt 18 moving at its im"'} velocity when on the {ig%}- diameter pulley on the counter-shaft

m,

running at {ggg} revolutions per minute.
194 x = x 800

Maximum velocity = — 5~ = 1631 {t. per minute.
- . 3
Minimum velocity = 13 -‘{"?1[2-)(—2 8 = 908 5ft. per minute.

* These Exercises are intended for Advanced Students.
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Plate XXXI.—BORING AND TURNING MILL.

t

YLEVATING MOTION FOR CROSS SLIDE.—Since, during the boring or turning work, the cross

slide is stationary, and all the necessary vertical motion of the tool is secured by tho movement of the tool

bar across the swivel slide, it is an advantage to move the cross slide as quickly as possible along the uprights
when setting the machine,

Fixed between a bracket bolted to the outside of the left-hand standard and the L.H. bracket bolted to the -
cross stay is a spindle on which can rotato a cast-iron sleeve. On the outer end of the sleeve is keyed a 9" pulley,
driven from the counter-shaft by a pulley 18¢ diameter, and at the other end is cast a pinion P,, having 24 teeth.
(Attention is drawn to the method of lubricating the sleeve by felt pads, supplied with oil through the hole running
along the centre of the spindle.) The cast-iron elevating lever is centred at one end of the spindle, and carries two
equal pinions P,, P, in gear; P, is also in gear with the pinion P, on the sl2eve,

The bevel wheels B,, By conunect the vertical screws in the standards with the horizontal shaft above the
cross stay; and keyed to the boss of the left-haud wheel B, is the spur wheel W,. The elevating lever passes
down by the side of the standard, aud its end is movable over a ourved stop sector, which enables the lever to be
held in any one of three positions. For the position shown in the drawing, Fig. 2, the wheel W, is not in gear
with either of the pinions P,, P;, and consequently the cross slide is not moved ; but, by putting the lever in one or
other of the “in gear” positions, the motion of the elevating pulley is transmitted to the screws and the slide is
raised or lowered according as one or other of the pinions is in gear with W,. The method of pinning the lever
to the stop sector is shown in Fig. b.

Since the bevel wheels B,, B,, rotate in opposite directions it is necessary to have one elevating screw R.H,
and the other L.H. (See Plate XXXIL for details of sorews.)

MOVEMENT OF THE CROSS SLIDE.

Movement of slide = revolutions of countoer-shaft per minute x -1;; X \%-‘- x B x pitch of serews
9 13
18 24 18
= ” » m ” x*gngxggxi

__revolutions of counter-shaft per minute
8

inches per minute,

300 263
e or 5

374 inches or 32§ inches per minute.

ft

EXERCISES.
1.—Bracket of L.H. Standard. Draw two elevations and a plan. Scale, § full size.

2.—Blevating Lever and 8top Sector. Draw two elevations and a plan, indicating in the side elevation
the pinions by their pitch circles. Scale, § full aize,

3.*—Complete Elevating Gear. Draw and complete the three given views. Scale, 4 ins. = 7 foot.

* This Kxercise is intended for Advanced Students,
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Plate XXXI1.—BORING AND TURNING MILL.

EED SHAFTS FOR SADDLES.—As shown in Plate XXX. the two feed shafts are in the same line, and
cxtend the whole length of the cross slide. The outer end of each is supported by one or other end of the slide;
and the smaller ends are carried in 8 bearing, which is placed 27 to the right of the centre of length of the slide—

+ the longer shaft is therefore for the left-hand saddle. The shaft end, carried by the end of the slide, is held
endways by a'shoulder on one side and a thick washer and two steel lock nuts on the other—as detailed in the
last drawing on the plate.

For the purpose of throwing the shaft in or out of gear with the wheel P,, driven from the feed gearing at the back
of the slide, there is a sliding pinion Pgon the shaft end, and when out of gear the pinion is held by a small plunger.

Extending almost the whole length of the shaft is a keyway, }” wide x }” deep, in which slides the key of the
worm B, carried by the saddle. (See Plates XXXV. and XXXVI.) The motion of the worm is transmitted to the rack
pinion which actuates the tool bar ; and hence the motion of the feed shaft determines the down feed of the tool. Each
shaft may be rotated by means of a handle placed on the square end of the shaft.

FEED SCREWS FOR SADDLES.—The two screws are in most respects alike; but, whereas the one for the
R.H. saddle extends only half the length of the slide, the other extends the whole length, and has a separate piece fixed on
the R.H. end, so that it may be turned by hand from this side of the machine, These screws are used for giving the
cross motion to the saddles aud tool bars, and they are antomatically driven through sliding pinions Py from the
wheel P,

FEED SCREWS FOR CROSS SLIDE.—As previously explained, these sorews hang from the tops of the
standards, and support the cross slide. They are driven simultaneously by bevel gearing when required to raise or
lower the slide. (See Plate XXXI. for details of elevating gear.)

ROTATION OF FEED SHAFTS AND SCREWS.—Each shaft and screw may be connected through the
change wheel P, with the pinion P, of the feod gear by the sliding pinion P

The arrangement i8 shown in the accompanying diagram. Now all the feed motions are

K—J— derived from the feed gear box at the side of the machine bed, and the gearing in it is such that
, R P four rates of motion—relative to the speed of the table—may be given to the vertical feed shaft
\\@/\,,,. - \e ) which actuates the feed gearing on the cross slide. This latter gearing gives three rates of
’/ \ \ motion for each speed of tho vertical shaft, and hence the pinion P, is capable of running at
"‘ oo o - l‘ twelve different speeds relative to the speed of the table. Since the pinions P, are the same

\‘: : /./'\ size 28 the driving pinion P, the shafts and screws will rotate at the same rate as P,
= '(.9/ The oaloulations for the twelve speeds are given in the notes to Plates XXXIIL and
° XXXIV., and it will be seen that they are:—3-15, 218, 168, 1:33, 1'16, 092, 0-71, 049,

Ll 038, 026, 016, 011 revolutions for one revolution of the table.

EXERCISES.

1.—Feed Shafts. Draw three elevations of one or other of the shafts, showing the pinion P, and the bearing for
the small end. Scale, § full size.

9.—Foed Screws. Draw one elevation of each sorew, showing the sliding pinions in the “out of gear” positions,
Scale, § full size.

3.—8orews for Cross Slide. Draw an elevation of one screw, showing the bevel wheel on its end, and at least
8" of sorew. Scale § full size.

4.%_Cross Slide with Shafts and Screws. Draw the front elevation, end elevation, and plan of the slide
showing the shafts, screws, pinions and bearings in position. Scale, 2 ins. = 1 foot.

* This Exercise is intended for Advauced Studeuts.
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Plate XXXIII.—BORING AND TURNING MILL.

EFT-HAND FEED GEAR BOX.—These drawings represent the box containing the patent feed gear
for producing four rates of rotation of the vertical feed shaft per revolution of the table. Since there are
two saddles and tool bars to be worked independently of each other it is necessary to have two complete
sots of the feeding gear, and the one illustrated is used in connection with the left-hand saddle.

The box is fixed by four §” screws to the side of the machine bed, and about half of it goes into the recess
shown in the drawing of the bed on Plate XXIV, The feed shaft which drives the gearing runs across the bed,
and enters the bex by the bearing fixed at “XX.”

The cover is bossed out to furnish a bearing for one end of the tumbler bracket, and is also made with a
cylindrical extension to make room for the accommodation of the reversing bevel gearing. This portion of the
cover has itself a cover which supports one end of the horizontal gear spindle. The vertical feed shaft passes out of
the box through a brass-bushed bearing, whose upper end is enlarged to receive the collar which takes up the
weight of the shaft. A raw hide washer is interposed between the rubbing surfaces, aud the collar is protected by
a lid, so that the space surrounding it may be filled with clean oil.

The operating handle is fixed to the end of the tumbler bracket, and at the centre it is formed with an
extended odge, to which is fixed a brass-graduated segment. By turning the handle through about ird of a revolution
the full number of changes (four) can be made.

Botween any two positions of the lever for giving a feed is a position where the feed motion is stopped ; and in
any of these positions the handle and tumbler bracket are held sccurely by a plug—shown in Figs. 2 and 3—which can
be pulled outwards, and by a quarter of a turn held so, while the operating handle is being moved rouad,

To ensure the smooth running of the gearing the lower portion of the box contains oil, which is passed in
through a small oil box, and may be drawn off through the tap at the bottom.

The fork of the double-ended claw clutch, for the stopping, starting and reversing of the motion of the vertical
feed shaft, is keyed to the short horizontal shaft, to one end of which is pinned the arm for operating the
clutch. In the position shown in Fig. 2 the arm is in the intermediate position, and the clutch is out of gear,

EXERCISES.
1.*—Details of Feed Gear Box. Draw the sectional elevation (showing the bearing for the feed shaft), the
front elevation and plan of the box without the covers, omitting the horizontal gear shaft. Scale, 6 ins. = 1 foot,
2.*—(Covers for (Gear Box. Draw the front elevation, the sectional sido and side elevations, and a plan
projected from the front elevation. Scale, 6 ins. = 1 foot.
3.*—_Feed Gear Box. Draw the two given elevations, showing the beariug for feed shaft, and add a plan

projected from the front elevation, and a scctional plan, through the centreline of the feed shaft, projected from
the sectional side elevation. Scale, } full size.

T T

20 | i Q071

Calculation of Feed Motions.—The
gearing connecting the table with the feed
shafts and screws for actuatiog the tooals
1 ropresented diagrammatically in the

| | accompanying figure ; and it is required to
i ’ express the various amounts of cross feed
! ) and down feed of the tool per revolution
i of the table,
¢, B, i ; ; W, xB,x0
o 1 ! Revolutions of feed shaft F 8, =revolutions of tahle x LA X 22 X%
~._.M_§-.2_77_ .ET+. ! W:xB,x0,
= - x 100 x 46 x 27
Bzf 45T ] 20 x 18 x 56
| - » X 611y
FE F. ~ for one revolution of the table the feed shaft F 8, makes 6yis
_..E%_H% _ . _ES revolutions, When one or other pair of wheels F, @, is in gear:—
M Revolutions of vertical feed shaft F' 8, = 1evolutions of wheel shaft F 8, xg.
T
. 675 87
X =11'15
My . GG, 00 C "2
wn 875 32_ .
!h. F. Svi X 7= Tn
. revolutions of F8, for one revolution of table=
76,25 _ 4n
112 32
Wi 978,20
me g ¥
By means of the cross slide change gearing—explained in the notes to Plate

XXXVIIL—the pinion P, is capable of running at thres different for each
speed of the vertical shaft; and since the pinions P, are the same size
83 P,, and the feed screws are }" pitch—

{Continued on Plale XXX1V,

* These Exercises are intended for Ad d Student
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Plate XXX1V.—BORING AND TURNING MILL,

,('KMEARING FOR FEED GEAR BOX.—In this patent feed gear box there are two sets of spur wheels used:
the first set is carried by the tumbler bracket, and the other by the short horizontal shaft directly above, from

which the vertical feed shaft receives its motion.

The tumblet bracket is a hollow cylindrical casting with cylindrical ends supported in bearings formed in the body
and the cover of the box respectively, and extends the whole depth of the box so that no end motion is possible. The
feed shaft enters the tumbler from the back of the box, and is supported by the two hollow ends of the tumbler, and by
the bracket, detailed in Fig. 4, Plate XXXIIL.  Thero are four wheels, F;, F,, Fs, F, mounted on the feed shaft within
the tumbler : the three wheels, Fy, Fy, F, being forced on and keyed to the prolonged boss of the wheel F,, which is
itself keyed to the shaft. Kach of these wheels is in gear with one of the four pinions A, B, G, D, mounted on the
oiroumference of the tumbler; so that, by a slight rotation, any wheel F on the feed shaft may be conneoted with the
corresponding wheel G by means of its pinion. The sum of the diameters of the four pairs of wheels is constant, 8o
that, when motion is being transmitted through any pair, the connecting pinion is directly between them,

The motion from the horizontal to the vertical shaft is transmitted through the mitre wheels M,, M, M, the first
two mentioned being loose on the horigontal shaft. On the inner face of each of the wheels M,, M, are six radial claws
which may be put in gear with the claws on the steel clutoh botween them. When the reversing lever—soe Plate
XXXIIL—is moved, the clutch slides over two feather keys in the shaft, and so one or other of the wheels transmits
the motion to the vertioal shaft. For the position of the olutch shown in Fig. 1 the vertical feed shaft would be
stationary.

To limit the rotation of the tumbler bracket to the required amount there are two stop pins: these are placed one
at each end of the segment containing the holes for holding the bracket, by the plug, in any of its seven positions—four
positions, for eash of which a pair of wheels, F, G, are in gear, and three out-of-gear positions. It is evident then that
the vertical feed shaft may be stopped and started at two positions of the gear box.

The vertioal shaft has a keyway along its whole length, and is of such a length that, for any position of the cross
slide which carries & second feed gear arrangement, the feed motion may be transmitted to the worm A—see Plate
XXXVII[.—for further modification.

EXERCISES.

L*—Tumbler Bracket. Draw two end elevations, a side elevation, a plan and thoe developmont (not showing
the wheels). Scale, § full size.

2.*—Tumbler Bracket with Gearing. Draw the seotional elevation, end elevation and plan, and also the
three radial sections in Fig. 3.  Scale, § full size.

3.* _Horizontal Feed Shaft. Draw the given sectional elevation, and add an end elevation of the clutch.
Scale, full size.

4.*—COomplete @earing. Draw the given seotional side elavation and end elovation, and add a plan of the
tumbler bracket—without the pinions A, B, C, D—projected from the sectional elevation.  Scale, 3 full size.

b.*—Oomplete Feed Gear Box. Draw a soctional side elovation, a front elevation with covers on, a plan
projected from the sectlonal elevation, and a front elevation—with covers removed—to the right of the plan.
Scale, § full size.

CALCULATION OF FEED MOTIONS.—Continued,
. . 5 F F F
Crose feed of tool bar per revolution of table = revolutions of F 8, x — x } x =] or 2& or 22
° X rirg, [ Gs G,]

., for the maximum of F 8, the cross feeds are ‘7877, 2‘42, *0944 ins
1st i iate d ' *6460, *2907, ‘06581 .
'.: 2;:1'“”? " SPT , " 3396, .17%: .2399 1{2: for one revolution of table.
»  minimum " " " '2801, *1227, ‘0276 ins.

For_the down feed of the tool bar tbe motion of the feed shaft is transmitted through the worm B and wheel W, (seo
Plate XXXVL) to the rack pinion P,, which bas a pitch circle diameter of 23."

For one revolution of P, the ocross feed is 3", and the down fced ‘Wyth of the circumference of the rack pinion, i.e.,

d X2t xm
.. Cross feed : down feed = 25 : 2527,
s Down feed = Crosy feed x 2 I?;‘; x_2627

* These Kxercises are intended for Advanced Students.
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Plate XXXV.—BORING AND TURNING MILL.

n

IGHT-HAND SADDLE, SLIDE, AND BORING BAR. — The coloured drawing shows the general
arrangement of the several parts which are detailed on Plates XXXVIL and XXXVIL The only point of
difference between the L.H. saddle, &c., and the R.H.—other than that due to their being of opposite hands—

is the form and position of the nut connecting the saddle with the feed screw. Sufficient detail is shown in the
drawing to mgke olear this difference.

In its cross motion the saddle is guided only by the lower flange of the cross slide, and this ensures not onl
inoreased accuracy but greater rigidity to the tool bars. Mounted on the front of the saddle is the swivel slide, whiol
is capable of an angular displacement of 45° on each side of its normal position. The boring bar is guided by two
bearings on the swivel slide; and is balanced by means of a patent spring balance arrang t, which is contained in
the head of the casting above the swivel slide.

During the boring the bar is moved automatically by the feed shaft of the cross slide; but, by slackening back
the four-armed nut in front of the hand wheel, it may be quickly moved by the latter.

Plate XXXVI.

bear against the backs of the top and bottom flanges ; but it is guided in its cross motion only by the lower
flange, rigid contact with this part being secured by the brass wedge M. At the back are deep facings for the
bracket which carries the worm B, and for the feed nut N ; and the centre is bossed out backwards and forwards
respectively to give support to the hollow pinion shaft, and to provide a centre about which the swivel slide turns.

The saddle is clamped to the cross slide by a §"” screw and brass pad.

SWIVEL SLIDE.—This slide is required for the purpose of enabling the tool bar to work in an inclined
positi It is clamped to the saddle by five §” bolts, which fit in a circular T groove in the face of the latter, and is
guided in its angular motion by the projecting centre of the saddle and its annular facing. On the curved edge is a
segmental rack, gearing with the worm C, which is rotated by hand when it is necessary to adjust the angular position
of the bar. The upper and lower supports for the bar have caps which half surround the bar, and the lower one can
he tightened up against the Lar by turning the handle H.

When the boring bar is not working at an angle the bolt K is passed through the lower cap and screwed into the
saddle, and thus there is no possibility of the normal position of the bar being accidentally altered.

It is clear from Fig. 3 and the detailed drawings of Figs. 4 and 5 how the motion of the feed shaft is transmitted
to the rack on the boring bar through tbe worm B, the wheel W), and the pinion P,, The worm wheel is not
connected directly with the pinion shaft, but can turn on the end of the spindle which runs through it ; and when it
is required to give an automatic down feed the wheel is pulled up against the conical end of the pinion shaft by the
steel nut L, nnd then the shaft is driven by the frictional resistance between the conical surfaces in contact.

@EFT—HAND SADDLE.—The saddle is held against the vertical face of the cross slide by two plates, which

(For the calculation of feeds see the notes to Plates XXNXNIII. and XXXIV.)

EXERCISES.

Prate XXXV.
1*—Complete Saddle, Swivel 8lide, &c. (R.H. or L.H)  Draw two elevations, referring to Plates
XXXVI and XXXVIL for dimensioned details. Scale, 3 ins. = 1 foot.
Prate XXXVI

2.—8addle, Draw two eclevations and a plan, omitting worms, wheels and bracket, but showing the wedge
and the section of the cross slide. Scale, 4 ins. = I foot.

3.—8wivel Slide. Draw two elevations, a sectional side elevation—through the centre of the bar bearings—
to the left of the front elevation, and a plan. Show the hand wheel bracket. Scale, 4 ins = I foot,

4*—Baddle and Swivel 8lide. Draw the three views of the R.H. saddle and swivel slide corresponding
with those given in Figs. 1, 2, and 3, and in the plan show the worm wheel in section. Scale, 4 ins. = I foot.

* These Exercises are intended for Advanced Students.
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Plate XXXVII.—BORING AND TURNING MILL.

ALANCING ARRANGEMENT FOR TOOL BAR.—These drawings represent in detail the tool bar, and
the patent balancing arrangement by means of which the bar may be easily raised or lowered without the
use of chains and weights.

The bar is a hollow casting of iron, with the front t}nd back faces bevelled off at an angle of 30°, TIts lower end ia
bored to receive the conical end of the tool holder. The method of fixing and removing the holder by means of
cotters is clearly indicated in Fig. 3.

A pin passes through the bar near the top, and to it is attached the end of a small steol cable which is
wound round the fusee F contained in the head of the column U. To the fusee shaft is attached one end of a
coiled spring, while its other end is fixed to the inside of the worm wheel R. By rotating the wheel R with the
worm Q the spring can be made to exert on the fusee shaft sufficient torsion to counteract the weight of the
tool bar. The worm also serves to lock the wheel when the spring is adjusted.

EXERCISES,

1,—Tool Bar and Holder. Draw tho front elevation, the sectional side elevation and the plan.
Scale, § full size.

2.—Fusee. Draw the two given views.  Scale, full sie.
3.—Column U. Draw the front and side elevations and plan, showing the cover. Scale, § full size.

4*—COomplete Balancing Arrangement and Tool Bar. Draw the front elevation, sectional side elevation
and plan, showing all the parts fitted together. Scale, 4 wns, = 1 foot.

* This Exeicise is intended for Advanced Students,
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Plate XXXVIII.—BORING AND TURNING MILL,

-

(%)

FEED GEARING FOR CROSS SLIDE.—As previously explained, the number of feeds derivable from
the feed gear box—detailed on Plates XXY.IIL and XXXIV.—is four, and the change gearing attached to each

end of the cross slide increases the number to twelve.

All the necessary shafts and wheels are carried by a small bracket, which is fixed to the back of the cross
slide—by four §" screws—with its outer end flush with the end of the slide.

To the inner end of the bracket is fixed a case, and through it passes the vertical feed shaft FS,. As shown
in Fig. 4 the five-threaded worm A derives its motion from this shaft, and through the worm wheel Wi, transmits
it to the shaft S, The three wheels Fy, Fy, F;are fixed together, and are movable along the shaft 8, over a long
feather key. The parallel shaft S, has keyed to it the three wheels G, Gs Gy and they are so disposed, that
by moving the three wheels F sideways, one or other of them may be put into gear with the corresponding wheel on
S,, or all the wheels may be put out of gear.

For the position of the sliding wheels shown in the drawings F, is driving G,, and the increase of speed is &
maximum ; and when they are moved to the right by 11" F, gears with G, and the reduction of spoed is &
maximum, By moving the wheels 1§” to either side of the given position all the wheels are out of gear, and the
faed motion is not transmitted to the shaft S,

In order that the sliding wheels may be moved from one position to another with precision and certainty, a small
fork fits slightly over the rim of the largest wheel F,, and is pinued to a sliding rod S, This rod has on its under
surface a groove }” x 3" deep, and in tho groove are five shallow conical recesses as shown in Fig. 1. It is held endways,
sufficiently firmly, by the conical end of a small spring loaded plunger—detailed in Fig. 5—but it is possible by a little
force to move the rod, and so alter the positions of the sliding wheels relative to the others. The small pointer, fixed
to § and movivg over the graduated pin V, enables the operator to sec at a glance the rate of feed given to the tool.

As explained in the notes to Plate XXXII, the pinion P, is in gear with the wheel P, and the pinions Py on the
ends of the feed shaft and screw respectively derive their motion from the latter wheel.

EXERCISES,

1.—Bracket. Draw two elevations and a plan, showing the shafts but not the wheels, Seale, 1 Aull size,
2—Worm and Wheel Cage. Draw two elevations and & plan, showing the worm. Scale, § full size,

3.*—Oomplete Feed Gearing. Draw the four given views. Scale, } full size.

* This Exercise is intended for Advanced Studenta.



SINOr 9 L
SINOr L

007 =& 2175

GN3 ONvH 1Hom]
3aI1S SSOUO HOA

ONIdVID 334

%01 ‘PeedulL 40 oBuy 'YdUd ..LPO-Z
H'H ‘SPYL § “weiq ,Z.3 'V WHOM
‘ureig ejoeI0 Ydlid L.¥1T.S

8s * 94 I - |
&l i3 O S

¢ et c %9 <y ®3
UL 69 $9  wivLoL " 54

1S IIAM - ——

NOILVA313 aN3 AN

WAXXX 31vd

‘wour ; weg 49d YR L 8 'STITHM VNS

13ysopm

dzuoigioydsoyqd ~ * 7/

NV1d

e

Hon

o

i
S

. ¥ (J.. -
Bl EEE T S5 i
; !T T bt W
i s TR u
&4 ” L s %2 s -

|
I
i
;
=l

o~ b1/

aedoy 44

. X» 1v 7iviaad
buor g sPMFX

deaq 918 Ao [N
— 4

M315Q 96— ] m._

£
=

— Capin.d T .AHI{.vV\Iq
TR e U B T 3l
s .

TN ONINJNL

ANV ONIHO8 HONI-8Y

i M 3l

t .+
-3 S ><H

NOI1YA313
INOY

2 Moog




Plate XXXIX—HORIZONTAL MILLING MACHINE.

SEN ERAL DESCRIPTION.—This machine, of which details are given on the five following plates, is made by
Messrs, Webster and Bennett, Coventry, and is very suitable for repetition work of moderate size—being compact,

rigid and simple in oconstruction. The automatio travel of the table is 18 inches ; the cross adjustment is six
Inches, and the greatest distauce between the table and the spindle, 13 inches ; hence the three dimensions given with
the title of the machine.

The machine body B is a single casting with a base of substantial area, and the inside is arranged as a tool cup-
board. The counter-shaft carries a cone pulley, the same size as that on the driving shaft, and runs at 160 revolutions
per minute. The spindle, which is hardened and ground, runs in adjustable conical bearings, and its front end is bored
taper for the reception of the cutter mandrel CM. The outer end of the mandrel is supported by the adjustable
overhanging arm OA.

With single gear the three possible speeds of the cutter are 288, 160 and 88; revolutions per minute ; while with
the back gearing, which reduces the speed in the ratio of 1 to %, the speeds are 496, 27 6, 153 revolutions per
minute.

The vertical slide VS is held against the vertical planed faces of the machine body, and moved up and down by a
screw S and a hand wheel HW. The cross slide, carried on the vertical slide, is movable by hand by means of a screw,
and on the top of it is the table T to which the work to be milled is bolted. The table is fed and tripped automatically
or by hand in the direction of its length.

The foed is effected by means of belt and pulley gearing from the driving pulley through the pulley Py Cone
pulleys admit of variation of the feed; and in order that the feed belt may be sufficiently tight for all vertical
positions of the table it passes round adjustable tightening rollers J. One end of tho feed shaft FS is carried by a
swivel bearing on the end of the bracket R ; and when the feed is to be stopped, automatically or by hand, the other
end is lowered sufficiently to throw the worm L out of gear with the worm wheel W, The table screw is double-
threaded for the quick return of the table by hand.

When the driving pulley P, is locked to the wheol W,, and the back shaft out of gear, i.c., Single gear, the four
rates of feed are approximately ‘025 -0122”, ‘0065, -0032” per revolution of the cutter. When using the back
gearing, the foeds are 145", ‘071", -0375", 01857 per revolution of the cutter.

The approximate weight of the complece machine is 13} cwts,

EXERCISE.*

Complete Machine. Draw the two given views. Scale, 2 ins. - I foot.

If the drawing be made on paper of imperial size, Scale, 3 ins. =1 foot.

* This Exercise 1 intended for Advanced Students.
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Plate XL.—HORIZONTAL MILLING MACHINE.

o

@ , ACHINE BODY.—The body is of a neat and simple design, and by reference to the general drawing it

&J - will be seen for what purposes the several parts are required. The thickness of metal for the main portion
h is 1%"; and the base, which is flanged out to give stability to the machine, is bolted down by four $# bolts.

At the front is formed a long vertical boss to carry the nut N, through which passes the clevating screw S, for

the vertical slide. The vertical face is 10” wide by 1'~9" long, and is made up of two planed strips 2}” wide with

the outer edges bevelled to an angle of 55°,

On the left-hand side of the frame iy a rectangular hole, 7" x 15, which is closed by the door D, detailed in
Fig. 4, and on the two pairs of ledges inside may be placed shelves so that the inside may serve as a tool
cupboard.

The two upright portions for the support of the driving shaft are bored out to receive the cast-iron bushes—
shown on Plate XLI.—and the top bar, stretching betweeu the two supports for the overhanging arm is of
n section (Fig. 3) and split on the top for a short distance from each tightening screw.

On the side of the body, level with the pulley shaft, are two arms for the support of the back shaft; and 9”
below them is a shorter arm P to which is fixed the arm A (Fig. 2, Plate XLIV.). To the boss Q is screwed the
pin for one of the tightening rollers J.

EXERCISES.
1.—Door of Tool Cupboard. Druw three elevations and u sectional plan. Scale, 6 ins. = I foot.

2.*—_Machine Body. Draw the two given elevations and add the plan. Scale, 2 ins. = 1 foot.

* Tl;;s Exercise 18 mtended for Advanced Students.
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Plate XLI.—HORIZONTAL MILLING MACHINE.

RIVING GEAR.—The driving shaft is supported at its two conical ends in cast-iron bushes, driven into the
front and back uprights of the frame. The larger end of the shaft, which is bored out to receive the outter
mandrel, is turned to a taper of 1 in 6; and at the other end is a loose conical bush fitting over a feather key in

the shaft. The back end of the shaft is screwed with a fine thread to receive the two circular lock nuts which bear on
the conical bush ; and the end thrust is taken by a steel screw supported in a hemispherical cup containing oil, which
is itself sorewed to the outer end of the bearing bush.

The arrangement of the driving pulley :nd back gearing is the usual one; the pulley P runs loose on the shaft, and
may be locked to the wheel W, by a sliding bolt when the machine is running single gear. The pinion W, and the
feed pulley P, fit on the extended end of the main pulley, and are keyed to it by a long pin 4" diameter.

The hollow oast-iron back shaft BS has cast with it the pinion W, and keyed to it is the wheel W,. The
spindle on which this shaft runs is keyed at its ends to cast-iron bushes bored eccentrically ; and by turning it through
180° by means of the handle H, the wheels are put in or out of gear with those oun the driving shaft. The two
segmental stops, Fig. 5, limit the motion of the handle to the required amount. The overhanging arm OA is held
firmly in the two split supports by clamping screws. The outer end of the mandrel turns in a conical split brass bush,
carried by the end of the arm ; and, by being pulled into the slightly less tapered hole by a screw, admits of a little
adjustment in internal diameter to take up the wear.

The mandrel CM is driven from the driving shaft through a small cotter ; and for its removal the aim OA is
pulled out a little and turned, and then the circular nut J is screwed back to press on the end of the driving shaft. The
83" length of the mandrel, other than that portion. occupied by the cutter, is filled up by bushes (lengths 1" and 2”), and
the last onc fits on the screwed end. For heavy cutting the arm may be stiffened by mcans of removable braces (not
shown in the drawings).

SPEEDS OF MANDREL.

The counter-shaft makes 160 revolutions per minute, and carries a cone pulley, the same size as that on the

machine,
(a) 8ingle Gear.—(Neglecting the slip of the belt.)
160;-?= 288, ]__607__><__7__= 160, —l-(iggi—ﬁ— 88% revolutions per minute.

(%) Back Gear.—The speed of the pulley is reduced by the back gearing in the ratio of 1 : g;”:—?s) orl: —%

.. Speeds of Mandrel are :—

288 x b ) 160 x 5 _ . 800 x 5 _ .
2E D2 - 406 Sy = 2T, oy vy = 153
EXERCTSES,

1.—Overhanging Arm. Draw two elevations and a plan. Scale, § full size.

2.*—Driving Gear, Draw the given elevation, and add a complete plan, showing the upper part of the
machine body, and the back shaft and supports in section as in Fig. 4. Also add an end elevation to the left of
the side elevation. Scale, § full size.

* This Kxercise is intended for Advanced Students.
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Plate XLII.—HORIZONTAL MILLING MACHINE.

@ ERTICAL SLIDE.—This slide carries the cross slide and the table, and so for the vertical adjustment of the
® Iatter it is made to slide over the vertical face of the machine body by the vertioal screw S, and the hand-wheel

HW. Only the portion of S, below the wheel is screwed, and this works in the nut N, carried by the vertical
projection of the body. The upper part is attached to the cross bar of the slide so that it may rotate, and transmit to
the slide only its vertical motion of }” for each revolution of the wheel. The slide is held against the face of the machine
a8 shown in Fig. 3. The cross slide—detailed on Plate XLIII.—is movable over the horizontal face by the sorew S, and
the balance handle H,.

At the right-hand side of the slide is an arm M to which is fixed the bracket R for the support of the feed shaft
FSat the pulley end. To stop the feed of the table, either automatically or by hand, it is necessary to disconnect the
feed worm L from the wheel by lowering the front end of the shaft—hence the necessity for the swivel bearing V.

The feed shaft and pulley P, move up and down with the slide so that it is necessary, for a considerable movement,
to re-adjust the tightening rollers for the feed belt before starting the feed. However, for repetition work, or for the
milling of pieces varying in thickness by only a few inches, the feed belt would be sufficiently tight for all positions of
the table, and there would consequently be no necessity for the adjustment as mentioned above.

As the machine is a horizontal milling machine, the only motion of the table required to be automatio is the

horizontal motion at right angles to the cutter mandrel. The cross and vertical adjustments are made by hand before
starting the machine.

EXERCISES.

1.—Feed 8haft Bracket and Pulley. Draw and complete the two given views (Fig. 4), and add an end
elevation to the right of the side elevation. Scale, § full size.

2.*—Vertical 8lide. Draw two elevations and a complete plan. Scale, § full size.

3.*—8lide with Feed Bracket, &c. Draw two elevations and a plan, showing the bracket, &c., in position
on the slide. Scale, } full size.

* These luxercises ate intended for Advanced Students.
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Plate XLIII.—HORIZONTAL MILLING MACHINE.

ABLE AND CROSS SLIDE.—The cross slide moves over the horizontal face of the vertical slide by means of
the nut N, and the screw Sy, and is adjusted to the bevelled edges by the separate strip as shown in Fig. 1. The
nut is only held in position by a 1” peg fitted into the base of the slide.

In order to provide a substantial sliding surface for the long table T, the slide is extended on both sides of the
portion fitting on the vertical slide. At the right-hand end projects the table sorew S, which carries the worm wheel
W,, and immediately below is a bracket to support the bearing G of the feed shaft. The worm L, fitted with a key
1 square, is driven by the feed shaft along which it can slide during any cross motion of the table, and rotates in the
semi-circular recess of the support G. Attached at the front end of G is a plate F contalning a hole 1§” diameter so
that it may fit over the collar on the spindle E, which runs the whole length of the slide and oarries an adjustable
piece C.

When the parts connected with the worm are in the given positions, the rotation of the feed shaft is transmitted to
the table screw S,, and the table moves to the left. When the plate U on the table reaches the stop C, it is moved to
the left until the collar on the spindle E is drawn out of the plate F, and then F drops on to the " diameter end of the
spindle. To put the worm and wheel in gear again the small handle on the support G is lifted, and the spindle E is
forced back into position by the coiled spring which bears on the collar. The stop C is fixed in any position by pressing
the small key in it against the flat on the spindle by the %" screw.

The table, exclusive of dishes, is 22" x 8}", and has three planed T slots. The nut N, is fixed on the underside of
the table by two § screws, and moves along the semi-circular channel in the cross slide. For the rapid return of the
table by hand the screw has & comparatively large pitch, and so is made double-threaded.

The rates of feed per revolution of the cutter are :—
‘025, 0122, ‘0065, -0032 ins, for single gear,
and ‘145, 071, ‘0375, ‘0185 ins. for double gear.

(See the notes to Plate XLIV. for calculation of feed.)

EXERCISES.

1.—Bearing G. Draw two elevations and a plan, showing the plate F attached. Scale, full size.

2.—Table. Draw two elevations and a plan. Scale, 6 ins. = I foot.

3*—Oross Slide. Draw two elevations and a plan, omitting the nuts, screw S, and the spindle E.
Scale, 6 ins. = 1 foot.

4.*—Oross Slide and Table. Draw the given front elevation, complete the plan, and add an end elevation
to the left of the front elevation. Scale, § full size.

*These Exercises are intended for Advanced Studenta. .
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Plate XLIV.—HORIZONTAL MILLING MACHINE.

RRANGEMENT OF BELT GEARING FOR FEED.—Fig. 1 shows the back elevation of the machine,
@ with the belts and pulleys used in the automatio feeding of the table from the main driving pulley.

A crossed belt conneots the pulley P, on the end of the driving pulley Py, with the pulley Py, which is cast with
the first cone pulley P, The second cone pulley P, is on the end of the feed shaft, carried by the vertical slide, and is
driven from P, by a long belt passing round the tightening rollers J, as shown. If the table, and consequently the
pulley P, be moved up or down by any considerable amount, it is necessary to move the tightening rollers into some
new position, in order that the belt may not be too slack or too tight.

Fig. 2—The arm is fixed to the projection P on the machine body by the §” screw, and carries the pin on which
the pulley rotates.

Fig. 8.—The two tightening rollers have the pins upon which they turn snpported by two parallel plates, and one
pin is provided with a }” screw end for attachment to the boss Q on the machine body. The rollers are sufficiently
long to receive the belt whatever may be its position on the cone pulleys.

EXERCISES.

1.—Tightening Rollers. Draw two elevations and a plan. Scale, § full size.
2.—Feed Cone Pulley and Arm, Draw the two given views, and add an elevation of the arm and pulley to

the right of the given elevation. Scale, § full size.
CALCULATION OF FEED FOR TABLE PER REVOLUTION OF THE CUTTER.

The accompanying diagram represents the plan of the belt gearing for
the feed of the table. With single gear the cutter rotates at the same

speed as the feed pulley P,
Single Gear:—
Maximum foed 2 o X ms X o= 025 i
aximum leed......... =?X ZQXTGxﬁ_ 9 1ns.
) 4 54 1 2 ) Per
1st Intermediate feed =g X XggXH= ‘0122 ins. revolution
4 4 £
9nd Tntermediate foed =+ X % x =z X == 0065 ins. of
575473675
cutter.
i P 4 2} 1 2 0032 i
Minimum feed......... =FX T XggxXp= 2 ins.

Back Gear.—The feed per revolution of pulley will be as given above,
whether the back gearing be used or not; but with the back gearing

5
the cutter rotates slower than the pulley in the ratio 39 1

', the feed per revolution of cutter with back gearing = feed per revolution

of outter (single gear) x 352
.. the feeds are :—‘145, ‘071, ‘0375, ‘0185 ins,
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Plate XLVI.—WORM AND WORM WHEEL.

>
Y ‘2 WORM and a worm wheel are used to conneet two non-intersecting shafts at right angles when the angular velocity
ratio is large. The worm is simply a short length of screw, with a special form of thread, supported in bearings
so that motion parallel to its axis is not possible The teeth on the worm wheel, if correctly shaped, are such as
to havo contact with the worm thread along the entire width. Often, however, the testh are made of uniform section
across the rim—baing merely twisted spur wheel teeth—and then there is only contact between the thread and a tooth at
a point in the central plane. This defect gives rise to excessive friction and wear in the gearing.

The sections of the thread and teoth by the central plane on the worm and wheel respectively are the same as for a
rack and wheel, the latter having the same diameter as the worm whoel. For convenience in turning the worm, the
involute form of tooth is usually adopted, and then the thread is of triangular section, having an angle of 31°—d.e.,
double the anglg, of obliquity, 15§°—at the point. The proportions of a tooth are as follows : —

Thickness of tooth on pitch line, 0-48 pitch. | Height above pitch line, 03 pitch, | Depth below pitch line, 04 pitch.

When drawing the worm the radial or central section is first obtained, "
and then helices of 17 pitoh are drawn on the cylindrical surfaces through the
four points of the section. (Ses Plate V. Book I, for method of drawing o o M \ a0 )
the projection of a screw thread.) 'The central sestion of the wheel tooth 1s p/,/g:"‘ T e )
formed of involutes of the base circle tangential to tha path of contact that o TR
makes an angle of 15}° with the pitch line of the worm. To secure le con-
tact between the thread and a tooth, any section of the latter must be the envelope of the cor-
responding thread section, when the pitch circle of the wheel rolls on the pitch line of the worm
In the drawing three sections b, cc, dd, other than the central one, have been taken to dotermine
the form of a half tooth. Points on the section of the worm thread are obtained by determining
the intersections of the holices on the thread with the section plane. Only threo helices aro
shown, viz., those through the point, root and pitch point, but on a larger drawing others may
conveniently be introduced. The best method of determining the envelopos of the thread
sections is doscribed by Professor Unwin, in his * Elements of Machine Design,” and may be
given as follows: Draw on o sheet of tracing paper the pitch
circle pr of the wheel, showing clearly the centre o and the
initial pitch point p. Beginning at », mark off a number of Fig t
cqual lengths along e on tho tracing and pp on the drawing,
and also on 00, the locus of the centre of 0, so that when the
fig 2 pitch circle rolls upon the line Qq, tho points piqs Paim---- -
peqs will in turn be coincident, whilst the centre o will succes-
sively have the positions 0,0,...... 0 Start with the tracing
paper in the position shown in Fig 1, and trace out the thread
section whose envelope is required. Now move the paper 8o
= — that the points p,q, are coincident, and the centro is at 0,, and
again trace the section. By proceeding s, the several positions
of the section, with respect to the pitch circle during the
driving of the wheel by the worm, will be obtained. (See ¥1g. 2.)
The tooth section {o work with the thread
in the plune of section is the cnvelope of these positions when allowance has R P A T T
been made for a side clearance of fO 52p ~ 0'48p =10-04p, and a top clear-
ance as determuned from the scetional elevation.

The geetions b,c,d, when reversed are the corresponding ones for the other half tooth.

. If the drawing of the worm is large enough to permit making all the sections on the
sume portion of thread, the tooth sections, when transforred to the drawing paper will be
those of a single tooth in their exact relative positions. Whether this plan has been adopted
or not, all the tooth sections must now be drawn on tracing paper (see Fig. 3) as sections of
one tooth, and placed over the drawing, so that the central section coincides with the same
section underneath. Then, projecting from the four points of each section the plans of the lines
of o tooth are obtained. It will be seen that the pomt thickness at the ends is less than in the
centre. The section dd is taken to determine the root thickness at the side of the wheel rim,
and ulso the better to obtain the projections of the top edges. .

If the worm is single threaded, and the wheel has n tceth, the velocity ratio is 1: nand
the theoretical mechanical advantage n. For double and treble threaded worms the velocity

ratios are 1 2—":4111(1 1 :—;-respectively.

The efficiency of worm gearing 1s greater the less the radius of the worm. It varies
from 025, for n single threaded worm when its radius is three times the pitch, to 0°66, when
the worm has three threads and r=15 p. That this form of gearing is not very ineflicient
when the wheel teeth are correctly cut is evident from the following note taken from
“ ingineering,” of November 19th, 1897.

“ Professor Strodola, of Zurich, has obtained an efficiency of 87 per cent, when using
worm gearing to transmit 21 H.P., the worm running at 1,500 revolutions per minute, This
worm was 3°15in. in diameter, the pitch being 3-2in, and the wheel, which was of gun-metal,
had 28 teeth.”

A description of a machine for accurately cutting worm-wheel tecth is given by
Mr. Gibson in a paper read bhefore the North-Fast Coast Institution of Kngineers and
Shipbuilders, This appeared in * Enginecring,” for April 2nd, 1897,
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