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ABBREVIATIONS, GLOSJARTZS AND SYMBOLS

Torque.

Number,

Number.

Diame ter.

Diameter,.

Haulus,

Efficiency.

Jtress.

Coefficicent and other factors.
Force.

Piteh Circle Diameter.
Horse Power,
Revolution per minute.
Bending moment,

Factor of safety.
Reactions.

Equivalent Torsion.
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Width,

Length,

Height/depth.

Time,

Weizht.

Rate of Production.

Thickness,

cocfficient of [riction
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suMMaRY ol pob

The project is the design and production of
Multi=Spindle Qutput Attachment to the Univefsal Lathe
Machine. S o S I

The decision to embark on this project was out of
the coacideration Tor beote. rcductivity of the lathe
machine. . - : *

Before the design project was started, Machihe
shops of some industries in lLagos, Port-Harcourt
and Ibadan were visited along with some production
workshops., It was discovered that the most 8-
common of the lathe machines in use are medium~sized
lathe on which full capacity work-pieces are machined
less than 20% of their working periods. During the
majority of their working lives, they are under-utilized
with small Jobs that are usually required in small lots.
Since these items are not mass-produced, it would
have been wasteful to invest on multi-spindle lathes
which are very costly. A simple attachment that
can temporarily turn a single spindle lathe to a
multiple spindle output would therefore be very L
useful for these machine shops.%f i T |

Muiti-spindle lathes are not available in the
local market since thers is virtually no market for
them. It is envisaged that multi-spindle attachment
will have a large market in this country as well as

other countries ‘even drveloped countries),.
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In order to have a good idea of the design, a
gooa knowledge of all thde various tyves of lathes,
especially multi-spindle lathes and their attach=-
ments, was necessary. To obtain this knowledge,
periodicals cn macuine tools and machine designs as
well as relaied buoks fuund in tue libraries of
University of Lazos, Anmadu Bello University and
University of Ibadan were read in conjuction with
brochures, write-up, manuals and drawings sent on
rejuest by machine tools industries in the United
Kingdom, United States of America and Western Ge=rmany,
The earlier parts of this thesis are therefore on
these lathes.

There is a brief history of lathe macnines
from the original tree lathe to the present types.
The various stages of its development are presented.

After this, a full study of various types of
single spindle lathes is presented. various designs
of the parts and members of these machines as well
as their tools and the operations that can be per-
formed on them along witu attacuments that are used
on the lathes are fully described.

Because of the high productivity of Capstan
and Turret lathes and the efficient tooling require-
ments, these types of single spindle lathes are
given full descriptions in one chapter. Emphasis

is placed on their tools, tool-indexing mechanisms
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and work-hclding déQices. e e _-:?
The various types of multi-spindle lathe
machines are described in anotner chapter, A
detalled study of their operating sequences,
taoling, wark-indexing mecnanism, cammings as well
as various types of attachments used with them
is also presented. - I
The knowledge presented in the first four 5[-
chapters is used as bases {or concluding on the
design of an attachment to lathe machine, A brief
description of the attachment is made along with

its maintenance and expected tooling. .

Design calculations were made using engineering

standard books like Standard Handbook of Engineering

Calculations (by Hicks) and Machinery Handbook
{19th rditicn), along with some design booksj:. v
The production of the prototype, the modifi;
cations carried out in the design during itis
production, the factors limiting the accuracy of
the prototype, and the cost of its production,
are presented in a chapter. The cost is used as
base Tor the computation of the expected cost of

the attacnhment when it is produced for marketing.
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The test carried out on the prototype and the
problems encountered while producing it are described
before a conclusicn on the viability of the project
i5 reachnd.

Drawings and sketches were made. Drawings are

attacn.
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CHAPTER ONE . ;v %

1~ INTRODUCTION - - = 27" % /o,

Machine ﬁools.are ba;ents of all macﬁinés; since
any otner machine is produced by macnine tools, They
are therefore bases of mechanised society and the
foundations of industrial civilization.(q) In simple
terms, a machine tool is a power driven maciiine
designed to cut metals to shape.”; | . -

It is not known when the firsﬁ.macﬁihe fool was
made, but archeologists have discovered an object
which appeared to have been machined with a lathe
about 1500 B.C.(z) Lathe is believed to be the oldest
machine tool and tue earliest knowledge of it started
from the tree lathe w.ilch was powered by a rope passed
round the work a few times, while the other end was
attached to a springy tree brancin overhead. The work
plece was supported by two dowels stuck in adjacent
trees as shown in Fig. 1. The opérator's foot supplied
the motion wiiich was intermittent and fluctuating,
while tne tool was held in his hand. Later, a strip
of wood called lath was used to support the rope, and
the machine was named Lathe.(1) The primitive pole
lathes are said to be still in use in parts of Asia,
though they disappeared in Europe in the 19th century.

Lathe evolved over a pericd of more than two cen-
turies to what we now know it to be. At the beginning
of the 18th century, the lathe was made almost entirely

1



FIG. 1.

- L ——

- EARLY  LATHE.

of wood. Tt had ne slide rest und no self acting feeds.
Before 1770 lathe could not turn metals because of lsck
of power and strong holding device to guide the tool.
In 1770, the first engine lathes were produced. Th:se
were driven by central steam engine through a line rhaft
and belts, and in 1776, John Wilkinson produced the
horizontal boring mill at Bersham Iron Works, Eng;and.(a)
The first screw cutting machine with slide rest, lead
screw nnd change gears. was made Ly Henry Mandslay Zn
1797, in England.(1)

From this period, lathe started to develop and the

concern was not only with producing but with making

2




products faster cnd more economically. By the first
hzlf of the 19th Century, Turret and Capstan lathes
were developed. They became available for sales during
the second half of the century. The earliest automatic
lathe (for turning wood screws) wes made in 1842 by
Cullen Wipple of New England, America. The first bar

s
.

automatic lathe wos DPreduced in 1879 by C. W. Parker
in Leeds, England, and the first automatic Turret lathe
was produced in 1893, by pitler of Germany.

By the beginning of the 20th century, custom-built
lathes had - started appearing and in 1900 A.D., the
first multi-spindle sutomatic lathe was produced in
Cleveland, U,S.A. During the first half of the 20th
century, attention was focussed mainly on types of
controls for automatic machine tools, while investiga-
tionsinto various types of turning tools for fast pro-
ductior of parts were intensified. Thus there were HSS

tools, later carbide tipped tools, ceramic toos, etc,

FEATURZS OF MODERN LATHES

The modern lathes are designed to be easy to operate
fnd can be operated by semi=-skilled operators; thus we
now have the following:

1. Easy gear changing control levers that are grouped
in a position easily accessible to the operator.
2, Saddles and other feed moving parts coming against
stops which sperate clutches or other controls to stop
feed or spindle.
3. Hydraulic or fully electric method for feed instead
of feed screws (which are still very popular).

3



e Infinite variablc speed gear-boxes . .77wio..
instead of stepped gear-boxes involving shift gears.
5. Pneumatic hydraulic and magnetic operated chucks
with safety interlock against malfunction,

6. Numerical control of machine tools,

Apart from Ergonomics which concern the use of
less effort by mnchiae opsratoer for wore production
as well as incrcased productivity, researches and
development of machine tools are on to improve the
accuracy of the machine (by improving the bearing
precision, the spindle material, the bed castings/
materials and by limiting vibration to avoid ehatter in
the common range of machine tool operations); znd
reducing noise level, Steps are also being taken to
improve the measuring and setting devices.

Attachments to make machines more versatile have alw~ys
been made. These attachments used on various types of
lathes include drilling, reaming, grinding, taper tur-
ning, threading and copying attachments. It is interes-
ting to note that in 1967, an attachment for converting
six spindle bar automati~ lathe to a ten spindle machine
was maae by wickman Machine Tools Limited, Coventry,
England. (3)

Apart from numerical controls and other forms of
electronic/computerised control used on individual
machines, the invention of trousfer machines has given
rise to group engineering technology, where a group of
machines - drilling machine, shoper, lathes, milling

machines, etc., form a working station that 1g control-
led contrally. Once a work piece goes in, the operator

b



only needs ﬁo collect the finiéhed prdduct, despite
the fact that all the machines in the group might have
worked on it, . -':f,_"w.  o
Machine tools nave continued to deve1op.5ut"the;e
these developmens are concentrated in the advanced
countries of the world. It is of great concern that
developihg countries are still in the basic stages of
machine tools utilization. For example, there is no
“evidence to show that there is any multi-spindle lathe
machine in this coufltry while only few industries haJe

Capstan or Turret lathes. This inhibits production

of machine elements, thus making simple engineering

et G

parts very expensive. . o - ;g
Even in develeaped countries, while many worﬁshops
can afford to have universal lathes, few of them have
multi-spindle lathes which are very expensive and
uneconomical to use for gnort run Jjobs. The universal
lathes are therefore made to do a lot of repetitive
Jobs., There is therefore a need for mass producing
attachments like the proposed multi-spindle attachment

which will temporarily turn a lathe to a multi-

spindle unit., This need is more in developing countries.

*
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GHAPTER TWO

o _THE LATHE -

> : : l

fhe main purposes 5¥ziathe machines are to machinc
external, internal surfaces on solids of revolution and
also to cut threads on them.(u) It can therefore be
defined as a machine tool which holds work in a revol=-
ving chiuck or between revelving centres against a
rigidly held tool that can be fed along or across thea
work to form a cylindrical section. The section may
form contour, taper or thread but it is symmetrical.(qj
It is & basic machine tool and the most important. Its
usual operations include turning, Facing, boring, dril-
ling, threading and parting off, Apart from these, it
can be made to mill, shape, gear cut, flute cut, slot,
spin, lap, buff, polish and grind, thus combining the
functions of many other machine tools, This makes it
uvniversal and important, as other machine tools cannot
d¢ as much, VWhen 1t is turning hetween centres, it is
called Centre Lathe: when the workpiece ig bar, which
1is theld by collets, we have Bar lathes; when the work-
piece iz held only “n chucks, it 135 czlled Chucking
Lathe., The cenire lathes are the most widely used.
They are rade in considerable range of sizes with varia-
tion in deslgns, tbols and attachments to sult diffe-
rent duties. Their feeds, loading and unloading can be
automatic, :flthese are deone, they become automatic

lathes. - |



It is common to refer ito lathes as Engine Lathes
beceuse the early lathes were driven by centrzl steam
engines throush line shafts and belts, All modern
machines have individual drives and some even have
separote drives for some functions, like coolant and
lubrication pumps., However, engine lathe: is now a
general nam: wiwci. is hardly uscu since various modifi-
cations have taken place and the lathes are now being
called by their specialized functions, like centre
lathe, chucking lathe,bar lathe, multi-tool lathe, etc.

All lathes have four basic units:

1. The bed, the supporting member to which the head-
stock and tailstock are secured.

2. The headstock or work driving member which usually
houscs the speed gear-box 2nd the feed gear-box.

3. The carriage for tool support znd feed.

4. The tailstock which carries work supports and
some cnd working tools.

SIZES OF LATHES

There are many ways of giving the sizes of lathes.
One method is to give the centre height of the lathe.
This is the height of the spindle axis above the bed.
The second method is to give the maximum diameter of
workpiece that can be swung over the bed. The third
method is to give the maximum diameter of workpiece
that can be swung over the carriage.

The length of a centre lathe is given by the dis-
tance between the centre in headstock and the other in

7
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FIG.2. BLOCK DIAGRAM OF A LATHE . |

L e o e g
tailstock when the tailstock is at the extreme poéition
(without over-hanging). This represents the maximum
length of the workplece that can be machined. In :
chiucking machine, the length is given by the length of
the bed. ;.-. : . . ..g'. _- - : ¥m : 
Bar machines ére sized nccording“fé.the maximﬁmhz
diameter ~I Dar they can aamit, L

MATN DRIVE N

Most modern lathes are driven by a 3~phése siﬁglé
speed stulrrel caged induction motor through vee belts
and stepped type mechanical gear-box housed in the head-

atock. Some lathes are now designed that have infinitly

variable spindle speeds. These are got by usings

s
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(a) Variable speed D,C. motors. This method is hard
1o justify as it requires the use of Motor/Generator
(M.G.) or Ward-Leonard Set for the convertion of local
alternating current supply to direct current or the use
of converters and thyristor drives. B T
(b) Variable speed gear-boxes (Carter, Kopp orLCroft
types),and e }ﬂﬂ"li o flj .
(¢) Variable speed pulleys. . b ,\r H'p - % %
Some lathes use double speed and other multi-speed
motors for the purpose of increasing the range of
number of spindle speeds available,
THE BED
It is usually a box casting with machined and
ground ways on its upper surface, In most lathes, it
is bealted te a heavy hox or leg which provides trays
for cutting fluld and swarf collections. It supports
the tool and woark, Because it suprorts the éarriage
{(and thus bears “he pressure of cutting tool) as well
as the headstock and tallstock, which in turn suppert
the workpiece,; it is the bhackbone of the lathe, contri-
buting to the stremgth, accuracy and rigidity ef the
machine, To be accurate, it must resist he terque
developed when turning. If??éd deflects, the arnuracy
of machining suffers because it diverts the cutting
tool from its true geometriczl path., Its deflection
also results in vibration, which increases as deflection

increases until natural frequency, which 1s a function

ot /{E‘iﬂ‘ﬁ‘ﬁ"‘

(5) is reached and resonance occurs

~ - o
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leading to chattering. Inereasing rigidity does not
only reduce the chances of vibration, but also fndreaqes
the frequency that will produce resonance, thus reducing
the chance of chattering at normal operating speed, ;f
ST Yy :
2,311 $lide waya L }..: Jh. i_, booo”
On the bhed are the ways over which tﬁe carriage,
tailstock ~nd otney feeding clem.nts move, Thev are
normally well lubricated, since they are bearings
lineur movement. They provide alignment, fit and loac
carrying capacity, They should have no tendency af

stick~slip Jerk and they usually have adjustment far

wear. They should allow for instant and accurate 1eticr

Since the slides of the carriage (and tailstock) an

- the slide ways on the bed bear on high sports which .ve

flattened plastically by lead when slides want to mov.,
there is a reslstance from the micro weld requiring
increased effort to be applied to moke the motimn., Tuc
piling energy shears through the micrc weld and Jjerks
the slide forward. This is called stick-slip snd it is
rgpetitive and more pronounced at slow specd. The
slides are therefore separated by lubricants se that
shearing accurs in the lubricants rather than through
The micro welds to avoid stick-slip situations.  Roller
chain slides are now being used since rolling frgction
18 very BUE gnaller than sliding friction for the same
reaction load. They slide inside a chain track in .
the bed, | |

10
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2.3,2. Types 0f Slides

The simplest types of slideslagé the fiat Slides
which have large bearing areas and can be of low wear,
if clesed grain cast iron that is flame hardened is
used, They lack pcsifive guide and cannot be adjusted,
The rectangular, dovetail, vee and inverted vee types
of woys are now common, since they allow for pguidance,
With these, eXcept fo;ig;verted vee types, adjustable
wear strips c¢an be incorporated, These can be in the
form of wear plates or rails, bolted to the bed so that
they can be easily changed. 1In modern designs, they
are made as plastic insertions which, apart from acting
as bearings, help as vibration dampers to reduce chatter
in the machine toel, Plastic insertions alse insulate
the slides from thermal effect and provide floating
effect when the slide ways are lubricated under prossure.

';K: The inverted vce is, however, self-adjusting and

" requires no wear strips., It is an efficient narrew

gulde ensuring smceth and accurate motion. It wears
quickly and requires being changed constantly. The two
mating parts of the ways where wear strips are not used
are made of two different materials with the part easier
to remove, made of softer material, For wver:iical lathes
and other machine tools which use celumns, elther the
barrel has wear insertion or if there is no .nsertion,
the shaft is made of softer material since 1+ 1s easier
to reméve; . L o o B |

11
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The eontaeting ways are hardened ~nd ground. Wwith
grinding generating lots of heat which atieets the
properties of the slide ways materials, scraping in
well centrolled manner are nevrformed instead of grin-
ding in precisicn lathes. Tn sowe cases, the ways arc
not hardencd bu* loft as cast with the impression that
the ccascsat sl d.ng belwoon thoew will produced a werk
nardening erfeet, I% ig difficult o control wenr in
teis case and this mathod is used whoere the efforts
required to chanys the siide snd the slide ways are
closst equal, 37ne beds have detachable slide ways
that e be renevyd when worn. A greal problem to the
sildes fs swarf «»ollectlion which, if aliowed to gather
on the way, can trin and scetch them, To avoid this,

geraper ‘e.ts are u.jally used to clean ahead of slide

MeVRLICHT . : i
A | ¥

2. 3 3. Pei ectlowe

Varicus researches Yave been mode on the section
of Leds Llﬂt wlll producs “he highest rigidity zand yet
wllow fa“ easy chip disposal rud coolant flew. Since

defleceticn deereases in properiion to the cube ~f the

depthh ol rection in the disrctivn of applied force
.I_’I- fl:"{'
g = dnJlention _ A ' o

4 = thickness Tn the dir-nn™i-vw +F fapce

paechilnie 1omls beds aic therofore desigred thich
direction of main sutting force a2nd tr resist forces
from other dircetien they are wide end ribbed. The

12 | s



2.

double I section which wns the original bed section has
becn replaced by box section and where they are used,
they are ribbed in Zig-Zoag manner. The ribbed sections
are, however, being retained because of the ease of
chip ond coalant disposals in them. The new design
that combines rigidity with easy swarf disposal is the

box type with slancing top, showm in Fig. 3.

FIG. 3. BED_SECTION.

There is need to eentrel the foundry process of
bed castings. The metal should be close grained and
well dispersed for even strength,

THE HEAD STOCK

This is a rigid and accurately machined castimg

secured to the machine bed, It carries bearings in

which spindle and other shafts revolve. The bearings

13



are lubricated through a lubrication pﬁmp.llThe shafts
carry the change gears and other power transmission
mechanigms required for dpiving the spindle and gene?
rally, other moving parts of the machine. In other
word s, the headstock is a gear-box for transmitting
power snd torguc raquired for cutting processes to the
spindle. Tt provides for engngement, disengagement
and reversal of spindle rotation »nd it is designed to
ensure smooth and accurate rotation of the spindle at

all avrilable speeds. In some smaller lathes, espceially

- smell lathes of high precisionsg, changed gears ore not

us»d but speed voriations are donethrough sets of coned
pulleys to reduce vibration, which is usually magnified
by gear trains, to the karest minimum. The speed change
is done by selecting from a pair of pulleys to the other
with different pulley diameter ratios in 2 cluster el
pulleys (coned pulley) mounted on metor and headsiock

shaft os shown in Fig. 4. . . 3 .i.

-1 b

HEAD STOCK

MO%OR

FIG. 4. CONED PULLEY SET.
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The motor generally is mounted at the base of the head-
stock, but in gome very small lalhes with gear irains,
the motor is flanged mounted directly to the headstock.
In large latiies, owing to the amount oI power
transmitted, many vee belts in a matched set have t»
thu thé
be used to transmit power from/motor to/headstsck.
This disallows the use of variable ratio pulleys. The
speed change is done through gear train, which ‘though
is more costly initially then belt, provides better
speed variation, a higher output {since speed charges
are easy through lever), lower maintenance_apd ies
risk of danger as in belt manipulation, Geérs céénges
can only be done when gears are stationary, so civtches
and hrake are incorporated %o reduce over-run when =
speed shanging, gréking and declutching are brlllg done
simultanenvsly through a lever which can alst engage
forward er rererse clutches, The clutches :an be
arranged t» -1lip after s cert:in zmount of torque is

transmitted to protect the mschine from sverlead,

4

2.4.%0 2luteh Designs L - b

These are usually uulti discs tpe that can hbe
dry~made of alternate cardon gteel and fabrie or wet-
made of alternate carbon steel and phosphorous bronze,
but with the flcod lubrication srrangement of the hzad-
stock, wet type of clutches are used. For a single

friction plane, torque transaitted, T, is givest by

______ T = A{P Qmﬁ_g 1h-inl? )
D = the outside diameter of the plate A
d =

the inside diameter of the plate
-1 |

"y - I Ty



SA the coefficient of kinetic friction which between
wet plategis between C.1 and 0,2
P = load on the plate and it is given by

. 2 2 -
P s Jf’ﬂi-D L- d’) vhere J~ pressure of plate(S)
in 1bs/in®.

For N = number of plates.

= e 28 16407
The plate is always celculated to about 250 - 300% ef
the maximum terque required.

2,4,2, Gearing

The design of lathes is to cope with their versa-
tility. This always takes into consideration the range
of sizes of workpiece that may be machined, the speed
range expected &nd maltreatment expected on the machine,
For gears, Torque x Speed = H.P. available at gear
which, depending on frictional and other losses, is a
percentage of the motor outpnt rower, This is the base
for gear designs.

The largest torgue on workpiece is given by
max £ (6)

where

Dmax is the maximum swing of the lathe

Ac = area of cut

f = specific cutting pressure.

The power at the spindle is limited by power out-
put of the main drive motor and it is found to be about
70% of this power., Since HP = Torque x Speed, it fol-
lows that at low speed, torque can be very high, but

16



this cannot be fully utilized, owing to limitation
imposed by strength of gearing snd shafting.

In some rare situation where heavy lathes require
tigh precision, the gear-box is lioused outside the head-
stunl:. The speed charges ure done in the gear-bsx which
is only eommected by pulleys and belts to the spindle
housed in the headstock, The pulley in the headstock is
mounted on znti-friction bearings to relieve driving
shaft of bending stresses due to tension on pulley.
Since all feeds are taken from the spindle, the spindle
drive is taken to the feed gear-box in these lathes
through vee belts.

With shift gearn, splinned ghafts are generally used.
The shafts are made zs short as possible to avoid
deflection, but where they are long, they are generally
supported by bearings mounted at the ends and in the
middle. The general method of {ransmission is to trans-
mit motion from the motor te a shaft{ which in turn
transmits X number of speeds to another shaft through
cnange gears, The second shaft transmite Y number of
speeds to a third gear. The values of X and Y and the
nunber of intermediate shafts depend on the number of
specds that the machine is degigned to have, Take a
simple case of 6 spindle speeds. If the designer wants
to use 3 shafts, the firs% shaft can be designed to
give 2 speeds to the second while the second is designed
to give 3 speeds for each of its speed to the third shaft,
the combination is thus 3 x 2 = 6,

17



2...2.1. Gear Ratio

- minimum speed is N

If maximum speed is ain

and n is number of speed, then r, the gear ratio is

/

given by (¢

O e —
r = Ymax
T

“min

rqt“_.‘ n
I

number of speeds = 6

l!

min
standard tables are available to give preferred gear
ratios and speed numbers,
A typical gearing diagram for six spindle speeds

with ratia r is egiven hv Pic.53
—

(Yr2, %)

rz (‘l’r'l |r°)

& L 4 1 ¢
r3 r2 r

FIG.5 GEAR DIAGRAM.

!

and the gear layout is given by Fig. 6. The gears are

arranged in such a way in the gear¥box that space economy
is taken into consideration. Speed change is done by
shifting cluster gear A and B to mesh with the required
gears., Other methods of gearing are:

Ta Tumbler gearing where a cone gear (a group of gears

arranged as a cone) is engaged by a tumbling pinion which

18
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swivels to locate and enrage =any gear chosen, The
onn drives a shaft through a =l1iding key that moves

in & Feyway on the shaft,

4,
i

2 Y+ H., Ward and Co., metiiod: Here, some pairs of

e —— e —

g arrs are constantly meshing and a sliding key is used

+2 eagage anyone required to drive the driven shaft

Pir. 7). This is en easiei’ method than the tumbler

-~

metnod.

-

EIG7

W-H.WARD METHOD 0oF GEAR CHANGIN G
e S ————
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2.4.2.2, Typical Gearing Layout of a Lathe

For further illustration, typical
gearing layout of a lathe is snown in Fig. 8.

The first shaft is driven through vee belts
from an induction motarhoused at the left leg of
the bed. Shaft I carries the friction clutch C1
for engaging and disengaging forward and reverse
rotations of tne spindle - for forward metion the
Snaft 11 is engaged through cluster gear 56T and
51T at the left siae of the clutch and the reverse
is through the gear cluster 24T and 36T at the
right hand side of the clutch. Through sliding
cluster gears CG1 and CG2 six farward and six
reverse speeds are transmitteda to Shaft III. Peower
cuan be transmitted from Shaft IITI to the spindle
along 2 gear trains by shifting cluster gear CG3
to the left or right. At the left, a direct drive
is taken from Shaft III to spindle shaft. This
gives the higher speeds. 1If it is at the right,
the drive goes through shift gears CGL and CGS
giving four gear train combinations, « ° A

1¢1. 134, 14 and 1:16.
to give 3 lower speeds combinations, which, through

the six combinations in III, give 18 speeds. These

20



combine with the six higher speeds through the
overdrive to give 24 spindle speeds in forward
and 24 in reverse, In Shaft III, there is a
brake mechanism interlrcked with the clutch C1

for imm="iate stopping of spincls.

2 O‘ll-‘-- 3- The Spirldle

The final drive in a headstoek
set-up is the spindle which extends gut of tne
headstock and carries a chuck, eollet, or a
face-plate for work holding. The spindle is
hollow to allow for bar feed and tne nose bore
is tapered to receive tupered sleeve for holding
merse centre or collets. The nose can either
have thread or flange for chuck attachment,

The threaded type is the more common and it
usuzlly has spigots for accurate location. The
thread is therefore easy-fit to allow for posi-
tive location of chuck on spigot and face and

not on threads. In the flanged type, a recess

in the chuck back locates on the flange and they
are held togetner by axial bolts. The spindle

is made of high tensile steel usually carbon

alloy or nitralloy steel but recent designs use
spheriodized cast iron. Gears, pulleys and chucks

are positioned on the shaft, clese to bearing support
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to minimize bending moment and produce pure torque.

The spindle must run true with minimum deflection under
the action of radial force and cyclic loads so

the bearing must be as rigid as possible wnile the
spindle must be made short and stiff. Wwhere it is

not possib.ie to nave short spindle, the spindle is
Supported in Lhe mide-length by a third bearing.

Z.4+3.17. Spindle Bearings

For heavy duty lathes used for roughing
Jobs, solid bearings in form of phospherous tronze are
usually used, These are simple and they have vibration
damping ability, but for high speeds, ball and roller
bearings are preferred because only small clearance can
be tolerated between moving parts. Ball and roller
bearings can be pre-loaded to avoid slackness. 3Since
accuracy of the job produced depends on the bearing
runnings, for high precision lathes, high precision
bearings that are made to very close tolerancings are
used. Roller bearings are more rigid than ball
bearings wuich tend to be springy, so mest lathes
now use roller bearings. The usual arrangement is to
have one of the bearings spherical reller and the other
a thrust tearing; where no thrust bearings are used,
it is usual te take off the thrust produced during
cutting action by thrust washers.

2.5 FEED DRIVE
The drive for feed shaft and lead screw are taken
off the spindle through a gear-box with change gears.
22



2.6

This provides power travel of the cutting tool clamped
cn the carriage. Since the source of mmotion to the
feed gear train is the spindle, we can measwre fced *v
mm/rev »f spindle, The feed perr-box which is usually
housed in the he~dsteck, should provide for:

(1) engagement and disengagement of feed without
stepping srindle rotatinn

(2) forward and backwnrd feed motions wit!i apindl-
rotating in only one direction;

(3) changing of rate of feed,

It supports, moves and controls the tool. The feed
from the feed gear trainis transmitted to the tool
through the carrizge. It consists of apron, saddle,
compound rest and tool post. The apron is its vertical
portion which houses the control and gear trains fer
tool movement, A hand wheel allows for moving the
carriage and the tocl quickly back and forth along the
slide=way. A cross feced handle meves the tool back and
forth across the saddle at right angle to the movement
of carriage, The saddle goes across the slide-way and
supports The apron, On it is a glide fcr the cross
feed on which is mounted the compound rest which has a
swivel base with dovetail. The tool post is mounted on
the compound rest which can be positioned at any angle
with a handle moving the toel forth and back along this
angle for short taper turning., Attachments like taper
turning, copying are usually attached to the saddle.
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Eitrer the cross or longitudinzl motions can be done
through power feed, but the two cannot be power-fed
simultaneously. The compound rest feecds are generally
monu~l with a scaled dial mounted on its feced screw
siving the amount of travel. Ipn some heavy lathes,
arrengenents have been made to hove them on power feed.
A feed selection lever allows nower feed selection for

either cross or longitudinal meotions.

2.h.1, Turning And Threading Feed

For turning feed, the drive is taken from a key
(or spline) within a gezr wheel mounted on feed bar,
so that the key turns with the feed bar which has a ey
way (or a spline) along its length, to zive motion along
the length of the bar. But in cases where the carriage
moves within restricted area of the bed, the key way is
cut to correspond with this movement. The wheel through
2 clutch engages o series of reduction gear to a pinion
which engages 2 stationsry rack mounted beneath the
slideway for longitudinal movements of the carriage in
the direction determined by the direction of rotation
of the feed shaft that runs along the front of the bed.
Rate of feced is selected through change gears at the
gear-box which controls the speed of the shaft. The
key slides along the feed shait as the carriage moves.
The cross feed takes its power drive from the feed shaft
through another set of gears. A lathe normally has the
feed shaft for turning feed 2and the lead screw for thread

cutting, but owing to space economy, the smaller lathes
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have lend screw combining the jeb of a feed bar by having
o Key way along.its whole length. Threads in the lead
screv are used for thread cutting while the key way is
used for pover transmission since the thresd will wear
1f used frequently as feed mechanism, Helf nuts engage
the thread for thread cutting, A lever is used to
engase or disengase the nuta. A thrending dial is used
to give when to engage thread nut, so that threading
tool enters a cut at any point without dameging the
thread., The dial gauge is a form of indexing mechanism
with its single turn corresponding to n turms (usuelly 43
of lead serew. Carriage return is usually manual through
a hand wheel that engages the pinion. In some }arge
lathes, separate high speed return motorsnare inéorpcrated.
The cross feed motion is through a screw and a nut
arrangement to allow linear movement. The cross slidr
is attached to the nut and it moves aleng a dovétail
slideway, A micrometer is usunlly ottached to shiw the
feed, '

6,2, The Campaund Rest

Thé compound rest 1ls similar te the croés siide
(execpl that it is rarel, powar feed) but its mevement
is much shorter and can be sct te produce angle cuts
and short tepers. Graduatiens in degrees are provided
to gilve the set angle. ' l

For further illustration in Figure 8, motion is
transmitted through sliding gear (27T) thet slides
through splined shaft (in most machines tuis is through
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sliding key in the feed bar ko3 wey); through clutch Cs
to worn wheel(207) m-cuing with a l} start L.H worm.
Fram this worm, motion can be through cither C6, C7, C8
or C2 to the 10T rack >r longitudinal feced or 20T gear
mounted on the cross feed screw for cross slide pewer
feed, The operction of cross power fecd and longitudi-
nal Toc4 oiniel L2 Jone simultancously as they are inter-
locl'ed te ~void conflicting engagements., When hand
vnicels »re used, the power feed levers are put in neutral
position, Th2 hand wheel for longitudinal movement is
attached to Shaft XXII while that for treusverse movement
is at<ached to Screw XXI. Clutch Cs is a snfety eclutch
thot protects feed gear train azoinst overload and the
machine can therefore be uscd in turning to a nositive
ston. The elutch has a spring adjusted in such a way that
the clutch rachcte ofter & safe torque is exceeded,

2.6.3, Ifle Metiou

For idle motion which is usuzlly donc at high specd,
some modern lathes have separate wotors, These motors
are high specd drive ané can be used for earriage return
(in Figure 8 the motor is mounted at the tailstoe's end
of the bed and it is conuected to the feed bar through
vec--belts), When to be used, a clutch can be interlocked
with the switch to disengage feed gear-box ond if this is
is not done, an over-running clutch like Co in Figure 8
can be used. This clutch transmits only low sneced from
the feed gear-box and at high speed it rachets over the
gear-box shart,
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It conegists of an outer shell 4 attached to
the feed gear-box snaft and inner shell B attached
to the feed red (Fig. 10). Two spring D pushes r
the roller C to a Jammed position when outer shell A

moves relative to B thus moving it along.

When B moves faster than A, there is no
Jamning effect of the ball and tne cuter shell A

2s well a5 the feed gear-box is disengaged. :Ig

2.6.L. The Tool Post R i

" The final element of the carriage is
the tbdl post, The earliest types are the double
clamp type, where four vertical bolts that are
spring loaded_fqr guick clamp release hold two flat
bars which aéé ﬁsed to clamp the tool to a well
machined square surface held on the compound
rest - Fig., 11. At the otner end of the bars are
packings to allow for good clamping eof the tool,
Tool change is therefore not easy but it holds
tool firmly. It is still in use for_heavy dutr
lathes. B N A

This Qas refined to a triangular clamping
plate swivelling on a central bolt that is spring
loaded. At the apex of clamp is é jacking scréw
to avoid use of packing. The nut on the centre
bolt clamps the plate on to the tool wuich is at

the base of the triangle,
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Z2.0.4.1. The Four Station Turret Tool Post

The four station tcol post or four
station Turret is now standard equipment on lathes.
It comprises a square block of steel with a slot
milled al-ng e2ch vertical face for accommodating
cutting tocls. There are sets of screws on the
uprer edge of the block for tool clamping. It is
mounted so that it can be positively located by
spring loaded plungers in four positions, so
that tool is brought in succession without tool
changing. The Turret can be unlocked by turning
the locking handle (or lever) and indexed by
hand. In some types, turning the clamping lever
anti-clockwise unlecks the Turret and indexes it
to bring one of the cutting tocls te cutting
position, while clockwise rotation locks it in
position. The Turret can be locked in any angular
position without tne plunger locating if desired.
Some lathes have one or two faces of the tool
post designed te receive a driil, reamer or
boring bars, se that end work can be done from
them. The square turret was originally used in
the early Turret lathes. It allews for tools
pre-setting, a basic ingridient of batch produc-
tion. It alse vffers a firm and vibration

damping hold fer cutting tools.
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A further development of square turret uses the
quick change holder. Here the holder, complete with
tools (not the tools) is attached to a square faced
block which can be swivelled and locked like the other
square turrets. The tool holder is positively located
either by dowels or semi-circular grove to take corres-
ponding projsction from the block. Most of the tool
holders have height adjusting screw. They also can
take end working tool holders and can be swivelled and
lecked in any angle. The pre-set is easier since both
tcols and holders are removed.

2.6.4.2. The pillar Teel Pest
Another form of tool post is the pillar type which

has a2 pillar with a vertical slot for holding the tool
holder., It is held in a tee slet in the compound rest.
The clamping bolt extends to the teop of the pillar.
The tool holder is usually on 2 heat-shaped piece which
sits in a part - spherical seat in the tool post. This
is used for height adjustment oi the cutting tip, The
tool holder is made of forged steel and has square
sectimn hele for taking square section tool bits.
The angle of tool presentation is such that top rake is
provided without grinding, It is economical fér light
cuts and can be easily adjusted. Tools are always
efficiently presented to workpiece and no leose packings
are necessary. 1Its holding power on tool bits is poer
and it does not allow for tools pre-sct. The top rake
angle cannot be sufficiently varied (in tool bits) ana
29



2.7

this leads to little contr»al over cutting characteris-
tics.

There are some other types of lathe toel posts.
Some handle one tool at 2 time while some handle two
tools swivelling through 180° for tool presentation,

THE TAILSTOCK

Tha toin aim 22 to hwuse tlie centre which is used
to suppert an end of workpiece., It also carries various
end working accessories., It can be slid along the
slideway to a desired position where it is clauped to
the ~athe bed by meons of an eccentric clamping lever.
In some larger lathes, owing to thc mass of the tail-
stosk, the sliding is done through rack and pinion
arrangement, The centre can be replaced with drill
chucks er tapered shank drills, or reamer, for making
noles concentric with a machined di=meter and square
with the face of work. It has a spindle which is bored.
The end of the bore is tapered to morse taper to take
the centre and end working accessories. The spindle is
moved in and out of tailstcck body by a hand wheel which
turns a screw. The screw turns a nut that is restrioted
from turning, so that it only has linezr movement
between slides and thus moves in and out., This nut is
attached to the spindle. A clamping lever is provided
to lock spindle in the body of the tailstock once it has
reached the required position. The movement of the
spindle is calibrated 1o show deptk of feed. It is
possible to have the movement power driven, though its
limitation is the amount of feed which is very ghcrt,
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The tailstock can be off centred from the axis of the
lathe spindle by means of some adjusting screws to
give a taper turning arrangement. The taper is short
and slow. When dead centres (fixed ~ not rotating)
are used, it must be lubricated to avoid burning it or
the wecrkpiece, but production lathes usually have live
centrgs that reot-t2 with the workpicce. The centres
and other tocls held in the tailstock are removed by
withdrawing the spindle until the shanks Jjam against
the serew which pushes ther cut s the spindle withdraws
furthar,

WORK_HOLDING

All work must be rigidly held before machining.
Standard work holding devices incorporate quick and
easy clamrping feature s. Depending en shape and size,
work cen be held in chucks, between centres, on face
plates, in collets or on madrels, The most common
method is to clamp workpiece iq a chuck, Where the
work is lonz, it is clamped inz;huck and supnorted at
the other end with a centre held in the tailsteck.
Chucks can be manual, pneumatic, hydrzulic, or magnetic.
'1‘hc:r;=2.eh=:':l many types eof manual chucks, They can be:

. Manual Chucks
(a) wuniversal or self-centering - these are generally 3-

Jaws design, though there are some L-jaws. They are

used for round, hexagonal bar stock or other symmetrical

workpieces. All jaws move together towards or away from

the centre. The bhody of the chuck is a hollow casting

with an internal boss forming a bearing for the bore ef

a scroll plate. One side of the scroll plate has teeth
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forming 2 bevel gear that meshes with three(or
four ) pinions equally spaced around the body.
Bech pinion has a key hole for turning. The
othier side of the plate has a2 scroll wnich is a
continuous spiral groove of square secticn
extending from centre outwards. The jaws have
archeshaped teeth on their back-foces to mesh
with the scroll thread. Rotzting the plate
converges or diverges the Jjaws which are res-
tricted to linecr motion by guide slots., The
Jjaws z2re irreversible but are made to have
either inwards steps for outer diameter holdings
or ocutwards steps for bar and incer diameter
heldings. It is standard to supply each set

of Jjaws with the cnuck. Bar work is made to
pass through the spgindle bores,

(b) Indenendent - These are L-jaw designs, used

for rough castings, sqguare octagonal or non-
symmetrical workpieces. The jaws =2re czet
independently and they are reversible for inside
or outside work holdings. They are hardened

to resist deformation. They have half nuts that
engage in square thread of screws that protrude
out of the chuck body for turning. The body has

slots along which the jaws move in or out. The
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J3Ws are retained axiclly by thrust plugsor clamping
bolts 2nd treir vertical fuces are ground =0 that
jobs pusned 22 inst tiem run true in vertical plzane,
though tuey 2y run ecceatricilly in relation to
lathe zx!s. Tuis cccentricity is taken A~f1 by
rdjusting individuszl jaws.
(¢) Coxbinztion - These are L-jaw chucks thnat ean
be noved s=zparately or Logetner. They a2re opercted
from one sockit as independent and from anotaer socket
as sclf-centring,
(é) 2-Jaw - Thesc ar: used fer very irregular work-
pleces @nd they are independent, They usually hold
zdaptors or “irytures wnich hold the workpicces.
2.8.2. Pneumatic Chucks

Pneumatic chucks 2re usually used in
zstaklisihirents with central services departments,
Wnere tnis is not existing, a small comprecsor
with accumpulator or recciving tank is necessiry
0 give a bank of precsure. The system incorporates
pressure re ui.tors and pressure gauges. A warning
pell is neceded to warn wien pressure foils below
2 safety pressure, so that macnine is stopped
before the chuck looses its grip. It is, nowever,
ususl now to neve interlock valve to prevent
escape of pressure from chuck cylinder, even when the
line nressure is lozt. The chuck consiats of a2 cylinder

with Zts piston conncetcd to a b2y th:t passes tnrough
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the spindle bore which apcrates a toggle finger that
onens and closes the chuck, The operation of the
cylinder is controlled through a valve that can be

Jever, sclenoid, er pilot air operated,

2‘C‘3t itydraulic Chuck

This inceorporates a pump with its motor and wheroe
necescory nroasewmilator.,  The pump pumps oil through
the control valve to the cylinder which is similar to
the preumatic cylirder except that it is more robust for
mere power transmission. It zlso incorporates interlock
valves tec ensure tha' chuck does not loose its grip when
pump fails and thus making it unnecessary to leave the
pump. running continuously, Pressure rcegulators and
gauges are standari parts »f the equipment, The opera-
ting method is similar to those of pneumatic but the
parts are more rotust and they are used for heavy

machinery.
2.0,L, Magnetic Chuck

Magne*ic chucks ¢re either electromagnetic or
permanent magnetic tyres. The recunt trend favours the
use of permanent magns>ts instead of electromagneie; .
especially in countri~s withh wrreliable power supply,
though electromagnets develop very high <lampliy Laren-
and can Ye regulated. This is because workpiese hold is
1ot when there is pewer fallure in electromagnetic
chucks, thus giving a risk of werkpiece flying out or
being eut of set-up fer further machining when power is
restered, Electromagnets are, however, easy tc_pperate
and work is released by switching oﬁf power to the coils.
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Varying the power suppli-d varies the gripping power
and allows for setting up cf the workpiece with ldw
clamping forces. In permanent magnets, magnetic field
is directed through workpieces hen hold is necessary
and when unloading, the workpiece is by=-passed by diver-
ting tne field through iron core, wiich is passed
between the magnet cnd the workpiece . A shifting
mechanism for the iron or the magnet is provided.
Magnetic holding devices are not common with lathes as
with 8tner machine tools beciuse in latnes workpieces
are rotated.
2.8.5. Centres

When a workpiece has a lot of over-hang
from the chuck, lathe centres are used to support the
work. Some workpieces are not held in the chucks but
are held between centres fixed into the headstock and
tailstock spindles. Centres have sninks that are
tapered to a morse taper like drilis, and reamers shanxs
and these fit into tapecred holes in the spindles. They
are usually mounted in lathe spindles 2nd ground true.
The centre head usually has a conieal angle of 60°,
When workplece is to be neld between centres, they are
centre-drilled at both ends to give seats for the
centres. There are centre drills of various shapes
corresponding to the various shapes of centre heads.
Centres can be dead (stationary) or live (revolving).
They are made of tool steel hardened and tempered. If
centre is dead, it must be adequately lubricated, 2nd
te zvoid damaging the head, carbide tipped heads are

usually used.
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Revolving centres have centre points integral
with shanks running in precision ball or tapered
roller bearings, thus rotatirg with the work: The
bearing is held in the outer housing waich has tapered
sha k for the spindle or tailstock noles, For positive

location and to zvoid catching, there is a clearance

hole in *» workpiecce for the tip cf the centre, as
in Fig. 13. - —ri
WORKPIECE

FIG. 13
CENTRE HXE MATING.

Motion of the spindle is transmitted to workvniece
held between centres by the means of a dog clamped on
one end of workpiece with its tail in a face plate on
the spindle.

The centres and centre holes are chosen to carry
weight of workpiece and size of cut. This method of
work hclding (i.e. holding work between centres) has
the advantagze that work can be removed and replaced
without resetting and yet run true,and also it may be
transferred from a lathe to cther machine tools like
milling machine and it will run true., It is, however,
impossible to end work and it is unsuitable for
castings and forgings, except the simple types,

2.8.56. Face Plate

Very large workpieces that cannot be held in chucks
and workpieces of unsymmetrical shapes are usually mounted
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aniface ﬁlafé.bf the ﬁse of.clamps or fixtureé clamped
to the face plate. The work can be recentred and
cloamped in different locations with the use of clamp
bolts, bemckels or screws. The face plate is a large
piece of flange meuntced ¢ the spindle with wmany slot-
ted holes ior different types of work cilamping., Flst
platces ean aaetlr he glammed onto . | o

2.5.7. callets

Though churks are used for bar works, the most
accurate holding devices fer bars are collets. The
bars con be reund or polygenal ~nd the shapes of the
bores of the zcllets are those »f the material they are
helding, Cellets are in different sizes and they can
enly held speclfic sizes. They are therefére usually
used for bars that have small variation in sizes like
tright mild stcel bars, It is neces=ary to have a
larpge numbher of collets for a machine te accommodate
& range of sizes within the machinds copacity. Beceuse
af their -~ccurscy and the fael ti.at they do net require
setting up, they arc used far mass production, |

They arce harcened stecl rleeve split (with 2, 3,
or L slots)} for ohout § (tw.-thirds) of their lengths,
having tapered external pertion at the split ends.
They are heat treated to provide springy qualities,
The tapered pertion sits in a collet adaptor with
corresponding taper mounted »n the spindle nose.
Arrangements are made to draw or push the collect into
the adaptor (depending'en the type of tapers eof the
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collet, Fig. 14) for closing up the collet onto the
workpiecece. As soon e the tapered end of collet is
away Zrom the mating rort, it springs open tc releage
the workonicce.

The more comnon tyne iz the draw tye vhere a
draw tube is screwed to The purallel end of the collet
and th. {ube prosco throwglhc e spindle hole to the
back of the lathe, where draw mechanism which can be a
lever, 1 conc or a handwheel iz Tixed, The push type
also haus n thrust tube fixed into the end of the collet.
The tube also rasses through the spindle bore to the
back of the lathe where pushing mechinism ig rfixed,
In some lathes, the pushing and drawing re done at the
work end of the spindle. This reqguires a bogus collet
adaptor, but has the alvantage of taking a larger size
of bar, When coll2tas clamp bars, the positions of grips
ghift slightly and the protruding lengtha very, In
cases where lengths are determined by length stops and
theac lengths should be accurate, a special type of
collet called the dead length collet is used. This has
a feavure that disallows relative movement between bar
and collie¢s, Opeiaving mechanism for collet is hydrau-
lic, or pneumatic in automatic machine tool., Some
colle s are made to carry pads or lines so that they
can accommodate a range of bar sizes.

2.8.8, Mandrels

¥hen workpieces have centre holes that can be used
2e datum. they are mounted on mandrels. The simnlest
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form is a bar with centring holes at both ends mnd a
flat Tor clamping a lathe dog. They are used where

holzs are made to narrow tolerances and the workpiece
forced on the mandrel is held by friction. This limits
‘r.: amount of cu% that cap be taken., It is usual to
mak~ these types o mandrels with slightly tapered
outsida Atameter +o ‘nercase +he 2icticnal grip.
Bxcessive %aper will ¢damagme the workpicce bore., They
are generally made fror case hardencd stecl and they are
in sizes. Because they are usually hammercd into
vorkpieces, the centre roles are counterbored to avoid
damage.

?.,F. R4, Fxpansien Mandrels

If the bores of workpieces vary slightly, expan-
sion mandrels are used. BSome are made of a circular
bar on which are machinel four equispaced slots. The
battom faces of the slo*a arc inclined to bar axis so
that four blocks or jawy fitting in them project a
greater distance from the bar periphery at one end *han
the other. ‘“the jaws are carried by a sleeve and their
outer surrtaces grip the bore of the workpieces &as the
sleeve carrying thor move. &, vhe sloping slots (by
means of screw and nuts). The jaw bearings on the work
are always parallel. Where very large cutting forces

arc cnvisaged, mandrels are bolted to the workpiece,

2.8.9. Work Rests

“Yhere work is slender and recuires intermediate
support, rests are uged. There are two ty.es of restg-
steady restsand travelling res®. The steady resta arc

clompod like the tnilstock onto slide woys.
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2.9

They have three supporting fingers (equally set
about the work) which usually carry removable bushes.
Travelling rest travels with the tool and it is fastened
to the saddle., It usually bears on the work at 2 points
behind the cutting tool teo support work when cutting
force is applied and thus avoid springing of work.

Rests can be used between centres or after a chuck,
Stationary rests can be made to give support near the
end of workpicces tu allow end workings on the work.

LATHE TOOQOLS

There are many types and shapes of tools, though
attempts are being made to standardize them, Tools
are eitner roughing or finishing. The roughing tocls
take heavy cuts wiile the finishing tools tzke light
cuts at higher speeds, The tool can be single point
or form tools. Form tools are made to give'tht required
shape at a feed of tool. Angles of tools are ground
to different shapes in accordance with workpiece
materials. Some of the tools ares

(a) Front roughing tools:; These are comnmonly used

and have different approach angles. They are made
from tool steel or could be made to have ceramic or
carbide cutting tips.

(b) The Klop stock tcol is not widely used. It is

designed to give very small heating zone as the top
which the chip impinges on is ground away to leave a

narrow lip around the cutting edge,
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(¢) Chip breaker tcols where a chip breaker in form of

holes, ridges or vibrator, is m~de on the vop of the

tool. These avoid the formation of long chips which
acting g

can be harzaduous to the operator as well as/heat jacket.

(4Y Zide faclng tools which are made with the cutting

edge bent away from the main body (Pig.16).

{e) Knife tool vhich is a “orm of narrow cutting tools

L

(f) Parting tools: These are used for cutting off

with long cutting edge.

workplaces - they are made narrow but [rom high strength
materiais, The cutting edges are cranked slightly to
allow for proper cutting action (Pig. 17). i

() Screvw cutting tools are single point tools that

(S

are growmd to give the correct shape of tha_thread to

Cuto . . . e ) ,I 2 - o I-I o ‘.‘f\"\

1

{(h) Boring tools: these can be in form of tool bit

held in a boring bar or they can be mrde with the bit
integral with the bar. They are well relieved and usually
much longer than other tools, - |

(1) Torm Tools: Shapes other than cylinderical and

I
conieal are gencrally obtained by means of fTorm tools

made to the required profile so that work is direct

copy of tool - such tools are radially fed to workpiece
and are never moved axially. ‘They can be flat or circu-
lar and they are held in vipgid tool helders., ince the
area of tool 4n contact with workpiece is large, the

force of cut is large and speed” of cut ghculdbe low.

41




2«10 TUBRICATIOR AND COOLANT FEED

Coolants which arc in form of soluble oill mixcd in
water are pumped from a sump within the bed casting to
the cutting tool or tools. They drain and collect back
to the sump which is - placed in the lowest part of the
b3d base, The pump can be driven by separate metor or
from the goar-box through zhain drives. ILubrication
is very essential to machine tools. Apart from gear-box

which is usually forced fed from a lubrication pump that
¢an be driven by separate motor or through chain connec-

tion from feed zear-box, the slides are lubricated.
While oil is pumped to the bearings and the top of the
gears, in many 2ases they are allowed to drop on the
glides, In somé cases, the lawest gears are made to
pick oil from a2 zump in the gear-bpx. This is splashed
into the top gears and the bearingé. :In theoe c;seé;

the slides have oil pointe for manual lubrications.

OPBRANTONS PRRIFORNLED OR LATHHS RN

ILathes perlorm lots of operations snd these make
them wiversal, Jome of the operatioms can only be
performad with the use of speelal attachments,

Some operatiens verformed on lathes arc:

o

(a) TPurning - removing materials from outside diameter
of workplece. o : o U
(v) Pacing - removing materials Trom end of workpicce.

(¢) Drilling - making hole in workpicce wherc non . -

existed before. | ﬂi-' e

(d) Reaming = enlarging a hole to accurate size,
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(¢) Boring - emlarging en existing hole with single
point tool.

(£) Counter boring - boring of hole to more than one

dinmeter, generally with the larger diameter on the
outer face. A counter-boring tool which is a steeped

drill or a single point tool can be used.

(g) Thread cuttinz - cuiting of internal or external

threads with single point tool.
(n) Thread rolling - forming of threaded shapc on a
workpiece. The tool is held at the cross slide.

(i) Diec threading - forming of external thread with a
Die which is fed from the work end.

(3) Thread tapping - forming of internal thread with

a tap which is fed from the work end.

(k) Spring winding - coiling of spring -ound a mandrel.
It is almost of the same principle as thread cutting.
(1) Polishing - romoving of very thin layer of materiaj
with the purpose of attaining high surfaze texture.

This is a final operation on a workpiece. Abrasive
materinls are held ag.inst worknicce as it rotates on
high speecd.

(m) Spimning -~ forming of contoured eylindrical,or
conical parts from flit sheet me*al vhich is eold worked
over a sultaple mould held in hoadstouok.

(n) Roll flowing - similar to spinning but involves

high pressure and harder tools.

(o) Milling - this is dome with mill ing cutter held in
headstock while workpisce is held in a milling v.3e
attached to the compound rest.
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(p) Grinding - removing of smajl layer of metal from
workpiece. Grinding wheels are mounted in place of ool
post and they can be stationary or rotating while they
are fed along rotating workpiece.

(q) EKnurling - this is plastic displacement of metal
into a pattern, Hardencd rollers with the required

pattern are pregscd against the worknicce,

(r) gear eutting - this is similar to milling but work-
piece is held in a dividing head while the cutter is
held in & mandrel supported by the chuck and the tail-
stock eentre.

(s) Lapping - this is usually done on a face plate
lathe or in vertical boring machine. One of the two
faces is held in the chuck while the other is held in

a fixture attached to the tool slide. The chuck is
rotated 2t very slow spead.

(t) Honing - this is the same as polishing, but it
removes more metal., The stones are rougher and

require more foree.

(u) Slotting - cutting of straight grooves ilong the
inside or outside diamct?rs of workpicce, This is done
with the spindlc stationary with the slotting tool being
fed into it.

(v) Broaching - this is similar to slotting,

(w) Buffing -- this is idential te grinding but the
buffing head is always rotated.

(x) High-Speed Drilling - the drill is rotated at crpe-

site direction tu Wie spinele rctatlen, so that the
relative speed is high. It usually has its own fixturue

with motor attached to the compound vest.
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Operations (k) to (x) described apove require the
uge of attachments on lathes. Some of the attachments
arc fixtures for holding the tool, c.g. grinding wheel,
whiloe others arc for holding thc vwork, c.g. gear -
milling dividing head, Apart from thesc, there are
other attachments that help in increasing the efficiency
of lath~s, Iome of the attachments arc:

2.1%.1, Tailstock turrcts:These are turrcets attached to

the tailstoek carrying boring, slotting, rcaming and
cutter reclieving tools which are indexed into work as
required. Some turrcts carry four tools while zome
carry 2, 3, 5 or even up to six tools.

2.11,2, Dead stops: These are used for determining the

position of saddle along the bed., They are usually used
for turning and boring to the same¢ length, similar
workpicces. The stop is clagpped to the bed slidoway
and has micrometer collar for fine adjustment of cut
length. They can be made to trip a clutch, or switch
off an independent feed motor so that power feed is

off. In single spindlc lathes, they are made in such

a way that they stop the feed, ahead of the required
positior hich is finally rcnclicd by munually turning
the saddle wheel.

2,11.%. IDaper turning attachments: There are many methods
of turning tapers on the lathe, som¢ of which are:
(a) Swivelling the compound rest to an angle., The
length of taper is limitcd to the travel of the compcund
rest slide.
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(b) Using two feeds - cross feed and compound rest
feed - this produces rough tapers.

() Setting the tailstock out of alignment with the
1athe axis, This is used for turning shallow tapers
of short lengths, and where accuracy is not required
as the miszlignment makees the centre hole wear rapidly.

« 1% e, Zapor tuwnin,: attachment: This is the most accurate

method and the easiest 1o operate., ''he simplest type
consists of a guide bar fastened to a bracket attached
to thc rear of the bed (Fig., 19). The guide bar is set
to the angle required. A guide bleek attachod to the
slido, slides in the guide bar., ~ho cross glide 14
froc to move crosswisc s the eress feed screw has been
tapen off, As the ¢ rriapge moves, it carries the guide
block which then mtves the teol in and out as set by
the bar, The length of taper cannot be more than the
length of bar. There are more complicited formsthat
allow the turning of cylindrical and tapered scctions
one a?ter another, Various machinc tool manufacturers
also yary the design of their attachments bhut the basic
principle is still retained.

2.1%.5. Copying attachment: Though there are copying lathes

a centre lathe eixpn be used to copy a template or a

masterpiece by using copying attachment. If the guide

bar of the taipor attachment is replaced by 2 template

and the slide block is replaced by a atylus which is

made to follow the profile of the template (by spring

loading or other arrangements), a copying attachment is
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made., If the template is replaced by a masterpicce, it
is possible to reproducc this masterpiece.

2.11,6, Sphérical Turning Attachment

Tor spkerical turning, o circular temelnte is
attached to the tnilstock. The tool nost with the teul
is pressed agyinst this template thrsugh a roller
(fig. 20). i

the

Tho szddle feed is disengagei 8¢ thut /feaddle is
free to move wmd the erosg slide is power-driven. As
the cross slide moves, the carriage is pushed by the
action of the toemplate on the rsllcer thus producing the
contour, Problems about mecharical tracing methods are
the difficulties in making a template sufficiently
accurate and strong to withstand the cutting Fforece.
Bven when they are made streag, they we-r rapidly.
Bydraulic, electrical, elecsromagnetic and pneumatic
mecthods are now used in copying latheos, so that the
gtylus moving over the template carrics no cutting foree,
but only transmits commands to the operating units
(hydrauvlic cylinder or pneunatic cylinder, cte.) which
effect working feed of tool, This allows tho use of a
workpiecce for duplicatbion .nd duplicating at high speod,
The stylus is usually nip-ended to allow for intriecate
contours to be read. This also allows the use of sheet
or magnetic tapes as templates. : l;

2,12 TYPE3 OF LATHFS

There arc many types of lathes and these are named
either by their specialized funetions or by their percu-
liar degigns. These are:
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2.42.1,.8pecd Iathe: This is the simplest lathe made ap of

a headstock, a tailstock and a ool post. It has no
gear-box nor carriage. It is generally used for wood
turning and netal spianing or polishing. The headstock

can hold workpieces at cither the right or left onds.
'he lelt end is used for workpicces of very large dia-

meterg nd because there is no tool post at this end,
wnols are supported by hand., It has very high speedg.

2.%42.2, Tool Room Inathes: These are lathes equipped with

adecesgories for accurate tool room works, They have
wide range of spindlc spoeds, especially at higher

speed levels and their beds are very short, They are
accurstc and precisc (nn essential requirement for

tools making). They usuzlly have threading dial, micro-
meter stop, collet scts, chucks, taper and other attach-
ments, Therc is 2 type of o0l room lathe called
Relieving lathc, used to relieve tooth or cutting edge
of tools. Here, a2 reciprocating motion is imparted to
the tool slide, which holds the ool to relieve. The
motion has slow Lorward motion for cutting ~nd rapid
return after-cut. The motion is throush a com on cam-
shaft thet is driven from the rain drive.

2.72.2. Gy Tathog: These are wged to swing very large

diameter workpieces. The beds and their ways are
stopped short of hcadstock to give a gap, Some lathes
have detachable beds so that they can be used as gap
lathes, The workpicees are usually chort bocapse there
ig a limit to the overhan: of tools and also the gap
lengths are limited, The usual operations on them are

facing and boring.
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There is a problem presentzd by this machine in that
if gzap is too narrow, its usefulness is limited and if it
iz too wide the tool overhany; for jobs close to spindle
face, becomes a problem, so the detachable gap-piece
provides a compromisc but not without presenting its own
problen of alignment with the rest of the bYed.

9 _an Plain Turnins Iathes* These have no lead screvw and

[ AT ai-'-‘. -

can thercfore not be used for single point tool thrend

cutting, The absence of a lead screw simplifies the
feed mechaniém,

2.47°.5, Facing Tathes: These are also used for turning work

L= )

with large diameters but short lengths. They have large
face~-plates and they are mu¢h shorter than ordinary
lathes. Works are clamped to face-plates by clamping
straps and bolts., It 18 usually uwsed Tor turning external
cylindrieal aund taperod surfaces, facing,groove cuttings
and borings. A typical dasign has a basg plate with
slots onto which is mounted short bed tha’: ecarries the
carriage, If a tailstock is fitted, it is mounted on
another set of slots. The headstock is rigidly sercwed
to the base plate while the bed c¢n be positionad as
required on the base platc and clamped with three bolts.
The feed gear train is driven by seporate motor (sce
Fig. 21). Some other facing 1l thes have e power feed,
but the tool is mounted on base that ean be tilted.

2.22.¢ Duplicating er Copying lathes: Manr standard lathes

can be adapted to copy-turning lathe W the use of
copying attachments. There are, however, mauny lathes
designed to copy profiles from temp.ates or maste:
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components, These afé copying iathes. A.followo} on
the machine moves along the template and by suitable
mechanism (which can be mechanical, pneumatic, hydrau-
lic, electrical, clectromagnetic or o combination of
any of these), the cutting tool iz mnde to reproduce
the profile of the template on the work. The template
gan bo Pull size or the werk can be scaled up or down N
to any suitable ratio by the use of mimograph. The
template 1s usually mounted to the rear of beds cxcept
for small workpieces, ._ l _ E _

The principle is ag shown in Figure 22. fTemplate X
is scecured to the bed. Tool C and a tracer (or follower)
T are mounted on the holder H which is arranged $o slide
in a guide G at right angle to the axis of rotation of
spindle, The unit comprising G and H can be moved
along lathe hed in the same manner as lathe saddle and
can be hand or power fed. As tho unit moves left, the
tracer follows the contour of ftemplate and the tool
point degeribes o similar path on the workpicce, thus
preducing the contour. Arrangement hag to be made to
pressurdize the tracer on the template and this can be
done by the use of apring attached to overhang weight,
This is basgsically 2 mechanical copying unit and the
prineiple is adapted for other types, An example of a
simple copying lathe is given by Pigure 23. Ieu.b

The rcund bar C is to be turned to the profile of
template D which is a plate screwed to an angle bracket T
attached to the rear of the lathe bed and set as close ag

rossible to slide to &void vibpation. The screw of the



cross slide is removed and the compound slide is
swivelled as shown in (b). A weight (not shown) is
attached to the cross slide in sucha way that the slide
is pulled *o the template. To¢ tnis slide is screwed
the follower (tracer)which is always in contact with
the template, by virtue of the weight pressure. The
saddie 185 powes 1lcu alouy the bed. The follower traces
the contour of the template and gives this to cross
slide which then impacts it through the tool in the
tool post to the workpiece, The compound rest is fed
into the workpiece at the initial stage to give the
base diameter. For repetitive job, a stop is incor-
porated in the compound rest to set the amount of

feed that produces the base dizmeter. The follower
point is hardened and the weight should be enough

to overcome the cutting reaction.

All shapes can be copied but usually sharp angles
and shoulders are avoided. Some can produce squares,
hexagonal, elliptical and other grooves in the face of
a workpiece, Work can be chucking or betWeen centres.
Masterpiece can also be held between centres., When
machining steep slopes of curves, to ensure uniform
quality of surface finish, the rate of feed is reduced.
Copying can be done on internal surfaces as well as on
external surfaces.

2.12.6.1. Hydraulic, Prneumatic and Other Non-Mecha-

nical Copying Lathes

In the mechanical copier, the follower
bears a lot of pressure on the template. Thus, the
template and the follower are hardened. In Hydraulic,
pneumatic, electric and other cases, pressure of contact
between the stylus (follower) and the template
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is very light and the template can, therefore, be a
fully machined workpiece or a thin sheet of metal.
Using original workpiece is always preferred, The
hydraulic machine has an hydraplic pump and reservoir
(or accumulator) which supplies the operating pressure.
A stylus attached to the tracer valve is moved along
the tomplate, Tho stylus is lightly spring-loaded to
the template. The valve meters oil according to the
stroke of the stylus, into a cylinder which controls
the movement of the tool slide.

The air tracers of many pneumatic copier are not
made tc follow the profile of the template, but are set
to travel parallel to the axis of the lathe, Air
nozzles are used and this allows air to escape ard the
pressure drop is provortional to the distance between
the nozzle and the template, which changes as the stylus
moves along the bed. The pressure drop is amplified and
fed into a relay for tool control.

The electromagnetic mechanism also uses the same
principle, the change of air diaelectric between the
stylus and the template is used to control the tecol
movement,

2.12.7, Multi-Purpose Latheg: These are latheg desigmed to

do other machining operations like milling, shaping,

slotting and sharpening, They can incorporate a dividing

head, Tools as well as workpieces cn be held in the

chuck which can also grip arbor for milling works. The

saddles normally have provisions for vertical adjustment.

The tailstock is made to have identical spindle nose as
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the headstocks Chucks,face-plates as well as collets
can be mounted on them., Provisions are made for cross
movement of taistocks so that they can be off-set to
headstock axis. The dividing head allows for holes on
piteh circle diameter to be machined concentric to the

axis of workpniece,

2.12.8. gerew Cutting Iathes: These are designed mainly

for screw cuttings. They have lead screws only and
they are very accurate. A lot of them 1like the Swiss
screw cutting lathes, are fully automatia, They have
lots of accessories for their operations.

2.12.%. Blectric ILathes: In these lathes, all movements

are controllied by limit switches, electromagnetic and
other electrical devices. They have no trip dogs,

levers nor any mechanical controls. They are very
accurate and sensitive. They are usually automated

since automation is easily achieved, Other pressures,
except the cutting pressures, are very low, The machines
appear like any other lathe, except that they usually
have two independent tool slides - one in front and

the other at the rear, Bach of the slides can carry

many tools and can move in dilferent directions unlike
in other lathes with such slides. The carriages are

fed from separate feed gear-box. The clutches and
brakes are magnetic and this made their actions guick.
Limit switches replace stops and no éams are employed.
The lathe is not yet very popular but it is gaining
grounds in developed countries,
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2:42.1e. Custom Lathes; Those are epecial lathes built and

sdapted for special purposes, for example, the turbine
' turning lathes for shipyards, wheel lathes for locomo-
- tive wheels, T-lathes for jet engine rotors and crank-

shaft turning lathes. Their constructions have been
.helped by the availability of standard units that can

be assembled to suit any recuired get of conditions.

" 2,12,10-1, Wheel Lathes « The wheel lathes have two

- headstocks with workpieces being driven by each through
chuck jaws, Hach headstock has its own motor - one of
the headstock can be moved along the bed to accommodate
variation in length. They have at least two tool posts
one for each wheel, The horse power required is very
high. |

2.1?.10-2. Tee-Lathes ~ Rotors for jet engines are
machined on T-lathes, Their carriages are mounted on

ways perpendicular to the headstock axis.‘ They are
chucking machines with very large swings. They are
generally for facingsstraight and taper turnings and
barings, | | R -

2.12.10-3. Crankshaft Turninz Lathes — There are two

types of crankshaft tuming lathes. In the first type,
the %ailgtock spindle is driven at the same speed as
headstoqk spindle. To turn the main journal, the crank-
shaft is held between centres and turned normally.
conxial
Other Journals are turned by setting their axes/to the
spindle axis, as in Figure 24, 1In the gecond type, the
shaft is set with its main journal coaxial with the

spindle axis and the carriage in which the tools are



elamped fravels iﬁ.a-oirela whoge radius 1s equal to the
throw of the erankshaft part to ba maehined {i,o. syachre-
nously with erank rotation) as in Pigure 25, %

2.12.11,Floturn Lathes: These are used for spinning and

forming. They are not chip producing machines and are
therefore not lathes in the strict sense, though they
have all the essential features of one. Their tools are
for cold forming of metals into shapes on mandrels.

The materials are usually flat shects of metal and
thickness up to 5/16" (if themetal is stainless steel).
The mandrel is held in chuck. As it rotates, the
material is spinned on it, The speed is low (average

is 300 rpm)}. The microfinish can be wvery good, dependin~
or1 the applised pressure as the material is sheared before
flowing out plastically. i

&2, ¥extieal lathes or Boring Mills: These are lathes

with vertical axes, The spindles rotate in horizgontal
planes about vertical axes. They usually have no tail~

stocks, but arrangements can be made to supportllong
parts at upper end by alr operated revelving centres
mounted on cross beams or other frames. The spindle
carrles a chuck or a table (which correspends to the
horizontal lathe faee-plate). The saddle and slide of
horizontal lathes are replaced by cross beam and tool
head, while the bed is replaeced by columm. The tool head
can alse have turret arrangements. The tool feed is ver-
tieal along the column, though special arrangement for
horizomtal feed is possible, especially where there are
no cross beams, which are used for work-in-feed. The
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feed gear-boxes are generally mounted above the column
while the headstocks are at the base., They usually use
cemented carbide tools and are very robust and strong.
The driving motors are very poverful. They have many
advantages over the horizontal lathes in that they save
plan space and they can be easily used for heavy jobs,
since the weight reaection can be better supported through
thrust bearings, washers, or roller contacts, Leading
and unloading are easier through eranes, forklifts, and
ether lifting tackles and workpieees can be ecasily set up,
2.,12.13, AUTOMATIC LATHES |
A fully automatie machine tool is that in

whieh all working and auxiliary motions required to
carry out a definite sequence of machining operation,
including loading and unloading of workpieces, are per-
formed autematically. All that an operator necds do is
to load new blanks into magazine oxr hoppers, or te feed
new bars into the bar feeder. Semi-automatie machine
tools perform the same function but the loading and
unloading of workpicees into the machine's work holding
are done manually, These machines usually stop automa-
tically after the machining sequence is ecompleted to
allow for unloading and loading of werk The start push
buttons or levers have to be eperated te rc-start the
machining sequenee.

Lathes are available in various degree of automa-
tion. To increase output, it is necessary to increase
degrece of automation. The bar lathes are usually fully
automatic, while the chucking types are usually semi-
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automatic. To make chucking lathes fully automatic,
loading hoppers or transfer fingers should be incetrpora-
ted. A universal lathe can be made partially auntomatic
by using pneumatic or hydraulic chucks, air or hydraulic
pushing devicef;rtaﬁLspindle, positive stops, indexing
ad justable stops and loading as well as unloading devices.

2,12,13,1, Types 0f automation

The operating cycle of lathes is automated uﬁing
mechanieal, hydraulic, electrical, electronic or pneu-
matic controls or any combinations of these, The mecha-
nical types usually cams and levers, are productive and
reliable in operation, but much time is spent in setting
up jobs. They are, therefore, used in mags production.
The semi-automatic mechaniecal types are used in lot and
large lot productions, ILathes controlled by other meane
are casier to set up and are theresfore used in bateh
production, The numerieally controlled lgthes, where
a pre-programmed tape or punched card dlctates the
control, are flexible and ¢-n be easily set up %0 give
both bateh and mass production. :

To operate auvtomatic lathes, semi-skilled eperators
can be used vwhile the tools uére nre~set in a pre-setting
bary. When tools are weorn, they are changed with the

nre~sat head and the head with the worn tools are scnt

|
1

for regrinding and pre-setting.
In automatie bar turrets, the eperations performed

by the machine include gripping the bar and stock feeding
through the hollow spindle to a length stop as soon as
the previous workpieece is parted off and bringing the

respective tools up te the workplece in proper seguence,
o 57 -
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The cross slide is brought in when necessary.

2.52.13.2, "lassification Of Automatic lathes ’

Automatic and semi-automatic lathes are classifiocd

I
according to various feabtures like: i

(a) Purpose: General (or universal) and single purpose
(or custom builk); _

(b) Tync of blanls: Bar or chucking: |

(c) XNumber of Spindleg: Single or milti~gpindle;

(d) Arrangement of Spindles: Horizontal or vertical.

There are also somc other minor classification 1ike
|

L

indexing method, and othsors. [
Single spindle automatic lathes are most cgmmon,
but for higher production rates, multi-spindles are
employed. Many ocapstan/turret, multi tools and milti-
spindle lathes are automated either fully or partially.

2.,12.13.3, Meehanical Automatic Lathes |

In mechanical outomatic lathe, usually a camshaft
carries cams of various designs linked through a system
of levers, gears, chains, pulleys and ether transmission
mechanism to the operating mechanisms like slides,
indexing, clamping and feeding mechanism., The cams
rotate with the camshaft and astuatc followers linked
to the required mechanism. The sequence of motiong
depends on the arrangement and the layout of the eams.
One workpiece 13 usually completed at a revolution of
the camshaft. There are three major typcs of cams -~

dise (or plate), eylindrical (or drum) and edge type.

The disc type cams (Figure 26) are used to transmit

motions with short strokes in a plane perpendicular to

58 |

.
i
I
i
b



S R/ s ST I/ P
i

P A

<[/

iC

L;

——

594



the axis of rotation of the cam ag shown in Figure 27.

Cylindrical or drum cams are used to transmit motions

with longer strokes in planes parallel to or passing
through the axis of rotation as in Figure 28, [The edge
cams (Figure 29) are used to transmit motions like drum
cams but with short strokes.

Came can he ~olid or removable straps fastened to
a cam body. We can have cam tracks made of two straps
bolted to the cam bedy (usually drum)} to give a positive

path for the follower. Ddge type cams are uged Wwhers
the follower is pressurized against the cam. Cams have

productive and non-productive movements, SinGSZCycle

ef ocam rotation produces one component, the cam there-
fore divides into 3600, for working sequence, Autora-
tic machine tools usuwally have quick idle movements and
slow fead motions. This is usually accomplished in many
ways. A method is for the lathe to have a single cam-
shaft which can rotate with two speeds with the slower
for all the cutting feeds ond the faster for all idle
motions. This method is limited in use sinee, owing

to inertia of cams, camshafts cannot be run within a
wide range of speeds without creating damaging impaet
loads on the change-over mechanism., Another method is
te have a high speed auxillary camshaft which is engager
during idle motions, There are some simple lathes where
idle motions arc few in which idle motien and feed motion
are done af the same gpeed. These have one camshal* wit

one speed and have no comnlicated 1inks,
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2.12.13.4. Single Spindle Automatics

Apart from the automatic turret zand
capstan lathes (Chapter 3), the most common of these
are the automatic cutting off machines and Swiss type
screw machines. In the cutting off machine, the work-
piece is clamped in the collet chuck of a rotating
spindle while the cross slides (2 to 4 in number) having
form tools and parting off tools. are automatically fed.
Some have swing stops for lengths control where automa-
tic bar feeds are used. Both working and idle motions
are at the same speed and some models have end working
tool slides for end drillings, reaming, etc.

2.12.13.5. Screw Cutting Automatic Lathes

Swiss type screw machines are bar
machines originated from Switzerland where they are used
for small watch and clock parts machining. They are also
used for mass production in precision industries for the
manufacture of radio parts, instruments, etc. The
machines are designed to close tolerances. They can
take up to 13" bars. The machine has a sliding headstock
which houses the spindle through which the bar 1s passed
and pgripped by a collet, The headstock moves in slide-
ways, ci. 42 brd (unlike in other lathes where the he:.? -
stock is fixed). The tool bracket is fixed and can have
up to six tool slides wnich are fed radially towards the
revolving bar. A camshaft carries the cams which control
bar feed, chucking, headstock feed, tool slides and auxi--
liary attachments (for drilling, tapping, cross drilling,
slotting, etc.). The headstock feed gives longitudinal
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féed to workpiece. Whils thié feed is onlthe cam for
+he tool slides is uswvally in 'dwell' position so that
tool is in fixed position for longitudinal machining.
”When the workpiece is parted off, the collet grip is
released and the headatock returns sliding over the

bar to the starting position, leaving a length in the
fronit of the collet which grips the bar ready for machi-
ning. The headstock forward feed is through cam while
return is by spring. A dise cam is used to operate a
bell crank, one end of which bears on the pusher attached
to the headstock through a tee slot for sircke édjuat-
ment (Figure 30). | : &

The tool bracket is a casting standing vertically
fized to the machine bed. It carries the tool slide
and has a mounting for auxiliary attachments. The tool
1z clamped to the glide and they can only be fed in and
out. The two lower slides are actuated by a rocker
which rocks about a pin through the action of a cam on
the camshaft, and a return spring (Figure 31). Screws
are uged to adjust the lateral position of tools, The
tools can form, turn, cut off, chamfer, undercut, knurl,

etc, Tor cutting purposes, she cutting tools on the
rocker slides are placed in inverted positions. The

vertical tool slides are motuated by cams on the cam-—
shaft through connecting rods and levers (Figure 32).
Svecial attachments mounted on the bed are used for end
wirkse. These attachments usually have independent feed
a~d speed, The tool bracket has steady bushes which
allow slrnder parts to be machined. The bush supports
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the workpiece very closely behind the cutting tool for
minimum vibration =znd deflaction from action of cutting
forces (Figure 33). The steady bush can be removed for
short pieces. The camshaft incorporates safety pin
that shears +to protect cams and their shaft. Like
other bar automatic machines, it has trip switches in
bar feed mechanism to stop machince when bar stock is
exhausted.

The barsused are usually of close tolerance {centre-
less ground bars are usually used), Where end working
attachments are "sed the algebraic sum of the feed of
the attachment and the headstock is the feed of cut,
whereas for cross slide feed, the feed of cut is the
geometric sum of the feed of cross slide and that of
the headstock.

The other automatic lathes are the capstan, turret
and multi-apindle lathes which are treated in the next

chapters,.

2.12.9h . Multi=-Tool Lathes

These, like the capstan and turret lathes, ar
for mass production, They have one workpiece spindle
with several tools working on the workpiece at the same
time, They are also referred to as multi cut lathee.
They take works between centres and they are versatile,
These are advantages over capstan and multi-spindle lath -
They are generally used for production of stepped shaft-
and long workpieces. With equally spaced tools on a dar,
long workpieces can be machined with short feed (+he fecd
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équais the distance between two adieoent tools). They
have simple fecds and the gear-boxes are, therefere,

not camplicated, They are of very robust construction
and they havs rigid and well supporied carriages so

that forces of cuts that act in many direction and on
many points are with-held, They generally produce
faster than capstan/turret lathes., They are used for
Large variety of jobs, especially machining gear blanks,
gnafts, pistons, camshafts, and other jobs that can be
held in fixtures, chucks, or between centres. They are
econcmical for short run jobs, owing to the sase of
gsetting up the toola. They are, however, rarely used
for parting off and threading. Tools slide can be cam,
hydraulic, pneumatic or screw and nut operated. It is
pogaible to have a tool holding bar with facilities for
individual toel in-feed. The tools on the bar move
inpide fixed guides and carry followers which follow
the profiles of cam-plabtes fixed to the front of the
lathe, as the saddle moves the bar along the bed,

They can be fully or semi-automatic, but it is
usual to have them menually loaded. All idle movements
are rapid and the machine stops immediately after with-

drawal of tools. Change gears and sliding gears are

used like in other lathes for gpeed and fecd changes,
The quieck 1dle motions can be through a separate motor
or threugh over drive gears, Some of them have two
earriages with one being fed transversely and the ether
longitudinally. This allows for parting eff, groove

cutting and the use of formed tools.
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The machine uses all the attachments used by other
lathes, These include taper turning, facing, and centre
drive attachments. The centre drive attachment supports
and drives workpiece in the middle to allow for both
ends of the workpieces to be machined simultaneoasly.
This ie driven through overhead transmitting shaft at
the samc speed as lathe spindic. ‘The drive shaft has
telescopic splined drive coupling to allow for acjust-

ment along bed for varying length of workpieces.
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CHAPTER THRER

3 . CAPSTAN AND TURRET LATHES

' r
The centre lathes gradually become inadequate to

meet the quantity of production required by their users,
owing to the time required fo change tools, This led to
the devel.pment of turret and capstan.lathes. The
earliest type of turrets used were the four sided square
turrets which are now standard egquipment fo%?il%r%%es.
Capstan, turret, multi-spindle and multi-tool lathes are
snly economical for mass production ewing te the time
required for setting up tools, Where the quantity of
workpieces to be produced is less than six, it is always
advisable to use centre lathes which have much easier to

gat tools.(1o)

It is now usual to have a pre-setting
bay for tools to ensure that tools are set when the
machineg are running, This has enhanced the efficiency
of thege lathes, Fecr the turret and capstan lathes,
toolg are indexed to meet workpicce unlike in multi~
apindles where Jors Index to meet the tools. !

Engine lathes g8h he converted to turret or capstan
operation by fitting suitable attachments to them. If
centre lathe tailstock ig replaced with a six position
turret tool post which con be fed 2long a slide to meet
the workpiece, we have a manual capstan 1athe.(11) The
turret will provide the end working tools while the
crosg glides will support the side working tools.

The capstan and turret lathes are similar in design,
tooling and application, execept in the indexing head that
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carries the main (or end) tools. In capstan, the head
is carried in a slide vhich is mounted on & bsse that

is locked in a sultzble position along the hed., The
slide is fed to the work longitudinally (along the bed
of the lathe) by the use ofispoke~like handle projecting
from the slide front, Usually anti-clockwise rotation
of the handle advances the head to the work while clock-
wigse rotation retracts it. If the slide retracts to a
point, it usually disengages an indexing locking pin and

o} _
the turret indexes through é%gm for a turret head witl n

stations (for six stations 2%9?: 60°). The capstan
lathe norwally has front and back cross slides mounted
on a saddle that can be power driven. The cross glide
feed can be pewer fed and in some rare cases, the turr-g
slide is power driven. When these are power driven,
it is usual te incorporate trip stops to disengage the
alides feeds, Capstan lathes are generally for shorst
components ugually from bar stocks though chucking
mashines are avallable. |

In turret lathes, the indexing main tool head is
mounted on a saddle which slides directly over the bed
and is uwsually rover fed, though handles for manual
operations are available. It 1s usual to refer to
capstan lathes as “ram turrets® while the turret lathes
are referred to as ‘saddle type turrets“.(1o) The
turret lathe deals with larger and longer works and it
is usually provided with quick transverse mechanism,

Because their cross slides are not on saddles,

they are only fed in and out of work,
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|
Capstan lathes awa lighter and easier to operate,
but since their turret heads are mounited on slide8,their

movements sre restrictid tu the lengths of e2raes "ilh
are short, though the bases can e ~4jugted along the

beds. Thus the head over-hangs the baze and ocan there-
fore not be useful for heavy vorlan in this position,
This makes them useful for small and medium sizea wWork.
o1y, Because it is on saddle which slides directly on
bed and thus have no overhang, the turret machine's
tool head is more rigid and is used for heary jobs like
castings, The slides of both tyr=s are heat treated
and are much better than ordinary lathes, owing %o the
volume of work they produce. It is very common to find
these machines automated (fully or partially).
3.1 AUTOMATIC TURRET AND CAPSTAN TLATHES

[
ir

The most common fully aubomatic types are the bar
machines. 1In automatics all feeds are by power with
gtops which put the machines into another eoperating
sagquence through the use of limit switches, cams mounted
on camshaft, solenoids or other meana. Ir¢ some machines,
the spindle speeds and feed rates of each Surret pesition
gan be pre-set and changed accordingly as the turret
indexes through the use of eleetromagnetie friction .
clutches bullt into the main ane feed gear-Boxrs that
are engaged by a rotary automatic control unit linked
1o the turret head. _ !
3.2 51083 | | |

Steps are common features in capstan and tumret
lathés, eapecially in the automatice types., The owoss
67 I
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slide feeds can have a number o mtope depending omn the
type of tool post mounted. Where the stops are more
than two in number, they are arranged in circular form
and they index in the same manner ag the tool post -
thus if tool post is hand indexed they are also hand
indexed and where the tor1l st irdexes automatically,
the stop carrier_is linked t~ thig meshaniem and it is
indexrd in similar manner. The saddle for the cross
slides in capstan lathe may also have stops cSrrespon—
ding to the number of +ool stations of the slide, Where
there are 4 slides in front and 2 at the back and the
stetions operate independently, the saddle stops are
8is, and they index to correspond with the operating
tool station. In this case, indexing of the saddle
gtops is usually manually through handwheel, The oapstan
dlide and turret saddles have stops corresponding to the
number of tool stations availapwle., Their indexings are
geared to those of the turrets. These stops can be in
form of screw heads carried on a stop bar head (the
carrier) which can be threaded for adjustment of screw
protrutions., They can also be in form of rods that are
held in grroved holes in the bar o~ cams fastened to the
bar. They are numhered to correspond with the station
they operate with. In manual machines, the stops trip
cut feeds and it is uswal to get them slightly short of
the required distance while the rest is done by hand.
In automatic machine tools, however, because it is
possible to maintain controls over the pressure applied
against the stops through strain gauges, the stopg are
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set to precise positions. Manual feedinge ean also be4
done to dead stops but the accuracy of jobs depends on

the experience of the turner,

CONSTRUCTIONS

They consist of bed, headstock, feed gear—on, apron,
the turret saddle or the capstan slide, and the cross
slide. Except for the turret and capstan features,
their designs are basieally the same as other lathes.

The bed is usually box-shaped grey iron casting with a
gystem of well developed internal stiffening ribs. The
headstock houses the feed gear-box, but permits narrower
speed range and smaller steps. The small precision types
also have step pulley fer speed changes. JSome of the
larger types (especially the precision types) have
reducing gearbox with alectromagnetic clutch-change sys—
tem coupled to an induction motor mounted at the base

end conneeted to the gpindle through pulleys. A general
feature of the headstock is the elaborate provision for

rapid stopping, starting and speed changlng. A recent
design features the use of multi-speed motors directly

(12)

eoupled to the spindle. The use of D.C. motors is
also galning ground . This allows for infinite speed
ohange between a range. In many recent designs constantly
meshing gears are used with speed changes done through
clutches, thns eliminating sliding gears. These clutches
allow for high acceleration and are designed for high
torque load.(12) They are small in diameter to allow

for close shafta spacings, thus reducing the peripherial

gpeed of gears and producing bhalanced high rotational

speeds.
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3.3.1. Precrtive Machines
In some machines, (e.g. Alfred Herbert Limited)

the next spindle speed cin be chosen while the spindle
is running by setting a pointer on an indicator dial.(13)
This speed can be automatically switched on to, as soon
as the operation with previous speed is completed or by
depressing a push button when it is necessary to change
to the next speed, These machines 2re called pre-eptive

machines and they use friction or jaw clutches, built
into the headstock controlled by hydraulic ecylinders

which come into play when the pre-selecting button is
depressed. In some cases, sliding cluster gears are
directly shifted by hydraulic cylinders when the button
is deprassed.( 4) These save machining time and are
useful for mass production.

3.3.2. ~“pindle Suppert

As in other lathes, where the cutting tool tends
to force the vork and spindle backwards, the thrust is
taken by thrust bearings, thrust waghers, and tapered
roller bearings., It is usual to have the spindle sup-
ported by roller bearing at one end and thrust taking
bearing at the other end,

3.3,3. The Carriage

The feed gear trains are simpl ey than those of
other lathes, since they have narrower speed range and
no lead screws - so threads are died, tapped, or reolled.
The cross slide carriage of a capstan lathe caﬁ be
either the "reach over" type where the rear and front
tool posts are mounted on a single carriage unit or they
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can be the !'side-hungt typs where thg two are thed
on two separnte carriages that do not span the width of
the bed. The reach over type is more rigid, but limits
the diameter of workpiece that can be swung, since the
carriage passes under the work., The side-hung type,
owing to its lower rigidity, disallows heavy cuts,
3.3.4. The Toml pasts

It iz usual to have the square turret tool pdst in
front and simple single tool or double tool posts at the
rear, The revolving main turret can be eireular or
polygonal with each side carrying & face with cireular
holes, flange or chucks for tool mountings. The circular
hole permits the use of shanked tool holder., The turret
is fitted on a vertical stem which is screwed at its

upper end to take a simple clamping lever that prevents

. 1if%t when tools are cutting. When the turret is an

indexing circular table upon which tool holders are

mounted using tee slots, we have flat turret lathes.
| 3.3.5. Turret Indexing Mechanisms |

The turret is indexed automatically at the eﬁd of
each return strolke of the slide by various methods, one
of whieh is as shown in Rigure 35. It has an indexing
plate and a modified Geneval gecured to the base of the
turret. When the slide is retracted, the pivoted spring
loaded lever contacts a ramp or projection on the hase.
As the turret slide, to which the lever is pivoted contl-
nues its return stroke, the other end of the lever moves
the locking bar out of the slot (against the lever spring
pressure). When the bar is clear and the turret slide
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3.3-6.1- Pneumatic Chucks o |

In principle, they conaist of a double actiné
cylinder with very small gtroke, which hag its pisten
rod attached to a pull rod that passes through the
spindle bore to operate a toggle lever, connected to

the chuck jaws (Figure 36). The togale ensures that

the chuck ig rot onened unless a positive lead is applied
The spindles! noses carry flanges (not threaded) fer

better chuck fixings.
. 3.3.6.2. Collet Qperating Mechanism

When the machines are designed for bar works they
éccommodate collets, These collets are generally opera-
ted (pushed or pulled) through toggle which is eperated
by a spool with ineclined surface that is actuated by a
lever {(Figure 37). The mechanism is usually fixed te
the back of the lathe spindle. For manual machine, the
lever c¢an be hand coperated, while For automatic machine
it can be operated by a cylinder, or through a solenoid

coil,
o 3,3.7. Autopatic Leading

Ll P
[

; In turret and capatan lathes as well as in other
automatic machines, loading and unloading of workpieces
can be done while spindles are still rotating by the use

of loading and unloading magarzines, which, for chucking
machines can be in the form of clamping fingerg. The

finger can rotate with the workpieces and can be opened
and c¢loged while rotating. Air chucks can also be opened
or closed while the spindles are rotating while the tse
of collet opéning spcols allows for its openiﬁg and clogs-
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l
with spindle rotating., Loading magazine can be fixed
inte a face of the turret or can be fixed to an aitach-
ment which swings in and out when necessary.

|
!
|
i

BAR OED

The bar machines usually have a bar support that
is fixed +to the back of the spindle. The support Teads

the bar forward automatically to a length stop when the
collet grip ig released. In its simplest form, the
feed mechanlsm consigts of a tube attached to the head-
stock cagting at one end end on a stand at the other.
f1liding in this tube is a gripping finger attached to

a wire which 1s attached at its other end to heavy weights.
The wire passes8 over a2 pullcy and the action of the
weights tends to pull the Finger towards the machine,
Through the upper part of the finger is a hole designed
to teke bugshes to suit bars of various shapes and diame-
ters. The bar is insertcd through the grip and the
gpindle to the colilet, cnd the finger is tightened on
the bar with a bolt., The weight thon forces the bar
against the collet gso that once the collet is opened

the bar is pushe® forward to 3 pre-set stop, The colle+
closes and holds the bar in position, the stop is swung
away and machining starts. Because bar roftates ingide
the tube, to avoid noise, the tube is lined with treated
wood. 1In recent bar machines, tube loading is done at
the front eﬁd of the tube thus saving space. In this,
case, the tube 15 stood on a pivot so that the front

end can swing in and out,
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3.5. TOOLS AND TOCLING ‘

Their tools are the same as those used in multi-
spindle lathes. Some of these tools are identical to
those used on simple lathes while the rest, like
forming tools, knee furning tools (or combination
boring and turning tools holders) and thread rolling
dies, are designed for mass production. Turret lathes!
tools are more robust than capstan lathes, to allow
their heavy cuts, To increase production, more than
one 400l are made to work on the workpiece, It is
usual to have one tool from the turret (end working
tool) one from the front slide and one from the back,
working simultaneously on the work. Where a knee
tu?ning tool is used, two tools can be fed in from the
.ﬁufret. To avoid any vipration due to overhang of
tools, and to act like guides, some turrets have steady
- bars protruding from the top of their headstocks.

These engage guiding holes in the turrets, tools or
travelling workpiece steadies fixed to the slide.

i &s in multi-spindle. lathes, box turning, drilling,
boring, reaming, chamfering, thread tapping and dieing
are done from the turret hesd while the cross slides
are used for forming, large facing, short diameter
turning, grooving, recessing, and parting off. Parting
off, recessing and necking tools are usually held in
the rear tool post. Where tools are held in rear tool
post, they are mounted upside down because of work-
piece appreach except where 1t is possible to reverse
spindle speed when these tcols operate,

y
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3.5.,1, Turret Tosl Holding 3

i

The turret faces usually carry tapped holes for

. fizing tool holders. They also have holes coaxial with ¥°°

spindles for carrying shanked tools, Shanked tools are
gripped in tool holders of wvarious forms bolted to the
turret facces. Some or the holders have adjusting screws
used to adjust the height of tools so that packing
pieces are not required for setting tool coaxial with
- the work spindles.

Small turret tool holders arc sometimes made to
.fix into the turret holes, For accurate location,
eapecislly wherc tools are pre~get, large tool holders
with rectangular bases have circular spi~sots which locate
in recesses in the turret faces. Tools with tapersd
shanks are mounted on tapered socket (or adaptor) with
par1llel outside diamcter for fitting into holes,.

3.5.2. Tool Pre-Setting

Ta enhance production, tools are pre-set and it is
wrual to have an idontical turret already pre~gset with
all the tools and attachment ready for mouniting up
immediately the tools on the working unit become dull
and sut of gauge, This iz set while the machine is
working in the tool room or setting bay. This reduocs
lost time considerably,

For settling turret tools on the machine, it is
usual to use a finished wvorkpicce as stondard setiting
gauge. Where Tinished piece 1s not available one is
made by turning as in centre lathe, Roller turners arc
however, not sct this way, but by turning with the eross
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3.6.

. _ i

slide to diameter close to the diameter of the finished
produet and then using the box turner to finish the Job
by trial cuttings. Once act, the tools are ready for
repectitive jobs until they producc jobs that are cut

of ‘tolerapncc. They arce then set as described above
after sharpening or set against setting gauges in the
tool room, A t¥pPiepl setting geuge used for a multi-
tool boring bhar is asg shown in Pigure 38, The gouglud
plate is profiled in such a way that onca the tool is
set o the profile, 1t gives the right cutting charac-
terigtics.

Once the tools and stops are set, the oporation of
turrets and capstin lathes can be manned by semi~gkilled
operator wﬁnse duty is only to sclect and engage the
right spindle speel and stopping the machine when it
malfunctions, Setiing up takes a lot of time, so that
the machine~ are inly economical for large cuantities.

OPERATIONS PERIOIMEL WITH TURRETS

In katch production, it is usually better to burual
work into otages ‘thich are ecarricd out as each turret
face is pres:nted. For instance, accurate holes are
generally produced in four stages: centring, rough
drilling, boring and reaming. Centring is to produce
a true rumning start for larger ~nd more flexible drills.
In bar weérks, dual purposge length stop can be mounted on
one of the turret faces. This has an arrangement where.
after the bar has been prescented againat the stop, a
lever on the stop is operated to push out the centring
tool which workg on the workpiece. Rough drilling is
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.less dcourate than boring, but boring cannoct be dene
on blank holes so 1t regquires the pilot operation, while
reamers produce the most accurate hole though its depth

of cut is wvery small,.

3.6.1. Bsx Turner

Box turncrs arc generally made to have roller
followers which follow the tool about 0.75 to Tohl-
limetre behind, thus resisting the action of the cutting
force on the workpiece, especially where the workpiece
is slender. In some cases, they are made to have guide
vee made of hardened stzel instead of rollers for the
same purpose. Jome box rollers have adjustable tool
holders while some have mechanism for tools withdrawal
aftor cut, The tools are then brought back to a dcad
stop for another cutting opecration after the vool helder
is fully withdrawn. This avoids withdrawal marke on
workpiece. Though box tools arc ideal for mass produc—
tion, some of the preblems encountered in their applica-
tions are ribbing, cutting tool withdrawal marks, rough
finish, non circularity and chip disposal problems.
Ribbing is caused by unsuitable roller pressure which
leads to daflectiom.c&?%nrk resulting in cutting tool
digging in, formihg ribs. Apart from tools withdrawing
mechanism, cutting tool withdrawal marks are avoldoed by
setting the upper roller light, and the tool a bit off _
centre so that when cut starts, the work 1lifts to bring
tool to centre line. When cut ends, the work falls and
the tool is higher than the work axis and therefore

withdraws without marks. Tool radius is usually contri-
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buting to finish work roughmess especially during light
cuts. Big redii end inadequate roller pressure produce
very rough vworks. Pitting of work usually occurs when
metal particles go between roliers or wheﬁ?%ool edge is
damaged. Long Jobs that are not supmrted. before the
t00l deflect and whip, These affect roller pressure anu
tool nerformance, resulting ir non-circular turning. It

is, however, usual to support long slender works cither
from the turrct or from auxiliary steadies fixed to the

slide.

_ Long tools, especially boring tools arc usuaily

'supported. Boring tools carry gupport bushes at their
free ends. These slide inside the chuek, Tor counter
boring or chamfering tools, the teel is supported by a

bush which slides in the previous hole (Pig, 39).

3.6.3. Other Tools

; Apart from centring tools which can be flat fiéces

:of hardened steel with edges ground to appropriate angler
and box tools, other tools uscd on capstan and turret
lathes are: | .

(a) Drills -~ Twist drills are held either in?@orse

tapered socket or iniﬁool holder bolted to the tuwretl facc.
Fof decp holes, drills with straight flutes are uscd

to allow easy passage of swarf, They arc made with

bores for coolant passage to the cutting points. The
coolant helps to wash out the swarf, Drills are used

from the main turrets,
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(b)  Boring tools - These are also generally uged from

the main turrets. They provide morc ageuratce holes
than drills ,but cannot cut unless therce is a startiing
hole, so it is usual to drill with a drill and finish
up with a boring toecl. Boring tools cen carry many
tools for stepped diameter or in order to cut long
diameter with short strokes.

(e¢) Reamers - These produge accurate holes but have
very small depths of cut. They are also used from the
main turrets.

(d) Facing toolg ~ are held in cross slide though

gpecial facing tools with tool slideg that can be
held on the turrct head arce available,

(¢) Kuurling tools - are usually used from capstan

head in conjunction with box tools. The Knurler is

used to replace the roilers, If the knurling tools
cannot be set at the ond of works or there is a distur-~
bing flange, the cross slide is used (especially in the
capstan and combination turret lsthes wherc the cross
slides are held on saddles). In thie case, the knurling
tools are heldd in front tool post. |

e 3.6.4, Form Toels |

| Drills, boring tecols, reamers, facing tools, and
knurling tcols, are tools used in all types of lathes
(centre, capstan, turret or multi-spindle). PFormed
tools are, however, rarely used on simple engine lathes,
but they form a major set of tools for multi-spindles
and turret lathes. The tools have the shapes of the
required contour. They are held in rear cross slides
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in inverted position. DBecause large cutting surface
areas are involved, cutting forces ars heavy; if they
are not held in inverted position, digging into work or
pulling down of work will occur. GSince they are inver-
ted, they have to be held in the rear tool post, In
this pogition, the cutting forces act upwards and take
any sialhnusl vwes L thy zZiaugs.  (poer these same
reasons, parting tools are usually held in the rear
poat), Form tools are flat, or circular. Circular

tools are disc with faces turn~d to the required profiles.
3.6.5.‘£gggading on Turret/Capstan Lathes

External threadings are done in 2 ways:

(1) uveing dieheads held in turret heads. This
is quicker and more accurate; and &re therefore more
readily employed where possible. One of the limiting
faoctors ig the diameter that die heads can accommodats.

| (ii) Using single point tool held in cross slide
to generate threads. This has no size limitation, but
is less accurate. b _

Dieheads are usually self openiy~, When the fQQuired
length of thread is formed, a stop exerts resistance %o
any further feed of the head, causing the die blades to
open clear of thread “~r withlvawsal without stopping or
reversing spindles speeds. Single point threadings
are only dome in capstan lathes or conbivulion turret
lathes with lead screws. In this case, & means in which “he
nut is disengaged from lead screw and the oross slide is
backed out slightly before tool withdrawal is usually
incorporated. When the nut is re-engaged, the cross

slide advances automatira’lly +o the workpiece.
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Another feature of the capstan and combination
turret lathes (with lead screws) is the use of thread
chagsers instead of single point tools. Because diameter
of thread that can be cut by dieheads is limited, chasing
was developed to cater for large work diameters. Turret
lathes (without lead screws) can be fitted with chasing
attachments which comprise a leader or master screw
shaft driven by a shaft from the feed box. Half or full
nuts engage the lead screw through a lever so that the
tool is fed at the right speed to match the pitch of
thread being cut. The attachment is provided with many
lead screws that are easily changed to allow for a wide
range of thread pitches, especially when used in con-
junction with many feed gear-box gpeecds., Chasers are
like collections of single point tools nndtiig therefore
to be withdrawn from w%:i after cut, Sincez?ithdrawal
point must be accurate, fmithdrawal mechanism is always
incorporated.

Internal threads are produced by single point tools
(2s for external threadings) or by collapsible taps.
Small holes are tapved by insertion of ordinary taps
with the correct threads. They have tapered ends for
eagy entry into holes and longitudinal grooves along
cutting edges for swarf removal, Collapsible taps are
used for mass production and they produce better jobs.
Seme taps have tap holders that are capable of revolving
and sliding in their bodies, VWhen the holder is pushed
into the body, it is locked and will not revolve, thus
holding the tap stationary for cutting. Whegig;pth of
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tap is reached, the holder is drawn forward relative to
the body und this discngages the drivéng peg and allovs
the tap and holder %o revolve with workpiece. To with-
draw the tap the machine spindle is reversed. j dollap-
sible tar wusually incorporatesa dog that collapses the
tap before withdrawa}. Taps are usuzlly allowed to
float slightly 1ﬁfﬂﬁfﬁex so that they can find exact
hole centres.

3.7 ATTACHMBNTS

3.7.h. Taper Turning: In the turret lathes, tapers can be
formed or produced, uaihg shell cutters and tapered
reamers, bat it is easier to use tiper turning attach-
ments which are the same as thhse used with the centre

lathes, and they work where cross slides are mounted

on saddles.

3.752J Copying Attachment: Because of large force, form
tools are used only for small surfaces. Larger profiles
are produced using copying attachments like in eentre
lathes.

Other attachments used with ordinary lathes are
used here, Chasing attachment and auxiliary drives are
other types used with these types of lathes

3.8 OTHER TYPLS OF TURRET LATHES

Capstan lathes range from the simple bar machines
to the powerful ram type. Most bar works require simple
operations, but in large quantities. Simple machines are
designed for these works. The spindle drives in these
machines are through pedal operated counter shafts equipped
with high, low and reverse speeds, It is the most basic of
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these types of machines,

3.F.4. Horlzontal Axls Turret i

Some turret lathes like the German built Pitler
lathes, have horizontal axes of turret operations, so

(10) Thia type is

that turret moves in vertical plane,
produced mainly in Russia, The turrets are fed in or
out on the bed ways Uy mengz of raclh: and pinions. 1%
is usually arranged so that the tool is at its upmest
position before it ia brought in line with workpiece
axis., This makes it more rigid, since overhang is
reduced. In this position, tool thrust is parallel to
the turret slide. ]
‘g{ﬁ;z.‘VQrtical Turret

There are vertical turret lathes used for blanks of
large diametersand weights, but short heishts, All
their features are like boring machines or vertieal
lathes but the turrets are mounted on the main tool
heads, The chuck is a rotating table since the spindle

axts ig Vvertical. Milling, grinding, and centre dril-

- ling can be done with attachments, The table rotates

in horizontal plane. The main Teed is vertical though

- there can be some horizontal auxiliary feeds, The

turrets index about horizontal axes., The gear-boxes

is very high.

are usuwally simple as the steps of speeds are very few,
It is usual for themto bhe pre-~optive with speed changing

automatically asf}u;;ggz index. A lot of workpiece clam-

ping accessoriesfd%e necesgary as range of sizes of work
’ ; {
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3.8.3. Combination Turret Lathes

The combination turret lathes, combine the
functions of capstan and turret lathes as they have
turret saddles and cross slide saddles which can carry
rear and Iront tool posts. They are not usually used
for bar work and they are usually subjected to heavy
workings, The two saddles travel along the bed and are
usually power fed. The beds are flame hardened and
provided with covers for the protection of the slide
surfaces. The bed structures are designed for easy
swarf and coplant disposal. They have wide ranges of
speeds and the speed change levers are usually connected
to the declutching and braking lever which actuates
before the speed is changed and engages after the gears
have meshed, thus allowing for rapid speed changes,
They are mostly supplied with pneumatic operated chucks
with two jaws (for irregular workpliece holdings). The
saddles can be arranged to have common feed shaft but
with different change gears. The cross slide is also
usually power fed., They have lead screws (unlike
other turret lathes) and therefore cut threads, Tools
for bar work comprise of adjustable turret stop,
roller or vee bar turning steady, drills both twist
and straight flutes~ drill chucks, tool holders,
dead centres, self opening die-heads and collapsible
taps. For chucking works, there are, in addition,
extension arms, floating reamer holders, knee ?
turning tool holders, and boring bars with spli% bushes
for heolding the tools in the turret holes. |

85 |



CHAPTER TOUR

Iy =~ MULTI-SPINDLE LATHES

To increase the efficiency of production when
large quantities are required, multiple head machine
tools are often necessary.(14) Even in case of drilling
heads where Jigs and fixtures are used to increase output,
multi~heads drills are far better since many operations
are combined and production sped up if more than one
workplece is worked on at the same time. Multil-spindle
machines have a principal advantage over single spindle
type in the saving of time per workpiece. In the turret
machines, only one turret face works on a workpiece at
a time whereas inzgglti—spindle lathes all turret faces
{end tools) work at the same time on all the spindles.
So while in turret mechines, time for a workpiece is
the sum of all the time reguired for all turret operations
in multi-spindles, machining time per workpiece is that of
the longest single cul {(or operation). It is thus usual
to divide operation required on a workpiecs in such a way
that it is done in sequences of approximately equal time.
Thus if an operciion is very long (like parting off), it
is divided up into stages and done in two or more eperating
stations. q

FEATURES OF MULTI-SPINDLE LATHES é

The first main feature is that they have many
spindles, driven at the same speed and holding work at

some gtages of machining. They retain the essential

‘features of the turret lathes, The ond tool slide
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replaces the turret, This slide doeg not index but

moves along & cylindrical stem while the spindles (in
most cases) index to mect the tools. The slide has a
number of sides {depending on the number of spindles)
upon which usual turret tool holders are clamped. A
spindle carrier carries the spindles and rotates (or
indexes) about the stem, The machines also have &

nunmber of cross slides which hold side working tools.
allowing for multi~tool operations at any working station.
Their scope and accuracy are equal to those of single
gspindle machines but they require long set-up time,

This makes them uneconomical for short runs of work,

They have facilities for special attachments which
perform operationg outside the scope of ordinary lathes,
Ag the number of spindlos goes up, the costs of the
machines increase, This, coupled with the high cost of
toolings, makes them uneconomical tc be coperated for'

runs that are less than three days.(ﬁs) The auntomatic
machines usually run for weels on a job and are only
stopped for sharmening of tools and inserting new bar
stecks or loading up of the feed magazine. ;

N Multiple Zomition of operations in indexing multi-
spindles has an advantage of separating roughing jobs

and finishing jobs which are dons at different stations.
The number of working stationg is diectated by the number
of spindled (which 1s equal to the number of faces of

the end working slide), The working staiions are indicated
by numbers. At the end of the cutiing stiroke of the last
tool slide , the spindle carrier indexes to the next pesi-

tion (or station).
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Beenuse lnrgé nupbor of cutting tools operate at
the sane time in 2 malti-splndlce set-up, cfforts must
o nade, tos

(i) ©baloance the cutting forces;

(ii) owverlap working and idle movements:

(1i11i) apply pre-sct tooling;

(iv) use stondard tools.

CLASSIFICATIONS OF MULTTI-SPINDLE LATHIS

| Clagsification of multi-spindle lathesdopends on
method of work holding, capacity, arrangemont of spin-
dles, number of spindles, method of indexing, and prin-
ciple of operations. Thus they con be fully automatic
or somi-automatic, bar or chucking, horizontal or verti-
eal, step indexing or continuous indexing (this applies

to vertieal lathes only) and paralicl action or progres-

'sivc action types. The bar types work on bar stock, and

arce usuxlly fully automctie., The chucking types work on

“blank or piocccs of items Irom eastings, forging, cte.,

and a2rce usually scmi-automatic ¢xcept wheore arrangements
arc made for nutomatic hopper/mhgazine feeding, Bar
mrchings arc aized according to thoe size of bars that

can pags through the spindlc hole, while chucking

‘machines are sized acecording to the maximam diametor

of workpicece that each spindle con swing.
The number of gpindlea are usunlly 3, 4, 5, 6

and 8. It is possible to have 10 or 12 gpindles.
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In the parallel action types, the same operation

is performed simultaneously in all the spindles and
workpieces do not index but have all the operations
required to turn them to finished products performed
in one atation. These are like collections of ordinary
lathes driven through the same gear-~box. They are used
for short parts of simple operations., They are usually
referred to as multiple {low lathes,GG) because all the
workpieces are loaded and ejected at the same time,
They have very high rate of production and are usually

used for bar works., In the progressive action (or
indexing types) each spindle with a workpiece clamped
on is indexed consecutively to the working statiorm which
are arranged around a pitch circle diameter with the
angular distance between two adjacent stations being -2-5-
where n is the number of spindles. AV each station one
or more eperationg are performed according to the sequence
of machining operation in the set-up. ?I R
Beoause chucking machine deals with metalslfhaf-
are cast, cold or hot worked, so having rough skin for
machining the chucking machines are usually more robust
and rigid, an? t-ke more powerful drive motors. It is
possible to have double indexing or arrangement in which
the spindles are grouped into two for double produetion
of simplier workpieces; here we have parallel progressive

machines. . _ !

he3. OPERATING SEQUENCEH

L.37 parallel Action: In parallel action multi-spindles (or

multi~-flow lathes), there are no mechanisms fer indexing

o, . 89 i



and the spindles are stacked in line, in a vertical plane.
A typical type is the four-spindle automatic parting off
lathe. Here, arrangements are made for feeding the bar
stock into the collet against a stop which also acts

like a support (er tailstock) while the parting off tools
from the cross slides operate. Arrangements for end
drilling and simrle end workinz can be done, but they
generally have no end working tools. They have no parti-
cular sequence of operations as all the jobs are fed in
at the same time, the machining on them done at the same
time and parted off at the same time, It is possible to
machine between centres on them, They usually have two
sets of spindles with one set rotating in opposite direc-
tion to the other. So it is usual to have one set of
tools fed from the front and the other fed from the rear
for correct tool approach.

L.3.2, Indexing (Progressive) Multi-Spindles — In the

indexing multi-spindles, the workpiece is machined pro-
gressively from cne station to the other until it is
dropped in the viloading station which can be the loading
station (in som~ chucking machines where these operations
are too long, *h unloading nd loading are done in
stations adjacent to each other). The spindle gpeed at
every station is the same and this leads to the use of
rotating grdgets for tools that require different epera-
ting speeds, so that the effective speed of machining iam
the differential of the spindle speed and tool speed. In
cases where tools are fed to eccentric positions, the
work spindle can be declutched and held stationary while
90



the tools rotate, or the tool carrier is rotatéd at the
same speed as spindle (i.e. tool carrier spee«d is syn=-
chronized with spindle speed). This means that relative
dieplacement is zero, The tools have to be rotated to
produce speed of cut, This is highly complicated since
it is not easy to have synchronism, These types of jobs
are usually done in attachments like those used by the
Wickman Machine tools in converting six spindle machines
to ten, Two additional operations are done at twg sta-
tionary spindles (with rotating tools) where the third
station is for loasding into the attachment while the
fourth is for unloading.(3) The attachment was made to
{ix into a housing provided on the machine and it has
automatic transfer finger which takes workpieees from
the unloading station of the main spindle to the loading
station of the auxiliary spindle, The auxiliary spindles
index but are not rotating. In multi-spindle lathes,
the main tool slide feed is the same for all the
stations, arrangcments are therefore made to have
independent tool slides where there is need for diffe-
rent feed rate or strokes.

Spindle indexing is usunlly anti-clockwise. The
spindles are mounted round a PCD "dictated by the size
of drive gears) in a cylindrieal carrier. Opposite each
station is its end working tcol mounted on the eng {main)
slide that runs on a stem from the centre of spindle
carrier. Some stations have craoss feed tools mounted
on siides that move in and out radizlly., When the longest
operation on the workpiece is finished, the togl is fully
withdrawn, the spindle indexes to the next station of
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tools for further operations. (Thus in a six-spindle
machine, spindle in station 1 goes to 2, 2 gzoes to 3,
etc., and © comes to 1), so eaeh spindle is presented
to new sets of tools. A six-spindle lathe has sixe sets
of tools or stations of tgols. Difierent operations
are performed on tne work at each station and at every
indexing, 2 completed work is dropped. The longest
operation plus the idle times give the overall macnining
time. 1Idle periods are made as short as possiple and
operations are usually divided up to give approximately
equal operation time. A typical operating sequence is
as described in Figure 41 for a six-spindle war lathe,(13)
At station 1, the bar is fed through the spindle
against a stop wnich is set to give the require@ length.
The stop swings away and thc first end tool (the twist
drill) comes in from the main tool slide (end tool slide)
which is fed forward. A circular form tool is fed from
the eross slide. When the tools reaeh their depts of
cut the main tool slide and the cross slide are with-
drawn, At this time, the action in other stations are
completed and the bar is indexed forward to station 2.
(The bar in 2 goes to 3, etc.). Station 2 is 60° away
from station 1, At station 2, the bottom of the hole is
squared through the squaring drill fed from the main
slide and anothe¢r form tool is fed from cross slide for
further prgfiling of the slides. (A new bap piceg is f¢d
into 1 and undergoing the station®s eutting agtion
simultaneously). After the operation, the workpiece
is indexed to station 3 where form tool =nd kneel tur-
ning and chamfering tools are fed from twe cross slides.
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The chanfering of the holes
is done through a chamfering tool fed from the main
slide, when the operation ia completed and tools are
withdrawn, the workpiece is index2d to stationm 4 where
die~head mounted on the main tool slide cuts the end
thread. This is independently fed at a feed correspon-
.ding to +the Jead of the %threcad, The start of the parting
off operation is begun with parting tool fed from the
cross slide. {
oo Three tools are used for narting off. They are fed
at stations 4, 5 and 6. This is part of the operation
broken into three gtages becauze of its length, in order
to aveid slowing down the machining processes, This
improves output, At station 5, where the sccond parting
off tool is fed from the cross slide, the larger die-head

cuts the thread on largec. uism~tor, At station 6, the

parting off is completed asnd the unloading finger ié

fed Trom the end slide (or can be swun into the gtation)
to take the workpiece and drop it ints the cellecting
gtation. 1If there are no threads that cin be damaged,
or, if the workpiece is very light, it is usual to drop
the finished product down a shute into a ccmpartment in

the bed. This sequence of operation is repcated for all
workpleces and the cycle goes on continunously. As a work

is indexed out of one station, another is indexed into it
{and new bar is fed into station 1 while completed piece

is dropped at station 6), ,
3.3, OFPERATING SEQUENCE OF MULTI-SPINDLS CHUCKING LATHES

Separate blanks (forging, casting, and other pieces)
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are machined on nulti-spindle ohucking aubomatic lathes
equipped with loading hopper and magazine loader (for
automatic loading) or semi-automatic lathes with manual
loading and unloading, Two +tvpes of work are usually
done on chu~¥ving machines - work previocusly machined in
another machine tools (second overation works) and blanks
like forgings s castings. The sch-up and sequence for
magazine feed chuclking machines are almost the same as
bar machines except that the processing capacity for
chucking is less, This capacity is, however, usually
sufficient since blanks have formgclose to finished work-
pleces, Blanks that cannot be machined in magazine fed
automatic lathes are done in manunal loading (semi-~automa-
tic} chucking mechines. For effieient blank machining,
the follmwing are necessary:

(i) Thg form of +the blan. should be near the form
of the finished product so thri less stock is remouad
than when workpiece is made from bars.

(ii) Blanks should be machined in two settings,
éince the gurface used for clamping in the first setting
is subgsequently machined,

(iii) Iarger torque than that required for corres-
ponding bar machines are necgessary, since skin surfaces
of blanks are very rough.

Blanks are usually larger than bar stocks and this means
that chucking machines are more rigid and more powerful.

A $ypical set-up is that used on 3-spindie chucking
machines for machining bearing rings from cagt. This is
done in two stages, In the first stage, station 1 is used
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for loading; station 2 for turning and drilling ef Tiret
half; station 3 for turning and roaming »f this half.

In the second stage the work is 2 »:verscd and »cloaded

in station.one. Sitation 2 is for turning ond drilling
oi the reverse side and station 3 for finnl turning and
reaming. The work then goes back to station 1 for final
unloading. (See ®leure 42). If a six-spindle machine
ig uged, ctation 4 is used for reloading, leaving
station 1 for loading and unloading, .

The choice between number of spindles to employ
depends on the simplicity of the work. If the operation .
is gimple, a six-gpindlie machine can be used as 2 3-
spindle machines er oven 3, 2-gpindle machines. In the
latter case, workpleces are fed in stations 1, 3 and 5
and unloaded in stations 2, 4 and 6. 1In the first ease,
it is poesible to load 1n stations 1 and 4 and unlend in
stations 3 and 6., Bu® vhere the loading station should
be as close as possibic, loading is donge in stations 1
and 2 and double indexing are done so that the workplece
loaded in 1 is indexed to 3 and unloaded ot 5 while the
other picce is unloadsd at 6. This is called parallel/
progresgive machining,

In a gix~spindle machine, where the work is preverly
divided, the time to machine one piece is about t/6th of
the time taken on turret'lathes.

MACHINING OF DIFFERENT YORYPIECRES

It is possible to produce two different workpieces
using double indexing, provided the following conditiongs
are present.
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(1) The tota machinins time for the two must be
equal {(or nearly egual),

(ii) Cutting speeds - @ ©-:1s must not differ consi-
derably or else it will red:ire the use of gadgets and
attachments.

(1ii) e heaviest machining operation mast be per-
formed by the most rigid tool sliaegq,
l.3.5 MACHINING CONVENTIONS

Because of need to improve produet’on (which has

been helped by the use of cemented carbidc tip tools on
multi-spindle lathes allowing for high cutiing speeds
and feed) some conventions have been found necessary in
the practice of multi-spindle lathe machiner, These are-
1. RBxternal surfaces are turned with forme %“ools when
the length of formed surface is not too long and zccurate
length diameters and good surface finish are reguired.
Obviously where it is impossible to machine the sarface
by tools on end tool slide, formr tools must be ased.
2. Holes are drilled, bored or reamed (depending on
acouracy reouired) from tools held in end tool sl:de.
Drilling of deep accurate holes are done in two or three
stations with the subsequent machininz to full derth
done with a core drill and a reamer. Stepped holes are
better done when the largest diameter is first done so
that the effective length of {ravel of the drills are
reduced. In drilling large diameter through holes on
bars, the tool is over-travelled so that the next plece
is spot drilled ready.
j Both the end and side tools can be used for facing
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and chamfering, but it is uvsual to use the =ide tools.

4. Long extermal surfaces are turned by tools held in

the end tool slides and are divided betwesn stations,
5. Finishing operations are done by end working tools
or forming tools.

Roller back rests arc used for turning accurate
surfaces or when orkpicveds ovechang#® o long distance
from the chuck, Shaving tools are used to have high
precision surface, They are essentially a floating
finish~form tools with roller suvrmort, The roller and
tool have a set distance between them. They move
together and pass over the work which comes between them.
Accuracy of cut ig between (.02 mm and 0.03 mm., These
are held in end tool slides.

The more the number of spindles employed in an
overation, the simplier the tools regquired, since work
¢.n be digtributed into more stations. Thia surely
inereases rate of production.

Setting up of multi-gpindle ontomatics to manufac-
ture a workpiece is done carefully after designing the

tool layout and pre-setting the tools. Usually a
sample piece ig made before the seltting up l& accepted
for automation. To set up inching motor can be provided
for the camshaft or provision for turning the shaft
through crank is provided, In fully automatic machines
production continues until the tool wear affects the
gize of the workpiece - giving an over-sized piece.

The <€ools are then changed with another pre-set set
while the removed sets are sharpened, reprofiled and
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pre~gset, while the machine is running, Continuous
samplings and random gamplings are done for quality
control. The machine 18 stopped immediliately persistent
out of gauge workpileces are produced.

GENERAL CONSTRUCTION FRATURES OF HORT JONTAL MULTI..SPINDLE

LATHE 3 4

L.oho1. ZParallel Action Multi-Snmindle Lathes

The machine generally consists of a frame
with headstock positioned at the left end. The headstock
which houses the horizontal wnork spindles arrasnged in
line one above the other is moanted on a cast base. IDach
gpindle has stock feed and chuck operating mechanism,
which can be hydrauiic,pneumatic or mechanical., The
stock is supported by a bracket, which is free standing
with bushes to hold each of the bars., The camshait is
housed in the tep brace which joing the headstock with
an up~-right at the right for rigidity. The camge on the
canmshaft operate +the collet clamping mechonisn, the'
cross slide feeds and (where c¢nd workings are done) the
tailstock feed. The rizght columm holds the tailstock
which cun support the centres, or adjust.ble stops for
feed bar length control, It 27 usual to have two cross
slides per spindle. Ope can tika parting off tool, Whilé
the other taokes form tool The cross slides move in
slots provided on the headstock. Becauge the number of
camg carried by the camshaft are small, the camshaft can
be made to operate on two speeds - one for feed motion
and the higher speed for idle motions.
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Lhy.2, INIEXING (PROGRESSIVE ACTION) MULPI-SPINDLE LATHESD

The chucking and bar machines are basically of
the same design except that one is designed for blank
holdings while the other is designed for bar holdings.
The chucking machines are usually semi--automatic. This
introduces a problem of making the spindles stationary
in the stetion used for londing and unloading. The |
machines have switches that trip off the machines when
the last stock is machined.

The designs are usually the box types with the
headstock and gear-box being mounted separately on the
base and linked together rigidly by & top brace. This
prevides for rigid and convenient arrangements of the
the principal parts. The gear-box ig usually at the

right-hand side, while the headstock is at the left of
the heavy base which also serves as regervoeir Tor the

catting fiuid and sump for the lubrication cil, The top
brace in some degigns houses the main camshaft while
in ethers it houses the auxiliary camshaft with the main
camshnft vunning below the central shaft. The central
shaft transmits motion from the gear-box to the cpindles
at the headstock (Figure 44), The camshaft runs in ball
bearings and is made to carry drum and dises on whieh
camg are profiled or fastened,

Most modern multi-spindles are designed to make full

use of cemented carbide tipped %tools and are therefore

driven by relatively high horse power motors (a 1" bar

machine uses 15 H.P, mptor(11)). It is usual to have
driving

the metor a constant speed shaft through a matched
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get of vee-belts, Trom this shaft a second shaft is
driven through slide gears to providej?ange of speeds
(usnally 2). This shaft also transmits motion to another
shaft through ancther set of slide gears, depending on
the range of speedsrequired, The number of shafts and
+the number of szlide gears depend on the number of step
speeds required. The conehant gleed shaft usually drives
the high speed or over-run clutch which is engaged during
non-productive periods of the machining cycle., A simple
transmission train is shown in Pigure 45,

Here the drive from the motor is transferred through
match set of belds into coasbart speed input shaft B,

The shaft drives through spuvr gears, the speed and feed
gears for machining and through the bevel gears for the
high speed non-machining retur; of tool slide {(being a
simple machine, the cams are f-w and camshaft can have
two gpeeds). The spindle drivs shaft aitached to the
gspeed gears goes through the stem and carries a gear &t
the spindle carrier that mes’e: witl: each of the spindle
geary arranged around the gear, The feed of the tool
8lide is from the feed gear-box which drives the tool
slide cam through shaft D worm pair G, gears 7, H and
worm J.

The high speed return is through sheft E, gear @,
which is secured to the roll ratchet &. The function of S
is to allow for over-running motion., @G is attached to the
inner shell of 8 whils B is attached to the outer shell.
When G is driven, the-inner shell is hooked to the outer
and S drives P. At this point clutch X, is disengaged.
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.But as soon as X1 is engaged, it drives F at a higher
speed and this ratchets over the inner shell of S and
therefore bye~pasgses the worm G, Thisg then drives the
canshaft through H and J. A% the end of the cuick motion,
clutch X, is disengaged and the inner member S takes over
the forward drive, The main cam-shaft A is below the
drive dhaft ~nd rnrs the full Yength of the machine, and
ig driven by worm pair J. The shaft A also carries the
cams for other operations and attachments like coilet
operating, bar feed, high speed clutches, stock stop,
cross slides feed, brake, ag well as the arm for the

Geneval indexing mechanism {(Pigure 46) and locking cam.

Lodio2.4, ﬁther Drives .

Generally, the gear trains are hased on centralized
drive principle, Only the inching rotation of camshaft
{where this is available) for setting up, the chip conve~
yor, and in some cases, the lubrication and cocling pumps,
have separate motors. The cooling and lubrication pump
drives are otherwise taken through chain drives from the
constant speed shaft. All multi-apindles have flow |
switches that unockoff thz machines when lubricatingl

pumps arc not delivering “uhricaniz, The chip conveyor

runs through the central openlng of the bage. :

| 291507

444, 2.2, Headsteck
| The headstock has a central bors for spindle carrier
with work spindles. Tt also ecarries the carrier loeking
device :nd levers, tie rods for actuating the tool slides.
Four bronze shoes on the rear wall of the headstock prevent

axial movement of the carrier, In bar machines, ngg;gghaL
. L IRLARIT)
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behind the headstock is a rear support housing for stock
feeding and collet operating mechanism. Carrier lifting
(vertical lathes) and indexing machanism are 2lso housed
in the headstock. The bar stock tubes and reels usually
lie further left of the rear support. The cross tool
slides travel in waya attached to the front end wall of
the headatock.

h.4.2.3, Main Tool Slide

The main or end tool slide travels horizontally on
a hollow stem press fitted into the spindle carrier.
Ipside the stem is the shaft driven from the gear-box
transmitting motion te work spindles. In some designs,
the end tool slide is held rigid by a guide arm (or shoe)
which travels in a way under the top brace, The shape
of the slide is a polygon with the number of sides corres-
ponding to the number of spindles. On the surface of the
polygon are fastened tools (turret types of tools) and
different types of fastening provisions like dovetail
slots, bolt holes, are provided, Tools move in and out
at set strokes and for * pre-set periods & they can be
driven from camshaft that is attached to the gear-box or
geparately driven to allow Tor the selectiopn of proper
relative speeds of spindle and tools for various opera-
tiona. The main and cross slides provide multi tenling
positions for each spindle.

bolke2.4. Spindles

Adequate provision is essential for supporting multi
cut thrust on spindles, while each spindle thrust is taken
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care of by thrust bearings, the overall thrust is ecatered
for by rigidity. The main drive shaft and the meshing

gears in the carrie;zgaually made of 49 Nickel Chrome
Steel that is case hardened while the spindles are made
of case hardened, ground mild steel.(14) The spindles
run in two supports, 1In some deciens, the front supports
are double row rolle» bet 'ings with tapered bore while
rear are angular contact ball bearings. In other designs,
the front are tapered roller bearings while the rear are
sin-gle row roller bearings or tapered roller bearings,
depending on the axial thrust expected. The bearings
are preloadzd in prccision machines. For chucking unit
it is usual to have the front suvport to be two tapered
roller bearings mounted backing each other, while the
back is a double row roller bearing. These support the
heavy thrus* generated by blank machinings, The work
spindles cortain collets tubes for bar works and chucks
for chucking works. The collet tubes contain the spring
colleta at one end, the operating mechanism at the other
end. The chuck can have automatic chuck operating mecha-
nism, feeding fingers, and heppers/magazine for autematic
loading and unloading. A% lcading and unloading stations,
there are disengaging clutches that bring the spindles
to rest immediately they are indexed to the stations.
The elutch can be electromagnetic, hydraulic, pneumatic
or manual operated. Tt is usual to use the same type as
that used@ for chuck operations, When the blanks in the
magazine or the bar stock i1s finished, the machines are
always equipped with proximity switch, photec®ll, toggle
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gwitch or any other sensing device that stops the machine.
The same device sends signals to a warning lamp.

4.4.,2.5. par Feeds

There are many ways of bar feeds. DMNMost of them are
the same as those used in turret lathes. Some use cams
mounted on camshaft. The cam operates lever that pushes
forward the bar clamping linger. After the workpiece is
chucked, the machine can be programmed for one or more
operations before indexing into the next station. If the
lnading operation is long enough, the machine is indexed
into the next station immediately the operation is
completed.

Ghel4o2.6, Indexing

Indexing can be through Geneval mechanism, geared
motor or maltese cross mechanism, For some machines,
accurate and positive location is ensured by allowing
the drum to move a little past its correct position and
then drawn back into contact with hardened locator. Most
of the machines use locating pins and clamping pads to
ensure pogitive location and firm grips of the drum in
each position. Before indexing, the clamping lever is
released and thc locating pin ~sithdrawn. The Genewal
indexing principle is as shown in Figure 47

Arm N on the main camshaft engages in the Geneval
cross slots formed on a plate bolted to the indexing
gear which meshes with the gear Q of the spindle carrier.
Lever L rocks freely on the indexing gear shaft and
carries a roller followef at the two ends. One roller
engages a slot in the locking pin D. Agz;rm N approaches
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a slot in the geneval plate, the cam contacts the other
follower of L causing the plunger to be withdrawn from
one of the loecating holes in the earrier disc. The
roller of arm N then engages tne geneval slot and rotatecs
the indexing gear which in turm rotates the spindles car-
rier through one spindle position. The cam is then free
from the roller and the plunger spings back to locate.

Lhobhe2.7. Cross Slide Feed

Except for the loading and unlpading
stations, every station has at least one cross slide,
mounted in the front end of the headstock carrying form
tocls, parting off tools and other tools requiring omly
radial feeds, They, as well as end tool slides, always
have rapid approach, slow cutting feed and quick return.
The tool slides are independent unlike the end slides.
Their motions are generally controlled from the main
camshaft through lever system. In some designs the cams
for the cross slides are fastened to a gear in mesh with
another gear mounted on the camshaft, Because of the
cost of cams and time wzsted in cam calculation and set-
up, the lever mechanisms in many macnines are designed
to allow for stroke variations (Figure L48).

.® This ensures that only few cams 2re stocked for
many cutting operations and variation in strokes are only
done by adjusting a link. It is usually provided with a
mierometer scale to help in measuring this feed, It is
usual to design them with constant rapid approach, which
is affected by a different cam that ¥ilts -the link rapidly
allgwing for rapid approach while the feed cam takes over
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after, Some Wickman multi-spindle lathes have a special
feature of not using change cams at all(m) They have

infinitely variable working strokes with constant idle
approach. Changes in feed lcngth are completely accom—
plished by sliding adjustmentsto lever arms., This is
an imprevement on the other sets that require some
change cang, |

1ol 42.8: End sSlide Feed

®perations like straight turning hole drilling or
boring, internal and external threcadingsore performed
en the end main) tool slide. The cend tool slide
generally moves as a block and all the end tools move
together except the Alfred Schutte model which has a
patent method of controlling the tool slides strokes
independently trhough a simple sliding adjustment of
eonnecting rods (or quills) along graduated scales.(17)
This aliows alterabtion to the tool feed strokes without
affecting the fast approach and return of the slides,
In some modern tools, the stems for the end tool slides
are made stationary and each toel is moved in a groove
cut in the stem through cam operations or hydraulie
rusherg, This allows for indenendent settings of the
end tooks . - M™ae hydrauvlie pusher is usuwally preferred
as 1t allows easy automation and simplifies setting up
thus reducing the setting up time. The end tool slides
mowe along nitrogen hardened stems(the centre guide)
and usuwally havg wiperc.- . for prevention of the
entry of swarf into the sliding faces. Rach tool is

mounted en the slides through dovetails or tee bolta,
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They ineclude shank type tools like reamers, roller bozes
and knee tools. Except where the tools are supplied by
machine  +tools manufacturer, the mounting Zor shank tools
ig often bored in pesition by mounting a drill in the
spindle to ensure correct alignment between tools and
spindle,

fenerally the motion of the slide is effected from
the comshaft., Like the cross slides, they usually have
provision for rapid approach, slow cutting feed and
guick returns. Most models have the approach stroke and
work feed stroke adjustable through the use of stops and
adjustable links, A typical cxample is &g shown in
Figure 49,

Here the rapld approach and withdrawal of end tool
slide is effected by the motion of the ecarriage block
actuated through a roller fellower B by 2 cam on the
canchaft, During this period, the feed lever is held
stationary and the pinion attached to the block starts
rotating as it moves along with it. This gear meshes
with both the rack of the tie rod (RTI) and that of the
tool glide (R2). Since tie rod rack (R1) is stationary,
rack R2 as well as the end tool slide travel a distance
twice that of the carriage block. The rapid approach
continueg until the block runs against a stop screw
(wvhich ig adjusted to give the stroke of the rapid approact
Immediately the block is stationary, another cam on the
canshaft actuates the feed lever which turns slowly.
This movement pulls rack Ri which turns the pinion.
Jince the block is now stationary, the motion of the
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;pinion ig transferred to rack R2 for c¢nd tool slide
cubtting feed, The feed stroke is set by adjusting the
. position of the red in the slot of the lever and this
E  :is usually graduated, During rapid withdrawal, the

“levar and block return simultaneously to the initial

“pogitions,

t - Because the amowt of ndjustrent on the feed lever
is limited, stroke adjustment is limited and this requires

.the use of change cans frr longer strokes, To avoid this,
;. ;4;the Wiekyman machine uses a quadrant lever(S) (Figure 50).
The strokefof the fecd is rdjusted by the position of the
tie rod@ on the quadrant. The method of quick approach is
as for other methods. The toration of the quadrant is
eontrolled by edge cam A while the motion of the carriage
block is controlled by cam path b,

When the follower F1 is at its dwell position (this
position corresponds to the coneentric path of A), the
carriage block is pushed rapidly through its eam B and
fellower I'2, moving the tool slide rack R2 and the slide
with it at a motion ftwice the speed of cam push for rapid
approach, A4t the end of the approach, the blook is held
gtationary against a stop and cam A moves the quadrant
through the follower P1. This pushes the +ic rod and
rotates the pinion in the block through the rack R1.

The pinion pushes the rack R2 and moves the slide through
its cutting feed slowly. The return is also rapid and
both the block nnd the guadrant return simuldaneously.

L. CAMMING IN MULTI-SPINDLE AUTOMATICS

4s in other automatics, control of cam movements is
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either directly or indirectly by the main canshaft. Cans
for various machining positions are generally selected

from a range of gtandard cams according to rise and feed

:required. The awvailability of standard cams has greatly

enhanced the use of the automatic machines since the cost
of producing one - off cam is usually highly prohibitive.
In drum camng, cams are detachable seo that different risc
and feed can be obtained by screwing canm plates on to the
cam druns which are fixed to the camshaft. A workpiece
is produced per revelution of main teol slide cam, so all
other cam oglculat%gﬁgtggeto this tool glide cam drum.

Operatlon for multi-spindles 2utcmatic machines
revolves 2 lot on selectlon of camg having the right rise
fer thce tool operating slides. This reguires a lot of
tine during set—-up and generally requires the usc of
inching motor or mAanual manipulation during set-up.
This problen as well as the problems apsoclated with tool
set-up make the mul<i-spindles auteonatic very uneconomical
for short runs. TIn the Yicknan and Alfred Shutte patented
models, this camming problem 1s greatly reduced by the use
of adjustable stroke mechanisms.

Cams for leading and unloading are rarely ehanged
ginee theso operations nre usually the same in most

machining procedures.

ATTACHMENTS IFOR MULLT-JPINDLE TATHES
All tﬂe work gpindles of rmulii-spindle indexing
nthes rotate at censtant speed and are not roversed.
(There is no provigion for independent spindle drivesg).
Béoause of this, speeial attachments are used on the
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. :maohines to give among other things, the correet relative

~speed and feed. Some of these attachments are: indepen-
dent feed attachment, high speed drilling attachment,
 threading attachnent, rccessing atvachment. and flat
generating attachment.

L.6.7, Independent Feed Attachments: These are end working

attachments used when the fecd of any cutting tool is
different from that of the main tool slide travelling
on the central stem, The %00l holder movement can be
controlled through a lefdr system from constant work
‘feed and return com attached te & drum on the camshafi,
The strokes are adjuated through adjustable levers. It
is also possible te cam it indevpendently of the main
tool cam since the main aim is to change the length of
travel of the tool so that the feed rate is different
from others on the main tool slides., A typical method
of achieving this is shown in Figure 51.

Sector § swivels through action of a cam about a
fixed pin. The meotion is transmitted throush adjustable
link L1 %to lever 12 which is linked by tic rod L3 to the
tool holder. L1 can be varied in the slot of 8 to wvary
the travel, 1% can algo be cxtended forward or backward
and the fecd i1s spring loaded to give positive movements,

h.6.2. Hizgh Spced Drilling Attachmente: Here the tools are

driven in epposite direction to the spindle speed either

through separate rnotor (air or electric) or gearing from

the central shaft, using spinned shaft. The sum of the

gpecd of the tocl and that of the spindle (the relative

speed of the two) giwes the specd of cutb, The speed ratio
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can de changed using changed gears, Withdrawnal of tool
. is done at the same time with withdrawal of other main
tool slides. Tor reaming and low speed drilling of
axial holes, the tool is hsld etationary, The drilling
and reaming attachments are usually mounted on end tool
slides or independent slide nnd are generally aot uaed
in the first wor¥ing statio~. ™ic wso of independent
slides for the attachment 1s common to ’l1low for diffe-
rent feed rates.

4.6, %, Threading Attashment: Threads can be cut with self

i opening die-hcads an self collapsing taps or with selid
| .taps and dies, If s05id taps and dies are used, method
called the over-running mrthod is used. The two natheds
require the rotation of tle tool at the msame direction
as that of the work spindle but the over-running method
enploys two speeds of tool —~otation, The motion is
often got through gearings 1-om the central shaft. It
is usual also to use them with independent feed to allow
for the different feed rates ‘qquired, For gelf opening
dies or self collapsing taps, the tool spindlcs are fed
against a stop which trips the tool for opening or col-
lapsing before quick return to initial position like
other tools. The spindle speed iz usually more than the
tool speed and the relative speed is usually the diffe-
rence between the two speeds (being in the same direction).
In over-running method, provisions are made for
advancing the tool at the threading spindle speed and
changing of speed at end of cut for backing oul purposcs.
It is usual to have a starting cam which advances the work
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rapidly. The lead of the tool then draws the tool o
follow the thread go that the tap screws into or the die
scerews unto work at the corrcet gpsed of cut and feed.
When the thread length is reached, a clutch is automati-
cally engaged to increase the tool speed to more than
that of spindle speed so that the tool withdraws from the
W orlﬁ .

. Le®.3.1. Kinemutic For Threading Attachment

A typical kinematic for this is as shown in Figure
52.

The spindle and attachment rotate in the same direc-
tion. Tor the coll psible taps/self orening dies method,
only clutch A is useq throughout. But in over-running
method, c¢lutches A and B are employed. Clutch A is used
to provide the cubtirg speed. '

Thus if main ska®™; speed is 100 r.p.m.,
the attachment speed using the gearing indieated is
100 x 2% = 73 r.p.m. |

The drum spindly aspeed is 1991%—i§ = 140 r,p.m,

The relative speed = gpaed of cut is 140 - 73 = 67 r.n,m,

In sver-running method, when the withdrawal ef thread

is required, the clutch B is chosen. The spindle speed

is still 140 r,p.m.

But the attachment speed is 199?¥L29-= 1935 r.p.m.
The relative apeed is 140 - 193:= 53 r,.p.m., and this
withdraws the threading tool,

Arrangements for change gears are 2lso made so that
different types of thread can be cut.

This kinematic also e¢an be used to explain high speed
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drilling arrangement except that the speed is opposite that
of spindle. Since drills can be withdrawn without damaging
the hole, they are withdrawn like other tools with no need

for clutches.

L.6.L., Recegsing Attachments: These are used to chamfer or

groove the back end of a workpiece. The tool is secured

to 2 block whizh cun slide at ony angle ko the horizontal

on a bage block secured to the end tool slide. The sliding

block is arrested by a stop on The upper cross slide of the

machine so that as the end tool slide continues to feed

forward, the cuiting tool is plunged radially into the work.
L.e,5, Flat Generating Attachment: In the atiachment the

cutter head which is held on & cross slide rotates at twinrs
the spindle apeed in the s-me direction (Figure 53).

When a eutter with two diametrically placed tools is
used, a sguare is generabed. With three equally spaced
tools a hexagon and with n equally spaced tools, we have
2n polygon. The surfaces are not very £lat, but slightly

convex, corresponding to an arc of an allipsge.

TO00LS AND TOOIINGS .
4.7
' The operations performed on the multi-gpindles are

vircually the same as those on turrcet lathes, Thege
operations include:

| (a) Turning - external, cylindrical, tapered, formed sur-
Taces and facing, |
(b) Drilling ~ core drilling, off centred drilling,
reaming, cylindrical and tapered boring.
(¢} Turning ~ annuler grooves, fillets and corner radii,

recegsing and chanfering.
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(d) ggggigg -~ external and 1lnteynal threads, :
{e) Thread rolling and kunurling. ;
{(f) Parting off.

External surfaces are generally turned froﬁ end
slides. Central holes are drilled or bored by end tools
vwhich are also uwsed for knee torning, reaming, and countor
boring. Threads are generally cut by tools mounted on end
tool 8lides (like solid taps and dies, self opening dies
and collapsing taps), but on some occasiong threads are
cut by tools on cross glides like threading rolla, chasers
and gingle point threading tools. For single point thread
cutting, the wachine must have provigion for lead screvw
which is usually provided as a form of attaechment. Cross

glides are used for parting off, chamfering, form turnings

and shaving.
4,7.%7. Fne Warking Teels

i

The cutting tools are similar to those used on tuiret
and capstan lathes. They are secured in holders mounted on
end tool slides or clamped in crosg slides. The end tool
slidey are in every respect 89imilar to turrets except that
they do not index. For end working tools, to provide
accurate 21ignment, the holders are sometimes bored in
position., Drills are held in  simple holders elampsed
rigidly to the slide since they do not rotate (exeept in
high speed drilling) and are fed forward with the heldsr,
To allow for floats when reaming and tapping, self
aligning holders arc sometimes used.

4.7.2. Turning
Turning tool may be of the bax type with roller
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follower support fed from end tool but most turning is

done through form tools fed from the eross slide. Roller

steady turning tools are usgd for machining bars or slender

work and are either basd mounted or shank mounted., There

are some roller steadies without turning tool usecd as

- support for forming overations.

b.7.3. Tool Holder Meunting .

ind tools holders are sometimes bolted on Tee slots

or through flanges to the faces of the polygen shaped ond

tool slides which slide on hardened stem., Cross slides
holders inmlude form tool holders that are either teec slot
bolted or dovetail holders and other standard tool holders.
The Tools for cross slides are mounted almost ag they are
done on lathes, .

L,74» Form Togls

Porm tools are ecither lat cr circular. Mat form

tools are eagy bo moke and are generally used for machi-~
ning deep grooves az they can be given side clearance but

circular form tools maintain form for longer period.

OTIIER GROUTS OF MULYT-3PINDLE LATHES

l.8.7, The Multi-Spindle - Vertisal Lathes ~ Thege are for

mass production of large parts and are generally semi-

_automatic (loading always done manually). The setting up

is also time consuning se their applications are only

effective for mass production. They are chuckings and
work is rarely done between centres, They are used mainly
in automobile and traectors industries as well as in other
heavy mass production shons. I

They are basically the same as horizental tjpés but
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they are designed to operate in a vertical position so
that the end tools are arranged about a vertical column
(corresponding to bed). They are heavier, more rigid
and more powerful than the horizontal types and are
designed for machining larger diametef blanks of rela-
tively short lengths. These machines have a number of
vertical work spindles arranged about a P.C.D. in =&

drum which is rotatable about a vertical axis. General-
ly, one station is for loading and unloading, This
station has no end tools but has facilities for cranes,
forklifts, and other heavy machinery handling equipment.
They generally have scme horizontal slides that act like
cross slides arranged radially about the spindles, Some
; X .

'spindles can have more than one of such slides,

b.8.1.1, Types of vertical Muiti-Spindle Lathes

They could we multi-station progreasive
action type like the indexing horizontal multi-spindles,
or continuous action. The continuous action types are
'fhe equivalent of the parallel action horigzontal types.
Becausé of the need to have only one loading and unloa-
ding bay, the continuous action type is designed in
such a way that the tooling column indexes or rotates
~centinuously as the spindle tumm-table moves, so that a
tool station starts and finishes all the work necessary
‘on a blank, They usually have two columns - a stationary
inner column and the rotating outer column which is made
integral with the turn-table carrying the spindles.
Vertical multi-spindle lathes are classified according
to their number of spindles and they are sized acgording
to the max. dia. of work that can be machined on them,

116



N

LoFat,2, Advantares 0F Vertical Multi-Spindles

The major advantages of vertical muliti-spindles over

“the horizontil typeg include:

(a) easy accessibility of loading -~ they are more conve-

“nient to load and unload:

(b) they have herizontal turn tables so that weight
reaction can be better supported through thrust beirings,

washer or roller contacts ~ allowing them to suppor:

"heavy weight and the spindles are not under any b 2ding

loads from the welghts of the workpleces;
(¢} the spindle carrier can be made very large tb a low
for Jarger PCD of spindles so that heavy end working
glides ean be fitted and also to increase space for
spacial tooling arrangenents: .
(d) they ocoupy very much less floor space than horizon
tal types of the same capeeity, thoush they reguire highe:
wo "k bays:
{e) loading tackles like cranes, forklifts can be easily
ured: .
(£) the operator has easgier access to the spindles and
a8 better vieu:; this facilitates larding, unloading, reset-
ting and supervigion of operatdons; :
() any heat generated in swarf 1111 only affeect the
front face of headstock and cannot cause thermal deforma-
tion of machine as when hot swarf dropson bed of horizontal
lathes; |
(h) swarf removal is easier without ncol for Ténpgning
spredal shaped eolunn,
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v 4.841.3. General Features

» - As 1n horizental multi-spindle lathes, all eﬁd working
 £001§2gperate at the same time, Slides ean be transversed
by came or by individual clectric motors. The rapid idle
motions ¢2n be through elecric motors or by linkages and
gearings with over-running civtch arrangements. Safety
interlocks ar~ provided to cnource that econflicting motions
cannot be engageu simultbanecusly. On rare occasions, the
machines are made fully autiuwmatic so that the operations
that need be done by an operator are emptying of Ffinished
good hopper and loading of the load magazine. Owing t2

the sizes of workpieces, however, the loading and unlo iing
are rarely 2automated. At the loadlrz and unloading g* >’ =
of  roth types the spindlesazéstationary and it is
ucsual to have a safety limit switch attached to a guard
which must be closed before operating cyeles can be started.
In progressive types, this guard must be closed before the
michine can index. This ensures the safety of the operator
and the proper positioning of the workpicce, when loadin:.
Jome progressive machines (with even number of spindles)
Eﬁdn have double loading stations. Here, controls are
nlaced in the two stations 2nd work docs not commence until
the guards of these stations are closed., Double loading

it necessary when two workpieces per cycle are needed or
when a work requires being reversed for back side operatic.
Th: fools are like those for the horizontal types but broad
forming tools are rarely used. Guiding attachments and
(tr2r attachments are frecuently used as well as various

t: pes of {tool holders, including those incorporating
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automatic relief of the cutting tools when toel mark on
tool withdrawal is to be aveided.

h.o.1.5. Operations

_ The operations generally performed on them are straigh*
Iﬁurning, facing, boring, recessing, reaming, core drilling,
and spot facing. Threading is rarely done. As for the
horizontal indexing type, in progressive vertical lathes,
time required to machine a piece is the sum of machining
time of the most time consuming (limiting) operation and
the time required for idle motions (indexing, locking.

tool withdrawal, ete,); and if an operation is too long,

it is also divided up and performed in more than eone
station . Loading and unloading are done while other
operations are on and these are usually the mogst time
consunming operations. In the continuous action, Just like
in the parallel action horizental multi-spindle, the
pgperation is like that of a collection of vertiecal lathes
arranged around a rotating base so that each lathe comes

in succession to the 1oading/unloading bay.

L.A.1.5. Basic Constructions

The progressive and continuous types have thé same
basiec construciion, except that in the progressive type
only one stationary column is used, while in the continuous
type, two columns are used - one inside the other. The
outer one indexes as the work indexes (or moves continuouslﬁ
28 the spindle earrier), - while the inner one is sta-
tionary. To turn continuous action machine to progressive
type, all that would be done is to hold the outer column
stationary and index the spindle carrier. The two types
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consist mainly of a base,anrrier with spindles, columns
and tool slides, feed mechanism with speed and feed gear—
boxes, main drive, reducing gears and ecam drums. Cams
are fastened to the drum by serews and the druam is drive.
by a shaft from either speed or feced gear trains. The
columns and the cariers are mounted on the base, The
hydraulic, =ocolant, lubrication pumps, chuck control pecilals,
and ether auxiliaries are usuvally mountcd on external rads
around the base with spindle brake, carrier clamping ~1d
lifting oylinder, inside the base, The mechanism for
indexing and locking the spindle carrier can be mounted
on the base. In some decigns, where the motor is mounte.
on top of the column, the speed gear-box and feed mechanis:
are alsc mounted on the top. Where metors are mounted =%
at the bage, the gear-box and feed mechanisms are arrangsed
beldw the carrier at the base of the machine.
5_? For very heavy machines, controls are electro-hydrau-
lic with chucks being operated by hydravlie. Indexing is
generally through Geneval mechapism but ¢ n be through
cranked mechanism, and it is done after the last tool is
withdrawn, Tool slides of heavy machines can be hydraulic
operated or driven through powered screw and nut. Tool
slides are rigid and they travel on hardened ways, They
also have rapid approach, slew work gtroke and rapid returi
and these are generally achieved through e ms and linkages,
Trip dogs are umed as position indiocators.

The base has a sump for coolant. The tools column
is a truncated cone at its lower part and a polygon at the
upper. The inner column of the continuous type is cylindri--

cal at the upper part. The number of sides of polygons of
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i

the tool columm corregponds to the number of stations,
3lide ways are fastened by acrews to these faees, aexcepd
at the loading stations of the progressive tynes. The
feeds of the columm glides are vertical but arrangements

can be made to feed them cross-wisc or both (compound),

PROGRUSSIVE ACTICHN VHRTICAL MULTI-3PINDLES

The general block diagrom of a progressive aetion
vertical multi-spindles are as shown in Figure 54. Here
as the work spindles index from one station to another,
some machining operations are performed in accordance
with the set-up of tools in that gtation. The tools are
on glides that slide nlong a fixed column providing the
vertical end workings. Some machines have horizontal
cross alides arranged around the turn-table. As for
moast vertical multi-spindles, one station is used for
loading and unleading, This atation has no -fool mlide
but has material handling equivment for these operations.
At the loading bay the Spindle is made stationary, in
many ways: some machines incorporate a clutch which is
disengaged at the loading station and engaged at other
gtations, through the action of a eam, trip dog and
limit switches (for clectro-magnetic clutches).

In other machines, the spindles are driven through
rotating disc, attached %o the spindle that drives
through engaging catchments of another disec -~ the drive
disc. The drive disc is always rotating and the spindles
are either slightly raised or the drive disecs slightly
lowered to disengage spindle drives, This is always
done before lindexing, so that at the loading station,

I
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ail that is done is to keep these dises disengaged,

The drive discs are lowered in machines designed for
heavy workpieces,

| Automation is generally through mechanical mcans
though eleectro-pneumatic, electro-hydrauli-, and
numerical controls have recently been introduced, -
Where the drive motor is moimted on top of the column,
transmission is done througt a drive shaft which passes
through the centre of the ¢slumn to tho spindles. Feed

can be through cams attache. to the eentral sgkhafis or
nuts and screws driven by s.porate rnotors., Chanze genrs

are used to set spindle gped 2ad toel feed.

CONTINYOUS ACTTON MULPI-SPIITE LATHES

Por the eentinuous action ype (TFigure 55), the

: design is to 2llow for simultanius rotation of +the

|

spindlice carrier and the oolumn, .9 that +the soamg tool
head starts and finishes worlt on the workpiece, |
The continuovs robt:tion introduce: 7 loading pro-
blem a8 loading is done in a zone while the earricr is
gently revolving. Machining of a sorkpicce 3h finished
when the spindle carricr rotates o full revoluiioen, so
that as the spindle enters the loading zone, machining
is completed and the tool withdraws, The 3pindle!
rotation atops, the clamp on the workplese is released
amd the Job is removed while a néw blank is loaded.:
The clamping is done automatieally and the EpindleJ
gtarts rotating immediately the guard is closed. The
tool 1s advanced as soon as the machine lecaves the

loading zong,
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The inner golumm is mounted on the bhase and i+t
serves as & pivot cbout which the spindile earrier along
with the outer column rotates. The motor is usually
mounted besides the bise. Change goars are also usaed
to set spindle speeds amd tool feeds.

In the econtinuously moving tyve the carrier and
outer columm are rotated *o~other by & motor different
from the main drive. They have gear trains and change
gears Tor speed changes. This speed dictates the cycle

time. The main tool heads are operated from the
cams of a stationary drum through follower rollers and Linkeu-

gos(Fig.56)The drum is statiorary since the column
rotates thus earrying the follewer along. The tool head
travels on guides in the outer column, In the indexing
" type, the carrier and column are indexed through Geneval
mechanism, Feed can be through camshaft from the main
gear train or by separate motor. |
bR,

Many cnd working attachments used in horizontal
multl-spindles are used, Onec attachment that is speci-
fically used on the vertical multl-spindles is that
which converts vertieal feed (longitudinal) of the tool
plide tc horizontzl (cross) or compound (horizontal and
vertical) feed. The horizontal feed is gct through
linkages from the wvertical travel of a brackoet fastened
to the tool head (Figure 57). | |

The bracket B with an adjust ble tie rod T is
actuated by the feced drum cam, for vertical movement.
This moves plate P which has inclined slet for a follower T
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4.9

secured to the tool slide S so that when the plate moves
down or up, the slide travels right or left. The tool
slide is in 2 guide for pure horizontal movement., If
this guide is nct fixed then the motion will be hori-
zontal and vertiecal (compound). This attachment is

used vhere there are no facilities for independent

eross slidee

It is poseible to have multi-teol set-up as in the
other types, ard tracer controlled copying attachments
zan be used on thes: machines.

SNDRAL

It has been secn thht the ceconomieal advantages
tf multi-spindlos lathws have been increased by the use
ol attachments <1d mechmismg for making non-machining
tize short, Mach ning tirg has 2lso been groatly
reduced hy the use of ceruziic iLpole thot permrt hagh
werk speed, decep cu¥ and t.gh feed,

A maginal problc» in p~ 'ucti-m of machined parts
js that of chip disposa, and *“g solutign is necessary
lor production under hig' cuttinz rates. Chips have to
Ye removed from the cutting site as rapidly as possible
to preveont excessive workpice temperature. Rven where
chip configuration is unfavourable, frege fall of chips
has to be ensured. This lead +to the use of mgchanioal
aids like vibration belt or s-rew conveyors and other
mechanisme to prevent dangerove accumulatien of chip in
front of the cutting site.

Becausde of the quickness f indexing and clamping
of spindle ecarrier, this tine is often megligible, It
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can then be said that - multi-spindle of n spindles

will speed production up by (n-1) times that of A single
spindle ecuivalent. This is allewing for o station to
be used for loading and unloading, wherc automation is

full, it is possible to increare the ratio to n.
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.5 -~ DBSIGN  CONSIDRRATIONS

The first major consideration for this project .
is tc increase the productivity of 2 universal lathe '
machine, Attachmonts are always in usce to effeect this
‘increasc. In addition tc e ..Levachments described
garlicr, some attachments have been made to convert
thom to "CAPSTAN® and "TJRRET" lathes, but none has
been designed to make them have multi-spindle outputb.
An initial decision wns made to look into the possibi-
1lity of nmaking such attachments and to confirm if the
attachments would be useful,

Through visits to the machine shops of some
industries in ILagos. Port-Harcourt and Ibadan as well
as some production workshops, it was found that none
of them had multi-spindle lathes and only very few of
them had capstan or furrst lathes. Most of them have
a few lathes, a milling machine, one or two drilling
machines, o shaper and a power saw., The most common
latheg in these shops arce the medium sized lathes that
swing about 400 mm diameter of worlk above the beds,

In many cases thesc lathes are made to handle small

jobs that are usually required in some guantities.
Though the machine has the capseity to take many of
these Jobs simultancously, because they have only one'
gpindle, they can only be used for one at a time, This
is a waste of power, time and money. Unfortunately, the
machines are used most of the time in this fashion. It
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5.1

is not possible to justify the purchase of multi-spindla
lathes for such jobs ns it will be uneconomical to buy
such expensive machines (which is about five to ten
times the cost of a lathe of the same capaclity) unless
they will be used all the time. Multi-spindle lathes
are not used for short run jobs.
PERSONAT ESXPERIGNCE

My personal experience at Dunlop Nigeria Industrica
Iimited, Ikejn, wherc I work, shows that there are times
one wishes the company has multi-spindle lathes. Juch
timas are not many, 90 one cannot justify the wish., A
good example of such a time is during the annual main-
tenance shut-down of the compony. In this period, mny
repetitive machining jobs arc done, One of these is
the moking of "floating roller bush for a cooling con-
veyor. This conveyor is immersced in water and the
floating rollers arc to support it in watcr. The rol-
lers are supported by plain bushes 20 mm bore, 40 mm
outside diameter and 20 mm long, made from bronze.
There are over 300 pieces to chonge, With the pressure
of work on the machine shop,only one lathe is usually
aveilable for this job. Thiaz meons 24 hours per day
machining. This expericnce will bc common to many
industrics, confirming & need for an attachment that
can turn the Universal lathe te multi-spindlc lathe.
If the attachment is not costly, it will have a very
blg market in the country.

Though this country has been used for feasibilitr
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5.2

study, the attachment will have markets in other coun—
tries, even in developed countries, since not all their
industries have multi-spindle lathes.

CONDITION TOR MARKETABITITY

Hoving decided that a multi-spindle attachment to
lathe machine ig to be designed, to appeal bo the market
in view (e.g. Dunlop Nigerian Indugtries Idmited and
many other production workshops), the attachment must
be: .

(a) simple to operate - it should be manual

(b) reliable and rigid - machine tools are usually
designed for abuse and mis-use ~ tho attachment must
be designed with a very large factor of gafety (2

and above); this will make it relinble and durable:

the more rigld it is, the less the chances of vibration
care must be taken, however, not to make it too heavy:
(c) dnexpensive - the avoidance of complicated parts
will make the attachments inexpensive; if it is costly,
it will not appeal to smrll workshops, which are many
in industrial areas; if the cost is below ¥H500.00, it
will have a good market: -

(d) standard - it shouwld mect the standard required

of machine tools; that is, its spindle must run true

in precision bearings and it must be rigid:; the work
clamping device must be standard; it must not produse
chatter: |

(e) easy to wount, so that Llittle time is lost in
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mounting and dismmntling it; provision for gquick mounting
on various types of universal lathes must bc made,

TYPE OF ATTACHMENT CHOSAN POR D STGH

(a}) Although tooling efficiency is high in Capstan
lathes and these lathes have considerable higher produc-
tivity than the Universal lathes, attachments to convert
centre-lathes to these trpes of lathes werce not consi-
dered becasuc they have a disadvaniage in that the time
for setting workpiece as well as unloading it is addi-
tional to machining time, This is the basic advantage
a mulbi-spindle lathe has over the Capstan or Turret
lathes, Turthermore, these types of attachments are
already availabie,
{(b) In the parallel action multi-spindle lathes, the
workpiece stays in a sration and all the machining
operations are performed in it. It has many spindles
with idential operations. If a parallel action multi-
spindle attachment is designed, it will be as if the
lathe is turned to a number (depending on the number of
spindles) of lathes performing the same job simultancously.
It is even possible to have indexing tool holders working
on the vorkpieces to make it a collection of Capstan
Lathes, The design of this attachment would be very
simple since there would be no need for indexing. 1%,
however, suffers again from the limitation of having
loading time being additional to machining time.

Owing to the limitations given, the parallel action
fype was not accepted for design.
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£.5

The necd to load and unload workpieee into one

spindle while work is on at the other spindles, means

- ‘that a nulti-spindle atbtachment with indexing facilities

iz to be designed. The apindle at the leading and un—
loading stations must be stationary.

NUMBER_OF SPINDLES

The nunber of apindles considered for this proposed
attachment were six, five, four, and three; with one
1d4le station, the vworking stations were therefore Iive,
four, threc and ftwo respeccetively. Owing {te the simila-
rity of the design of six and three spindles, these were
chosen for the design. While the six-spindle atisehment
provides better productivity, the complications involved
in the manufacturing and tooling arrangements made the
three-apindle attachment to be echeosen as first trial
for the proposed prototype.

THE DRIV ¢OR THG PnO-O3ED ATTACHMENT

In multi-spindle lathes, the drive is taken from

the gear-box through a central shaft teo the spindles.

- The central shaft carries a gear that meshes with the

spindle gear (sce Pig. 44). This method iz to be used
in our proposed desiecn, The lathe spindle is to be

connected to a drive shaft, The drive shaft will carry

- a gear that will transmit power to the spindles. If

all the spindles are to rotate, then the gear of the

drive shaft would mesh directly with the spindle gears.

This is possible algo if all the spindles arg $o have

clutches so that at the loading station the clutch would

be disengaged, This will makc the design cestly. The
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method uscd in some vertical multi~opindle lathee is

to 1ift a catching plate of the gpnindle from the
constant rotating drive disc. Arrangement for this
method will make the design cumbersome.

To have the desired stationary loading station,

the ideaz of non-indexing intermediate gears is brousht

-into use (se~ Drawings 001 and 005). These intermediate

gears will transmit drive from the drive shaft gears to

“the snin-dle gears, All that is done is to ensure that
“the intermediate shaft is not fixed in the loading
gtation (see Fig. 58G).

It would, however, bceowe nccesszary to stop the

- lathe while indexing so as to allow for meshing of

~gears, The lathe brake will provide effective brake

for the spindles., This arrangement malkes the attach-

- ment gpindles' rotation to be the same as lathe spindle.
The drive shaft is to bhe rigidly secured to the spindle

' nose. Since no spindle nose is in mind, 2@ connecting

adaptor 15 brought into play. ‘This adaptor is to be

“made to suit the drive shaft and the lathe spindle nose.

This is t0 be made by the uscr {(who has the knowledge
of the spindle nosc thread or flange). |

Por the prototype testing, one of Ahmadu Bello
University Production Laboratory lathe was chosen.

The adaptor was therefore to be made to suit this lathe

- gpindle flange. The lathe is made by ANDRYCHOWSKA
- TABUYKA MASZYN METAL export WARSZAVA of Poland, Typo
~ TUE 40 NR FABR 9063. This swings 400 mm above ite bed

and has detachable bed to provide gap. (Sce Plate No.2).
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5 6 INDEXING

To index, the spindle is fixed intc 2 carricer which
indexes in a housing (tho support). This indexing iz ta
be made by hand., Sinece the spindlc is to be stopped
before indexing, the spindle can be used for the manual
indexing. This will become more difficult to do as the
number of spindies inercascs, eapccially if heavy work
holding devieces are uscd. There will be a necd to incor-
porate a crank arrangement or a pinjion and wheel arrange-
ment. The wheel will be attached to the carrier while
the pinion will be held in the support, The earrier
mist be positively located go that the spindles are
presented to the tools accurately. The locating method

to be used is the one used in most of the square turretr

- i.e. gpring loaded ball and hole arrangement.

When the indexing is done, the carrier is to be

clamped. This is to be done through grubt screw filxcd

“into the support. Since the intermediate gear is not

to index, this should be rigidly held in thce support.
MOUNTING ON s BED

The support is to be mounted on the lathe bed,

This is to be done through a rod screwed to the housing,

. This can then be clamped through a clamping plate te

the bed. The red is to have thread for nuts that will
be used to clamp the plate to the bed. The c¢lomping
plate can be made of standard size, though this can be

nodifled by the user.
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WORK HOLDINGS

The choice of work holding doviecs is to bhe gulded
by consideration of the type of market/users that
attachment ig designed for., Thoe simplicity of chucks
and their adaptability to a wide range of workpicces
make them better than collets., Though ceollets have
positive grips and nised no complicated scetting up, the
design of collect opening dovices will make the attach-
ment costly. TFurthermore, if colleets are used there
is need for large members to be kept for a small range
of sizes of workpiecea. Thiz will be more costly than
chucks, Tapers are, however, to be provided in the
spindle rore to accommedate collets and centres., If
this is not done, collets can be accommodated through
the use of collets adaptors which can be acrevwed to
gpindle nose or bolted to spindle Tflange.

Having decided to use chucks, let ug consider the
four main types of chucks -~ Pneumatic, Hydrauwlic, Mag-

netic and Manuzal Chucks,

£.3.%., PNEUMATIC CHUCKS

Theae have lots of advantages 1like cnergy and
time saving over manual chucks, but arce generelly very

costly. Turthermore, they rcequire the uase of air

- eompressor, the cogt of which will make the attachment

very costly. They need valves and other accessories,
Thesce types of chucks arce very hbulky, and will make

the attachment cumbersome,

5.5.7  HYDRAULIC CHUCKS

These are even bigger than pneumatic chucks
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and they require, apart from many valves (directional

and intorlocked), a hydraulic pump completc with motor

and tank. Thig will alsc make the design very costly.

5.8.3. MAGNETIC TMUCKS

Magnetic chucke can be of permanent magnets
or al~oetwo.rasnets, Beerugse works arc rotated, magnetic

chucks are rare’yuscd in lathes.

5.0.1 . MANUAL CHUCKS

Thesc are the familiar types of chucks and

:they have either independent or self-~-centring jaws.

They requirc manual operation and are therefore not

guick at clamping. Howevor, since the loading and un-

. loading arc to be done when obther works arce being

machined, this will not be an inhibiting factor.
For ease of setting up, the independent jaw types

arc out of consideration, leaving us with the 3-jaw or

 ;4~jaw sclf-centring chucks. Thesc are not expensive

and arc available locally. ¥Tor instance, a 3-jaw 100 mm

- c¢huck can be obtained in Nigeria for loss than #100.,00.
- With the high cost of articles in the country, the

.prices should be muck less in other countries,

DESCRIPTION OF THi FROFOSED ATTACHMENT

With all the above considerations, the attachments

;designed are as shown in our drawings numbers 004 and
;001 for three-spindle attachment and 005 for the six-
TTSpindle attachment., The design is based on the attach-
 ment being used on medium sized lathes that swing up to

400 mm workpicces above their beds, Those are the most
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cemmon lathes in this country., Tor it to bec used on
bigger lathes, the mounting screw is threaded for its
full length, It ean also bo used for smaller lathes
with gap arrangemonts. |

With rcference to drawing No., 001, adaptor part
number 1 conneets the drive shaft (item No. 2) to the
lathe spindle. The drive shalt ig supported by two
bearings, onc in the support (the housing item No, 3)
and the other in the spindle carrier (item No. 4).
This cnsures that the carrier indexcg true to the drive
shaft. The drive sghaft carrics gear that mcshes with
intermediate gears (item No., 6), These gears transmit
power %o tho attachment spindlc gears. -

The spindle gears are of the same size with that
of the drive shaft, so that the speed of the attachment
spindle (item No. 5) is the same as the lathe spindle.
The spindles are supportcd by two bearings, one a roller
bearing and the other a fapered roller bearing (to cater
for axial thrust) inside the spindle carrier which
indexes in the support, The spindle noses arc taperecd
to morse 6 to allow for the use of collets and centres.
The carricr is located by spring loaded ball arrangement
and clamped by a grub screw (item No. 11). The support
is mounted through screw (item No. 19) clamping plates
{items Nos., 21 and 22) and nubts (item Ho. 20), to the
lathe bed. When the attachment is mountcd on the lathe,
carc must be takan to support the weight 2nd not to
cereate any strain on the lathe spindle, This is impor-
tant when a smaller lathe is to be used.
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A1l cxposed bearing heles were covered with cover
plates which are also uscd as rotainer for the bearing
outer shell.

5.10 MAZIMUM DIAMBTER OF WORK THAT CAN BR SWUNG

To allow for chuck indexing, the pitch circle diamo-
ter of the attachment chuck centre cannot be more than
300 mm about the lathe contre if a 100 mm chuek is +to
bo uged, This was, bovweVer desipned to be 200 mm.

For 3~-spindle attachment, the angular distance
between two adjacont chucks is 120%, The chueclk centre
is 100 mm from the lathe centre, From Fig, 59, it
followg that tho maximum diameter of workniece that can

be swung is 2x.
X = 100 sin 60

= 86,6 mm
2x = 17%,2 mm Jay 170 mm, ;
Since only twe apindles arc opecrating at the same time,
the overall effect en the gpindle is less than that of
machining a 400 mm workpiece of squivalent material at
the same speed by the lathe. If the attachmeont 1s usecd
on larger lathes, there is no preblem, Where it is
uscd on gmaller lathes {(gap typos or those with remove-
able bed to create gap), precautional carc muat be
taken to ¢nsure that maximum diameter of workpicce that
would be swung by each chuck is not morce than half the
maximum swing diameter recommended for the lathe.
In a six~spindle attachment, included angle is 60°.
Therefore X = 100 sin 30 _ k ; |
2x =.1OO mi,
- 136
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5.12

SWAHRE RIMOVAL

This is not a problem in the 3=spindlc attachment
gince the two warking stations arc in the sane horizontal

rlane and there is no poszibility of swarfs falling on
anothor cutiing tool. The disposal is therefore the

same as used in the universal lathe itself, The amount
of chips is relatively small as tho size of werkpieco

iz small. The lathe brushes can handle these chips
effectively. For six-apindle attachment, swarf dispo-
sal becomes a problem as arrangenent hag to be made %o
proevent swarfs from falling on the cutting station
directly below ancther cutting station, A simple re thod
is by making trays out of galvanized shect, and attaching
these trays to the tool holdera in such a way that they
inclined dovmwards away and ave directly under the tools.
This will reduce slightly the diameter of worlipicecces
that can he machined. The cwarf is made to £a3l1l eutside
the machine and can be colleeted by the machine eperator.

LUBRI CATION

The design Aocs not incorporatc any oll or greaac
nipples as the attachment is cxpeoted +o be pre-packed
with greage, Though it can be treated as a gear-box

and filled vith oil, this will require the usc of mecha—

_nieal seals on the shalt, since there will be excesszive

leakages otherwise, BSeals will inercnse the cost of
the attachment. When grease is used, the covers will
nced to be stuffed with fult to disallow escape of grease.
The moving surfaces for indexing will necd greasc supply:
this can be applicd by unserewing the clamping grub serew
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and packing in grease through the holes, or through
grease nipple.

Though the grease required for the gears is the _
open gear type, grease like Mobilac mm or Hational Cadium
compound D, the grease required for the bearings should
bn goft type, National Darina grease that can withstand
same lncresge in temperaturs. A comprimise grease that
can be used is the Mobilplex 48 which is readi;y avai-
l2ble locally. ;ﬂviz' . | H : ‘

v .
|

'© 8,13 COOLANT SUPLLY -~ o

The supply of coolant can be made by installing an

adaptor to the nozzle of the existing coolant pipe.
This adaptor can have two heads for the 3-gpindle

attachment or five heads for the six. The adaptor is
best made by the machine user since a knowledge of the
type of coolant pipe supplied on the machine ig meces-
sary. I% may require disconnecting the single head
pipe and replacing it with the appropriate multi-head
type.
5.14 TQOLING

For the 3-spindle attachment, the simple four-
station tool holder usually supplied with the lathe
can be used (2 two-station holder can also be used).
This can be eclamped in the middle and tools held to
cut in the two stations. It will be necessary to edu-
eate on the fact that in this case the tool cutting on
the front spindle has to be inverted (Figure 60).

If the lathe hazs front and back tool holders, then
front can be used for front spindle while the back is
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used for back spindle. 1In this case the back tool has
to be inverted (Fig. 6f) as most machinists snould
have known. Arrangement for end working can also be
done. The centre heights of the spindles are lower
than that of the lathe.

For the gix-srindle attachment. the situation is
not as simple. This will require replacing the
existing tool station with one designed in line with
those used in multi-spindle lathes and the tool carrier
attached by a rigid suppcrt to main slide which will
be held in the centre (Figure 62). This arrangement
will, however, limit the amount of cutting forces
that can be exerted on the workpieces. Both end

working tools and side working tools can be used,
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CHAPTER SIX

f - DESIGN _CALCULATIONS o

INITIAL]
DATA

CALCULATIONS AND SKETCHES

FESULTS

NOTE :- _

(1) The standard hand-books availa~
wle are in imperial units, so all
calculations were done in imperial
units, while the solutions were con-~
verted to metrie.

{(2) A1l Part Numbers are as ghown

in Drawings Nos. 001, 002 and 003.

i

ITEM NO. 1: CONNECPING ADAPTOR

The connecting adaptor was made
to connect to the hack plate of the
lathe chuck of one of the production
laborator lathes at the Ahmadu Bello
University. This has =ix tapped
holes MIO at 175 mm FCD for the

exigting flange of the lathe. Y

The lathe chosen is a TUE 40
Centre Lathe of Andychowska FPabryka
Maszyn Metal Export of Poland Pabr.
No. 9063, This lathe swings 40C mm

af work above its bed. (See Plate 2). |

3ince the design has no parti-
cular lathe in mind, the adaptor

should be provided by the user to

.. 140
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OALCULATIONS AND SKBTOH1S | mzsunTs

| mateh he lsthe Shat the attachment
J_is to be used on. i

] ITEM NO.12: DRIVE SHART BOLTS

; The drive shaft connects rigid-
: ly to the adaptor by icur bolts at i
i 50 mm PCD. Tkey comnect through
abutment which provides frictional
force to help in providing additional

drive torques to those provided by

the drive bolts.

The bolts' resistance to shear
force and their frictional forces
provide the main drive torque.

Ratio of torque transmitted by
friection (Tf) te those transmitted
by shear (Ts) is given by

T, %aeg, #

(18)

| Ts ~ wals,
! where
N = No. of bolts
; d = Diameter of bolts
{ S; = Tensile stress
SS = Shear stress
f = Coofficient of friction
Take St = SB

lete St is greater than Ss and this

improves the value of Tf
| Ts
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r, pl r,
= 1000

e
1

Then T o= f.

Fotween ° : _
f [ steel is approximately O.15

(18}

T— 30115

s

Total torque transmitted by bolts TB
TB = Tf + T, =1.15 T,

All frictional torques are neglected

and atfributed to the wmargin of

safety. .

Than T = Té

PCD
Shear force Fs = Ts + =5

Take design horse power to be 10,
(This 1s about the H.P. of medlum
8ized lathes that swing 400 mm over

=

beds).
Take efficiency at spindle noseg l

t0 be T0% of the main drive.

. » H.P, at apindle nose is 7 h.p. ’

Torque is give by T = 6 Sophﬁ * {19}

where r,p.m. ig spindles revolubion
per minute., = e
Teke r.p.m, = 1000 rpm (optimum

speed)
7o 83000 Bap. 444 1p-in,

' 1000
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DATA CALCULATIONS AND SKETCHES { RESUITS
E-éc—D=2%m=25mm=1 inch.
= 2 _
FS - - 441 lbs
2 .
jid” 55 N ;
¥ m; o (18)
... d2 - 8 L‘s
7753 T
N=4 Screws are made from SAE 1035 (20)
8, for with ultimate tensile stress (Su) of }
SAB 1035 | 30 tons/in® = 67200 1b/in®  (13) |
S i
u :
= 67200 Allowable shear stress §, = »= (19) |
1b/1n2 n = factor of safety
n=2 Take n = 2
5, =129 1b/1n® = 16800 1b/in’
Take S, = 15000 1b/in ’
2 8(441 2
d = Z—Itféi—s-o-a?) = 00,0187 in
d = 0.137T in = 3,42 mm d=10 mm
Use M10 allen cap screws. Sﬁrgw =
1

ITEM NO, 7: DRIVE GEAR

For simplicity of manufacture,
and because shaft/spindles in the |
attachments have parallel axes, spur
gears are chosen.

Iewis formula can be used to

get the pitch. From standard tables,

however, the maximum diametral pitch
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-Tngzgié CALCULATIONS AND SKETCHES RESULTS
PCD of to transmit 7 h.p. is 10. (19)
gear = If PCD= 75 mm = 3 in
75 mm No. of teeth, Ny = 3 x 10 = 30
With N, = 30
PCD = 75 mm Ny = 30
Module is %g = 2.5 mm Module =
Mininum width is 4 x module  (19) | 2+2 ™@
Width of gear, w :;'oggﬂmm Gear width
w =20 mm
ITEM NO. 2: DRIVE SHAFT
The drive shaft is to be suppor-
ted by two bearings 46 mm apart and
it carries the drive gears midway ;
Density ; between the supports. l
of steel | 5 ity of steel is 0.284 1b/cu—in.
:bi;iﬁin The gears are 75 mm PCD; 20 mm thick

Assume bore of the gear to be 25 mm
= 1"
Volume of gear is

7l (15,2 2
£ @ - g

- Fo-nB -
= 5.03 cu ins,
Weight of the gear is 5.03 x 0.2841hﬁ‘
= 1,43 lbs,
Take maximum diameter of drive ghaft

to be 50 mm = 2",
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The shaft length between supports
=46 mn =27

Volume of sghaft between supports
='7f(%)2 X 2

Weighf 6f ghaft betweeﬁ supports
= 27(0.284) lbs = 1.78%1 1bs.

The weights of shaft and gear are
therefore negligible.

Torgque on gear, T = 441 1lb-in

T

Force on gear, Fg = =

where r = radius of geax.

ﬁ_r = Ig mm = 1.5 ins

44
Fg =7E = 294 1bf

The total concentrated load

acting on the gear is 294 1bf.

—F ] ¥ ]
o

R 294 1bs

1

' PORCE DIAGRAM ON DRIVE SHAFT

R1 is reaction of first bearing

R2 is reaction of second bearing
Since the gear is midway bet-

ween supports, R, = R, = gﬁi

1 2 2
= 147 1lbs,
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L

The Bending Moment diagram
given by

147 “
2%¢

ayg 147

BENDING MOMENT DIAGRAM OF DRIVE
SHAFT,
Maximum Bending Moment, M ;
= 147 x 58 1bf-in
= 135.24 1bf-in
T = 441 Using Maximum Shear Theory
1b~-in Bquivalent Torsion, Te =%(M2+ 1’2)1}(19)

- [(135.24)2 + (441 )2] _,

Diameter of shaft d_ is given by ]

- Zey3
d, = 1.72 ()

= 1.72 (22)7 (19)

where s = allowable stress, |
8, = 30 The shaft is to be made from |
tons/in®| BS en 8 alloy steel with ultimate |
stress, §, = 30 tons /in® (13) i
= 67200 1bf/in°. f
Allowable shear stress, § = ;% (19):
|

n=2 n = factor of safety
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| Take S

Take n = 2

.
g = =1§99 1b/in°

16800 1bf/in°

15000 1b/in®

-

]

i
_ 1 461,2
ﬂs = 1J2; _TEUUII= = 0.54 in

- =13.47 mm

-

L.

another
Take |/ factor of safety

dg = 26,94 mm
Take dS = 30 mm,

There 1is no need to calculate
the effect of key on the strensth of
shaft, since the shaft is solid and

it is over-designead.

quameter

of shaft
.ds= 30 mm

..V‘“' 4 (.\‘ I‘\L
= .t? whlA
(e - ‘I'-—-.

aaan®
2

]
i

.
| ;
e P

—d

-

BEARING REACTION

Though a part of the overall re-
actlon im taken by the flanged coup-
ling, this is taken as part of the
margin for safety. It is therefore
neglected,

The tangential force on the

147
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gear is gliven by J
T |
Fy=x
_I5 A4
r..Iﬁ-mm Ftum—Eg‘frle
= 1" This force is tangential to the
J?IH s '
- pitch circle diameter. N _
., Acting perpendicular to thié
force is the separating force Fs =
Fo tanod . (19)
where XA 1s the pressure angle of
the gear
A = 20° A = 20°

Fs = Ft +an 20 1bs

= 294 tan 20 luvs
= 107 lbs.
The resultant force FR on the
bearing is given by

(52 . 2yt
Fﬂ\_ (bt + PS }* 1bf

- [(294)2 . (107)2}% bt

= 312.87 1bf.

This is the load on the bea-
rings,

Machine tools usually have rol-
ling bearings, though in some heavy
duty types where spsed 1s low and
constant flood lubrication 1s possi-
ble, bush bearings are used.

| 148 |
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fi=1.2

|

—— ————

|

{ which, for normal gear, is between

The design is for rolling 1

bearings. The equivalent force on

the bearing is given by |

F, o= £, f .2 Fp (21)(19) o
fk iz the gear form factor

1.1 and 1.3, and for precision
gear is between 1.05 and 1.1 (21)
v Take £ = 1.7 SRR

.fd is the operating factor
which, for bearing used under light
shock load, is batween 1.0 and 1.2;

for moderate shock, it is between

e

Take fd = 1,2

fl is hours factor.

If attachment is designed for
24 hours per dny working for 10 yéars_
3 |

f, is the speed factor which is

taken as 1.
FR = 312,87 1bf
F o=1.2x1.2x 2,24 x 1

X 312,87 = 1009.19 lbs,
From SKF Bearing Catalogue Rol-

ler bearing NJ 2068 has 2 limiting
149
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speed of 9500 rpm when grease lubri-
cated or 12000 when oil lubricated.
(Thesc speeds indicate £, is less
than 1),
Its static load rating is
4900 lbs and dynamic load rating
is 4500 lbs.
The bearing is sultable for the
design size:- ' |
30 mm Bore
~ %2 mm O, D,
16. mm Wide

SKF Rol-
ler baa-

ring NJ
2068

30mm I.D,
62mm O, D,

16mm Wide

ITEM NO. 3: CARRIER SUPPORT 2nd

ITEM NO. 4: SPINDLE CARRIER

Neo design calculation was done,
Close checks on various types of
gear-boxes made by CROI'Y, CARTER and
KOPPS, which transmit up to 20 h.p.
show that the wall thicknesses of
these parts are adequate for the

gxpeoted duty.

1/= 100%

h. po=3t 5

ITEM MO, 6: INTEEMEDIATE GEAR

Assume 100% efficiency transmis-

. sion from spindle nose to the gear;
i the horse power transferred to each

of the itwo intermediate gears in 3- |

gpindle attachment is 3,5 h.p.
| 150 |
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[

N

t

1

= 10

The intermediate goar is to
have 10 teeth, |

Nf1; No, of teeth = 10

Speed ratio of the intermediate
gear to the drive gear is %:1
(30 T : 10 1),

Design speed of drive gear

= 1000 r,p.n,

'. Speed of intermediate gear

= 3000 r.p.m.

Torque on gear T, = 55%86%42L2

= T7%.5 1lb-in.
Ty

Force on gear = s
T _ Ty

where r; = radios of pitch cirele
of intermediate gear = gg mm = % in.
Force on gear Py = 73,5 x 2

= 147 le.

147 lbs

FORCE DIAGRAM OF INTERMEDIATE GEAR

The gear can only be supported
at one end with a bearing. The re-~
action R; at the bearing end is 147
1lbs,
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liz 46mm

. "l

Distance between middle of bea-
ring and that of gear is 46 mm,
i.e. li = 46 mm

The maximum bending moment Mi

M, = 147 x %% 1b-in
= 270.48 lb-in- '.

Using maximam shear theory

4
Po, = |M.2 + 0,2 ] 1b-in
g =M i

]

280,29 1b-in.

R
Dameter of shaft 4., = 1.72(33)% ins

[

i
"5, 1s alloweble stress which,
for BS en 8, is 15000 psi (as in

previous caleculation,
1

. T
4, =7 [-%?0-2 } -

- 0.46 in = 11.41 mm

~+ » 17 mmm shaft can be used.

B T , ;
L(270.48)2 ‘ (73.5)2] 1b-in

Ay {nitin
[«5 .

T =
By
147 1bs

3

ITEM NO. 14: INTERMEDIATE SHAPT

BEARING
The tangential force on the
gear

By o= 147 1bs
i
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T i

_+ The separating force F_ = F, .

| 83 i i

A = 20° | tan

- Fg = 147 tan 20 = 53.5 1bs
i

The resultant foree on bearing

=5 =.[(147)2 . (53.5)2]'%

= 156.43 1bs, é'}i
fk; 1.2 Take the seme multiplying fac~ - h
£4= 1.2 tors as those of the drive shaft { 
£= 1 bearings. | - j {;
£i= 2.24 The equivalent forece ¥, is I;

1

F, =1.2x 1.2 x 2,24 x 1 Pl
i _ P

X 156,43 1bs ' [

= 504,58 1bs
From SKF bearing catalogue, Roller

bearing SKF NJ 203 has dynamic load
rating of 2200 1bs, static load
rating of 11600, limiting speed in

groase of {7000 rpm and in oil of

20000 rpm, SKP Tol-
The bearing is chosen for the ler bea-
ring NJ
design size: _ | {207
17 mm Bore 17mm x
1 40 mn 0O,D. 40mm x
12mn.
12 mm Wide

153 E



TINLITLAL

"DATA CALCULATIONS AND SKETCERS RASULTS

ITEM NC, 5: SFPINDLE |

| The spindlec is to be made of i-

B.S. ¢n 16 alloy steel. This has an 2

g, = ultimate tonsile stress S, of é;

45stons/ 45 tons,in® = 100800 1b/in5 (13) ﬁ

in2 Allowable shoar stress Sw 'ﬁ.

n=2 3 Sus o (19) i *H

2mn 3

i two spindles are working spindles.

raln take n = 2
Ag
g, = LGB0 gpr/in?

25200 1b/in®
25000 1b/in®

1

-3
[Tv}
w
[
[ ¢
i

The design points of support
are 23,62% mm from the middle of the

gear width at the chuck end where it 3
is to be supported with tapered rol-~
ler bearing and 2% mm at the lathe

headstock end with cylindrical rol-

ler bearing.
p Wei--

P ' #ght
S of
chu ek

6—-23mm——a-'i€3-?5mm 36, 125mm

o

"8,

In the three-spindle attaohment,
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Q = 100% Assume 100% efficient transmis-
sion from drive gear through inter-
mediate gear to spindle gear.

The power transmitted to each

h.p.=3.5 of the working spindle geare is |
3.5 h,p.

Gear PCD | The gears are also 75 mm PCD |

= 75 mm 2.5 module |

30 teeth.

As before, neglect the weight of
spindles and gears.

rpm = Torque on gear Ts = éigggfﬁ,igi-

1000

rpm ef spindle gear is 1000

63000 x 3,5
TS =

= 220. 5 1b-in
Gear PCD is 75 mm = 3"

. « FRadius of pitch circle, r_

= 1.5"
i &
- 220.5
Force on gear, Fy = 53 - _Tjgz

The spindle supports 110 mm chuck,
The weight of the chuck was physi-
cally measured to be 6 lbs.

This weisht is assumed to act

at the middle of the chuck. This is

%6.125 mm from Ry . (Reaction at
2

the tapered roller bearing).
155
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Rs = Reaction at cylindrical !
1 . :i
roller bearing. f {
Take moment about Ry 'i__}?
Rq(46.€75)=(147 = 23)+(6 x 82.75)1bs |
(147 x 23) + (6 x 82.75) | _
Ry = 67625 Lbs B
e
= 83.16 1nhs. . o
Ry = 147 + 6 - 83,16 = 69.84 1bs. '
59,84 _
23" | o3, gp5n '
5% = 36,125 [ 6 :
e T W Lo
%, 5 R, -
77.16 -
B
BEYDING MOMENT DIAGRAM OF SPINDLE |
| Bending moment is the sum of f?
the positive moments which equals .
the negative moment, . : ;&
Mg = (147 - 69.84) (325229)1p-1n .
o
= 77.16 x #2522 1b-1n o
5 = 72,91 1lb-in. i
’ II
Using maximum shear theory eguiva- e
lent S o ? '?
-2 42yt
Torsion, Tea = (Ms + T,°)° 1lb-in i
156
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[(72.91)2 + (147)2] ¥ 1b-in

= 164.09 1lb-in.

The spindle is a hollow shaft,
Internal stress Ss is given by

8

BS = 3( 1? (19) iig

|
5.1 T S
1-g9 |

5.1 T N
T s (1—q4)
g' T T s
5.1 T
d = —-“—*—#é%-
Eﬁw (1-q™)
’ S
:T = 164,09 1b~1in

2
= 25000 1b/in

ratio of bore diameter +to

o
]

|

|

|

|

|

|

|

|

|

| |
S, = allowable shear ' _{!
s

|

|

l

|

external diameter |

4. |
lE |
. . q ] ) v

1 P B B
dip = bore diameter of spindle

dp = 0,D of spindle.

In practice, dp =3 dip

= . I
or dp 2 dlp |

| o~ Then q = %

- ) C
i _15,1 x 144,09 ins
P L 25000(1 - 7h)
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| _[_5.1 x 164.09 ]% oo
- 5000 x 0.9375 E“ :;
= 0,329 ins ; E
= 8,25 mm. l € 
HOTD i A caleulation neglecting the 1%;
effect of chuck's weight gives : :i
d = 8,2 mm, The effect of chuck's
weight is therefore negligible. {': ﬁf'
Take diameter to e 30 mm - dpéfdmm
JIf 45 = 30 mm | 8y p=15um
dip = 15 mm ?

Though the key-way weakens the
spindle and produces stress concen-
tration, the effect is not taken

a, .
into consideration becauwse ratio —%B

P
= % is less than 0,6 when the effect

becomes critical. {(19)
Alsc the deslgned shaft diame-
ter 1s more than three times the

calculated shaft diameters.

SPINDLE NOSE TAPER

Frictional taper is to be used
as in tools holders.

Forces on the taper arco given

158
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i % -
-
R\_,,zv_,Jq

L I T I e

FORCES ON NOSE TAPER  {(18)

4 1s dlameter of taper at smallest
end. 4:n _i: ;“.liLH; P

Dy = diaﬁeter sfltaper aﬁ big end

FP = Reteining force.

FF = Frictional force, -

Normal reaction

o
ol

+ - FF = /A/‘ RR
whare A = coefficient of friction

At equilibrium
FP = FFCos 9-+ RﬁSin o

1

where € = + the angle of tuper
 Fp = RuC0s O + RoSin @

= R(,A4Cos 8 + 3in 9).

In 2 self holding %aper (used
in machine tools), torque is trans-
mitted by friction and caleculation
18 based on the mean ﬂiaﬁeter.%EZEi

Z
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M =0.15

Morse 6

Taper =

0.62564/
foot,

lt=60mm

]:J,G + 4,

Mean diameter = 5 .
Maximam Torgue that can be

transnitted by the taper Tmax

= FF X mean radiua

= ”:/v Ry (——7—)

. % ACos O + Bin © (——

)

For the spindle | ' l':ffn~5

dy = 28

A = 0,15 for steé&?ésﬁq%%

In 2 taper, taper per foot
is t = 2(12 tan @)

Morse & taper was chosen as
this corresponds to the taper on
most of the available shanks.

Morse 6 taper = 0.6256% por
foot, ' (20)
| # = 24 tan 6 = 0,.6256

1.493°

_,,_dt R

i

Length of taper, lt ia taken to

be 60 mm = %% ing,.

. Dy = %g + {9*%%5§ X gg) ins

e 160
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= 0,6 4+ 0,125 in

= 0.72% in
D, + 4d
t > t _ 0,725 + 0,6 in
2
= 0,6625" 5 1
Ak +
T v S p ( + - t)

mox . etQos © + 9in @

To get the valve of Fy, (the
thrust force), assume that a 4" drill
drill is held in the chuck with a
feed of 0,02" per revolution into
mild steel.

Thrugt for feed of 0.02" per
revolution is 1500 1bf (20)

.15 Cos 1.49%3%+3in 1,493~

4, (0.6625)
2

' 0.15 (1500 0.662
= UT??F%;%T%SE%“ X - T?Jz

o (0.15)(1500) (0,6625)

= 601 1lb-in,

The design torque of the spindle

1s 220.5 lb~in, which is much less

than the maximum torgque to be trans-

mitted by the taper. Morse 6 taper

is suiltable for the nose.

Nose ta-
per is

Morse 6
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ITEMS NOE., 27 and 13: SPINDIE

BEARTNGS

Por each spindle, one faper
roller bearing (Item 13) and one
cylindricazl roller bearing (Item 27)
are to be used, This is becausc
axial loads are expected on the
gpindles.

The tangentlial force on the

spindle gear Fts is given by

P, =2 = 292 1bs
8 8 ’

Separating force on the gear

F =F
88 ts

147 tan 20

53.5 lbs
Resultant forece, T

tan «

i1

RS
- [(147)2 ' (53.2)?]':

= 156.43% lbs. |
For the cylindriecal rollernhea-
rings,use the same factors ag were
used before;w o

Equivalent force, Fes .
= 1.2 X 1.2 x 2,24 x 1,x 156,43

= 504,58 |

162 .. . e e
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DATA CALCULATIONS AND SKETCHES RESULTS
i
| SKF NJ 206E roller bearings that SKF NJ
; were used for the drive shaft are 206% sizo
; 30 mm X
E suitable for the spindle. 62 mm X
j For the thrust bearing, equiva- {16 mm
1 lent load R, is given by
£ R, =T, + 1.2 F, (21)
|
.| where F, = axial load (equivalent)
|
| ¥, must not be more than 55% of
R e
! Fa : (21)
: Take F_ = 55% of F,
i and uge the same factor for F, as in
? cylindriecal bearing. | |
| Then F_ = 1.2 x 1.2 x 2.24 % 1
| .
! X 156,43 1bv
= 504,58 1bs.
N
: . F
: . - ]
o Tel = sy
9 I
| By = 1917.42 4 1.2(504.58) | 1bs
i. —t
= {917.42 + 605,5)1bs \
= 1522.92 1lbs. :
+., Tapered roller bearing SKF 30206| cm pon_
hag a dynamic load of 7800 1bs, sta~ |[ring 30206
tic load of 5700 lbs and limiting Z0mm Bore
speed of 6700 rpm in grease, 35000 gomm 0. D,
rpm in o0il, It is therefore suita- 17.25 mm
ble for the design dimension: Wide
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DATA
30 mm Bore ?
62 mm O.D, L
17.25 Wide. |
ITEM NO. 15: KEYS
From handhooks, s8quare keys are 1
preferred for shaft of 30 mm (1.2
ins) | (20)
From table, key for shaft
diameter of 1,2" is 2" square (20) W1 = W,
' = 6,25mm

4 = 6.25 mm

, Kéy seat is 3.125 mm,

The drive shaft key 1s sub-
jected to the maximum shear astress
and 1t is therefore used for design
calcuiations,

Diameter of drive ghaft 30 mm

= 1,2 ins

Radius of ghaft = 0.6 ins

Bquivalent torsion on shaft

= 461,27 1lbs

' - w _ 461.2
Shear force, Py = —67641

R N |

- = 768. 78 1bas. _

u
T

The minimum length of key is giwen by f

PeREe

where W = width of key

164
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Take SWK

= 15000
psi

S = allowabie shear stress of
key which ig taken as 15000
pal

1= $ 2
= 0.205"
= 5,13 mm

10 mm key is uscd. |

Woodruff keys are used for

E light torque transmission and could
5 have been used for the design if not
for the difficulty expected in its
production,

14 x 1" key steels are readily

available in stock,

ITEMS NOS, 16 and 17: CIRCLIPS

CIRCI TP DIMBNSTONS

From the above sketch,

R |

= diameter of shafi
di = groove diameter
| hi = groove depth
h = circlip thickness
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b = cirelip width. ool
h is between 0.08d nnd 0.154 (23)
The groove depth hy is betwsen {7
0.25h nnd 0,%h | (23)

a; = d - 2h:

.+ &4 is between d -(0.3)2h and | o
d -(0.25)2h a

Using upper limit of h (= 0,154d)

and lower limit (0.084). Cl

Then d; is between 0.914d ;:_-

and 0, 964. ;

The lower limit is used for
small shafts (2%)

.o =0.918 B

d,,=30mm The groove diameter for 30 mm i

db=17mm shaft

il

d. = 0,91 x 30 da

ia ia

=27.3B’Hﬂ 27|3mm

The groove diameter for 17 mm

shaft -ii"*
. |
= 15.47 mm - {15.47 mm
Width of ring b is given by
0.03d and 0.064 (23)
d, =30mm Take the upper limit for shnfts

1
0.06 x 30 mm

i

db=17mm For 30 mm shaft. b,

'.“;” w b'-: = 1.8 om = 2 mm 4ba= 2nin

166 o



“Iﬂ%E%ﬁL CALOULATIONS AND SKETCHES RESUT.TS
For 17 mm shaft. bb = 0,06 x 17
= 1.03 mm
= 1 mm bb= 1 mm

ITEM NO. 24: LOCATING SPRING

During indexing, location is
by spring and ball arrangements.
The load P on the spring is assumed
to be 10 1bf,

10 1bt

A helical compression spring
with round section is to be used.
d,= Tum The holes bore, dh = 7 mm

= 0.28 in.

A spring from gauge 18 wire
that 1s £ pitch dinmoter can be
‘ used,
| Diameter of wire
= 0,0475" (20)
Pitch diameter = s

= 0,21875" (20)

Overall diameter

= 0.0475 + 0.21875 in

= 0,266 in
This has a maximum load of 19.21 1bf
and deflection per coil of
0.028" (20)
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DT
The ball ls to 1iit Zmn = 0,08 in
% . Mnimum humber of coils N, is
g—:g%g- = 3 coils
Six coils were used, N, =6
ITEM NO. 11: CLAMPING GRUB SCEEW .
Use M16 Use M16 grudb screw to clamp I
sorew the carrier after indexing. t
d =16mm The maximum compressive load P
exerted on the earricr is given by
P, = 9, (0.554° - 0.254 )  (20)
Sc = allowable compresgive atress
) gg _ _ .
n i
Su = where 5, = ultimate tensile strength
6722 = 670f 1b/in® (as before)
1o/in 5, = HS‘-% | | (19)
ne=2 . Take n = 2 (as boforc) ?
8y = QZ%QQ 1b/4n” ;
= 33600 lb/in> - - %
¢ = npominal outside diameter %
P of screw = 16 mm = 0.64" 'é.
W = 33600 Lp.55T0.64)2— 5.25(0.64):1 :
_ e
= 2195.41 lbs. 3
The load that coan be exerted by é
the gcrew is 219% lbs which is more ?
than the working forces in the system, E
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The screw can be used for

clamping.

'd = 16mu

1

Wa= 160
1bs.

d =
2 30mm

8, =

33600 psi/
|

!

l

ITEM NO. 19: SUPPORT MOUNTING SCREW

The support is hanged by =2
30 nm screw, The screw supports
the weight of the system and helps
in taking carec of the thrust on the
systen,

The attachment was weighed and
its weight W, was 160 1bs.

The weight that con be suppor-
ted by the screw is also given by
L 30(0.55dg2 - 0.25dg) (20)
where dg = nominal diameter of
screw = 30 mm = 1.2 ins
3. = 33600 pei (as for grup screw)

c

B r 2 ]
wg = 33600 Lp.55(1.2) - 0.25(1.2)_j

= 16531 1bs.

When nuts are tightened, there
is initi2l stress in the screw,.
There is no need to calculate this
ag Wg = 16531 1lbs can take care of
it.

THRUST

To consider the thrust that can

be withheld by the screw, neglect

169
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CALOULATIONS AND SKATCHZS
the effcel of weight of whe nttach-
mont,
Sneor forgﬁ of screv, Fg 18
glvon by |
Fg = e WD TT0T 01 3CPEW)
(18)
8. = allowable éhear stress

S
u 2
= 5 lb/in

8 = QZ%QQ 1bs/in®

= 16800 1b/in°
>
p = L81.2)7(16800)
P = A

H

9%00,18 1bs.
This is more than the *+hrust
sxpected on the systemn.
(Totnl thrust on two bearings
= 2 X 917.42 = 1834.84)

RIZ5UTTS

S0 screw is suitable for usc.

d{r = 30 mm

plateos is given by

i ]

.ITEM§ HOS 21 and 22: CLAMFINCG PLATES 1

The maximum shearing feorce thatl |

can be sustained by the clamping

Fsp = .ztpdpsS (20)

whore tp < ap recpresonts the projoe-

ted area.
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Il F‘L‘ CALOULATIONS AND SKETCHES RAISUITS
Ss= 15000 ! S, = allowable shear stress E
psi = 15000 psi o E
dpz 31mm | diameter of hole, dP for 30 mm scrow
R
Lhiugt on the system is the same |
|
| as the shear force on the plate. 1
! ;- :
= ! 5 - & n | S
F“p rsp 18;4.84 1bs i .
1834,84 _ SE ; L.
1bn . E‘; p¥s f
| C o 1834.84 2
il
2 x e X 15000 %
- 1824.84 £ 25 4p L
X -
= 0.,05" = 1,25 mm. SR
b = Smm
Use 5 mm plate, Y

TOLERANCIIG

All the bearings used are by
SKf. The tolerances uwsed on shafts
vhich go into bearings and heusings
into vhich bearings go are glven by
the SKF recomroendations in theilr
general eatalogue No. 2800/GH 600
Aprll 1970 edition.

There may be necd.' to chango

these tolerances if the bearings

uscd are from different manufacturcrs.
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o !
With the standardization going on in ;
bearing manufacturing, it is expeoted:
that the tolerances will hold for
other bearings. The tolerances are
35 for shafts wnd W6 for housings.
G (21) . o
With tho tolorance of the shaft |

diameters fixed according to bearing

!
requircements, the 30 mm shaft has a 1
limit corresponding to J5. To have j
& running fit on the gear, the gear
bore was chosen as G7 (see shaft
bagis fite). (20} (21)

The spindle corrier indexes in the

support. This is therefore made of

loose clearance with earrier outaide

diamcter on e8 and support inner

diameter on H3,
there specific tolerances aro

net given in dravings 002 and 003,

i the usual michine shop tolerances of

0,001 % per inch ezn be used.




CHAPTER SVEN

S r———

7 - LPRODUGTLION OF PROTOTYYE

The prototype was produced and agsemblod in the
machine shop of Dunlop Nizcrian Industrics Limited,
Tke ja, :

| Care wnr taken to préduce the vparts to the tole-
rances given in the Prowings Nos, 002 and C03%. The
most important part to be accurately loented are the
holes of the spindle and intermedi~te gear bearings in
the spindle ecarrier (Part No. 4 Drawing No. C01) and the
earrier support (Part Mo, 3 Drewing No. 001). These
were located by using the tool makers' butoon. The
buttons were 12 mm diameter and 12 mm high. '

These holes were first located roughly with seriber,
seale and divider. The centres were pick-punched, This
method located the holes centres aceurately to about
0.25 mm, The holes were then drilled on the drilling
machine and tapped to take 4 BA scrows. The buttons
were fastened in places with tho serows and waghers and
vhey vere tightencdhard cnough o allow buttons to be
tapped lightly with hammer in%ec "in~) positions (there
was enough clearance in the button to allow for reloci-
tion). Using intornal micromcters (for sctting distances
between buttons), the axls of the hutitons were sct accu-
rately to correcpond to the required axis of the holes
and the buttons were securely tightened. The distances
between the bultons were again checked to censure that
they did not shift, The workpicec was mounted on the face
173 .
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plate such that axis of one button 2t 2 timewns concen-
tric with lathe axis, (This was done by sctting them

P
with the centre of the tailstock). The button was -

removed and the hele was drilled and bored. This was
repeated for the other buttonz. It is expected that the

accuracy of the location is within 0,0125 mm. This
method wasted a lot of time., The usc of drilling jigs
will help a lot in the production, Drills, squaring
drills and reamers will then be used, A
The major:éource of inaccuracy is the bearings used.
These bearings are normal machine bearings and are there-
fore not precise enough for machine tools, It is ncces-~
sary o use precision bearings when making the attach-
ment for commercial purposes, These can be purchased
directly from bearing mAnufacturers. :
Production of each part is described below. Refe-

rence drawings are Drawings Nos, 001, 002 and 003.

ITEM NO. 1: CONNECTING ADAPIOR

This was pade from 200 mm mild steel rod cut to
35 rm length and faced at bobh ends to a length of 30 mm,
A1l the holes' centres were located with scriber, scale

and divider. They were drilloed on the drilling machine,

ITEM NO., 2: DRIVE SHAPT
The drive shaft was machined from 100 mm diameter"_-.}

BS en 8 alloy steel rod cut te 125 mm length, The holes

were located as for Item 1 bvefore they were drilled and

tapped. The key seat was milled and hand preossed.

Because there was no facilities for flame hardening in

the workshop, this was not done. Since the production is
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not for commsrcial purpose, flame hardening is not -

essontial, o : ".%f?

ITEN NO. 3: CARRIER SUPBORT | IR , -
The support was turncd out of a 100 mm thick miid

steel plate flamed out to a 400 mm diameter before 14 .
was turned to the outside diameter of 335 mm. Thie_.
eliminatel iuc arec affected by the heat of the flaﬁe. .
The inner part was bored out. The contral hole was |
drilled and reamed on the lathe while the two holes for
intermediate shaft bearings were drilled using the tool
makers! button earlier described, All other holes Were
located in the normal machine shop methods and drilled
on the driiling machine., Thcoe vequiring tapping were
tapped.

The drawings indicated the material to be cast iron
which is cheaper than steel, but the casting that was
produced was porous and not accurate. Though there were
foundary shops that could do better bobs, a second attemps
to cosgt was not done, since we are only producing the
prototype to prove the design. SR

Cast has sowme advantages over steel. Some of these
are lts aigh compressive strength and high capacity for
damping vibrations. This made it ideal for this part
an well ng the spindle carrier, For better strength,
however, cast steel cun be used, though this is costly
and hos greater tendency for resonnnce, . "

ITEM NO, 4: SPINDLE CLRRIER

Though the drawinge ~lso indieate thnt this port
should be mnde from cast iron, for the same rensons As

175



E

for Iten 3, if wns £rbricated from mild steel platés..
Twn - pieces of 350 mm dizmeter plates werc flame.
cut from 40 mm mild steel plates., Thesc plrtes werevh
turned close to the required outside dinmeter of the
item. They were faced to give hnlf the overall thickness
of the carricr. Bach plate wns turned to produce half |
the interna? recess required, & 45° chamfer was machined
on the joining lips of the plates, The two plates were
joined together by a 900 full weld. The outside dlameter
was then turned to the required size (305 mm). The
132.5 mm hole was bored and the central hole, 62 mm,

diameter was also bored on the lathe. The other six
benring holces (three on each face) were bored using the

tool makers' button (as earlier doscribed). -
The cover holes were loecated in the usunl machine.
shop method. They were drilled ~2nd tnpped., At clamping
positions, squaring drills were used to mike flat sur-
faces (milling cutter can be uscd). The loeating dimples
were made with a drill. ;j*i.'

ITEM NO, 5: SPINDLE

Though the drawling asks that tho spindle noses be
Tthreaded for mounting chucks, the chuckae avoilable had
flange mounting arrangements and the spindle noses were
made to have flapges (see Tig. 63),

The spindleg were machined from 100 mm mild steel
rod because there was no BS en 16 rod available, Tor
e2ch spindle the rod wns cut to a length of 125 mm and
machined to the required diameters. The nose flange was

made to suit the available chucks, (It is also possible
176
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to make the nose a8 specified and make f£lange mounting
adaptors scorewed unto the nose). The spindle bore was
drilled and rocamed on the lothe while the morse tGaper

was out using 4 slender boring bar. Tho key seat was

milled and hond dressed, The centres of the fl&nge::j |
holes were located and drilled on the drilling machiﬁe.
Por bLotter spindle performances, there will he
necd to change the moterial from BS en 16 which is
manganese~molybdenum steel to hardened Nitra alloy steel
which has more strength.

ITEM NO. 4: INTERIEDIATE GEARS

The blanks for the gears were machined from 30 mm
diameter BS en 8 alloyed steel rod cut to a2 length of
65 nmm. The gear woas then put orn the Universal m;lling
machine, | f o

17 mm extornal. clrelip (Item 17) was not found iﬁ
the country, Even if it is found, the journal length
may hove to be inereascd to give enough backing wall
for the circlip. This will make it protrude out of its
cover {Item 8). To avoid the usc of circlip, bearing
retaining plate was used (see Fig, 64), The interme-
diate gear journal was faced to the width ‘of the bearing
(12 mm). It was drilled and tapped M8 by 7 mm length,

The retainer wos made from 25 mm dizmeter rod.

It was pade to have 2 hend 25 mm diameter 2 mm thick.'
Two flats for M8 spanners werce cut on the head, Tt was
made to have a M8 thread 6 mm long, This is screwed into

the intermediate gear and tightened into the jourmal.
| 177
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This i3 2 better method for retnining the bearings

thwn using circlip. : ' i
ITEM NO. 7: GBARS '

80 mm diometer has turned from 100 mm mild steszl
rod cut to 100 mm length, 30 mm hole waz bored from
thiz rod on the lathe before it was parted to give four
gear blrnks 20 mm thick. The blanks werc clamped %ogo-

ther and the key way wnas broached. : ; ;
They were later held together in o mnndrel and the

3

gear cut on the universal mlliing machine,

ITEM 10, 8: INTERMEDIATE GIHAR COVER

This wos machiaged from o 6.25 mm thick mild staél
plate cut to 75 mm diometer, This waz turned to the
required outside diameter (60 mm) and faced to 5.5 mm
thickness before ether turnings were done. The holes
centres were picked nnd the holes drilled on o small
drilling machine, ' ;

ITEM NO. 9: MAII DRIVE COVAER

This was 2lso machined from a 6,25 mm thick mild
steel plate cut to 100 mm diameter. It was turned to. the

outside diometer 2and faced tm 5,5 nm thicmeoens boefore

other machinings were donc, The holes centres were

plcked and the holes drilled on 2 small drilling machine.
s _ . N

LITEM NG, 10: SPACER o v " . o . ' ol

. L

50 nmm diameter mild steel rod waé.cut to 50 mm
length., This wasg faced and the ovtside dlameter turned
to the requirced dimension before it woe bored to size. 8
pieces of 5 mm thiclmess were parted from the piece,

ITEM NO., 15: KEY PR

6,25 mnm x 6,25 mn key stecl was cut to the correct
178 R
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length (10 nm) and hand drcssed.
ITAM NO. 19: CLAMPIIC SCREW ]

This was machined from 30 mm mild steel rod, cut to
280 mm length. The ends wore foecd and centre drilled.
Then 20 mm diameter woas turned to the required length.
The small dizameter was pe @ in the chuck and the other
end zupported by o contre belore the 30 rm thrend was
eut. The othcr ond was hold in the chuck and care was
taken that the chuck d1d not grip beyond the part to
be parted off. The free end was supporiedby o centre
before the 20 mm thread was cuk, The 30 mm ond was cutb
to length,
ITEM NO. 21: CLAMPING PLATE

The required length was cut from flat bar 70 mm x bm
(70 mm x 5 mm bar was not available). The hole was drilled
and the plate milled to 5 mm thickness, The outting was
done with a band saw, o

ITEM NO. 22: CLAMPING PLATE S

This wag ag-for Ttem 21.

ITEM NO, 25: SPRING SEAT PLAT:

This was nade by cutting 6.25 ﬁm carbon steei rod to
a length of 5 mm. This was burncd to 6 mm diameter and
facod to about 3 mm. The plate was then held in & mag-
netic holder and ground to 1 mm thicknoss. ﬁ
ITEM NO. 28: SPINDLE COVERS

These wore the same us ITtenm 9, except that 31 mm
hole for spindlec protrusion was drilled.

t
II

OTHER TTEIS: . e

Other items were bousht as they are standard items,
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PLATE 4 CARRIER SUPPORT ASSEMBLY
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7,8, . Assbmbling 3

The assembling was done in ¥wo main wnits. T£e
Llrgt unlt wos the spindle carrdier assembly which houscs
t;é spindles with their gesrs nd chucks (sce Plate 3).
The sccond was the carrisr support asscembly which houses
the drive sghaft, the intermediate geara and the mounting
unit for the attachment. I also hag the index location
and clamping vnits {see Plate 4). ;

! The carrier slides into the suvport assembly and
it is prevented from gliding out by thc clamping grub

gercw,
me whole ﬁnit 1s as shovn in Plate Fo. 5 é

THE COST OF MANUFACTURING PROTOTYLD

The cost is conputed for the prototype. The
method used iz to cost each part separately. The total
cost 1ls thus the addition of these " and the cost
of assembling. |

ITEM NO. 1+ COVNECTING ADAPTOR

This was made from 200 nm standard mild stecl rod

cut to 35 mm longth.
| 1 metre of 200 rm mild stcel rod costs - H690.00

. 35 m costs - ¥ 24.15
It took machinist eurning ¥58 per 40 hours (#3%,000.00
per annum of 2080 hours) 9 hours to complete the item.
(. Cost = %% x 9 = #13.05,
The oversll labour cost will include the total fringe
benefits enjoyed by the Machinist, 1 factor of the over-
head cost of the company and the machine depreciation

2llowance.

#4
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S0 the nhova cost is multiplied dy a factor of 2
to zive the cost.

. » Labour and overhe d costs = #13.05 x 2 = N§26.10
Material cont = ¥24.15
To+tal cost. = ¥§50,25

ITEM NO, 2: DRIVD SHAPT

™ais 722 machined from cn € alloy stecel rod 100 mn
diametoer, 125 mm long.
i metre of rod costs i1656.64

« « 125 mn costs ¥ 82.08
This part was rachined in 8 hcuris: using the previous
standard,
Iabour wnd overhead cests arc 45 X & x 2 = ¥23,20
Materinl coot = #82,0C
Total cost. =105, 28
ITEM NO. 3: CARRIGR SUPCORT

This was £abricated Tron 100 am plate cut to 400 mr
diancter,
Price of 100 mm plate = #1,461.00
iros. of standzrd plate = (8 £t x 4 Tt) = 2.4 me-
tres x 1.2 metres) = 2,00 s, metres,
r? = o (0.4)(0.4)
= 0.1257 sq. metres.

Cost of materi:zl = géééﬁl x #1461 = #H63.75

Area of pert cut = /1

Assunming that the welder 2nd the machinist were on 2qairl
wages, the total hours spent on flame cutting and machinag

wag 28 hours.
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... Labduf and overhead cost is %% x 28 x 2 = ¥H81,.20

(Note cost of gas for cutting has been talen off by the

factor) 3
Labour and overhead costs = # 81.20 F:
Material cost = # 63.75 %

E Total cost = H;E;T;;. !

1
;.
i

ITEM NO. 4: SPINDIE CARITER

This was fubricated Trom 2 off 40 mm plates flamed
cut to 350 mm diameter. _ -

Price of 40 mm plate = ¥548,00

Area of standard plate = (8! x 4') = (2,4 x 1,2)

8¢. metres = 2,88 zq. metres. :
: ; L
Area of part cut = 2(?7)(9422) = 00,1925 sq., metres.
Cost of material = H EINEY:) i
= ¥%6,61

Total hour spent on flame cubtting and machining was

20 hours.

Inbour and overhead cost wog %% X 20 x 2

= ¥58,00 .
Material cost = H36.61 | |
Total cost = Q4,61
i3 4

|
ITEM NQ. 5: SPINDIES :

The spindles with the flange for chnck mounﬁing was

machined from 100 mm mild steel rod cut to 12% mm lengths.
Coat per spindle is ng follows:- i “
Cogt of 1 metre of 100 mm mild steel rod = ﬂ%17.30
Cost of 125 mm = ¥ LLLe20 x 125 = #14.66 |
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Total hours spent on machining was 6 hours =?'. ;|

. « Labour ond overhead costs = g% x 6§ x 2 o

v . - i
: ?

| \.. -;E:»‘:_:'vr;i-.&__l e . = H.T 7‘40
Coat per spindle = F{17.40 + 14.06)
= N32.06

Cost of 3 spindles H96.18 = - |

(Note: Whe-. en 16 nlloy steel 18 uééd and the spindlé
nose is trkreaded the price is expected to be lesy than
the nbove price). (40 mm rod would be used)}. E,_:[z
IIEM NO. 6% IDLBR GBARS - | o

' These were machine from 30 mm en 8 alloy steel cut

to 65 mm length., The retajner was cut from 25 mm mild

gteel rod cut 15 mm long. ?
If B
f

1 metre of 30 mm en 8 rod cost H#22%,00

223 x 65) . =
65 mm cost H(—fﬁo—o—i | |

= #14,50 | S
1 metre of 25 mm mild steel rod coats H6,60

15 mm cost ﬂ(?ﬁgg x 15 i

= HO.10 - |
H4.5 + 0.1
¥14,60

Total cost of material per gear

4

[

The machining was done in 6 hours.

.. Cost of labour and overhead = %% X 6 x 2

1l

T.40
Cost per gear = H14.60 + H17.40 |
= ¥32.00
Cost of 2 gears= #64.00. ' _ %
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ITEMNO. 7: GEARS

Gears were mzchined from 100 mm mild eteel rod cutb

25 mn long. 7The [four gears' hlsnks were held together
in a mondrel and the gears cut together, thus reducing
the machining time. _ -

1 metre of 100 mm mild steel rod costs HI17.30

25 o cost G2l x 25 = #2,93 B
Material cost for the Four gears = H11,72 |
Machining was done for the four gears in 12 hours.
Cost of lavour + overhead = %% x 12 x 2

= ¥34.80 _ -
Total cost of the gears = H11.72 + 334..86 |
| = #46.52.
TTEM NO, 8: IDLER SHART COVER ‘
This was machined from 6.25 mm mild steel piate

rough cut to 75 mm diameter. i
Price of 6,25 mm plate = H93.25 _ i
Area of stondard ploate (8 x 4) sq. TH.

= (2,4 x 1,2) sq, metres = 2,88 sq. metres.
Q.075 i 0.075 ;v 8q metres

Area of part used =

= (0,0044 sgq. metre, : ) o

fost of mnterial (for 1 cover) = 93.252xag.qp44

= H0,14
Total time spent on machining one piece 1s 2 hours,

Overhead + Labowur cost = g% XxX2x2 = #5.80
Total cost per plece = ¥5.80 + NO,14
- | = ¥5,94
.Cost of 2 pleces = ¥(5.94 x 2) = ¥11.88,
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ITEM NGO, 9: MAIN SHATT ce IR

This was 2lso mar.ined from 6,25 mm mild steel

plate roupir e to 10 mm diameter,

Arge of part nsed = 0.0078 sq, metre.

Peice of 2,88 sq. metres = ¥N93,27
Cost of moterial = 2'§ x 00,0078
= $#H0,25
Time spent en machining was 2 hours.
... Iabour and overheand cost = X g% x2x 2
= HSDB
,'. Cost of cover = ¥5.8 + ¥0.25
= HG.OS.

ITEM NO. 10: SIACERS

These were made by boring to S8ize 50 mm length of
50 mm diameter mild steel rod and turning the outside
diameter to size before porting off 8 pieces ench Smm
wide.

1 metre of 50 mm mild steel rod costs ¥22,20
2520 % 50 = W10
Time spent in machining was 4 hours,

50 mm co sts ¥

. « Iabour and overhead cost, = H Zg-x 4 x 2

= ¥11.60
Total cost of spacers = H11,60 + ¥1.,11

ITEM NO. 11¥ Mi6 GRUB SCREW
The price for 100 was H30,00.

« o« Price of one = ¥O,30.
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ITEM NO, 12: MI1O ATLEN CAT SCREWS

These cost ¥20,00 for 100,

e o Price of 10 was H2,00,

ITBM MO, 13: TAPDR ROLLAR BEARING SKI* 30200
The bearing costs H§25.00 each R

. « Price nf 3 bearings = ¥75,00
ITEN KO, 14: SINGLE ROW ROILER BELRTH

One bearing costs H10,00

. « Cost of 2 = K20.00

IIEM NO. 15: KBY - |
6.25 x 6.25 key steel wos cut and dressed to suit.

-
'l_ .

¥

3

Total length cut = 60 mn

5
Lk

i
f

Price of 1 metre of key steel = M1.25
Cost of 60 mm = ¥0.08 |

To cut, file and dress 4 keys took nbout ' hour.

ITabour + overhead cost = ﬁ'%% x 1 x 2

¥ 2,450
Total coat of keys = 82,90 + HO,08
S N = ¥§2,98.
ITEM Nb, 16: 30 mm BXTRRWATL, CIRCIIP

Price is #22.00 per 100

Cost of T pleces = 85 x 7 = H1,54. |

ITEM NO.17: 17 om BXTERNAT CIRCLIP .

This item was not uscd,

ITEM NO, 18: BOLTS M4 x 6 mm

The bolts cost‘ﬂT.OO Tfor 100
Cost of 24 = T%a x 24 = N1.68,

186

e



ITEN NO. 19: CLAMGING SCREW
This was machinced from 30 mm mild steel rod cut to
280 mm length.
1 metre of 30 :m mild stez) rod costs H10,92
280 mm cost ®10.92 x 0,280
= ¥3,006
The machining took 3% hours

. « Labcur + orerhead cost = 2% b 4 ; x2 = ¥10.15

Cost of screw = H(10.15 + 3.06) = ¥13.21.
ITEM NO. 20: M30 NU?
The nuts cost #85.00 per 100
.. The cost of 2 nuts = ¥1.70.
ITEM NO. 21: CLAMPING PLATE

This was cut from flat bars 70 mm x 6 mm, This was
milled to 5 mm after hole was drilled,.

1 metre -of bar costs #¥11.50

. » 220 mm cost M¥11.00 x 0,22 = M}M2.53
It tuok 1% hours to drill anu mill
... Labour and overhead costs = ¥ ;% x g X 2 = F4,35.

Cost of plate = ¥4,35 + ¥2,9%=N6.88."
ITEM NO, 22: CLAMPTNG PLATE

Thi=z was from +the same material as Item (21).
Price of 160 mm flat bar = ¥11.50 x 0.16 = K1 ,54
The labour and overhead costs are approzimately the
same as for Item (21) = ¥4.35.
Cost of plate = ¥4.35 + ¥1.84 = ¥6.19.
ITEM NO. 23: PLUG M8 x 4 mm (GRUB SCREW)
The price was #12.00 per 100

Price of one = ¥0.12.
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ITEM NO. 24: SPRING
This was not bought., The cost of 6 mm 0.D. helical

compressive spring about 8 mm uncompressed length is
estimated to be HO.20.
ITEM NO. 25: PLATE

This was made by cutting from 6,25 mm carbon steel
round bar, a length of 5mm, The bar was turned to 6 mm
diameter. The piece was held in magnetic holder and
ground to 1 mm thickness,

1 metre of 6.25 mm carbon steel rod costs N2.75

. 5 mm cost ¥HO,Ot
The machining took about 1 hour.
.'. Labour and overhead cost = H g% x1x2=1%82,09
Cost of plate = ¥2,09 + HO.01 = ¥2,01.
ITEM NO, 26: 6 mm DIAMRETER BALL
1 kg of this ball costs ¥1.50

The price of one piece is insignificant.

ITEM NQ. 27: SINGLE ROW ROILER BEARING SKF NJ206B
Price of one bearing = Hz0.00

.. Cost of 5§ bearings = ¥100.00,
ITEM NO. 28: SPINDLE COVZRS
This was machined from 6.25 mm mild steel plate

rough cut to 100 mm diameter.
Area of part used = 00,0078 sq. metre
Price of 2.88 sq. metres of material = #93.27
Cost = ¥ 22l x 0,0078 = ¥0.25
Time spent in machining was 2% hours
Labour and overhead costs = g% x g x 2 = #H7.25
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Total cost per piece = ¥1.20 + ¥NO.25 = ¥7,50
Opst for 3 covers =— H7.50 x 3 =4H H22,50,

ITBM KO. 20 UNIVBRSAL CHUCKS

i
On chuck costs ¥155.00 i
i

. + 3 chucks cost ¥495,00. |
The poototype was produced in appreximately 15C man

hours (133 for machining and 17 hours for assembling).

With proyer casting and amsembly fixtures, the time will

l .

be well reduced, L
7.2 COST SUMMARY | ?:
ITEM NO. " OVERALL COST (3) |
1. - 50. 25 R
2 | 105. 28
5, 144.95
4. - 94.61 - |
5. | 96.18 ' i:
6. 64.00
7. 46.52 ;_
8, v . 11.88 i
9. ' 6.05
10, 12.71
1. S ; _-
2. 2,00 | {
s, 7 0 se0 b
14. o 20.00
15. . T 2.98
6. - 1.54 |
17. S - '
o/p 734,25
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COST SUMMARY (contd.)

ITEM NQ. - OVERALL COST (#) i e
e e i

18 . . 1.68 o
9. | 1321 _f. a
20. . 170 -
21, - - - .88 - .
22, ._. | 6.19 R
25. . . oa2 o
24, ff_ o .ﬁ _: 0.20 o ..”;;.
25, . o 2.9 | B
26, - }

27. o 100,00 o
8., . 22.%0 S
29, o 495,00 | _{f

TOTAL  E1 384.64 .

——

Take 7+% of this cost as assembling cost i_
. . Cost of agsembling = N 103.84 ?
Overall cost of prototype=#1488.48. | ;

It should be noted that the most expensive parts of
the prototype are the chucks. The prototype without the
chuck was produced at N993%3,00. The cost of labour and
materiale in this country is very high. It is expected
that when this attachment ia produced by qualified machine
makers, the price would be less than one quarter of the

abeve price, This will make it commercially profitable.
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8.1

CHAPTER BIGHT

p . TESTING OF THE PROTOTYPE

The centre of the two working spindles of the
attachment is 50 mm below the centre of the lathe. This
requires the use of 2 tool post different from that of
the lathe »r alternatively, making special tools (cranked
tools) for the attachment,

When the prototype was being teated, it was easier
to use tool posts clamped directly on the cross slide.
The tools were then packed to the required heights.

The prototype was tested in two places. The first
place was Dunlop Nigerian Industries Limited Workshop
where it was made and the second was at the Production
Laboratory of Mechanical BEngineering Department of Ahmadu
Bello University, Zaria,

TESTING AT DUNLOP WORKSHOF
At this workshop, the lathe used was the Colchester

Lathe that has 200 mm centre height. Two operations were
performed; one was turning while the other was drilling.
To use the drill, two flats were ground at the shank so
that it can be held at the tool post. (It will be proper
te have the correct tool holders used in multi-spindles).
The drilling was done in the front station. The tool
post holding the drill was clamped behind the tool post
with the turning tool, so that they could have equal
amount of feed. The drill used was 5 mm drill and the
workpiece was aluminium bar. The slowest speed was used
191
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initially, but later a higher speed was used., Six test

pieces were prcduced in the manner,

PROBLENMS SNCOUNTERED

The only problem was that the lathe tool post could
not be used., Two other tool posts were taken from smaller
lathes and fastened directly to the cross slide, The

compound rest could not be used, r . .
TESTING AT AHMADY BELLO UNIVERSITY PRODUCTICN TABORATORY

The attachment was mounted and tested on the pres-
eribed centre lathe (Plate 6). Two tool posts were

mounted directly to the cross slide as for the previous
test. _ R
Stepped turning was made on bright mild steel rod.
This was done by advancing one tool ahead of the other.
Owing to the inaccuracy expected in the production of
the prototype, very light cut was taken. - R
Three picces were produced. The time taken to
produce these pieces was found to be less than half the
time that they could have been produced on gingle spindle
lathe, | o

N | . L
These tests showed that the design is viable.
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CHAPTLR NINE

+
"

9 - COMMBNTS AND CONCLUSICH

e i e e ———

Before clncluding, let us compare Single spindle and

Multi~Spindle Lathes.

oo IT tt is the tot2l time Tor machining a werkpiece

on a single spindle laths, tm iz the actual machining
time. t5 is the time for work change’tool approach and

- withdrawal and other nop-machining time., a

by =t + Yy (26) ;

Rate of production, Q is given by f
B T Q== = T (26) : .

R g _J"'m * %q | o

. i
The abave equation defines optimum production, 7irst on

the ideal machine tool whose dovn time is infinltely
Ghort and whose produgtivity is determined by machine time
aﬁd secondly the technolegical idezl production cycle
where the minimum machine time results in maximum output,
The zabove congept is important for practical applica-
tions. With the employment of n + 1 spindles of multi-
spindle lathes, with n work station and one loading
station, the time fTor machining a piece on the multi-

gspindle tms is E%H of the time for a single spindle, i.s.

by = o
ma ~ n

If loading 1s done at a station while others are
working, then the down time tds is only used fer indexing
which is about 3 to 5 seconds in milti-spindles. This is

much less than the down time td of a single spindle,

o
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tms = %% i.e. ©

Tas i< msff‘tm'
Comparing the total machining time per piece of ﬁulti;
spindle (tst) and the same time per piece of single
gpindle (tt), time saving uvaing multi-spindles, is given

by A t. where y

RERE ﬁ t = bb - tS't = 'bm + td - (th + tdS) t

This, as a fraction of the original machining time on

single spindle, B, gives L"'

= AR - ot Pt bps ~ Yae SR
ﬁt tm + td

with tds being negligible.

B

tm_+ td - tms

B = .
tm + td |
tus = R |
148 !
. tm + td - E
. . B = tm + td :
t i
Divide =2ll through by t, and make > = K |
m L
1 L S o
f+ K- A
1 + K s ;
U -b erio0) (1 -d) 4k |
E% = - — = (100)
T+ K _ t + K _

From this equation, it is sure that even when a single

gpindle has zero or negligible idle time, so that X = O

' 1
B% = (1 - E) x 100

for n=1

e o e T
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E¥ = 0%
for n = 2
E% = 50%

wWwhere K is very large, say K = 1

(2 - 2) x 100%
E¥ = >

for n = 1, E% = 50%
for n = 2, Ep = T5%
Since K lies between O and 1, then the saving on
a double spindle machine is between O and 50% and that
saved on a 3-spindle machine is between 50% and 75%.
The time saving increases as n increases, but the
rate of increase drops with increase in n. For instancc

take K = 1 and n = 3,

E=253x100 = 2x12 - 83

and for K = 1 and n = L4

E = g_a-i-x 100 = § x 100 = 87.5%.

The above equations are for ideal cases where
multi-spindle lathes have no idle time and are 100%
efficient. In actual practice, the time savings are
less than shown, However, this shows that a tremendous
time saving per workpiece is expected in a three-spindle
attacnment over a single spindle lathe.

The actual time saving of the attachment over a
single spindle lathe is much lower than stated above
since tool approach and withdrawal as well as indexing
are done manually. When turning, the depth of cut on
eacn of the workpieces cannot be more than 2 mm diame-
terj;and this is providedthe tools are nicely sharp ard
correctly positioned,
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The tests conducted on the protctyﬁe showed that
in spite of the inaccuracy ef its production, it gave
about twiece the productivity of the lathe en which it
was tested. When made by a proper machine tool manu-
facturer and with the ecorrect materials, the producti-
vity of the sttachment will be increased, " ,;

The tests conducted on the prototype proved'theii
workability of the design and confirm that the project
is technically sound. There is no doubt that it will
be commercially viable, . 1 L”{:ﬂ'

. A
RE COMMETDATION TOR FURTHER STUDIES IN THE SAVE FIELD

The follewing are recommended for furtﬁér studles:
(i) Methods of bateh producing 3-spindle attachments
including design of production and assembly fixtures.

(1i) Production and testing ef the prototype of six-
spindle attachment with design of efficient teooling
system. _ :

(i1i) Design and production of automatie collet
epening and closing device for the 3-spindle attachment,

(iv) Design and production of automatic indexing and
clamping devices for the spindle ecarrler, Lo

(v) Study of stresg concentrations on the lathe Dbed
and spindle during mounting of the &ttachment und when
cuts are taken on the spindles.

(vi) Design and production of other types of attach-
ments to improve the productivity of the 3-spindle
attashment. ]
(vii) Pre-set toolings for the attachments, .
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