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, Above: Relqtive posilion , of : pitch guide
. qnd wire when winding q tension spring,
gnd below, setup for compression spring

##$q8ruffiffi
Ainil 7/4PrnE@

By E. F. Bowley

Ranging in size from approxirnately tle to 3la-in.
outside dia., tension or compression springs of al-
most any pitch can be made with this winder. Con-
struction of the tool is simple and requires onl5r two
pieces of steel bar stock for the body, some rods
and several cap screws. Fig. 3 gives the necessary
dimensions for the body, which is composed of a
main block and a smaller one for the pitch guide.
When drilling and tapping the two pieces, note that
the hole for the spring arbors is made large enough
to accommodate rods up to about 3/a in. in dia. Two
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adjustment. The end of the
pitch guide is ground to the
shape indicated in Fig. 4 and
it, also, is provided with an
adjusting handle. Cornplete
assembly of the tool is indi-
cated ih'Fig. 4. 'While no di-
mensions aie given, for the
spring-arbor handle, it should
provide sufficient Jeverage to
turn the arbor against tho
tension produeed by the
spring, Fig. 5. Diameters and
lengths of, the arbors are de-
termined by individual r€-
quirements. Some praetice in
the use of the windei will be
necessary before you ean pro-
duce- springs oJ the exact size
you wish to obtain. This is due
in part to the fact that- thb
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Lever-Opersted "Lotch" Helps Keep Fence-Wire Gote Stretched Toutly

cap screws in the bottom of the body serve

for the pitch
ith a small pin
permit easier

If you have a gate made of fencing wire,
here's a'locking device that will keep it
stretched tightly. A U-shaped piece of flat
iron is pivoted to the end post of the gate
and two holes for the wire loop are drilled

spring will increase in diameter wheh*iei-
moved from the arbor, the aniourit"of 6ft-
pansion depending on the type and di.arfl-
eter of wire used to wind them. Fig. 1
shows how the piteh guide pressqs against
the wire for a tension spring and Fig. 2
shows the way the guide is set to win-d a
compression spring. Pitch of the coils in a
eompression spring is eontrolled by twist
ing the guide to space them as desired,.

about 4 in. from the pivot ho1es. A length
of wire is passed through these holes and

Nqil Holds Brush ofr Commutqtor
When Working on Generqtor

'Vlhen ''working
on an auto Bener-
ator, either to
dress the cornrrru-
tator or get at oth-
er parts for f €-
moval, it's dfficult
to keep the com-
mutator brushes
out of the woy,
but by slipping 

-d

bent nail under
the brush holder,
it's no triek at all, Although the brush-

varies with different tytrles
a nail bent sornewhat as

suitable in most eases.
, G. H, Enyart, Jackson, Mich-
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Bench Vise Is Used With Bar
To Loosen Pipe Fitting

When a pipe:fitting:is tight$r'rusted and
y-ou,,haven't a wrench thatls {arge enough
tolturn it, use a,bench vise and'a wresking
bar to do the job. Grip the work in a pipe
vise and clamp the b,ench vise to the fitting.
Then place the bar between the fitting and
the back jaw of the vise. Use the bar as a
Iever to turn the vise and fitting.

Wayne A. Ward, Watertown, N. Y.

GAfter cleaning out your stoker for the
summer, internal parts can be, kept from
rusting by running oil-soaked sawdust or
wood ehips through the feed serew into the
retort. The sawdust will be burned in the
first fire made in the autumn.
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By Arthur Youngquist
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A LTHOUGH micrometers are made in'
t \ many shapes, types and sizes, the prin-
ciples of operation are very much the same
and should be understood thoroughly by
anyone attempting to clean or adjust these
delicate measuring instruments. If you're
not familiar with the operation of a microm-
eter think of a C-clamp, Eig. 2, as a corrr-
parison. Most micrometers have
4A threads to the inc!, tlqgrgfore
you can assume that the C-clamp
has 40 threads to the inch. Now, if
you can irnagine the threaded
spindle on the C1amp as being a
coil spring and assuming that you
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C-clamp, but by studying the corr-
parisons you will have a better
understanding of the micrometer imechanism. i

If the micrometer does not give
a eorrect reading due to play in the
threads, adjust it with the slotted

XII nut, Fig. 2. Remove the screw
spindle from the barrel and clean
rvith pure naphtha, Fig. 1. Then
place a few drops of light oil on the
threads with a toothpiek as in Fig.

4. Tighten the slotted nut on the end of
the barrel, Fig. 3, by stages to seeure the
correct adjustment. To adjust for zero
setting clean the anvil and spindle by
pulling a piece of soft paper between the
surfaces, Fig. 5. With the anvil and spin-
dle apart, unloek the thimble cap with a
spanner wrench, Fig. 6, then tighten the
cap lightly. Bring the anvil and spindle
together and set the zero line on the
thimble to coineide with the line on the
barrel, Fig. 7. HoId the micrometer by
the frame and move the spindle away
from the anvil by turning the spindle
only. Then, gtasping the thimble, tighten

tr-
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think of. 25 equally spaced lines drawn as
at A in Fig. 2. This compares with the
thimble of the micrometer shown m the
cutaway view in the background of Fig. 2"
Turning the handle on the C-clamp one
turn to the right moves the jarv of the clamp
one thread, or 7/+o inch, closer to the other
jaw. Decimally this would be .025. By turn-
ing the handle one mark on the paper disk
A the jaw would move 7/zs of 7/+o inch, or .001.

Now, if you turn the handle until the
C-clamp jaws lightly touch the "block" in-
dicated by the broken lines, the paper disk
will advance to the position shown in detail
B, Fig. 2. To read this imaginary "mike,"
you first count the number of lines repre-
senting 7Ao inch and write it decimally .900;
then the 7/+o-inch lines, which ts 2/+o or .050,
and fina1ly the paper-disl< lines t2,be of 7/+o

inch, or .0L2. The sum of these values is
.962 of an inch, which is the thickness of the
block. Of course, it would be impossible to
measure within .001 inch with an ordinary

170

zero line on the thimble, Fig. 9. If the mi-

racy of the instrument.

g.



By Wm. E. Dqnnemqn '

IN THE AVERAGE JOB SHOP there's only
,oceasional need for a circle eutter, but when
you do need one you generally need it ,badly.

any
plast
that,
can cut disks with molded edges as in,Frg.2, Or
by grinding a shape on trrle' outside edge- of the
cutter you can cut holes with molded edges.
The swinging arm, made from drill rod, carries
the cutting bit and must be hardened and
drawn on both sizes of the circle cutters de-
tailed. All turnipg, milling,, tap.ping and broach-
ing of course. Broaclring
req squaring of the. ho1e,
tak it and"this can be done

The holder, Fig. 1, is"a sirnple machining job
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in mild steel. If desired, the guide pin can
be hardened by the process already de-
scribed. It will last much longer if hard-
ened. Holes drilled in the holder for the
guide pin and the arm carrying the cutting
bit are reamed to fina1 size. The groove
milled in the body of the holder allows the
cutting arm and the bit to slide to within
5/to tn.of the center of the pilot hole. This
brings the minimum hole size that the tool.
will cut down, to 5/a in.

The small cutter detailed in Fig. 3 is
made up in essentially the same way as the
larger size already described. The cutting
tool is made from 3/te-in. drill rod, hardened

by heating and quenching. The cutter is
not drawn, however. The body of the tool
is turned from s/+-in. drill rod. A flat is
milled or ground on one side of the full-
'diameter section as shown.

When using circle cutters in the drill
press drive with slowest spindle speed and
always clamp the work securely to the
table, using bolts, fixtures or C-clamps. Use
a cutting oil on steel. Be sure that the
pilot hole is the proper diameter and that
the cutting tool is adjusted to the proper
depth with respect to the guide pin. Don't
work with sleeves dangling or with a loose
necktie.

Rotating Stand for Wire Spools Makes Dispensing Easy
For dispensing wire from large spools in

a hardware store, this rotating stand is easy
to use and requires little space. The lengths
of pipe that serve as spindles or arms for
the spools are capped on one end and
screwed into pipe crosses at the other. The
crosses fit into other pieces of pipe that
serve as an upright and rotate in a flanged
base. The orr.ns are staggered.

Sling to Lift Generator From Car
Generators in automobiles are not only

heavy, but often are located where they
are difficult to lift and remove. One me-
chanic uses a 36-in. length of sash cord
with a wire hook at each end. The hooks
are attached to the ends of the generator,
which is removed with much less effort.

W. V. Athanas, Ashland, Ore.

-



I) ANKING second only to BV H. J. Chqmberlqnd chine, sueh as movements,
r u the lathe in importance ' and the levers, cranks and
ur many inachine sliops, the modern mill- other means which control them, Fig. 1.
ing machine is so e!fficient frbm the stand- Acquaint yoursell thoroughly with the mi-
point of operation that it compensates for crometer dial facilities which permit iai5-
at least 85 pereent of operator experience. ing the table on itS traverse and transverse
Because of this and the fact that the small advance in incremenis of .001 in. As with
bench-type riachines of today incorporate most machinin3 operations, the essentials
to the smallest detail all features found in for milling aecurately are based on the se-
modern floor-type tools, owners of small lection and care of the cutting tools and the
machine shops, garages and even home speeds and feeds favoring their life, as well
workshop enthuSiasts are becorning inter- as the cutting rate and quality of work.
ested in them. Although intended for the Know youl cuners
reader_who has,had very little of this phase Only milling operations on work held in
of ma_chining,_this article also should prove a s*iiei visu 6" 3r-, an arEte-pt.t" ."" 

"o"-of value to the lathe hand who has had 
""La 

t oe. 
-C"it"", J"i""i[ua^"ie th"t.Io"e

some experier-rce wr-trhamilling attachlrlent. those clr"morrty usJ or sl"t wo"h ftiglr-
llilling llachine technique speed stee cutters are preferred as they

I'he first step in mastering the miller is give long service when proper attention is
to study the various components of tJre rna- given to preserving the cutting edges.

(

o

+

. 
FU N DAM E NTATS of M lLtl NG -
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The cutter being used in Fig. 2 is called
a plain or slabbing mill and is intended to
make a cut equal to, or less than, its own
width. Since this cutter has peripheral
teeth only, it is used for surfacing, or slab-
bing, as this operation often is termed. The
cutter in Fig. 3 is a side mill, the teeth hav-
ing cutting edges on both sides. It is used
when 'milling a certain depth of cut the
width of the mill, or any desired rvidth
through repeated cuts. Fig. 4 shows a slit-
ting saw, its chief purpcse in the small IrrB-
chine shop being to cut off bar stock.

One of the most popular cutters is the
shell end miII shown in Figs. 7 and 8. This
is the most efficient tool to use when the
nature of the cut permits because it is
mounted on the end of the spindle nose and
gives maximum cutting power. A similar
but lighter cutter is the end mill shown in
FiS. 9. With this tool the end teeth and
not the peripheral teeth do most of the cut-
ting. A typieal application of an end mill is
shown in Fig. 10 where the tool is sinking
a cut into a small steel plate bolted to an
angle p1ate. Another very useful cutter is
the angular or dovetail mill shown cutting
a male dovetail in Fig. 11. It also has side
teeth and requires careful use to preserve
the delicate points resulting from angular
peripheral teeth. Eig. L2 shows the same
mill cutting the female or mating dovetail.
Righr crnd Leit-Hqnd Cutters

Milling can be done ,rvith the spindle ro-
tating in either direction, but on most ma-
chines the cutting must be done with the
work or'table traveling in the direction
opp_osite to cutter rotation. However, elimb
milling or feeding the work in the same
direction as cutter rotation is now being
done in machines designed for this method.

way as the teeth are made to cut either
Ieft or right hand.

To determine the difference, hold a mill
rvith the top of the teeth. coming toward
you as in Fig. 6-A. Note that the side teeth
are cut on the left side of the mill which
makes it a left-hand angular or dovetail
cutter. Cutter 6-D is therefore the oppo-
site, or right hand, and so are end miII B
and shell end mill C.

There is no need for having eutters of
both hands, particularly for eiperimental

{>
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or limited milling operations; instead, spe-
cialize in either right or left-hand cutting
mills. A11 cutters used herewith are mill-
ing right-hand.
l(eep Cutters Shorp

There's no secret about keeping cutters
Sharp. Simply go over them frequently with
a medium-grade oilstone. If you viewed
one of the cutting edges through a high-
power microscope, ;
that is, full of peak
ties thus formed pi f
metal whieh cause the edge to ro11 over.
On the other hand, oilstoned edges have'a
straight, unintemupted line. The idea is to
use the oilstone so that minute chips don't
have a chance to become embedded in the
cutting edges. The oftener the stone is used,
the better.

Peripheral teeth of aI1 cutters should be

oilstoned r,vhile mounted on the arbor, tak-
ing care to preserve the original clearance
of the teeth; the stone should be held at the
correct angle to avoid destroying the edges
of adj acent teeth. The side teeth of shell
end mills should be oilstoned by resting the
cutter on a small surface plate or similar
smooth surface as in detail A of Fig. 13.
The side teeth of side mills always should
be favored. It is advisable to oilstone them
only every fourth time the peripheral teeth
are conditioned. A good way to check the
side teeth is shown in detail B. All thatls
needed is a pencil and a shaving action
which shows whether or not the cutting
edges are still in good shape.

The end mill gets its toughest treatment
on the end teeth and it is imperative that
all end teeth present a flat surface or be
square in relation to the peripheral teeth.
After oilstoning as shown in detail C,
squareness is determined by holding the
mill on any flat surface, detail D. Any
rocking action indicates a variation in the
height of the end teeth, which must be cor-
rected by stoning until the mill will remain
upright on the plate without holding it and
with no light showing under the teeth.

Although some cutters are still being
made with teeth cut on center, as shorvn in

4



detail A of Fig. 14, most of them have un-
dercut teeth as in detail B. In the process
of manufacture, the cutter blank is located
on center in relation to the tool doing the
cutting, then the blank is relocated or
thrown off the actual center at a predeter-
mined margin, X, detail A, to provide a
10-degree undercut as shorvn when the cut-
ting edge of the tooth coincides with the
center or axis of the blank as in B. The
usual tooth clearance is from 4 to 6 degrees
with 5 degrees a standard, provided the
face of the tooth is on center as in detail A"
Hou'ever, if the undercut cutter at B had
only a 5-degree clearance, its cutting edges
would actually be in reverse in relation to
its axis by 5 degrees. To compensate for
the lO-degree undercut, the clearance of
cutter B must therefore be 15 degrees as
the gauge indicates; in other words, this
represents a compound angle of 5 plus 10
degrees, although the cutting edge actually
has but a S-degree clearance.

The clearance of side or end teeth on a
cutter is approximately one half that of
the peripheral, usually 2L/z or 3 degrees.
Care must be exercised rvhen oilstoning
side or end teeth to avoid reducing the
original- clearance. It's equally important
not to alter the shape of the cutting edges.

s
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Spindle Speeds ond Wo;rk Feeds
The term "speed" refers to the rotation

of the spindle or cutter, and "feed" means
the rate at which the work is moved into
the cutter. The kind of ,material to be
milled, the kind of material of which the
cutter is made and the depth and width cjf
cut all are factors affecting the selection of
cutter speeds. These factors, as well as'the
rigidity and power of the machine, finish
desired. and accuracy of work, must be tak-
en into consideration in determining rate
of feed. General speed recommendations
to aid the beginner are given in Fig. 15.

The rate of spiirdle speed is computed in
surface feet pei minutg or the dist-ance the
cutter would travel if it were rolling on the
ground. Table or work feed is, of course,
in linear inches. It is well to remember
that the speed of a cutter in revolutions
per minute does not by itself determine the
rate at which the cutting edge is advane-
ing through the work. The diameter of the
cutter and its revolutions per minute really
determine what is referred to as the sur-
face feet per minute of the cutter. For
example: If a cutter is 2 in. in diameter,
its eircumference is approximately- 6 in.
(2x3.1416), so at 500 revolutions per min-
ute it covers 3000 inches or 250 surJace feet
per minute. The table of speed recorn-
mendations is at least a good starting point.
Depth of cut is a problem you must solve
yourself, The ds given
apply to a no meining
t_he. most,effici can pro-
duce without

To determine the spe'ed and feed for the
respective machine dial or chart settings,
knowing the diameter of and number bf
teeth in the cutter, let us again refer to

speed
ven in
being
cutter

expressed in feet. To establish the amount
of table travel or work feed per minute,
multinly feed per tooth per revslution by
number of teeth in cutterbnd then by speed
(number of revolutiohs per minute). -The

t68

five rules given serve to make all compu-
tations easily. Figures obtained will not,
of course, eorrespond exactly to those list-
ed on machine charts or dials, but will come
close enough to be dependable. On most
work of a more precise nature it's always
well to calculate. the speed-feed ratios as
a precaution against overloading.

GENERAT SPEED RECOMMENDATIONS

Cutter Speed in Feet Per Minute
Using High-Speed Steel Cuiter

Kind of Moteris!
to Be Milled

Mox. F.P.M.
Steel-Soft
Steel-Medium
Steel-Hord
Cost lron-Soft
Cost !ron-Hord
Cost lron-Chilled
Molleoble lron
Bross-Soft
Bronze-Hord
Bronze-Very Hord
Alumin um

Note - With cutters mode of corbon steel, reduce speeds
given from 40o/o lo 5O%.

Min. F.P.M.

Five Simple Rules in Speed-Feed Arithmetic
l-Diometer of cutter in inches multiplied by 3.1416 (circum.

'ference), multiplied by revolutions per minute, divided
'by l2 gives speed of cuiter in feet per minute (F.P.M.);

2-Feet per minute divided by circumference of cutter in feet
'(diometer multiplied by 3.{ 416, divided by l2) gives rev.
olutions per minute (R.P.M.).

3-Feed per minute divided by revotutions per m'inule gives
feed per revolution (F.R.).

4-Feet per minute in inches divided by number of teeth per
minule (number of teeth in cutter muliiplied by revolu'
tions per minute) gives feed per minute.

S-Feed per tooth per revolution multiplied by number of
teeth in cuiter, multiplied by revolutions per minute, gives
feed per minute. Also, feed per revoluiion multiplied by
revoluiions per minute gives feed per minute.



,Extrq Drift Slot fof Toper Sleeve
Speeds Removql of Drill

read because they are against a wall or
other obstruction. If necessary data, such
as current characteristics, horsepower,
etc., must be obtained, this can be done by
pressing a piece of modeling clay against
the nameplate. Although the impression
shows the letters in reverse, it can be read
by holding the clay up to a mirror.

Better Wq!, io Tqp Thin Metql
To obtain great-

er,depth of thread
when tapping thin
sheet metal, drill
an undersize hole
and enlarge it to
lhe proper diafn-
eter with a ta-
pered punch. A
small line scribed
around the punch

(

o

When using small taper drills and ream-
ers in a large drill press, considerable time
ean be saved by cutting an extra drift hole
in the large sleeve to match the one in the
smaller sleeve. This permits removal of the
drill without having to take the taper.
sleeve apart each time the drill is changed.

Alvin O. NeLson, Fargo, N. Dak.

Toking Dqtq From Nqmeplotes
By Using,Modeling Cloy

If electric motors or other machinery are
loeated in close quarters, sometimes it
happens that nameplates are difficult to

aI UIIIILI UIIC P(III(}IT ' ' '

will serve aE a guide in determining how
far to drive the punch for any particular
size of hole. For pipe threads,
the punch should be the sarne
on the thread. The table shorvs
to drilt and the enlargement to make with
the -pulc-h,- D, tot fh"'pipe sizes indicated
in the lett-hand columR.

Bolt Heod Cqn'f Turn in T-Slot
lf Fitted With Speciol Wqsh'er '

I

Should a T-slot
in a machine table
be too large for
the bolts on hand,
so that the heads
turn in the slot
when being tight-
ened or loosened,
a standard washer
can be cut and
bent to prevent this. The upper detail in-
dicates the method of cutting and bending,
-and the lower one shor,vs how the washer
is placed on the bo.lt and set in the table.

Earl R. Goddardi Denver, Colq.

Slqts Fosten Temporqry Fencing
Putting up fenc-

ing for temporary
use is easy when
slats and nails are '

used instead of
staples. The job is
done quickly and,
when the fence is
to be taken down,
all that you have
to do is remove
the slats by, puIl-
ing out the nails.

at---',rri ,/

160

I



a

(IHANGING a motor frorn one machine to another in
lr'-' 11ru home can be done in less than a minute with this
all-position motor mount. Some of the many di.fferent
positions in'which it can be used are shovyn in Figs. 1 to
4 inclusive. Only motors built for vertical as well as hori-
zontaL mounting should be used as illustrated in Fig. 3.

Dimensions for the angle-iron frame (Fig. 5) are not
given as these will vary according
of motor used. The corrlers are cut,
detailed in Fig. 5, A, and two holes
etl

"/8-
dri
scr
dri
plished by adjusting a square nut
under the angle-iron franne and
tightening a rn ing nut as in Fig.
5, C. Four angle-iron brackets
are bolted permanently to eaih
machine on which the motor
mount is to be used. Mounting
the motor between rubber wash-
ers as indicatecl in Fig. 5, B, will
reduce vibration and eliminate
motor hum.

A. E. Youngquist, Chicago"
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Mechqnics'Cleqning Tqnk qnd Rqck
Mqde From Oil Drum

Inexpensive to make, this cleaning tank
and racks require only an oil drum and a
few odds and ends of lumber. The drum is
cut lengthwise and then halfway around
the ends so the'sides can be bent back to
form the racks. The ends are cut to be
Ieve1. \Mhen cutting and forming, be sure
to lay out the work so the drain plug will
be at the bottom. A wooden cradle holds
the tank at the proper working level.

\[ilford Leach, Williamsburg, Va.

Auto-Wheel Rim Mqkes Creep
For Fqrm Animqls

Small animals, such as hogs and sheep
will be able to pass through this auto-rim
creep while larger animals are eonfined to

one field. The rim is held in plaee by means
of holes to which the wires of the fence are
attached.-'Wm, P. H[.-ouser, Orgar, N. Me:<.

Loosening "Ftozell" Setscrews
Socket-head set-

screws, which are
"ftozett" or rusted
in, can be loos-
ened and removed
by the following
method: Grip thb
setscrew wrench
with an end,
wrench as shown
and tap the for-

by a similar method.

Replbcing Flywheel Ring Geqrs
Since ring gears on flywheels are a

shrink fit, it's necessary to heat them be-
fore they can be instaltred and this calls for
the use of an acetylene torch or some sim-

rags and allow them to burn down. Then
lift the gear with two pairs of pliers and slip
it in place. Adjust the gear by tapping it
with a punch as the metal cools.

D.'W'. Brentlinger, Richmond, Callf.

Weighted Hose
One plumber

who had trouble
keeping his blow-
torch from tipping
over fitted a piece
of garden hose
filled with lead
shot around the
base. This adds
enough weight to
the bottom of the
torch to prevent it
being top heavy.
A piece of wire is
inserted in the
hose and the ends

Keeps Torch Upright

TAP WITH HAM/vIER

o

'-+

are twisted tightly b

to keep the shot from spilling out.-As a fur-
ther piecaution, wrap tape around the hose
where the ends join.

Edgar Barnhart, 'Whittier, Calif.

LEAD SHOT
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DRITLING FROM TAITSTOCK OF I.ATHE
IS BEST METHOD OF WORKING WITH
ORDINARY EQUIPMENT. POWER FEED

CAN BE OBTAINED BY COUPLING
TAILSTOCK TO CARRIAGE

D iI.":lTS ^.?l'-"*":t y:'['*::
lathe tailstock, as shown in Fie. 2,

I

esp_ec_ial15, for deep-hole work (sornetimes
called a crankshaft drill). Other than the
fast twist,_ ryhiqh gives better chip etreva-
tion, this drill cliffers from a standald tr,vist
drill in that it has a notched point. Fig. 5
shows a standard twist drill with oihJles
ttrrgugh the solid metal. It requires a spe-
cial socket ryl+"h permits coupling t6 a
force-feed oil line. - The cuttin$ oil" cooG
and lubricates the drill, and ,ilashes ,the

ny depth with a
by simply back-
nttry. The hole
ne diarneter or

less, then the dritl should be withdrawR



Moteriol FPM Feed Culfing Comp. Style of Drill Point

Aluminum 2sa Shorp point:-90o to I l0q
included ongle

Bross ond Soft Bronze 200 Dry or Soluble Oil

1.20 Dry 90o to I l8o included ongle
lr0 Soluble Oil, Minerol

Lord Oil or
Sulphurized Oil

Notched point, I 18

60
l25o to I35o included ongle-
ongle increoses gvith hordness

Cost Plostic 2so Dry (withdrow drill
frequently)

I 18"-Relieve heel os shown in
Fig.7 but without notching web
* For high-speed steel drills

completely. This method of drilling clears
the hole of chips, allows the drill to cool,
and gradually wears away any hard spots
on the walls of the hole. If the drill is not
long enough, a shank of suitable length
and diameter can be welded on. One im-
portant thing to check is the margins of
the drill. A high, clean rnargin is absolute-
ly necessary-don't try deep-hole drilling
with a drill that has margins worn away,
especially within l- in, of the lips.
, , Special pointing of the drill iS sornetimes
helpful. Fig. 7 shows the best all-around
point,for deep-hole drilling. The included

68

angle is 128 degrees, which is a bit
sharper than the normal 118 de-
grees. The web is thinned by grind-
ing away the heel, as shown. This
drill penetrates easily, the notched
point eliminating the noncutting
web of the standard twist drill. If
the work is very hard, a blunt
point, as in Fig. 8, with the cutting
lips slightly flattened, will cut and
hold up better. The same treatment
of flattening the lips is required
when drilling brass, Fig. 9, but in
this case the included angle is the
standard 118 degrees. Fig. I also
shows web-thinning by grinding
with a round edge wheel. A mod-
erate amount of this is good prac-
tice, especially on larger drills.

Figs. 10 and I-1 show two styles of

this sty1e, the chip breaker consists
of one or more flutes within the
main flute, as in Fig. 10. A simPler
style for occasional work is shown
in Fig. 11, where the chip-breaking
flute is ground on the end of the
drill. Fig. 12 shows how the work is
done with a hand grinder fitted
with a cutoff wheel.

A summary of drilling Practice
with standard twist drills is given
in Fig. 13. Power feed is sometimes

a desirable feature because it keeps the
chip uniform and unbroken. Besides the
chain method shown in Fig. 1, power feed
on the lathe can be obtained by drilling
from the carriage, as shown in Figs . 14 and
15. This setup is easily aligned by using a
straight rod or the drill itself, as in Fig. 1-6.

W[en the work is done on the drill prebs,
various methods can be used to assure an
accurate hole. Many machinists rotate both
work and drill, as shown in Figs. 17, 18 and
19. The diagroffi, Fig. 18, shows a 1:L ratio
from'motor to pulley spindle, but a reduc-
tion of.2: L is better as it decreases vibration

HEAD GROUND

f,

i1t CARRIAGE
BOLT



and gear noise. A further reduction is ob-
tained by the pulleys; so that the final speed
of about 200 r.p.m. is obtained.

Figs. 2l and 22 picture one of the best
methods of drilling round rvork' of small
diameter. A wood block is clamped to the
drill table and-a drill of the same diameter
as the work is used to run a hole into the
block, aS ln Fig. 2L. Then the work is
mounted in the hole, rvith the actual work
drill in the drill chuck as in Fig. 22. Note

FLOOR MODEL
DRILL PRESS

2"X
wooD
BI.OCK
WlTH
BUSHIN

SET UP TO ROTATE
WORK AND DRILL

DRILL.PRESS

COLUMN COLLAR

IRON PLATE
WELDED TO

COLLAR AND
RING

@

6 TO 8,, RING

that the drill table and the wooden block
remain in a fixed position.

In drilling long work on a drill press, the
biggest difficulty is holding the rvork up-
right. For this purpose, the ring shown in

Fig. 23 is excellent. The bottom end of the
work is supported on a 60-degree point
held in a drill vise, the point being aligned
exactly below the drill point previous to
the drilling operation. .

IRON BRACKET
ON MOTOR PLATE

Keeping Circulqr Sqw in Bqlonce
When a circular saw runs untrue and

out of balance often the trouble is due to
play between the mandrel and the hole in
the saw blade. Jointing seldom improves
this con
the saw
tion eac

putting an identifying mark on the blade
and keeping it uppermost when placing the
saw on the mandrel, the relation between
the mandrel and saw is always the same
and, after jointing a few times, the saw will
run true and in balance. The same thing
applies to dado heads, cutoff wheel.s and
other attachrnents used on a saw.

L.A.B. Hutton, Ottawa, Can.

.,
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Double Angle Plqte
For Tricky Setups

This angle plate has all
the advantages of ttre
regular plate plus an ad-
ditional surface and pre-
cision ang1e, rvhich is par'-
allel with the axis of the
lathe when mounted on
the faceplate. It's smaII,
as )-ou s-ill see fr'om the
dimen-.ions . and carr be
cast in gra-v iron from a
simple rvood pattern, or
milled from a block of
steel Any numb er of
clamps for hoiding the
r',-ork can be. made, but
those -.houn ploved satis-
factoq- ior a u-ide range
of smaL i','ork. Pattern of
the dr:.lie,i and tapped
holes on the fiat surfaces
may be made to suit your
requirements. After rrrS-
chining, drilling and tap-
ping, the plate is hard-
ened and ground on all
flat surfaces.-Edmund L.
Johnson, Pittsburgh, Pa.

Scoop Mode With T-Shoped Hqndle Cleons Slots ln Mqchine Tqble

o
o

CI
CI

e

ft's diffieult to clean chips from T-slots
on milling-machine tables and do a clean
iob, but with this special scoop, the work

cEur be done in a short time, The detail
gives dimensions for the scoop, but these
may have to be altered to fit a specific ma-
chine; especially the handle, which must
be a loose fit in the table slots. To use the
device, clean the chips from the slots by
using the handle and then pick them up
with the scoop. This handy tool can be use-d
on many types of machines.

Harold B. Eastman, Cleveland, Ohio.

"Gripper Finge rs" Hold Smqll Forms
Printed forms that are too small to be

h"l4 by the regular grippers on a job press
yill stay in position *hen these gripper
fingers are used.
They can be
formed from light
sheet metal cut
and bent as shown
in the circular de-
tail. Dimensions
are governed by
the size of the
grippers and the
size of the forms.

-George T. CIay-
ton, Los Ange1es,
Calif.
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,i I START (SlNGtE THREAD) 2 STARTS (DOUBLE THREAD) 4 STARTS (OUAD THREAD)

iAULTIPLE
By Som Brown

\^/HEN you want fast travel
Y Y with a fine thread, you use a

multiple thread, breaking the orig-
inal lead distance into two, three
or more threads as desired. The
cap of a fountain pen i.s a good ex-
ample-you want the cap to screw
on quickly and a coarse thread is
not satisfactory. Focusing deviees
on cameras and binoculars offer
another everyday example of the
use of multiple threads.

General terms: Fig. 1 illustrates
the two terms used to describe any
thread-lead and pitch. Lead is
the distance the thread advances
in one revolution; pitch is the dis-
tance between thr&ds. In a single
thread, detail A, Fig. 1, lead and
pitch are the same. The second de-
tail, B, shows the original lead
broken into two threads so that
the pitch is one half the lead. De-
tail C shows a quad or 4-start
thread, where the pitch is one
fourth of the lead. In all rnultiple

SPACING MULTIPLE THREADS BY
PLACING DOG IN VARIOUS SLOTS
IS USEFUL METHOD OF WORKING.
PHOTOS SHOW DOUBLE THREAD.
THREE STOPS ARE USED FOR
TRTPLE rnnEIo

NUMBER
OF STARTS

2 STARTS

3 STARTS

4 STARTS

5 STARTS

6 STARTS

B STARTS

I O STARTS

USEFUL MNGE OF MULTIPTE TNRCEOS

FIGURES IN BODY OF
TABLE GIVE PITCH OF
THREAD (NUMBER OF
THREADS PER INCH)

I. FIGURES IN SHADED BOXES CAN BE

CUT WITH USE OF THREAD DIAL
2" FAST LEADS FROM tV2TO 372 ARE NOT

USUALLY SHOWN ON GEAR CHARTS BUT
CAN BE SET UP WITH REGULAR GEARS

LEAD (NUMBER OF TURNS PER INCH OF SINGLE THREAD)

T2 STARTS
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fXTRA MARKS
AT WHICH
ENG
CAN BE

MAD

THREAD
DIAL

INDEX
MARK

EACH NUMBERED
DlVISION EQUALS

I" CARRIAGE TRAVEL

PHOTO SHOWS HOW THE
THREAD DIAT IS USED
TO CUT A DOUBLE THREAD
OF 6-LEAD, I2.PITCH

THREnD DIAI SETTING FOR MULTIPLE THREADS

TEAD

2

sxo{r 6

LIGHT 3
LINES ARE 5
NOT SHOWN

I I

DIAL
STYLE
No. 2

THREADS

STARTS

2 STARTS

4 STARTS

8 STARTS

D;AL DIAL SETTING

STYLE

(
?
I

threads, the lead multiplied by the number
of starts gives the pitch. For example, an
8-lead thread having two starts is 16-pitch,
or there are 16 threads per in., and the dis-
tance behveen tlreads is }{o in. Eight-lead
me€rns there are 8 turns per irn., and the
distance advanced in one turn is Ys in.

Spacing with lathe dog: Spacing a mul-
tiple thread by using the lathe dog is a com-
mon method of working. Suppose, for ex-
ample, you want to cut a double thread of
8-lead and 16-pitch. Set up the gear box or
geal' train for the lead. Alrn,ays gear for the

FOR DOUBTE THREAD, ENGAGE AT ANY POINT MARKED I (ON OUTSIDE Rl,\ OF DRAWNG) FOR FIRST THREAD AND AT
ANYPOINTMARKED2FORSECONDTHREAO. IFAQI'ADTHREADISDESIRED,ENGAGEATI.2€.4fORTHERESPECTIVE
THREADS. FOR 8 STARTS, ENGAGE AT I.2.3.4.5.6.7.8 AS MARKEO.

NUMBERS IN TABLE ARE PITCH
OF THREAD

7

tt7z
23

a

I
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i
l
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Sef ihe geor troin Jot At/z-leqd ond
mqke the first cul using rhe threod
diol, os is indicqted by D in Toble 2

QUADRUPLE THREAD

41,12'LEAD

18-PlrcH
ii nrl' DIAL'D'PoslTloN

MAJOR
DIA"
iV6i'

Engoging rhe diol qs outlined pro.
duces four slqrts which ore finolly
deepened to finish the ihreqds

First the work is mounted on s
threoded stub spindle. Then moior
qnd minor diometers ore turned

Note rhot the compound is in the
29-deg. position, swung to the right.
Alwoys use plenty of cutting oil

3

,

I

I

I

fhe outride piece is storted by bor- fhe cleoronce qllows minor diqm. Cut internol threod some os ex-
lng rhe hole lo ihe required minor eter lurned on the inside piece to lerndl except compound is twung
diomelei, plus the proper clearance fit loosely inside the bored hole to left. Check frequently for size

,if
nead you want, not the pitch. Proceed as for
any single thread, but cut only to the depth
of a 16-pitch thread. Table 3 shows this to
he .047 in. or, if you use regular 29-deg.
angle feed on the compound, the compound
rnfeed is .054 in. Fig. 2 shows the first thread
heing cut. After cutting the first thread to
full depth, back up the tailstock and fit the
tail of the dog in a slot opposite to the one
nrsed for the first thread, Fig. 3. Back the
aompound to the original starting position

4g

and cut the second thread just the same as
lhe first. If you are using 29-deg. compound.
feed, the second thread will start along by
the first thread, as shown in Fig. 4, and suc-
cessive cuts will complete the thread. With
the four slots of the faceplate you can cut a
quad thread. If a triple br 3-slart thread is
desired, tap three equaUy spaced holes in
the faeeplate for studs and use a straight-
tail dog.

Using thread dial: Most small lathes are

BORE
1.201"

u"{;::'H}tRgrIf 
'*l^t)ffiis MINoR DIA'

;:__ a--r.-
-;9';: - i
< - .:T;^:

\



o

HEEL MUST BE GROUND
OFF FOR INTERNAL
THREAD

fitted rvith a thread dial, and this can be
employed for a rvide range of multiple
threads. Table 1 shorvs the complete useful

le threads, with pitches that
g a thread dial indicated by
A typical dial is shown in

Fig._5. In addition to the engagement points
mqg'ked, _you can also engage at the points
indicated by the dotted lines. Table 2 shows
threads that can be cut and dial settings for
crltlin_g them. Tr,vo different standard Iypu=
of dials are shorm. The table is based-on
an 8-pitch lead screw, standard on most
small lathes.

the first thread by engaging the dial at any
point marked 1 on the outside rim of th-e
drarvr_ng. Without changing the compound
infeed, engage at ant point marlied 2.
That's your double threid. Make succes-

IF TATHE IS GEARED FOR
V2 THE PITCH OF A TAP
THE TAP WILL CUT A
DOUBLE THREAD

DEPTH OF THREADS
Single

Deprh of
Threod

3

4

4yz

5

6
7

7h
I
9

l0
toth
ll
t2
l3
l3Yz

l4
I5
l6
16th

l8
lgyz
20

21

22

23

24

25

26

27

28

3o
32

.333

.2s0

.222

.200

.167

.143

.r33

.125

.l I I

.r00

.095

.091

.083

.o77

.074

.o7t

.o67

.063

.06r

.055

.05r

.050

.048

.045

.043

.o42

.040

.038

.253

.190

.169

.t52

.t27
.108

.l0t

.095

.084

.o76

.o72

.069

.063

.059

.058

.054

.051

.o47

.o46

.o42

.039

.038

.036

.035

.033

.032

.030

.029

.o28

.o27

.o25
'.o24

.s06

.380

.338

.304

.254

.216

.202

.190

.168

.152

.144

.r 38

.126

.l l8

.l t6

.108

.102

.094

;092

.084

.o7B

.o76
.o72

-o70

.096

.087

.082

.o79

.o72

.068

.o67

.o62

.057

.o54

.053

.047

.045

.043

.04I

.039

.o37

.036

-035

.o34
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FIRST STAGE OF I l.IEAD
22-PITCH DOUBLE THREAD

SECOND STAGE-THREAD DIAI IS

ENGAGED TO SPLIT AN l I.LEAD
THREAD. RESUTT IS DOUBLE
THREAD OF 22-PITCH

f'
[,

carriage travel. Now, consider the
previous example of a 6-lead
thread. In 1 in. of carriage travel,
the tool will engage at the first
and the sixth threads. At r/h, iyr.
of carriage travel, the tool will
"hit" the third thread, but if you
engage at 1/+ in. of carriage travel,
the tool will hit at Lt/z threads and
will split the thread. Engagelnent
at 7/s- in. of carriage travel will
again split it producing a quad
thread. This is as far as this par-
ticular lead can be split, but other
leads, C and D positions, Table 2,
ean be split into 8 starts. Triple
threads cannot be cut because the
number of striking points (32)
cannot be divided by 3.
i Example of threading: Figs. 8
throughl4 show both external and
internal thread cutting for the
work detailed in Fig. 7. The ex-
ternal thread usually is cut first
because this commonly carries the
major diameter. In bo
thread, use Table 3 to
and then add to this ab
double depth of thread. Always allow this
clearance as a full thread cannot be cut.
In boring the hole oversize, you are not
presetting a loose thread because the fit of
any thread comes from the angular contact,
not the crests.

How to use taps: The use of taps for cut-
ting single threads is an old lathe trick, and
it c'an be used just as well for multiple
threads. What happens here is that you
have a multiple-point threading tool which
will eut two, three or more threads in one
operation. The examplq, Fig. 15, shows an
18-pitch tap being used. If you want to cut'

5C

a double thread, the gear box or train is
set for 9 threads, not 18. Engagement of the
thread dial is normal for a 9-thread and
the tap catches both threads of the double
thread in one operation. Successive in-
feeds are made ai the compound until the
thread is complete, Fig. 16. With the samei
tap, a triple thread would be cut with the
g"L, traiir set for 6-lead; a quad thread
wquld be cut with gear train set for 4r/z-
lead. In all cases, the pitch is the same as
the tap, which in this case is 18-pitch.

If a tap is used-to cut an internal -thrgad,
it ,uvill be necessary to grind arvay the heel
of the cutting teeth, as shown in Fig. L7,

in order to get needed clearance, Taps ar9
not good for heavy butting:-rrse a light feed

REGULAR TAPPING TECHNIQUE CAN
BE USED FOR SM.A.LL HOLES. USE A
TAP OF THE LEAD YOU WANT. SPLIT

THE THREAD BY USINg THREAD DIAI

I
1

I
I
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and plenty of oil. In this setup, the tap is
smalLer than the hole in the urork and only
one set of teeth does the cutting.

Another method of using a tap is shown
in Fig. 18. In this instance a tap having the
desired lead is used and the thread dial is
employed to split the thread. This method
is handy for small holes vu'here a single-
point tool could not be used. The original
tap thread can be split into double or quad
thread, but not triple. The example sho'ulrn
in Figs. 19 and 20 uses an 11-thread, or lead,
tap. Splitting the 11-lead gives a double
thread of Z?-pitc}r,. The bore diameter
should be for Z}-pttch thread, with due al-
lowance for clearance. In this setup, all
teeth of the tap cut.

Setting threads with eompound: This
method is sometimes useful, especially for
roughing the thread for 3, 5 and 6 starts
rvhich are cleaned rp later by chasing with
a tap of proper pitch. As shown in Fig. 21,
the compound is set para1lel. Assuming 6
starts and 4-1ead, the thread will be 24-
pitch. Gear for a 4-lead and cut a single
thread to the depth of a 24-pitch thread,
rnaking successive plunge cuts. by infeeding
the cross slide. Then move the compound
back a distance equal to the pitch, in inches,
of a 24-prteh thread. Table 3 shows this to
be .042 in. Make the second thread and
proceed with remaining threads in the
same manner. Threads cut by this method
rnay shorv a slight variation in pitch, but
this is equalized readily by running a few
chasing cuts with a 24-pitch tap.

Card Indicates Location of File
In locating papers that have been re-

rnoved from a fiIe case, one firm uses cards
that are slipped into the file when a folder
is removed. Space is pgovided on the card
for the name of the file, the person '*rho re-
moved it and the date it was taken. Any
person seeking papers that are not in the
file has only to look at the file card to see
r,vho has them.

Clay t)sed as Balancing Weight
Permits Close Adjustment

To balance accurately the weight of an
empty container, rvhich is often difficult
with the graduated weights on hand, one
laboratory worker uses rnodeling clay. Aft-
er the container is balanced, it is filled and
the contents weighed in the regular manner.

Felt Pad Is Convenient Wiper
For Gas Station Attendant

A pad made of several pieces cut from a
felt hat is handy at filling stations for wip-
ing the oil-gauge stick. The leaves are
bolted in a clamp that has a hook to fasten
to the attendant's belt.

?
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By Som Brown

THESE bending brakes will sim-
plifu sheet-rnetal fabrieatiolr..
I\vo designs are described, both
capable of bending 24-ga. gal-
vanized iron the width of the
brake, or heavier metal when
the bend is not at full 12-in. ca-
pacity. Design No. 2, Fig. 8,
while more difficult to make, is
sorrewhat superior in that it of-
fers stronger construction and
also permits partial (tab) and
reverse bends rvhich are not pos-
sible with No. 1 design.

Design No. 1: Both designs are
of the folding-leaf variet5r, and
the general feitures of corritruc-
tion are grasped easily from Fig.
3. The essential feature is that
the center of hinge pin must
line up exactly with the meeting
edges of folding leaf and table.
This is diagramed in Fig. 4. The
working of the brake is shown in
Fig.
unde
bent
leaf .

notehed for easy removal. It is
positioned exactly for duplicate
,work by means of two Iliding

tororNo IEAF

BEND]NG AIETAL IIIE-ONE OF 
'iAANY 

JOBS POSSIBTE wlTH BRAKE

20. BEVEL

METAL INSERT. %c" X 3" CARRIAGE
BOLTS

[nmou
SLIDING STOP BAR

3A" X2V4" X7r/2"

tr
TEG BLOCK

iut
CUT.zzzt,rrf/ 

Zra

A UsT BE BAR

HINGE PIN FORMTNG

4t

5" HEA\ff.DUW
STRAP HINGE

TABTE
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22.GA, SHEET METAI
NAILED TO BOTTOM

IAP Vt".2A1

%" BOIT FOR
ADJUSilNq

HOLE TO
CLEAR

FORMING
BOLT

2" STOCK
(HARDWOOD)

.4I
ST

HINGE LAYOUT
PIN MUST BE EXACTTY

CENTERED AT JOINING
EDGES

BENDING BRAKE
(DESIGN No. 2)

stop bars, as can be seen in Fig. 3. One
of these works along a fixed block to
provide a guide for right-angle bends.
Any kind of wood can be used for fold-
ing leaf and table, but the forming bar
must be hardwood or softwood faced
with metal. The hinge should' not ,be
lighter than specified and is better made
a little heavier.

i il3i*1
.,1 hinges

cut from Y+-in. steel, as sho'wlr.. The 45-
dug. cut on the underside of leaf and
table weakens the construction some-
what, but offers an arrangement that is
essential for reverse bends. The four
styles of formi.tg bars shor,lrn in Fig. 8,
will handle all ordinary work. Care
should be taken in assembly to get the
pivot points in exact alignment. This
design also works out nicely with hinges
made from s/+-in. plywood, pinning the
bolt to, the table member and providing

42
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a brass bushing in the other to
prevent wear.

Tab and reverse bends: Tab
and reverse bends are worked on
No. 2 brake by rriounting the
brake on edge in a vise and fold-
ing the leaf all the way back. A
block of wood, is clamped to the
folding leaf and becomes the
forming member. Fig. 5 shows
the operation on a tab bend; Fig.
6 shorvs the sarne setup
for reverse bends. Nei-
ther can be done on the
No. 1 brake.

Standard operations:
The sharp lock, FiS. 7, is
made by using the brake
in a normal position with
a style D forming bar.
This bend is used fre-
quently for fastening two
pieees of metal together.
If the bend is at full ca-
pacity (12 in. long), it is
best to for-rn it to a flange
with the stronger A or B
bar and then complete
the lock with the sharp-
edge D bar. The, single
sharp lock when pressed
tightly together in a vise
or by hammering be-
comes the single hem or
bend, as shown. If the
single bend is hemmed
again, it makes a double
hem. At full capacity on
a narrow hem less than
Y+ in. rvide, this bend offers the ultimate
strength and accuracy test for your brake

-o poorly made brake will fail in this
double-hem operation.

Large return bends or channels are made
with the standard forming bar (style A),
and offer no difficulties. Smaller-channeis
are made with the B bar, which permits
working as small as r/s-in. cross section.
Thir operation is shown in Eig. g. The B
bar is used also for bending small closed
fgrqrs, as shown in Fig. 10. As can be seen,
the brake does not f "rlly close the form on
the final bend, but it is close enough so
that a little springing by hand will co*-
plete it. Style C bar offers another way of
yu,orking _small closed forms, as shown in
Fig. 11. Complete closure is possible with

this bar, but the work must be resprung
to remove it from the bar. When the closed
form has a seam joint, Fig. L2, the final
bend, as in Fig. 11, is really -a 

reverse bend
and is best worked bV the method shown in

:Box bends: One of the most used forms
le square
it can be

plest w-ay

work over a forming block, Fig. ,nlHtll:
43

SEAM JO]NTS ON SMATL CLOSED FORMS CAN BE MADE WITH "B" OR -CZ BARS

/,- RETURN BEND \J \,2;"
9OO FTANGE OR CHANNEL REVERSE BEND TAB BEND

MAKING A CHANNET WITH
STYTE "B' FORMING BAR



flange which can be riveted

over a forming bloek.
Work capacity: Work cB-

pacity of both brakes de-
scribed is about 12 in. No. 2
design will work satisfac-
torily up to about 18-24 in,
No. 1 brake will not handle
metal thicker than 24 ga.
(usual furnace-pipe weight
as obtained at tin shops);
No. 2 brake will work 22-ga.
material. Both will handle
much thicker metal, if the
bend is short. Dimensions
given are working specifica-
tions and can be varied.

a special style A forming bar,
Fig. 15. For the latter operation,
the forming bar has notches cut
to accommodate the flanges pre-
viously turned up. The notches
(sarn, kerfs) do not affect the
bend, and one bar can be notched
rnany times to suit different sizes
of work. The simple style of box
shown, while easy to bend, pre-
sents a fair amount of work in
soldering the corners. Some
shapes in this style (such as lids),
if shallow, are often s tr o n g
enough not to require soldering.
Most larger boxes make use of
some kind of inside or outside

Absorbenf Cotton Stufred in Covered Box Cleqns Drowing Pencil
Finding a way to clean the point of a

pencil aft-er sharpening it is always a prob-
lem for the draftsman. One solution is to
fill a small, correred box with absorbent
cotton. Cut a hole in the top large enough
for the pencil. To clean the point, insert
it in the hole and rotate in the cotton. This
will remove powdered lead.

"Mqnicure" lor Smqll Commulqtors
which are strips of fine
together to form a resili-
Iike a nail file, are well

suited 'to
and polis
generator
cost, a ne

c
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Much of the repoir work done on domestic refrigerolors requires speciol
tools ond equiprnenii- btrt if you know how o iefrigirbtor-irvorks-qnd
why-there ore-simple mqinteiqnce roulines thol you con fottow to keep I
the unit in condition qnd mqke freqirent cqlls for q servicemqn unnecessqry

t/ k*lrx,,f't';i"Tflli: Bv lotu"
ical refrigerator must be serviced ProperlSz
and maintained if it is to deliver the peak

removal, of all refrigerant to get at some
particular part. To _do this, -gPecial gUuin-
ment is needed and generally it is better
to have a serviceman do the work. AIso,
when a system is openedr you may be
handling gases that are toxic and, there-
fore, dangerous.) OnIy repaii and main-
tenance that do not require opening the

4. St4aocta pressure are raised. and then- it passes to the condenser
where the vapor is liquefied and partially
cooled. From here the liquid goes to the
receiver, which functions as a storage tank
to supply refrigerant according to the fluc-
tuating demands of the system. At the eX-
pansion valve the liquid is metered and
admitted into the evaporator or cooling
coils; these are the cofu that generally en-
case the ice-cube trays and also refrigerate
the interior of the cabinet.
t I Trom the point where the refrigerant
V is compressed to where it passes

through the expansion valve or a similar
metering device, it is under high pressure
and this generally is referred to as the
"high" side of the system. At the expansion
valve the pressure and temperature are
reduced so that the liquid rvill absorb heat
and "boiI," thereby evaporating and cool-
ing the interior of the refrigerator. After
the refrigerant passes through the cooling
coils, it returns to the compressor and the
cycle is repeated. From the point where
the liquid leaves the expansion valve to
rvhere it is compressed again, it is under
low pressure and this is the "1ow" side of
the system.
,/ While the foregoing isn't typieal of any
V one unit, it's a general indication of

how mechanical refrileration by means of
a compressor is accomplished. Other t5ryes
of compressor systems include those which

have high and low-
side float vafves,
restrictors and cap-
illary tubes instead
of expansion
valves. In some
units a plate-type
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!n brief, here's whot happens during o compreesion refrigerotion cycle: Refrigeront ir roised to o high-pre:rure
gor in the compressot, liqucfied in the rondenser, slored in the receiver, metered oi lhe exponsion volve,
"bbiled' in lhe evoporotor to cool the interior of the cobinel, ond relurned lo lhe compressor to complete the cycle

eondenser is combined with the receiver
and , is air-cooled instead of being the fin-
and-tube type,'Fig. 4, that is cooled by a fan.
i:l To start and stop the unit when refrig-
V eration is needed, there is a system of

automatic controls. Usually these are
switches or relays that are bperated by
temperature or pressure, and if they do not
fi.rnction properly, they should be adjusted
or replaced by a servicemarf.. Sometimes
adjuqtments' ean be made by referring to
instruction' sheets pasted inside the cover
of the switch box. However, first check the
electrical eurrent to be sure that it ip sup-
plying power and test the motor for proper
operation. When possible, also check the
wiring for shorts, grounds and continuity.
If the unit is of the "hermetic" t)4pe, the
motor and compressor are sealed -in a
housing .and require replacement as a'unit'
if defective in operation. The *open" unit
has the motor connected to the compressor
by a V-belt drive. "semihermeticst' are a
combination of the' open and hermetie
t5r1res, having a sealed compressor that is

{
pres
vice

cumulations of dust, dirt and oil act as
insulation and prevent proper air circula-
tion and removal of heat from the unit. This
is especially true of the eondenser. Both the
fin-and-tube type and the plate condenser
should be'etreaned with a brush to rerRove

Fig. 4. With the fin-
re that the passages
free of ,. obstructions

t



not bent or otherwise operating improperly.
When working around an open condensing
unjt, alwaSrs disconnect the refrigerator
from the power supply as operation of the.unit is automatic and it may start or stop at
any time, catching a tie
t/ In connection with an-
V other point to check the

refrigerator. For most makes there should be

and check to see that the fan blades are

at least 3 in. bet'uveen the back of the cabinet
and the wall, Fig. 2, and -as much or more
space above and at the sides. Any pockets
which restrict the free flow of aii eause
inefficient operation. This may be indicated
when the refrigerator operates in short
cycles; that is, starts and st-ops frequently.
1/ \Mhen going over an open condensing
V unit, ah,u,ays check the V-be1t drive for

tension and alignment. Tension can be tested
by pressing the belt with the thumb, Fig. 3.
There should be about r/z in. deflection. If
the belt is too loose, there will be slippage
and loss of power. One of the simplest rvays
to check alignment is to place a straight-
edge against the face of the compressor pul-
ley and see that it is parallel u'ith the face of
the motor puIley. When a belt becomes
loose or fr ayed it should be replaced. Ttris is
done by loosening the motor-mounting bolts
and sliding the motor torvard the eompres-
sor. After the belt has been replaced, check
the new one for tension and alignment; but
remember that it will stretch somewhat.
t/ Although most motors do not require
V frequent oiling, if they run dry they

rvill overheat and burn out bearings. Lubri-
cate the motor according to instructions for
the particular type that you have, but do not
use too much s, too, will
cause overhea to drop oil
on the V-belt ioration of
the rubber. When testing the drive, tighten
all mounting bolts to eliminate a possible
cause of excessive vibration.
1/ Sometimes a compressor runs continu-
V ously or too long. Some causes for this

are an excessive refrigeration load, or food
placed in such a way as to obstruct the circu-

begomes logse and allows-cold air from inside
the cabinet'to_ leak and.cause frequent op_era-
tion of the co 'The
be replaced tG. :

loosening the that -
place, Fig. 5, and inserting raew strips.:To-;

repair.'chipg
mel or glazb,
the damag"d.

r#
#
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By Wm. Riederich

SOLDERING is somethin_g like painting-
at some time or other nearly everyone finds
it necessary or desirable to do the iob him-
self and save both time and money. But in
making the average soldered joint the pro-
cedurs is so simple that there is a tendency
to slight some of the details essential to
good work. Correctly made, a soldered
joint is s an example gut-
ter and parts of a building
uhich the most severe
n'eathering. If you examine old gutters
s'hich hav-e long- since eroded to the point
rvhere they no longer serve their purpbse
]'ou rvill see that in nearly every instance
the soldered joints Erre still sound. The
same rvill be found true of many other
kinds of work, parts of which have been
joined by soldering.

There are three general requirements
for good soldering on average light work.
They are, a correctly-t-inned iron heated to
the :proper temperature, the right flqx for
the job, and a clean surface. Too1s required
for the ordinary job are a soldering iron of
bit. as it is often talled, a suitable means of
heating the iron or the 'uvork quickly and
effi.ciently, a coarse fi.Ie, sandpaper and a
rvire brush, a damp cloth and clamps to
hold the parts to be joined firmly in place.
Of eourse, if the work is of such a nature
that it can be dipped, you will need a ladle

ctrically
disposes

here the
iron is in continuous use
rs necessary. The chief
is to prevent the formati
on the bevels of the tip
,rnsulator, interfering with rapid heat trans-
fer from the iron to the work. Also an un-
tinned bit won't "take" the solder properly.
To tin a new iron or retin one that has been
:i,ri u!9: first heat it to a temperature of b00
to 700 deg. F., and clean with a wire brush.

Heoi ihe iron with
o blowtorch ond
wotch thot it does
not get too hot.
Alwoys ptoce the
iron in the speciol
rqck qs 'indicqted

l
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Bul when the iron
b heole* lo iust
lfie right tempero-
ture lhe solder
ftows ot ttdrows"

tmoothly into ioinl
wilhout piling up

Here's whqt hop-
penswhen the iron
is too cold. The
solder won't flow,

" but only soffens lo
q woxlike consisl-
ency on lhe surfqce

Don't hold the tip
of the iron in the
blowtorch flome
lhis woy. Direct
flome will oyer-
heot the iron ond
femove the tinning

Sometimes it will help to rub the beveled
tip on a bloek of sal arnmoniac or amrrro-
nium chloride. Usually, however,'it is only
necessary to apply a rosin flux to the
cleaned tip and flow on solder until the €rr.-
tire tip qf the iron is covered. Finally, wipe
and twist the tip on a damp cloth to spread
the solder in a uniform coating.

The purpose of a flux is in most caies
twofold-to help clean the work and to pre-
vent the formation of oxides which inter-
fere with the flow of solder. There is no
all-purpose flux. Different metals require
different fluxes. See Tab1e If. Two corrr-
rnonly used fluxes are those made from
rosin and from muriatic aeid (hydrochlorie
acid) which has been "crtt" with zir:rc, form-
ing zinc chloride. Most fluxes are available
ready to use in both liquid and paste forms.
For Iight work you use the handy wire
solder with acid core. The acid flux is con-
tained in the hollow wire so no separate
flux is necessary. Solder' is also supplied
in solid-wire form without the flux arra in
convenient bars. It comes in varying pro-
portions of lead and th, and in lead-tin-
antimony and lead-tin-bismuth alloys.
These are all commonly hrown as "sofrb"
solders. A 50-50 solder, 50 percent tin and
50 Percsrt lead, is good for average light
worS although these proportions do not
grve maximum strength 'Where the great-
est holding power and resistance,to bend-
ing or flexi"A is called for, a 60-40 solder, 60
percent tin and 40 percent lead, is generally
used. Some alloys contain 67 percent tin
and On the other h"rr4
for as soldering pevrter,
a so 1 part lead, 1 part tin
and ruth is quite eomrnonly
used. The melting point of this alloy is only
240 deg. F. See Table I.
. Cleaning of work to be soldered is done
with sandpaper or emery eloth, steel wool,
files or a wire bnrsh. A powerdriven wire
wheel speeds up the iob-of eleaning where
the size or shape of the work allows its use.
Tinsmiths use reduced solutions of muriatie
acid to clean galvanized sheet metal. Ely-
drochloric aeid is an excellent cleaner on
some metals, but it is necessary to give the
work a thorough washing in a strong solu-
tion of soda water immediately after sol-
dering to reinove all traces of the acid and
stop its corrosive aetion. Sma1l, irreguilar-
shaped parts, difficult to clean by brushing
or by other means, can be dipped in hydro-
chloric acid. Suspend these on a wire and
don't get the acid on your hands or clothing.
Avoid breathing the acid fumes at any
time. Some metals and certain types of
work won't stand the acid bath. Don't use
it to clean electrieal work.

?:

I

The requirements of the soldering opero-

491.0
370.4
370.4

30740
3t672
38602

368.0
356.0
365.0
388.4

60400
663a0
70300
80200

TABI.E I

iAELTING POINI OF VARIOUS SOTDER ATTOYS

Tin leod Antimony Melting Point "F.

0 r00 0 618.8
lc 90 0 577.4
20 80 0 532.8

90 r0 0 419.0
ro0 0 0 4s0.0

0 0 100 1166.

40 60 0 446.0
49.25 50 .7 5 365.0
50 50 0 40r.0
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heated it is necessary that it be held to-
gether with clamps during th" heating
feriod, also for a time after soldering until
the work cools weII below the melting point
of the solder. 'W'ork soldered in this way

while soldering. Galvanized sheet-metal
parts should always be held together with
clamps or by other means. 'Whereyou have
an intricate assembly requiring soldering
several joints in close proximity, use damp
or wet cloths to protect the joints already
soldered. When using a torch to heat large
work preparatory to soldering, heat all the
area about the joint but avoid playing the
flame directly on the meeting surfaces or
on the solder as it is applied. 'When doing
sueh a job, flr,rx the rvork first then heat
until the flux boi]s. App1y the solder im-
mediately. When it melts and flows into
the joint, withdraw the heat and allow the
wnrk to cool to room temperature before
removing the clamps or other fasteners that
hold the parts together.

Soldering with an iron is much the same
as with the torch except that the iron is
used to heat the work and melt the solder
in a more or less simultaneous operation.
A suitable flux is applied to the work which
is then heated by ,pplying the iron to the
surface. After a preliminary heating, sol-
der is flowed into the joint. On some types
of work such as a common butt joint, flow-
ing the solder onto the iron as it moves
slowly along the joint will often give the
smoothest job. If the temperature is right
the molten solder will flow off the iron onto
the work in just the right amount.

Making a lap joint on two flat surfaces is
done by a method known as "sweat-solder-
ing." First the edges are fluxed and tinned.
The tinned surfaces are then placed to-
gether and heat applied. 'W'here an aeid
flr;x is used wash the work immediately
with a solution made by dissolving t/z Ib.
baking ro93 in a gallon of water. Thiis will
remove all remaining traces of acid and
stop any corrosive aetion on the metal.

When soldering
smoll porls such qs

o wire splice, hol'd
the iron under the
work. The solder
will " dtow" into
the io inl neof ly

To repoir q crqcked
tube, wrop it
with wire, closely
spoced then heot
ond run soJder un-
til spoees belween
wires ore filled

Smoll ports cqn be
rustproofed by tin-
ning in cr both of
molten solder. Al-
?och o wire lo
work ond hold in
solder until heqted

TABTE II
SOTDERING FTUXES USED FOR VARIOUS METAIS

Metql Flux

lron - . - - Ammonium chloride or zinc chlcride
Steel - Ammonium chloride or zinc chloride
Copper. - - - Ammonium chloride or zinc.chloricje
Bross Ammonium chlofide or zinc chloride
Bronze - - Ammonium chloride 6r zinc chloriCe
Gun metol- -, Ammonium chloride or zinc chloride
Nickel. - Ammonium chloride or zinctchloride
Leod - Rosin or lollow
Steel (Tinned) - Zinc chloride or rosin
Golvonized steel Hydrochloric ocid
Zinc- - hydrochloricocid
Pewler - - Tollow
Silver - Chloride of zinc
Gold Chloride of zinc
Cost iron Chloride of zinc with tollow odded
Stoinless steel - Muriotic ocid
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' By Sqm Brown

ff ECAUSE of excellent
tr manufacturing methods,

servicing of ball bearings
usually is negligible, but the
time does come when a bear-
ing may need replacement
or, more often, adjustment.
Also, if interested in build-
ing your own power toolsr . ).. ,,..
ball bearing "knor,v how" is
essential for best results.

I(inds of loads: Any bear-
ing is subject to two kinds of
loads: thrust and radial. The
thrust load is a push or pull
parallel with the spindle,
Fig. 2; the radial load is
across the spindle, Fig. 1;
both types of loads are dia-
grammed in Fig. 3. In most
power tools, the load is a
combination of the hvo. The
load in a wood lathe, for ex-
ample, is primarily radial,
but it can be seen that in cer-
tain operations such as bor-
ing and faceplate turning .

there is a thrust load as weI[.
Some consideration must al-
ways be given the nature of
the load when selecting
bearings for any job.

SIHGTE.ROW RADIAT SII{GLE.ROT/V RADIAT
WTTNOU,T LOADING

GrcOYE
TOADING GROOVE

BEAN:NG TYPES

FIYE OF THE AAOST FOFUTAR TYPES ARE SHOWN ABOV'E

FELT

SEAT

rloler Iro$ |

BORE SIZES

Bore
No.

Bore Size
in lnches

Averoge
Lood*

0 .3937 l/a HP.

I .4724 r/t or Y, nP.

2 .5906 l/t or % aP.

3 .6693 J/, or Yz HP.

4 .7874 r/z or 3/a HP.

5 .9843 3/r or I HP.

6 I.r 8r I ?/r ot I HP.

7 qI.3780 I or I Y2 J+P.

8 L574i8 ' I or '!Y2VP.

flf.. **' fi fc.,liglt rsir+
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Bearing types: Although there are hun-
dreds of bearing t5rtrles, selection for typical
power tools usually is confined to three or
four popular styles, as shown in Figs. 4 to
8. The single-row radial ryith loading
groove or a similar device, FiB. 4, contains
the maximum number of balls which can
be introduced into a bearing. It is the
strongest type of bearing for a pure radial
load, and will also stand up under all aver-
age thrust loads. It is never used for thrust
alone. The single-row radial, Fig. 5, has
fer,ver balIs, but because the outer and in-
ner rings are continuous this bearing has
higher thrust capacity. The angular-contact
type, FiS. 6, is preferred for jobs where end
play must be restricted. This bearing rvill
take a maximum thrust load, but from one
direction only unless it is of the type man-
ufactured to take thrust from either direc-
tion. The double-row angular contact, Fig.
7, is used where maximum rigidity is de-
sired. The latter is seldom used in pairs
because it has practically no "give," in-
dicating that two in tandem would re-

HEATING
HEAT FROM 60.W. LAMP
IS IDEAL FOR SHRINK FITS

t
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HOUSING

@ PREL.ADED sPrNDrE
SPINDI.E MOUNTED LIKE THIS PERMITS PRELOAD AND TAKE.UP. ANGULAR
CONTACT BEARINGS ARE SHOWN BUT SINGLE.ROW RADIAL CAN BE USED

FLOATING SPINDTE
BOTH BEARINGS ARE PRESS FIT ON
SPINDLE AND PUSH FIT IN HOUSING

quire perfection in align-
ment when installed. Horv-
ever, when combined with a
single-row bearing, this type
makes an excellent installa-
tion for certain tools. Fig. 8
shows the double-row self-
aligning type. Although
rated somewhat lower than
the single-row radial for
any [iind of load, the self-
aligning feature makes it
very popular with the home
mechanic.

Special features: Most
bearings can be ob tain e d
with a metal shield or felt
seal on one or both sides,
Figs. 10 and 11, the latter,
the "sealed for life" type. A
snap or retaining ring, Fig.
9, is sometimes useful when
there is no shoulder against
which the bearing can be 1o-
cated. An extended inner
ring, FiS. L2, is a favorite
with home workshoppers be-
cause it provides an easy
way to clarnp the bearing to
the shaft.

Sizes and numbering of
bearings: The mo st-used
bearing sizes for home-
workshop power tools are
,those having bores of about
3/a in. and up. These sizes are
standardized with a system
of bore numbers, of which
sizes 0 to 8 are given in Fig.
13. Eaeh bore number is
'made in four outer ring sizes,
Fig. 13, the light ancl trre-

r

SPRING
TOADING
RING
(oPTroNAr)

@; cENTER DRtvE\./ A STANDARD FORM OF INSTATTATION
FOR IATHES, GRINDERS, BUFFERS, ETC.

r-. . SELF-AI|GNING SPINDLEq9 usES isu-ruoNtNc.BEARINGsIi WITH EXTENDED. INNER RING,

SLINGER
(PRESS FtT)

ABOUT.OI5"
END PLAY
CLEARANCE

BORE-
ONE SIZE
SMALlER
THAN

s.A-E. LOCI( NUT I

THts APPRovED srYLE oF Lock
\ryASHER IS BEST DEVICE TO CLAfiA

s.A.E"
LOCK
F{ur 4

INNER
R!NG,



dium series being the most popular for all
small power tools. Most manufacturers
designate the light series as "200 series" and
medium as "300 series." A No. 304 bearing

s

in the third digit from the right indicates extra light
series; 2 is light series; 3 is medium series; 4 is heavy
seri_es; 5 is nonloading groove light series, and 6 is non-
loading groove medium series. 

-Other numbers to the
left indicate type or_extra features. Small power-tool
construction is mainly of ;he light series typb. This is
sturdy enough for a1l average loads and does not re-
quire a bulky housing. A fair guide to the selection
of a suitable bore size for any power tool is the motor
rating given in Fig. 13. For example, if you are making
a lathe to be driven with a7/z-hp. motor, yo, would use
No. 2 or 3 bo_re light series bearings. of-course, if you
wanted a hollow spindle, you would have to take a 6ig-
ger bore t0 accommodate tt e Morse taper.

installation, Fig. L7, both
e spindle and a push fit in
ould require about 50 Ibs.

?:,il#l;1"ili11:*'ffiffi;
.0003 over the bore size, FiS.

13. If the bearing is held with a lock nut, as sho*r, i"
Fig. L7, a press fit of about 10 lbs. is suiTicient. Both
bearings. are a push fit in the housing, which means
that they can be pushed in by hand but there should be
no looseness. A study of Fig. LT will show that one
bearing is clamped to the spindle and in the housing.

dle and takes up the thrust
stated before, is a press fit
, floating fit in the housing,
sion. Press-fit bearings are

"'.' 
i: ; ;f 

"nfl?"I 
t*i l x; f, lf;

used to expand the bearing so
that it can be pushed on by hand for a shrink nt. .{oo-
watt bu1b, Fig. 16, gives off about 240 dug. F. heat and
can be used in some cases. rmmersion in-an oit batrr it
sometimes used to heat bearings but care should be
taken in either case not to use too high a heat.

L



The approved method of locking the
fixed bearing to the spindle is the S.A.E.
lock nut and washer, illustrated in Figs. 18
to 20. However, this requires a keyway, Fig.
20, which makes more work than the plain
lock nut shown in Fig. 17. The S.A.E. lock
nut and washer are so arranged that a a/z+

turn of the lock nut will permit engaging
one of the washer prongs.

Fig. 21 shows the S.A.E. loek nut used as
the take-up nut on a preloaded spindle to
align the inner and outer races. In this in-
stallation, the outer rings of both bearing's'
butt against shoulders in the housing. The
lock nut is then used to squeeze the inner
rings into alignment, creating a preload on
the bearings. This kind of installation is
particu larly recommended for lathes,
grinders and other tools where end play
must be restricted and a rigid spindle is
essential. Fig . 22 is just the opposite. Ilere,
both bearings float in the housing, rvith
about .015 in. end p1ay. This installation
is suitable for buffers, countershafts, mo-
tors and other jobs where end play need not
be cmltrolled exactly. Fig. 23 is a standard
installdtion for center drive and features
one bearing locked and the other floating,
as previously described. Fig . 24 is a typieal
installation of the self-aligning bearing. A
stiff circular spring is indicated as a means
of taking up end play. This is optional and
can be eliminated, in which case the left
end plate would butt against the bearing, oS
does the right end. Slingers and felt rings
shown in some of the installations are
used to f<eep out dirt.

Bearifig r-e-oval: Two rules govern bear-
ing rerpoval: keep the bearingi clean; and
always drive against the inner ring. It can

6

be seen that pressure against the outer
ring, Figs. 25 and 28, puts the load through
the-balli and may damage the bearing. Figs.
26, 27 and 29 show the right way-the in-
ner ring is supported ant takel the 'fu1l
force applied.

Cleaning: Surplus grease sho u1d be
wiped from bearings, after which they are
soaked and brushed with suitable solvent.
The cleaning pan should have a wire rack,
as shown in Figs. 30 and 31, to keep
the bearing above the sludge. After clean-
ing, the bearing should be blown dry_ *i!b
compressed air, Fig. 32. Bearings should
not be spun without lubricant since the dty
condition makes them liable to scratehing.
Oil immediately after cleaning, especially
if a drying solvent like carbon tetrachloride
or alcohol is used.

Maintenance of Fence Reduced
After running a strand of barbed wire di-

rectly above the woven-wire portion of the
fence, instead of 3 in. above as is thg general
practice, one farmer found that stock did
not attempt to reach through the fence.
This greatly reduced the maintenanee
work required.

SLUDGE STTTLES
AT BOTTOM OF
CONTAINER

a



Gas,TorchtCompass'to Cut Out Metal Disks

21" __
o+-i-

7

Owners of small shops who do not have
equipment for cutting circles or disks in
steel plates, will find this inexpensive at-
tachment for a gas-cutting torch just the
thing for the job. When the work is done
free hand, it is almost impossible to avoid
ragged edges that require considerable
machining to finish them. With the attach-
ment anyone can cut circles having smooth
edges and ranging in size from a few inches
to nearly 3 ft. in diameter. If the small

Tooth from Hay Rake Serq/es

To provide a spring in a tether that
would tend to absorb shock on an animal's
neck when it stretched the tether suddenly,
and at the same time allow it to rotate on
the stake without winding up, a farmer
used a hay-rake tooth. This was annealed
at the pointed end and an eye was formed
to attach the tether. The tether stake was
driven into the ground through the coiled
portion of the tooth near the other end..

([A tool box is more efficient if the parti-
tions are cut a few inches lower than the
top_ of _the box to leave room for carrying
wide, flat tools on the trays. j|'

wheel near the torch tip interferes with
moving the adjustable pivot close enough
toward the end of the torch for a very
small radius, it is a simple matter to re-
move the wheel and put the pivot in its
place. When a number of duplicate disks
are to be cut- from stock up to r/z in. in
thickness, several pieces of the metal can
be stacked and cut in one operation, and
thus save considerable time.

-A. L. Havens, Rutland, Vt.

ds Shoclc Absorber inTether



M*re
all sizes in each group are of identical
length, which tends to keep turning and'
grinding cuts straight and thus eliminates:
frequent changes in tailstock adjustments.

You may center the stock your own way
and according to available facilities but do
not countersink it more than necessary.
Also, allow for facing. A 146 by 3/ta-in.

By H. J. CHAMBERLAND

RORING work to precisely a predeter-
L) . i 1. . . , 1.(Y.

- mined dimension is not difficult if you
have an assortment of reamers and coun-
terbores at hand. Reamers are strictly
precision tools and perform best when they
remove a minimum amount of stock, 7t6+ in.
being about the maximrrm. Of utmost im-
portance is the fact that with reamers,
there is no worry as to the outcome of a
standard hole whether it is .004 or .015 in.
undersize previous to reaming. Counter-
bores, while not classed. as close precision
tools, are very useful around the shop.
They are equipped with various sizes of
pilots, which serve as aligning members.
Counterbores are intended mostly to bore
openings for the heads of screwS, bolts and
similar parts for sinking under the work
surface. Usually twelve straight-shank
chucking reamers and three counterbores
will fiI1 the requirements of any one who
has a small metal-working shop. As the
process of making reamers and counter-
bores is somewhat similar to that used in
making mandrels and nut arbors, which
has been fu1ly described in a previous ar-
tic1e, data such as material required and
method of hardening need not be repeated.

Figs. L, 2 and 3 show how the recom-
mendations for dimensions have been sim-
p1ified so that anyone can make the tools.
While it is necessary in a case of this kind
to deviate from manufacturers' standards
as to individual length, shape of flute, etc.,
practicability and quality of the tools have
not been overlooked. You will notice that

26

combination center drill is about the cor-
rect size to use. The turning operations
are routine, .010 to .072 in. being allowed
on all cutting din.rensions for grinding pur-
poses. Shank dimensions are not critical
and a variation of 16+ in. either way will do
no harm, exclusive of the L/z-in. undercut,
Fig. L, which should be to size or slightly
undersize" Assuming that you have a mill-
ing attachment for your lathe, but have
done little of this work, and want to do the
work as economically as possible, get an
assortment of worn milling cutters from a
machine shop or metal-working plant.
Usually these can be purchased at scrap-
metal prices, and a good-natured boss may
sharpen them for you at no extra cost. For
the present, select a small double-side mill
about 2L/+ to 27/z in. in diameter, with a

REAMERS il
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t/2-itt. face. Your next move is to
make a soft-steel arbor as shown
in Fig. 8. Be sure that its shank
fits perfectly into the lathe spin-
dle. If the cutter is pressed on
with a .002 drive, it will be rigid
and will stand ten times the feed
that you will give it. Such an im-

provised arbor serves the purpose well and
the cutter may be sharpened easily with-
out removing it.

Now you are ready to do sorl:e milling
but probably wonder how you are going to
index the flutes evenly in the reamers or
counterbores. If your lathe has indexing
facilities in the headstock, you proceed. as
follows: Grind a tool bit to a V-shape and
mount it in the tool holder exactly in the
center of the work. All you have to do now
is to scribe the required number of divi-
sions on the cutting sections of the blanks,
as shown in Fig. 6. If you have no index-
ing facilities on your lathe, you can get the
sarne results by fitting a 36-tooth threading
gear to a special center made and used as
in Figs. 4 and 5. Note in this case that the
bit serves as a plunger as well as a scriber.
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The work should be held tightly between
centers before drawing the lines. Of course,
with either set-up the dog should be
locked into the faceplate slot.

The last flute of the 1-in. reamer is about
to be completed in Fig. 7. It is clearly
demonstrated that with this form of mill-
ing, the direction of spindle rotation must
be reversed and the infeed is away from
the operator, as described in Fig. 9. Being
guided by correctly spaced scribed lines, it
is only necessary to bring all scribed lines
into position for milling, if the cutting side
of the miII is located directly on the center
of the blank being milled. The spacing of
flutes will be surprisingly accurate if the
above instructions are followed closely.
The depth of flute is governed by the di-
ameter of each tool and width of land re-
quired. Lard oil should be applied freely
during a milling operation and a sma1l pan
should be used to catch all drippings. The
depth of cut should not exceed 7/ta in., the
feed should be slow and a ZYz-in cutter
should rotate at 300 r.p.m. for a correct
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z" APPRox.

ALLOW ,OO2 DRIVE
FOR CUTTER

surface speed. Small reamers and
counterbores must have some support
while milling them to avoid any
springing and chattering. Pilot holes
in counterbores should be drilled as in
Fig. 11. The prosedure for milling

peripheral teeth is the same as that for
milling reamers. Counterbores require a
secondary clearance, which in this case is
milled with an angular cutter. On the
other hand, the side miIl serves the pur-
pose by shifting the center line ahead of
center to obtain the desired angle. The end
teeth of counterbores are milled as in Fig.
11. The milling fixture is adjusted for
proper height of concaved cut which should
be equivalent to a 55o angle. End teeth of
counterbores smaller than 1/z in. should be
filed rather than milled.

Next comes the job of hardening the
tools. If you have a small gas or electric
furnace follow instructions given for man-
drels and arbors. Ifowever, the fact that
you have no regular equipment should
prove no handicap. Reamers and counter-
bores need not be hardened over their en-
tire trength, therefore the improvised set-
up shown in Figs. 12 and 13 will serve the
purpose. All you need are four 4 by 8-in.
firebricks, an old cast-iron plate and a reg-
ular size blowtorch. Arrange the bricks as
shown, after cutting an opening for the
flame. After starting and locating the
torch, place the piece to be hardened shank
first into the chamber but without contact-
ing the flame, then close the front. Enough
heat will be generated in about 10 min. to
relieve the tool of all strain. Now bring the
cutting end to a bright red by rotating the
work slowly but continuously, and quench
quickly. Harden the end of the shank the



same way and repeat the cycle for every reamer or
counterbore. If any distortion occurs, the parts can
be straightened easily as the center portion remains
soft. After hardening, clean with emery cloth, and
your tools are ready to be ground.

The first grinding operation with reamers is that
of surfacing the faces of the flutes and is done as
shown in Fig. 14. The purpose is to pro-
duce fine edges in connection with the
cylindrical grinding operation. It is best to
index if possible. Good results can be had
by holding the reamer with one hand and
traversing the wheel with the other, re-
moving only enough stock to brighten up
the faces.

Next comes dressing of the wheel face
previous to grinding cylindrically. A dia-
mond dresser is necessary for precision
work; sma1l ones are available for a few
dollars. The setting must be held rigidly
in some kind of fixture bolted to the lathe
bed. Regardless of your grinding facilities,
the work must always rotate in the oppo-
site direction to that of the wheel. It is ad-
visable to grind the shanks first, Fig. L7.
They need only be ground straight and
concentric. The wheel traverse movement
should be slow and about .0005 in. of stock
should be removed per pass. The operator
should not attempt to go nearer than .0005
in. from the required finish size.

The next operation with reamers is that
of clearing the lands, Fig. l-6. The clear-
ance angle should be 4 to 6o to within .005
to .008 in. from the edges. Grinding the
45" chamfers completes the reamers. This
operation is done by setting the compound
rest accordingly. The clearance should be
5 to 7' and to sharp edges.

FIREBRICK
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q7 CLEARING END TEETH

Counterbores are cylindrically ground
the same as reamers, but lands resulting
from the secondary clearance are not re-
lieved. These tools do their cutting from

teeth is by indexing from the headstock if
possible, and using the steadyrest for for-
ward support, Fig. l-5. Indexing the flutes
with the finger rest will give the same re-
sults. End teeth of counterbores also re-
quire a 5 to 7" clearance angle to sharp
edges. Pilots can be made from cold-rolled
steel and casehardened, Fig. L0. It is best
to make the pilot .001 in.. undersize, the
stem being a medium press fit in the pilot
hole. The fitting is done after completing
the tool.. The size and date of making are
stamped on the tool before hardening.
Electric etching pencils can be obtained
inexpensively and are economical for a
final touch. Be sure to keep your reamers
sharp by grinding them regularly. Ream-
ers and counterbores will last almost in-
definitely as they need only be chromium-
plated to size when worn.

the ends and one way of clearing the end

CLEAR IN G TH E LAN D 5
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Non,Chatter Tool for Grooving Metal Disks

SIDE CLEARANC

TI

.-l t,t BOTTOM CLEARANCE
1 gH..5$ED BY RADrus oF

After experiencing difficulty in turning
grooves in the faces of metal disks, due to
the tendency of a square-nosed cutting tool
to chatter or dig irl, I ground this special
tool, which has two cutting edges as shown.
It must be adjusted in the tool post so that
the edges are perfectly square with the
surface in which the groove is to be cut"

Then, by feeding the tool radially back
and forth across the groove, with the
crossfeed of the lathe set to suitable
stops, a perfectly smooth groove results

and there is no tendency to chatter. The
distance between the two cutting edges of
the tool should be less than half of the
width of the groove to be turned. This per-
mits the tool to be moved radially to avoid
leaving a ridge in the bottom of the groove
as it is cut.

-E. B. Davenport, Ross, Calif.

This JiS Su|ports Round Work Vertically to Drill the Ends
Capable of gripping round work varying

in diamet er from 7/zz in. to Yz in., this jig
was made to support rods and pins in a
bench vise or vertically in a drill press for
drilling holes in the ends. Made of steel,
the jig consists of two jaws bolted together
at the ends, short coil springs being slipped
over the bolts and held by collars to keep
the jaws spread slightly for easy insertion
of the work. In use, the jig is clamped in
the drill-press vise, the jaws of the latter
forcing the jaws of the jig to grip the work
tightly. Notice that the outer edges of the
jig are flanged to rest flatly on the upper
surfaces of the vise jaws. The depressions
ground in the facing edges of the jig to
form holes when the jaws come together,
must be slightly smaller than one-half the
diameter of the work to be gripped so that
the latter will be clamped tightly before
the iaw edges touch.
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Removal of Fruit from Barrel
Simplified with Tray

A merchant who dispenses apples, pota-
toes, etc., directly from barrels in his store
improves the appearance of partly emptied
barrels and simplifies removal of the con-
tents in small quantities with this tray. It
is made from heavy wire, the side stay
wires being bent to a hook shape at the
upper ends to fit over the side of the bar-
rel. After the contents have been lowered
sufficiently to make room for it, the tray
is filled and placed in the barrel.

-Opie Read, Jr., Chicago.

Reflector Protects Mailbox
Rural mailboxes

are often knocked
over at night by
motorists who in
passing other cars
on narrow roads,
sometimes get off
the pavement
slightly and do not
see the boxes
in time to avoid
them. To help
prevent this, one
farmer placed a
red reflector on the

standard of his box as indicated. The re-
flector should be fastened to the post about

40

30 in. above the ground. At this height, it
will be sure to reflect the light of cars
coming ttY*irt" 

*. Avery, Ho1ey, N.y.

Changing Lathe Gears in Pairs
Saves Time

In small shops a general-purpose screw-
cutting lathe is often used to handle a
great variety of work for which desirable
feeds cover a considerable range, and
much time is required to changie the gears.
The tirne-consuming part of setting the
yoke and intermediate gear pivot, getting
the intermediate gear center in the right
place, can be speeded up by changing the
gears in pairs, with the pairs selected so
that the sum of the teeth in each pair is
the same. The application of this idea to
my lathe is as follows: Gears available
were 24, 32,36, 40, 42, 44, 45, 46, 48, 52, 54,
56, 60, 80 and g6-tooth. By cut and try,
the table for longitudinal feeds worked out
as showrl. It will be seen that the sum of
the teeth for the stud gear and the first
intermediate one is 92 in each case, and as
the sum is constant, the proper center dis-
tance for each of these pairs is the same.
Thus eight feeds from .005 to .017 in. per
spindle revolution are available by select-
ing the proper pair for the first gears in the
train without making any other changes.

-Walter T. Gorton, Washington, D. C.
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By ALEXANDER MAXWELL

V E.EPING abreast with the development
r \ of numerous new alloys, solders and
fluxes especially prepared for use with
these alloys have been put on the market,
and are available to every shop man, graft-
worker and experimenter. Since the ad-
vent of these special solders and fluxes, the
previous specific distinction between
"hard" and "soft" solders has become prac-
tically obsolete and is now merely
a general distinction between
groups of solders, while the indi-
vidual solders have highly spe-
cialized uses for certain definite
purposes. Several of the new al-
loy solders have proved so phe-
nomenal in application that they
have opened fields which were
until recently the exclusive "prop-
erty" of riveting: and welding. to
avoid confusion, manufacturers are label-
ing the solders and fluxes according to
their exact purpose and method of appli-
cation. Those for the base metals and
alloys are stocked bv mill-supply houses;
those for the prer ious metals by dealers in
jewelers' supplies and equipment.

Aluminum Soldering: Aluminum has
defied soldering most persistently of all
popular metals. When aluminum is heated,
an invisible layer of oxide is formed on its
surface, which prevents ordinary solder
from reaching the metal. A special oxide-
cutting flux and a solder of zinc alloy have
solved this problem if the proper method
is applied carefully. Take for example a
leaky aluminum pan: The surface to be
soldered must be cleaned thoroughly with
steel wool and then with emery cloth, after
which the dust is bn-rshed away and a gen-
erous drop of liquid flux is applied to the
metal around the hole. With a torch, the
metal is heated until the flux boils as in-
dicated in Fig. 1-, taking care that the flame
does not touch the flux. As aluminum con-
ducts heat very rapidly, a blowtorch, either
of the alcohol or gasoline type, which pro-
vides intense heat, should be used. The
flame is played on the surface in a circular

Special flux used for solder-
ing aluminum is heated by
playing a blouttorch flqme
on the metal around the flux
so that the latter usill not
burn. The fl.ux lifts up the
oxide frorn the tnetal and the
solder is applied the instant
that the flux goes up in a

puff of smohe

path as indicated by the arrow, until the
flux boils. The flux lifts the oxide, but a
single breath of the flame will replace it,
so be sure to keep the torch moving well
back from the hole. When the flux has
boiled dry, it will suddenly go up in a puff
of white smoke. Have your solder stick
ready and apply it the instant the smoke
appears as in Fig. 2. Keep on heating the

ilenr wlrH
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SMALL C RACKS

ON ALUM IN UM
CYLIN DER HEADS

'A special penetrating flux bores doutn into the rnetal
and allouts the solder to hnit in a positiue bond.
r he casting';"r:!;i:"i^::!"ll"o.,ilfit is tammed

vessel and build up a bank of solder along-
side the hole as in Fig. 3. The solder will
presently melt, will slowly encircle the
hole and at last fiIl it. Then you remove
the heat gradually and allow the metal to
cool. The plug, formed as shown in the
right detail of Fig. 3, can be left as is, or it
can be dressed down flush. The same sol-
der and method also can be used on sheet
copper, brass, iron or steel with equal suc-
cess, but the white smoke is most notice-
able when using the flux on aluminum.
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Cracked Cylinder Heads: Many cracked
cylinder heads can be repaired for less
than it would cost to replace them. Cast
metal, be it iron or aluminum alloy, resists
ordinary flux, but yields to a penetrating
liquid which "bores" down into the metal

itself, allowing the sold.er to knit
in a positive bond. First, you chip
a V-groove along the edges of the
fracture as in Fig. 5, then preheat
the entire head slowly and evenly
in an oven or with a heavy-duty
torch as in Fig. 6, until the metal
gets hot enough to melt solder
when touched to it. When pre-
heating, be sure to keep the flame
away from the chipped portion.
As soon as solder will melt on
contact, the flux is applied. In the
case of an iron cylinder head, the
solder is applied as the flux boils
away. In case of an aluminum
cylinder head, solder is applied
when the flux smokes. Then, by
means of a wooden tamper, you
ram the semi-liquid solder well
down into the crack as shown in
Fig. 7. Go over the crack repeat-
edly, building up and ramming
the solder into it until it will take
no more. Use extreme care not to
warp the cylinder head by uneven
heating or too rapid cooling. After
it has cooled, the job is cleaned up
by scrubbing thoroughly with a
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soap solution, Fig. 8, and the ridge of
sold.er is filed down neatly as in Fig. 4.

Other Castings of trtrard and Soft
Metal: In general, castings run all the
way from slush metal to steel and
bronze, with a high percentage in the
new aluminum-zinc alloy group. Pew-
ter and Britannia metal, being softer
than ordinary solder, are repaired with
bismuth-alloy solder, which flows at
only 518 degreeS F., about
a hundred degrees less
than lead. Alloy metals
containing magnesium
will take a zine solder
without flux. The casting
is tinned with d"y solder
brushed on with steel
wool or a wire brush, then
bonded in the usual man-
ner. For the very hard
metals and castings, which
must withstand hard
service, a copper-base
solder and proper flux are
used. Stainless steel is
soldered best with a sol-
der containing antimony
applied at about 900 de-
grees F. This solder will
bond with fconol, Monel,
hard steel, bronze, gold
and platinum.

Repairing Blowholes in
Castings: Frequently a

The flux used uith zinc:alloy
solder causes the solder to en-
ter a seam by capillary attrac-
tion and the joint produced u:ill
often be as strong as one u:hich

is fioeted

casting is weakened or
ruined by the presence of
a tiny blowhole, although
the casting may be per-
fect in all other respects.
To repair a blowhole in
any metal, select the
proper solder and flux to
use, then drill out the de-
fect slightly larger than
the hole as in Fig. 9. Aft-
er heating the easting
caref ully, fiIl the hole
with flux and apply sol-
der in the manner already
explained. When the
casting has been allowed
to cool, file the patch flush
with the surrounding sur-
face. Many of the solders
that are in use will take
plating, including chro-
mium, and any defects

that have been patched in this way will be
concealed fully after plating.

Missing Parts of Castingi F'itted: Zinc-
alloy solder can be patted and molded into
shape and can be used frequently to build
up missing sections on castings as i].lus-
trated in Fig. 10. After the casting has been
prepared by filing down the broken edges
until they are bright and preheating the
metal as already explained, the brightened
edges are tinned at high temperature, and
the heat is slowly lowered while layer after
layer of solder is applied until the gap has



Mtu4"
been fiIled. Zinc-alloy solder is very slug-
gish in flowing and must be eneouraged
with a metal or wooden paddle.

HeIp from Capillary Attraction: Zinc-
alloy solder and its flux will also enter a
seam by capillary attraction. Modelmakers
and workers on delicate projects will find
these of great value on many jobs. It is
possible to solder joints which formerly
had to be riveted or tapped and threaded.
In the case of brass, bronze, aluminum and
copper, the soldered joint is stronger than
the metal itself. With this in view, model
loeomotives and engines, which run on live
steam, can be built up from stock material
and held together entirely by carefully sol-
dered joints. On some delicate work, Figs.
11 to L4, an eleetric soldering iron should
be used because it gives a uniform heat,
but for socket joints in the larger sizes,
Fig. 15, a blowtorch is desirable. In all
work of this nature, the evaporating flux
pulls the liquid solder along after it. If the
flux dries before the joint is finished, add
some more. A tiny quantity of solder will
cover a vast area.

Electric-Arc Sotrdering: An electric arc,
used for melting and welding is quite colrr-
mon, but it is not generally known that a
small are has vast possibilities in the field
of soldering. A low-voltage, heavy-duty
transformer, carbon electrode, circuit-
completing clip and a foot switch, are all
that is needed. Fig. 19 shows such a
"touch"-soldering outfit, which the user
plugs inte eny convenient 110-volt a.c. out-
Iet. When turned on fu1l, the tiny arc will
produce heat at 4,000 degrees F., in which
steel and bronze drip like melting ice. It
takes only a few seconds to produce such
heat, and the secret of operation is to use
the foot switch to cut off the current the
instant that the solder melts. On delicate
work this is a split-second proposition.
With the arc there is no need to clamp
work in position, for fairly heavy pieces
may be held in gloved hands, Fig. 16; sol-
dered in a second and they will be cool and
rigid in less than a minute. The intense
heat of the electrode is confined to a lim-
ited area, which makes possible soldering
that is difficult with either a blowtorch or
a soldering iron, such as mending an open
seam in an auto radiator, Fig. 17, where the

a\
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joint must be completed before near-by
seams get hot enough to melt. Commutator
Ieads and starting-coil connections that
break usually mean taking down an elec-
tric motor to do a two-minute repair iob.
However, with this arc-soldering outfit,
fiese leads ean be reached and repaired in
most motors by merely removing the end
plate and reaching inside the motor as
shown in Fig. 18. Oil and gas pipes on au-
tomobiles, refrigerating coils and other
pipes also can be repaired easily. With or-
dinary soldering irons and torches these
jobs are often very difficult because the
copper conducts the heat away so rapidly
from the area to be soldered that some-
times the solder applied will not even melt.
But with the arc, the intense heat suddenly
applied over a relatively small area, is so
great that the job is quickly accomplished
in spite of the conductivity. An arc-solder-
ing torch, which consists ,of a 10-tap re-
actance coil in series with a carbon holder,
was described. in the May, 1937, issue of
Popular Mechanics, and a plan showing its
construction is also available for those
who wish to make one. In this arc torch,
the two carbons are held in a V position so
their ends can be touched together to start
the arc and then allowed to separate
slightly'to keep it.

Tiny Joints: When used in conjunction
with capillary solders, the electric arc is
capable of producing positive joints which
are almost invisible. Figs. 20 to 24 inclu-
sive show work such as done by jewelers.
As you see, there are several methods of
using the arc soldering outfit shown in Fig.
19. In these cases the solder is cut in tiny
pieees and is laid in place against the joint,
being held there by flux. On certain jobs
it is advisable to pulverize the solder, mix
it with lard and stick the paste in place.
The lard goes up in smoke, and the flux
handles the solder. For jewelry and model
work, the quantity of solder needed is un-
believably small. Gold solder, silver sol-
der and steel solder are obtainable in sheet
form for all hard-soldering operations.
Borax flux does not work in electric-arc
soldering because it insulates the carbon
and breaks the contaet. There is a pre-
pared solution available which will handle
most hard-soldering jobs.
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Portable Mailbox Is Supported
by Concrete Base

Cast in an o1d washtub with the bottom
removed, the base of this mailbox has
plenty of weight to withstand winds, yet
the handles perrnit easy shifting when the
road maintainer comes along. An L-shaped
angle iron with the lower end embedded
in the concrete supports the box. The han-
dles are iron rods bent to wide U-shapes
and set in the concrete.

I-Jsing V,Block to Center Work
A quick method of locating the center of

round work is to use a'sma1t V-block and
a pair of dividers. A tiny hole in the end
of the block takes one leg of the dividers,
which are set a trifle larger than one half

the diameter of the stock. In user oh arc is
struck on the end of the work, which is
then given a quarter turn and another arc
struck, continuing this operation until you
have the pattern shown on the end of the
work.-E. E. Stanton, I{untington, Mass.

Lock for Sliding,Bolt Gate Latch
Prevents Cattle Opening It

Gate latches of the type shown are often
opened by cattle that slide back the latches
by pressing against
the handles with
their noses. To
avoid this, a farm-
er provided his
latehes with loeks
like the one
shown. It is sim-
ply a short length
of Y+-in. iron rod
bent to a U-shape and pivoted to one of the
gate boards so that it will drop into a notch
cut in the IXfSl-", 

wyatt, Lexington, Mo.

Office Stapler flas Depth Stop
as Aid in Inserting Paper

Inexpensive of-
fice staplers th a t
are not provided
with stops to gauge
the depth to which
papers may be in-
serted, can be pro-
vided with them
by using small cot-
ter pins. These are
bent as indicated
and are slipped
over the bases.

Oil,Coated Lids on Ink Cans
Are Not Likely to Stick

To prevent ink
collecting on the
can lids and caus-
ing them to stick,
one printer coats
the lids \Mith oil or
glycerin. This is
applied with a felt
pad k"pt on the
ink shelf.

o
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it,is neeessery to pound on the end. If such
a support is not provided, the work must
be gripped tighter than necessaryr and the
pounding throws excessive strain on the
vise jaws, especially the-front one.

Spindle Paper Holder Bent at End
Will Not Injure Hands

Spindle-typ e
paper holders, of-
ten used in stores,
shops and some-
times in homes, can
be rendered much
safer to have sit-
ting around if the
pointed end of the
spindle is bent as
i n dieated This

makes it almost impossible to strike the
point with the hands accidentally, and also
provides a handle for lifting the holder.

Tailorts Tape Measure Disappears
Through the Worktable

To keep his tape measure out of the woyr
yet have it always at hand when needed, a
tailor attached it to his worktable so that
it would automatically disappear when not
in use. To do this, a small slot was cut in
the table top and one end. of the tape was
tacked to the side of the slot. Then the
tape was folded and a small counterweight
fastened to it as indicated.

Sawbuck Made fronn Wheel
S,rpports Light Logs

A sturdy sawbuck may be made from an
old farm implement wheel from which two
spokes and a section of the rim have been

broken. The wheel is set in a shallow de-
pression and an axle or shaft inserted in
the hub with one end resting on the ground
helps to hold it in an upright position.

Finger Holes in Small
Prevent Slipping on

Patterns
Work

Annoyed by fre-
quent slipping of
small sheet-metal
patterns when
marking duplicate
cutouts, one tin-
smith overcame
the trouble by
punching finger
holes in them. The tips of the fingers press-
ing against the pattern and the work be-
neath it, served to hold the pattern.

Machine,Table Stop Fits Slots
of Various Widths

As most ma-
chine shops are
equipped with
planers and mill-
ing machines that
have table slots of
various widths,
this stop will make
it unnecessary to

zz\ --' -t have a number ofI,1|LL|NG-MACHINE TABLE 'q,r; e rr! rr
-r 
- them. Machined

from cold-rolled steel, it has two sides of
different widths, thus making it usable on
more than one machine.

TAPE MEASUR
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Meat Hook Has Loop for Hand
to Avoid Pinching Fingers

Often pinching his fingers when hanging
up heavy pieces of meat on his refrigerator
racks, a butcher made a number of hooks
like the one shown. It is bent from a
length of steel rod and has a loop for the
hand so that there is no possibility of the
fingers coming in contact with the rack.

Multiple Threads Cut Accurately
without Indexing Equipment
Anyone can cut multiple threads with-

out special equipment at a considerable
saving in time. Assuming that a multiple
thread of 32 pitch having a 4-lead is de-
sired, set the lathe to cut a 4-thread and
use a 32-pitch thread-chasing tool set at
the proper helical angle, Fig. 1. Start the
tool clear of the work, taking the first cut
as though you were cutting a 4-thread.
Let the tool complete its cut, clearing the
work as in Fig. 2, If the lead screw is 8 or

a multiple of the thread being cut, the half
nut can be disengaged and the carriage
run back for each succeeding cut. It is im-
portant that the tool be set at the proper
angle othenvise the heel will drag and
ruin the job. The tool angle must be set
according to the diameter of the work. It
is a simple matter to compute this as
shown in Fig. 3. Draw two vertical lines a
distance equal to one half the lead. In this
case your lead is r/+ in., therefore the ver-
tical lines would be l/s in. apart. A diag-
onal line intersecting each line L/z in. apart
will give the proper angle for cutting a
32-pitch 4-lead thread on r/z-in. stock.

-C. A. Mowrey, Elmira, N. Y.

fleavy,Duty Boring Tool Held
in Tailstock of Drill Press

When I have a boring job to do where a
pilot or guide on the end of the boring tool
cannot be used, I use the tool shown, which
can be held in the tailstock of a lathe or in

the spindle of a
drill press. The
tool-bite holder is
turned to fit the
lathe or drill-press
spindle, and a steel
bushing is turned
to fit snugl5z over
the holder as indi-

cated. The shoulder at the end of the bush-
ing is just slightly smaller than the hole to
be bored so that the bushing follows the
tool into the work to act as a guide.

-'W. P. Davies, Topeka, Kan.

c

Keeping Flap
Closed

Men who carry
slide rules in their
pockets, and are
bo there d by the
flaps of the cases
opening, will find
that staple paper
c I ip s of the type
shown will keep

lTr il:':t ,il:
clips, make three slits in the flrp as indi-
cated and insert the clip as shown. The
clip head prevents the flap from slipping
out of the guide strip when closed.

of Slide,Rule Case
with Staple

SLIDE.,
RULE
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C,nnMllll NG CUTTERS

GRIND .5O8
5POT FOR
l4'/ 5CRLW

fI. I. CHAMBERLAND

MECHANICS in small shops where
^ 

v ^ machines are limited, and home
craftsmen who have metal-turning lathes
can equip them to do milling jobs by mak-
ing their own milling cutters and accesso-
ries, Figs. 1 and 2. To make cutters, You
should have at least one that is ready-
made before you can proceed. In this case,
you require a right-hand angular cutter
with a 45" included angle. This will cut a
single angle of 22r/zo with measurements
taken horizontally. However, the angle of
the cutter itself will be 67L/2" , measured
from its side. New cutters of this type are
too large in diameter for bench-lathe mill-
ing, but this is to your advantage as you
can easily obtain a used one, inexpensively,

\i *oDtus

SLIGHT FILLET
GRIN D .5OO

SPOT

\ll neotus

from a local machine shop. One
in. from successiveworn to L3/+ or 75/e

grinds is just right.
Making the accessories: Your improvised

cutter is likely to have no less than a s/+-in.

bore, so you will require the arbor de-
scribed in Fig. 4. As designated, it is first
turned to suitable diameters for immediate
use and refinished to suit cutters to be
made. The arbor in Fig. 3 is to hold the
side mills and angular cutter to mill the
teeth. Note that the shank diameter is fin-
ished .508 in. As a milling cutter and its
arbor must be held rigidly in the spindle,
your next requisite is the collet and draw.
in rod combination described in Figs. 6 and

cr,rrc/JC

ACCESSORIES

A-Draw.in rod D--Collet
B-Faceplate E-Cutter and arbor
C-Index fixture F-Index arbor

CUTTERS

A-Ar"g"Iar cutter D-T.slot cutter
- L3ls-in.'"Side mill E-Keyway cuffer

C-3/4-in. Side mill E-t/+jn End mill
G-t/a-in. End mill

SLIGHT UN DERCUT

GRIND.492

SLIGHT UNDERCUT

GRIND.752 FOR DRIVE

rH READ li - ts R;. H.

REGULAR -o/ /
DIAMETERS 2aGRIND.sOO

ilr
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U N DERCUT END OF
OPTION AL SPt N DLE

TAp rS- 16 R.H. GROUN D 5T RAIGHT

,r{ - ,, R.H.
THREAD

€
lr

Aftet turning the collet; grind

grotnd t6".ioo in. 
:

- \ rner Frr lN
. SP}NDr-E BOBE
STEEL BUSHING

BACK PLATE

HAND WHEEL

7. Turn the eollet and grind
the taper caref ully to fit
spindle bore. No. 3 Morse
taper requires a .735-in.
diameter at line A. The
collet must be bored in the
spindle, Fig.5, and, of

course, ground to .500 in. Ihe
draw-in rod is simplicity itself.
Make the bushing to lathe re-
quirements and pin to the thread
at one end for the handle nut and
at the other end to screw into the
collet. The hand wheel is held
against the back plate, with nut.

For cutter-grinding purposes,
the small faceplate deseribed in
Fig. 8 will be found eonvenient for
numerous occasions besides this
particular time. It is made in two
parts. The shank is made first dnd
then driven into the bore of the
plate blank. Then, the assembly is
held in the spindle for facing,
counterboring and tapping. The
expanding bushing is lir holding
cutters while grinding the sides

A- HOUSING
B- ARBOR
C- LATHE GEAR

I NTE RSECTION OF
ARBOR AND

HOUSI NG

D- 6EAR. HOLDING BUSHING
IE- INDEX ING SCREW
F - BRACKET
G- SCREW-HOUSI NG BUSHING
H F.98Y/ARp- LOCK tNG SCREW

.rl : W9RK-tpCKlNG SCREW
J- INDEXING CRANK



parallel, and the adjust-
able straps for holding
them to grind the bores.

Of utmost importance is
the indexing fixture. You
will need it to divide the
teeth accurately in all
mills. Made entirely of
scrap, except for one of
the lathe's threading
gears, it has done a sur-
prisingly fine job as you
note in Fig. 2. Clearly de-
tailed in Fig. I with the
parts illustrated in Fig. 10,
you can duplicate this
tool easily. Use steel tub-
ing for the housing if pos-
sible, but brass piping will
do in a pinch. Spline the
lathe gear to the bushing.
This assembly bolted to
the arbor takes care of
end-play adjustment.
Make the fixture to suit yourself but do not
omit the thumbscrew as it is your positive
rigidity for milling. Fig. 11 shows grinding
the bore of the arbor to .508 in. Fig. 13 is
the end view of the fixture.

Making the cutters: You are now well
equipped to mill teeth. To simplify and
economize, you must standardize. In this
instance we have L/z-in. shanks and r/z-in.
bores. Use practical diameters for all tools
and give the preference to L2 teeth, exclu-
sive of two items. Machine the blanks and

END OF CUT
GRINO

-9Rt x o 3-a

'rq'i !.6to 32 DEPTH
I Ltt OF CUT -5_rt vl- L

o-f'A,tJ?lE*

tri



GRIND SLIGHTLY CONCAVE
TO CUTTING EDGES

G RIND .5OO 1 6SPor

COU NTERBORED
vu4'ozze

GRI ND .IZO
GRIND l"= !.oto

I'j tnr.ro
ON STDE
TEETI{- ,

@ KEY'SEAT CUTTER
tZ TEETH - R;H.

allow .007 to .008 in. for grinding,
where so specified. If you use a
cutter similar to the one rrr€rf.-
tioned, use the same number of
teeth and depth of cut recom-
mended in the individual sketches.
See that the cutter is sharp, has a
7/sz-in. flat or radius at the point,

and the arbor tightly drawn in, Fig. L2.
Milling peripheral teeth: For milling all

peripheral teeth, the 36-tooth gear is used
beeause 6, 12 and 18 divisions go,into that
number of teeth. You must, of eourse,

, make the bracket of the indexing'fixture to
'suit a 

"few other gears with different'
pitches, : Eliminate all play in both index

d lock. -xT"i,;
d must

be away from you with the cutter milling
' . bottom coming. Use the conventional pro-:' cedure to locate your center and take a" light cut to obtain desired land with the

next index. Fig. 14 shows this operation on
the 3/a-in. end mill. These teeth and those
of the s/q,-in. mill are milled with a single
cut. Figs. 15 and 16 describe, respectively,
the 3/+ and s/a-in. end mills. The s/E-in. side
miIl in Fig. 17 has 12 teeth, while the s/e-in.

mill has 18 teeth with the same circumfer-
ence. While the teeth in the s/e-in. side
mill can be derived with one setting, aI-
though I advise splitting the depth of cut
with two indexings, you must follow a dif-
ferent course to cut the teeth in the s/+-in.
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side milI, the reason being
that if you milled deep
enough to get a practical
land for the teeth, the
depth of cut would be ab-
normal and quite out of
proportion. The procedure
here is to mill to required
depth first, preferably tak-
ing a double cut. Now in-
stead of skipping three
teeth on the indexing gear,
you only go two for ad-
justing to a third cut. With
this change in angle, you
can obtain your land with-
out milling any deeper.
Obviously, this means
changing the radial line,
and, of course, the two-
teeth change is for the in-
itial indexing only. Fig. 18
shows taking this final cut
on the 3/+-in. side miII.
Note that the line result-
ing from.a change in angle
is quite visible.

The problem of milling
the peripheral teeth of the
angular cutter in Fig. 20 is more compli-
cated but not hard to solve. The fact is
that you are faced with two diameters and
must still obtain a uniform width of land.
After setting the vise component of the

milling attachment to a
related angle so the cut-
ter to be milled repre-
sents a straight surface,
you get the desired
depth on the cutting side
with a double cut. The
depth on the opposite
side, of c ours e, varies
with the amount of an-
gle. The rest is up to
you to figure out. Be-
sides duplic ating the
secondary setup of the
s/E-in. side mill, you will
have to read j ust the
graduation slightly to
mill heavier at the front
of the tooth. By pro-,
ceeding carefully, you
will suceeed in obtain-
ing good-looking teeth
an d uniformly straight
lands. You can judge by
Fig. 19 how the radial
position has been aI-
tered to obtain a worth-
while shape of tooth for
this mill. Milling the
teeth in a key-seat cut-

ter, Fig. 2L, and the T-slot cutter, Fig. 22,
should cause you little inconvenienee.

Making keyways: Here is an improvised
method. that makes keyway cutting easy.
First, drive soft steel plugs into the under-

IOI

FILING TEETH



size cutter bores and drill a 5/:tz-in. hole any-
where on the intersecting line, Fig. 23. The
results are a 5/e+-in. radius, which is a guiding
line to file keyways % to 3/sz in., Fig. 24.

Cutting end and side teeth: The next step
is to divide accurately the end and side teeth
so that they can be fiIed to shape. The easiest
and quickest way is to mount a 3 or 4 by
l/ta-in. cutoff wheel in the lathe grinder. Then
line up the face of peripheral teeth against
the side of the wheel and cut across to recess
or counterbore and equal depth. The end of
s/E-in. end mill is shown being cut in this
manner in Fig. 25. A similar operation is
shown being performed oR the side teeth of
the angular cutter, in Fig. 26.

Filing: The end and side teeth are produced
by filing at an angle that corresponds to the
required lands and depths of the previous
dividing grinds. Fig. 27 shows the borrect
hand position for filing end teeth on end mills.
In this particular case, it is advisable to flle
the 3' clearance angle to within 7t6+ ttt. of the
cutting edges. For filing side teeth on side
mills and angular cutters, they are held to a
wood block sawed as per Fig. 28. The inner
side teeth of the T-slot cutter are fiIed as in
Fig. 29. Also, it is best to flle the clearance
angle on the side teeth of this mill.

Hardening the tools: To harden the tools,
the instructions given in articles of this type,
published previously in Popular Mechanics,
fit this case perfectly. Don't forget to fiIe all
burrs, and stamp to suit, unless you intend
etching them. If you burn coke in your home
heating pLant, 'a good hardening job can be
done by placing one or two of the tools on a
L/+-in. steel plate previously heated to a red
color. However, nothing can replace an elec-
tric or gas furnace, Fig. 30.

Gdnding the tools: Cylindrically grind the
shanks to size and give the peripheral teeth a
5o clearance angle, stoning the end teeth of
the end mills to a sharp cutting edge. Fig. 31
illustrates a reliable method to test the end
teeth on a small plate. If the mill rocks it

GRINDING
SIDES AND
BORE OF
SIDE MILL



won't cut good. An internal-grinding
wheel is safest to clear side teeth of an-
gular cutters and side mills, Fig. 32. The
key-seat cutter has no side teeth but is
ground concaved on both sides, Fig. 33.
Both sides of side mills and angular cut-
ters are ground parallel with their respec-
tive bores as in Fig. 34. The expansion
bushing holds the cutters securely to the
small faceplate. The bores of these mills
are then ground to .500 in. after centraliz-
ing with the tailstock and strapping to the
faceplate, Fig. 35. A plug gauge is most
convenient for testing bore size,

Toothpicks Serve as W'edges
When Rewinding Motors

When I replaced the starting winding of
an electric motor, using cotton-covered
enamel wire, there was not much room to
drive wedges to hold windings in place, as
the original winding was plain enamel
wire. To overcome this, I used round
toothpicks which did not damage the in-
sulation on the wire, as might have been
the case if a straight wedge had been used.

-C. J. IJmphenour, Beatrice, Nebr,

Sheet Metal Kept Against Wall
With Large Turnbuttons

In order to hold sheet metal against a
wall, where it can be removed convenient-
ly as needed, attach a couple of short
leaves from a discarded auto spring to the
wall above the stock to serve as turnbut-
tons. These hold the metal securely in
place but are easily swung to one side.

)-' I
SHEET METAL

Rake Teeth Make Dump Manger
That Is Cleaned Easily

Two hay-rake teeth and some narrow
boards were used to make this round-
bottom manger for calves. It may be tipped
over to empty out all chaff and residue.
Each of the bottom boards was fastened to
the teeth with large staples, and the ends
nailed to them. The coiled ends of the
teeth fit in holes in the supporting posts.

Tumbler Used as tSpotting Table'
for Garment Cleaninc,

To hold thin fab-
rics for treatment
of spots and stains
with chemicals,
one d"y cleaner
employs a glass
tumbler. This is
inverted under the
garment and the
fabric spread over
it to bring the spot
in working posi-
ti on. A rubb er
band may be
snapped around the cloth to keep it from
slipping while the work is in progress.

[Rub the reflector and lens of a flashlight
with carbon paper that has been heated
and it will give a blue, white light.

ol,o_,lo,u
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Trn o consecutive sheets of veneer will give
a perfect match at one joint, while the
other joint will be an approximate match
depending on the continuity of the grain.
In this respect, mahogany gives almost
perfect results even when a1l four pieces
ir" cut from the same sheet. After each
jornt has been taped, the edges can be
folded back and glue applied to the veneer
edges with a small roller, Fig. 37. Fig. 38

shows the completed diamond pattern, all
ready for the press. The familiar herring-
bone pattern, Fig. 39, is made much the
same as the diamond except every other
piece is turned over.

Treatment of edges: The edges of a
lumber-core panel require no treatment
and can be molded and finished the same
as a solid piece of wood. Edges of veneer
cores are frequently finished dark with
burnt umber to conceal the layers of ve-
neer. A better method is to use an edging
of the same wood as the face veneer, oS

shown in Figs. 40, 4L, and 42. The edging
can be applied either before or after the
veneer is laid, the neatest method being to
veneer over the edging. The strips should
be mitered neatly at the corners, as can be
seen in Fig. 44. Where the edges of the
core are veneered, Fig . 43, the end grain of
the core must be well sized with glue in
order to secure good adhesion.

(To be continued)

Simple Cutting,Torch Guide
for Flat Work

This little clip
rn ill be found an
aid in eutting de-
signs from flat
work with a torch.
It is made from
thin steel and the
ends that slide on
the work are
ground smooth
so that they move
easily over the

work. In use, the torch tip is simply rested
in the hole of the guide, which helps to
support it as it is moved.

CAll painted surfaces should be washed
before repainting them, to remove fiIm of
oiI, grease, dirt and stains. Also less paint
is required if this is done and often a coat
of paint is saved.

Barbed Wire und.er Trough EdSe

To keep his hogs from rooting and ov€r-
turning the feed troughs, or from spilling
the contents at feeding time, one farm,er
fastened lengths of barbed wire under the
edges of each'side. Regular staples were
used to attach the wire, which was stapled
at 1-ft. interyals.

Covering of Armored' Cable
Removedwith Can Opener

Electricians and others wiro have :to
open the ends of lead cables will find,,that
the joh can. be done quickly with a. can
opener of the type shovm. Siit the round.-
ed end with a,hack saw and straighten the
severed ends to aet as a guide on the cable.
Then sharpen the cutting edge of the blade

-Herman 
R. Wallin, New York, N. Y.

Prevents Hogs Tipping It

t-
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Grinding Your Cold Chisel to Suit the Work

J-",

\Mhile the general-purpose cold chisel is
ground with a single-beveled edge to best
suit all kinds of work, specialized jobs re-
quire that the chisel be ground for the par-
ticular work at hand. The man who has
occasional j obs of the latter type can grind
his chisel to suit. To do clean work on thin
sheet metal or to make a deep cut in soft
metals, the bevel on eaeh side should be
ground to a long curve. This type of bevel
is also used in cutting off the peened ends
of rivets. It will help still more if you flat-
ten one bevel slightly for this work. For
heavy work, a double bevel gives best re-
sults. The wider angle across the bevels

gives sufficient metal just above the cut-
ting edge to prevent turning or chipping
the edge. In the details above, the angles
are only close approximations. The exact
degree at which the bevels are cut is not
so important as it is to have the bevels on
both sides but 

%:i:ffi""rlt-,'i;rvirle, ru.

Desk Slide Used for Sketching When Hinged in Centcr
By hinging one of the wooden slides in

his office desk as indicated, one executive
converted it into a handy and convenient
sketching board. Also, he found that the
underside surfaee of the hinged end pro-
vided a suitable place to conceal confiden-
tial price lists.

Cow's florn Repairs Handle
of Walking Plow

When the curved
end of one handle
of hi s walking
plow was acciden-
tally broken off,
one farmer re-
paired it for tem-
porary use by slip-
ping a cow's horn
over the end. Thus

urgent work was done in the field while a
new part was being ordered.

r3t



qTAINLESS Alloys: Stainless steel andL-' Monel metal usually present no iden-
tification problem as the maker will gen-
erally call attention to the fact that these
metals were used. In addition, their bright
stainless surface distinguishes t[rem from
other metals although it is important not
to confuse these metals with chromium
plate. Mone1 metal can be distinguished
from stainless steel by the difference be-
tween their specific gravities. See Figs. 4
and 5.

Copper Alloys: Bronze, brass and alu-
minum bronze are reddish or yellow in
color, and can be distinguished from other
metals if surface coatings of paint, dirt and
corrosion, and plating are fiIed or
ground off to expose the base
metal. The other commonly used
metals are white or gray in color.
Bronze is definitely reddish in col-
or and most brasses are yellow.
Red brass is difficult to distinguish
from bronze, but both are repaired
by the same methods. Aluminum
bronze is a yellow-gold color but
ean be distinguished from brass
by the specific-gravity test.

Identifying fron and Steel: Va rio us
grades of iron and steel can be distin-
guished most easily by the kind of sparks
given off in grinding, as shown in Fig. 1.
The chip test, Fig. 2, is another means of
identification. Malleable iron differs from
cast iron in its extreme hardness, as a fiIe
will hardly touch malleable iron. The
fractured surface often gives a clue as to
the kind of iron or steel; cast iron shows a
ve{y dark gray fracture while the fractures
in wrought-iron and low-carbon steel
castings are bright gray and those of high-

Jt/rgr"*fr*
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carbon steel are light gray. fron and steel
are the only metals appreciably affected by
an ordinary magnet and can be identified
readily in this way, as shown in Fig. 3.

Other White Metals: To distinguish oth-
er white or gray alloys commonly met
with, it is only neeessary to determine
their specifie gravity (specific gravity is the
weight of an objeet divided by the weight
of an equal volume of water). Measuring
specific gravity is shown in Fig. 4. First

138

suspend the article from an ordinary spring
scale by a light wire or string to get the
weight in air. Then suspend the article in
water, using the sarne scale, and subtract
this weight from the weight of the article
in air to find the loss of weight. Then the
specific gravity is found by dividing the
weight in air by the loss of weight. \Mhite
non-magnetic alloys vary in specific grav-
ity from about 1.7 to 8.8.

Repair Methods for Iron and Steel: The
best repair methods depend primarily on
the alloy, but in some cases there is a
choice of methods, depending on whether
the casting is or is not subjeet to severe
strain. Cast iron is best repaired by
bronze-welding, using the oxyacetylene
torch. Bronze-welding also should be used

on malleable iron. The crack
should be t'veed" out as shown in
Fig. 7, and the surfaces should be
freed thoroughly from rust and
scale by grinding, and then
cleaned. The same proeedure is
neeessary before any brazing or
welding operation. Heat is applied
with the torch, using a neutral or'
slightly oxidizing flame as shown
in Fig. 6, heating the metal to a
dull red heat, which will just per.
mit the bronze welding rod to
flow. The metal must not be over-
heated, and an excess-acetylene
flame must not be used. The rod
is dipped in flux and applied to
the hot surfaces to tin them, and
then more welding rod is applied
to fiII the gap, using flux as need-
ed to remove oxide, The weld

should be made a couple of inches at a
time, first tinning the metal for about 2 in.,
then filling.

Stee1 castings can be repaired by brottze-
welding in the same manner as described
for cast iron. However, the strength will
be materially less than the strength of the
steel proper. If strength is essential in the
casting being repaired, it will be better to
make a fusion we1d, using regular steel
welding rod according to the usual pro-

(r

EXAMPLE
WEIGHT IN AIR : 6.50 LBS.
WEIGHT IN WATER :5.75 LBS.

LOSS OF WEIGHT _ O.75 LB.4
spEclFrc GRAVITy \4'EIGHT IN AIR 6'sorr ffi::=u.,
If metal is uhite and non,magnetic, it is nickel silver (see table)

If metal is yellorv or reddish and non-magnetic, it is brass (see table)

O PRoPERTTES oF ALLoYS

White (qtainless)

Silver-solder or soft solder

Gas.weld; arc,weld; silver
solder or soft solder

White (stainless)

t\bn

Gas-s'cld or soft solder
rt'ith special fltrx

Solder s'ith alumintrm
solder and flux

A mn mm gn
m)

Specific
Gravity Color NIgn c

Pp
Narne of Alloy Repair Methods

8.9 Non-mag. Monel metal
Gas.weld; braze or silver,

solder

8.8 to 9.0 Reddish-yellow Non-mag. Bronze
Bronze-weld (fusion) r

silver,solder or soft
solder

8.7 to 8.8 White Non-inag. NK
8.4 to 8.8 Yellorv or reddish Non,mag. B d

7.5 to 8.2 Y orvg d Non-mag.
Braze; silver.solder or soft

solder

7.6 to 7.8 Non,mag. Sn

7.6 to 7.8 White Irlagnetic Steel
Bronze-weld; gas or arc,

fusion weld

Ab. 7.6 White I\{agnetic Bnrvd
7.0 to 7.6 \\rhite I\[agnetic Cn Bn 11 d

7.O ro 7.6 White Non.mag. Pervter Soft solder

6.7 to 6.8 White Non.mag. zn v No satisfactory methods

2.7 to 3.0 Whito Non-mag. Altrnrintrm alloys

?.O to 2.5 White Non-mag.

I.7 to 1.8 White Non-mag: Dou metal G 1\ drv h pe d
dfl
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cedure. If preferred, arc-w,elding equip-
ment can be used for this purpose.

Stainless steel can be welded with a
flame either neutral or slightly excess in
acetylene, as shown in Fig. 6. If arc weld-
ing is done, shielded-arc electrodes must
be used, and the electrode is mad.e positive,
the work negative. Stainless-steel welding
electrodes having approximately the same
composition as the stainless steel itself
should be used. Stainless steel also can be
brazed or silver-soldered, and if strength
is not needed, it can be soldered with or-
dinary solder, using hydrochloric acid as a
flux. Monel metal should be welded using
Monel welding rod, or silver-soldering
may be applied.

Aluminum Alloys: Aluminum alloys and
magnesium-aluminum alloys can be sol-
dered by using commercial aluminum sol-
ders and flux, and a blowtorch or similar
heat source to heat the metal. However,
the work is somewhat exacting and fre-
quently gas welding is a better solution"
The flame used should be neutral or slight-
ly reducing (excess acetylene). An active
flux designed for use on aluminum also
should be used liberally. Aluminum is very
weak at its melting point and so the work
must be well supported. The welding rod
used preferably should be of about the
same composition as the alloy used in the
casting; and the work should be preheated
to save on gas in welding. Dowmetal
should be welded with a special welding
rod and flux made for acetylene-welding
Dowmetal, which are available from the
manufacturer of the metal. The flux should
be removed from the metal after welding
to prevent corrosion.

Copper Alloys: Brass castings can be
bronze-welded by a technique very similar
to that used in bronze-welding cast iron.
However, the melting point of brass is only
slightly higher than that of the bronze
welding rod, and care is needed to prevent

overheating and melting the base metal.
Brass also can be soldered very readily,
using zinc-chloride flux, if great strength
is not required. Brazing or silver-solder-
ing will give considerably greater strength,
and in many cases these are the most sat-
isfactory methods to use on brass castings.
Bronze also can be welded with bronze
welding rod, but the technique is different.
The melting point of bronze is about the
same as that of the bronze welding rod, and
so the base metal is melted and fused with
the welding rod to make the joint. WeId-
ing flux is used as usual to remove oxide.
Silver solder or ordinary soft solder also
can be used on bronze. Aluminum bronze
and nickel silver can be brazed, silver-
soldered, or soldered.
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CHRoMIUM
PLATING

Lever to immerse anode in
the plating solution gives
accurate current control

By Alexander Maxwell

\MHERE an exceptionally
Y Y hard surface is needed for

wear-resisti4g quality, such as j

cutting edges of tools, chromi-
um plating with subsequent
honing has been found highly
successful. Compared to a dia-
mond, which for the sake of
comparison we will rate at a
hardness of ten, and tool steel,
which ranges from four to sev-
er, chromium is about nine.
Applied directly to steel, it enables a tool
to be used about four times as long 8s rror-
mally possible before sharpening.

A convenient chromium-plating ar-
rangement for small work is shown in Figs.
1 and 2. A wood or metal framework on a
wood base holds a gas or electric plate for
heating a pan or pail of water in which a
glass or stone'container is set. The latter
contains the plating solution, which is kept
at uniform temperature by the hot water.
Spacing blocks are provided under the jar
to ,avoid direet contact with the pan. The
framework also supports an anode holder,
which is pivoted so that the anode can be
immersed slowly into the plating solution
until the eorrect current flow is registered
on a 0-50 ammeter. When the anode, which
is lead, has been immersed as far as re-
quired, the anode handle is locked in posi-
tion by turning a wing nut on the frame
until plating has been completed. Where
considerable plating is done, a switch con-
trolled by * thermostat in the water bath
has been found helpful in turning the elec-
tric"'plate on and off to maintain uniform
temperature automatically. While plating,

CHROMIUM-
PLATING sOLUTION

cHRoMlc ACIDr 9 oz'
5 UTPHU R lC ACt Dr.07OZ.,

WATER, I PT.



RUST -REM-OVIN G FORMU LA
HYDROCHLORTC ACID! t QZ.
wArERr lOOz. (HEATTO t2Oo)

the solution gasses violently and the fumes
produced should not be inhaled as they are
injurious to the nose and throat lining. To
avoid this, a fan is placed between the op-
erator and the tank to blow the fumes away
through an open window. Fan-equipped
exhaust hoods are also used. An additional
precaution to prevent injury from breath-
ing the fumes is to rub vaseli:re inside the
nose, especially on lengthy plating jobs.
Rubber gloves are worn when handling
the work or any other time when there is
a possibility of getting the plating or rust-
removing solution on the hands. Ifowever,
if the worker accidentally gets some on his
hands, immediate rinsing in running water
will prevent any harm.

Rust on the work to be plated should be
removed, although serupulous cleaning
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CURRENT R.EQUIREMENTS FOR
SURFACE AREA

\at 75 amps. per sq. ft.)
I sq. in. requires 0.52 amp.
2 " rr 1.04 rr

3 'r ?r 1.56 rl

4 'i r' 2.08 rr

5 'r r? 2.6 tr

6 'r rt 3.lz ?r

7 tr , 3.64 rr

8 rt i' 4.16 r'

g rr 4.69 tr

10 r? 5.2 at

20 r'| lo.4 rr

30 ei ?r 15.6 u

40 r' 'r 20.8 rr

50 " 26.0 tr

60 t? 31.7. rr

70 'i tt 36.4 t!

go " D' 41.6 tr

go " 46.9 '|r

100 rr . 50.2 rr

@

procedure necessary with most
plating baths is not essential
with chromium, as the aeid it-
self is better than any soap or
solvent available. For rust re-
moval a bath of hydrochloric
acid and water (see formula

under Fig. 5) is prepared, and this is heat-
ed in a pan of water to a temperature of
L20" F., after which the rusty objects are
immersed. Light coatings of rust are dis-
solved in about 10 minutes, but an hour or
so may be necessary for bad cases. Then
scrub and rinse well with water.

The smoothness of the plated surface
varies with that of the surface underneath
as shown in Fig. 6. Therefore surface ir-
regularities of the work are removed be-
fore plating it. Preliminary smoothing of
a rough surfaee is accomplished by grind-
ing with suitable stones. This is followed
by a thorough buffing, Fig. 8, using a cot-
ton buff charged with fine silicon carbide
in lard, then tripoli. For frnal polish a
high-speed flannel buff charged with rot-
tenstone is used. Holes, such as those in a
pair of pliers or seissors, resist plating be-
cause the hydrogen generated is sufficient
to drive chromium away from surrounding
surfaees. These holes are plugged with
wax, plastic clay or cork as in Fig. 7.

Successful chromium plating depends on
keeping the sulphate percentage of the so-
lution within bonds, keeping the tempera-
ture of the solution eonstant at 95o F., and
applying the proper amount of current,
which is 75 amps. per square foot of sur-
face being plated. An effeetive plating so-
lution is given at the left of Fig. 1. The



chemicals must be proportioned carefully
as indicated in Fig. 3. Commercial chromic
acid has a light amount of sulphate in it
and usually requires the addition of a

small amount of sulphuric acid with a med.-
icine dropper. When the correct amount
of sulphate is present, a bright deposit of
chromium will be produced at a tempera-
ture of 95o, provided the correct amperage
is applied. To test, add sulphuric acid drop
by drop while plating a sample piece. The
table given in Fig. 4 shows exact current
requirements for various areas from 1 to
100 sq. in. Current is supplied by a 6-vo1t,
heavy-duty storage battery. The negative
side is connected to the work and the posi-
tive side runs through the ammeter to the
anode, as shown in Figs. 1 and 2. lfse
heavy rubber-covered wire or flexible ca-
b1e of large enough size so that it will not
heat excessively when a large current is
passed. If any one or more of the three
factors controlling the success of the work
are at fault, the plate deposited will be

Tools to be plated must be lree from rust, pits and
scrafcfres if a smooth coating of chromiurn is er-
pected. Il necessary, grind doutn the tool and polish

to a mirror-like surface
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milky, flaky or muddy. The first 5 seconds
determines the type of deposit, but it usu-
ally takes about 20 minutes to build it up
to satisfactory thickness. If the deposit at
first is not right, it can be removed from
the work by immersing in the warm rust-
removing solution.

Odd-shaped pieces of work require spe-
cially shaped anodes because the chromi-
um is deposited first and most on parts of
the work closest to the anode, and may
skip those farthest away. A number of
methods for spaeing the surface of the
anode equidistantly from the surfaee of the
work, are given in Fig. 9. Uniformly curved
surfaces sueh as refleetors are rotated a

few degrees every minute to obtain uni-
form plating. In lining a bronze or steel
bearing, the anode is a lead rod located in
the exact center of the bearing. The entire
jig is dipped into the solution and is kept
in constant motion while plating. The cur-
rent flow is,determined by the area of lead
immersed, and experiments are first made
in order to determine the proper diameter
needed for giving the correct amperage for
the area of work. When large surfaces are
to be plated, the heavy current required
rnakes it necessary to have good contacts
between the work and wire from the bat-
tery. Wherever possible the wire is sol-
dered to the work; otherwise a strong
spring-type clip is used, which is shifted
in position during plating to avoid unplat-
ed spots. The area of the clip should be
added to that of the work to get correct
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figure for current. Statuettes and oflla-
ments are best plated in a dilute plating
solution. Start them at lower current than
the maximum given in the table and in'-
crease the current gradually to maximurn
as the plating progresses. Objects having
irregular surfaces not sufficiently pro-
nounced to require specially shaped anodes
should be kept moving constantly in the
plating bath to assure an even coating of
chromium all around. In order to plate
metals other than steel, copper or nickel,
they must be copper or nickel plated be-
fore applying chrornium. For eutting and
abrasion resistance on too]s, a .005-in. plate
is sufficient. When plating tools, allowance
is made for grinding down the surface to
a keen edge, and for this reason an extra
thick deposit is made. When work has
been given a plate of sufficient thickness, it
is washed in running water and is buried
in maple sawdust, which dries it and pre-
vents the formation of water spots. See
Fig. 10. After using chromium-plating so-
lution, its sulphate content increases and
the quality of the work decreases corre-
spondingly, but the addition of barium
carbonate to the solution, as shown in Fig"
1-1-, neutralizes the sulphate. This is stirred
in and allowed to settle, after which the
clear liquid is poured off and filtered"
More chromic and a slight amount of sul-
phuric aoid are added to restore the solu-
tion to original strength.
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batteries that are to be recharged. The lid
of the pot was removed entirely and the
perforations between the body and the
spout were punched out to make pouring
easier. The shape of the spout makes it an
easy matter to apply any amount of cotlr-
pound exactly where it is required.

Protecting Shock Absorbers
Against Gravel and Rocks

cut in sections long
enough to cover each shock absorber com-
pletely and held in place with regular ro-
diator n"t"jBilfiti. 

*orrak, omaha, Nebr.

I-Jnscrewing Slotted Hub Caps

If an old car of
the type having
wo oden wheels,
which have slots
in the hub caps to
take a tool for re-
moving them,
comes into yo ur
shop and the caps
have to be re-
moved and there is
no tool at hand, try a pair of pliers. Just
insert the ends of the plier handles into
the slots and use a screwdriver as shown
to unscrew the cap.

Emergency Valve,Spring Repair

Removable Step on Car Fender
to Enter Rumble Seat

To facilitate entering the rumble seat of
his car, especially for the lady members of
his family, one motorist provided the extra
step shown. It fits into a hole drilled in the
regular fender step and is stored in the
rumble-seat compartment when not in use.

Lock on Car Door Changed Over
to Steering,Wheel Side :

Tired of sliding across the front seat of
his car many times during the day with a
sample case, one salesman changed the
lock on his car door over to the steering-
wheel side for convenience. The lock, be-
ing of the type that operated in the door
handle, was easily changed in a few min-
utes by merely switching the handles.

Hub Reflectors Safety Precaution
When Crossing Highway

Have you ever
had a bad scare
when crossing a
dark highway or
street because an
oncoming motorist
did not see your
car? If so, reflec-
tors attached to
the hub caps will
help avoid this in

ends. This prevents the ends from tele- the future. The reflectors should be at-
seoping or twisting to one side, so that the tached near the edge of the cap so they will
valve will continue to function until a new form a ring of light when the lights from
one can be obtained. an oncoming car stiike them.

t5r

HO LE FOR EXTR,A STEP

COVERED WlTH
RUBBER HOsE

HOSE CLAMP

z'RrorAroR HosE
OVER DUST SHIELD

V-sLOT CUT IN
LOWER END TO

PASS PIVOT

CUT OFF

RED. REFLECTOR
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\ A /ITH the use of a reamer you can en-
v v large slightly the size of a hole in

metal to within .001 in. of the desired fin-
ish size, or even closer. There are vari-
ous kinds of reamers available, which dif-
fer in their own particular purpose and ad-
vantage. Some of these are shown in Fig. 1.

A hand reamer of either the straight or
spiral fluted type, as in the two left-hand
details of Fig. 1, is used for finishing to size
where a very accurate hole is required,
after the hole has already been rough-
reamed to within a few thousandths of an
inch undersize. These reamers are ground
straight except for a short distance at the
end where they are slightly tapered to en-
able them to enter the drilled hole. A hand
reamer never should be used to remove
more than .005 in. of metal.

Fluted machine reamers may be of the
straight or tapered-shank variety. The
cutting edges extend the entire length of
the flutes and the teeth are beveled slight-
ly at the end so that the tool will enter the
hole. While such a reamer produces a
smooth and accurate hole, it cannot be used

to remove rnuch metal and the size of the
drilled hole therefore should not be more
than .01 to .015 in. Iess than the finish size.

Another type of reamer is known as a
rose reamer, differing from the fluted type
in that aII the cutting is done by the bev-
eled end and not by the fluted body, which
extends above the cutting end and fits
closely in the reamed hole to serve as a
guide for the cutting end. Rose reamers
remove more metal than fluted reamers
and are often used for rough-reaming,
Iater finish being done by means of a fluted.
chucking reamer, or for still greater accu-
racy, by a hand reamer. In general ap-
pearance a rose reamer resembles a fluted
chucking reamer such as shown in Fig. 7,
except for the differences mentioned. Rose

Clothes Wringer Dries Pelts of Small Animals Quickly
Fur pelts ordinarily take a long time

to dry, even when carefully cleaned by
an experienced hand of a1l exeess fat
and moisture. Amateur trappers on
farms and in small towns are prone to
rush the drying process with artificial

heat. This causes the pelt to crack and
greatly reduces its value. Trappers in
the Louisiana swamps, one of the great-
est fur-producing territories in the
United States, run the freshly stripped
pe1t, nose first, through a wringer.

r57



F I LLI STER- H EAD
MAC}t. 5CREW

B URRING
REAMER

STRAIGHT TAPERED

reamers will not be injured when a hard-
ened jig bushing is used for guiding in the
normal way, while the cutting edges of a
fluted reamer may be dulled, when using
a jig bushing, on account of side thrust if
the hole and the jig are not perfectly
aligned.

A shell type of reamer, shown at the eX-
treme right in Fig. 1, is drilled lengthwise
concentrically so that severatr different
sizes can be interchanged on the same ar-
bor. fn addition to the types mentioned,
there are also adjustable and expansion
reamer.s as shown in Fig" 1; adjustable and
expansion shell reamers; repairman's taper
reamers, Fig. 2; counterbores, Fig. 3; pipe-
burring reamers, Fig. 4; taper-pin reamers,
Fig. 5; countersinks, Fig. 7, and also corr-
bination drills and countersinks, Fig. 8"

Whether or not a hole is to be reamed,
and how carefully it should be reamed,
depends on its purpose. Holes for bolts and
screws, whether body size or tap size, are
not generally reamed. Where an accurate,
close fit is necessary, a hole is invariably
reamed, as for instance, a hole for a man-
drel on which work is to be placed for fur-
ther machining, as in the case of a pu1ley.
In some cases, sufficient accuraey can be
obtained by machine-reaming only; in oth-
er cases the required accuracy can'only be
obtained by hand reaming. Holes that are
to be reamed should be drilled 7/o+ to a/sz in.
less than the f,nished size. After drilling, it
is best to follow immediately with the ma-
chine reamer, without disturbing the set-
up or unclamping the work, so that the
reamer will follow the drilled hole. Speed
for reaming should be somewhat less than
the speed for drilling. The feed should not
be too rapid or the reamer may tear. It is
always best to err on the side of feeding
too slowly rather than too fast" Cutting lu-
bricants should be used as in drilling most
metals; lard oil or other suitable cutting
oil being used on steel" No lubricant is
used in the case of cast iron. A reamer
should be started into the work with great
care; otherwise, it may chatter and spoil
the mouth of the hole. It is frequently bet-
ter to start the reamer by hand, pulling the
belt if necessary, in prder to start it true.

W'ork may be reamed in a lathe, as shown
in Fig. 6. The work caR be left on the face-
plate or in the chuck after drilling, and the
drill in the tailstock is' replaced with a
reamer. The reamer can then be fed in
while the work is turned. The speed should



be somewhat less than that used in drilling.
If the hole is to be hand-reamed, it first

should be machine-reamed to within .005

in. of finished size. The hand reamer never
should be used except with a tap wreneh,
and great care is needed to start the hand
reamer straight. The reamer should not be
forced into the hole, but should be ad-
vanced carefully and evenly. A burr on a
reamer may spoil a hole. Consequently,
before using a reamer, it is best to feel the
cutting edges, and if there is a burr, re-
move it with an oilstone. Reamers should
never be turned backward under any cir-
cumstances.

The counterbore, shown in Fig. 3, is used
for making the recess for a fillister head
screw. The guide or pilot is the size of the
drilled ho1e, so that it fits snugly yet with-
out binding. The pilots are generally in-
terehangeable so that the same size cutter
can be used for a number of screw sizes.
The cutter head is the size of the desired
hole. The countersink shown in Fig. 7 is
used for enlarging the mouth of a hole
to eone shape for a flat-head screw. This
type of countersink, ground at an angle of
82o, should be distinguished carefully from
the 60" countersink used to ream out the
centers on lathework. A combination drill
and countersink is also available for mak-
,ing lathe centers, as shown in Fig. 8.

Disk Harrow Blades Notched
to Cut Cornstalks

When disking cornstalks trouble often
experienced with clogging of the disk har-
row can be avoided by grinding equally
spaced notches in each blade of the front
gangs of a tandem disk. The notches catch
loose stalks and puII them under the gangs
where,n"ltn;: 

s:1,#tr"i:1ix, 
"ffi 

i*,,r.

Shaft Clearance Measured Easily
Without a Micrometer

Shaft clearance in a worn bearing ean be
measured without a micrometer in a few

tanee I. Now move the end of the shaft
from one extreme to the other and get dis-
tance D. After marking down these di-
mensions in inches, multlply, the rnove-
ment D by distance I and. divide by twice
the length of shaft L. The result will be
the clearanee in inehes. ,
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MOTOR MOU

By H. O. BUMANN

M",Lt",:,1'r:l#tTH"il::H[*J:;
your bench top so that it can be slid into
position quickly, to operate any one of sev-
eral small power maehines mounted on
each side as in Fig. 1, this quick-change
motor "carriage" is adjustable laterally as
well, for tensioning the belt of each ma-
chine as shown in Fig. 2. The lower block
of the "carriage" is slotted to slide freely
on J- by 1-in. rails spaced about 5 in. apart.
The eenter piece of the upper assemblSr to
which the motor is bolted, slides on two
grooved members screwed to the lower
block, and is made adjustable cros$wise
by means of a bolt passing through a flat-
iron brace and into a nut embedded into
the wood as shown in Fig. 3, Machines
which may be operated either clockwise or
counterclockwise, such as a jigsaw, disk
sander, etc., should be mounted along the
rear side of the bench so that other ma-
chines, which must run clockwise, can be
driven without twisting the belt.



Aligning Bar Checks Lathe Centers Accurately

I

Checking lathe centers for perfect align-
ment, which is necessary in precision work,
is a simple matter when this testing bar is
used. It consists of a steel shaft turned BC-
curately to size with shoulders formed on
the ends to take steel disks with a light,
drive fit. In use, the bar is mounted be-
tween the centers to be checked. Then a
dial indicator iq placed in the tool post, and
moved up againSt the disk at the hLadstock

Display Raclc of Lamps Aids
Customeps who have difficulty in select-

in€,an electric lamp of a size to provide the
illumination desired, will appreciate a dis-
play rack of the type shown in your store.
One each of all sizes of lamps carried in
stock is screwed into a socket on the rack,
which is wired so that the lamps can be
turned on individually. With this arrange-
ment, a customer can check the illumina-
tion produced by each lamp by reading
printed material held directly under it.

Triangle I-Jseful for Pressmen
One of the handiest tools to have around

a platen press is a transparent celluloid
triangle. Nonpareils and picas can be
scored. on the two edges for ascertaining
the margins when drawing lines before
setting the gauge pins, thus assuring a
straight margin on the printed sheet.

-W'. F. Hagerman, Quincy, Illn

end, after whieh the indicator is adjr.r.sted
by means of the cross slide so that the dial
reads zero. Now, without changing the ad-
justment, the carriage is moved to bring
the indicator against the disk at the tail-
stock end of the bar. By adjusting the set-
over screw on the tailstock base until the
needle on the dial again points to zero, the
centers are aligned accurately.

-C. W. Woodson, East Aurora, N. Y"

in Selectins the Comect Size

L



ft is a simple job to temoog,smal,l dents quichly
usith a dinging hammer and o.dqlly

OUT WITH

By RORY O'SHANE

E EW motorists think of repairing a dam-I aged fender, yet it's not so difficult if
you have some spare time and exercise a
little patience. Your tools, Fig. 2, should
include a bumping r.-ammer, A, for heavy
work, a dinging hammer, B, for light work,
and a half-hammer, C, for'use where space
is limited. Be sure to get several dolly
blocks, D, and an assortment of dinging
spoons, G and E. The former are used pri'-
marily in raising low metal during the
dinging process, while the latter act as
pads between hammer and metal in trans-
ferring the force of the blow to the fender
without marrirrg its surface. An adjustable
file, F, completes the list.

The first step is to remove all dirt from
the top side of the fender, and then scrape

, the underside free of tar and clinging par-
ticles with a wire brush, Fig. 1. Next,
spread a thin fiIm of oil over both sides of
the fender. It will reflect light into hidden
indentations, and also protect the paint
while the fender is being repaired. A basic
rule of fender repair is that the dent must
come out the way it went in. Though no
two damaged fenders look alike, they are
nothing more than a differently patterned
series of ridges and valleys. Therefore, de-
termine the path of the force that caused
the pattern. In repairing, work from the
last buckled ridge back to the point of first

Dinging uill smooth up the job after all
large dents haoe been remooed



tlrc DENTS I
eontact. The larger dents are re-
moved first, Fig. 6. This process is
called bumping. Never try to
bump out small dents. If the fend-
er is folded into tight "accordion"
layers, bring these out by pulling
on the fender or by prying the
folds open with a dinging spoon.

Place a dinging spoon on the
first ridge and strike the spoon a
sharp blow with the bumping
h-ammer. Never hammer at an
angle; bring the hammer squarely
down on the ridge. This starts the 'I:

high metal down. Then start on
the next high ridge and go through
the same process until all the high
metal has been beaten to the contour of
the fender. The general rule for using a
dolly is to hold it against the low spot
while you hammer at the high spot. Figs.
3 and 8. Hammer off the dolly rather than
squarely on it to prevent the metal from
stretching. In the case of a deep, narrow
dent, remember to place the dolly directly
underneath, exerting a vertical pressure
while you hammer at the rim of the dent.
When the dent is broad and shallow, place
a dolly block opposite the side on whi"h
the dent was made and bump at the outer
edges, working in toward the center. Al-

t

THE FLAT SURFACE OF THE
HAMMER USED ON CONCAVED

SURFACES WOULD DAMAGE
POINTS X AND Y

DINGING OFF THE
DOLLY

DINGING FLAT SURFACE



ways use a dolly block hav-
ing the same contour as
that of the fender before it
was damaged. Several light
blows are better than a few
heavy ones. Be sure your
hammer and dolly surfaces
are free of scratches and
nicks to avoid scarring the
fender surface. When the
high metal has been backed
down to normal, the low
metal can be sprung into
position. It will go quite
easily because the removal of the high
metal has eliminated most of the strains on
the fender. All you have to do is bump
lightly from underneath with a dolly block.
If you fail to bump systematically, you may
bring the high metal down farther than it
should go. A few careless blows may mean
extra hours of work.

After all the larger dents have been
smoothed out, dinging to remove the small-
er dents is next, Fig, 5. The principle be-
hind it is similar to working metal on an
anvil, the dolly block being the anvil. The
diagrams in Fig. B illustrate the principle.
A dinging hammer should not be gripped
too tightly, but should be swung with
enough flexibility so it will rebound to the
starting position. Strike with the entire
head of the hammer rather than with the
edge. Use the crowned face on concave
surfaces and the flat face on convex sur-
faces. A dinging spoon should be balanced
loosely in the hand. The hammer blows
should be directly on the ridge of the dent
being dinged.

After the bumping and dinging processes
have brought the fender into normal shape,
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it is ready for finishing and painting. Sight
across the back or front of the car to see
if the fenders line up evenly. If both have
been damaged, compare fenders with a car
of similar make and age. You can bring a
fender that is out of line back to its orig-
inal position with a fender jack or by heal-
ing the brace. Though the fender may now
seem perfectly smooth, slight irregulari-
ties still exist. The metal finishing opera-
tion will take care of this. The defects may

be detected by holding a long piece of
chalk flat against the damaged portion and
rubbing up and down. The high spots will
be white and the low spots will be dark,
Fig; 4. The fingers alone, Fig. 9, are not
sensitive enough to find the irregularities.
The correet way is to lower the elbow, l"y
the palm and fingers flat against the fender,
and rub the hand up and down over the
damaged area. Remove the small dents
with a hammer and doIly.

Now use the adjustable fiIe to smooth
the surface as in Fig. 7. However, be care-
ful not to fiIe away too much metal. PuII-
ing the file evenly along the contours of
the fender will remove the tops of the high
spots thus revealing the final dents to be
dinged away. Use the fiIe again to prepare
the surface for sanding.

Wetting the sandpaper with gasoline will
clear the surface of dirt and polish. When
it shines like new, it is ready for painting,
Fig. 10. First comes a coat of primer. After
this, brush or spray on three or four coats
of lacquer about 20 min. apart. 'W'hen the
final coat is dry, sand it with fine-grained
sandpaper. Then apply a good body polish"



Above, checking wheel for hidden crqcks by topping
it lighily wirh q screwdriver. A good wheel witl pro-
duce c metollic ring; q crqcked wheel, c dull thud

GRAIN SIZE

lndicotes number of obrq-

sive groins per inch. There

ore 25 common groin sizes

or "grils'

WHEEL
By Sqm Brown
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This is
shops with limited selec-
tion, since the t'know
how" enables the work-
man to maniputrate or
dress the wheel to get the
desired result.
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ELECTION
Anatomy: What

you r,right call thet'foare bones" of
grinding wheels is
pictured in the tab-
ular diagram shown
below .Fig. 1. The
two types of abra-
sive grains-alumi-
nuln oxide and sili-
con earbide-are
sold under various
trade names, such
as Aloxite, Alun-
dum and Borolon
for aluminum oxide,
and Carborundum,
Crystolon and Car-
silon for silicon car-
bide. Color is a goori
means of identifica-
tion, silicon earbide
wheels being almost
black, while alumi-
num oxide wheels
run from light to
medium gray. A
white wheel indi-
cates aluminum oxide with a special porous bond and. with

,l-hu-grain itself treated so that it is not as tough as regular.
Red wheels are aluminum oxide with regular -vitrified-bond
and the same treated grain used in the w[ite wheel. A green
wheel is a very hard type of silicon carbide. The natrire of
other physical charaeteris structure

am. Fig. 3

material to be ground
to use, Fig. 2, is hard,

s extremely hard, such
be ground with silicon

being very hard, silicon carbide

eutting because the bri
. t tougher material. Hen'D tensile strength materi

can,be grcund best wi
hand, al_uminum oxide is n-ot so good for low tensile strength

i materials such as brass, plastic, wood, etc. These materials
are not tough enough to fracture the tough grain and each
grain simply wears to a dull, noncutting edge with resultant
loading, glazing and burning.

The special types of aluminum oxide feature a grain some-
what less tough than regular. These wheels are excellent

FTARING
cuP

GRIT
GRADE

STRAIGHT WHEEL

RECESSED ONE SIDE

for grinding carbon and high-speed steel tools because the
r-eady fracturing of the grain keeps the wheel continu rlly
sharp, fast-cutting and cool. The obvious drawback is r'apid

GRINDING
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wheel,w'ear. Special (green) silicon
carbide,is the only abrasive other
thdh',':the diamond hard enough Jo
cut cemented carbides. .

them to break down quickly. :When
the bond is weak (Joft grade), it
releases the dulled grains quickl5r,
exposing new, sharf grainl. The
second rule-contact area-can be
explained by the fact that a wide
contact area, Fig. 4, spreads the
stress over a considerable number
of grairis" The bond, therefore, must
be weak (soft) so that the lessened
force against each grain can break
it loose when it becomes dull. When 

-

the 'contact area is small, as in cy-
lindrical grinding, all of the stress
comes on a very few grains. fn this
case, a hard grade (strong bond

advantage wh en ever the wheel
specified is'available. The table be-
low Fig. 4 gives a condensed version
of tabular matter supplied by all
man of grinding wheels.
Obv y complete hair-
split are useless to the

4

SMALL AREA
OF CONTACT

REQUIRES VERY
SOFT WHEEL

AAEDTTJM CONTACT
AREA

GENERAL RECOMMENDATIONS*

'Abrqsive Grit
GrEde

lough Finish

Alr.lminum s.c o so@) 40 Soft
Bross s. c. 36 60
Cost lron s. c. 30 16 Soft to Med.
Chisels (wood) A. O. 60 Medium ,

Copper sc 36 60 Soft to Med.
Cork s.c. 0 36' 46

Durolumin A.O.G 30 46 Soft
Drills (H.S.S.) A.O.(wht.) 60 Medium
Gloss S.C.(green) 80 220 Medium
Grinding (generol) A. O. 46 60 Medium
Mol lron (onneoled) A. O. 30 46 Hord
Mol lron (not onneoled) s. c" 30 46 Hord
Ptostic s. c. 46 r20 Medium
Rubber (soft) s. c. 24 46 Soft

(p) Rubber (hord) s. c. 36 46 Soft
Sows (gurnming) A. O. 60 Medium
Steel (sofi) A. O= 46 60 Medium
Steel (corbon) A. o.6 46 60 AAbdium
Steel (hi-speed) A. o. (1 46 60 Soft
Welds (smoothing) A. O. 24 46 Med. to Hqrd
Wood (hord) s. c. 24( 30 Scift
Wro,.lght lron Ao. 30 46 Med" to Hord

I White or red qluminum oxide qlso used

2 Tends to lood if fine grit is used

3 Resinoid bond preferoble
* All wheels vitrified bond. Struciure is not considered

Soft
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GUIDE 3/n" X 3/t"

CORRECT POSITION
OF DIAMOND TOOL

average \,vorker because
he does not have the
wheels. The best system
of selection is to know
why a certain whe,el
should be used, and then
manipulate sueh wheels
as are available to get the
desired result.

Dressing and truing:
When a wheel becomes
loaded or glazed, Fig. 5, ft
is necessary to press some
hard object against it
while rotating to restore
the cutting edges. Sim-
plest device for this is the
star-wheel dresser, Fig. 6.
T h e metal disks and
wheels are actually much

'' ' Dressing removes the
outer dulled loyer of
obrqsive groins ond ex-
poses new sharp groins.
Truing is precision dress-
ing so rhot rhe whiel
runs perfecrly lrue. hop-
er monipulotion of the
dressing. tooJ ccn olter
the wheel's cufting cction
wirhin reqsonoble limirs

" x!'x$
BLOCI(

cHucK ls.
STATIONARY

WHEET IN
TOOr POST

GRINDER

sEr
SCREW

ROUND BAR
HOLDS DRESSER

CUT IS ALWAYS
VERY LIGHT; NOT
OVER .OOI INCH

@

softer
but b
faulty
loose.
freehand, but always supported
on the tool rest. It should not

is inexpensive
a very coarse,
rasi.ve, which

readily cuts the finer grain of the
grinding wheel. Best of all is the
diamond, especially for precision
dressing (truing). It should be
used onlSr for precision work. If
dressing requires removal of er,n-
bedded metal chips or heavy shap-
ing, the star-wheel or stick dresser
should be used first, and can then
be followed by the diamond. Use
a simple jig like the on-e shown in
FiS.8 to hold the diamond dresser.
Always contact the wheel on or
below center and always at a drag
angle, as in Figs. 7 and 9. FiS. 11
indicates how the dresser cari be
held when dressing the wheel of a
tool-post grindef. Fig. tr2 pietures
the dressing of a recessed wheel
mounted ant used on the lathe.
' An important 'feature of dia-

@

I

5.]5O DRAG
ANGTE

FIXTURE FOR
DIAMOND
DRESSEE

ON



rnond dressing is the depth of cut
and the speed rate at whieh the
diamond is moved across the
r,vheel. In all, cases the cut must
be very light, not over .001 in., as
shown in Fig. 10. A fast traverse
opens up the wheel, making it, in
effect, a coarser grain and a softer
grade than it actually is, A slow
tral,erse makes the wheel, in eJ-
fect, finer grain and hardei grade.
For open dressing you use a max-
imum depth of cut, and the dia-
mond is pushed just once, and
quickly, across the wheel. 'When

dressing the wheel for fine finish-
ing, the depth of cut is held
to a minimum, and the tra-
verse is made slowly and re-
peatedly until the cut sparks
out. By applying these rules,
a wheel can be made coarser
or finer, harder or softer.

Wheel safety: A lot has
been said about wheel safety,
and, while we pass over this
quickly; simply by referring
you to Figs. 13, 14 and 15, it
is of prime importance and
should not be neglected. Al-
ways check a new wheel for
cracks by striking it with a
screwdriver as in Fig. 1.

Trouble-shooting: Some of
the common faults encoun-
tered in grinding are listed in
the table shown below FiS.
13. Observe how -the work
and wheel can be manipulat-
ed for hard or soft effect. This
can be used to advantage in

OUTER
FTANGE

making one or two wheels
do a wide variety of work.

FAUTT CAUSE CORRECTION

Wrong wheel Use coorser groin or open structure wheel

Foulty dressing Dress with ropid troverse

Foulty operotion
Use slower wheel speed ond foster work

speed or troverse

Wrong wheel Use coorser grii, softer grode

Foulty dressing Use fosler troverse with deeper peneirotion

Foulty operotion Use more pressure. lncreose work speed

WHEET
DOES NOT

CUT
(Glozes ond

burns)

Wheel
is too
hord

Use coorser gr,it ond softer grode

Open up wheel by fosr dressing

Decreose wheel speed, wheel diometer
ond width

lncreose work speed ond pressure

RAPID
WHEET
WEAR

Wheel
is too
sofi

Use horder wheel

Dress with slow troverse ond very little
penetrolion

lncreose wheel speed, wheel diorneier
ond width

Decreose work speed ond pressure

ROUGH
WORK

Wrong wheel Check obrosive, grit ond grode

Wheel out
of round Dress wheel

Check beorings ond wheel motrnting

9
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TAP cuts a screw thread internally, in
a hole, and differs from a threading

die, which cuts a thread externally, as on
a shaft. Taps are used more extensively
than threading dies for quantity production
because most external threads are pro-
duced either with automatic die heads or
thread-milling machines. As shown in Fig.
2, a tap consists of a shank squared at one
end and a threaded section into which
flutes are milled to provide the necessary
cutting action and chip passage. The shape
of a flute and its relation to the cutting face
varies with the material to be cut. Three
standard face grinds are shown in details
B, C and D of Fig. 2.

t0

Most important are the chamfers at the
entering end of a tap. These do most of the
work by removing metal progressively.
Very few taps have a thread relief as shown
in detail A of Fig. 2 because they must be

threads. However, this is too slow for pro-
duction work so threading machines as
shown in Figs. 1 and 3 are used. The ma-
chine in Fig. 3 has an automatic die head
fitted with chasers illustrated in Fig. 4.

Taps cornmonly used: Types of taps used
most frequently in shop practice are stand-
ard hand taps, serial hand taps, "grrrr" taps,
adjustable chaser taps, collapsing taps,
standard and stub machine-screw taps and
nut taps. Standard hand taps are available
in sets of three as shorn n in Fig. 5. The one
tn detail A has a Long chamfer angle com-

Tl Ps oil,TnPs
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prising some seven or eight threads and

Detail C shows a tap that
has only a LYz thread
chamfer and is tised for a
blind hole with a flat bot-
tom or a blind hole with
a recess as'shown in
detail D. This type is
marked in fraetional
sizes from \'+ to 2 in. in
diameter.

Serial hand taps, which
come in fractional sizes
up to 1 in. in diameter,
are similar to the stand-
ard type but all three are
necessary to obtain fuIl
thread diameter. No. 1 is
undersize and is used to
rough in the thread. No.
2 is a little larger and
cuts a fuller thread and
No. 3 finishes the thread
to size. Chamfers of
serial taps are shorter
than those on standard
hand taps.

The "gun" tap shown
in Fig. 6 is a three-flute,

which results in greater
strength. The f lutes
should never have to be
ground if due attention is
given the point.

body B, which is bored for steep taper
plunger C, expands to contact chasers D
by means of adjusting screws E and F.
These screws provide ample adjustment
due to vees in C and also act as a locking

Screws holding cap A are loosened and the

are not as deep as those of other taps,

il



cate, respectively, a loose, medi-
rrrn, free and close fit.

An ttallowance" provides f or
variations in fits between mating
threads. Maximum allowance ia
the difference between a minimum

-- external and a maximum internal
'part; minimum allowance is the
difference between a maximum
external and a minimurn internal
part. An overlap or interference
between the dimensions of mating
parts is called a "negative" allow-
ance. The term "tolerance" means
the amount of variation permitted
in the size of a part and is the dif-
ference between ttlimits 

," o* max-
imum and minimum dimensions
of a given part. A tolerance may
be expressed also as "plus" or

medium. A, when tightened, binds D
against shoulder of B. Chasers D are
interlocked with plunger C.

Standard machine-Jcrew taps for
automatic tapping are similar to
standard hand- taps except 'that the
ehamfer end has an external or male
eenter. These taps are not made in
sizes over 7/a in. and are listed by
numbers as 3, 6, 10, etc., with their
respeetive number of threads per inch.
Stub machine-screw taps are much
shorter than the standard and are
used to tap thin materials. Nut taps
have shanks approximately twice as
long as the threaded sections and have
especially long chamfer angles for
angle load distribution and to make
them free-cutting.

Screw-thread terms and forms: A1-
though all terms defined in Fig. 10 are
important, there are several more
worth recognition. There are three
classes of taps designated as follows:
The "cut" tap is an ordinary one for
average work and has threads pol-
ished only before hardening. Any
distortion in pitch or lead due to de-
fective heat treatment is transferred
to threads produced therewith. The
"commercial-ground" tap is one with
threads ground to make allowance for
heat-treating distortion, yet is not
guaranteed to produce threads for
certain classes of fit requirements.
"Precision-ground" taps are finished
to three varying degrees of precision
to meet all demands of limits and tol-
erances. There are four classes of fits
in connection rn ith screw-thread as-
sembly, Nos. L,2,3 and 4, which indi-
12

t 1-fa

Longitudinol cenler line.

Distqnce from one point on threod lo
corresponding poini on next threod.
Pilch equols I divided by number of
threods per inch.

Equol dislonce belween width of
threod qnd width of.spoce belryeen
lhreod.

Angle of .threod lncluded ongle between sides of
lhreod, meosured in on oxiol plone.

Dislonce q screw threod odvonces
oxiolly in one lurn. Leod E ond
pitch B ore idenlico! with single
threod. (See note.)

Angle mode by helix of threod ot
pirch diomeler wilh o plone perpen-
diculor lo oxis.

Surfoce of threod which connects
crest with rool.

Distonce between top ond bose of
ihreod, meosured normol lo the oxis.

Bottom surfoce ioining sides of lwo
odiocent lhreods.

Commonly known os outside diome-
ler, lorgesi diometer on screw br nut.

Minor diqmeter Commonly known os core or root
diometer, sryollest diqmeter of screw
or nul.

Note; Single threqd meons o threod in which leod is equol to pitch.
ln o double threod the leod is equol to twice the pitch,. in
o triple threod lhe leqd is equol to three iimes the'pitch.



"minus." Fig. 13 shows
the four thread forms
covering American and
European screw thread
requirements. Forms A
and B are widely used
and form D is best where
an exceptionally strong
thread is required to car-
ry substantial loads such
as is the case with serew
jacks. The included angle
varies with all four forms.
Respective forrnulas make
it easy to compute any
desired depth of thread
and also the flat or radius
if the pitch (1.000 in. di:
vided by the number of
teeth per inch) is known.

@

DRILT.PRESS
TAPPING

HEAD

Drill-hole and tap sizes, Iubrica-
tion, ete.: A hole to be tapped must
be of correct size, clean and corrc€r:'-
tric. If the hole is undersize, the tap
will break or the first full threads will
be stripped when it enters the hole.
If the hole is substantially oversize,
rough or out of round, the thread cut
will be of little value. The National
thread form has a75 percent depth of
thread, meaning that the drill hole is
25 percent Larger than the minor or
root diameter of the tap to be used.
It is well to bear in mind that a 75
percent depth of thread requires only
one third the tapping power of a 100
percent depth, but has 5 percent less
strength.

For maximum economy in tool cost,
power and production speed, the
depth of thread should be not less
than 62 percent or more than 83 per-
cent. The tougher the material and
the deeper the hole, the more you
must favor the diameter of the ho1e.
Misalignment between the tap .and
the work results in a poor thread; the
thread will be oversize and off as to

I3
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lead and pitch diameter. fre eorrect lubri-
cant and plentSz of it is very important with
threading dr,re to the delieate cutting edges.
Fig. 16 gives general recommendations.

As a tap has a positive lead and feeds
itself, the operator cannot control feeding
pressure. If a turret is usbd as in Fig. 9
it must be capable also of free horizontal
movement. Tapping in a drill press r€-
quires an attaehment sueh as shown in
Fig. L2. This attachment does not rotate;
the housing or shell is clamped to the drill-
press quill so that the spindle itself operates
the mechanism of the tapping head. The
tap is driven by a friction clutch whieh

from loading of chips. This device permits
reversing the tap at a higher speed to back
it out of a threaded hole. Most manufac-

shoultl be reprodueed with each'grind if a
t4

tap is to perforr,n properly. Fig. 14 shows
how a tap to be ground on chamfers is held
in a split collet fitted to the work head of
the tap grinder. This equiprnent has ad-
justments for left- or right-hand taps, any
number of flutes, extent of angle and
amount of relief. Such a grinder is also
useful for producing a similar relief 'on
countersinks, lead of reamers, step drills
and three or four-fluted drills, etc.

Moteriol Being Topped lubriconl

Aluminum ond zinc die f(erosene qnd lqrd oil
costings

Bokelite qnd inost Dry
plostics

Bross ond bronze Good cuiting compound

Durolumin or durql Kerosene ond lord oil

Cost iron Dry or compound

Molleoble irbn Compound or sulphur-
bose oil

Fiber Dry

Monel metol Sulphur'bose, oil
kerosene ond

o.r

ord oil

Mongonese bronze Light-bose oil

Nickel silver Kerosene ond lord oil

STEETS

Cost Sulphur-bose oil'
ihromium . - tt tt tt

Mongonese, . Sulphur-boseoil
Molybdenum - 't tt tt

Nicket ."ttt'
Stoinless...ttt't'
Tool Kerosene ond, lord oi!
Tungsien. . . Sulphur-boseoil
Vonodium.--!-.ttu"

t:!.1&:.

'*v':'
::ilt.*!j
'::.:l

.4:iw

@ REcoMMENDED TAP LUBRIcANTS,I



'\Mhen a dull tap needs regrinding, start
at the chamfered end as in detail A of Fig.
15, using an aluminum vitrified wheel, 80-J.
Grind it exactly the same angle, covering
the same number of threads as is the case
rvith an identical new tap, Grind just.
enough to remove the dulled edges. of the
threads, being sure that the point diameter
is the same as the root diameter' of the
thread. AII cutting lands must be the same
height and must be equidistant. The flutes
ale ground only if the edges of the un-
chamfered teeth are dulled and nicked. A
saucer-shaped grinding wheel is used if
the cuttingJace of ttre flute is straight as in
detail B of Fig. 15, but a formed wheel is
needed if the cutting face is hooked as in
detail C. An aluminum vitrified wheel,
60-R, is recommenCed for grinding flutes
of small taps while a 46-L wheel- of the
same kind is best for large taps. Broken
teeth of a tap should be removed by grind-
ing as they cause damaged threads when
tapping.

In grinding gun-type taps, first have a
new tap of the same size at hand to help in
keeping the ground tap to the same form
in regard to the angle of flutes and the
cutting edges. The griiding wheel is formed 

o

to exact fit for flute to keep the identical
hook shape-detail E of Fig. 6. After the
ends of the lands B, have become thin from
repeated regrinding, grind the end of the
tap straight back until the lands again are
qf normal thickness, after which the cut-
ting edgeg and flutes are ground, and the
hook ig reformed, keeping a straight cut-
tirg e_dg9. When chamfer C is reground,
the relief is ground carefully, leaving cut-
ting edge A gradually receding toward the
heel. See the end view of the tap in Fig. 6.
Also keep the angle D for shearing.

Adjustable Safety Ground Chain
For LJse on Tank Trucks

neglected and
wear so short that they do not make good
contact with the ground. To make chang-
ing the chain an easy job, one truck driver
uses two lengths of chain, one being fas-
tened to the truck to reach almost tb the
ground and the other being fitted with a
harness snap at one end. With this ar-
rangernent, the chain. is lengthened merely
bv dr o,n t"tl;;liL: 

a".','f,I Bt ih:,"$:'s :

Bar Clamps Used to Force Pulley
Jammed on Shaft

Pulleys can be removed easily, when
jammed on a motor shaft, by using a pair
of bar clamps as shown. With the stationary
jaws placed behind the pulley, a bolt driv-
en through a block of wood and secured
with a lock nut is set against the shaft and
the screws turned with equal pressure.

Water Expands Shrunken Gasket
When installing a new cork gasket on a

valve cover or oil pan and the gasket has
shrunk, making an oil leak likely, first place
it in warm water for a few minutes. This
will expand it to.about normal size and as-
sure a good fit.-C. Swope, Danville, Pa.

Several Pieces of Round Stock
Faced. in One Operation

Next time you
want to face sev-
eral short pieces of
round stock, use a
split bushing as
shown and you
can do it in one
operation.'When
clamped in a uni-
versal chuck on a
Iathe, the bushing
will grip the pieces
firmly, even if the
lengths vary.

AlN ON

BUSHING --
ROIJND .STOCK

r5
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ADJUSTABLE
SLIDING CLAtytP

TRAMMET POINTS-The circle-cutting otlochmeni will
serve double duly os cr trommel point when clomped
lo one end of o hordwood stick os'shown ot the right,
the opposite end of the stiqk being fitted wirh o sim.
ilor point, except thot it is l mode without fhe V-notch

qt the bottom ond hos,'o strqight, pointed rod



,TREMENDOUS airplane speeds of today
t would be impossible if the motor parts

were finished only wilh metal-cutting
tools., Where accurate fit and surface-to-
surface contdct of moving parts are in-
volved, as in airplane or automobile motors,
the initial wear must be remov-ed by lap-
ping the parts to "micro-precision" dimen-
sions before assembling them. Dimension-
al accuracy is impossible without surface
aecuracy. This' article incluCe,s methods of
mechanically lapping' a number of similar
parts for fine'externaL finish, either cylin-
drical or flat.

Types of lapping machines: There are
two distinct types'of external lapping ma-
chines. The' one shown in Figs. 1 and 5 is
the.original design, having two metal disks'
or laps the diameter of which varies to suit
indrvidual requirements. OnIy the bottom
Lap revolves and on it the parts to be fin-
ished are supported by means of retainers,'
spiders and other work-holding devices.
The top lap, which does not rotate, does an'
equal share of the work
necessary light pressure.
to "float" because it mu :

often for reconditioning. Without this
floating action of the upper lap, the parts
rvould not be finished paralle1 nor straight.'
Fig. 1 shows the iapplng of gauge blocks
while Fig. 5 shows the lapping of six plug
gauges mounted on a retainer which a].Iows
them to rotate on their centers. :

The machine shown in Fig. 2 is more
rnodern. In this case both la-ps consist of
fine-grit grinding wheels that rotate hori-
zontally in opposite directions, the upper
one cLockwise and the lower one counter-
clockwise. The upper one is lowered to
contact the work, and the feed is hydrau-
Iically operated " To keep the surfaces of
the rvheels in perfect parallelism, a twin



diamond dressing affin, shown in Fig. 3 is
provided. This also ,is hydraulically cotl-
trolled. With these ficilities and an elec-
trical gauge showing how the lapping opef-
ation is progressing, very little training is
required t-o operate this machine. Besides
the common types of lapping machiiies
already described, there are some that have
been specially designed for c"ortain jobs.
Fig. 6 shows such a machine wliich laps all
bearings on a crankshaft simultaneously.ttBreak-rrp" motion: On lapping ma-
chines a variety of work-holding devices
forms the basis of the equipment. The ma-
chine itself is of relatively simple construc-
tion. The metal or grinding-wheel laps
rotate at less than one-tenth of the periph-
eral speed of regular grinding wheels. The
retainer, spider or work holder, whieh .

serves as a chuck, provides the proper
travel for the rvork during the cycle for
each piece to cover the entire abrading
surface of the lapping memhers. The pri-
mary rnotion given to the work is a rolling
one prod"uced by movement of one lap with
regard to the other with the work in fric-
tional contact.between them. The second-
ary motion is produced by the eccentric
drive pin driven by a train of gears f,rom
the lower lap spindle. This single motion
however, is not suffi.cient for a perfectly
flat, parallel or straight finish. The retainer
or spider is not coneentric with the bottom
Iap hut it is fixed to the spindle of the bot-

tom lrp and a secondary motion for the
re'tainer is provided by a drive pin from a
train of geais assembled on the lower drive
shaft. Thus during the operating cycle the
movement of the retainer is somewhat
similar to the throw of a crankshaft. The
combined motions between the abrading
surfaces of both laps provide the "break-
up" action, which corrects defects to assure
both surface and dimensional accuracy.

Hand lapping: As lapping machines are
effective and economical for production
runs on1y, rnanual lapping rnust be resorted
to when there are just a few pieces. Fig. 7

shows an example of short-run external
lapping by hand, on a lathe. One end of a
go-and-no-go plug gauge, which is being

39
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lapped in this case, is
h€1d in. a three-jaw
chuck and the other
end is centered. on the
tailstock.

, siirface
bored ecc
vide sp
sodket-:type screws
which are used for ad-
justment. .The.,Jrp is
slit after the holes have
been .tapped. The lap
shown in Fig. 8 consists
of a piece of slit tubing
and lapping pressure is
provided by a lathe dog.
For flat lapping man-
ually, one must still re-
sort to a lapping plate
as shown in Fig. 10.

Rolling axis and
transposition: C ylin-
drical lapping is done
on wrist pins, volve
stems, tappet r o ller s,
roLler bearings and oth-
er similar parts. In the
ionstruction of retain-
ers for cylindrical
parts, the rolling axis of

the work is not in- line or radial with
that of the laps. For free rolling action,
the work must be positioned at the
greatedt angle possible, rvhich varies
from 10 to 22 degrees, depending on the
nature of the work. This angular posi-
tion of the work is necessary to intro-
duce a slippage as the work is rolled on
the face of the laps. Mechanieal flat
lapping requires a particular technieue,

, called transposition, to assure precision
.1. of paratlelisrn. After some laprping has
lo' 'been done, the machine is stopped and

the parts are exchanged rn ith the corre-
sponding parts diametrically opposite them
for the next lapping cycle.

Metal laps and lapping compounds: Fine-
grit lapping wheels introduce no mainte-
nance problems as they remain perma-
nently located and autornatically wear
themselves down uniforrfily, from repeated
dressi.ngs and surface-to-surface contact.
Ifowever, the face of metal laps. rnust be
reconditioned regularly. Preparation of
the surface to be flat-lapped is highly im-
portant; it must be machined accurately,
the part must be stabilized by heating and
freezing alternately several times to elimi-
nate internal strains, and the surface to be
lapped is finally hand-scraped" Tr.vo sur-
faces of square or rectangular shape are
made precisely flat by lapping thern into
each other with reciprocal rnovement. Disk
laps are finished similarly by circular or

€



eccentric rrrove-
ment and can be
aecurately lapped
into each other to provide
perfect parallelism of the
two working faces if it is
done in time; otherwise, it is a tedious and

, costly job. The better laps, whether for
machine or bench work, are made from

posed each time they are removed for re-
surfacing. This practice is said to help the
surfaces wear more evenly and thus pre-
vent a dition, which
cannot y lapping.

Prop -lapping 
com-

pound is highly important. The abrasive
grain should mix well with the vehicle or
lubricant so that the mixture will adhere
readily to the surface of the laps. Fine sili-
con carbide of 400 or 500-grain size is ex-
cellent for general lapping requi.rements.
Rouge and lavigated alurnina are particu-
larly recommended for extra fine finishes.
Kerosene, with a littte machine oil added,
makes a fine vehicle for the grain, but
sperm oil has no equal and olive oii is a
close second. The excessive use of the
compound is worse than using too little.
The compound should be spread uniformly
but sparingly, on the entire surface of the
still member and then lapping should be
carried on for 2 rnir:.., after which both sur-
faces should be cleaned with naphtha and
wiped dry.

Mirror-Iike finishes: External lapping
includes finishes produced by fine grind-
ing. What correct grinding techni.que can
do is shown in Figs. 4 and 9, which show

lapped finishes on rolls such as used in
sheet-metal rolling mills and also in textile
and paper mills. This kind of work re-
quires the use of several wheels varying in
grit size. As the diameter of the roll in-
creases, the diameter of the wheel should
decrease in order to obtain a small arc of
contact between the wheel and the work.
To obtain mirror-like finishes, four differ-
ent wheels are used generally on hardened
steel rolls. A 46-L5B is used fi.rst for
roughing off the greatest amount of stock.
It is followed with a 1.50-J5B for a second
roughing cut. Both wheels are vitrified
aluminum oxide. Then the rolls are finish-
ground with a silicon-carbide shellac-
bonded wheel, 320-IEL. The fourth wheel,
also of silicon carbide, 500LgL, removes no
stock but imparts the mirror-like finish.

The choice of coolant in connection with
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of the wave remains constant but its
width the
light. sed
in this gth
of 23.2 ves
cross each other they blank each other
out at the point of crossing. The blank
spots are called black interference
bands and they occur at every wave
length or every 11.6 millionths inch.
When the light is turned on the work,
the waves are reflected from the top
surfaces of the parts and the bottom
surface of the top optical flat. The waves
are produced by a wedge of air between
the trvo, and the width of the air wedge
determines the spacing of the bandl.
These always run at right angles to the
wedge of air. So, what the observer
sees are the two patterns shown in Fig.
l-3. The surface at the left is flat within
four-rnillionths inch because the dark
bands are all parallel to the edge of

contact. The surf ace at
the right is not nearly as
flat because the dark
bands curve; the more the
curvature the greater is
the inaccuracy of the sur-
face finish.

the bonded abrasive laps
and ro11 grinding is im-
portant and so are the
means of filtration. The
most efficient solution for
lapping consists of just
enough soap in watei to
produ.ce a.light but not a
heavy suds. For the
g sh,a
s of ag eoil
gives good results and
even sal soda can be used.
The use of a dirty coolant
has most serious effects
and therefore the abra-
sive and
must be
atically.
devices
but the most effective is
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.nHE tool post grinder is neces-
I sary in lathe work whenever

a super:fine, accurate finish is re-
quired, especially if the work is
too hard to be turned. The unit
described. here carries a 4-in. di-
ameter wheel for cylindrical
grinding, Fig. 6, and can be fitted
with an insert spindle for internal
work, Fig. 1. Speeds of approxi-
mately 4600 and 7000 r.p.m. are
provided, the higher speed being
used. only for: internal work.

Construction is started by turn-
ing the bearing housing and spin-
dle as in Figs. 2 and 3.- The spindle

t

NO. 203 BEAR.
ING,.BORE

"6693'; O.
1.s748"

FLANGE NUT
lY2" D. x Y4 SPINDLE

(TURNED FROM
solrD sTocK)

NO. 203 BALL
BEARING
(SHTELDED

ONE SIDE)

,@



has a 3/d-in. hole from end to end, which
should be reamed for a- distance of about
2 in. from the flanged end in order to pro-
vide an accurate seat for the insert spindle.
The hole should be drilled almost through
from the flanged end as shown in photo
Fig. 4, after which the work is reversed and
drilled from the opposite end. A slight
misfit is permissible since the insert spin-
dle can be turned to fit. The important
point is to have
both ends accu; ,

rately centered.
F o r external
turning, the
bearing housing
is mounted in a
three-jaw chuck,
af ter which a
center rest is
used and the
center hole and
outer bearing
seat is turned to
s i z e. Wi thout

TUBING
WELDED
IN PLACE

ft@
disturbing the position of the
center rest, the work then is
reversed for turning the bear-

ing seat at the opposite end. Great
care should be exercised in turn-
ing all bearing surfaces as the
bearings must be a snug, press fit
both inside the housing and
around the spindle. Ball bearings
recommended are No. 203 light
duty, with shields on one side.
These are standard size in any
make and usually can be obtained
at automotive supply houses.
Bronze bearings may be substi-
tuted if rlesiruod. The drive pulley
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3/s"-16 THREAD

\w" x \b'l

rA"r2O R. H, SCREW

I lgour 2" PERFECT

I Rr aelRrNG
SURFACEAS SHORT AS POSSIBLE

WITH'MAX. ABOUT 3y2"

@ NTERNAT sPrNDr.Es

p_rovi{eg th" take-up for the spindle and
should be faced smoi th. Belt g-rooves are
cut with a cut-off tool, setting the corrr-
pognd to cut_ a l9-degree angle as in Fig. 5.

Figs. 7 and 8 show the assembly of other
parts. It is apparent that the- grinding
wheel must come on the lathe centerline,
hence eare is necessary in mounting th6
bearing housing to the angle-iron -base
plate. 

- 
Actual setting-up, as ihown in Fig.

9, will locate the receJs exactly, and tlie
same set-up should be used for spot-drill-
ing the tapped holes. The recess itself can
be cut with a milling attachment, or can be
ground straight across on a bench grinder.
Th" grinding-wheel guard uses ; short
l^englh of - Y?-in. pipe ai a frame, this being
fitted with 7/ra-in. shee t-iron disks on eithei
side. The guard is mounted to the 1-in.
angle_ ap sh-own in Fig. B, using two, r/a-.20
round-head machine screws, the heads of
which are ground down to' abo ut 3/zz in.
thick.

The motor sho_uld be no less than 16 hp.
Naturally, you will want the motor as small
and compact As possible, but at the same
time you_need power. A standard t/+-hp.
motor, while a bit on the bulky side, is
perhaps the best from a performance view-
point. Drive pulleys should be 4 and 6 in.
The belt has a s/e-in. face, B8-degree vee,
with a circumference of about 25 in. The
motor-adjusting bracket shown was ob-
tained from an old model car; it works on
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a machine screw threaded into the ton mo-
tor end beII hole. ^

gamg grinding wheels used in the popular
hand grinders. The collet and colet sieeve
also can be obtained from the hand grinder.
Fig. 11 shows this chuck full size. The

in a larger size to take
it}a t/+-in. shanks, would
mounting for heavy in-

in Fig. 13. A
can be made
dresser, whic
if a diamond
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,f!HE cut-off tool is a narrow, ready-
r shaped blade which requires only

grinding of eind clearance to keep it sharp
and ready for work. It is held in a cut-
off tool holder. There are two common
types of tool holders-rigid and spring.
The rigid type is always used with the
blade set on the centerline of the work
as shown in Fig. 2. With the spring type
the blade is set slightly above the centbr
of the work as in
Fig. 3. Of the two,
the spring type is
slightly more eX-
pensive, but it is far
superior for all gen-
eral cutting and it is
the only type that
works well with a
power feed. Both
rigid and spring
types of tool holders
can be obtained in
straight, right offset
and left offset pat-

terns. The right offset pattern
is most generally used as it
can work closer to the ehuck
than either of the others.
Since the tool is always used
in a fixed relation to the cerr-
terline of the work it is a good
idea to use a special toolpost

. ring as shown in Fig. 4, to ou:
tomatically support the blade
at the right height. This Br-
rangement works with the
blade at any extension if the
hlade is parallel with the tool
holder, &S shown in Fig. 5. If
the blade is set at an angle or
"raked" in the tool holder as
in Fig. 6, the ring should be
made up for a 1-in. extension

TOOr.
HOLDER

SPECIAL
RING

BLADE RAKED IN
TOOT HOLDER

Correct Installation of Belts
There are a few things to remember when installing new belts. Be sure that the

shafts are parallel and-that the pulleys are in correct alinement; -also that the belt
is and that the ends are cirt square across where the splice is
to should be given considerab-le attention,'whether the ends
ar is not a gooE idea to cut the belt too short and then stretch
it to make it fit, as this witl wlaken the material so that it will wear out faster
and will also cause undue wear on the shaft bearings.

OIL IS NEEDED ONIY WHEN CUTTING
TOUGH, HARD STEEL. MILD STEET AND
ALt OTHER MATERIATS CAN BE CUT DRY
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II CUTTING IS POSSIBIE

!N THIS RANGE
BEST FEED) AN, DPEEDS

FOR GENERAL WORK

The tqble qt rhe righl shows whqf
will hoppen when the cut-ofr tool
is used on medium hsrd steel qt
vorious speed-feed combinqtions

NOT SATTSFACTORY t- TIME lN MINUTES TO CUT

cur. cANNoT BE MADE I ____ZA l-tN. DTAMETER BAR

of the blade in which case the the blade
always should be used at this extension. It
can be seen from Fig. 6 that if the blade is
pushed out farther it will be above the
centerline of the work. :

Speed and feed: By a careful
study of Table No. 1 on test :cuts
in medium hard steel, you ean de-
termine what will happen when
the cut-off tool is used at various

. speed-feed combinations. Note
that as the spindle speed is in-
creased, the feed rate becomes
more critical. Hence, if you use
the hand feed, the lower speeds
are best. However, at the very low
speed of 50 r.p.m., the operation is
slower than hack-sawing. Picking
up a chip and holding it with a
steady feed is the secret of eut-

"ting-off. General fault is too slow
a feed, which should be at least
.0015 in. per rev. in order to hold
a chip in steel with a straight blade
as shown in Fig. 13. If your lathe
does not have a power crossfeed,
use the formula given in Fig. 7 to
determine time required. This will
tell you how fast to turn the croSS-



slide handle to get a sp
A little practice with a
enable you to approxim

Feed angle of blade

10, 11 and 12. In cases where a slight angle
does not matter, this kind of cut can be used
to advantage occasionally in order to pro-
duce a smooth surface.

Chatter and "hogging"; Chatter is caused
by the inability of the cutter to penetrate

the -work and hold the chip. A
fine feed will cause chatter be-
cause the blade does not peng-
trate. If the blade does not
have back rake, it takes a mini-
mum of about .015 in, to pick
up and hotd a chip. On hard
steel and hard, brass, chatter is
present at all feeds if a Straight
blade is used. Therefore the
remedy here is to use a blade
with back rake. This permits
easier penetration and holds a
chip at a slower feed rate than
is the case with a straight blade.
'lHogging" occurs when the
feed is too heavy-when you
try to take a chip that is too
much for the lathe or the tool-
with the result that the lathe
stalls, the work twists out of
the chuck, or the tool breaks.

targe work: Maxirnum diameter for cut-
off work on a small lathe is about 3 in. Do
not project the blade the fuII distance at
the start, but work it out gradually, a quar-
ter of an inch at a time. Cutting a double
groove in order to obtain more clearance
is good practice generally followed in mak-
ing deep cuts. All cuts made in hard and
alsb in- mild steel that has a diameter
greater than 1 in. should be given a lib-

eral application of cutting oil as in Fig. 1.
Special setups: When you are cutting

*aJhers it is a good idea to fit a small rod
inside the hole to catch the finished work
as it is cut free, as shown in Fig. 14. When
cutting-off in the center of a bar, always
support the work at the point of cuttilg
with a steady rest as in Fig. 17, and cradle
the free end in your hand. All cuts over
3 in. from the chuck should be supported
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by bringing up the tail center; after whieh
the stock is turned to not less than t/+ in.
diameter. Then the work is removed from
the lathe and the r/+-in. neck is parted with

a hacksaw. If you want
to eli.minate the small nib,
which forms when work
is cut off with a standard
qtrqight-end blade, use a
blade ground at 65 to 75o
angle as shown in Figs. 15
and L6.

Various metals: Ree-
ommendations for cutting
off various metals are
given in Table No. 2. Use
the constant speed system
specified and you will
quickly get the feel of the
work. You should have

three cut-off blades, BS shown in details
A, B and C below Table 2. When you have
trouble with any cut, reduce the spindle
speed but maintain the feed.

Interchangeable Soldering,Iron Heads Shaped to Suit ]ob

will prevent the trouble.

Anyone who has considerable light sol-
dering workt'to do, such as radio repairing,
will find interchangeable soldering-iron
heads of copper like the ones shown very
convenient. Besides these heads, others
can be made to suit your particular needs.
They can be of irregular shape to get into
hard-to-reach plaees, or they can have two
soldering points for soldering in two posi-
tions at the same time. However, the heads
should not be too long or too slender if a
soldering temperature is to be r,raintained
at the rinds. In preparing a soldering'iron
for the interchangeable heads, unscrew the
original head and slot it as indicated. Then
drill and tap a hole through the head from
opposite sides of the slot for a retaining
screw to hold the interchangeable heads
in place. If possibl,e, it is a good idea to
obtain another head like the original one
for the iron so that it can be used for heavy
work whenever necessary.

Adjustable Gauge for Testing Tapers Has Many LJses in the Shop
Machinists will find this gauge a time-

saver when making or checking tapers,
drills, reamers, etc. - AIso, auto meehinici
will find it handy as a go-and-not-go gauge
for straight cylindrical work. The gauge

(Often slight perspiration on the hands
will cause rusting of polished steel. If you



A RE YOU looking for a bottle-
''l' neck smasher irr' laihe pro-
duction? You may find the answer
in tailstock turrets. The tallstock
turret is not new, but it took a
war, rvith consequent shortage of
standard turret lathes, to prove
that this device was spe"dy and

ft e six-position turret: Besi of
the three turets described in thib
articLe, the six-position turret, as
its name implies, is a revolving
head with six tool ho1es. Each tool
is indexed manually to working
position, and is fed into the work
by means of a hand Lever. A cqr-
responding set of stops at the rear

r/t"-2o x %" socKET.:'
HEAD SETSCREWS

ITAIT NUT

THREADED TO
FIT TATHE

4s/rc"

r/e" xVz'lNDEx PIN

$to".l8 X l" FtlLts
HEAD SCREW

@

1h*-78 THREAD

KEYWAY TO
FIT TATHE

Y-l -6'/j

RAM DIA.
IESS /r"

,T-
s/^t,/6 -

-{-

t\5
Ylu C

TAIL NUT J,\ +t'r

I

\-
IOOL HEAD

3Y4" DlA.

V4''-20 THREAD

INDEX PI.ATE

\ RECESSED FOR
tNDEx PrN @

r/t" x Yz'
PrN (SPRTNG

UNDERNEATH)

3/t6" x l" x 6sZ" lRbN

102

I

URRETS

DIA. SAME AS
TAITSTOCK RAM

. 
CONSTRUCTION OF SIX-POSITION TAILSTOCK TURRET



of the turret controls the depth of feed for
each tool. Construction of- the turret is
shown in Figs. 4 and 5. Starting out, you
make the ram or tailstock spindle first,
making the larger diameter bf this the
garye as the regular tailstock ram on your
Iathe. A new tail nut, threaded to fii the
lathe and bored 7/+ in. less than the full
diameter of the ram, Fig. 2, is next, fol-
lowed by the tool-head and stop-rod index
plates. The rear of the lowef portion of
the tool head is flattened to furniJh a neater
and more substantial joint with the ram
spindle. The flattening job can be done by
r_outing gnd grinding on a drill press with
the work held at the required -angle in a
vise (n, the drill table is tilted). fn the
same working position, the hole for the
ram thread is drilled and the tap started,
as shown in Fig. 3. The tool head fs finisheai
complete
drilling of
tion and is
which the
work. Fig. 1 shows the operation. ft can
be seen that absolute accuracy is assured.

The stop-rod device consists of two plates.
One of these carries the six stop rods, and
the other is fastened to the rear face of
the tail nut, as can be seen in Fig. 5. The
position of the two flat-head machine
screws used for mounting should be fig-
ured closely, os the hole for the index pin
will be drilled between them later.'Actua1
indexing of both stop rods and the tool
head is controlled by a, hardened steel pin
uhder spring pressure, which engages in
conical recesses in the tool-head top and
index plate. The feed mechanism is a sim-
ple arrangement of levers, permitting a
feed of about ST/z in. The short,lever should
be positioned to ride on the tail nut, which
supplies a support. The endpiece of the
ram is held in place by a setscrew, and is
drilled to slide over the-uppermost stop rod.

Typical setups: A typicatr setup using"the
six-position turret is shown in Figs. 6 and
7. Fig. B shows the job-a plain brass bush-
ing with recessed ends to take packing
rings. Preparatory to turning, the f-in. bar
stoek used is 'sawed to' Ien$th, allowing
about 7/ta it:.. for trimming. Then the work
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is chucked in a three-jaw chuck,
and the various tools i.n the turret
head are brought into play in suc-
cession to comple
shape. Turret pos
repeat on the opp
rvork after rechucking. The turret
head is released for eich new sta-
tio! by releasing the clamp handle
and then rotating the tool head until the
index pin cli.cks into position. The corre-
sponding stop rod is indexed rvith a flip
of the fingers

Figs, _9, 10 a her simple
set:up. In this aluminr,lnn
guide post as Bar stock

four of the operations e
r,vorked from a four-pos
ret. Placement of this d
ous cuts shor-tld be controlled b5, swinging
stop links. clamped to the lathl bed lrrd
cross slide.

mum feed. Thus, if the maximum feed is
31/z in. and the feed required _for turret
position No. 2 is
No. 2 station on
Column 5 shows
marked the lengt
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in the setup, as'measured from the face of
the turret to the end of the tc;ol. From this
4grr" (6 in. in this case) are subtracted th;
figures in column 4. The result in each

and Inaxlmum length. Altogether, this
sounds a bit complicated, but v"u wiil find
it quite simple and a real timesaver in
making setups. Obviously, if fittings al-
ready available show short on two or more

in a qolid bushing"
FoUr-position turret.: The four-position

turret is a simple device with less scope
than the six*po"ltion tu-rret, but neverth;-
less a good accessory. As shown in Figs.
13 and L4, it is fitted with a trMorse taper
shank and is mounted and rn orked in ifre
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regular lathe tailstock. However, it is apparent that
the same turret could be used with the same feed
mechanism previously described for the six-position
turret. In making this turret, the eenter hole for
the stud is drilled first, after which the two plates
can be mounted on the stud and turned, Fig. 1f. The

post turret is brought into action, the work
meanwfrile being supported by a spinning
center mounted in the turret.

Duplex semi-turret: The duplex semi-

stationary by hand, the tap can be fed into
the work by pushing the tailstock. After cut-
ti+g to depth, the spinning center is released,
alX.owing the tap to spin with the work. Then

the spindle is reversed to back the tap
out of the hole- .This method is practieal
on brass and aluminum; steel, too, when
the tap is not oVer 1/+ rn.diameter. With
a-suitable bushing holder, the same set-
up cah be used for small dies.
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@ rernr sET up
AS HAND-SCREW
MACI.{INE

HE automatic screw machine, original-
I Iy nothing more than an automatie.

turret lathe, was first used, as its name'
implies, for making scre\ /s. However,,
after: numerous improvements, this firo,-
chine has become a complex multiple-,
spindle lathe used for producing amazing
quantities of small turned parts of various
sizes and shapes with a high degree of
uniform accuracy and at a minimum cost.'
While some simple parts shown in Fig. 6,
whlch require only a few operations, can
be produced at the rate of 6,000 an hour,
other parts requiring more operations m?y

matically fed to the cutting tools \ rffih
perform various operations on
in sequence. Speeds and feeds
ting tools to obtain economica

't26
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each tool returns to its starting position
and the work-spindle carrier or-Gad ro-
tates so that ea-ch bar of stock is br.ought

spindle serew machlhe a piece of finished
work is dropped off with each change of

indexing of the spindle carri
or eight pieces in a complete ro-
tation. FiS. 1 shorvs a battery of
six-spindle autonlatics while
Fig. 5 shows how fi.nished parts
"ro11 off" such a machine in pro-
digious quantities. Generally the
parts are produeed with p^ aver-
age tolerance of from thiee to
five one-thousandths inch, 'but
for high-precision work it is pos-
sible to work within limits of
two to five ten-thousandths inch.

Turret-fitted lathe: Fig, 2
shows a small engine lathe
equipped with a turret, which is
the forerunner of the pres_elt
screw machine. This setup dif-
fers fSom a regular turret lathe
in that bar stock for the former

is inserted through the headstock and is
gripped securely by means of a spring col-
let. Regular turret-lathe work applies to
the machining of blanks already cut off
from large-diameter stock, or else forgings

.cutting and tapping attachments are re-

,2V



quired they are bolted to the verticatr sec-
tion of the bed. While this type of machine
is limited to srnall-diameter bars, the ma-
chining and stock-feeding cycle is fultry
automatic, each individual tool being tlmed
to take a particular cut. Once the machine
has been set up to requirennents, altr the
operator has to do is to insert the stock"

Arrangement and operation of multiple-
spindle autonnatics: The number of spin-
dles (4, 6 or 8) on an automatic screw ma-
chine limits the diameter of bars that the
machine will accommodate. A 4-spindle
machine takes bar stock 7/a to 43il+ in. in

to -BVz iR.,
Ihe ma-

i#i*I}}*:
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ing Fig. 7, which shorn s the rear view of a
six-spindle screw machine, note particu-
larly the location of the end-too1 slide, 8.
Its relation to the side tooling zotae is
shown in Fig. 8. A and B are upper side
tool slides, C and D are lowers and E and F
are intermediates. Tool slides A, E and C
function from the front side of the machine

t



while B, F and D function frotn
the rear. The spindle locations
are referred to as working posi-
tions and are indicated numeri-
eally from 1 to 6 in Fig. 8. Spin-
dles revolve to the left or coun-
terclockwise as viewed from the
rear end of the machine. They
are driven by gears on each spin-
dle from a central gear on the
drive shaft which runs the entire
length of the machine, passing
through the spindle carrier and
its stem.

Bars are loaded into each spin-
dle after indexing the above as-
sembly to No. tr- position. Auto-
matic feeding takes place at the
No. 6 position. Then the spindle
carrier indexes by steps to bring
the bar of stock in each spindle
successively into line with the
various tools held on the end and
side toolslides. The indexing oc-
curs when all cutting tools have been
withdrawn from the work.

Drilling, re,aming, c o unterb o rin g,
screw-cutting and tapping operations,
including all customar5r turning opera-
tions, ,are done from the end tool slide.
Provisions are made for the use of die
heads and collapsing taps. High-speed
drilling attachments also are used reg-
ularly and in this case some of the spin-
dles are idled by means of a stopping
mechanism. Slotting and iross-milling
are operations frequently executed in
these machines.. Alt peripheral speeds,
timing, depth of cut and amount of feed
for each cutting tool are dependent on a
network of gear combinations and cams
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formi n, wn
being A d a
finish fr uI-
taneously to avoid retarding other cuts
of the cycle. As forming tools are in-
tended for quantity production, a mas-
ter tool is made nrJt and the working
tools are duplicated as needeC. In some

cases, as shown in Fig. 12, the outtrine of a
dovetail tool is produced by grinding on a
straight surface after the tool has been oth-
erwise machined and hardened. This ap-
plies to a form where the deepest section-is
less than 3/te trt. Fig. L3 shor,vs the cutting
edge of a carbide-tipped circular forming
tool being sharpened on a di.amond-
impregnated, hortzontally-operated disk.
A iarge number of carbide-tipped cutting
tools like the one shown in Fi g. L4 are used
with screw machines. There are various
grades of tips to suit different cuts and ma-
terials, and as a safeguard against using the
wrong tool, tips are available in different
colors. After brazing the tip to the body,
the color shown in A is painted on the bod5,
at B to assure selecting the proper tooJ
once the color on the tip is ground off.distributed all over the machine.

For example, refer to Fig. 9 where
the drum relatedto the rear lorver
slide has been pulled from the pi-
lot shaft to adjdst the cam that witt
control that particular,cutting tool.

Tooling requirements: One ad-
vantage of a multiple-spindle olt-
tomatic is the possibility of divid-
ing long cuts betrveen two or more'
operations, thus reducing the time
the tools are at work for each ma-
chining cycle. For example, one
tool can be placed behind another
in the same T-slot of the end tool
slide to perform operations on
long work such as drilling and
turning at the same time and in the
same spindle position. When the
design of a piece involves numer-
ous operations, they can be divid-
ed bet\Meen the end and the side
tool. slides, and may include both
roughing and finishing tools in
su.ccessive positions so they work
on Cifferent bars simultaneously.

All types of lathe cutting tools
are used in screw rnachines with
no change in grinding require-
ments. Ifowever, with multiple-
spindle. production, dovetail and
circular forming tools predomi-
nate as* they reproduce an external
outline which would otherwise
require several cuts with different
tools. Typical examples of dove-
tail and circular tools are shown
in Fig. 10. Fig. 11 shows how these
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Forming too}s require an assort-
ment of tool hoiders such as
sholvn

Setti -spindtre auto-
matic: teries of these
machines are operated, a nurn-
ber of units are assigned to a
set-up man especi"ally trained
for this work only after 5rears of
operating experience. A good
set-up man" is a combination
toolmaker and machinist who is
versatile in too]. and machine
eonstruction. In rnost screw-
machine shops it i for
the engineering to

@ MAsTER coLLET

MASTER PUSHER

provide a drarn ing of each paqt to be ma-
chined and its dimensions. AIso specified
are the spindl.e speed for the job ln revo-
lutions and surface feet per mlnute, the
related gearing, feed change gears, earn ad-
justments besides all tool holders, cutting
tools and" other requisites with their re-
spective position in the tooling zone. This
information i"s of great assistance not
only to the set-up man, but aLso to the
operator.

The primary step is to fit and adjust the
six collets and pushers that a.utomatlcally
grip and feed the bars. Rather than use
plain cotrlets it is most economical to select
a master type collet as shown in d"etaIl A
of Fig. 17, in which case it is or:Iy necessary
to change pads and the same collet can
serve for vari"ous sizes of bar stock. As coI-
lets only chuck the work, master pusleers
shown in detail" B advance the bar after
each index and at the 6th or "loading" posi-
tion. Pushers, often called feeding fingers,
grip the bar just enough to carry lt the re-
quired distance. To fit pushers or the push-
er pads
one at a
of Fig" L

is a spool bushing which is used on the
end of all pusher tubes. :

To change collets, each spindle must be
indexed to the Lst position. The finger
holder is released with the hand chucking
Iever H in Eig. 1-8, and the nut collar C-Lz
is serewed off to pull the tube through the
spindle nose far enough to remove the col-
let thereon and substitute one of required
size. The next step consists of installing
all spindle-speed and feed-change gears as
specified in the instruction sheet. The cam
T on the stock-feeding drum D-4 is set to
regulate the advance oJ each bar at the 6th
position. E-12 is the aligning disk and E-13
the guard disk also shown in Fig. 16. FiS.
19 shows how the stock-feeding slide is lo-
cated on the high point of the cam T of
Fig. 18. The high point of the cam is put in
line with roller E-10 of Fig. 19. This is
accomplished by loosening screw E-11 and
pushing the aligning disk E-Lz and the
stock-feeding ring E-2 forward. Then the
various side-slide and end-slide cams are
adjusted according to instructions. The
speed at which the cams revolve and their
contour govern the timing and &pth of
cut for each position. FiS. 20 shows setting
the cam on the end tool slide drum.

As previously stated and shown in Fig. 8,
loading is done at the 6th position. This is
where each bar is advanced by a pusher.
The first side and end" cuts therefore take
place at this position and the second cuts
are made at the 1st position, and so olr.
Once the cycle is in order and the machin-
ing is being started at the 6th position, a
compLeted piece is cut off the bar at the
5th position although it was actually corn-
ptretefl at the 4thposition. Fifteen or twen-
ty simultaneous operations often occur
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O-ESTON OF PART

during the cycle which might consume bu/
a few seconds. As a typical example, takt
the part shown in Fig. 21. This item re-
quired 45 pieces of tooling such as collets,
pushersl s_po_ol bushings, cutting tools, rests
and toul holders. ced it the
rate of 336 pieces 6 6tfr posi-
tion, the pirt is at A^ and
spot-drilled at B. At the lst position it is
flnish-formed at- E, faced at e and partly
drilled at D; at the Znd position it is drilled
thrgugh at F. At the 3rd position, shaving
tool G smooths the :uts A arrd d while ;
combination counterbore-reamer H goes to
work. In the 4th positicn the part is being
tapped (I) about t/+ in. deep and in the 5t[
position it is -cut off (J). ' With screwi
machine production, it is important that
both the work and cutting tools be kept
flooded with hish qr,rality coolants.

I st POSITION (FRONT)

POStTtON

TOOI REOUISITION

6-1" dio. round collets
6-1" dio. round pushers
6-l" dio. round spool bushings

l-D.D. cir. form tool holder
I -Circulor forming tool
1-1" dio. drill
I-Diill bushing

I-Doveloil form tool holder
I-Doveloil forming tool
1-47/61" drill
I-Drill bushing
l -Knee turner

I -High-speed drilling ottoch.
I-Drive unit
\-Vz" drill
I-Drill bushing

1-shoving fixture
I -Shoving tool,
I-Roll rest
l-Combined reomer ond

counterbore
I-Floating bushing

I -Universol threoding ottoch.
l-Releosing fype rop holder
l-13/16"-21top
l-Leod com
I-Guord com
I-Relurn com
l-Bushing

l-Cuioff tool holder
l-Cutoff tool

J
SIDE

TO-Ot

END n
TOOL.-

6rh POSTTIoN

3rd POSITIONT(FRONT)

l4rh POStilON :(REAR)

AR



Grinding AngLes of Too[ Bits Set by Lathe Jig
Mounted on the compeund rest

of a lathe, this attachment or jig
provides a means of setting a tool
bit at an accurate angle for grind-
ing. 'Construction is shown in Fig.
3. The rotating spindle is small
enough so. that it can be chucked
directly in the tool post for cutting
the'tool-bit slot, Fig. 4. Clamping
of the rotating spindle. is done by
a split bushing to prevent marring
from diiect contact of the set-

bea
ona
eby

base block. In use, the bit
is clamped in the holder
and then it is set by means
of the protractor scale
and the compound scale
so that the edge to be
ground will be in pro_per
contact with the grinding
wheel as in Fig.-l. The
preferable grinding wheel
is the recessed type, but
a plain wheel will do.
Wheel speed need not be ,

over 1060 r.p.m. with a ii
a:

Y4" x Y4" sLoT
(Slightly Oversize)

-dEL

Y4" - 20
SETSCREW

4-in. wheel. Fast cutting
is obtained by feeding
the bit in with the lathe
cross slide, taking off a
small bite at a time until
the full shape is obtainqd.
Do this carefully so that
you do not remove too
much metal before you
realize it. Angle settings
can be obtained from any
lathe-bit chart, four of
the more common bit
shapes being shown in
Fig. 5.

HOLE FOR
MOUNTING

POINTER
stti otl,.

ON BACK

END VIEW AS
SEEN BY RIGHT HAND

TURNING

SIDE OF BIT DOWN .

COMPOUND SETTING

7s" PIN

ANGTE SETTINGS FOR TOOI BITS

A B c A B c A B A B c D

I 4 !rS
6fl

u-

I 3 2 I 3 I 3 2 t
T5
6u

IT

45o R 62o R 2go R 26o R 0 26o R 53o R' l4o R r4 oR 15" R

SCALE SETTING
'22",R

00 l3q R loo L l2o I l7o R 3oo L I3o R l3o I oo

BorH scAtE sErTtNGs ARE DtREcr nilotno, STARTING AT zERo. compouND swtNc ls swtNc oF HANDTE

r3y



_t
asive opera-
edetermined

er than size tolerance. The ,11il;=""'*1;
be a complete operation to ,obtain a final
finish or it may
nickel or chrom
ing is closely r
both operations,require manufactured ab-
rasives as a cutting agent. ,

Polishing wheels, such as the one in Fig.
5 where an airplane connecting rod is being
finished,. consist of wheels bui[t, up from
layers of felt, eanvas; sheepskin, walrus or
other kind of leather either glued or sewed
together'. Un-tike grinding;wheels, polish-
ing wheels are flexible and are classified,els
hald, medium and soft, depending on the
delgree of flexibility which is determined
by the,ffroterial of which they consist and
the method used in binding the layers to-
gether. Polishing wheels are available in a
sOmi-fini

their
where
rasive to the periphery of the wheel is

I
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POTISHING OPERATIONS

Pstt or
Moteriol First Second Third" Fourth

. Alumlnurn
Costings 60-80 I20-r 80 Buff

' Aluminvm
l'Shb"ts 120 Buff

"Band-Sow Steel
qnd Similor Stock 60-80 I20rl50

Brqss
Cestings

60-80
Wirh Oil

150-180
With Oil

Bross
Sheets

r80-220 Buff

6
Hommer Heods 46-60 100-120

Knives-Toble
ond Steel Blodes 80-90 r 20-150

Monel-Metol
Costings 80 120 r50

"Monel-Metqt

Sheetq
180

180
Wirh o

220
Wirh O Buff

ABRASIVE

@ DRoPs oF
WATER

Plow Discs 30-46 70.94

Shovels 36-46 120

Sheors
Tinsmith 46 60 120-r 50 r80

-Stoinless Steel
Miiroi iinith 60-80 t 00-120

150
With Oil

220
wiih oil

. Stoinless $teel
-Coimnrerciol Finish 80- 100

r20.,
With Oil

150

Wrenches 30-46
120

With O

[ensei:-Eye Gloss
ond Telescopic

Optitot
Flour Rouge



ealled 'lsetting:up" and the thickness of
this application is referred to as "wheel
head:" The ab,rasive grain generally is
aluminum oxide and varies in size to
rneet finish specially
selected an s used to
hold the gr

Most polishing wheels are mounted
ones
bas
arly

iently on an end.Iess leather or ."I?:;
belt as in Fig. 2, which is coated with
abrasive grains in the same manner as
polishing wheels.

Seleetion of abrasive grain: The alu-
minum-oxide grain must be of the high-
est quality, must be extremely hard,
tough and uniform in structure
size and shape. All these proper-
ties are important because there
are various grades of finishes, ob- 

:tained by as many as fi.ve consecu;-
tive operations. Often a different

Photos by courtesv of Norton Co.

100 and up to 240. From 240 to 600 the
grain is fine, extra-fine and super-fine
flour. Fig. 4 gives a,table of general rec-
ommendations regarding grain size for
polishing operations on vaiious materials
and jobs.

Selectin$; ?pd prep3r.ing: glue: For maxi-
polishing stage from rough to fina1 finish.'\Mhen selecting the type of grain, its rate
of capillarity or how fast it will absorb
water is an important consideration. fn

si.zes of grain vary from coarse to fine and
&re. knorvn by numbers such as 24, 46, 7A,

seleeung apd prepart
mum resulti it is advii

rd preparrng glue: .E'or maxl-
it is advisable to use a. good

grade of animal hide glue as an adhesive.
Bone, fish or cold glue'S'are not suitable for-
this purpose. The glue and water should
be mixed by weight accurately to eliminate
any guesswork. It should be freshly made
and used within 3 hrs. Fig. 7 gives size of
grain and. corresponding percentage of glue
and water to u.se. The glue is soaked in
cold water for some time to make it dis-
solve more readily when heated:' Ground
glue should soak from 1to 2 hrs., flake glue
from 6 to 8 hrs. and cake glue frorn L2 to
L4 hrs. To,me1t the g1r9, a-water-jaqketed
glue pot is recommended. The correct tem-
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perature of the mix-
ture, abrasive and

be ex-
is high-
There-

fcre, be suie to use a
thermometer in the
glue pot whether or
not the heater has a
thermostatic control.

Using correct type
of wheel: For best re-
sults, the use of the
correct tvne of wheel is_just as important as the

abrasivg g1ain. ihe sewed"t"nvri *fr""i
ge,nqrally for severe and not too impor-tant polishirrg. opeTations when the gi.ri; ;ir"

ranges from 24 {o 46.
The disk canvas wheel is also a heavy-duty

180
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the same temperature, the glue,should
be heated to 160 degrees F. While small
wheels may be held by hand while ap-
plSring the glue as in Fig. 9, larger
wheels should be mounted as shown in
Fig. 11. After applying the g1ue, the
wheel is rolled in a trough containing
a sufficient quantity of abrasive grain
as in Figs. 10 and 13, which illustrate
troughs for small and large wheels re-
spectively. Rotr ling should proceed
evenly so the wheel will pick up a1l
grains it can ho1d, and as quickly as
possible for maximum adhesive .:esults.
In setting up wheels, some experts pre-
fer preheating the grain and the cloth
wheels to 100 or L20 degrees F., and
then applying the glue at 140 degrees,
the idea being, that the grain will pene-
trate the glue more readily, and as a

of grains for a workable consistency. When
coarse grains are used. for severe polishing
jobs, they should be pressed in with a ro11-
er. In this case it is advisable to give the
betrt .a sizing eoat consisting of rirater; 8
parts' and glue, 1 part. Frequently, finer

alrq.sive grains are sprinl$ed on the belt
afJer painting it with g1ue. Fig. 12 shows
what is known as the centerlesi method of '

hide glue is known to take on or give off
moistiire, depending on the humidity. This

whe
and
La

ned.
drying temperature
F., and. the relative

conditions one - c o.t #ffi *tr"t*fl ,ffil
hrs. and two-coat wheels in 48 hrS. Factors
that govern drying time are thickness of
wheel head, strength of the glue and size
of the grain. Generally, the thicker the
wheel head, which indicates the num-ber of
coats, the longer will be the dryinft time
required. One method of determining
whether a wheel head is sufficiently dry,
is to hit it with a round sleel bar held at
about 45 degrees as shown in Fig. 18, and
observe how readily cracks appear. This
should be done around the wheel entirely
and then repe
forrn 'a serips
wheel gives a
ing in a com

l8r



action; Fina1 step is to dress the edge
with a piece of broken grinding wheel.

Balanced wheels important: Material
for polishing wheels iimachine-cut and
the hole is made, suffi.ciently large for
the use of ,, a b ing, oth"erwisl the
vrheels would lack the necessary sup-
port when placed on a spindle; The hole' in the bushing should provide for a good
fit on the spindle to keep the wheel in
proper balance. Polishing wheels, like
grinding wheels, require a collar on each
side, the diameter of the collar depend-
ing on the diameter and type of wheel"

Once a polishing wheel is worn, the
o1d grain and glue must be removed
with an abrasive stick and the wheel
should be trued,'which can be done with
the end of an old fiIe, before taking the

E

l

(i0) fnoroR srzEs FoR PoLrsHrNG\/
AND BUFFING

Diomeler of wheels Horsepower
inches required

6tA
l0 I
122
t1 3

Wheel speed: Before operating a wheel, the
operator should check up pulley relation and
adjust the guard. Assuming that the spindle

' berarings are in first-class condition and that the
wheel is in perfeet balance, the next step is to
determine its vibration points. If a good job of
setting-up
strongly b
a higher s
wheel head. With very good equipment, wheels
should be operated at about 7500 surface feet
per minute (sf.p.m.) for best polishing results.
Ifowever, for general econoffiyr some polishers



polishing wheel should always ro-
tate in the same direction. An
arrow painted on one side will
serve as a reminder when the
wheel is put on a spindle. 'Work is
pulled upward against a wheel as

and thrown with dangerous force. The
same risk is incurred when the wheel is
"wedged' portion of the rvork
as shown

Where hing operations are
to be don , wheelt of the same
diameter different abrasive

Conelike polishing points of similar spiral
design also are available.

Greasing the wheels with oil or tallow
will prevent loading. This is recommended
to buff or finish aluminum sheets and all
wheels required to polish aluminum and
brass castings. Buffing operations are usu-
qlly performed by skilled operators. Satin
finishes are obtained on biass by a first
operation called "cutting down" and a col-
oring agent is used. for second buffing."

When a large quantity of identical ir-

old fiIe ground with a clearance and cor-
ners slightly rounded. The wheel will re-
quire a certairi'amount of dressing after
s-etting up to fit the'surface to be po"lished.

Metal Pattern
To Hold It

To'f acilitate
holding a small
rnetal pattern on
work to be
marked, one
worker indents a
section of the pat-
tern with a priek-
punch t o make
several s I i g h t,
sharp elevations.
The pattern may
thus be held with
the fingertips.

Is Prick,Punched
Easily in Place

5000

*Q
5
_"{

o-t* 
3(

u)z
o

L-
5
\, Iol
i 2ooo

r83



Ys" PLYWOOD

GOUGE
SLIP

ROUND.EDGE
SLIP

Y4" PLYWOOD

, AUGER BIT STONE
...,

SOFT ARKANSAS POCKET STONE

By Scrm Brown

I TNLESS there are nicks in the cutting edge,
lJ iltr not necess ary to grind a tool each tirne to

sharpen it. Once ground, ory tool can be kept',
razor sharp for many hours of use by' frequent,
light honing. The right stone to use in honing
depends upon the type of tool and its purpose.
Grass and bread knives cut, best if honed on a
coarse stone, while most other tools require hon-
ing on a medium or fine stone to prevent the
edge from tearing the work and to hold up under
cutting pressure.

Artificial abrasives, aluminum oxide and sil-
icon carbide, are gradually replacing flatural'or
mined stones for honing tools. Aluminum oxide
is of the same physical structure as natural co:
rundum and is often called "India." In this coun-
try, Arkansas is about the only natural oilstone

tr NATuRAL sroNEs

HARD ARKANSAS - finest grit
of oll noturql 'stones. Excellent
for. oll deliccrte cutting edges

SOFT ARKANSAS - sofier ond
more porous thqn hqrd Arkqn-
sos but cuts considerobly foster

lltY-WHITE WASHITA-o sofl
but fost-cutting stone with
good bite. Besi for corpenlers

7 OPENING

i Ig_su-!Ii stze oF

BOTTOM

40

HARD ARKANSAS

S.TRAIIFICATION OF NOVACUTIIE
Cour tesy Behr-Manning

I

KNIFE SHARPENERS

UTIT]TY FIIE

SCYTHESIONE

HONE TOOLS



Above, new slone
should be soaked in
oil before using ond
then olwoys used
with oil to prevenl
weoring unevenly

Righr, if continued
use produces hollow
in the slone, rub the
slone on - sniooth
gloss, using silicon
cqrbide crnd wqler

of eommercial importance. This stone is
mineral novaculite, and is largely com-
posed of silica. The stratification of novac-
ulite, Fig. 4, runs from hard Arkansas to
soft and then grades off to the still softer
and rnore porous lily-white Washita, Fig.
5. First-grade Washita is- the same as,lily-
whiter,but is not graded for color.

The bench oilstone: The' conventional
combination coarse-fine oilstone is widely
used in sharpening rnost straightedge tools
in the home shop, although Fig. 1 shows
several other shapes which are recom-
mended for honing special tools. The cor-fi-
bination oilstone usually consists of either
aluminum oxide or silicon carbide. Artifi-
cial stones are graded coarse, medium and
fine-150, 249 or 320 abrasive grains per
ineh. Natural stones are not graded by grit

ARTIF]CIAI STONES

size, but by the variety of stone itself. Hard
Arkansas, for example, is of both hard and
fine texture, whereas soft Arkansas is soft
and coarse. The soft stones cut faster but
produce a coarse edge. Certain species of
fine sandstone, such as Queer Creek and
Hindustan, possess this feature to a
marked degree and are used extensively
for sharpening scythes and other tools re-
quiring a coarse edge.

The bench oilstone should be kept in a
box such as shown in Fig. 2. If the stone
has not been preoiled, it should be soaked
overnight in a mixture of oil, 1 part, and
kerosene, 1 part, Fig. 6. In use, the stone
should be worn down uniformly to prevent
the formation of a hollow. However, should
the stone become hollowed, it should be
rubbed flat on a piece of glass, Fig. 7, using

tr TYPES oF GRrrs

SITICON CARBIDE
Hordest obrclsive mqde.
Cuts fqst with light pres-
sure, but breoks down
under o heovy pressure

ALUMINUM OXIDE
Physicolly the sqme os
noturol corundum, hence
often colled "lndio." lt
is fost-cuiting oilstone

COARSE.FINE
All oilsrones con be ob-
toined in q combinotion
of two stones. Coorse-
fine is most widely used

MEDlUM
The stondord ,grits in or-
tificial oilstones qre:
coqrse, medium ond fine'.
Combinotion type is besi

4t

WITH THE RIGHT STONE



Tips on sharpening a Variety of Tools

KNIFE (first method)
This rype of shorpener is coqrse-
fine, cuts fqst with little pres-
sure ond requires no oil. Stort
the initiql stroke q's shown, putrl-
ing ihe knife down smortly from
heel to tip. Repeot on other side

GOUGE (continued)
Wire edge from previous operq-
tion is removed by honing with
round-edge. Use oil, hold sione
flqt on tool. Hollow sione is used
to hone gouge hoving outside
bevel lo help keep proper bevel

moRflstNc cHrsEr
lf you ore unoble to obtoin o
stone of the correci cone shope
for shqrpening q mortising chisel,
turn o wooden cone ond cover it
with silicon-corbide poper. Apply
oil ond run lothe ot slow speed

12

KNIFE (second merhod)
Slone is fine-grit silicon cqrbide,
excellent for shorpening stoinless
steel. Honing is done dry or with
wqter lubricont. Use little circu-
lor strokes, os indicoted, working
stone on one side, then on other

DRAWKNIFE
Use o scythestone or o flot slone
of coorse grit. Stroke up or down
or round ond round. Wolch bevel
by sighting ond use stone dry or
wet. Sqme iechnique is used to
shorpen blode of scythe or sickle

TATHE rOOt BlrS
Although hoving blunt edges,
lothe bits will stond up much
longer if honed lo q medium or
fine edge. lf tool is corbide
tipped, use silicon-corbide stone.
Mount stqne in chuck of iigsow

GOUGE

Use flof side of round-edge slip
or surfoce of bench stone, Apply
oil, then hold gouge steody ond
move stone up ond down, qt some
time slowly rototing gouge. Cleor
view of beve! is hod qt oll times

JOINTER
Hone iointer knives by wropping
bench slone in poper to prevenl
morking tqble. Wedge pulley to
hold cutterheod steody, Use oil
ond hone lighily. Use coorse side
of stone fi'rst if blodes qre dull

SHAPER CUTTERS

Use coorse, then fine side of ,

bench stone. Hone only on flqt
side 6f cutter. Give bevel o light
poring stroke wiih shorpenin6'
stick to remove wire edge. Mold'.
ing cutlers ore honed the some'

T
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I

l. Chisel hqs been newly ground
on 60-grit wheel, so honing stqrls
on coorse side of stone. Apply o
few dropg of light oil beforehqnd

1. To remove finol b0rr og' wire
edge, hone the chisel on Bolm of
hond, stroking ,owqy. flom .edge.
This.bends a1d breqks wire e.dge

2. Ho[d chisel with heel slightly
qbove slone, os shown in the
side view. Slroke chisel bock
ond forlh using medium pressure

5. Velvety smooth,ness, provided
previous steps hqve been done
pioperly, is obtoined by stropping
chisel 6n smooth piece of leether

3. Alternote operotions 2 ond 3
until edge shows shorp with mini-
mum of burr or wire edge. Repeot
sqme steps on fine side of stone

6. Test on your thumbnoil - if
chisel is shorp, it will bite in;
if nol, it will slide off. Moke
this lest qlso qt end of step 3

80-grit silicon-carbide grains and water as ticles dry on it, as this will form a g1aze.
a lubricant. Silica sand also can be used Kinds of edges: 'When magnified, any
to dress a holldwed stone. edge will show as a series of iharp "moun-

e of the

H"*,Eil
but it is

ever, to hone against the edge of the tool' r""y coarse. Honing on the, coarse side of
whenever possible to hold burring to a an oilstone gives an ordinary coarse edge,
minimum. Always use oil but avoid charg- which then can be brought to any degrie
ing the stoae with anything heavy or gum- of fineness by honing on the fine sider

Ho
10 sh
ehise
well

leather
ide u0.
'hqning

,, j 
,

House,hold lye Distinguishes Aluminum Stock From Sinhiiqi Merqls

or clothing..,Also, flush the drain thorough-
Thera, file'or cut a few.ehips from,the stock ly after disposin!.of th6: bolution. - , , I :.,
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BV tl0/dll Thunaa

These clamps are so designed that they drop
into the slots in the drill-press table and can
be tightened in a jiffv. They are especially
handy when doing close work because it's
never necessary to remove nuts and washers
from bolts that project under the table. As you
see in Fig. 1, the individual clamps can be set
in various positions to hold work which is ir-
regular in shape. Fig. 2 details one unit, and
you can make as meny as you need by simply
duplicating parts and operations. To make du-
plicate clamps, chuck tl/z-in. round cold-roIIed
stock off-center as in Fig. 4, carrying the outer
end of the piece on the tail center. Turn to the
dimensions given in Fig. 2 and you have four
cam shapes as in Fig. 4. Saw these apart, then
drill and tap for the clamping bolts, Fig. 3. The
rectangular-shaped nuts, Fig" 2, are cut from
3{e-in. flat steel and finished by filing. Be sure
that the nuts slip through the table slots. Drill
and tap nuts exactly in the center so that strain
is equalized when the bolts are tightened. Clomps qlso con be used on tl milling mochine

or lqthe faceplote to hold irregulor-shoped work



pRODUC_ING 
- 
accurate Bv H. J. Chomberlqnd they are increased by the

-r work_ efficiently with a wider cut being taken with a
horizontal-spindle milling machine re- shellendmill.\[hereanum6."ofdifierent
qures acc
the work
These are
ing forces
moving m in Fig. 7, irrust be blocked at the bottom to
forces cre align the work accurately and prevdnt dis-
chatter, the worst enemy of ma_ehining., tortion due to clamping.-Machining forces

Maximurn rigidity is attained when the are reduced to a minimum when the milt-
table and the cutter are as close to the ing machine is used, as in Fig: 4, to lay out
frame of the machine as possible. Before and center-drill holes that ar-e t6 be diilled
clamping the w_ork to the table, the arbor, and bored later. Nevertheless, the high de-
which is the "heart" of the milling ma- gree of accuracy involved still makes
chine, should be tested for ruhout with a clamping a major factor.
dial indieator fasteried to the table as in The milling vise, shown in use for con-
Fig. 1. Runout, which is the difference in tour efficient
parallelism between the arbor and the ta- meth ork. The
ble and w-ay-s, should tot exceed .002 in. A base ling-ma-
runout of .005 or .006 in. increases with
higher spindle speed and, if permitteil to
exiSt, rwill ruin the arbor and its support
bearing, shorten cutter life and result in
poor work. Arbor runout is due to various
causes, such as a bent arbor, resulting
from taking excessively deep cuts or too
fast a feed, wear in the arbor-support bear-
ing and burrs on-plhe arbor shank or in the
tapered bore of the spindle. When making
a cutter assembly, the arbor support
should be positioned before tighteniira the
arbor nut. If the arbor was true when test-
ed with the dial indieator and the cutter is
untrue after assernbly, check betweeq the
collars for chips or dirt. If the cutter runs
out radially, its bore is larger thah the di-
ameter of the arbor. The bearing in' the
arm support must be kept well-lu6ricated.
When the arbor is removed, it should be
cleaned thoroughly and when not in use it
should be wrapped in cloth and placed'in a
drawer or cabinet.

Accessories for clamping the work corr-

correct and incorrect locations of the
T-slot bolt in relation to the work are
shown in Fig; 3. The casting being rna-
chined internally with an end mill in Fig. 2
presents no clamping problem, as the flat
surfaces of the casting rest on the table
and the T-slot bolt projects through a hole
in the work. The comparatively larger
casting in Fig. 5, also being machined in-
ternally, is clamped at each end with a
T-slot bolt and blocks. Milling forces in
this case are much less than in F1g. G where
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Above, o diol indicqtor is used to test qccurqcy of
mil'ling-mqchine qrbor. Below, only one T-stof bolt
is needed to hold smqll cosring in ploce on rqble



ehine table and the work is held between
the vise jaws. Many such vises are
equipped with a graduated swivel base
which permits the work to be set at any
angle to the table ways.

Two types of indexing equipment are in
general use. These are the rotary indexing
table, Fig. 11, and indexing heads, or een-
ters, Figs. 9 and 13. The rotary indexing
table is used for cutting straight or circular
slots and grooves in flat work, usually cir-
cular in shape. The base of the indexing
table is bolted to the milling-machine ta-
ble and the work is clamped to the index-
ing tab1e, which can be rotated and locked

Lorge costings, os shown qbove qnd below, musl be
clomped down ot eqch end. See Fig. 3 for the correcf
position of T-slol bolt in relotion to the workpiece

Above, irregulorly shoped work is blocked qt bollom.
Below, milling-mqchine vise, which is bolted to top
of toble, is used to hold work for contour milling

2



Above, work is clomped to q rotory indexing tqble
which is bolted to milling mqchine. Below, geqr is
used io position work held between indexing centers

, Accurqle spocing for milling the teeth of qn
ongulor culler is qccomplished by mounring the
work in q chuck fqstened to qn indexing cenler
which, in lurn, is bolred lo on indexing lqble.
Angulor cutler is then heqt-treqted ond ground

in place at the desired position. Indexing
centers, which resemble the head and tail-
stock assemblies of a lathe, are used to po-
sition work, ordinarily cylindrical in form,
for machining equally spaced grooves or
surfaces across the periphery of the work.
Milling splines on a shaft, as in Fig. 13, and
making a gear, as in Fig. 18, are good ex-
amples., The method of indexing or posi-
tioning the work varies with the type of
centers used. With the centers shown in
Fig. L2, this is accomplished by rotating a
gear fastened to the spindle of the head-
stock indexing center. A sliding pin, which
engages the teeth of the gear, locks it in
position. The lockpin support bracket is
adjustable for various gear diameters, thus
making accurate indexing merely a matter
of selecting a gear on which the number
of teeth is divisible by the number of spac-
ings required on the work. The tailstock
indexing center has a handwheel for ad-
justing its center longitudinally.

Angular indexing is accomplished by
mounting a headstock indexing center,
dquipped with a chuck to hold the work,
on a rotary indexing table. Fig. 10 shows
this type of setup being used. Here the ro-
tary table provides the angular adjust-
ment and the indexing center permits ac-
curate spacing to produce the teeth of an
angular cutter. '

On a production basis, teeth or flutes are
milled with special.formed cutters. How-
ever, as an ample supply of these cuttters
would be expensive, an assortment of
standard cutters is, in most cases, suffi.cient
for small shops. Gear cutting requires a
formed milling eutter. Fig. 14 shows what
is known as an involute spur-gear cutter.



illilling spline on shofr wirh side milling cutters.
Shoft held between indexing cenfers is rottrted rhe
required omounl qnd locked in position for eqch cuI

Eight different forms of these cutters com-
prise a set that will handle gear-cutting
jobs within the ranges indicated in Fig.
L6. These cutters are designed so their
forms are correct for the lower numbers
of teeth in each range, but if extreme ac-
curacy is desired in the higher range, in-
termediate-numbered cuttters, such as lL/2,
2L/2, 3L/2, etc., should be used.

Therefore, knowing the exact diameter
and number of teeth required for a gear,
the mill operator ean readily select a cut-
ter of the correct diametral pitch for the
job. The exaet-diameter of a EFar is nei-
ther the outside diameter of the gear blank
nor the diameter at the bottom of the teeth.

of a given gear, simply divide the nurnber
of teeth by the piteh diameter. The diame-
tral pitch is not in actual dimension but the
ratio between the number of teeth in a
gear and its piteh diameter. For example,
a four-diametral-pitch gear has four times
as many teeth as it has inches of pitch di-
ameter. The two details of Fig. 15 show the
actual sizes of gear teeth of fi.ve and ten
diametral pitch.-

For accurate work, gear cutters must be
sharp. Frequent sha$ening by -removing
only a slight amount of metal is better, than
allowing the cutter to beeome so dulled
that a single sharpening will depreciate it
froln 10 t-o 15 percent. In sharpening, only
the faces of the cutter teeth are ground.
This mqst be done on a 'rnachine,equipped
with a dish-t5rpe . grinding wheel and a
sliding toolholder that will permit cutter
movement as indicated in Fig. 19. Gear
eutters having radial faces, Fig. 20, upper

Ed srzE oF currER

No. I will cut geors
No. 2 will cut geors from--
No. 3 will cut geors
No. 4 will cut geors
No. 5 will cut geors from-- -

No. 6 will cut geors from.-
No. 7 will cut geors from -

No. I will cut geors from --.



Typicol setup for mqking geors with milling mqchine

detail, must always be sharpened radial-
ly. Gear cutters with rake-faces back of

with the micrometer head. A variation of
.001 in. is permissible between the extreme
high and low teeth. Gear cutters, when
properly 

_ 
sharpened, will produce dupli-

cate work throughout their entire lives.
Place gear cutters on individual racks when
not in use. Never store loosely in a drawer.

Adlustoble Fixture Locqtes lvlilling

SLIDING FIT ON
THIS SIDE

CENTER

RETAINING PIN

Cuts on Round qnd Flqt Work
vee to take round work while the other end
contains a spri cat-
ing the cut on fix-
ture for cente line
scribed on the work, is merely a case of
advancing the work until the line and the

of the fixture which is made from two
pieces of square bar stock beveled at the
ends. The pointer, crosspinned by the
dowel, passes through the 

-exact cenier of
a collar which is held by spring tension
against the end of the fixfure

I{. Moore, Leeds, England.

(ITo detach a bqdly _corroded car-battery
terminal from the battery post, drench
with boiling-hot water to rernove'the cor-
rosion. Then, loosen the nut, spread the
terminal with a screwdriver and lift off.
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l-Contour-mqchining sector geqrs insteod of milling,
mode o 50 percenl soving in costs. 2-Cone-shoped'
hole sqwed in o lorge cylindricql piece without wqste
of moteriql. Boring in o lqthe would hove resulted
in chips. 3-The I O-in: keywoy wqs sqwed out in

20 min., which would tqke 4 hrs. on q shoper

By H. J. Chqmberlqnd

A LTHOUGH basically a
J' \ band saw, a contour-
sawing machine is especially
designed to cut over seven-
ty-five materials varying in
hardness, including metals,
plastics and wood.

Saves time and material:
Many improvements made
in contour machines, plus a
variety of saw bands for va-
rious specific purposes, have
made possible an almost in-
credible saving of time and
material when the contour
machine is compared in per-
formance to that of other

rS;
of
an
I1-

tour machine, they are relieved from nrr.-l
necessary jobs and can be employed solely
for work that cannot be done otherwise.

Figs. 1 to 5 inclusive show operations in
which a great saving of time and material
is possible. Outstanding among these ex-
amples is the material-saving operation
shown in Fig. 2. Here a tapered hole, 5 in.
in diameter at one end, Z it:'. at the other,
and 9L/z in. in length, was cut with a con-
tour maehine without any appreciable
waste of metal as a single cone-shaped
piece whs r ave been
redueed to en bored
on a lathe. in. long
in a shaper is a  -hr.job, owing to the light

4-Cuiling three slots in eqch of these disks re-
quired on-ly 30 min. on o conlour sqw bur would 1'

'' hqve tqken I lr2 hrs. on o milling mqchine



S-Another 4-hr. shoper iob of cutting 45 teeth
in q 20-in. internql rotchef wqs occomplished

on q conlour mtrchine in one hour

feeds required, but on a contour ma-
chine such an operation, shown in Fig.
3, was accomplished in 20 min. To cut
three slots in each of the disks shown
in Fig. 4 was gnly _a 30-min. job lqy
contour-sawing, whereas it would
have taken LYz hrs. on a milling ma-
chine; also, the small pieces cut out
were found useful for other purposes.
Fig. 1 shows another operation usu-
ally done,"on.a milling machine-cut:
ting off"part of the tooth sections of
gears. By means of a simple fixture
to hold and guide the pieces on a con-
tour machine, the work was done at
a saving of 50 percent in production
costs. The 20-in. internal ratchet
shown in Fig. 5, which has 45 teeth,
was formed in t hr. by sawing. This
work required 4 hrs. in a shaper.

Easily and quickly mastered: As
shown in Fig. 6, batteries of contour 6-Bqtteries of contour mqchines qre :

found in mqny lorge production
plonts, forty or fifty unils not being
unusuql, 7-Metol for sqw bqnds be-,
ing tested for groin slruclure wirh q
melolscope, which shows enlorged
views qnd mqkes photomicrogrophi '
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Iathe faceplate straps, wrenehes and other
useful items.

Precision in making the saws: Of the
whole machine, the saw band itself, being
the part :that actually does the cutting, is
of greatest importance. As a a(o-in.-wide
band must perform as efficiently in its
range as a 7/z-in. band, the'material from
which saws are made must meet exacting
requirements, and the teeth must be milled,
set and hardened uniformly with extreme

t48

8=-Teelh ore milled in qs
m.rny os forty sqw bqnds ot
once, the bonds being
clomped side by side in on
oir-operqted vise. I0-Acid
test shows exqcl deplh of
frqme-hqrdening on sow
bernds by d,iscoloring hord-
ened portions. 9-Toolh-set-
iing mqchine rhqt shows ct

mognified imoge of the teeth
between limit lines so rhqr
operolor con detect errors of
set ot o glonce. The circulor
insert shows imoge qs seen

accuracy. To assure that no inferior steel
is used in making the saw bands, the raw
material is first tested for grain structure
with an instrument known as a metalo-
scope, Fig. 7, which provides highly mag-
nified views of the metal under observi-
tion, and enables the operator to make
photomicrographs. In milling the teeth,
Fig. 8, as many as forty similar bands are
clamped together rigidly in an air-operated
vise. After the teeth have been cut, the
bands go to a teeth-setting machine, Fig. 9.
Here the set of the teeth is checked so that
it does not exceed .001 in. from specifica-
tions. A magnified image of the teeth as
projected on a screen is shown in the cir-
cular insert of Fig. 9. The image appears
between fine lines so that the operator ean
detect 'errors at a glance. Next, the tooth
portion of the bands is flame-hardened'as
shown in Fig. L2, so that the back of the
band will remain flexible. Hardness must
reach the bottom of 'the tooth gullets but
must not exceed this.-' Depth of hardening
is so important that all bands are given an
aeid test to show iust how far hardening
has taken plaee. See Fig. 10, which shows
how th€ aCid discolors the hardened teeth
to a, dark shade, while the back of the
band, if untouched by heat, remains light.



STRAIGHT WAVE RAKER

@ rvees oF sAws

Types of teeth: There are three types
of contour-saw teeth as shown in Fig.
11, the raker tooth predominating be-
cause it will cut all solid iron and steel.
The wave tooth has the smallest pos-
sible tooth spacing and is used to cut
sheet and tubular stock as well as
stainless steel and ductile materials.
The straight tooth clears the cut or
kerf of chips, and is used for cutting
brass, copper bronze, plastics and non-
ferrous materials.

Saw pitch: Contour saws are made
in eight pitches (number of teeth per
inch), varying from 6 to 32 teeth. The
sawS are made to cut curves and, al-
though there are eleven widths rang-
ing from 7Ae to 1 in., the maximum
width used is usually t/z in. The wid-
est band possible should be used al-
ways, and this depends on the radius
of the curvature that must be cut. De-
tail A of Fig. 13 gives the approximate
radius that each width of saw will cut.

giving considerable freedom to the
back of the saw. As the width of a
contour saw decreases, the pitch must
necessarily get finer, although wide
saws can have any number of teeth per
inch. A standard saw for general work
is a raker-
heavy-set
these saws
degrees of
C, the A-temper is given preference at
present. Generally, the coarser pitches
are used on soft or thick materials and
operate at slow speeds. The finer
pitches are used on hard or thin ma-

saws being run at higher
cordingly, 6-, 8- and 10-
are used for solid sections

Ul"'Xr, ';'d 
%'/4 s/rd
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of soft materials over 2 in. thick; 12- and
14-pitch saws for solid sections of hard
materials und er 2 in. thick, and for heavy-
gauge structural steel and heavy-gauge
sheets; 18- and Z4-pitch saws for light and
very light solid sections, Iight structural
metal, sheets and tubing. The 32-pitch
saws are used mostly for cutting very
thin sheets, tubing or pipe.

Holes to start internal cuts: To cut in-
ternal outlines one or more starting holes
are required to insert the saw and to per-
mit turning the work. Details A, B, C, and
D ,of Fig. L4 show examples of everyday
layouts for contour worli. In many cases
where four or more holes would be cus-
tomary, the number can be reduced to one
or two by notching a space with the saw to
make the turns as shown in detail E of Fig.
L4. Detail F of Fig. 14 shows how to follow
the' outline directly from the:hole. When
sawing curves, preisure should be applied
as shown by the arrows in detail B, Fig. 13.

Determining speed, feed and saw pitch:
Knowing the kind of material to machine,
the operator simply turns a "job selector"
dial, on the top cover of the contour ma-
chine (See FiS. 15) to a point designating
the material. The selector gives the correct
r50

pitch of the- Saw to'use, the
speed and also the feed for
the thiekness to be cut.
Having mounted the re-
quired saw band, the correct
speed (50 to 2,000 feet per
minute) is obtained by turn-
ing a hand wheel until a
speed-indicator dial posi-
tioned at the left of the job
selector, shows th e speed

d.esired. The wide range of speeds, very
essential in cutting many kinds of materi-
a1s of varying thickness, is provided by a
built-in variable speed unit.

Welding saws: After a saw has been cut
for internal machining, the severed ends
are joined together again by welding,
which can be done in a few moments on a
built-in butt welder shown in Figs. 16 and
17. The severed ends of the saw must be
squared on a small grinding wheel provid-
ed on the machine, before being aligned
in the jaws of the welder, both of these
operations being done after the saw has
been passed through the starting hole in
the work. The welding heat required for
a particular width of saw is regulated by
means of a ttweld selector." After the saw
has been allowed to cool slowly, the joint
is annealed by operating a switch for this
purpose. Then the welded joint is surfoc€=
ground on both sides until it passes through
the weld-thickness gauge. The welding
unit also provides a convenient means of
conRecting an etching pencil for the pur-
pose of marking parts as shown in Fig. 18.; Adjusting the 'saw guides: Contour-
sawing machines are equipped with spe-
cially 'designed saw guides and inserts ,as

A-storting switch

B -Job selector (gives correcl speeds)

C -Air line blows oul chips

D -Tochorneler shows sow velocity

E -Ponel light

F -Weld selector

G-Etching conneclion

H -Line voltoge regulotor

| -Welding lever

J -Welding iowi to clomp sows

K -Lomp ond grinder swirch

L -Anneoling switch .

M-Grinder to dress welds ':

P -Power feed reteose:pedot



shown in the upper details of Fig. L9. There
are several sets of inserts to suit all widths
of bands. A gauge isr provided to locate
the left-hand insert and to determine the
correct width of the slot, which is done
before adjusting thg r_ight-hand insert. See
the two lower details 'of Fig. 19. The saw
must track perfectly before the inserts are
adjusted. Proper coordination of precise
tracking and adjustment of the inserts
should cause the back edge of the band to
contact the thrust roller lightly rn hen the
saw is not cutting.

Contour-rnachine accessories: There are
a number of accessories used. to protect the
operator against errors and help him to do
better work. For example, the air iet as
seen in Fig. 15, blows chips out of the saw
kerf continually. This prevents generat-
ing heat, which would tend to weld chips
to the saw' teeth and eventually damage
the saw. Fig. 22 shows a magnifying unit
that enlarges the cutting location three
times, enabling the operator to follow the
layout line on the sfock closely. Fig. 2L
shows an attachment used to cut large cir-
cular holes up to 30 in. in diameter in stock
up to L2 in. in thickness. Fig. 20 shows a
cut-off and mitering attachment for mak-
ing straight cuts at various angles, result-
ing in accuracy difficult to obtain if this
were done freehand.

Importance of correet ,feed: Excessive
feed will dull the saw teeth and produce
bellied surfaces.: Customarily, hand feed
is used when- making light cuts, but for
heavy cuts the power feed, illustrated in

(D ETcHING\-/ PENCIL TO
MARK PARTS

MOUNT GUIDE IN
LOWER HOLE FOR
ALL SAW]NG WHEN
TABLE IS TILTED

MOUNT SAW GUIDE !N TOP
HOLE FOR SAWING WHEN
TABLE IS TILTED LESS THAN

r\AoRE THAN l oo

ADJUSTABLE
INSERT IOCKING

SCREW

THRUST
ROLLER

UI

USING GAUGE
TO ADJUST

INSERTS

SCREW HOLE
USED WHEN

TABLE IS TILTED
A^oRE rnaN t 0",



Figs. 23 and 24, releases both hands of the
operator to guide the work. The feed de-
pends on the width of a saw, the nature
and thickness of the material. Soft or fast-
cutting materials will stand a pressure of
50 lbs. with a 3/s to t/z-in. sa\ r. A pressure
of 35 to 40 lbs. is advisable for steel being
cut with a L/a to sia-in. saw, but not more
than 25 lbs. should be used on a L/a to %o-in.
saw. \[hen sawing parts having a variable
thickness, the saw part of the time is cut-
ting a thickness that is greater than that
of the material itself as is the case when
the saw enters the wall of a pipe. In
such cases the saw velocity for the mini-
mum thickness of the work is too great for
that of its maximum thickness. Then the
saw piteh should be based on the thickness
of the material but the saw velocity should
be based on double the thickness. The
operator can determine easily what adjust-
ment should be made in such cases by sim-
ply referring to the job selector incorpor-
ated in the machine, as shown in Fig. 15.

ADJUSTABTE
WEIGHT FOR

FOWER FEED



CENTER, RUNNING
FIT IN SLEEVE BORE

60. CENTER

FACEPTATE
SHANK

USING this , exceptional tool, it's possible
to cut a true hole every time without the
usual distortion or elongation. The tool is
attached to the headstock of a lathe and the
work is backed by a facepl.ate screwed on
the end of a specially turned shank in-
serted in the tailstock spindle. The tool is
made from a standard adjustable hole cut-

thrust. Faceplate shank is threaded to fit
the faceplate and the shank is turned to a
Morse No. 1 or 2 taper, depending on the
tailstock spindle. Dimensions for both ta-
pers are given in Fig. 3. The threaded end
of the shank is center-drilled to take point-
ed tip of the center fixture. fn ope_ration,_the
pilot hole in the work fits over the 60-deg.
center which is engaged by the faceplate
shank. The faceplate is advanced to allow
the flat face of the center fixture to grip the
work. When once adjusted, the feeding is
done with the tailstock ram. Should a disk
be desired without the pilot hole, it can be
cut by clamping the work to the faceplate.

Various cutter bits and their uses are
indieated in Fig. 4. Th-ese bits are made
only frorn the hirdest alloy steel honed to
a razor' edge. When a bit is used on a hole
of smaller diameter than that for which it
was designed, it may rub. In this case, part
of the heel must be ground away to give the
desired clearance. When using the tool, re-
member -to keep the feed pressure light, as
heav5r feed will cause the bit to dig in.

TRUE HOLES in LIGHT METAE

SPECIFICATIONSSPECIFICATIONS FOR MORSE TAPERS

MORSE #I MORSE #2
A-0.369" A-O.572"
8_2740', B_21X0,,
c4.175" C-0.700",
D-0.0498 PER rN. D-0.0499 PER tN.

CURVED BACK RAKE
16. OR MORE

BIT SHAPES FOR VARIOUS TYPES OF WORK

A_LARGE HOLES IN SOFT METAL
B-HOLES IN BRONZE OR STEEL

C_SMAIL HOLES IN SOFT METAL
D-HOLES lN THIN METAL, l(a" TOt/tz" THICK l-al



Flanged Tap Wrench Takes Four Shank Sizes

This versatile tap wreneh, Fig. 1, makes an
interesting and instructive project for either
the home craftsman or the school shop. The
handle unit is turned from s1"-in. cold-rolted
steel to the dimensions given in the detail.
After knurling the ends, [fr" center section is
threaded in the lathe, as in Fig. 2, or with a
s/e-LB die. :The flanges are turned from cold-
rolled steel and then notehed to take four sizes

counlerweight on Door Aufomqlicolly Rerurns h to preset stop
Because it was necessary to keep an en-

trance door partially open for proper verf.-
tilation, the workers in one powerhouse
made an adjustable doorstop that runs on
a circular overhead track. A counter-
weight brings the door back against the

stop after someone passes through. The
track is a length of square rod bent to a
radius about 1 in. greater than the width
of the door. The stop itself is made by bend-
ing a piece of flat iron to fit loosely around
the track. A hole is drilled in the underside
of this flat-iron sleeve and a nut is cen-
tered over the hole and welded in place.
Then one side of the sleeve is welded to a
piece of angle iron fitted with a Z-in. sheave
as shown. An eyebolt, which serves as a
setscrew to lock the stop in place, is turned
in the nut by means of a steel-rod exten-
sion to which a valve handwheel is at-
tached. A bracket bent from flat iron is
fastened to the upper part of the door to
take one end of the counterweight rope.
This bracket may have to be offset slightly
so the rope aligns with the doorstop sheave.
Note that a short coil spring is brazed over
the rope hole in the dracket to provide a
shock absorber. Another sheave is at-
tached to the wall at the same height as
the stop and pivoted so it is always in line
with the stop. A sash balance serves as a
counterweight. This should slide in a
wooden channel to protect the wall.

J. C. Montgomery, Bowness, Alta., Can.

2" SHEAVE
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