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MACHINING
TECHNIQUES

UNIMA

a general handbook and operatar's manual




INCOMPARABLY VERSATILE MINIATURE

Five machine tools In one, tha Unimat |s not only a small precision metal iathe—If converts in & minute to a
univarsal drill press, varlicsl milling machine, small-parts surlace grindor, or grinding-polishing head, N
parforms ALL common machining eparalions, and |t's capable of the finest precision work. The tool fguips an
amateur or professional craftsman lo precision-machine his own small parts from any material, meta), plastic
of waod, Thousandy of hobbiests, commorciol modelmakers, inventors, protalype labs, gunamiths, camers re-
pairmen, locksmiths and |ewelers the world over use Unimats for a wide varloty of miniature machining jobs.
The basic Unimst's versatility—and the many accessories avallable—makes the machine's uses almost unlimited.

(Shown with accessory 3-jaw chuek)

Fage 2 MINIATURE MACHINING TECHNIOUES

Cubmariian Edelaieal ine 1871



MACHINE TOOL

Surely the most fascinating litlle machine
a craltsman could imagine, the Unimal Is
much mora than simply an appealing lithle
procision metal lathe, It's really a completo
minialure machine tool system—a system
of components that can be set up in various
ways 1o perfarm on small scale any of the
standard rotary metal-machining oparatians,
turning, drilling, milling or grinding. More
than that, the many accesories available for
the lool extend Its capabllities even further,
and even Include units ta convert the basic
machine fo any of several woodworking
power lools, Al this makes the Unimat not
merely a combination lool but & universal
tool, a completa machine shop In itself, No
other small shop machine compares with jt.
The Unimat is unique,

You can use it anywhare, even an & kil-
chern table, With the tool set up as a metal
lathe, you're equipped to lurn your own
steel, brass or aluminum pars io splii-
thousandih tolerance, When yeu set up the
machine as a drill press, you're able to per-
term on small seale any of the common
drilling oparations, Including countarsink-
Ing, countarboring, aven “sensitlva" drilling
al extremaly small holes wiih very tiny twist
drills. When you set up the Unimat as a ver-
tical milling machine, you're able to mill in-
Iricalaly-shaped metal paris Yyou couldn't
possibly make In any ather way, With the
machine set up as a surface grinder, you
can precision-grind hardened stesl parts




FOR METAL TURNING, lathe bit is hald in ool
bioek mount=d an the carriage

FOR DRILLING ihe headstock mounis on soxll-
lary golumn, |sver advances spindle

FOR DISC SANDING wood or metal an abrasive
disc is camenled io the sanding plate
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FOR BORING large holes In the latha a baring
tool s set parallel with bed.

|ust @3 mccurately as the world's leading
loaimakars. Using appropriale accessories,
you can also set up the Unimat as a small
bench grinder, circular saw; |ig saw, shaper,
planer, llaxible shalt fool. disc sander. On
tha one machine you can accomplish vir-
tually any machining joeb in any common
material, whether meisl, plasile ar wood,
with the size ol the work the only limitation
The accompanying photos show some—but
by no means all—of the many ways the tosl
can bae sat up.

Since il can perform such a vanety of
machining eperations on small workpieces,
the Unimal |s a simply marvelous ool flar
home-shop modelbuilding and crahwork.
Using & Unimal an amateur modelbuilder
can readily machine the special metal paris
and fittings he needs to give his models
professional finish. More than thai, with a
Unimat he's tocoled wp for projects he
couldn't otherwise hope lo tackle. He's able
to machine model ship, locomaotive, alrcraft
or adtomative parts 1o exact scale from orig-
inal blueprints. He ean build his own work-

b e
FOR PLAMING wood, motor is lilled and planing
attachment is clampad on spindle.

g3

FOR THREADING a master bushing advances
e threading attachmant's tool bit

ing-model gas, steam or diesel engines
right down to the last screw. If he wants fo
model an architectural struclure, he can use
the Unimal's woodwarking accessorles 1o
cut and plane accurately-linished miniature
fimbars and planks. Because the Unimat
ltzell i5 a scaled-down version of the actual
production machines used to make the real
equipment modelmakers model, it's possible
with this ramarkable |ittle tool to bulld beau-
tifully-detalled scale models of nearly any-
thing.

The Unimal makes precision metal-ma-
chining so simpte that with only a few hours'
practice an amateur modelbuilder having
no pravious machine-1ool experience what=
gver will be able 10 tum out machined metal
parts thal compare in every way with paris
made commercially on expensive automatic
equipment, For amateur craltsmen, and par-
ticularly for youngsters, the Unimat offers
both sdventurs and education. |t apens an
entiraly new, wide-scope {iald of interast

But while the machine 15 wonderful for
hobblests, a greal many of the 100,000

FOR CIRCULAR 2AWING the saw attachment's
lable mounts on the cross slide.
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FOR TOOL GRINDING many sal-upe can be used,
Headslock swivels lo any angle.

Unimate In use are used commercially. In-
ventors. designers. engineers, architecis
and physicists who bulld experimental mod-
813 use Unimals to produce al practical cost
small parts thal if made on convantional
machine tools would be gquite expansive
because of the sel-up time invalved. The
Unimal |s so adaptable (hat in Industrial
profotypa labs the machine iz often used for
small work in praference to much higher-
priced speed lathes. In pattern shops Uni-
mats are used 1o machine intricate pars for
foundry patternz. In optical instrument and
electronics equipment repair shops the
Unitmal has become standard equipmen,
since the machine gives an instrument re-
pairman on small scale assentlally the same
manufaciuring facility manufacturérs have
—and quite cflen with the Unimat he can
rebultd damaged or wom instrument parls
himsell In less time than it would take to
obtain factory replacements. Appliance re-
pairman often use Unimats instead of targer
machines because the compact litile tool |s
50 much easier 1o sel up and clean up, Gun-

FOR JIG-SAWING jig saw aflschment’s table
clamps an spindle Ecceniric drives blade.
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FOR BUFFING a cloth buM is mounted on spin-
die and haad is turned crosswisa

smiths, locksmilhs, clockmakers, dental lab
technicians, oplicians, [ewalers and lapi-
daries also use Unimats to make small parts
for repalravork.

The Unimal's extraordinary  versalility
stems from the tool's four special design
features,

The lirst special lealure is ils convertible
headstock. Conventional machine tools (re-
ciprocaling 1ools excepted) fall inte twa fun-
damental classes, horizontal-spindle ma-
chines and vartical-spindle machines, Metal
lathes and bench grinders are horizontal-
spindle tonls, Orill prasses, verlical milling
machines and vertical surlace grinders are
vertical-spindle toola. All horizontal-spindle
machine Yools are basically much alike, and
all vertical-spindle tocls are basically alike,
Because the Unimat's headstock can be
mounted either on the mechine’s bed or on
an auxiliary vertical column, the fool can be
sal Up far edher horizontal spindle machin
ing jobs or vertical-spindle machining |obs,
and this makes it possible to perform a wide
varlely of machining operailons en the one

s mounted abgve inveried head,

FOR GRIMDING FLATS the spindle s set vertl-
cally, Visa holds work on cross slide

FOR MILLING. work can be clamped on he
accessory T-slotted milling table.

Y,
g = - :
FOR SHAPING wood, shaper aftachmant's lable FOR WOODTURNING an accessory tool rest s

clamped on the lathe's bedway,
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maching. Wnen the headsiock s mounted
horizontaily on the bed, the Unimatl becomes
& melal lathe or grinding-polishing head.
When the hoadsiock assembly—spindle,
mater, beli-drive and all—iz mounted verti-
cafly on the suxiliary column, the maching
becomes & drill press, vertical milling ma-
chine or surfaca grinder, depending upon
how It's used. For drill press wark, the tool's
spindle can oe ralsed and lowerad drill-
press-fashion with the spring-loaded spindle
carridge’s rack-and-ginion advance. Work
can be drilled at any angle, since the head-
stock can be swung 360° around the column
ard retaled 3B0° in the column mounl, For
vartical milling operations, the spindla’s
rack-and-gpinicn advange iz lecked, and the

SPECIFICATIONS

HORIZONTAL

Swing over bed _ T
Swing over cross sl}d- s 1-#!1#'
Distance belwean mnum _ E-8/10°

VERTICAL
Spindle nose to cross alide ... 6-1/4"

DOrill to cenler of circle .......... B-1/8"
COMPONENTS
Headstock rotation . ....c.ccee. 360

Headstock spindie bore takes .. 1/47
Headstock spindle feed . ... 5/B°
Tailstock travel ..................... B=1/2"
Tallstock spindle travel - [
Carriage travel .. -
Cross Slide Tlm1 ki T
Tool post r.mmltr-—-—{oenm
slandard 1/4” tool bits) . T
Handwhee! calibrations .. ... i
Moltor HP (110V-AC/DC) . . 1/10

Speed range (11 lpuﬁ‘_i 31n.5mq
rpm.

Accuracy, spindle runout ........ L0005

Over-all dimensions 14-1/2" x 4" x 5"

Weight ... 30 Ibs.

work Lo be milled is mounted on tha carfaga
cross slide to permit precislon-leeding the
workpiace to a milling cutter chucked In fhe
spindle, Set up similardy but with a grinding
wheel on the spindle, the Unimal can elso
perform wvarious precision-grinding cpera-
tions, including surface grinding and focl-
grinding.

The Unimat's second special feature i3 ils
high-rpm  universal moter and 11-speed
slap-pulley drive, which glves a wide range
and wida saleciion of spindie speeds, The
drive provides both the very-high-rpm
spindle speeds needed for such jobs as
turning Uny shalts, drilling with vary small-
diameter drills or milling with small milling
cutters, and, with the belis shifted, the pow-
srful low-rpm speeds needed lor rough-
{urning large-diameter work or drilling with
large-diametar dillls. The belt-drive also
functions as a safely clulch, since the balls
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will stretch when severely overdoaded and
thus preven! damage to the machine |l a
cutling tool should wedge in a cul. Because
the molor i2 bracketed on the spindle cart-
ridge, the sama wide salaction of spindle
speads is avallahle whether the headstock
is used horizontally or vartically.

Tha third special feature contribuling to
the machine's versatility is the interchange-
ability of the Unimat's chucks and work-
plales, The teol's spindle nose, the threaded
adapter stud that lis the carriage cross
slige, and the failstock ram all have 1he
same thread, which makes it possible to
mount any of the maching’s chucks or
workplates ailker on the spindle, on tha
cross slide or on the tellstock ram. This
greally simplilles making sef-ups. Spindle
chuexs can be used either as workholding
devices or as loolholding devices. A work-
plece fixed on & plate first can be mounted
on ke lathe spindle for lrning, and then
latar mounted plate and all an the carriage
cross slide for drilling or milling. Workplales
can be used In several ways, The accessory
sanding plale, lor example, can be usad not
only for sanding bul elso as a large lathe
faceplate, as a carflage worktable for ver-
fical driliing or milling, or as a tailslock pad
lo suppert & workpiece drilled In the lathe.

The fourth special fealure contributing
significantly to the Unimat's versatiiity Is the
tool's precision construction, since this
makes il possible lo accomplish accurate
precision work with the machine. Bacause
most machined parts needn’l be linished to
parficularly close tolerance, precision pere
formance isn't slways really required. Bul
whenever lolerances are critical, the Unimal
provides high-precision capability. The tool's
prelcaded-ball-bearing-mounted spindle has
less than 0005 runout. The spindle can ba
adjustad for perfect alignment with the bed
in minutes. The cross slide travels precisely
square with the ways. Feed scrow hand-
wheels ara calibrated. Spindla collets are
available for chucking small furned parls
whh perfect concentricity. Parts can be
iurmad en the Unimat with the same exacl-
Ing pracizion pessible on the mesl expen-
siva toolroom lalhes, and flat work can be

fimsh-ground with the same high précision
possible with Industrial precision grinding
equipment.

Ulira-precise work of course demands a
degree of skill on the part of the machinist.
Anyons experenced in the use of larger
machine tools will be able o sel up the
Unimat lar any required machining job and
perdorm critically precise work an 1he 100!
with ro ditliculty, since the Unimat is set up
In much the same way and has essentially
iha same operational fealures as larger
machines.

A complete novice using the Unimal for
hiz first Iry &t melal-machining will soon
learn machining fundamamals by experi-
ence, This bocklei briels elemeniary pro-
cedures. While It's pot a complete machin-
lst"a handboak, It will give a Unimat owner
a survey of the many operglions thal can be
parformed with the machine, show the more
commonly-used sel-ups, Indicale how the
many accessores are used, and gel him
siarted in tha right direction. Skill as a ma-
chinist, which is really a practical knowledge
ol cutting lools and the materials cul with
them, comes with practice. The more you
use 2 machine tool, the more you're able to
o with 1.

Keop in mind while exploring the Unl-
mai’s capapilifiezs the sweeping range of
work nat machine tools accomplish. Ma-
chines larger than Unimat bul perlorming
the same opaistions In the same way make
nearly all the consumer goods we use.
Machine 1ools tum, drill, miil and grind, and
these operallons shape the output of the
wealthiest nation on earth. With Unimat you
can try them all an ane machine in cne alter-
noon—anrd then use the tool o do whal-
evar kind of work interests you masl. Metal-
machining opens more possibilities than
eny other field of craltsmanship. When
you're equipped o machine metal, you have
the means (o build anything you want 1o
bufid—and do it jus! as wall as anyone else
could, evan the largest corpomations.

The Unimat gives you, on small scale,

*this faciilty. Iit's & universzal tool, the most

versatile machine a orafisman could

Imaging.

A, Ribbed Lathe Bed

E. Ball Bearing Headstock Spindie
C. 1/10 hp AC/DC 110V Motor

D. Carriage Assembly

E. Tailstock

F. Ball Bearing ldler Pullay

G. Tool Post

H. 12° Sies! Vertical Column

J. Yertical Column Headstock Adapler
K. Jacobs-lype Drill Chuck & Key
M. Grinding Whea! Arbor

A COMPLETE MACHINE SHOP IN A BOX

N, Face Plate

0. Lathe Dog

F. Dead Centers (two)

Q. Slotted Adapler

R. Spindle-feed Hand Lever & Pinion
5. Set of Drive Belis

T. Allen Wrench

U. Headstock Alignment Pin
¥. Roughing Tool Bit

W. 44 Page Instruction Manual
X. Wood Storage Chesl
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OPERATING INSTRUCTIONS

The Unimat is easy to sel up and operate. Even an inexperienced amateur will soon learn to use it like an
experienced machinist. But before you operate ihe tool, read these instructions. They show how to assemble the
machine, how lo perform simple metal-turning jobs, how the various special lathe operations possible on
the tool are accomplished, and how lo use the headstock on the auxiliary column for drilling, milling and sur-
face grinding. Exploring the Unimat's capabilities is a fascinating adveniure, since It can perform on small
scale virtually any machining operation that can be performed on full-size machine tools. Following the basic

procedures oullined, you'll lind jt easy to make the appropriate set-up for any precision metal-machining job
you might want to do.
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Setting Up Your Unimat

Each Uinimat is shipped In A sturdy wood-
an siorage chest enclosed in a heavy card-
board outer carton, Two small boxes, ona
containing the meter and the other contain-
ing small pars, are packed with the ma-
thine i the chaat,

Be sura to mail tne guarantes card packed
with the lool promptly, Thig card validales
tha machine's warranly, regisiors you as 8
Lintmat owper and assures that you will re-
ceive catalogs and any cther supplemantal
Ihargture iesued on the ool

Before shipmant from the lactory every
[Intmal passes meticulous Inspection. If
when unpacking your machineg you fing that
a part has been damaged In shipment—or
In the event a parl should becoms defective
within the warranly period—wrile to the
Custgmar Sarvico Deparimant, Amerlcan
Edelstaal, Inc., One Atwood Avenuve, Tena-
iy, New Jersey 07670, and describe axactly
whal is wrong, refarring to the par by the
name and number indicated on the parls
list, If it is necessary to retum the part lo us
for raplacameant, we will mall you a speclal
shipping ticket Cur repair department can-
nol accept parcels not previously authorized
in Ihis way,
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Far shipment the Unimal is bolted o a
thin plywood baseboard, with the vertical
column (H) secured in two blocks behind
the lathe, Wipe the maghine with a rag dam-
pened in 2olvent to clean off the sticky nust-
Inhibiting preservative compound protecting
fha tool, Then immediately off all bright-
metal surfaces with light machine oll, Loos-
aning the bwo largs Allan-head spindle lock
seraws in the iop of the headslock casting
will permit sliding the spindie carridge
back and farth with the ball-handled pinion
Izvar tor cleaning and olling.

Mount the mator behind the Readsiook an
its brackel with e two flal-head scrows
provided, cord lmading to the rear.. Then
glip the 3-step pulley on the motar ahall and
align the slot in the pullay with the shalt's
crosspin, As you tghten the filister-head
sorew and washar thal secires the pullay on
the ghall, the crosspin will bend Into the
gami-circular skot and koy the pulley.

The motor bracket, which clamps on tha
spindle cartridge, can be posilioned as de-
sired ta ralse or lowear the motor. Whenaver
tfhe molor bracket’s clamp screw |5 loos-
ened, howevar, the coll spring Ihat retracts
the spindle cartridge pushes the bracket

PRESTRETCH the rubber drive bells belors siip-
ping tham on iha pulleys

against the Inner faze of the spindie pulley.
and this will prevent the pullsy from turiing.
Blight clearence berwesen bracket and pul-
Isy-—aboul .010", or the thickness of tin can
stock—Is required to allow the pulley to
lurn Treely. To adjust this clearance, first
fully retract the spindle cartridgs In the
headslock with the ball-handled pinlen
lever Mexl lgozan the molor bracket's
clamp screw, pull the brackel back along
the spindle cartridge {against the tenslon of
the spring) enough o provide clearance,
and then ratighten the elamp screw. He-
check this clearance whenever the metar s
raised or lowergd,

Before Hilling the drlve belts | ), make
sura tha! the ldier pulley tums trgely. Avold
overtightening the Allen-hesd screw ihal
clamps tha Idier's ball-bearng In the brac-
kat, slnce Lhis mighl distor the bearing.

The Unimat's special drive balts, which
at firat may seem loa smail, shouid be pre-
siretched before ihey are slipped on the
pullevs. Prestratch the belts by hooking your
fingera In them and gradually puiling and

F

MOUNT THE MOTOR gn Iz bracke! with the wo
machine strews providad,

MINIATURE MACHINING TECHNIQUES



CROSS FIN In mator shail bends Inlo semieircu.
lar slot in the step-ouiley.

streiching them, working arcund each bell
several times. Then siip the smaller belt on
the smallest step of the motor pulley and
the largest steg of the idier pulley, Slip the
larger bell an the middle step of the idlar
and the middle slep of the spindle puliey,
This beiting arrangement drives the spindls
al its second-slowest speed, with ten ather
combinations possible. Aun in new balts at
this apeed for ten minulas belore shifling to
higher speeds.

Lixe other quality unlversal-motor lools,
the Walmat has a 3-conductor cord with a
3-prong plug. The plug's third prong safely
grounds the machine and eliminales hazard
in the rare event of an alectrical breakdown.
The tool's bronze-bearing AC-DC moior,
which |z fully enclosed lo keep oul dirt,
hualz somewhat wher run continuously
under [oad, which is normal, When pulling
lgad a-unlversal motar's spaed dropa, with
the motar delivering lull rated power when
shaft speed falls lo abaut hall the no-load
spead, When shaft speed drops to less than
halt the no-lcad speed, the motor s over-

CLEARAKCE in required betwasn molor bracked
and spindie step-pulley,
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leaded. You can easily judge when the
Unimat’s motor 18 delivering full power by
its sound; the lull-power spead |5 the paint
beyond which the machine =ounds labored.
Aveid repeatedly overlsading the machine's
motor. If & heavy cut or snagged drill stalis
the motar, switch off power immedlately
and correct the siluation befare resiarting,

It you mount vour Unimal parmanenily on
& bench-1op, be sure that the mounting sur-
face & perfectly lat, since screwing the
machina dewn on an uneven surface mighi
twist the bed casting. Many Unimat cwners
mount their machines on Farmica-laced or
white-enameled wooden baseblocks meas-
uring about 117 x 18%, which makes tha teol
readily portable. A piece of % ”-thick For-
mica-covered plywood will serve, bl &
heavier base aboul 1Y "-thlck Is prefarable.
A light-colored base will be sasier to keep
clean and will make small parls easier o
508,

Whenr you have your machine set up,
famlillarize yourself with lts operating con-
trals. Turning the longltudinal fesed screw's
calibrated handwheal slides the lathe car-
ringe back and forth along the ways. Whan
a cutling 1ool & mounted on Ihe carriags,
the lengiudinal feed moves the polnt of the
wol siong a line of travel precizely paralia)
with the lathe's centerline. In this way waork
meunted |0 the lathe can be machined
accurately eylindrical,

The cross leed screw's calibrated hand-
wheel moves the carriage cross slide along
& line of trave| precisely square—at a 900

angle—with the lathe's certerline. The cross
feed screw leads Ihe tool bil in or oul te
contral depth of cut for cylindrical turning,
and it is used for facing square shoulders
and sguaring the ends of workpieces,

Both longitudinal and cross lesds have
Allen-head tensioning screws. When fully
tightened these scraws lock the feed move-
ments. When partially tighlaned they ten-
sion the mavemenis to pravide the sliding
acticn oesired—ilghter or freer,

The Allen-head screw in the base of the
lailsteek clamps the lallstock whersver de-
sirod along the ways. The tallstock ram can
be mdvanced with its calibrated handwhaal
and lecked in position with the Allen-head
lock screw at the fop of the tailstock casting
All lpek serews on the Unimat have the same
size heads, and the machine’s large Allen
wrench (s them all, When the Unimat Is
sat up for latheweork the two Allen-head lock
zcrews In the top of the headstock casling
should be lightened enough to clamp lhe
spindle cartridge immovable, but do not
gvertighlen them. The ball-handled pinion
levar, which slips loosely into its hola in
the headstock, ordinarily isn't used lor metal=
furning. You can gosiflon the lever with the
ball over the drive belts to serve as a belt
guard, or you can ramave tha levar,

It's importanl to kesp a metal lathe
cleaned and oiled, since accumulated din,
chips and swarl from grinding wheels or
sanding dizca cause unnacessary wear, You
can clean mefal chips from your Unimal in
secords with a shop vacuum, or you can

MOUNTING your Unimat on a wooden baseblock makes tha maching easily poriable, Make the basa

abowt 11 x 187 x 1% with whila flinish,
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_’iPIMFLE S;:Es-atns trush the tool clean with a paintbrush. Aftar
e metat= rp.mj each use oil the ways and wipe down all

Standard Spindle i po indicated s [ bright working surlaces with the machinist's
“WW Walchmaker Spindle wopm sidicated an 000) beat Iriend, an olly tag, to prevent rust, Keep
the tocl's feed scraws clean, and lubricate
=pingia pullsy wiarmaciaiy pliey Maotor pulley them reguiarly with light machine oll
Pullay  S—— = E? Remember to observe sensible safaty pre-
Code I"I':'I"I =g cautions whon using your Unimat. Any ma-

2 chine ool cutting at high speed throws fiy-
m-lau E_FEW 1_':[ %  — r— Ing chips thal may endanger the user's eyes,
oM o E’éﬁg’ and the fact {hat the Unimat iz g0 oftan used
for close precmon work—with the operator's

730 | [ 2000] face close to the aclion—maxes | parlcu=-
1150 2 ﬁéj 4770 4 larly impariant 1o keep thig hazard In mind,
r.p.m. f.p.m. gﬁ Wear protective safely glasses whan par-
forming any machining operalion (hat pro-

5 5200} duces llying chips, especially when ma-

(3200 §
5900 LL=F-: i!ﬂ 12000 LT—J;Eig—- chine-grinding or disc-sanding on the ma-
f.pm, rpm, IEJ chine.

When the Unimat |s used lar special work,
a special bass for the machineg may be de-

1265 :zsuu %& 5300 i — L sirable. In instrument repaif shops Unimats
Fpom. r.p.m. 3 nam LI;% are sometimes screwed to small cast ron

surfaces plates. The surface. plale provides

Eaﬂﬂ i — . % ; - : a true surface behind the bed on which to
rp.m. e [ P g ' P w— use a magnetic-base dial indicator.

WITH NO. 1280 SLOW SPEED ATTACHMENT

12
210 B0 i 1
r.pm. £pm.

THE UNIMAT'S operaiing controls are much like the contrals on jarger machine tools. Take & few moments lo become familiar wilh them
before mounting werk in (e machine for turning.

&

WOTOA PULLEY HEMDETOCK EPNDLE LOCK SOREW LOMOIMUTIMAL FEED TERGEN NG GCAEW TRILETOGK HANTWYEEL

IOLER FULLEY WMOTOR BHACKET TAILSTOGK AAM  TAILETOCH RAM LOCKING SOfREW LATHE BED WAy

o L
FIMION LEVER OOl SPRIKG ‘ FACIFLATE i . _' CROSS FEED TENSIONING GOREW LOSAITUDINAL FEED HANTWHEEL

SFINOLE FULLEY MOTOR BRACKET CLAMF BESRTW HPAGSTODK ALEINMENT PN - 8 — CROSS FEED HANDWHEEL TAILBYOOK CLAMPING BOREW
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Turning Work Between Centers

In moet melal lathe operations the lathe
revolves the work te be machined against a
fixed cutting tool that pesls off shavings. II
lakes conalderable force to pare chips from
solid metal. The workplece must be mounted
very sacuraly In the lathe to make the tool
bli"s cutting edge cut the work Instead of
lifting 1 cut of the machine, s

The most elemenlary way to hold wark |s
1o mount the workplecs betwean cenlers.
Two 60° cemers (Pl—hardened and ground
can oe Inserted In the lathe spindle and tall-
slock ram, They are supplied with tha Unl-
mat. If each end of the stock fa be lurned
Iz first cemercrilled with a 80 countersink
centerdrlll, the work then can be supported
betwean the two hardened polnts, The cen-
ter in the ialhe's spindle, termad “|lve” be-
cause [t rotates, keeps the work aligned. The
ocanter in the tailstock ram, termad ‘'dead"
because it doesn’t lurn, serves &8 & conic
bearing on which the workplace can revolve.
Usually work mourted belwesn centers |s
rotated with a deg (O) which Is a bent-talled
lixture clamped on the spindie end of tha
work In such a way that the dog's tall en-
gages a slot In & faceplate (M) screwed on
the spindle,

STRAIGHT TURNING

Turning work mounted between canters to
simple cylindrical shapes, termed “straight"
lurning, is the most basiz metal lathe opera-
tlen. Mounting betwean centars ls also the
mast accurate way lo turn precieslon work.
Work Wwrned between centers can be re-
moved from the lathe for other machining
oparations and |ater replaced for additional
turning without loss of precielon. Or tha
workpiece can first ba machined hall lis
length, then turned end-lor-end and ma-

LUBRICATE THE DEAD CENTER with light ma-
chine gil end adjusl |t carefully.

MINIATURE MACHINING TECHNIQUES

chined the rest of Its length with perfect
concentricity.

Sefore atlampting critical work with your
Unimat, however, It's advisabla to iry some
practice tuming on scrap stock to gat the
“faal' of the machine, If you've never befara
dsed a metal lathe, you'll find this a reveal-
ing experience. Aluminum Iz perhaps the
most suflable metal for practlee turning,
since It turne freely, You can gel some ¥
diameter rod stock al a hobby shep, er you
may ba able to obtain some scrap aluminum,

Having squared the ands of a plece of
aluminum aboutl 8* long, centerpunch both
ands exactly on center. You can locate the
centers accurately with & small combina-
tien square's centerhead er with dividers.
Ta conterdrlll the stock, screw tha Unimat's
drill chuck (K) on Ihe spindle, ingert & 0%
centerdrill In the chuck, and with the spin-
dle operating at slow spesd, advance the
tailstock ram to feed the stock egainst tha
rotating drill. Fead the work slowiy. Drill tha
centerholes to nearly the full diameter of
tha canterdrill—but not! deep enough lo
leave & ridge around the countersinks, Al=
though cutling oll should be usad whan
canterdsilling steel, no lubrlcant is needsd
to drlll non-ferrous matals.

Aftar drilling, ¢lean oul the centerholes
and il them with machine oll. Then clamp
the deg firmly tall-outwards onr one and of
the stock, screw the faceplate on the lathe
spindie, and with the tailstock positioned as
needed on tha ways, advance the ram
enough to suppert the work betwesn the
points of the centers. Be sure the dog's 1all
enters ane of the three slats In the faceplate,

The dog supplied with the Unimat will
drlve work up 1o ¥a" In diametar, Far larger

LOGATE CENTER POINTS on sach end of stock
with sguare or dividers and center punch,

THE TOOL BIT'S POINT must be at exactly
canter halght. Allgn too! with point of centar,

CENTERDRILL THE STOCK with & 80* countersink centerarli| chucked in the drill chuck,
Feed the work to the rotating drill with the tailstock’s handwhes!,
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A LIGHT CUT along the stoek will give you the
feal ol the iongltudinal ieag,

HEAVY CUTS remove matal fasiar but laave the
workpiece with rougher finish,

& stesd pin 2ol In One
and of stock, Pin engages facep|ale,
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DRIVE LARGE WORK with

workpieces you can machine a similar but
larger dog, or to drive aven larger work you
can sel a steal pin in one end of the stock.

MOUNTING CUTTING TOOL

Next remove the work temporarily from
fhe lathe and mount the cutting bit. The
meady-ground ¥ "-square bit supplied with
tha machine (V), & garerel-purpose (rough-
ing) tuming-facing tool sharpenad on ta jeft
edge, is @ “right-hand” tool, Fed Into the
work from the operator's right, it cuts lafi-

| wards—towards the lathe spindie.

The Unimat's open-side tool block (5), the
sama {ype ol tool-holder usad an large in-
dustrial lathes, mounts on tha T-slolted car-
riage cross slide with a screw and T-nut. It
can be angled in any way mosl convenlent,
and by rolating the block the lool can be
moiniad an sither side. Generally for culs
lowards the haadstock the lool should ba
mounted on the |eft side of the block, and
the block should be sel square with the bit's
ghank at & 90* angle to the workplece,

For best cutting action the bit must be
maunted with the point of s culling edge
exacily at center height, level with the axis
of the work. Use a sheatmatal shim of tha
thickness required {o align the bit's point
with one of the centers, Insaring the shim
under tha tool's shank, For meximum rgld-
ity the bit should overhang the block as
litlle as possible,

With the bit mounled, feed back the cross
glide and replace the work In the lathe, ad-
|usting the dead canter carefully with the
tailstock handwheel and locking the adjust-
ment. Since the milsiock center functions
#s a bearing, adjusi i1 just tightly enough to
eliminate end play butl not tightly encugh
1o bind, The center will require pariadic
relubrication and readjustment as the work-
piece s machined. After each few cuts tha
lalhe should be slopped, the center parti-
ally withdrawn, the work's centerhole re-
filled with machine oll and the center then
readjusied. Relubing and readjusting the
iead center al short Intervals Is especially
imporiant when you're lurning work at high
spindla speed. It's also important when
you're roughing long stock to size with culs
thai heat and expand the warkpiece, 16r Un=
less the center is Irequently readjusted the
work's expansion will cause binding and
the friction wlll scon bumn the center,

Taking & Nght truing cut along the scrap
gluminum workpince will glve you the faal
of the Unimat's longitudinal feed. After
maoving the tool bit beyond the work's right-
hand and, position the bit with the cross
feed lor a cut about 1/32° deap and tghten
the cross feed tensioning acrew fo lock the
movement, Alse pertially tighten the longle
tudinal fead's tensioning screw enough to
give smooth carriaga glide when you urn
the handwheal. Then, having rovolved ths
workpiece In the lathe once by hand 1o
meke aurg |t turns frealy, set the driva belts
for medium spindle speed and swiich on
Iha motor.

Il you turn the longliudinal feed hand-
wheel steadily and evenlty when making the
cut, the bit will para off a continuous light
chlp and accurately machine the work to a
beautifully smoath linlsh, You can continue
the cut until the carriage nears the rotating
dog. At this point slop the lathe, unlock the
eross fead and withdraw the tool,

Next try & deaper cut, setling the teol bit
to para off a chip about 3/32° deep. Shifi
the balts for siow spindle speed, and crank
the longitudal feed handwhes| fast anough
to make the bit cut a thick, curled chip. As
you'll see, this heavier cut will remove mel-
al mueh faster bul will leave a raugher lin-
ish on the work.

Ordinarily any metal-turning opearatlon
is parformed with first & series of deop
roughing cuts and then & light finlshing-cut.
Roughing cuts are taken as needad at slow
spindle speed lo reduce the work to slightly
more than finish diamater; then a light cut
is taken at higher spindle speed to finish
the wark to exacl alze, Rouohing culs are
always made towards the headstock. They
can be made as deep as the lathe will pull
al slow speed withoul excessive labaoring.
The allowance left for linishing penerally
should be about .010°, for a tinish cut aboul
J006” deap.

The dapth ol tha roughing culs tha lathe
can pull, which you'll scon learmn fo judge
by experience, depends upon a humber of
factors: the metal baing machined, the
work's dlameter, the spindie speed, the
feed rate, the rigidity with which the work
s mounted, and tha shape and sharpness
of the eutting bit, Tha Unimat can pull desp-
er cuts when machining =oft, easilv.cul
metals than whan machining tough, hard-
lo-gut metals, You can take deeper rough-
ing cuts when tuming soft aluminum than
when tuming brass. You can lake deeper
cuts when lwming brass than when turning
steal or cast iron,

SELECTING SPEEDS

The optimum spindle speed for a parti-
cular out depends both on the work's ma-
chinabliity and its dlameter, Small aluml-
num or brass parts can be turned at high
spead. But when tuming large-diameter
sleel workpieces Ii's necessary to use siow
spindle speed and teke wvery light cuts *
Deep cuts on large-dlameter work will giall
the motor, [ you do slall the mater, Imme-
diataly switch off the machine, back oul
tha tool and try & slower, lighter cut.

Slow spindle speed also minimizes tool
chetter, When the tool vibrales In the cul
and leaves a corrugated linlsh on tha wark,
it's an Indication that the set-up Isn't sufii-
ciently rigid \o resist the culling forces In-
volved. Chatler ks often a problem when
lurning slender work that springs away from
the bit's cutting edge. When a tuol chalters,
resel It at ancther angle and lake a lighter
cut at slower spead.

MINIATURE MACHINING TECHNIQUES



FACING

Try some practice facing cuts before dis-
carding your scrap aluminum workplece. To
lace the and of Ihe work, sel the toal at the
angle required to make its point cut cleanly
slightly more than 455 lock the longltudinal
carriage feed. and maka the cul with the
cross fasd nandwheal, If the tool chatters,
increase the bir's angle. Although on larger
|athes facing cuts are usually made from the
cenler ol the work oulwards, facing culs
mada an tha Unimat often will have smaoth-
er finigh it mede from the work's pariphery
fowards the center. When facing large-
diameier work center-out, lake very light
cuts 1o avoid overloading the motor, & heavy
cut that the lathe can pull easily near the
center of the work wiil stall the molor a8 the
diameter of the cul increases.

Tha opposite end of the workpiece can be
faced by turning the stock end-for-end and
clamping the lathe dog on the othar end.
Use pads ¢ut from thin fiber or sheet metal
softer than the work under the dog's screw
io avold marring the finish on finish-lurned
Work.

Many parts turned between centers will
have stubs al one or both ends that must be
cut off after the part is turmed. Whils a apeci-
ally-ground 100l hit can be used for cutting-
off in the lathe, it is usually simpler to fum
a V-shaped nolch at the end of the part and
to cut off the slub with a hacksaw afler the
wark 8 ramowvad from the machine. YWhen
turning down the stock beyond the part,
particularly when machining brazs or alumi-
num, avwoid turning it so small in diameter
that the stub might break off before the part
is complately finished,

Perhaps with another piece of acrap
stock you'll wanl to try machining waork
accurately to size, For precision work you'll
of course need a preclsion measuring in-
shrument, either » micrometer (prefarable)
or vernier caliper,

ALIGNING THE SPINDLE

For precision turning the Unimat’s spin-
die musl be very accurately aligned with
the ways, The headstock's hex-head align-
Ing pin () provides only modarately sccu-
rale alignment, To align the spindle more
precisely, mount a workplece between can-
tars, take a light cut along its length, and
then measure the dlameler of the turned
word 81 each end wihh a micrometer.
Chances are you'll find that the two ends
differ In diameter by a few thousandihs,
which Indicales that the lathe k= cutling a
vary slight taper. This can be corrected
by loosening the headstock's Allen-head
clamping screw and rotaling the headstock
very slightly 1o make the lathe's line of
camars (the axis around which the work
revolves) precisely parallel with the ways
[which gulde the cutting tool along Hs line
of travel], | after the trlal cut alang the
workpieca the work's spindle and Is larger
in diamater than 2 talistock end, turn the
headstock & hair's-breadih clockwisa, which
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will shift the spindle end of the workpiece
towards the cutting teal. If the spindle and
of the workpiece (s smaller in diamester than
the lallstock end, rotate the headsiock
slightly counterclockwise, which will shift
the spindle and of the workplece away from
the cutting tool, Several trial cuts with mi-
nor readjustmants may be needed to align
ihe spindia so exactly that tha lathe will
lurn a perfect cylinder. When the headslock
is precisely aligned, scribe wilnass marks
on the headstock and bed casting to facili-
tate resatting.

Although less accurats, a faster way to
align the lathe spindle is 1o advance the
tailsteck and then adjust the headstock untll
the dead center wlll seal squaraly In the
zpindla’s bore.

HANDWHEEL CALIBRATIONS

The Unimal's longltudinal feed and cross
jeed screws have Identical metrie Bximm
threads. Tuming the handwhesl on aither
faad screw moves the culting tool exactly
one millimeter, The hub of each handwhes!
iz calibrated with 20 divisions, each 1/20h-
revolution mark indicallng a fead of 0Smm.

While camera and instrument parls are
mada 1o the metric system of measurameant,
for other work you®ll want to use Ingh-systam
measurement, measuring in thousandths of
an inch. With the Unimat this Is no problam.
One millimeter equals 03937", or (rounded
off) 040", One full turn of aither fead hand-
wheei advances ijpe tool forty thousandths,
with each of the 20-division hub callbrations
indicating a feed of two thousandths. Simply
remember thal one mark feeds .002° and
reducas the diameter of the workplece twice
ihat, or .004". If you should want lo reduce
tha diameter of a workpiece .012", for ax-
ample you would lesd the tool In three
marks.

For smooth operation all machine feed
scraws must have some backlash, or alay,
narmally about Veih turn. You can adjust
the backlash of either of the Unimat's feed
screws by loosening the lock nut holding
the handwheal, tightening or loosaning the
wheal, and then ratightening the lock nut,
When machining cast iron, which produces
powdery chips that are quite abrasive, pro-
tect the feed screws and the lathe bed with
aluminum wrapping foil.

Together the feed screw backlash adjust-
menis and the {ensloning of the carriage
mavemenl tenaioning scrows delermine tha
“stiffness’ of the teed controls. You'll soon
learmn to judge the feed tension most appro-
priate for particular machining Jobs by ex-
parignca, “Easier” leed parmits faster work
when you're wming soft aluminum, plastic
or other ecasily-cul malerial, The lathe
should be sel up more tightly for machining
steal or cast iron, and small parts to preci-
sion folerance. Feed adjustments that are
too slack will cause tool chatter,

CUTTING TOOL TECHNIQUES
Keep your lathe tools sharp. As you'l|

FOR FACING CUTS angle the ool lo make its
point cut cleanly, On large work take light culs.

PARTS MAY BREAK baofore they're finished it
you turn end stubs oo small in diametor,

EACH CALIBRATION on the hubs of the leed
hendwheals indicates a fead of 0027,
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FOR PRECIEION WORK the lathe spindie must be preciaely allgnad with the weys. Mashine a tes!
par, messure both ends, than adjust headstock untll lathe cuts frue,

A "FALSE EDGE" gradually bullds up on the bit's
cutting edge. Whetting removes IL

notice In the course of your praclice tum-
ing, & deposht of metal baing machined
gradually bullds up along the top of the
cutting edge, forming a pressure-welded
“falgs edge.”" In rough lurning this false
edge does no harm, but for finiesh-lurning
the bulli-up metal should be removed by
rubbing the bit's faces flal on a fine-grit
pilstona. Il you avold rounding aver the cut-
ting edge, a lathe tool can be resharpensed
by whetting many times befora it will re-
qulre regrinding.

But when a tool's cutting edge linally be-
comes chipped and dulled, the bit needs
regrinding. You can grind latha tools on the
Unimat salf with the headstock set up for
grinding, or you can use any bench grind-
er. Ragrind the bit's faces slowly on a me-
dium-grit wheal encugh lo renew the edge,
malntaining the tool's arigina! shape, Avoid
overheating the steel.

There are a number of lairly standard
shapas of lathe tools thal have provad efil-

YOU CAN RESHARPEN |athe bits by whatting on an ollstone many times before they will require
regrinding, Rub tha bits' three ground faces flat on the stone,
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cient for the more commen turning cpera-
flens, and machinlsie scon learn to grind
special bits for special |obs. A novice al
machinework probably would be well ad-
vised to buy a set of ready-ground bits,
Unimat tool blte are ground exactly ke bits
used In large Industrial 1athez—bul smaller,
If vou ean buy unground Va“-square 100[
blts and grind them yourssl!, keep In mind
the lwo Important requirements for all mei-
gl-cutting  culting tools — clearence and
reke.

Both are angles expressed [n degrees,
Clearance is the angle al which the bit Is
grourd for reliel under Its cutting edge. Thie
rellef, whigh ususily shou!d be about 10°,
allows tha sharp edge to advance Into the
work withaut rubbing. A lathe tool's cutting
edge musgt have both side clearsnce and
and ciearance,

Rake Is the angle of slope across the lop
of the lool. The rake may slope alther side-
ways away from the edge ar backwards
Irom the edge. Side rake gives the cutfing
edge lis shearing acllan. Back rake directs
chlps away from the work. In general ools
with smallar rake anglas [with sguarer,
basller cutting edges] are used lo machine
hard te-cut matals, and tools with larger
rake angles (ghiing more acuta cutling
edges) are used 1o machine aasier-ig-cut
metais, Far urning hard cast fron, tool bits
with about 10° rake usually give best re-
gults, For 1oals to turn soft steel, & 18* rake
angle Is mast afficlent, For lurning soft alu-
minlum, bits should be ground with 35*
rake.

Tools for twming brass are an axception,
Bacause a culting edge with rake digs into
brazs and causes lhe too! to chatter, brass-
cutting bits are always ground with stand-
ard clearance but with 0° rake—perfactly
square ecross the top. Machinists usually
kesp a separate st of tools for brass-
turning.

REGRIND BITS on & medlum-gril wheal, main-
imining the topl's ariginal shape.

MINIATURE MACHINING TECHNIQUES



THE 2-JAW UNIVERSAL CHUCK senlars work up THE DRILL CHUCK can be used to mount small workpieces as well as twist drilla. Tighten the chuck

1o 2" in diameter automatically.

evenly. using the key in gl three pinion holes:

Other Ways To Mount Work

A metal-machining operation always |n-
valves two stops: first fixing the work In the
machine rgldly enough to withstand the
force required to shear off chips, and then,
with a reasenably fficient cutting tosl, ap-
plying Ihat force, The machinist mounts the
workplece, making an appropriate “sel up”,
and the machine then does the work,

Workpleces of any shape can ba mountad
In metal lathes for tuming with various spe-
clal workholding devices, most of which
gocréw on the spindla's threaded nose. Two
of the most commonly-used devices, a drlll
chuck (used to hold workpleces as well an
twisl drills) and a face plate, are supplied
with the Unimat. A number ol other work-
holding devices are available as acces-
sories.

The Unimal'z drill chuck centers emall
round wark up lo %" In diameler lo within
aseut 002 In order lo grip very small-
diameter drills the driil chuck's three har-
dened jaws have very narrow ground laces,
and the jaws will bite desgly Into a sofi-
matal workplece if overtightenad. Always
fighten the chuck gradually and evenly on
the wark, using the key In each of the thiea
pinion holes, and tighten it only enough to
hald the work firmiy. Work that hangs be-
yond the jaws enough lo whip should be
cenlercrilied and supporied with the tail-
atock center.

USING THE 3-JAW CHUCK

The simplest way lo hold mosl large-
diameter round workpieces for turning is to
mount the work In the 3-jaw universal
chuck, which s perhaps the most generally
useful of all the Unimal's accessorles (pg.
26). The 3J-jaw chuck is supplied wilh Jts
mounting plate finish-machined and
gltached, ready lo screw on the spindle. The
chuck holds work from 118" to more than
2% |n dlameter, lis three hardened |aws
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close simultaneously, contering the work-
piece aulematically as the chuck's knurled
outer ring is rotaled with ping inserted in
the ring and chuck body. A scroll on the
knurled ring screws the three jaws In or out,
Jaws and jaw-siols are numbered. If you
should soraw tna jaws oul bevond the scroll,
regangage them in 1-2-3 ordar.

For chucking work larger than 15/16" In
diameter the jaws can be reversed and
work gripped in their steps. To reversa the
3-jaw chuck's jaws, turn the ring to screw
out the jaws unill they disengage, remove
them from their slots, and replace them In
this order: jaw #3 In slol #1, jaw #2 In
slot #2, and jaw #1 in sior #3. Then re-
engage the reversed jaws with the scroll in
reverse order—3-2-1,

Besldes round and hex slock, this chuck

il e ':_r

IRREGULARLY-SHAPED WORK can be mounted on tecaplate for twrning. Angle piate ar ather

THE COLLET CHUCK centers drlll rod or smail
paris with axtramely high precistan.

ii—
.

speclal fixture may be needed to mount some workpieces,
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o s AT

WORK THAT OVERHANGS a chuck mare than four fimes its diameter shou'd be cenerdrilled and

supported wilh the tailstock. Avold overtightening chucks

THE £-JAW INDEPEMDENT CHUCK holds reund,
squarn or irregular workpisces.

will aiso hold large work that has been
bored or recessad. For this the jaws are
opened lo make the steps grip Inside the
bora.

Tha 3-jaw chuck centers workpleces 1o
within less than 003", Since the jaws are
fightly fitted, a new chuck at first may work
quite stitfly, but the |aws soon wear in and
theraafter if kept cleaned and ociled slide
vary smoothly, For consistanily accurata
cenlering make sure thal the jaws grip with
even purchase as they clogse on the work-
plece. Use jaw peds cut from soft sheet
metal to prevent the jaws from marring
finish-turned wark,

USING COLLET EQUIPMENT
Toolmakers and Instrument repairmean
whan Wrning small parts that must be cen-
tered with extremaly high precision usually
hold the work in a split spring collet, which
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centers smal-diameter round stock more
accuralely and grips more securely than
any other warkholding device. Tha accas-
sory collat chuck availabla for the Unimat
(pg. 27) uses precislon-ground double-tap-
pred spring steel collets that are allernately
splll 1o close full-length and grip with even
pressure. The body of the chuck screws
1o a mounting plate that is supplied slightly
oversize, The mounting plate Is  first
scrawed on the lathe spindle and accurate-
Iy tinish-turned lo accept the chuck, and
the chuck is then screwed to . The chuck's
threaded nose-pieca has a precision-ground
Internal taper that when the nose-pieca is
tightened squeezes the collet back into the
ground taper In the Body of the chuck, Col-
lots, purchased saparately, are dvallable
in inch or metric sizes Because thay can
spring closed only about 1/G4th inch, the
collet used must be no more than 1/64"
targer than the work. A full set of collots 15
needed 1o handle work from 1/84% through
57187 in diameter, the chuck's capacity.
The collet chuck Is especlally uselul when
you'ra uming a quantlly ol small precision
parts from drill red or other smooth-linigh
rod slock. Avold closing a collet on work
that izn't perfecily round, Long stock up to
" in diameter can be fed through the lalhe
spindle's through-bore. Since bolh the col-
let chuck and it collets are extramely high-
precision devices, handle them with care to
avold nleking them, keep tham scrupulously
clean, and lightly oil them regularly with an
oily rag.

USING THE FACEPLATE

Odd-shaped work thal can'l readily be
mounted In & chuck often can be screwed,
bolted or clamped on the Unimat's face-
plate for tuming. Flat work as large as the
lathe's {ull swing can bae bolted directly to
the plate. L-shaped work can be bolted to
an angle fixture cut from angle iron and
bolted on the laceplaté.

When faceplate work must be turned
with exacling precision. true the plate—

SOUARE PLATES s large es lathe's full swing
can be sccurately faced in the d-jaw chuck.

taking & light cut across It with a sharp tool
—belors mounting the work, and when lix-
Ing tha workplece make sure thal the mount-
Ing screws or bolts do not spring the plate.
Ordinarily faceplate turning should be pear-
formed al moderate spindle spaed. When
Irragularly-shaped work will be tumed on
a plate &t nigh speed, counierbalance I
to prevenl wibration, Using the accessory
T-slotted fixture plate on the Unimatl's spin-
dle gz a faceplate simplifies mounting somea
workpiecos,

USING THE 4-JAW CHUCK

The spirdle workholding device that can
hold the widest varlety of work shapes [
the 4-jaw Independeni chuck, which has
four revaersible slap-jaws that scraw-adjust
individually with & square key, The £-jaw
chuck holds round, sguare, rectangular or
Irregular work, and tha jaws grip very sec-
urely, Work can be centered in the chuck,
or it can be offseét for tuming eccentrics.
This chuck's only disadvaniage Is that
doas nol conter the workpiece automati-
cally, The work must be centered by hand,
To accomplish this you first center the stock
in the chuck roughly by eye, using the con-
ceptric rings on tha lace of the chuck for
guidance, and yvou then make corractlons
by adjusling oppesite Jaws—Iloosening one
jaw and tightening the |jaw opposite—lo
shift tha work as needod. The point of the
too] bit will indicate which way the work
requires shifting If the togl Is set glose to
the workplace and (ke lathe spindla is re-
volved by hand. For exacling work a dial
indicator can be wsed to Indicate runout.
Allhough It takes patierce, It's possible to
cantar work in the 4-jaw chuck with ax-
tremaly cloze pracision,

The 4-jaw chuck's body screws {0 a
mounting plate supplied ovarsize to parmit
finish=machining on the |althe spindle (as
shown in the accessories secilon pg. 28),
which insures thal the chuck will run per-
factly true. Always tighten the four jaws
firmly and evenly on the work, but avoid
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ovartightening them. Since the key screws
in the jaws whh enormous farce, severa
ovartightening can strip the threads in the
chuck's cast iron body. When chucking tub-
fng or bushings that might ba distorted by
the jaw pressure, lirst turn @ closely-fiited
metal plug and Insert i in the work. Stock
that overhangs the chuck's jaws more than
tour times |tz diamester shouid be ecentor-
driled and supported with the tailstock
canlar,

Qulte ofen the 4-jaw chuck Is used 1o
hold square or reclangular stock to be
turnad round, and this Involves Intermopted
cuts—with tha lathe bt culting only the cor-
nars of the workpleca. Such culs should be
made at slow spindle speed to avold excos-
sive hammering, and the lathe's feed con-
trols should be sat up Yairly Ughily.

SPECIAL WORK HOLDERS

Some work because ol Its ghape or the
machining operation required can neither
be held In a chuck nor mounted on a face-
plate. A brass washer to be accurately
finish-turned on all sldes would be an ax-
ample. Oftem such parls can be fived on &
plece of scrap metal and Ihe scrap metal
can be chucked. The washer could be sofi-
soldered on a place of scrap brass, and with
the brass chucked could be machined on
three sides; It then could be melted off and
resoldered on the brass other-face-out for
turning on the fourth side.

A wheel-shaped workplece ls generally
first gripped In & chuck, bored, and then
remounied for additicnal machining on an
aroar or mandrel, The work can be
pressed on a speclally-turned tapered man-
drel and the mandrel mounted balween
centars. Easily wrned from scrap steal, the
speclal mandrel should have a taper of
aboul 001" per inch of lenglh (machined by
offsetting the Unimat's headstock slightiy).
When pressed on the mandrel's taper firmly
ancugh 1o prevent slippage, the whesl-

i ¥

SMALL WASHERS can be soll-so/dered sn sorap
braza, lumad, then melied ofl,
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shaped workpiece can be furned on both
taces and Its diameter with exact precision.
For some wark the mandral can be threaded
and the workplece socurad wilh & nul. A
wheel-shaped parl with a hub often can ba
fixed on a stralght mandrel with a set-scrow.

When you encounter work Ihat cant be
sallstaclorily mounted with any of the stand-
ard workholding devices, it's nearly always
possible o |mprovise a special fixlure of
some sort that will do the job, For exampie,
you mighl turm a special spllt chuck—
lurnad to accepl the werk, split with a hack-
saw, and closed with screws or & tapered
clamplng ring. You might put an (rregulariy-
shaped workplece in a turned ring with
Plaster of Parls, You might devise special
lug-clamps to secure odd-shaped werk en a
fixiure plate. You might drlll and lap a large
workplece with counlerbored 12xi metric
threads and screw the work directly on the
Unimat's spindle nose.

Special tooling-up may alse bo required
when you have occasion to machine a num.-
ber of duplicata parts. To make special sef-
ups easier, unhardoned sieel jaws that can
be machined as reguired are avallakle lar
the Unimat's 3-jaw universal chuck, and soft
steel collets that can be bored to any size
needed are available for the collel chuck,
After machining elther sofi chuck jaws o
soll collets ta sull tho work, you can hardan
them with Kasenlt or other surface harden-
ing eompound, Arbors or mandrels tumed
from miid steel can be similarly case-har-
denad,

Since the varicus chucks and work plates
all scraw on the machine's threaded spindie
nose, to maintain the Unimat's precision
it's impartant to protect the spindle thraads
both from wnnecessary wear and from ac-
cidental damage. Always clean and oil the
threads and the spindie's shoulder before
sorewing on a chuck or plale. To avoid
accidentally nicking the threads, II's good
practice to Keep elthar the laceplate or

other davice sorewed on lhe spindle when-
aver using the machine,

When chucking lalhawark thal must be
wrned with exacling precision, ba sura i
mount the work in such a way that you can
finish-lurn critlical surfaces without rechugk-
ing. If & workpiece ls bored and faced with
ona chucking, lor oxample, the face will ba
machined precissely squars with the bore.
But it the piece were bored and then re-
ehucked for facing, you could nol expect
perfect accuracy. |t wouldn't be possibie
to remount the work In the chuck wilhout
losing some precision,

Spindie chucks showld be cleaned and
lightly olled after each wse. Avoid overoil-
ing, however, far when overolled a chuck
throws biack spray when run al high speed.
Wipe the oll from the chuck's ground Jaw
faces before chucking a workplece,

SOME WHEEL-SHAFED WORK can bo mounted
on the grinding wheel arbor tor turning

PULLEYS AND WHEELS ean be pressed on a lapesed mandre! for finisb-turning. Tum the mandre|
lo sult work lrom scrap stes! and mount it betwaen centers.
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Special Lathe Operations

Of an machine tools tha metal lathe (s
the most versalile, Many operations other
than plain lurning can be perdormed on
lalhes, and all of these spacial jobs can be
accomplished on small scale with the Uni-
mat, This section surveys some of them.

FINISHING

Lathework often requires one or more
linishing operations. To remove burs ar
raund sharp edges, lurned work can be filed
as | revolves in the machine, Fer tiling use
tho siowest spindla speed, angle the fila
for besl cutling action, and file with slow
slrokes

—_—

Any wrned work can be polished wilh
sirips of abrasive paper or cloth 1o as high
3 finish as desired. Use exira-fine weat-or-
dry sillcon carbide paper lor an atiractive
goft polish on emall paris. To polish larger
workpieces use stilps of aluminum axide
cigth, oliing & warm shrip for linal miror-
finishing. Since lar polishing tha lathe is
run at high spindle spaed, the dead cenler
must be adjusted somewhal joosely and
relubricated frequently to pravemt It from
binding and buming. Using a ball-bearing
center in the lailstock that rotates with the
work eliminates the risk of buming center

poinis.

¥OU CAN POLISH wrned work to high finish with strips ol abresive cloth, Using a ball-bearng five
cantar in the lillstock makes frequent read justmenl unnecessary

FOR DRILLING work hald in & spindie chuck, scréw the drill chuck on the

tallatock ram, Aam's handwhes! leeds the drill
Page 18

HORIZONTAL DRILLING & REAMING

A metal laihe 2 an excellent horizonial
drill press, and drilling iz one of the mora
commonly parformad operations, Ordinarily
the drill s mounted on the lallstock ram and
revolved In a spindle chuck, Either the drill
fod with Ihe taiistock handwhea! inlo wark
chueck or the ecollel chuck (for precision
smali-hale drilling) can be screwed on the
Unimet's tallstock ta hold small straighi-
ghark twist drills. Large drills with straight
shanks can be held in the 3-faw universal
chuck screwed on the lallsiock.

In ardar o start a twist drill cutting with-
out wobble, turn a small staring dimple In
the work with a sharp-pointad fathe bit.
The feal of the drill In the work will Indicate
propar leed rate, Advance the drill with the
tailstock handwhesl |ust fast enough to
make it cut smoothly, using cufling oll Iik-
erally whean drilling stesl. Withdraw It from
the hole as ofton a8 necessary o pravant
chips Irom packing in the lutes,

Except when drilling with very small dril's,
uge the slowesi spindle speed for drilling
in the lathe. Each lip of a twist drill cuts
axactly ke @ lathe bit, and forcing the
lipa to bite inte hard metal takes conalder-
able power. The larger the hole, the more
the power required. To avoid overlcading
the motor when drilling a large-diametar
haole with the Unimat, enlarge the hole in
steps—Iirst drilling & small pilet hole, then
gnlarging the pilot hole with a larger drill,
then enlarging the hole again with a stil
larger drill, and sa on, Drilling an extra-deep
hala Iz alzo lkely to ovérload the molor,
since friction increases as the hale deep-
ens. Don't try to drill & deep hole with a
drill thal has worn margins. For deep holes
use new drilis.

A twigt drill drills a hole a few thou-
sandths |larger than the drili's nominal slze.
When the diameter of a hole must be exacl,
the hole s drilled slightly undersize and
reamed to finish size with a reamer. When
reaming in the Unimat, support the reamer
in alignmant with the hola with tha tailsicck

WHEN REAMING HOLES in the |athe support the reamer with the dead
caniar. Hald the reamer and firn the spindle by hand.

MINIATURE MACHINING TECHMIQUES



TC BORE ACCURATELY-FINISHED HOLES, sat a bating toal In the teol
block parallal with the ways. Bore with ligh!, conlinuous cuts.

centar, and foad Il into the work slowly with
the tailstock handwheel while revolving the
lathe spindle by hand. When reaming holes
tar tapared pins with a lapered reamer,
avold feeding the reamer at 100 fast & rate.
Mever back a reamer In the hole, which
would nick its teeth. Flood the hole with
cufting oil when reaming steal.

BORING

Boring In the lathe—saimply interna) turn-
ing with an extended cutling tool— Is the
gasiesl way to finish large-diameter holes
accurately to size, The boring tool is ad-
vanced by screwing the cross-feed out:
then run through the hole with the longl-
tudinal feed. When making 2 borlng set-up
ba sure that the tool’s cutting edge has suf-
ficiant clearance to prevenl the bit's heel
from rubbing in the hole. The lathe's feed
controls should be set up snugly, and the
boring tool positioned in the tool block
with no more overhang than necessary,
Since all boring toals spring somewhat, use
lighter cuts for boring than you would for
turming. When baring a hele to close toler-
ance, be sume thal the Unimal's headsiock
is accurately aligned, and having honed the
baring toal very gharp, linlsh the hole with
vary light cuts, making the final finish cut
continuous,

Work requiring precision through-boring
can ba fixed on the Unimat's earrdage and
bored with a small Ny-cutter boring bar
{which you can make yoursalf) mounted ba-
iween centers.

THREADING

Many parts turned In lathes require
threading, Usually the easlest way to cul
small-diameter threads In turned work Iz to
uze a tap or die. revoliing the workplece in
the lathe by hand as the tap or dle Iz kept
from turning with a tap wrench or die
halder. A lap with & centerdrliled shank can
be supported fo start il sguarely with the
fallstock center, When taps or dies are
used 1o cul \Hreads larger than " In diam-

MINIATURE MACHINING TECHMIQUES
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WHEN CUTTING THREADS with 1aps or dies, turn the work by hand, hold-
ing tap ar dia in a tap wranch or die holder,

MACHINE GRINDING with a cup grinding whea! on 'he laths spindie and the weork held In the
machine viae is an easy way lo finish-grind the edges of small parts.

ater, tha threads are started In tha lathe, and
the work is then removed frem the machine
and gripped In a banch vise for the rest of
ke operation. Use cutting oll whan thread-
Ing steal.

Screw Ihreads can also be cut wih tha
Unimat's accessory ihreading attachment
l7g. 20}, which ls used whenever it's not
practleal lo cut the thread reguired with &
tap or diae. With this sttachment threads can
be cut to a shoulder, for example, or fine
threads can be cut an Instrument bezel
rings. Unimat's threading atlachment am-
pleys a precision-threadad pattern bushing
to lead a 80* threading bil. Threads are cut
to finish depth with succesaiva light cuts.

SPECIAL TECHNIQUES
A number of usaful machining operations
can be performed on the Unimat with a
ratary cutfing tool mounted on the lathe

HAND GHINDER can be used on cross slide to
maching-gring hardensd pars
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TO TURM TAPERS, rotate the Unimal's headstock 1o offsat the spindla center pne-half the amount of

taper required, Be sure the lathe dog revolves freely.

FOR STEEP TAPER, simply moun! work (n a
chuck and ratate the headstock,

spindle and the warkpiece neld on the car-
riage In the accessory machine vise. Grind-
ing wheals, and milis or rotary fllas can be
usad in this way, A cup grinding wheel an
the spindle will beautfully finish-grind the
edges of small parts. |f the workplece [s
blecked to helghl In the vize, an end miil
held In a spindle chuck can be used for slot-
ting, spol-facing, or sguaring the ends of
rough-cut stock. Rotary Kles are usaful for
grooving or recessing. Although enc mills
and rotary fles can be chucked In the drill
chuck, the collet chuck centlers Ihem more
accurately and grips them more securely.
I you mount a gmail hand grinder on the
Unimat's cross slide wiih an improvisad
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clamp—or simply hold the neck of the
grinder down firmly in the cross slide’'s T-
slol with your fingers—you'll be able lo
accuraloly finlsh-grind hardened steal parts
chucked in a spindle chuck. Whan grinding
in this way belt the lathe's spindle for slow-
est spead and take very light culs, advanc-
ing the cross slide only a thousandth or two
at each pass.

TAPER TURNING

It & lathe’s line of canters 13 nol precisely
paralle! with the ways, the machine tums a
taper rather than a true cylinder. When you
want (o turn tapered pina, shafl ends, fit-
lings and seals or other tapered work an
the Unimal, set up the machine io cut the
reguired laper by rotaling the headstock.
Teo tum a gradual laper on jong work, mount
the werkpiece beiween centers, and then
rotate the headstock o offset the spindle
center half the amounl of tapar. Shifting the
gpindle center towards the rear of the lathe
makes the taper larger al the spindie end.
Shifting ihe spindle center towards the front
al the lathe makes tho taper larger al the
fallstock end. The amounl of spindle can-
ter gel-ovar can be measured from the
lailstock cenler, bul usually ‘tapers are
turned by trial and errar—by making trial
cuts and correcting set-over as needed. An
easy way to find the set-over mequlred 1o
turn & lapered pin that must (Il a hole
reamed with a tapered reamer Is to mount
the reamer in the lathe and then adjust the
headstock until a tool bit travels paraliel
with tha reamer’s cutting edges.

By rotating the headstock you can also
cul short, steep tapers on work held in
spindle chucks. Tapered holes can be
bored similarly. Cones and zockets or conle
tittings and seals that are turned and bored
with the same set-up will match exactly.
Be sure when cutling tapars to sel the palint
of the tool bit exactly al center height.

Trulng worn commutalors on amall brusgh-
type AC-0C motor armatures Is a common
repair job that can easlly be accomplished
on the Unimal with nlee preclslen. M the
armatura’s shaft is centerdrllled, the arma-
ture can ba mounted In the iathe between
centers. Il not, chuck one end of the shaflt
in the drll chuck snd support the commuia-
tor @nd In & brass cup cenler furned to fit
the tallatock ram. Cparating the lathe at
slow spindle speed, lake a light finlsh cut
across the commutator uslng & vary shamp
round-nosa tool Bil having a 1/32" radius,
and then polish the copper segments with
fine flint sandpaper. After turning, undercul
the mica between the commulalor's sag-
ments using a pleca of hacksaw blade with
the taeth ground down to proper thickness.
Make sure thal no metal chips remaln In the
commutator's slots,

A few special Iathe jobs thatl would ather-
wisa present difficulties are no problem ar
all when you have the appropriate lathe
accessory, A steady resl (pg. 23), for ex-
ample, makes || possible to furn work
longer Ihan the lalhe bed. Other special jobs
can oo porformed If you make or adapt suit-
able accessories yoursell, You can knurl
twrned work with knurllng rolls, for example,
it you machine a holder to mount standard
rolls en the Unimat's cross slide, Or you
ean use the lathe to wind colls for eleciron-
les work if you make & coll from mandrel
and wire guide,

Broaching |s silll anocther special lathe
operation you occaslonally may want {o per-
form en the Unimal. A broach lz simply a
hookeo scraping tool drawn repeatediy
lengthwise through a hele to scrape a
groove. With stilably-ground broaches you
can cut squars keyways In pulley holas,
Broach round holes square, or broach Intar-
nal spiines. Mount work ta be broached In a
spindle chuck and wedge the spindie’s step-
pulley to prevent the work from turning. Pull
the breach with the lathe's (ongitudinal fead.

- th

REFINIBH COMMUTATORS of small AG-DC
malors, wilh a sharp round-noss tool.
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Vertical-Spindle Machining

Although in one way or ancther it's pos-
sible 1o accomplish any metal-machining
Jab In a lathe, a number of machine opara-
flans, particutarly drilling, milling and &ur-
face grinding, usually can be perlormed
mare convaniently on a8 machine that has a
vertical spindle. The Unimat can be sat up
tor efther horizontal-spindle @r vertical-
spindle jobs—either horizontally for lathe-
work, or vertically, with the headstock on
the auxillary celumn, for drilling, vartical
millng ar surlase gripding. The changoover
jakes only half a minute,

To make Ihe conversion, pull out the
headstieck's alignmen! pin and unscrew the
headstock clamping screw anocuwgh to par-
mit lilting the entire headstock from the bed.
In Itz place Insert the auxiliary column and
retighten the clamp screw, making sure lhe
screw seals im the column’s tapered hole.

The calumn’s adapter casting =lides along
the column and can be positionsd wherever
peaded. Inserting the headstock's teron In
the adapter and lightening the adaptars
clamp screw mounis the head, The easiest
way to allgn the spindle accurately perpen-
dicular with the machine's bed is o screw
the faceplate on tha spindie nose, lower
the headsiock on the solumn untll the plate
resls an the carrlage cross slide, and then
adlust the head until the plate louches
sguarely, Having aligned the head, ralse it
and loosen its two spindle lockscrews |ust
anough to permit advancing the spindle
cartridga with the ball-handled pinion lavar.
When these screws are nicely adjusted, the

MINIATURE MACHINING TECHNIQUES

spindle’s coll spring will retracl the spin-
dle smoothly as the pinion léver s released,
The lever advances the spindle abouf 5“.
When mora vertical movament is needed,
Ihe rewrn spring can be remowved to in-
crease lravel 1o 17,

With the drill chuck screwed on the
spindia, the Unimat is now set up far 80°
drilling, When you want to drill al some
other angle, insart & length of drill rod In the
chuck and set the head as reguired with a
protractor.

Whila inaxpensive plain carbon steal twist
drills ara satisfactory for drilling wood, olas-
tic or soft metal, high-speed stesl drills,
which hold iheir hardness even al near-red
hnat, are neaded for drilling stéal or cast
iran, You can buy them singly or In sets. In
fractional-inch sizes, numbered wire-gauge
sizes, letter sizes or metric sizes. Sels usu-
glly are packaged in cases with sized holes
that simplify keeping the drills in order.
Drills commonly zold in hardware stores
are termad "|obber length" "Shan sets”
which are screw machine drills with sharter
shanks and flutes. are available from indus-
{rial supply tirms, and because they're more
rigid a1 the tip these shorter driils are prefer-
able for use in the Unimal.

MOUNTING THE WORK

Any work drilled should glways be sza-
curgly fixed on the cross slide, ooth for
safely's sake and 1o avald drill breakage.
Rectangular work can be held convenlently
in tha accessory machina visa [pg. 32),
which bolts on the cross slide with T-nuts.
Position the work in the vise In such a way
that when the drill breaks lhrough It will
clear the vise body. Work awkward to grip
in the vise can be mounied in a spindle
chuck or on a work plate, and the chuck or
plale then can be mounied on 'he cross
glida with tha Unimat's T-hoad adapter stud.
Since this stud has the sama thread as the
spindle nose, any of the Unimal’s spindia
chucks can be usad on the crozs sllde as
circular drilling wises. This makes It pos-
sible to unscrew chucked work lurnad In the
lathe, mount it chuck and & on the cross
glide for & drill press operation, and lthen
remount it on the lalhe spindle for additional
turming, ail without removing the work from
the chuck,

The Unimat's {aceplate servez as a drlil
press tabla for small work. but mounting
althar the accessory sanding plate (pg. 38)
of the T-slotled fixture plate on the cross

TO ALIGM SPINDLE parpendicular wiih bed, COIL SPRING rotracts the apindis whan you

screw on lacepiate and iower haad,

release the pinion feed laver.
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ROUND WORKPIECES ean be hald for drilling
In the 3-Jaw or d-law chuck

SPIRAL END MILLS are used for milling re-
caossos, Taka |lght cuts with aven foed

USE TWO-FLUTE CUTTERS like woooworking
routar bils but at slower spaed.
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slide #s a drilling table gives a mora rigid
sat-up for drilling larger workpieces. Work
can be secured on the sanding plate with 1~
C-clamps, Wipe the cross slide clean betore
sgrawing the plate on the adapter stud, and
after centering the plate’'s hole under the
spindle, tighten tne carrlage feed tenslon-
ing screws to make the sat-up rigid. Long or
odd-shaped work thal can't readily be
mounted on a round plale can be clamped
on the accessory milling table for drilling
(pg.32), A 5"x5" plece of YVa"-thick hard-
wood plywood secured on the cross slide
with bolls makes a handy table for drilling
woodwork—and often memlwork, since
small paris can be flxed on the table easlly
with wood scraws.

SELECTING DRILLING SPEEDS
Twist drills can cut scft materials festar
Ihan hard materlals. For sach material
drilled thera s mos! efficient driliing spead,
and this speed, 1ermed “surface speed,” Is
always expressed in surface lesl per min-
ute or sfm, Averagas surface speeds for
drilling comman materials with high-spead
drills are:
Alloy or stainless steel
Mild steal or cast lron
Bakelile

20-40sfm
BD-100sim
100-150s8m
Brass or aluminum 200-300stm
Wood 200-400s8m
Tha formula that relales surface spesd 1o
spindle rpms is:
3.8 x desired sim
— drill diam. In inches

Rounding olf the 3.8 to 4 simplilies cal-
culating the approximaie spindle speed
neaded to glve a required surface speed,
To lind the rpms needed to drill mild steal
at 100ztm with a Ya ™ drill. fer example. you'd
figure;

Bprma

- 4 x100sfm 400
pmE = 'i:.-',* . T 325

or 3200 rpms. A machiniat soon learmns 1o
solve this equation In his head without both-
arsome arithmeatic. He'd simply reason that

(in the example glven) If 400 is ¥ih of the
spead neaded, the total rpms wouid be B
fimes that, or 3200,

DRILLING TECHNIQUES

When a hole must be located wilh exact
precisian, lay out and accurately center-
punch its cantar point belore mounting the
work n the machine. Than lix the work-
place an the cress glide with the punch-
mark accuraiely aligred with the axis of the
spindle. To do this, unscraw the drill chuck,
jnzer a |athe cenier in the spindle bore,
and carelully position the carriage untll the
point of the center seals exacily In the
punchmark. Then remove the center, replace
the chuck and ingert the drill. Enlarging tha
punchmark with a centerdrill befara drilling
tha hole itsures that the drill used will start
concentrically.

Use cutting oll liberally when drilling
steal. The gutting oil functions both as coal-
ant and lubricant. Light maching ail I3 the
most satisfactory lubricant for drilling mild
stesl, Use iurpentine or kercsene to drill
tough alloy sleel. Brass and aluminum or-
dimarily are drilled dry. Gastl lron always
should be drilled dry, since fine chips of
cast iron are abrasive and whan mixed with
gil form a compeound that laps the drill dull.

Faed the drill inmto the work with enough
pressurs 10 kesp It cutting, bul avald exces-
sive feed, which ¢an ¢hip the culling edges
or even break off the tip. A sharg drlil drill-
ing mild stesl &t correct feed rata produces
two |dentical curied spiral chips.

Drilling deep holes—deepar than [fve
limes their diameter — presenis spacial
problems. When a drill cuts a shallow hole
lts flules |ift chips clear. Bul when the hole
Iz deap the chips pack in the drill's flutes,
and this makes it necessary to withdraw the
drill periodically to clear the cutling edges,
Most other deep-drilling problems are
causaed by lack of clearance. A twist drill's
flute margine are ground o a very slight
faper (the flutes are aboul a thousandih
larger in diamaler near the tip than near the

MILLING TABLE supports long work 1or milling. Mount the work as nigidly as possible, clamping it
down with T.haad bolls Insaitad in lable's T-alots,
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