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This report outlines the des atile low cost
'Precision Turning Mochine with & Limited Milling Fecility'
which sutcmaticelly produccs work accuretcely to the required
form at a high producticn rate.

The moving headstock cond cross—glide have independant
hydrostatic slideweys. The headstock spindle end hydraoulic
motor have intepral hydrostotic besrings "nd the erosg=—slide
toolpost csn prescnt bobh stetic and roteting tocls to the
Work. A scquencing circuit ennbles any one of sixteen tocls
to be sclected from a nagozine.

Cenerzl zsscmbly drowings arc inc
fosture together with proving calculati
of the design.

The aspects of werk-loading, cutting lubricent end swerf
areovel are discussed in the report which conecludes with
recormmendations for the future.




17 .

Dz,

D5,

CCITImTS
THTRUDUCTICLH
THLL): TWARY CAICUL:ITONS
2.1, Cutting Forces
D2.2, Headstock liotor Rating
D2.3. Specific Cutting Capacity
2.4 liachine Capacity
RLEPCIT G T HoADSTOGOK SUB-CO MITTL:
D3.1. Introduction
D3.2. DBasic Requirements
D3.3, burvey
D3.%. Design Solution
D3.5. Aprnendiz - Headstock Design Calculations
D3.6., EReferences
D3.7. {ipgures
REPORT (F T FRAIL AV, SLIDEJAYS SUB-COLITTEL
Dt troduction
Di..2. Basic Requirements
Di,3. BSurvey
Dip.l., Design Solution
D45, Slideway Frotection
c

Di,6. References

Di4.7. TFigures

FPCET OF THE TOOL-POST AND TOCL-LUADING SU5S-CO..

D5.1. Introduction
D5.2, UObjective

DE,.3, Lasic Kequiremeats

IT

TR

e



DY

D5.Lk. Survey

D5.5. Design Recommendations

D5.,6, Design Solution - Tool Post Station

D5.7. Sequence of Operation

D5.8, Selection of Cutting Tools

D5.9. Investigation into a Copy Turaing Attachment
D5.10 Sequential Control of the Tool-Post and Tcol Loading
D5.11 References

D5.12 Figures

D6, EREPORT OF THE TAILSTOCK AND LACHINE FACILITL:S SUB-
COMMITTEL

Dé.1. Introduction

D6,2, Tailstock Design

D6.3. Cutting Lubricant

D5, Swarf Renoval

D&.5. Aprendix - Calculations

D6.6. References

D6,7. Figures

D7. EKEPORT CF THi ALSTHETIC AWD LEGONQ: IC DESIGH SUn-
CULMITTER

D7.1. Introduction

D7.2, Appraisal of Coafiguration

D7.3. Final Configuration

D7.4. Refercnces

D7.5. Figures

D8, CCoTMG CF MACHINE DUSIGH

RuCO#IuDATIONS FOR TiHE FUTURS

- .



D3/4/3
D3/4/ ks
D3/4/5
D3/4/6
D3/L/7
D3/1/8
D3/1/9
DL/14/13
D/ L/ 1 b
D5/5/6
D5/5/7
D5/2/11

£ ey AT
LACHDTE: DRAVIINGS

Headstock iLissenbly

Disc Zrake Assenibly

Pratt 200 mm, x 3 Jaw Power Chuck No, 114

Pratt Hydraulic (ylinder and Distributor Assembly
Work Loading llechanism

Loading Drum

Transfecr Arm

Relative ilovements between Work and Cutting Tools
General Arrangement of liachine

Tool-Post Station - Precision Turning ifachine
Tool Magazine - Precision Turning Machine

Tailstock General Assembly



D.1. TNTRODUCTION ,

Lecemmendations ovut forvard by both the Configuration Committee and
the Technical Survey Committe were used as a fuide in formulating the
+design.

It was neccssary to divide the Design Committee into five sub-
comnittees in order that the design work was adequately covered. sach sub-
committee consisted of at least one member of the Design Committee who acted
as chairman and two or three project members, This enabled the Design
Committee to co-ordinate the work of the sub-comittcees.,

The task of the Committee was to design a machine waose function is to
vroduce work which is performed on a centre lathe but vith the added fcature
that it will also perform other operations which would normally require the
usz of a milling machine. This necessitated a departure from conventional
design, which resulted in a moving headstock cradlcd between the slideways
of a machine frame of a box-type structure , a tool-post which moves ot
right angles to the work axis in the vertical plane but positioned in the
lover part of the machine, and in order to catur for the many differcnt
machining operations, a tool magazine to store the tools and to present
them to the tool-post at the start of each machining operatiocn.

»ith all tho machine movements being controlled by a punched paper tape
various mechanisms had to be desisned in order that the machine could respond
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to these signals,
Other features considered in the design werc floor space taken up by

the machine, the scrvices that the machine would require, and initial cost
together with running cost,

D2, TIELImTWARY CATCULATIONS.

It is nccessary to look at the cutting forces in order that the power
required at the tool point can be calculated and therefore the machine
efficiency determined before camencing the detailced design study.

D2,1. Cutting Forces.

Consider the forces acting on a tungsten carbide knife tool taking
the following cut in EN 1A mild stecl:~

Depth of cu ras 0.250 inches (6,35 mm.)
Feed/rev 11 0.010 inches (0.25 )
Cutting speed 'cs' 350 f£t/fain (108 m/ivin)

Specific cutting Pressure 'P' for EN 1A 5
5 i i e g
200,000 1b.f/inch” (1.379 Gi/m")

Tangential Cutting Force Fec = dxf xp
Fe = 0,250 x 0,010 x 200,000
Fe = 500 1bf(2.224 i)




40, Fe Ref 1

Axigl Cutting Force F )
200 1bf(0.89 ki)
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Radial Cutting Force E' Ref, 2 for single zcint opcrations lies
between 0,08 Fe and 0,45 Fe but in the case of cer:iric tocling R' lies
betieen 0.7 Fec and 1.1 Fc it is thereforc assumed that R' is equal to Fe

R' = 500 1bf(2,224 k)

Resultent Cutting Force R_= 735 1bf(3.27 ki)

D2,2, Headstock botor Rating

CS x Fe
33 ,C'OO

1}

HP required at tool

= 350 x 500
33,000

HP required at tool 5.3(3.95 ki)

The efiiciency of a conventional lathe with a gearcd drive decreases
as speed increases, only 50. of the input pover being available at the tool
at a 1,000 rev/min. A headstock .wotor and bearings have been selected for
the machine vhich improves efficiency considerably at high specds Ref, Section
D3, Therefore a 5,0 HP (3.?2 kﬁ)headstcck motor has been chosen for the
machine,

It is necessary to check what cuts can be taken when wachining materials
which have either
(a) High 'P' values
(b) High 'CS'
to ensure that sufficient power is
available at the tool.

The cutting speeds are those recammended for use with tungsten carbide
tooling.,

'f' +tas held constant at 0.010 inches/rev
(0.25 ma/rev)

(a) Consider Ni Cr Steel En 35 :-

Pt = 500,000 1b/inch® (32.45 Gi‘:’/m'z)

i = 200 f£t/=in (61 m/nin
For thcse conditions

tq! = 0,165 inches (4,2 mm)

(b) Take an aluminum alloy:-
'cs! = 1,000 ft/ﬁaiﬁog m/min) 5
p! = 90,000 1b/inch“(0,62 G/m")
For these conditions
'at = 0.185 inches (4.7 mm)




The value is celeulated for wachining 17 1A vwith tungsten carbide tools

‘at 75s efficiency.
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0,25 x 0,01 x 350 x12 =75

h 100

4 457 inchesé/hp min. (L6 k,om/I7T min)

D2, Machine Cepacity

lizchine Capacity

iiacihine Capacity

1]

HP x 8,C.C, (at 7% efficiency)
5 ;%51

108 Gat /il TS ket fain)
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D3, _ REPOKT OF TH: HEADSTCUK SUB-CULL ITTuE.

Prepored by :- AV, Terry
R, Crooks
RV, Joncs

D%.1 Introduction,

An important featurc of the configuration prceposed for the precision
turning mochinc with a limited milling facility was a moving hcadstock.
This implied that the headstock i1iould nced to be a compact, sclf-centaincd
unit capable of moving with respeet to the machine frumc along a slideway
with a very low coefficicnt of friction., Te accomodate both: precigion
turning and milling operations the headstock drive will necd to provide o
specd variable over a vdide range,

This rcvort describes the design procedurv leading to the final headstock
arrangement. 4 hcadstock assembly draving is presentced together with detail
dravdngs of a2ll major parts of the assubly. Also included in the report arc
calculations necessary for the headstock design concerning the hydrostatic
spindle jowrmal bearings snd hydrostatic slidevay bearings.,

It vwas decided by thc group boord to offer a work-loading mechanism as
an accecessory to the machine, The basic requircments and an cconomic survey
of this facility were investigated. The design is included in this report
of a cheny: but cffeetive way of rroviding sutomatic woik-loading on the machine.

D3%,2. Basic Roguircments.

Headstock Drive.

The nendstock drive was to bo capable of providing rotation at a
centrollcd rate to facilitate, for example, rilling a helix, and it was
degirable for it to have a continuously vardiable speed within the desircd spocd
range. It had to be capable of induxing vwith high accuracy to any position in
360", with provision for positivc locking in this position,

Chuck.

02 autematic machince with high initial capital costs it is cssential
to airm for the maxi-zmm machine utilisation, which can be aided by povcer-
work holding. Further, to tak. full odvantage of the high metal removal rates
possible 1ith modern tool technology, it becomes desirable 10 usc a pover-
operated chuck to obtain the higher horsepovurs necded on lathe spindles,
The requirasent, thcrelfore, was for o fully cuvcematic chuck controlled by ¢
nurerical control systom but with provision fer mamual overide,

Fforce of the chuck had to be controllable to accomnodate
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Thercby, in the case ¢f thin componcats vhich verc lisble to be distortod by
he high grippiang forces necussary for heovy rrmu:i.nt; cuts, the gripping force
could bu rcduc.d to cnable a finishing cut to be taken without ranoving the
componcnt from the chuck., Also, the consisteacy of gripping force possible
vwith pouvcr-operated chucks would pranote rccuracy.

It woe decided to aiz for a chuck with a bricl specificaticn as feollows:-

(a) & L inch (100m.m.) diamcier work capacity. This value was derived
dircetly from thc Teochnical Survey rcsults, but to accommodate small castings
and up to 8 inches (200m.m.) dimmeter short work, it was cnvisaged to fix
these iteme to a "facc plate pallet" fitted with a contral boss wihich could
be gripped in thc chuck.

(b) 4 minimum overall diasmcter preferably lcss than 12 inches (300 m.m).
This was considered to be the mininum dimension possible from an initial survey
of chucks capable of helding 4 in, (100 m.m,) diamctor workpicccs.

(c) Capable of holding the workpiccs concentric with the axis of the
machine to within 0,0005 in. (0.012 m.m) moximum, which was considercd fram
past cxpericnce to be the order of magnitude for precision work,

It was cssential that the design of the hoadstock resulted in a coupact
wiit of minimum size in order to keep overall mochince size to a mindmum, and to
be acsthotically acceptable,

Spindle.

It would be nccecssary to have a holc down the centre of the spindle to
accomuodate the draws bar for porer-chucking, but provided the diameter of holc
was of the order of half the diamcter of the spindlc the reduction in spindle
gtiffncss could be ignored, sec Fig D3/2/1.

To detecrmine the range of spindle specd requircd, exawoples of vhot were
felt to be the cxtrenc conditions likcly to bo cncountered by the iachinc <cre
cxomined,
hioxciimm rcv/r,ia' Consider taldng a light single point finishing cut on 0,5 in.
(12.7 mum) 0.d. Alwiinium at a cutting spoed of 2000 £4/min. (610 m/min with o
Tungsten Corbide cutting tool.

hotatiopal = gusting spes = 2000 x12 - 15000 rcv/min.
Speed circumfercncc C.5 %

This was an uxtrumcly high speed and it was thought that some casmpromise on
this flguzu would be noucessary.

Idnimum rov/min: This muet tcnd to zero for the cutting of a helix writh a
milling cutter, for cxample, si;_--w the rotation of the chuck will be linke
with the feed rate, Cons i&ar, however, screving an 8 in, (200 M. ) O.de
cast iron costing (Brinell 230) “t a cutting spced of 6 ft/rdn (1.8 ﬂ/.".".ln)
1ith a high speed stecl cutving tool.
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Rotaticnal = 6312 3 rov/min,
Specd 8 x

Frem the above calculations it apwcored that a continuously variable
specd fray 0 - 15000 rev/min was required, A calculaticn based on mean work
diamctur of a mild stecl worknicc. using corbide cutting tools resulted in
a spindle specd as fellows:

Rotational = 400 x 12 400 rev/min,
Specd 4%

A frequency distribution diagrom wou d result in the form showm in
Fig D3/2/2. Thercfore, sumiarising, a continuously variable vrced range of
0 -3000 rev/r_.tin would enter for most cumbinations of work and tool material.

work Loodinge.

The requircnent was for an attachment vwhich would load and uniocad the
nachins automatically and would verforn the opcration as quickly as possible,
The attachment should be operatcd by one comsand fram the tare input and thea
continue by mcans of an internal actuation systea, This could be in the form
of a cai, rotating drum with stoss, or 2 rotary nydraulic valve, The attach-
ment should be as cawact and versatile as possible accepting workpi.ces up to
8 in. (200 .n..;;.) long and a 4 i, (100 m.m) dismcter to give the mechine good
Jjob capacity.

Sincc the headstock already had o controll.d movement, the work- loading
o

attaciment should be stationary, hence requiring the clmeck te move up to
acecert the workpicec.

D3,%3  Survey,

Heodstock Drive,

It was considered that chonge-specd gearbox and cone pulley drives would
not be adequate and it was thorefore provoscd to investigoate drives climinating
the disadvantages of thcsce typos. In addition following Configuration Comnittec
Report PI/CF/1/9 reconmendii 1 a ioving headstock, a compoct headstock which did
neot invelve dircct mccn.uuc'\l link vith the driving motor was required. Those
requircments could be met by hydraulic motors.

Hydruulic pover in the opcration of mochine tools offers continuously
voriable speed and considerable pover. A difficulty ariscs in obtaining a
chuck capable of l"oh.:l."lg work with sufficicnt grip to bo 2ble to take
advanbage of the vover vihich is available., Disadvantages appenr with
hydraulic motors in taat as the cfficicncy is the combinced onc of a pump ond
motor it is generally less than a mechanical drive, and if the hydraulic
motor is cxpceted to give full power over a wide speed range it may become
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very heavy end costly. Turther, oil viscosity veries with tamperocturc and ma
couse fluctuations in specd, although compensating devices can be introc uc'e_.d
to deal vAitin this probles. Rapid and shockless reversing is possible and
relief wolves provide a saflcty factor, Chonges in spindle speed can be
ef'fceted cither ma.nually or by mmerical tapc contreol and the superiority of
the drive is cenhoaccd by the fact thot spocd viriation can be made while
cutting. Thus whilc using cemented—coriide tools o ocut could be started at
o. speed which would not d:.u;zr‘.gc the tool, and then with the toel in full cut
the spoed could be set to a maximum,

An altcrnative to a hydroulic drive was an clectro-magnetic induction
coupling such as the TASC (Torque and Specd Control) unit, This could be
used to provide the lethe requircment for falling torque-constant horsepower

e speed rises. A TSC torque systom allows manual control of the torguc

f‘run the TASC unit outwut shaft. The speed will rise until the torque
darionded by the load riscs to that set monuelly on by the tape. The rated out-
put torque is typically quoted in the range 0-2500 rpm, and higher specds
wouid involve using a ;_\.'\rbox.

Svindle Design.

Tn the design of machine tool spindles, the r**qui?'ur*cntb for high
stiffness, smoothness of sliding and thermal distortion conflict with cach
other,

Deformation of the spindle contributes typically about two-thirds of
the flexibilitsy at the chuck even vrith the best loyout. The stiffness of
the chuck is reloted to the fourth power of the diametcr of the spindle
betireen the bearings and it is therefore iimportant to scleet a spindle
disircter which strikes the right balance betwecn the requircments for high
stiffncss and the avoidance of thermal distortion. The diamcter of the
gspindlec is usually linited by the diamcter of the bearings which rwst bo kept
vithin certain limits to avoid high toemperaturce.

The choice of bearings for the spindle lics beticen:-
(1) rolling clement (2) hydrostatic

Rolling clement bearings are rcadily available and offcr relative chcapne
but arc limited in performance in comparison with hydrostatic bearings.

Hydrostatic bearings have very low friction propertics. The use of oil
hydrostatic bearings is groving rapidly. In thesc bearings o finitce thickncss
of oil exists round the Journnl at all times cwven vihen the spindlc is not
rotating., Widcr speed z'mg ez arc attainable with thesc bearings than with
rolling cleuent beorings vithin given terperaturce liudts. Air hydrostatic
(acr sta‘s.a_c) boarings 1’1111 very cool conmared with oil hydrostatic bearings
but arc gencrally used for light loads and very high spceds - up to 10,000 ~
20,000 rcv/La_n. An advantage of scrostatic bonrings is that the working
fluid is clear ond it nced not be reecireulated, so that the problem of
xcluding obrasive dust is much simpler, They arc not suitable, howcever,
Tor general use in larger bearings.

55



In the cheice of bearings for the spindlce, hydrostatic were preferred to
rolling clement for their grenter performance, and oil hydrostatic bearings
i 5 # 2
aprcarcd more practviccble thon acrostetic bouarings in this arplication.

The liachine Tocl Industrics Rosearch Associction (1.T.I.R.A.) have
rroduced non-dimensional grajhs in order to gimplify the calculations for
the optinum spacing of bearings for mechinc tool spindles. Analysis shows
thot it is very difficult to improve by more than 10 upon the stiffness of
an optimm ti‘-'o---bc'“rin;; system by the addition of a third bearing. The spindlce
arrangoment would thercfore be a two-bearing systas wnd it was cnvisaged
providing a wmotor vhosc becarings werc intcgral with the wain spindlc bearings

the Liachinc,

Types of Chucks.,

The vast majority of power operotcd chuelks in usc arc operoted by a dircct
meechonical metirod, but with the greatoer deuands of nuicrically controllced
machnines the operation of wore recently developed pover chucks can be classificd
into threc basic types:

(1) pncuntic, (2) hydraulic (3) clectric

Of thesc three the wmost coummon sre pncumatic and hydraunlic, owing to
the grector use nowvadays of pnoumatics and hydroulics for general power on
nochine tools, Assuming both sources of porer are available en the maching,
the deecision to use pneounatic or hydraulic operation normally depends on a
combination of several focters. FProm the cost viewpoint, pnocunatic opceration
“poars to be cheaper thon hydraulic opcration viith chucks under 15 in, (LrOO r’m‘)
in dinmetor,

-

The most porular arrangement consists of o cylinder mountcd on the tail
of the latlic srindle and rototing vith it, pncuwiatic or hydraulic pover being
um licd to the eylinder from a distributor. CyJ.:anlorr for pncumatic
operation arc usually made of aluminiwa to reduce the moment of inertia, while
those for hydrsulic ocwerati o:1 arc generally wmade of steel to cater for the
higher pressurcs involved., Normally the cylindcer piston is comccied to the
chuck by on opurating drfv ~bar,

Pncumatic or hydraulic opciation can also be provided by o "fromt-cnd
chuck”, which 1ucorn cratcs a cylinder built inte the back of’ thc chuck. This
arrsnf»u_iont hag the advomtoge of o simler ingtallation without the nced for a

p=1 t. . g
drav~bar, but incrcuses overhang and loads cn the front srindle bearing. The
nost comicnly cm, loyed mothod of surilying wower with this orr: ngcmc,nt is to
use an annular ring eithor on the reor face of the chuck or on its periphery.

Tlcetrieal opciation usually consisis of a reversikble clcecetrical motor

which drives, through a reduction gearvox o sreset frietion clutch, a nut
viich opcrates a drow-bar, The motor and rouuctJ_on sear orc mounted on and

rotate with the spindlc, power being brought to the moter by menns of convens
tional slip rings,
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The modc of ovperation of power chucks is cither by a systom of levers
or by wedge action to closc thoe jmis concentrically.

Levor-type chucks provide the bost canradsc betreen a high mechanical
adventage to provide o good pripping force, and adequate jaw movoment to
accamodate tolerances on the gripping frcee of tho caamponent, Chucks
oncroting on this trinciple can be provided with different mcchanical
adventages, depending an the sroportions of the lover.

The wedge-type of chuck is rmch simpler than the lever-type as there arc
fever moving parts, but has a slightly lover cfficiency and a nechanica
advantage somcvherc in the middle of the 1lover-type chuck range. However,
ite loss of officicncy is morce than bzlanced by the increascd ruggednoss
inhorent in its construction, alloiing higher drow-ber pulls to bec utiliscd,
with a conscquent incrcasc in 1ir.,

To ¢btain high spocds it is cssential to minirdsc the oaent of inertia
of the complete chuck thereby reducing the power required to accclerate and
deeclerate the spindlc and woriricee, and to pinimisc the effect of centrifugal
forces on the jows, to overconme conscquent loss of gripping power, Composite
chucks, in which the stiffness of the body is provided by lightweight alurin-
ivm and only the lond-beoring Joawr=ways arc in st.ol, :cet thuse reguircments.
1ith these lightweight high speed chucks wirich gencrally hove wedge action,
pouer reguirenents and loading on brakos, clutchces and tronsmission are decreascd

Arvart froa the mechanical propertics and dimensions of thc components
concerned therce trere obvicusly rany factors whica affected the choice of the
corrcet chuck, so thit it icerme difficult to specify a porticular type from
the wide renge of pover-operated chucks available, as being most suitable for
our nceds, It was folt that cxpert advice wos csscntial and thercfore the
choice was mode following o visit and consultotion 14th ¥, Pratt and Co. Litd.,
of Halifax, who arc specialist chuck namafacturcrs.

YVork Lo:ding,

The study of group technology for caap nents has cascd the classifi-
cation of work piecus. The usc of a row of digits to rclatc to the overall
dirmcnsions ~nd madvimingscquence neans, that for o mochine such as the onc
being considersd, a stondard range of blanks con be used, This cascs The
problon of work losding since & stondard range of claups can be uscd and
metched to the batches %o be produced,

The autanatic vrork loading of the machinc boing designed in this project
vas censidercd to be desirable by the group board, but the work-locding
attochient shou'd be included s an ceccssory nd not as on integral part of
the mnchiac,

The cconordcs of work losding fall into scveral coterories. For small
components autonatic work locding %311 specd up production by reducing idlec
timc as compared with wamually fod jaachinges.
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For a co-ordinsted production line whoere onv part is possed successively
from mochine to machine, all machines have to be tinied to run to the somc
tine cycle as the sleoiest macnince. Thus by using work loading to specd up
the slowest imachine the production rate could be increascd.

On a hydraulically opcrated machince the work loading device can be operated
fron the mein circuit as it will oaly be used viwn the rest of the machine is
at rest, This climinates the nced for a scparcte power supply to drive the
work loading .quipment. Hovever, although the work loading is of 2 sequential
opcration typec and is hounce self contained, an initiating control from the main
control system would be required to start the scquence,

D34, Design Solution.

Headstock Assciubly.

The survey inte headstock drives revealed that a hydraulic motor mocting
the design requircments alm o.f:.t cxactly hed boun developed by the National
Engincering Laboratory (W.E.L.) for apnlication to machine tool drives.

This motor was of the axial pistox vardioble disvlaccicat type. Spced control
vias achicved by varying the swash plate anglce and in conjunction with o
variable displacement pump a speed capobility up to 2000 rev/min. wa
available, The heesdstock motor vms based o this design, Roef., Huadstock
Asscmbly Droving o, D3/4/3%, and by sceling technicucs 1t was considered
that this smallor motor would be capoble of o_pc.n.t_]_on up to 3000 rev/min to
mnect the projeet specification, The motor shaft has been cxtended to form
t_u, niachine spindlce and is supported by two oil hyfiros toatic Jjournal boarings.
The front bearing is of double conical design and vwill take both rodial ond
axial loads, vhilc the rear bearing is of parallel design and will resist
roedial loads only, The conical beoring consists off twvo rows of six cqually
spaced pads of recesscd design sct at 307 to the spindle axis, and tac
poxallel bearing consists of once row of six cqually spoced recessed pods,
fa. Si;: pad configuration was sclected since with a smalloer nunber the load
preity of the beoring would have been dependent to sowe extent on the
Ju_mctlon of load applicotion, Calculotions woie carricd out to cvaluate the
design parameters of the spindle beari: s, Ref. D3.5 Appendix.

A hydroulic motor of the piston type has the ability to act as 2 very
cffcctive brake and cnn stop o machine spindle fron high specd almost
instantancously. Thercfore the braking of the spindle and chuck is carricd
out by the hydraulic motor and the function of the disce brolie is to hold the
spindle rigid against the cutting tonpuc apnlicd by an end mill or drill,

FPollovdng informction given by N,BE.L., no toumporaturce probloms arc
cnvisaged tith the hoadstoel since a gimilnr hw\muuc' motor running for an
8 hour poriod at if.1,L, wxperiunced only cn oxteracl 5ru risc above an
arbicnt temperatur:of 28C, It 'ms therefore apparcnt that an cfficient
cocler, Ref. Control Sysiens Finocl ILeport, wrould kecp the hendstock ot o
reasonable tomperaturc,



The headstock moter casing hes been designed to incorporate the hydro-
static slidevnys, Sc that it vill be sufficiently rigid this casting will bo
coegt from Groade 17 Cast Iron . Cnleulations for the hydrostatic slidors
bearings have been gveluated for a three pod configurction to give good
resisbtance to tilt by opposing .ovient foerces, Ref. D3.5 Appendix, Provision
cn the easing hos been mode for sceuring the actuation cylinders which move
the headstock, the lincar measuring system and the digital roms vwhich control
the motor spuecd,

Pixed to the rcar of the motor easing by o flange snd bolts dis a
casting olso cast fraa Grode 17 Cast Iron housing the rotary cncoder, Ref,
Control Systoum I'inal Report, and the dise brake, Ref. Dradng No. D3/4/L.
This casing incorporatcs an outrigger roller bearing housing, the functicn
of the bearing being to prevent 'whin' in the spindle cousced by the overhang
fraa the hondstock motor becrings, 4 removable cover in the casing gives casy
access to the rotary cncoder for assombly and inspection purposcs and to the
disc braic for maintenance, In addition the coveor provides a scolcd oxit for
the oil supply lincs fram the motor and the dise broke, and the air sujply
lines froa the encoder.

The chucking requirements vere met by an 8 in. (200 1,ii,) dia. threc-
Jav: high-spgz;,d power chuck, Ref, Drawring No. D3/L4/5, manufactured by F. Pratt
% Co, Ltd,,(Halifax), This is o lightweight composite chuck hawing an
aluminium body fitted with stell jaw-ways carrying hard top jamis. The
gripping oporation is by wedge action cffccted by a draw bar having a stroke
of 0,937 in. (23.8 m.m.) and a maximum pull of 5000 1bf (2721 kg) provided by
a 4 in (100 m.i1) bore rotating hydraulic cylinder mounted on the reor cnd of
the gpindle. 0il is sunplied to the cylinder by mecans of a two wvay rotating
hydraulic distributor, Ref'. Drawing o, DZ;,/J.,./é. A pmoxdimun static grip per
Jew of 3680 1bf (1670 k.g.) is available at 6000 1bf (2721)kg draw bar -ull,
The arrangenent operetes up to o iasiinm recomaended spoud of 3100 rev/min,
with a consequent 15 - 200 loss of moximun static grip.

Yok Loading Mcchanism:.

The work-loading mechanism, Rel, Drawing o, D3/L4/7, will be offcred as
an accessory to thoe machine., It consists cssentially of the following thrce
mnits:-

1) Loading drun

2) Transfer chonnecl

3) Tronsfer arw
The loading drw, Ref, Draviing No. D3/4/8, hrs been designed to be
1ne Loou nL) (i L:L.., VoL o l"OJ.J__u 8 i3 N N8 DCcen C.le‘zrlu J i

canpeet and capable of accepting any diameter or length of workpicee within
the speecification of the miachine, It is a sirmwle scquentinl unit, operated

pneunntically fraa the main air line, advoncing the drun through a ratchet
and povl mechondisa, It will be consgtructed from welded steel plate to mini-
misc cost, The unit accormodates 20 componcnts, but con be lengthencd by



aprroximetely 4 in (100 m,) for cich additionsl t.o componcnts. A capacity
of 20 componcnts vas chosen so thot the unit could be frec standing vertically
alongsicde thoe mochine, In addition th. type of work for widch the machine is
designed will have o fairly long flocr to floor time and conscquently the
viork loading drum should only have to be refilled once cvery hour on average.
Provision is made for rclonding through the omen side of the drum before it

is completely empty. HNaintenance 141l pe limdted to routine greasing of the
bearings and pivot vins.

The transfcr channcl has a simple veo—-canfigurction accepting billcts
1 = 4 in (25 - 100 rm.) diamcter., It is attoched to the loading drum and
tronsports the camvonents tc the transfer arn.

The transfer arm, Ref, Draving No, D3/L4/9, consists of a transfor rom,
adjustable transfcr channcl, ond incorporates an overload deviee in the head,
The tronsfor ram is a pneumatic type hoving a stroke of 15 in, (380 mm),

This will be attached to the machine and will offer the workpicece up to thc
chuck through an aperturc in the machine side. The transfer channel is
providcd writh adjustment so that cach time the bateh is changed the unit can
be quickly rcadjusted. A rotractoble stop camensates for changes in rork-
picee length, whilst there is an adjustment vertically to allow differcnt
workpicce diamcters to be position.d exactly on the chuck centre-line with

the transfer rom cxtended. The overload device in the hend provides a means of
witching of ' the hceadstock motion when the component hoag beon properly
located in tac chuck, It is 2 sgimple coupression spring type unit with a
pncumatic transduccr giving the cut-off peint.



D3.5. Appondix - Heoadstock Design Colculntions.

Naomenclature.,
AcW = Load capneity of hendstock conical bearing in an axial planc
1of (k.N)

| L 3 - SRR o 4 ] 2 2
he =  coffcetive arcn of hydrostatic pads inch® ( ma.”)
b = pad oil escone periucter length inch  (um)
D = diameter of carillary or restrictor inch (rm)
F = Forecc cxcrted by dise brake piston 1bf (k.X5.)
h = actual gop botween pad and face  inch ( ;* m)
ho = cquivalent gap betieen pad and foce at vhich

® = inch (!- )
1 = longth of capillary or rcstrictor inch  (xma)
1, = Pad land width inches ( c.m)

Le7 = Redial load on Headstock conical bearing 1bf (kIY)

Ip¥ = Redisl load on Headstock parallel bearing 1bf (17

: B Gy aod P
Pc =  (cll Pressurc 1b/inch M.N/n%)
e i 2 ax s 23
Ps =  Supply Pressurc 1b/inch (£1.20/1a")
Q =  0il flow inches™/s  (mo/s)
o = i1 oW imenes 3 sy =
Qq = 0il flow from Headstock Journal Dearings inches /s (1‘11:13 s)
: : 5 e 5 e iFoui?
R = resistance to oil flon of pnd londs 1bs/inch” (¥.S/im”)
T = resistanco to oil flow of coudllary orprqstrictor

ib s/:mcl’ (1 .S/mmj)

Re/ = Lood eapacity of hcadstock conlcel bearing in a rodiel plone
1 (k)

Ri = Coll Radius  inch (i.m)
o - . g \
Ro = Pad outsidc radius incn  \mm)
RpW = Load cepacity of headstock parallel beoring in radial plane

1bf  (k.N)



Ta

mll;_-.

Radinl Resultant cutting force 1bf  (k.N)
Stiffncss of ¥al or Bearing  1b/inch (M/:awm)
Thrust from Pad or Bearing 1bf  (k.N)

Hoxirum lead which can be applicd to hendstock jourmal bearings
If  (k.N)

i : 4 . : 5 . 2
viscosity of hydrostatic bearings oil reyns 1bs/inch
(W.s/m")

cocflicicent of friction between disc broke prd and disc



Hydrostatic Swindle Journal Bearings.

. . 2
0il is supplicd to the boorings at 1000 11:/1!12(6. 9 MV/.n")

Consider cnch burring rov as 6 circulrr pads of rccessed design cqually
apaccd arcund a circwafcrence. LZach pad is scparated fraa the ncxt by reccss
in line with the benring axds RBer. Fig D3/5/10. Thosc recesscs have been
found to incrcasc the stifiness of the bearing

in o

Consider a Single Pod:-

Lot b = 0,0006 in (1, 21 m)
> h = 00,0003 in !‘n
Let Ro = 0.9 in (22 8 1}11
and Ri = 0.6 in (15.2 1
then Le = (R02 - Ri2)
J.  Bo/Ri
Y
he = (0.9° = 0.69)
2 5
Ae = 1.7k irl2 (1120 1'1’;12)

Stiffness of onc Pad:
s ho = 0,0003 inchus (?.6,..‘111) for best opernting gop
S = 3 Ac Ps (112/1103)
B 2
h /hc

{’i+

S = 3x1.7h x 1000 x 107"
15_3{3

S = _ 4.35 x10° 1b/in(0.77 iifix)
3

The moxiiwn stiffness of o pad occurs vhen ho = 2h

3

.2 h for noxirmw stifiness = 0,000238 inches (6.0 /-.,* 1)

ib/in (C.885 N/ m)

5 el
oo S..,.){ = hHxie

Lol
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Moximum Stiffness of Double Conical Beoaring in Radial Plonc:

o The conical bearing consists of 2 rows of 6 cqually spaced pads sct at
30"to the spindle axis,
ik

By taking camponcnts in planc of load "7 Ref. Fig D3/5/ 10

Radial (s1 + Ss) = 2x2x4.35% 106 x Cos 30 deg.

Radial (Si:- + 85 + 8, + 85) = b x 2x 4,35 x 'lO6 x Cos 30 deg x Sin 30 deg.
Moxirmun Radinl Stiffness = Sum of Rodisl Stiffness Componcnts

.
= 30.2 x 10°1b/in (5.35 N/m.)

Moaxirum Stiffncss of Double Couicel Becring in éxial Planc;

12 Pads will contribute to Axial Stifiness in either directicn,

o Maximum Axial Stiffncss 12 % 435 % 106 x Sia 30 Deg.

1

26 x 10611:/1:1,(4.6 10/ am)

Moximum Stiffness of Parallcl Bearing in Radial Planc:
The arallel bo iriee ia1 1 w of 6 o allv soneccd pod
¢ perallel bearing consists of 1 row of 0 cqually spaccd pods.
lciun Radial Stiffness = 2 (8, + 8, Sin 30 deg. + 8,5in 30 deg.)
J,.‘..

174 X 10611q,»’iq. (3,0 N/ sa.)

liaxizm Load Capacity of Hydrostatic Spindle Beorings:

The moximua lead permissible will be thet load (i) vhich occurs just
before metal to metal contect in the bearing., Ref, FIG D3/5/10.

T = _hc Ps
~ 3
1+ (M)
¥ o= (TS— T, )4-('.1’6 -T,)Cos €0 deg. + (T{,_E_ - Tz) Cos 60 deg.
{ = Ac Ps _‘_1______*_______ - . __  + 2Cos 60 deg.X
[ 1 +lho - x )5 1 +(hc = xgj
k v ho ) ( ho



(no =/2)° s (a0 5723
( ho )

At point of metel to nmetal comtact in bearing ho = X

S W = ke Ps(4.549)

Fiaximum Load Capacity of Conical Bearing in Redinl Plonc:

Re Yx

I

Cos 30 deg. Ac Ps(1.549) x 2 since two rows of conicnl
bearings.

Re W..... = Cos 30 dege x 1.74 x 1000 x 1,549 x 2

il

Ec W 4,660 1bf (20,7 k)

Moxi-unm Load capacity of Coniccl Bearing in ixial Planc:

fo M. = Cos 60 deg. he Ps (1.549)
ho Wy = 1,350 1bf (6.0 k.IM)

T

Iaxi.um Load Cepacity of Par~licl Bearing in Radial T'lanc:

Rp ¥...., = Ao Ps(1.549)

Fp W.,. = 2,700 1bf (12,0 k.N)

Praximum Load to which Headstock Spindle Benrings will be submitted :
Ref. FIG. D3/5/11

Caleulntions arc carriod out neglocting any load carrying copacity of the
outrigzoer boaring vhich is prescnt only to rruvent whip in the spindlc,

Turning forces crce coasidercd in the enleulaticns as they are much larger
than the milling or drilling forces.

Th. 30 deg siopc of the macnine bed is not teken into account becausc the
resulting weight component of the hondstock will opposc the exial cutting forcc.,

Tor cvoluation the turming cutting forccs have been split into an nxial
forco of 200 1bf (0.89 k) and a force R, of 707 1bf (3.4 K7) which canbincs
the tangentisl and rediel cutting forces ‘Rof, Scetion D2,



-—1{: o

For the worst condition the assumotion is made that these forces are
acting ot tho cnd of «n 8 in (203 mm) length workpicee of 4 in.(101 mm)
diamcter, The tailstock centre is talen not to be in usc to suvpport any of
the lood.

The weight of tho wiits comprising the hoadstock vias cstimated and
includes oil and veight of spindle for thot portion of its length,

Rodial Reactions ot the Parallel and Condenl Spindle Bearings:
(500 x 26)+(3 x12)+(20 x6)+(11 % 45) -(14 = 20) ={22 x 25)~(200 x5) = 10L 7

L
&)

1

1,182 1bf (5.25 Ki¥)

1

Lol 1,004 1bf (h..47 T)

Consider force }?.R acting on spindl¢ bearings:-
707 x 26 = 10 LW

. LeW

1,838 1bf (8.18 ki)

Lol 1,131 1bf (5.0% xil)

1]

Axir] Roactions ot the Conical Spindle Berring:-
The maximu axicl foree duc te cutting will be 200 1bf (0,89 KI) Ref,
Scetion D2, Hovever if the tailstock centre is in use it could apply a forece
il s - o M
of 400 1bf (1.78 KNV) Rcf. Appendix Di. When giving moximum suprort to o
vork; dcece, Thercforce the wmoximm tobal axicl force wns considercd to be:

600 1bf (2,67 Ki)

TABLE I,

Conparison of maximum foree idich con be applicd under the worst
conditions and thce 1lnod copncity of the heondetock spindle benrings.

Lord Copacity of Benring Hrxdmam lood applicd
1bf (k) 1of (k)
Double Conical Booring i .
in radinl plenc L8660 (20.7) 1,838 (3.18)
Double Coinical Bearing
in Lxial Plene 44350 (&.0) 600 (2,67)

Poredle]l Beoring in

Redial Planc 2,700 (12.0) 1,4% (5.03)
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In coch ense the bearings have an om,rut"_no ..J.Ct..j' fﬂctor of at least 2,
This will allow for o drop in tiwc 1000 1b 1;1015 9 N,/m ) oil supply duc
to say a L”‘t:wlT" blocked filte fLlso it s 111 roteet the bonrings against
overload conditions or misusc,

Hydrostatic Slideway Deorings:—

Loch bearing frec has hydrostotic pads as showm in FIG D3/5/12

iiaximum Londs to which Hendstock Slidcwey Berrings will be subjected:-—

The eutting tonguc will be oprosed at foces 4, B and ., Talking minimum
rov/min, vaecn cutting as 100

Mox Torque = HP x 33,000

2% H .
min

= § x 33,000
2% x 100
= 262 1bf. £% (355 H.n)
Now foces £, B and L arce ot 2 muan rodius of 6,5 inchus (16.5 cm) so,

Iace 4 must or;JOSu a forc. of 124 1bf (167 lim)
it i

Frce B i 1 i it

foce " " %m0 217 1bf (335 N.n)

Fad

Consider forec RI vwhich couscd maximum reactions in hendstock spindlc
beorings,

Let
LipW

1,838 1bf (8.18 k.N)
1,13ﬁ 1bf (5.03 k.X)

Now Lol and Lyp'7 nct in opposite dircetions thereforc the worst condition
is taken and it is asswacd that the heodstock tips about the widdle prd. It
vns therefore assumcd that the middle pad does not contribute to cither the
stiffncss or lond eapacity of the slideway bearings. Calculations were thon
referved to the centres of the two cond pads,

Meximim londes on slidcwny bearings +ill be, Lew and
These loads vwill be :

!

+ loading duc to cubting torque of 12k 1bf(167 Nm) ot face A
& i i 1" 1" n i i noog
- it 1" ' i i" wo9L7 lbf(B.jS an) 1 s B
= H " r 1 3] it il " in G
i 1 it i i it " Wi ] 1 D



Maximum possible loading Le” +111l be oprtosged by faccs 4,B and D,

Faces A and B will opposc Lell + 247

L
13

= 1,379 1bf (6,12 ¥I)

Foee D will oppose _5 Lew = 247
13

= 1459 1bf (2,04 XV)
Consider load LpW, this will be opposed by face C and O

Foce C opposcs 8 Lo - 247

= 453 1bf(2,03 k)

ace B opposes 5 Lo + 247

= 678 1bf (3.01 Xi)
Mozdmum lood cupoeiby of hondstock slideway bearings:

The moximum load permissible will be that lond which occurs just
befeore metal to metal contact as for the hydrostatic spindle bearings.

oil sunply 1000 113/:‘_:12 (6.9 -:Tn/md)
ho = 0.0005 in (12,7 pr .m)
!
Minimum gop possible at centre of cnd pads Ref, FIG D3/5/13

h

; 0,004 x 2.25

1.2

u

0,00019 in (5.0 P )

hy = 0.001 % 9.75

2 a2

12

=_.0.00081 in (20.3 prm)

he for faces AB, D and &

= 3,655 . (2,360 mm2)




s BB (L.,000 mmz)
Por faces 4,B,D and E (Tq - ’1*2) % 3,360 ~ 415
= 2,945 Ibf (13.1 kW)
For free C (T, - T,) = 5,770 - 710
= 5,060 Ibf (22.5 k.A)

Taking forec camponents in the planc of maxiium londing vwill determinc
if the slideway beoarings have sufficient copacity.

Maximum lond wvhich c¢on be carried by frecs L and B

I

sin 75 deg (TA) + Sin 45 deg (TB)

1

oz (2945) + Sin 45 deg(2945)

fu

sin 75

= 5,115 1bf (22,7 kN)

Moximum load which can be corricd by face D
= Sin 75 deg (TD)

= 2,845 1bf (12,6 XN)

Mexdmum lond which can be carried by face C
= Sin 75 deg (1C)

= 1,900 1bf (21.8 kV)

Maxirmum load vhich can he carried by face E
= 8in 75 deg (TE)

= 2,845 1bf (12.6 k)



TABLE 1T
Comparison of the maximum load which con be applicd under the worst
conditions and the lond capacity cf the headstock slideway bearings considered

in thc planc of maximum lond,

Load Capacity of Bearing iaoximum load applicd

1bf (k.N) 1 (k.N)
Face A) 115 (22.7) Te318 (6.12)
Facc B)
Face C 4,900 (21 .Bg 453 (2.03g
Face D 2,845 (12.6 459 Ez.oa
Facc E 2,845 (12,6) 678 3.,01)

It can be secn that the minimum operating safety factor is 4.
aximm Stiffness of the Headstock Slidewsays Hydrostatic Bearings in the
planc of moxioum londing:

Stiffncss of the bearing frees A B D and B

S
h

5 x 10° 1b/in (0,885 /m.) at
0.0005 in (12.7/.- m)

Laxiumum stiffness occurs when ho5 = 2h5
i.0e 2% o gap of 0,000397 inches (9.0P111)

SMAX = 5.6 x 10° 1b/inch (0.99 N/ m)

Stifincss of bearing face C

6 ;
S 7.0 x 10° 1b/inch (1.24 ¥mim) ot
h 0,0005 inchus (12.7’“..1)

wn

6 "
SMAX = 7.9 % 10°15/inch (1.40 N/ m)
Maximum Stifincss of headstock slideway bearings.

= Sun of componuit stiffnosscs,

Sin 75 deg S.( + Sin 45 dcg + Sin 75 deg SD Sin 75 deg
Y 8.+ Sin 75 deg S +
C ) A1

Sin 75 deg(5.0 + 5.0 + 7.0 + 5.0)+8in 45 deg (5.0) x 106

25.7 x 10° 1/in (4,55 N/ m)
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Therefore the loads to which the hendstock slideway hydrostatic bearings
will be subjected arce well within their copabilities and a high degree of
stiffness is meintained. The sanc situntion rm])lics to the cross-slide and
tailstock hydrosteatic bearings which are of similar design.

Size of Capillary or Lestrictor for Headstock Spindlc Bearings:

Liaximum stiffncess is achiceved vhen R = 1
S, Pe o= Ps/2
now r = Pc/Q = 1i28p-1
DL}‘
Q = Pe b 5

v
Gfs-ln Ro/Ri

~d and assume 1 (2.54. Cm)

Consider onc

i' ]

e B = ‘128 1 h3

i

v 6 x 0,40547

D 0.0082 inchcs (0,208 im)

If o standard cajillary of 0,010 inches (0,254 nm) diametcr is c 1osen then
the length of the camillary = 7.0 incics (176 mm) sincc 1 varics as D7, It is
not possible to fit 2 cemillary 7.0 inches (176 mm) long into the bce.rmgs unlecss
it is cciled. In prackisc a capiliary of say 0,008" (0.203 mm) could be
cmployed and the length adjusted to cbtoin the correct resistance and
accomodate errorsin diamcter. Alternatively a larger dismcter coiled capillary
could be fitted which would be luss susceptible to blockage.

Flowr of oil fraom one pod in headstock spindle bearings:

Ref cquation (1) Q@ = 500 x W =x \,,0003
7z

-

6 x 38 x 10 ~x 0.405L7

< = 160 x10™° ins /._, (7.5 11}1"15/ )

Prom the 18 pads which make up the hcadstock spindlc bearings the flow of
0il will be

GH = L60 x 10'6 x 18

VLT
%&‘i

I

8.5 1077 3‘4153/5 (136 nnn}/s)




}
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Flow of o0il from Hydrostotic Slidcwny Bunrings:

Consider onc »~d

8 & Pe. By B
2 = 500 x 0,0005° % 7.5
12 x 38 x 10"6}: 0375

8.

I

5.5 x 4072 in e, (b m/s)

From the headstock hydrostatic slidewny berrings which consist of 15 pads

2 = 4.2 x 10215 3/3 (675 mmz’/s)

For all the hydrostatic slidewsny bearings on the mochince

Q@ = 0,125 inchcs /E: (2,050 m3"

and for all hydrostatic bearings on the mehiae both journal and slideway

8 = 0433 3n e (2190 mmz’/s) at

1000 1b/1.1ch (6,9 1N /:Ln ) oil supply

; of Capillery for Slideway Pads:

[#p]
|_I .
]
€

i e b s

o= l*";;128 1
5’ Po'ﬂ

- . " . X
Consider capillory to be 1 inch (2,54 cm long.
s

L 4/27§x103x138x106 33
J )Obﬂ"
D = 0,0096 inchcs ( 0.24) mn)

If o stondord 0.010 inches (0,254 mm) diracter capillory is used then 1
bocomes 1.175 inchus ( 44.5 mm).

Disc Brake,

The function of the disc breke is to hold the spindle rigid against the
torque applicd by an end udll or drill. The cnd mill or drill is driven
through & 1:1 plenctory genr by a geor pump motor situated on the cross-slids
of 3 HP (2,20 ki) rating with a minimm specd of 500 rev/min,



Por friction pnds fyo verics bebween 0,30 and 0,45 and is unaffectced
up to 400 deg C,

Moximmum Torque that conn be applicd to the srindle by crogs—slide goor mctor:-

Torque HP x 33,000

“"
oW Ny

5.x 33,000
2W x 500

1

31,5 1bf.ft (42.7 N.m)

1

Disc broke opernting pressurc is 1,000 lbf/inch2(6.9'L,N/m2)
DiscBroke acts at a radius of 2,. inches (61 mm)
Diamcter of disc brake operating cylindcr is 1.25 inchcs (38 mm)
Lgsume Fo at lowest valuc of 0.3

hoximim drag at meon radius = E.F.};o

liaximum torque which coan be resisted by dise brake

1,000 xT x 'n.252 x 0.3 x 2.4
b x 12

147 1bf.ft (200 N.m)

Hence the dise broke is sdequete for this apnlicotion vwith an operating
factor (ﬁAZ/31.5)of over 4. The high opercting factor will provide rigidity
against fluctucting loads as the number of teeth cutting veries and alse
prevent torsionsl vibrations,
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DY, RUPCRT OF THe FRAME AND SLIDI Vo SUB-CGHi ITTEE,

Preporcd by:- N.b. Pl
-}—:-— ° DCﬂI‘.. 5 C
tiLe Hortom.

DY .,i. Introductio.i,

The design of a machine frame and slidevays suitable for a machine
capablec of precision turning end also a limited ausocunt of milling poses twe
problems, The first of these is that the frwse would have to be a very stiff
structure and the second is that the =lidewsys would have to provide exact
aligmment and a sliding surface with a lowr co-cfiicient of friction.

The report of the Configuration Commitiec put forward certain design
propesals which have been considercd and included wvhere possible.

The box-type structure for the moving headstock and tailstock is a
featurc which has been included, but in the case of the tool-post a compromise
has been reached., Iicasurcment along the axis of movement has been retainced for
the tool-pest butbt not for the headstock, and the actuation of the moving
claments has boen seperated from the axis of movencnt.

Hydrostatic bearings have been used wherc possible to provide an almost
fricticnless movement for all sliding parts.

A survey vas carried out into the varicus methods of glide:ay protection
and the results ond reccommendations are included at the eand of this regort,

™

Di.2, Basic Recuirecments.

Thig can be divided into two sections:-

iiachine IFrame.,

This is requircd t¢ be of sufficient strongth and rigidity to abscrb the
rees encountered in all the machining opcintions perfermed on the work, and
as a result the deflcetion of the vachine frame sinould be a pdndmun,

y
(o}

£

It snould be stable in the static cusc vitnstanding the weight of the
headstock, tool-post, tails 00&, hydraulic actuators and all ancillary
cguipment vhich is mounted on the mhrhlqu frame structurc. Ia the dynamic
case it uwst close the flov of the oncreting forces vhich arc cxieried betueen
workplcece and cutting tools,

The design of the maching froms should cnable it te be nmounted kine-
matically with tho mlnL'u: ol rest I.LTtuO that it functions correetly
without reliance cn the foundations for cxtra stifiness. ref. 1.

Slideiays.

The mechine tool slidewnys should provide cxact aligmnent of all



movin~ parts in all positions of movement under the ¢ffect of operational
forces

=]

he glideueys should satisfy the follovding requiremcnts:-

1) Provide the movemeant required vwith the minimum of friction and the
maximum stiffness.

2) Providc a means of compensating for wear,
3) Allovs case of assembly and cconomy in manufacturc.
) Be free from restraint,

5) DIrevent chip accumulation and provide for easy removal of chips.

Dy .3, Burvey.

The previous work donc by the Configuration Committec in preparing a
linc diagram of the maciinc resulted in a layout in which the moving parts
viere housed in a box-typce structurc,

This arrangemcnt is considered to be very sound in that it forms the
basis for a closed loop structure which should result in an extremely stiff
froec, This will thercfore result in a 'T' shap.d frame, the hcadstock and
tailstock moving in onc l.g of the 'T' and the tool-post moving in the other,
ond at rizht angles to it. This will cnablc the machinc to be nounted
kinematically 14th a support under each limb of the 'I'.

A comparison of the stiffness of four cross—-gections of equal height h
and of cqual cross-sectional arco is showil in fig. Di/3/1.

Athin practical limits of the ratio width~to-hcight (k), i.c. k = 0.5
to 1.5, the closed box cross section appears most favourable because,
copared vith the tubular section, the slightly lower torsional stiffness is
more than compensated for by the increased banding stiffness. In addition,
the ratio between free length and cross-sectional area is important and
has to be given spccial canhidcration having regard to the propcrtics of the
material ewloyed, This becomes particulery iuwportant when for certain rcasons
the stiffness and also the strengih has to be considered and vhen, for instance,
a choice has to be made butteen the usc of cast iron or a welded stecl
fabrication for o machine structure. (ref.1).
In general either cast iron or velded stccl can be used. Both have
advantages and disadvantages vhich must be considered for techmical and
economic reasons,



The propertics to Le considered arc:-

(a) liaterial:

1) Strength under tensile and comrressive loads,
2) Stiffness
3) Vibration characteristics (domping).

(b) _lanufacture:

1) Maintaining accurete wall thiciness in castings is difficult sincc
core displacements can occur, so a generous allowancce must be made, 'ith
velded structurcs tids problam does not arisc,

2) Combining different wall thicknesscs in a weoldment is not difficult.

In the case of a casting faults may arl.gu, so the casting is made thicker, and
hence heavier than need be.

3) kechining allowance, this is such that no trace of skin remains aftor
Aachining,

A rocent article in the "Production Lnginecr" stated that:-

Steel is mucn better than cast iron, It immediately gives a structurc
tides the stifiness for the sam. weight as cast iron, Dasming propertics

of

of cast iron arc viry slight comparcd vith natural damping of slides,
Jjointing facos, ctc., and although stecl structurcs may be neisgy, vibration
properties invariably arc better ovcrall.(Rof.E.)

{e) Economy:

1) The cost of pattorns may be prohivitive for small quantitics but
this must be balanced against the cost of weldiag fixzturcs,

Sroadly spcaking welded coastruction is izore
= 4

thddlq cr sinpl
structurces whilst for canplicated shapss th a ¢

ul'f“'l AL

f—Jm

2) The overall weight of the machinc could prove important vhen
cxport markets arc considercd which involves transport and Customs, The
possibility cxists, therefere, of using light zlloy castings for some parts,

Influcnce of swarf on frauc desigma.

High spced turning and milling michiacs produce lurge quantitics of
chirs per unit tise, the problems of chir removel and chip disnosal have to
be borne in mind duri g the deegign of the machine bed, The general require-
ments of slidoways heve alrcedy been listed,
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A review of cxisting sliduray < siaovs that it is basced on one or
more of the folloving cloments J.ni these can be arranged in diff'erent
confijurstions,

1)} The Voo

2) The flat

3) The dovetoil
4) The cylinder

A dravding of thosc is showa in fig Di/3/2,

Loy configuration must satisfy kinematic design (Ref, 3), that iz a body
in free spacc has six degrecs of frecdom, threc axcs for displacencnt and
three axes for rotation.

To locote the body in cne axis five constrainds must be applied, that is

three rotationol and o axial,

Dh.).., Degiegn Solution,.

The solution to the design of the irame depends to a large oxtent upon
the arraagement of thc various machince clements within the franc

Onc of the Teaturcs thot it was considered should be incorcorated in the
machinc is the'principle of aligmment", vhere the axis of meagurcment aad the
axis of the workpiecc arc coincident. Thereforc a degign layout was prepared
videh included this featurc; this ic shown in fig D4/L/3. In this the
measuring system for the headstock movement is placed behind the headstock
and in linc with the axis of the work, The moasuring system for the tool-

ost iz pleced on the centre line of the tool-post station and at right
331; les to the axis of the work.

=

his dromding also shows the totel ferurd moverncnt of the headstock and
work; vhich ie 22 inches(550 m.m) in this casc. This is made up of an 8 inch.
(200 1. J) movaaent for drilling, then a forvard movemcut to get the work to the
turning position, then finally aa 8 inch, (200 i) ovement past the turning
tool. J.hu total movenicnbis controlled by o hydravlic ram, and it 18 necessary
to have controllod foodrate over the entire stroke. The result is o macnine

of Iirpe overall kingth and thic is considered to be cxeecsive for o machine
»hose moximus vork length ig 8 inches, (200 m. bls

Th. design lsyout chowm in fig. Di/L/k. reprccents a compracise on the

"orincinle of aligmacnt” in that the meacuring systoz. for the houdcotock

movascnt is placed undcrncath the heedstock, vhilst it is retained in the zanc
2

L
position for the tool-post. The hoadstock movencnt is shared by two roms, onc



giving an 8 inch (?_GO il i:'i.) contrelled {cedrate movement, and the cther a
14 inch, (350 i.m,) point to point v-s".-mnt“ In this way the necasuring
systom ne.d only cover the movatent of the 8 inmeh (200 w.m.) roms. The other
ram will be actuated vhen it ic required to move the work to the turning
position. hig %E)l caryy tho controlL A fosdrate ran and meaguring cysten
vith it, Thic arrencement resulis in o more caapact machine,

The design layout shovm in fig, Dlp/)}.,/5 incorporates a fixcd hecadstock
and the total movement of the cutting tools being obtained fraan the saddie.
In this design the soddle is actuated by two roms in the some way as the
headstock in the previous design, the necasuring sycstem also behaves in ¢
sirmilar woy. The overall size of the machine i muech the sowac,

Fig, Di/L/6 shous o dcsign which climinates the point to point ram, this
ig sachicved by moving the tool-post on o guadrant so that a displacement of

14 inches (_;)o il.i,) is obtained, The work movement iz obtained by actuating
the headstock with a ram of 8 ineh (200 m.m.) controlled movement.

The configuration in fig Di/4/7 shows a fix.d headstock --ith the
contrclled fecdrate aovencnt beins, given to the tool-post  togethur with the
quadrant movementof the provicus design described obove,

The decign shom in fig. D4/L/8 represeats o canpromise over the previous
desisns. The headstock has an 18 inch (450 w.m,) contrclled feedrate movencat.
The need for a point to point rom is climinated by specifiying that all drills
over 3 inches (75 m.m) in length are fittod into the tailstock, The tailstock
movaient is utilised to position drills so tiiat the hoadstock wovement only is
reguined.

Cf the six designs pubt forvmard for consideration, it was decided thot the
degign shovm in fig Dh_/h,/i- offured the bust solution, The reasons for
ciriving at this declsion are as follows

In consultotion with Control Comaittoc it —as agroed that an J inch (200 w.m)

controlled feecdrate ovament would simplify the fluidic control system. Also
the use of a meving headstock and a tool-post with a single axis movement at
right angloes to the wwork axis, was censidered a superior arrangenint to a
tool-post with a two axis mwovement., Scparntican of the slideivay movenents
should reeuld in a reduction <f the crrors asscciated with compound slides.

tem for the teol-post

In thic design the mounting o s
tween tool-pest and machinc

snould cnable an absclute reading
Pramnc.

he measuring s
i &

0 be obiadined b

Finally in mceting all of thoge conditions the design still offcred a

mochine vhich wos as coupact as any of the obhers,
Fige Di;./i» 9 showus a doa:gﬂ sTliich incerporates all of the above £ utu,cc,

but in addition the sds of the w 01'1: is tilted through an angle of g5 and tno
tool-post slide isg tilted through (O into the vell of the machiine, 'bnssc tro
chaliges result in a machine oceupyiag a small floor space, without sacrificin
any of the previously mentioncd featurcs,
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the headstock, In this design
the : is Fid L bearings of the ..achine frame,
This arrangumunt cnubl‘* the axis of the work to be in linc vdith the headstock
supports, and as a result any defluction of the bearings suprorting the hend-
stock is aleng the work oxis,

(=]

n

I the work cutting tool relationshiy chosmen, the turning tools have been
pocitioned so that they move in 2 vertical direction, and as a roesult contact
tﬁu underside of thoe work, as shoun on dravding Mo, oA/ 9

In this ariangaoacnt an analysis vos made of the cutting forccs betueon

turning toel and ”oruylucu, ag tids is considercd to be tho Vorst mochining
condition, and as o result the slidewoys hove been inclined at an anglc of 3G

to the horizontal, 1n1~ vill give the mexiium support to the hcadstock and
the best reaction to the cutting forces.

The headstock bearings have becen so designed that they are kinematically
correet, in that they provide five degrecs of restraint vith onc degree of
frcedaon.

T-+A

drostatic bearinzs hove beon choseon for the slidomays, as it is
considcred thet these offer feoturcs that are unattainable with conventional
slidciays using cast-iron on cast-iron with oil film scpurstion, High
stiffnecs valucs together with very low voluvs of co-officicnt of friciion arc
inherent Tfcaturcs of hydrostatic DC.J.I':LI]."T.J, so that these are particularly
suitalle for uce on o numerically controllced machine tool.

The runners for the headstock are cast integral with the molor casing,
and as this iz the woving mesbor, the hydrostatic pads arc machinud in the
runncrs, The male portion of the vee is on the sliding clemcnt and the female
portion is on the frame, it is considered thot this vill provide tho best
arrangenent as well as being the casicst to monufacturc.

The top half of the frame supporting the hcadstock is gplit above tiac linc
of the hydrostatic bearings, and, thereforc, is removable. This will ennble tho
bearings to be machincd in cach half of the frame, and then bolted together
for final asscmbly,

The slidevay decsign for the tool-post, shomm in lg, DY/5/11, is similor
to thit of the huadstock, the main differcnce is that the hydrostatic vee is
inverted so as to absorb the dowarrard forcos resulting fraw the cutting action.

is again similar to that of the

=]

The slideray desiga for tho
headstock in this casc the win difforence is the span between the booring
slides, his has been reduced in order to cut dom the size of the bailstock.

The frome dosign is saom din Tig. Di/L/12, It ig mode up of slideoway vhich
is comion to thoe headstock and tailstock and o slidomy which supports the
tool—p ost, Across the centre of the mochine is a gloping nel ihich braces
togutiior fro vertical poncls and also assiets in ducting the swarf tovards the
rear of the maching,
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D5, Blidovoy Protection,

Three catogorics of protective devices are available:-

-

1) Corrug ted covers ~nd bellous of rubber, leather or terylenc.
2) Telezcopic stecl covers,
3) Wipers,

Ceorrugnted bellows arce purticuloarly suitable for protection of ram shafts and
lendserows, Vherc a length in excess of 12 inches is involved, supports
should be uscd, These should be spaced at intervals of 9 inches to 12 inches
over the reouired length, End fixings arce aveileble of the flonge or collar
type, or a cambination of both. The collar fixing generally being proferrcd
because it does not recguire end fixing holes.

Tho comprecsicon retios asvailsble are given in refercnce 4, . © 1
tables 1 and 2. Vhere bellows arce protecting moving parts such as o leadscrew,
FORTUL provide a yello: and black design as o safety measure, so meking the
cperotor avare of the concealed danger,

In order to achi.ve maximun compressibility ratio o ncoprene (FORTOX) NN20
bellow ic recamiended for ram protection, asswaing of course tiot this material
is suitable for the coolants and lubricants to be uscd,

Leather bellovis are available for dry applications and aluminium asbestos
for high termperaturc conditions,

Corrugated covers provide full protection for all vertical and cross slidoways
and main beds of fast traversing machines, The material is a woven terylonc
cloth impregnated with polyurethane rubber, two layers of terylenc fili,
bonded together by a heoat sctting adhesive to form a laninate. Thesc covers
arc claimed to be light in weight, strongly rcsistant to sbrasion, swarf, hot
chipe, grinding dust and arc iirmme to the cffects of most machine coolanis
zind lubricants.

PORTUX can supply those covers in stondord sizes or to the custaucr's
spocoification, Thoesc covers are built scetionally so thot in the cveat of
local daomoge 2o now seclion oy be readily inscricd.

This typc of protective cover is reccummended feor the slidaways, so
completely enclosing them,

The covers would be flat rother thon felded., Fortox rocomicnd o
fabricoted material of relotively low stiffness, This is in order to
elimdinase the lifting of the cover from thoe bed, when under coupression due
to its o rigidity. FCRICY do not surply these froa the shelf but their
design depertment focilitates for the customcrs individusl requircments. An
approximate guotation obtained vas £10 for the o slidoways.



The =econd cotegory, Tulescopic Stocl covers arc considercd unnecessary for
this apulication, They wou'd neormally be used on larger mochincs where greater
protection is requircd for impact on the top of the slideways, i.e. wherc
operators arc likely to stand or wulk along thc slideways. The cout of this
would be epproximately £30 -~ £40 per slidowray.

Vipers are unsuitavle becousc they only provide protection against
foreign matter entcering beticen the seddle and slidewsy. The sworf if
pushed along the slidewny in froat of the saddle, Wipors arc now made fran
polyurcthane rubber in preference to felt. The design of the wiper includes
o stainless stecl case, the l.uoading edge of which clears the lorger swarf from
the slides. Some swarf may be hot, but insulation against a build-up in latent
heat is provided, the wiper is corrcetly position.d by the creation of an air
pockct betwreen the leading cdge and the rubber incert.

Other less significant mecans of achieving slideway protection belng,
armourcd aprons and roller blinds.
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RLDORT 08 T TOCL-POST AND TO0I~LCADTG SUB-COIL.TITILE,

Preopored by:- H.M. Tovell
Lo fz¢lsom
L. Rajlumar

D5.1. Introduction.

The decision tuv conduct o design study on a precision turning machince with
limited milling facilitics, using numcrical control, mcont thot this sub-
canmittee would hiwve to consider the problam of locating and clamping both
turning tools and rotatiocnal tools as well as providing a drive for the latter,

From the rusults of the Technical Survey Report, it became clear that a
large number of tools would be requirced for use on this machinc, and it was

decided thot a total of cightecen tools should be catered for. These being
divided into two groups, namely turning and rotational tools.

VWith such a large nunber of tools and each one being selected by coarond
signals from the punched paper tape, it mcant thoat cither all tools would have
to be cantained in o~ multi-station turrct mountced on the machine and then
indexced into posgition when required, or storcd in a magazine of somc form and
pruscented to a tocl-station when requirced by some transfer mechanism, The
latter was considered nore favourable and the design study was bascd upen this
arrangencnt.

The advantages to be goincd by the inclusion of a copy-turning attaochment
to the machine were considered, both as o built-in featurc and also as an
accessory., The investigntion showed that the advantages were siacll in com-
pariscn vith the cost involved, and that the majority of copy-turning
machines arc special purposc units, and arc nor.ally usced cxclusively for this
type of work, It is for thesc reasons that this committec hns rejocted the
inclusion of a copy-tuming featurc on this machinc.

D52 Objective.

To cxamine the requircments of the tool-post staticn in order that it
may present to tho work spocificd cutting tools,

To consider the best arrangeucnt of o magnzine vhich can store a total
of cighteen cutting tocls, any onc of which can be presented to the tocl-post,

so that it can, in turn, be presented to the wroriz for the next operation.

D5.3. Bagie Reguircments.

This coan be divided inte two scetions of work,



Tocl-Pogt Station,

This is required tc accept from the mogazine storc singlc point turning
tools =nd rotational tools and to support and prescnt thesc to the work at the
start of a machining ovcration and also to rigidly hold these tools so that
they rithstand the action of the cutting forcus,

Tool Mogazingc,

As a result of information geinced from the Tichnical Survey Report it
wos decided initially to design a mngazine which iould accept cighteen cutting
tools comprizing of cight turning tools, four drills =snd thrcc milling cutters
with a spare position on cach of the stations. At the request of the Control
System Comdittee it was ngreed to limit the number of tools to sixteen as this
would cnable a simpler encoder systom to be used for determining the position
of tools in the mogazine, It was considercd that with sixtecn tools the
machine would not be restricted in any way in its versatility to perform its
rangc of complex machining operations,

It was considered that it should be possiblc to pre-load the cutting tools
into the mogazine away froam the machine, and then fix the magazine to the
mochine suitably indexed so that the magazine adopts its corrcct oricntation.

This would chable the tools required for a given component to be pro-
sclected and when loaded into the magnzine would cnable a cycle of operations
on o componcnt to be completed.,

The megazine should be capable of indexing station by stotion, and when
required present to the tool-post any tool stored in the magazine.

The position of the varicus tools stored in the magnzine can be determined
by a rotary encoder, using say a binary code.

D54, Survey.

Initially consideration was given to the possibility of fiiting both
singlc point turning tools and rotational tools into thc samc tool post
sockct, This was abandoned in vier of the large cutting forces encountercd
in turning, as thcese forces would have to bs borne by the bearings supporting
the rotary cutter spindlc. This would cnusce brinclling of the bearings and
ne doubt shorten their life considerably,

It wns, thercfore, decided to have two sockets in the tool-post stntion,
onc for tools requiring rotational movement and the other for fixcd tools,

An alternative sclution was also considered wvhich provided the rotaticnal
tools with ticir ovm bearings as o complete unit. Thus the drills and mills
would be fitted into individual bearing units and storcd in the magazine in
this woy.
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This would ecnnble both rot~ticn~l cnd turniag tools to be fitted into the
some socket in the tool post. Ia this ~rrongoment the beardings would not be
subjectod to the cutting forces cncountered during o turning operantion,

This wrould have the adv atoge thet only onc station ould be required on
the tocl-rost and s o result would simplifly the indexiag.

But agoinst this nine bearing units vwould be required, Thore "oulcl fole
gifiiculty in oligninc the bearing units cach time ~Aith the drive shoft ~ad
tnerc is ~lso the possibility of the benrings bucoming contominnted vith
cutting fluid rmd doeaged during thoeir t"_".‘".h.f:lb ~bout the machiae,

4 gketeh of this avraazement is shom in f’ig.DS/ /1. It is scen thot both
types of tools usc o comon housing, but therers o bearing 'uniit supports the
rotations1l to0l, the housing for the turning tool isg just a clewp block, The
lover skoteh shows o turning teol in position for machining,

In view of the latter peints it hos buon concluded thnt seporate sockets
in the tool-pest would cofi'er the best solution,

Cutting t.sts were conducted in the lnchince Tools Laboratory to cstablish
"‘Ctlll‘ll tocl forces vhen machining steel on a centroe 1nthe, cad the results arc
bulated as fellors:i-

foel I a,rial - n..S
Yool -x_”l’“" - 10%: ‘i
Cutting Sp ;,\;r’!_ - LOO £t/win (122 w/min)
Feod hate - 0,010 in/rev. (0.25 m/rev.)
Pragentdierl T Axind sree. b Poor 8t €
1vf, 1bf. X.N. by
270 - 1 0C 0.405 5.5 2160
540 2.0 2G0 0.890 6.7 5000
810 %.6 300 1«30 10,0 750
1080 - LOC 1o 700 13.4.  1G,000

s 2 Jho J.t/‘lLl la

1l ly pecomendod for 11,5.8,
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R I S -t o R s Tl =t T o
L LA E a6 ot ot B L-_._ﬂ.' e % o
- i A
58 G G OWVIILG




D5.5 Dosign Recommend “ticns.

Tocl=Yeast Station.,

Seprrate sockets will be usced to house the single point cutting tocls aad
retationnl toulg. The sockoets vwill be boest pesiti ned at 180% t¢ each other and
this i1l result in the most compret unit as well as providing the best
clenrance for both herdstock and tailstock,

A sketeh of this arrangunent is shovm in fig. D5/5/2.

The adapt.r for holding the retotionel tools will hove a taper shonk
which will fit in to 2 mating taper socket in the tool-pust, and be sccured
by a latching and lecking device. A sketch of this taper shank engagescnt is
shom in fig, D5/5/3.

The drive to the rotaticnal spindle will be o hydraulic motor and it
& )
will have o number .f sclected specds up tu 1,500 rev/min.

These specds will be sclected by command signals from the punched paper
te pe,

The indexing «f the toel-pest will be achicved by o pacumatic cylinder
mouated underncath the tool-pest housing driving through a rock ond pinion.
The shof't on which the tool pest staticn rotates will be locked by a hydroulic
clomp follewing the indexing cperaticn,

Magazine,

The sixtcen tool staticns required can be ¢binined vither by the use cf
o belt type holder or by o circular drum, Uorking on the basis of the fouls
stured ab a 3 inch, (75 w.m) pitch the length of belt required will bo obout
50 inches (1.25 m,) and in the ease of a druma ~bout 16 inches (400 m,:) dismcter.
It is considered thnt o drum londed with tools will be ensier to handle than
a belt, thercforec, ~n aluminium drum will be uscd,

The tools withh their adaptors will be held in the drum by spriag

retainers and in this way the drum can be pro-lended nnd then fitted to the
moachine.

D5.6. Design Solution. (Fig, D5/5/6)

Descriptivn of Tool Post Stnticn

The to 1-pest stoticn is mounted on a cross—-siide which moves at right
angles T the wrork oxis. The slidowmny, vwidich moves .n hydroc-static pads, is

constr-ined in 2ll other axes
The toul-post is nole to rotate wn the cruss-slide this movement bein
contr.1lc¢d by 2 pnocumctic cylinder mounted underneath the cross-slide, Th

g
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rebaticnal mevament con bo either 9607 or 1807, the rosition being determincd
by the comend signnl tc the eylinder ~nd the positicn of the riston rom

being detescted by trip ssitches, Ta the intermedinte pesiticn, the
piston rom is sccurcly held by pressurc on koth sides of the dston through
the setion f o contve popiticn clnte 1 valve.

The t. ol-post station will heuse bDotn turniag ond r toticnal $.:1s. The
i1g tools c’a be single point or fum teols, the only reoui“cnont boing

that they have a camon shenk, The to¢l shonk will £it into o tu.l holdor ond
this in turn vill £it intc o socket in the tcol-poest,

The rototional t9-1g ean be drills, reomers, end mills, slotting mills
and toe cubturs up to 1 inch (25 ma) dismcter, The retaticanl teocls thet hove
o straight shenlic vill £it dnto 2 elllot and toper shenk tools will £i% dnto o
topor sccket sloove,

Tre drive te the rototionel teols will be by o hydrouwlic goor type
motor which is mounted cn tep of the tuul*pust st“tioq. This moter will
h~ve o speed range of up $o6 2000 r,pe,m and o raging f 2-horsc-power (1492 watts)
a2t o supply pressurc of 1000 lof/ln (6.9 11/m").

Thi cross—-slide is rctunted by o hyroulic cylinder wvhich is mounted on
the uwnderside of the siide, the cyllnqbr rom meves ot o controlled fecdr-te
over the length of its stroke. The rebation~l movemcent c. the tocl-post

n 18 ceontrolled by a vnoummntic Lj11¢uur the pdeston rod is coupled to
vhdch in turn is in mesh +ith o pinion mcunted on the toul-pust shaf't.

The piston red imparte tvwo movements to the tool-post, o 90" and 180,
the riston rod thon retrocts 0 its neutrsl position ready for its next
command signal, It is nocessory to control the movement of the teol-post ia
this vy, For if o stopping motor werc used Qamage to the pneumalic and
hydrouiic ripes supplying vordous units on the station --uld rosuls,

+E coch indexing positica the touvl-post station is accurantely loeanted by
o puncumatically operated vee register, this cnsures that the tocl-post takes
up the position for turning and drilling operations and clse fur ejecting ond
receiving now teols from the rmegnzine,

¥lleuwing cach indexing oporoticn the tucl-post gtotion is locked to the
crces-slide by o hydrouliec clomp: this will cnsurce that the tocl-post is rigidly
held during machining ¢ o1

Zidaciply oI oper tiea.

Retiatiicnnl tools eon he fitted L“uL cather & sellcet eliek oy o topor
sleove, thoe shonk on both of those fit is common oxid is & ulek fo.l-
choage device koovm as the LCIERL, This is of Sidss origin and is o devicece
vhich canbles tocls to be casily »nd guickly fitted into a driving socket,
and when in nesiticn the tocl shank is scourcly hoeld by two locking balls.

"
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Lacse balls are rotoined by & gnuvenonical laten which cnsurcs o very positive
drive, It ig dmpessible for the balls to bo derrossed and so relunse the
tool shank during a wrchining operatioa,

Yhen o toul shank is prescated to the driviang socket, o signal is passcd
te o contrel valwve which in turn operates o cyliader, the raw or which moves
o slide vhdch sAdithdraws o inner drive spindlc allcowing the locking balls to
drop into a rcccss, Undoer this action the spindic depresscs o number cof coil-
springs. In this position tic teol shank is fitted inte the slocve, the
piston ram is rcleascd allowving the springs to slide the inner drive spindle
forword and so alloving an outor slecve to mechanically lock the balls in o
driving position arcund the toper shonk,

It is nccuss“ry for the drive spindle to moeve axially relative to the
housing tc perfena this operaticn aud, thereforc, the bovel gear which drives
the s;indlu is fitted into cuter bearings in the housing so the drive spindle
is coupled to the bevel gear through the action i o spline shaft. This will
allow the drive spindle axial frecedom of moveaent but at the same tine be
locked to the bevel gear in a rotaticnal dircetion.

The turning teools sclected are of the throv-oony tip type and “ll

turning tuels viwther single point or ferw touls will have the samc sizc tool
shank., The tocl shank is fitted into a holder and this in turn is {fitted into
the todl-post., All tools arc carried in the mogazine and when the apprepriate
tocl is dia position, the mogazine wmoves forwa rd, fitting thc tool shank inteo
the tuclpost socket. A pneumatic cylinder actuates a slide and locks the tool
shaale in position with a wedge like action. The cutting tocl is held rigidly
in this positiecn during the cutting operation.

Description of liccazinc. (Fig. D5/5/7)

The magazine is a eircular drua wiich con store a tetal of sixteon cutting
tocls, nine of thes. arc rotational teels, and scven arc turning tools. The
rotaticnal tuols cover drills up te 1 1nch(25 mn) dia, and 8 inches (200 mm)
loag, end mills, rcamers, tee cuttirs aad slotting mills and can also include
any cther rotary cutting tools, such as centre drills, vhich arc regquircd to
peri cm inchindng  operations on ~ coajonent,

All the cutting tecls arce inserted into the mogeziac so the snank faces
o"LW.rds. Thie mcans that the longost teol goveras the size f the magazine,
fich in this casc is o 1 inch(25 mn) dia, drill 8 inches (200:.n) long. The
mh0521nw, therciore, hrs o diamcter of 24 inches (600 a.m) .

The magazine, vhich is of alwainium a2lley, can be pre~loadec with cutting
tceols away from the mechine., The totnl nuaber of to 1s required to comploete
the machining cpurations on & given coaponent can be londed into the moagazine;
this is cssuming that the total nwber of teools required docs net excced sixtecn,

wach tuol position is identified so that un & command signal from the topc,
any toul can be indoxud into position ready for leading into the tocl-post.
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The magazine when ready is lo~dad on to o keyed shoft, and this ensures
that it will t2ke up the sance position cn successive oceiusions, The rotary
rosition of the magezine is dotormined by an cncodor mounted ecn the slide
underneath the mogozine., The unlerside of the magazine is drillced in the
appropriate positions and sc¢ cete as the rotery encoder. Tae scnsing head is
attached to the slide on which thc magnzine moves,

The siide is netucted by a pneumatic cylinder which has a stroke of
12 dinches (300 m.m). This length of stroke is regquired in order to mcve
the mogaszine forward sco the teool shank is inserted into the tcol-peost and then

withdrawm so that the mrgnzine cleors the projection of the loagest cdrill.

The slide moves on crossed rollers on one side +nd on plain rollers on
the cther, this will impart 2 smooth motion to the magazince foed.

The indoxing movement of the magnzine is obtained by a pncumatic
eylinder, thc rom of vhich is coupled to a rack which is in mush wvith a
pinion. Coupled to the inside of the pinion is a pawl in contact rlth a
ratchet, so that as the pinion is mode to rotate, the pawl indexcs the
rotchet, ond also the magasine, onc division, The number of tecth in the
ratchet corresponds to the number o tools in tha magnzine, so that for onc
stroke of thc cylinder the padl will index the magezine exactly one tool
stration, A number of stations can be indexed very quickly by successive
strckes of the cylinder. This dous mean that the mogoazine can only rotate in
one dirccetion, which could be rather time ceonsuming if for cxomplce it is
required tc index frem stotion number 2 to station number 16, But it is
considered that suitable plonming of the tools in the magozine, by arranging
that for successive cperations on the work the corresponding tocls are
rositivned in similsr order in the magazine, should overcame thils problem,

D5.7. Scguence of Operation.

The scquence of operntioung that is carried out in tool changing depends
uzon the type of teel sclected, such os turning tecl, drill, or ond mill,
ond alse vhether the tocl, such os drill, is to be used rodially or axislly.
Some of the operations are common to both sequences, and sc a typical
cx:mplec is shorm for o single point turning teol and o drill %c be used oxinliy
where 1 nachining cperaticn is felloued by the cother.

It is asswacd that there sre no tools in the tocl-post station ond that
this is the first operatiocn to be parformed on the component

i, Teol=post stotion moves to peutrnl position in line with magazine.
2. Tocl-rost statica indexes so that turning tocl sockut is fneing magozine,
3. ogazins indexes to bring corrcet tocl into line with tool-post.

4o Lingogine moves fornrd cn slide so that tcol shonk is in position in
tcol post sccket,
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5. Pocumetic cylinder oper-~tcs, locking tocl shank in tcol-post socket.
6. iiagnzine retracts to its ncutral position.
— v qad
. Tocl=pest indcxos through 9C7.

7
8. The veo registor latching mochonism is operatoed positioning the toul-post
5

9. The hydrrulic clamp operates, clomping tool-pest station tc cross-slide

10, Tool-gost moves forwvard to take up turniug position dictoted by caamnnd
signal from punchod paper tape,

asgume not that the turning operction is complete and thot the followring
sequence vwill dischorge the turning teol and pick-up drill,

11, Tool=post withdrows to neutral positicn in line with mogozine,
12. Thc hydraulic clamp on tool~post station is relensed.

13. The vee register latching mcchanism is released

= & . C ; . i
14. Tcel-post station indexes through 907, so that turning tool socket is
Taeing magazing.,

15. Magazine moves forward to receeive turning tocl,
16, Pneumntic cylinder rele-scs tool shank locking wmechanism,

17. Lingazine rotracts to acutrel position wvdthdraving turning tocl from tocl-

nost,

18, Magnzine indcxes to bring drill into line with tool-post.

19. Teol post indexes through 180°

2G. Pneumatic cylinder oporates slide and su reloases locking balls,

21. llagrzine moves forward positioning tool shank in tool-post socket.

22, Pncumatic cylinder retracts slide so allovding balls to lock tape shonk.
23. Meogozine withdraws to its ncutrnl vosition.

2. Tool-post indexcs through S‘OO.

25, I‘wl—-pust moves Lorward until contre line of tool-post ceinecides with
axis of work,
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26, Tool-post indexcs a further 907, bringing the drill into lince with the
axis of the work,

=1

27. The voe register latehing mechanism is opernted positioning the tcol-post

sbadl o

n

26. The hydroulic clwrp is operated, clomping the tcul-post to the cross-slide.

Drilling is now rcody to comncnce by ceither rointing the drill or by
rotoating the work,

The two sequences described above cculd be cpernted by a sequentially
controlicd circuit, and as & result it would be only nceessary for the tape
to issuc 2 consnnd signal to start tho scquence of operations,

Four differont scquencos wwould cover thce range of oporatiocas performed
by 2ll the cutting tcols, These could be identified by o particuler code, ond
o comnand signal from the teve could scleet the one regquired for a particular
cutting tcol and cporotion.

D5,8, Belcetion of Cutting Tools.

)

The coase for using high speed or carbide tip cutting touls on this machine
was coengiiered and it vres decided that to usc cowbide tools as these offercd
a nuuber of distinet advantages over high speed teols which are particulerly

ignificrnt when used on o mmcrically cuntroelled wmichine.

The use of corbide tucls omables much higher cutting spoeds to be uscd,
they eae very much harder, thoy hove good resistances to wear by abrasion and
thercefore, will result in longer tool 1life. This lost point is important then
se cutting tools arc to bec used on an N,C, machince, in thot once a progromme
os started is desirable that it completes its cyele without interruption.
Yiith carbide teoling there would be less chance of frilure during o cyecle than
rould be the case vdth high~spoed tools., The highor cutting speoeds cbininable
would result in 2 saocrter cyele timc and lower moching cost for component.

= ok

The case for brazed tip or throv-mrey tip carbide tools vas also cone-
sidered, Brozed tip tools zre compact in size and os 2 rosult would not doke
up o great deal of spoce in the megazine or tocl-post stntion. But against
this they would be much mere difficult to pre-sot in the tool setting fixturc,
the fuiction of which would be to position the cutting tuol so that the
cutting cdges verce in the correet position in the 'x', 'y' and 'z' plancs.
with subsequent regrinding of cutting tools the tool holder would have to be
provided with scme form of adjustment in all threc plancs.

o
oy

Vith throm—-away tip teols the same vroblam docs not arise to the same
cxtent, bucruse the tips con be placed in the tocl-holder and take up a
position vihich would be the some for successive tips. This would simplify
the pre-sctting of the tocls, With thror-rmmay tip tools thoe cozt of regrinding
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is climinated, becrusce the cost per cutting odge is so lowr, it would cost

morc tc regrind the tin than to buy cnother cne. The number of cutting cdges
per tir ccn be cight with a negotive roke tip or four vith a positive onc.

D5.9. Copy-Turning Attachment.

The inclusivn of a copy-turniag cttachnaent for the mechine cither as a
unit included with the machinc or as onc supplicd 2s an opticnal cxtra was
considerod. The result of this investigntion is as follaws.

05.9.1. Survey.

During thc past yoars, teacer controlleé copy turning hos boen cmployed
ca an ineressing scnle in industry.

The main advantage is the simplicity of machining with a single point
tool and preducing contours which can nermally only be obtaincd by claberate
form tools or multiple-tcol sctups on cxpensive and complicated machincs.,

Onc limitation to copy turning, howover, is the anguler presentotion of
the tooel wich introduces difficultics when operntions such as the machining
o2 both sides of the flange, or squarc shoulders arc to be turned on shalts
with decrcasing diamcters.

Cocy turning is classificd as:i-

1. By the nusber of dimensions under contrel
i,e., cnc dimcnsionnl systcm has onc mevement under avtomatic control

4.

and une or two independent movements under contrel of the operctor,
2, By mcthed o control and actuation
2) Dircet ncn-positive actuation - springs, weights, pncumatic or
hydraulic jreesurc to maintain contact,
b) EBlcetric control and actuaticn with further sub-divisions.

(1) BElecetric tracors with contacts, contactors and clectric motors.

CRETY m - T . - . ~ N ) s -
ii) Tracers using contocts, relays, cleetro magnetic clutches, variable
specd motors,
(iii) Contactless trncers, elcctronic amplificotion aad field centrol of
veriable spced uctors,

c) Hydroulic centrol annd actustion moey hove cither hydroulic or
rneunatic stylus.

d) Llectro-hydraulic ceatrcl and actuation,
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Eydreulic control and sctuation

Since fluidic contrcl and.hydreu_ic actuation ere employed to control
headetock, tailstock cte. the hydreulic system is basically simple using a
spool valve directly operated by & stylus and controlling the direction and
speed of rotion.

VWhen the stylus is free, spring biascs the spocl valve towerds the
terplote end allows c¢il to flow to the piston rod side of the piston, thus
causing the slide, which is attached to the piston rod, to move towerds the

template taking the tocl with it. When the nmovement hes progressed until
the spool velve is in its centrel pesition the cil flow is interrupted and
the movenent stopped. Furtier mzvemcnt inwerd, as on o slope would uncover

the control ports leading to the top of the positicn resulting in o slide
rovement in the oppesite direction.

The ?&cu rogte in the transverse dircetion is in proportion to the

slope of the template znd the sccuracy is limited by boundery luoyer and
contrection phbnomenh.

Conclusions

liost of the compenies surveyed consider copying as o speeinl function
and rznwfocturc special nurpos; machines for this particuler requirenent.
Bncausz of this fact and becouse the machine has been designed to produce
lineer stepped components, it was ccnsidered thet the incorperaticn of e
copy turning cttachment could not be justified either as o built in
feabture or s on occesscry.



D5.10. Sequentinl Control of the Tool-Post cnd Tool Loading.

oli. Rajicumar

Propared by: G
B.S5, Scdhi

List of Symbols.

Symbolsz,
4 Sequence start signal
2 Comporator of x—-oxis
3 Comporator of y-niis
L Comparator of the Yool mogazince
5 Lionual Tuput

O™

- 8ignal from limit switch i

7 Tocl change sigael
8 Cutting scquence finish signal

. s 2
E Sign:l from tape for toul post to indox through 907,
10 Signal fras unit switch I
g

e
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Timit Switchcs

=
e N

z Deonotus the signal when the tocl post has indexed to zero
pesition,
it signal to unclamp the tool post snd clauap the tocl mogazine,

B signal to clarp the tool post ond to unclomp the tucl magazine,

=
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Intrcduction,

This report deseribes the design of the control circuit for the automatic
lending snd ualonding of the cutting tools.

Ihe tool magnzine permits the usc of sixtcen differcnt tcols (scven
staticnary and ninc rotationnl) and purfungb the ncecssary operations nutomatic-
ally irith the help o a programse cyele punched eon o peper tope as showm in
fig D 5/10/6. The punched tape corrics the folloving infermation for automatic
loading.

(i) Tool change signal

e &N =y = . 3
(11) Nature of the tool i.c. rotational cor gstrtionary. This infometion

is uscd for storting the motor of the tool post .

(111);ﬂglp of indexing of the tocl post anccording to the nature of the
cutting owcrntion,

Sequence of opcrotion in 2 cyclu.

The mrchining operntion is storted with the tool mogozine loaded and the
tool post uapty.

(1) With the start of the sequence operation signal the tool magnzine
indexcs to pruscnt the correct tcol in line with the tool post.

(41) The tool post indoxes so th-t correct socket is ready to recelve
the tocl,

(iii) The mogazinc moves forward thot the tool shenk is in position in
*

the ‘ool post socket.

(iv Latching mechaniam helding tool in magazine is released and lockd
mechanisim sccuring toel shonk in socket is opernted.

C!

(v) T;Ul magazine now retracts to its neutrel position S os shovm in
.p

D5/10/7.

(vi) The tool post indexes through appropriate angle according to the
naturce of the mechining cpcrantion. %The information is cobtained
from the tope.

(Vii) Teol post moves forvara o trke up turning position dirccted by
comiannd from the control syst

(viii) 4t the wnd of the cubting scquence if the tool post is ot 1807,
then the gpindle moves to dotwu M fig, D5/10/7 ond only then tho
1 retracts backwards, and if the todl p a
tocl tracts backwards, if the toul post is at 90 position
the spindle moves backeard after the tood most has retracted.
- T
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(ix) The tool post rotates to zero degroes at the datum point E.

(x) The to.l pngazine moves ferwnrd to receive the tool.
(xi) a2tching mechonism clamps the tocl in magazine and locking

mechanism securing tool shonk in socket is releascd.
(xii) The tool magnzine now rotracts to its ncutral position S,

The teol magazine is now ready for the next operntion. The rotaticncl
sipnal fram the tape is only uscd to stort and stop the tocl post motor.

Fig D5/10/7 shows the main clements of the mochine to be actunted
pneunatically by menns of' switches,

Pnounntic Egquipment,

This consists of high pressure circuit coficecting the specificd motion of
the machine. The nermal logic circuit controls the sequence of moticn of the
high pressurc clemcnts such as workding cylinder aad step up relays cete.

Sane of thon arc built in ns constructive units,

liacrmzine Encoder.

The binary coded zastern fig D5/10/8 would appear to be the simplest of
the known metheds vith the added advantage thot this systen docs not require
any decoding cireuit before being fed into the coauporator fig D5/10/9. The
tool magazine itscli ncts o8 an cncoder drum and positioning is achieved by
pawl and ratchet mechanism there by giving it o unidircctional indexing for
cach stroke of tho piston., The tocls could be laid out in the order of their
opceration te save time in indexing. But this should not climinatc the cneoder
as in sume cases the same tool may be regquired for a similar opuratioci,

T

Nomanl pressurc logic circuits.

The scguence of notions is controlled by the oneumatic logic circuit.
The si-nal cmitted by the switches are used as im ut signtls to the logic
control circuit. The logic cantrol circuits have been discussed individually
Ter different sequentinl mosition of the machine,

Hendstock Control logic (Fig D5/10/10)

m

The hendstock moves towards I where the folloring signnls arc present
(1) cutting scauence finish signal

(4i) Tocl ch-nge signal

. . o 2 1 A -
(iii) If the tool post is ot 1807, then the spindle moves to datum E

and only then the tool post retrocts to datum I,

, o . . :
If the tcol vost iz at 90 for turning operntions the spindle moves to
datum & only after the tool post had moved to datum il.



The hcoadstock moves forword to cutting operation only whien the comparator
of the x-nxis shovs on crror signel ond the sequence start signal is on.

Tool post lincar moveiuent cuntrol cireuit (Fig D5/10/11)

Tool post retracts towards E only when the fellowing signals are prosent
(i)  Toul chrnge sigaal

\ Qu Criftilgo sLpganlt

(ii) Cutting scquence finish signal,

Tool post retracts first towards dotum B (fig,DE/'i 0/14 ) if it is at
QO position, otherrise the headstock moves tornrds its datum first for 180
position,

It moves up townrds operation caly vhen the comparator of the y-oxis
shows an crror signnl and the start sequence.signoal is prescnt.

Tool pest indexing cuntrol circuit (Fig. D5/ 0/1 2)

Yhe tool pest indexes anticloclorise only vhen

T

{1} Toul vost is ot datwn position B
{11) Tool change signonl is present
(1ii) "eol magazine is at dotum position E.

. o} ;
It indexcs to 90 and 180" as per commond from the tape

Tool magazine lincer movement centrel losic (Fig. D5/ 0/4 3)

The magrzine i2oves to load or unload conly vhen the felloving canditions
occurs:

(1) Tool most must be indexod to zero position

(ii) The cemporator of the tool magozine should show a null signal
During unlending there must be tocl change signol prescnt.

During loading scgucnce start signal must be present.

Toul mogozine indexing control logic (I“i;; D5/4 O/‘i )

Ll

e

Cendditiong for the toul magomine to index arc:

(1) Tool post :ust bo at datun B



(i1) Tool magazinc must be ot datum B,

(iii) Tool magnzin. comparator shors no orror,

Conclusion.

The sequential contreol circuit is so doesigned thnt it incorporatcs
absclute sofety and couldbe operated manuszlly if nceessary., Limit switches
arc uscd to detuct positicaing signnls. Thesc switchos arc rendily available
on the morkot.

=
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BEARINGS LOCATED

TURNING TOOLS
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D6, ERHPORT OF THu TATLSTOCK AND :CHIIT' FACILITIES SUB-COMMITILE
Proporcd by:- B.3. Sodhi
H., Bern
.V, Jdon

G‘-"I‘

I-.'. Qﬂ.J‘cu. nT

D6.1. Introduction.

The committoe's terms of rofcorence vere to:-

(i) To submit n toilstock design that complics with the limits sct
by the d.usign committec,

(1i) To scluet o cutting fluid suitable for the wide range of operations

ricd out.

(iii)To investigate svard roaoval techniques and submit a finalised design.

i

Tailstock Desion.

-]
&
N

The first roport of the 'Configuration Committec’ outlined a simple yot
versatile tailstock configuration, The function of this tzjlstock wns to
vrovide support for the wcrx;lucc cnd give facility for all the operations
norm~lly Cﬁrflv“ out Trom o turzet, In addition the tailstock wns to be
capable of bar fecding.

Follewing the conclusicns of the '"Tuchnienl Survey Comrittoc the bar
fecding crp“bility was discorded ond the turrcet configuration retaincd,

RJ ’a -lj—rb ‘—'J- 3/7.

Threc methods of turrotv indexiog werc therefore investigntod:-

-~

(1) Indcxing vms achicved {raa the straight linc motion of a zacwantic
or hydrrulic cylinder operating through o pawl ond rotchet mechonianm.

qn.L

(ii) Indexing vas carricd out with o small motor driving ~ vanc which
acted on onc of six turrct bonms,

.o = g v o
(11i)The use of o diaphraa valve for turret indexing.
Precige angular aligmment of thoe turrct for the above designs wmes achicved
by o spring loaded plunger fitting into o slotted plote. h@ slots in the platce

hed one face r-dinl to the contre and the sceond foce ot 30° to the first facc.
This has been found to be the most nccurate method of loention for indexing,
is not susceptiblc to wenr and provides for simple and accuratc manufacture.

Subscguent investigotion of the machine claments rovealed that o turrct
tnilsteck gove duplication of maching staticns since nll the opuruthqs
asgocinted with o turrct could be performed from the toolpost which possessed
a sixteon tocl magizine, Ref, Scetion L.
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D6, REPORT COF T, TATLSTOCK AND LACHIOE PACILITIES SUB-CULITTIR,

Proparcd by:- B.S, Sodhi

k.Y, Jcnecs
G.i, Rojhkwsor

D6,1. Introduction.

The comnittoec's terms of roforcnce were to:=-

(i) To submit a trilstock dusign that complics tAth the limits sct
by the design committce,.

r W s o . . - .
(1i) To seluet o cutting £luid suitoble for the wide range of operations
to be carricd out,

(1ii)To investigote swarf raaoval techniques and submit a finaliscd design.

D6,2, Teilstock Design.

The first report of the 'Configuration Committes' outlined o simply yet
versatile tailstock configuration, Thoe function of this tailstock wns to
provide support for the werkpdceo sind give feeility for 2ll the operations
normclly corricd out from o turret. ITn addition the teilstock was te be
capeble of bar foeding.

Following the¢ conclusions of the 'Tuchaical Survey Committes the ba
Tecding copnbility was discarded ond the turret configuration retaincd.
Ref. ¥ig CP3/7.

Three mothods of turret indexiag were therefore investignted:-

(1) ZIndexing was achicved {rom the stroight linc motion of a punecwnatic
or hyaraulic cylindcr opernting through ~ pari and rotchet mechonism.

(ii) Indcxing was carvicd out with o smnll motor Jrivine o vanc vaich
g g
acted on one of six turret bonns,

D 5 . - - " s .
(111 JThe use of a diaphraas valve for turreb indexing.
Precise angular cligmment of the turret for the apove designs was achicved
1= s )
by o spring losded plunger fitting into o slotted plate. Tléo slots in the plate
hed ono Pace radisl to the contre and the scoeond foee at 30 to the first face,
'hie hns bueon found to be the most accurnte moethod of lecation for indexing,
is not suscecptiblc to wear and provides for simple and acccuratc manufacturc.
Subscquent investigation of the machine cluments revealed that o turrcet
tailsteck gove duplication of mnching stntions since nll the oporations
associnted witin o turret could be porformed from the toolpost which possesscd
o gixteen tool mogozing, Roef, Scetion D,
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0 The teclpost would move onbo the centre ~xis of thc mnchine, turn through
90" nnd p.rfom: turrct oporntions, This cnables o simplificd tailstock to be
designed with a spocification ns fellows,

~ilstock Specificntion.

(1) The teilstock should move independsintly and in unison rith the
headstock,

(ii) It should accamedate o Ne. 4 morse toper,

(iii)ri‘hu forec cxerted by the centre should be worinable butweon zere nnd
400 1bf (1.77 KN) Ref, D6,5 fppendix

Design Solution.

The toilstock body comsists of a sinple casting vhich incorporates the
hydrostatic slidurays, Fef, Drawing D6/.2/1 The actuation rom is securcd to
the body by o stecl bracket, which will w 3_tnstﬁnd shock loads frr better than
a flange throwm out frum the casting.

I—]

¢ tnilstock is shovm with -~ revolving centre vhich can be removed fram
its t“ r by o blov on the ejector cap. Ejection of the centre could have
been '*cha_uvl,d by continuing the centre hold right through the body and striking
the ond vith a rod., Hovover this would heve complicated the hydrostatic oilways
considerably., 4 conventioncl slot and drif't wos undesirable since the drift
could be driven into the actuation cylindcr., Special drifts preventing this
vere considered unsuitable, becruse they would soon be lost in o machine shop
and a conventional drift uscd.

The sslution wos an integral cjector which would be a 1ittlc morc cxpensive
then the alternatives but have nonc of their disadvantages. A doel woes uscd
to gunarontec the corrcet relationship between the centre and cjection conv.

The variation of the foree to be applicd by the tailstock betwoen zoro
and 400 1bf (1.77 K.N) wns achicved by placing a relicf valve in the actuation
cylinder supply linc. Tais valve will be sct by the mechine sctter to o
value obtained from the maxismwm cutting conditions for a given cormonent by
using the formwla in Appondix 1.

In practisc a nomogram or disc caleulater ctched on a metal platc could be
fixcd onto the mochine to foeilitnte the caleulation. Houever the setter
would probably usc hiis uxperience to sct the relief velve and this could well
be sufficicntly accurate,
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D5.3. _Cutting Iubricant,

For the purpose of sclecting a cutting lubricant the folloving conditions
have bean set which correspond to the speeificntion ond function of the project
mechine,

a) Tocls to be uscd (i) High sveed stool

(ii) Tungsten eorbide
(iii) Ceraic

b) Spced renge 100 to 3000 rov/idn

c) PFeed 0.001 in. tc 0,010 inch/rev (6.0254 mm to 0.2540 ry/rev)

d) Dcpth of cut 0,250 in, (max) (6.23 .. mox)

¢) Surface finish 16,0 C¢,L.L, cbtainable under optimmum conditions,

f) ‘Vork materials to be uscd - Aluminium, Megnesium, Brass, mild steel,
Crst Iren ond 2lloy stecls.

Function cof cutiing fluids.

The videly vorying conditions found in turning and milling mnke it
cxtrencly difficult to cstanlish rules to cever the sclection of cutting
fluids for coch cperation. Heat trcatment of work material, tool material,
cutting spced, deptih of cut and feed affect the choicc of o suitablc cutting
fluid.

In considering cutting fluids for individual opcratiins, the following
increasing order of scverity of mrchining operation is generally accepted.

Ret, 2.

(1) Drilling
(i1) Automatic lathe machining
(iii) lling
The scverity of cutting operaticns is usually considercd to be an
indication of lubricant requircmcnts and this should be considered in con-—
Junction vith the toughincss ond hardness of the material to be machincd with

the depth of cut being taken,

Cutting fluids have better lubricating propertics and cxtremc pressurc
gqunlities in the following crdor:-

(1) YWater solutions

(ii) Soluble cil crulsions
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(iii) Mineral cils

(iv) idineral lard oil

(v)  Patty oil

(vi) il containing sulphur

(vii) Cil containing sulphur and chlorine

In 211 cnses of fluid containing oils including emulsions an increase in
the fatty oil content improves the lubric .ting properties and in the cose of
soluble oils, 2dditives to the base oils such as sulphur, materinlly have the
same effect.

Apart from the specisl properties mentioned above, the cutting {luid must
have general properties. Should not ¢ use distortion, staining, smoke or fog
in use, objectionable odour, decompose chemically, contain ingredients hormful
to the operntor and retrin its general properties.

Due to the videly vorying conditions found in the maching tool operation,
it is very difficult to select a siigle cutting fluid which would provide for
all the requirements of the project mnchine, IHowever the selection of cutting
fluid is governed by the system of opplic tion. For the "Hi-jet" system (Ref . 4)
used, it is appropriate to use low viscosity, woter emulsion oil and the 'Gulf
Hi-jet' oil is best suited for this requirement which is easily available in
this country.

System for the cutting fluid avplic-tion,

The ideal method of opplying a cutting fluid is by Jets corefully dirccted
and at sufficient pressure to ensure that the fluid hes the best possible chance
of reaching the cutting edge. In addition a copious flowr of fluid at low
pressure should flood the tool and workiiece to cool thew, The importance of
proverly directed nozzles ~nd adequate flow cannot be over emphasized.

The ‘Hi-jot' system Ref, 4, Pig D6.3.1, of cutting oil ap;lic tion hns
been claimed as a rovolutionary advance in metal mnchining practise (Ref. 3)
Longer tool life is said to be obteined during turning operations and it has
also been applied to other operations such as drilling and milling.

The system involves the projection of smell jet or jets of o specicl neat
oil ot a high vressure of 40O 1bf/in (Fig D6.3.h) into the clearcnce
betireen the tool and the work, The jet is aimed dircetly at the cutting edge
fran below (fig D6.3.2) In addition an oil curtain (fig D6.3.3) and overhead
flood of o0il are provided for the purpose of recducing fumes, The system of
jets is in direct contrrst with the conventionnl mothod of cutting fluid
application in vhich a much larger quantity of fluid 2t low pressure is used
to flood the tool from sbove. The incrensed tool life (Pig D6.3.4) is
attributed to improvements in both lubricotion and the cooling attained ncar
the cutting edge of the tool. A4t normal cutting specd the incrense in tool
life is claimed to be seven to cight times. VWhile at higher spceds or on



tough materinls an improvement in tool lifec of +tienty to thirty times is
achieved,

1 is possible thon when changing from turniug to milling the "Hi-jets"
stream will not exoctly coincide with the cutting zone, Hovever in this cose

tiie oil curtin will provide lubricotion rad the Hi-jet striking vork or cutter
vill provide o gpray mist inside the oil curtain.

4 sproy mist cutting lubriennt system could easily b appliced to the
moachine if ropid and frequent chunges of cutting fluid arc necesscry to guit
differcnt materials, The recson for spray mist lubric~tion consists of a
small bottle which can be chonged in less than a minute.

Recommendotions,

It is rccommcnded that the "hi-jet" system of cutting oil apwlication is
applied to the project machine and the approximoate cost of the whole system as
a mnit with pipe fittings reservoir and other accesories wrould be £50,0.0.

D6 Swart Reaoval.

It is cssential that sioxrf is removed from the machine iff it is to function
correctly. Retention of chips in milling cutters will cnusc breakage and with
turning, milling, drilling and renming operntions sworf at the cutter vill mark
the componcnt, Hovever the magnitude of this problem is difficult to cstimnte
and its solution can only be bascd on cxperience,

The form of swarf, i.c. dust, chips or continuous can influence the
problem greatly., Therefore tooling is an important vorinble and chip brenkers
for n1l types of opcrations will help to clleviate the problem,

High rote automatic machines produce copious volumes of swarf and have no
operator present to remove it., It is thercfore usual to delegate somcone to
remove swoarf from o number of machines with the conscouent increase in running
costs.

survey.

Sirarf removnl can be considercd in two ports.

2) Removel of swarf from the cutting zonc.

b) Troasport of svwarf from the machine tool.

a) is often achicved by the cutting cction itself, A tangential cutting
opcration such ng milling or turning +ill assist the removal of swarf by

cjecting the chip at a relatively high velocity. Tiis particular featurc is
used in pneumatic removel systems to import somentum to the chips in the duct
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which normnlly surrounds the cutter. or other operations the designer has to
provide a means of deflucting the swarf in the desired dircetion.

Drilling and topping are less helpful as the chips are not ejected axially
at high velocity. However sworl can be wmshed blown or sucked from the work-
picce. This often iavolves the use of an additional station, vhere the
camonent cond svard arc scparated.,

The problem of sarf build ur on the machine surfoces can be minimised
by ensuring thot the surfaces are inclined vhereover possible with an adequate
flowr of fluid. Fulmer Research Institute Ref, 7, corried out an exporimental
progroxme to study the offects of mnachine bed surfrce finish and slope. It wa
shorn that mindnmum £luid velocity requircd to kecp machine surfacus sarf frec
varied botween 1 and 2 £1/sce (9141mn/sec).

b) Transport of swarf from the machine could be achicved in three ways:
i) Hydroulic:- This method uses oither a velocity trench or an cjector
systcn,

Velocity trenches arc suitable for removing all types
of sunrf cxcevrt large entwined bundles. A stream of cutting fluid is
forced into the cutting arca and flushes the swerf irto the trench,
Ideally the fluid must tronsfor all the simyf aray from the cutting
arce and kecp it in suspension until the lubriesnt hos becn drained
of f',

L vericty of trench designs are availablce, the most
commonly used being o U-section shape with a scmi~circuler basc. The
U-scetion prevents the simrf being built-up at the bottom. 4 coubin-
ation of a trench slopme of 0.25 to 0,375 in/ft, (.2 %0 23 oms/motrcs)
ond o series of coolant flushes keup the sunrf in motion. The
optium length of tac trench depends on moximum depth permissible nnd
the ferm of the swarf,

jector systems are mainly opplicd to very fine chips,
The sverf -dith coclant is colleceted in on ejoctor by inducing the
mixture into o stear of clenn coolont, The mixturce is then conveycd
to a collcetion tonk through riping which must be sloved tovards the
tonk, To avoid sludge deposits occurring vhen the system is snut
dem. The ratio of the elean conveying coolant to the coataminnted
coolont is threc to ouc,

(ii) Pncumntic:- Tine svarf dust rnd s:nll chivs can be romoved by moeans
of a high velocity air jet which sweups the svarf from the cutting
ares into o chut.. The suarf and dust con be oxhousted pnocumatically
from the cutiing zone by fitting sn individual heed over thoe cutter,
The cssentinl featurcs of pncumctic metnods arc:-



n) Huchioe hoods

v} Ducting from the m ehdnc o vh. soporstion unit.,
b m . o
¢} The separetbion unit,

2) The hooe sfw_c-ulr.'i bo dosigned so thet the siorf falls into them, Hoods
can b mede to wnivelon the cu ,tnI ~lmost complotely.

b) Ducting from the mochine to th. = cporation unit should be loected ¢
ossible te the eutiing zon. so as to reduce tho longth of the q'u‘:‘c

c) The function of this wiit is Yo r.move all the svarf and the dust from
the air, A4Adr carrying the dust is possed throuph a wnber sproy to wash out tho
fine varticleus, A drog conveyor thon romoves the suarf from the bottom of the
scporntor and thoe air is discirrzud through n serics of  oisture c¢liminators.
Thig type of scporator is knowi &8 o ot soiorator,

In o dry sceparator, the first stage is in the Torm of = cyclone, which
removeg the swarf and fine particles., Tioc fine dust is removed in thic sccond
stoge whiich con be o self cloanisg oil pod o 4 bos eclleatar.

(1i1) ilceasnical:- This involves brushcs, scrappers, convoyors nnd
gimilder ecguimpment. Thosc neve been discussoed in this scolion.

Tubce conveyors :- (fig DG/4/5) ~vro used for small breken chins. &

T:-.x-ticul-‘rly us\;f‘ul application for this type of conveyor is the rusoval of
tie machine design will not pammit the

I

sy m the ingide of & mochine if
sravi ;y r-.a,lov:L

mhcsc are of twe typoe:-
1a bd LIy foil -t__fi)u

Fusher Convyy

nes prddles hinged to thoe pusher bar ‘-"hich push the svarf forvard
stroxe mid retrocts parallel nnd adjacent to the musher bar on the

return gordoe.,

b) The roeiprocs ting pusher Lor propels the swexf in the trough by tins. The
!!

tines (fig Do/ J u) fixed in the troush hold tho gvor! during the roturn stroke
of ths TU.L‘.'.L\_,I' T

Selt converyors:- (flL 1)6/1;./7) The conveyor is made of norous materinl

to sepoarote the cubting £ludd from thoe gwxf.

Rotnting Boar type conveyor:— (fiz D6/1/8). The swarf is collected in
aay of foux boxcs which discionrge into t g .ol bin in thelir course of
rotation. This type of convoyor iz suitnable for nll tynes of e
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Rotating Bar Typc ipitetor:~ The agitetor is o rectangulnr bar rot-ting
about an axis normsl to the nlone ~leng which thoe svarf moves (fig. D6/1/9)

The bar rototes ot o constrnt specd in order to give the swarf a tangential
velocity wd thercby providing en initinl moocntwa to the chip ané swecping tne
plan. elear of the chips. The centinuous motion proevents them from building up
¢n the planc. This is suitable for both broken chips and large bushy sworf.

Tilting Planc Type Agitator:- The forecs cousing the movement of the
svord include the gravity and the momentum of the particles. In addition to
these o ricchanical agitation of the snrf is obtained by a sudden increase of
the slope of the plane along vhich the swoerf travels,

Pnounntic Agitetor:- Ifig D6/L4/10. Ia this o jet of oir provides an
initial motion to the swarf, This typc of agitetor is suiteble only for fine
chins,

Desipn Solution.

As the wnachine design provides grovity swarf romoval facilitics, it was
considered thot adequate suarf removal could be achicved by o simple yet cheap
pneunntic agitator., (fig D6/14/10). Such an agitator fits cnsily into the frame
design occupying o mindirmm of spoce ond supplements the swerf removing action
by the cutting lubricant vashing down the slope of the bed,

Other typus of swarf roamoving technigues arc complicatud, cipensive and
occupy more spacu. Thoy noed o separete drive or o geor reduction box,

£ 4heo

Pncumatic agitator logically cencludc to our choice. Scquencing of the
agitator could be¢ achicved with work londing.

26,5, Appendix = Colculntion,

Moxinunm Foree to be cxerted by the Tailstock,

The moximum Torec to be cxerted by the tailstock wns calculated as follovs:-
(Ref. 1)
Force 1bf Donth of cut (inches) x Pecd (dinches/rov)
%X 150,000 x x
For workpgiceo woights up to 440 1b (1.55 K .N,}

-
-k

n

C ond for weights over this vnluc
x = yeight
2

1

Therefore for the nnehdne x = 0

0.25 x 0,010 x 150,000
375 1br soy
1,00 1bf (1.77 K.N)

Meoxinua Force reguircd
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D7, ROPORT (o T 4 STHUTIC &0 SRGCUGHIC DISIGH SUB-COkt ITIRE.

Proporod by- MH.JF, Scorffc
.i':. .‘I_‘rT. TCI‘I‘}“
.

E. Becrn,

D71 .  TIutroducti-n.

fne function of this commitice wes to give consideration to the acsthetic
and crgonondc design of the moachine, ~nd to construct ~ cuarter full sizc model,

Boorusce of the influcnce of fasidion nnd croonomics, mochine tools can no

Frshion dictrtes that the mochine should be rloasing to the cye, theref crs
such things as colour, sizc¢ and outlinc should be congiderced. Hovever
acsthotics esnnot be considored in isolaotion, as it must conplement basic
Pactory requircicnts such os minimn floor sroce ~nl. acccssability.

Brponomics, Ref, D7.h., gives the desi ':;u.-r inTormaticn, so thet the man-
rachine interfrce functiens vith the mexdinun cfliciconcy.

The goneral crgonowsic considurations that mmst bo spplicd to o macihdne
tool arc, thrt the operntor should be able to sot uv ~nd control the machine
ropidly, safely ond vith the minivum amount of fotigue.

this wmocns, the ~doption of standards concurning al arrongemonts

and dircetion of movemunt of opersting hondlos, knobs

Unnceoss-ry movanents ~od fatiguc emn be avoeided if the liyout of levers

wnd conkrol phnels e .'Z'.Cl'.:l_'-ttCCL to the peomctry of the humnn body.

A8 the mochine hos not boen brought to the dutall design s stage, the aumbers
cad function of its control loevers and knobs is not knowa, Hoowur o poart of
the I‘I."C.Jl" thet requires on operator is the tool lo~ding gazine, end it is
suzscstod that the mogozine be fitted with hrudles, Taje ¥ oulo_ 1nxe londing
sierlor, ~nd the hrndles could be positionud 80 o8 to loe~te the mognzine in o
near zorc mosibion on e mhcaine.

2. Acprodsel of Confirurntion.

The configur tion of the macainc Tig, :7.2/4 as n~dvocnted by the

configur tion comuittec wns cxoadned,

4 e cons dered thot this vns o ncsth tienlly unnccor {able mnechiine
coucicd a larg. floor arsn, with cxdrouacly noor -uCCl..S..;ui)lllt“}T. In aadition
to radise it to opcr~tor hcisht would howe incurcd an sneessive duad volumo

under onch nxis,

4
O
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BT, REFCRT €0 THE Lo STHLTIC 40D STGOEICLIC DESIG SUB-COLITTER.

Propored by- M. Scorffe
L.V, Terry
B, Bera.,

D7.1. Introducticn,

o R O

fne function of this committec wos to give consideration to the acsthetic
and c¢rgonotdic design of the mochine, ~nd to construct n guarter full sizc model

Boeousce of the influcnce of fasinion and croonomics, mechine tools can no
longer be desigined on purcly functicnal grounds,

Foshion ¢ictates that the mochine should be pleasing to the cye, thercefare
such things ng colour, sizc and outlince should be considercd. However
acsthotics cannot be considecred in isclation, as it must complement basic
frctory requircments such as minirum floor space and ncccssability.

Erponomics, Ref. D7.4., gives the dosigncr il’lfOI‘l‘.li.‘-.’ti\.‘-n, so thot the mon-
mechine interfoace functicis vith the maximom ofiiclency.

The gencral crgonomic cons:.cur:xt_r.c;_, that mmst be opplicd to o moching
tool arc, that the operator should be able to sct un ond contrel the machine
rapidly, safely ond vith the minivum amount of fatiguc,

fhis mesns, the ~doption of stnndnrds concerning the logieal nrrapgemcents
and divcetion of moverncnt of operating hondles, knobs ote,

Unnccessary movaments nad fatiguc enn be avoided if the loyout of levers
rnd control pancls rro adapted to the geometry of the huan body.

ig the machine hes not been broucht to {.ln, d.tail design stage, thoe numbers
rnd function of its control lovers and knobs G 1 : & port of
the nmochine thoat reguirces oo operator is the and it is
suCLcE \:d that thoe mogazine be fitted with hond londing
eluler, d the hnndles could be positioncd azing in o

1ERT BCTO 1-:os:Ltion on e meciine,

=

D7.2. _dpraisal of Confisuration

The coniigur. tion of the mneaninc Fig, DY .g/" as advocnted by the
configur-tion commictec vns cxoudned,

It wos CD'-'}S Adered thrt this wns mn acsthcticslly uwnocccertable machine
that occuricd a large floor aron, with cxtroaely roor nccessability. In addition
to raise it to opur“tor height would nave jrcursd on cxoussive doad volume
undor onech axis.
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In ain attoupt to roduec i dcnd vilwme nnd fleor sprcz, thrse o rangerients
ks
worce considered,

fig D7/2/2 shows an arrengeient in widich the hendstock-toilstock axis
is vertical., This gove a t2ll unstoble machine, that would have required
an extra support,also sworf would have falloen directly onto either the head-
stock or tailstock.

Yor those rensons this arrongoment wns rejected.

Fig D7/2/3 shows an arrangeacnt with thu headstock - tailstock axis
horizontal, but with the toolpost oxis vortically above it. This wms donc to
reduce the floorspace and dead volumc, but incronse accessabllity,

Houvever, if the workpiece is brought to operntor height, the tool loading
position becomes cxcessively high.

If the tool loading height is rcduccd, then the workpiecc height becomes
too low. As o compromise s not possible this arrangement was also rejected.

Fig D7/2/4 shovs an arrangasent with the herdstock - tailstock oxis
reomaining horizontal but with the toolpost oxis vertically dovimrards. Whilst
it woe sppreciated that this arrcngement would give the sonc disadvantages as
Fig D7/2/3 it vns investignted in casc it introduccd any additional advantages
or disadvantages.,

It preduc.d a useful stornge volume, but swarf trould have fallen dircetly
onto the noving toelpost,

D7.3. Pinal confisuration,

The arrangenments shown in Figs D7/2/2 nd D 7/2/k. werce carcfully considorod
and it wos concluded that the stability ~nd swarf disadvantages could be
overcome if the machine were tilted at an snglc to the horizontal.

3 - o} = . - - ¥ n a3 “ e
An rngle of 45 appoared to be ideal sincc it brougit the teol loading nnd
workpicee positions ns near lovel as possible, also it is the optimum sngle
for svword to fall cleaw of any wmoving parts.

Hoveover the overall height of the mechine would be ( Jft. ond it yms
considerced that this wos too largu.

. " : 2 : ; o 5

The situntion vas compromisced Ly chonging the angle to 307 thus arriving
ot the finnl configurntion shovn in I'ig D7 2/5.

. . 3 =1 c i = ] 3 o = 1 g

Pixing the slilernys at 30 to the horizontal could have affccted the
control of the moving parts, consultction with the Control Systoms Compdttec
confirrmed that this would not be a problua,

The final confipurrtion has the ~rdvantage that it occupics Eho minirmm
floor arca, and hos good accecssability. Also acsthetically a 307 angle



€3 =~

ig pleasing to the cye, o:d gives o nedern ~pponroncc,

1)  Koenigsberger, F. Design Principles of lictal Cutting
kachine Tools.

Porgomon Press

2) Ergonomics Tor Industry Nos. 1-12,
Ministry of Tochnolo y Jai, 1966,
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D8, Costing of lfachine Design.

The mechine design cost hos bocn estimnted so that an 'order of cost'
for the co plete machine cenn be cstablished, The treatment is not rigorous
and therefore the figurcs given should only be taken as o guide.

Cost:r_ng hos bocn bascd on & comparison with sisdilar equipment and a
gquantity of trenty m-chincs por annum, Costing pattcrn costs and capital
cxpenditure arc written off in the first yoor so that pattern costs are
cmortiscd over the first twenty units,

The grade 17 cast iron have becn cvaluated at 1/4d, per 1b and machining
costs were bnsed on on hourly m-chining ratc of £1.10s.0d.

To obtain an cxact cost for the wnnufacturc of the machine would be
vory difficult, Many of the major parts have been designod specifically for
the mnachine and as & result cannot be bought-out as stondard items,

In the case of wiits such ns the copy turning attachment cnd chuck ¢
price for o complctc unit was supplicd by o monwufacturer. These items arc
designa u\,d as bought-out BO.1.

Items vhich arc bou,ght-out and have been alloented an estimated cost are
indicated byBC,2 This includes thoe frame vhich would be bougnt-out as o
heat trented ensting and "‘.luCﬂlIlO’-i +ithin the machine tool makers factory.

Bguipment which appenrs on tho ﬂ.ss,ulnbly droxdings ond is net included in
the cost breakdown such ns the actuation eylinders and hydraulic motor h..s

been costed in the Control Scctioco,.

Cost Breakdovm:

Siction Deserd: ticn £
D3 Chuck with Drowbar BO,1. 125
D3 Hydraulic Cylindcr BO.1. 80
and Distributor iisscmbly
D3 Disc Broke ssscmbly
with casging 30
235
Dl Frooc BC.2
500
5.0 Toolpost Lsscmbly 250
D;l.é 4...L3“"lu.u 150
D5.10 Scoucneing Dquipcnt B0, 50 __
450
D6.2 Tailstock Unit BO.2, 15
D6,2 Trilstock Revolving CentrdBC.1. 23
D5.3 Cutting Iubricont
Scudpaent B0 2, 50
Dé. 4 Svnrf Romovel 10
93

TOTLLET , 383
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D8, Costing of Machine Design,

Iho machine design cost has boen estimnted so that an ‘order of cost'
for the co plete machine con be established, The troeatment is not rigorous
and therefore the figurcs given should only be taken as a guide.

Costing hos bocn bascd on a comparison with sindilar equipment ond o
guantity of twrenty wmrchines per annum. Casting pattcrn costs and capital
cxpenditure arc written off in thc first ycar so that pattern costs are
cmortiscd over the first tienty units,

The grade 17 cast iron have been cvaluated at 1/4d. per 1b ond machining
costs were based on on hourly m-chining rate of £1.10s.0d,

To obtain an exact cost for the wmanufacturc of the machine would be
vory difficult, Many of the mnjor prrts have been designed specifically for
the mochine and as 2 result camnot be bought-out as standard items,

In the case of units such ns the copy turning attachment cnd chuck a
pricc for o complete unit was supplicd by o monufacturer. Thoesc items arce
designated as bought-out BO,.1.

Itcias vhich arc bought-out nnd have becn nllocated an estimatod cost arc
indicated byB0.2 This includes the frame which would be bougat-out as o
heat trented casting and amchined within the mochine tool makers factory.

Fguivment which appears on the nsscmbly érowings ~nd is net includeda in
. ; = b * . - . 1
the cost breakdown such s the actuation cylinders and hydraulic notor hns

been costed in the Control Scetion,

Cost Brookdovm:

Scction Descriticn £
D3 Chuck with Drawbar BO.J. 125
D3 Hydraulic Cylinder BOA . 80
and Distributor fsscmbly
D3 Disc Broke asscmbly
with casing 0 ___
235
D4 Pr-oe B0.2
600
D5.6 Toolpost isserbly 250
D5.6 Magazine 150
D5.10 Scqueneing Bqguipieent 201 « . ¢ S
450
D6,2 Tailstock Unit B2, 5
D6.2 Tailstock Revolving ContrceB0.1, 23
D53 Cutting Iubricant
mouipient BO. 2, 50
D6 A Swart Removeal 10

98

TOTLILY ,383
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Attachnents sold os extros vhich are not included in the total.

Scetion Deseription £
BH.S Copy Turning BO.1 300
D3, Work Londing 250

The total cost docs not cover wmnchine cssembly and testswiich arc
included in the Mr-ster FProgroome Scction.

D.9, Roccommendotions for the Future,

During thc projoct it bocmusc apparent that somc aspects of tho mochine
design could be cxtended to advantage, Tice indexing toolpost on the cross-
slidc with 1ts tool mngnzine was onc such ospect and in conjunction vwith this
the sequencin: circuit for the machince clements,

The comnittee considers these nspects oi the dusign could form the basis
of a futurc student project. This projecct could evaluntc thc design, monu-
facture and dcvelopment of the mechanisms ond associnted circuits providing
the bosis for a universal transfer machining centre.

Brll hydraulic motorswith integral hydrostatic besrings arc currcntly
being develeped. VWhen these become available thoy vwill provide choap high
poerformonce spindle drives with a ruch smrller physieal size than prosent units,
The introduction of such motors into the m chinc design would rcduce the
overall size snd cost.

Furthor cost reductions could well be achiuved by the application of
self lubrienting, low friction canposite coatings to the machincs slidewnys.
Th.sc coatings rewove the nced for o whole frame structurce to consist of =
veor resistont moaterinl, thus permitting the introduction of composgite
materinls such as boren aluminium, stecl alwiainiunm or glass reinforced resins.
Couposite mnterials arc far stronger ond stiffer than steels vhen correctly
designed into o structure. Thoy thorofore give size and weight roductions
ond will Dbecome loss cipensive as they arc morc widely uscd.



