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(Outer cutters for second operation)
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INTRODUCTION

N 1398, when Milwaukee Milling Machines were in con-

templation, we were advised by a then prominent firm of
dealers to 1mitate, as nearly as possible, a machine that was
enjoying considerable popularity at that time.

We held to the beliet that imitation i1s an indication of
weakness and that a hrm, secking success in a large sense,

must possess originality.

When our hrst machine appeared, it had the box section
knee, closed on top, quick change gear feed, back gears com-
pletely covered and other improvements that gave it an imme-
diate standing on the market, overtaxing our capacity from
the start.  We soon followed these with other improvements
including a heavy vertical spindle attachment in which all
tools would interchange with the horizontal spindle.  This
was at frst said to be unnecessary because older concerns had

never made one that way.

The subject of milling has been our constant study, not
only in our own factory but in those of others as well—pro-
hrring by the experience of thoughttul men in many and
various hines.  Thus we have advanced, step by step, elimin-
ating in due tume the cone pulley and in place of continuing
to manufacture that type, as long as anvone could be found
who would buy, we are today and have been for some years,
the only exclusive manutacturers of the constant speed drive
milling machine.

Joseph Jefferson, the actor, said that the greatest satustac-
tion to one of his profession did not come tfrom overwhelming
and immediate success but rather from steady, uninterrupted
advancement in his art. It is for this we strive, not in quanuty
but in quality, of workmanship and design.

“
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TO CORRESPONDENTS

When considering the purchase of a milling machine for
some specific purpose and our advice 1s desired with reference
to the best method of milling or an esumate of outpur, we
will be greatly helped and our opinion will be of more valuc
if we are in possession of the fullest information. Please

follow as nearly as possible the following suggestions.

First:—Send complete drawings of the part showing all
views—mark the surfaces to be milled and state how much
metal 1s to be removed.  If no complete drawing is to be had,
send sketch giving the general dimensions, as well as the

surface to be milled; or send a rough and a finished piece.

Second: In how large lots are the parts made and how

often are these lots put through?
Third: What kind of material —is 1t hard or soft?
Fourth:—How is the work being done —what 1s the output
by this method —is the finish and accuracy satistactory?
Fifth: What are the finish and accuracy requirements?

Sixth:—Have you milling cutters for the work? It so, let
us know their diameter, size of hole, kind of steel and 1t they

are strone or delicate.

Seventh: Have you suitable means for chucking the work
for milling:
Eighth: s the piece in question one of a series of sizes?

If so, what position in the series does 1t occupy?

Ninth:—Is this picce fairly representative of the general
run ot the work?



UNIVERSAL MILLING MACHINE
Front view

1—Column 17—Speed segment lever
2—Knee IN—Speed lever
J—Saddle 19-—Sleeve gear lever
4—Swivel carriage 20—Column plate
s—Table 21—Arbor rod
6—Driving pulley 22—Feed interlocking lever
T—Over-urm =23—Cross and vertical irip lever
S—Arm braces 21—Kknee clamp levers
9—Knee clamp 25-—Saddle clamp levers
10—Spindle 26— Cross feed trip
I I—Arbor supports 27—Universal chuck

' 12—Spindle lock 28 —Swivel vise

' 13—Starting lever 20—Change gears
14-—Feed box 30—Index plates
15—Feed handles 3 1—Quick return shafi
16—Feed segment lever 32—Center rest

G
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MILLING MACHINE DESIGN

There are in every piece of engineering work certain
essential clements upon which success or failure depends in
the greatest degree; and the designer competent to be trusted
with important work is he who understands what these ele-
ments are and has a thorough knowledge of the functions thev
must perform.

[t 1s the object of this brief treatise to call attention to the
problems confronting the designer of the knee type milling
machine and point out how these problems have been met in
the machines catalogued in these pages, in the hope that our
solution of the problems will meet with the approval of the
reader to the end that he will become a user of our product.

Removing Metal The milling cutter with 1ts numerous teeth,
one or more of which are always in the cur,
has proven ieself to be the most economical instrument for
removing metal on any kind of a surface; and where forms
are to be reproduced or interchangeable standards maintained
1t 1s a commercial necessity.
Rigidity The successful milling machine is the one thar has
ample power to revolve the cutter at the most pro-

ductive surface speed, regardless of its diameter -easily adjust-
ed and with ample means to feed the work against the curter
be the cut heavy or light, at a rate suited to the nature of the
cut and the material being operated upon. But above all,
the successful milling machine must possess suthcient rigidity,
proper proportion and adjustment between the bearing
surfaces to enable it to maintain the same alignment between
the cutter and the work, when subjected to the severest strains,
as existed when the work was set up and rthe cut not started.
The machine that fails in this, no matter how meritorious its
other features, fails to produce accurate or interchangeable
work within the narrow limits prescribed by modern practice
in many lines.

The question of rigidity was first considered in our designs
—let 1t be the first to be considered here.

‘



UNIVERSAL MILLING MACHINE

A3—Pulley bracket
1= Universal feed shaft
35— Machine oil reservoir
i—Spindle hand wheel
37—Feed reverse
3S—Elevating shaft
B30—Cross feed serew
10-——Table feed lever
J1—Swivel earriage clamp
2 —Cro== feed bracket
G-—Cuatrer lubricant return

I—Cutter lubricant supply

Spindle reverse lever
Flevating tail stock

Universal spiral dividing head
[ndex plate lock

Telescopie elevating serew

-IKnee slide

Change gear bracket
“}I(le’_fl‘ gear }y[‘;u-l{rl hrace
Table feed limit trip
Table serew

Spindle take-up nut

“Waorm adjusting serew




Taking note of the typical job of milling shown
Distortion page 2, it will be seen that the tendency is to
spring the work downward and to the left as the table advances
and of course, with equal force the tendency is to spring the
cutters in the opposite direction. The fact that the work
stands high above the top of the table gives it long leverage on
that member. This force, with 1ts tendency to distort the
machine, is transmitted from the table through the saddle and
knee to the column, the cutters meanwhile through the spindle
and over-arm tend to augment this distortion in the opposite
direction,.
To withstand these strains, the column 1s cast
Foundations  ;,, ;¢ piece with strong internal ribs and is a box
section of increasing depth as 1t extends downward to the pan
shaped base—this being given sufhcient height from the floor
to allow heavy ribs to be used and render masonry foundartions
unnecessary where the floor 1s strong enough to carry the
load.

The openings in the column are as tew and small as may
be, consistent with ready accessibility ot the parts contained
within and these openings are all closed with well hteed plates
or brackets screwed and doweled n place so that the finished
column is a box section in fact, oil tight and entrely closed.

y The knee shde 1s of extra width and depth and
Knee Slide extends upward to the over-arm, giving rigid
support to that member and at the same nme surrounds the
spindle box, giving addinonal metal at a point where 1t 1s
most neceded.

The upward extension of the knee slide serves an additonal
useful purpose in that it furnishes a neat and ethcient means
for securing attachments to the frame, these being designed as
part of the machine and have the appearance and effect of
not being attachments as ordinarily understood.

Thickness of metal is¥proportioned to secure strengeh and
stiffness and in no case is any added simply to secure weighte

for selling purposes.



BOX KNEE WITH CLOSED TOP
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Next in importance to the column is the knee which is,
Knee i, fact, a bracket thar must carry the saddle, table and
work mounted upon it and atr the same tme withstand the
downward thrust and the tortional strains set up by the work
feeding against the cutters. T'his tortional strainis very greatly
increased where the work stands high above the table as it
often must do.

The box section form of knee, with its bearing on the
column above the top plate of the knee or saddle slide, with-
stands distortion better than any other form, this being deter-
mined by numerous tests and experiments in order to secure
the best possible design for this important member.

The top plate of the knee is made wide to give
Closed Top (e saddle a firm foundation and is cast solid
without any holes whatever so as to avoid the inevitable clos-
ing of the usual slotted top when the saddle clamps are set

tght or the cutung strains come upon 1t

This 1tem of the box knee, closed on top, 1s not a
trivial matter.  Frequenty cuts—and severe ones must be
taken with the table drawn out far from the column: especial-
ly is this true on umiversal machines cutting spirals when
the saddle must be run out to prevent the table striking
the ways on the column. Then it is that the operator would
like to exchange the slotted top knee for the other kind.  We
regard this as the most important improvement in this type
of milling machines 1 many vears. Ot what use 1s high
power for the spindle or convenience and strength for the
teed 1f the foundations of the machines are unable ro rake
advantage of these to the full.

The over-arm 1s a solid steel bar, accurately parallel with
the spindle, to which the arbor supports are clamped by the
most efhicient means.

The arm braces form a te berween the arm and the
Braces | e and help to prevent their springing in opposite
directions. These braces are constructed with special regard

A43)



TABLE, SWIVEL CARRIAGE AND SADDLES



to convenience, there being no single piece too heavy for easy
handling by one man.

On the opposite page are shown the pares in which occurs
the chief difference between the Universal,! Plain and Manu-
facturing types of Milling Machines. These parts are not
less 1mportant in their contribution to the stuffness, accuracy
and maintaied alignment of the machines than the members
previously mentioned. Broad bearing surfaces, hand scraped
to perfect fit, narrow guides in proportion to length, taper gibs
carefully hitted, adjustable endwise by screw at both ends and

backed up by sohd metal in place of riding on screw points.

The work table projecrs bevond the bearines and protects
proj h g l
them from dirt and chips.
Oiling The large covered oil hole mn the front of the rable
conveys lubricant to the bearings where it 1s distribured
by the channels shown and those 1in the bottom of the table
g b ]

to every part of the bearing and guide surfaces.

[n the Universal machines, the saddle, hrred to the top of
the knee and adjustable to and from the column on 1t, has
circular top with a centering ring and four bolts extending
into a T'ee slot in the swivel carriage, holding these two parts
securely together at any angle.  The swiveling of the table
through the means mentoned 1s tor the purposc of curtng
spirals, gashing worm gears and work of this characrer incident

to the tool room and general shop.

v Sddics The Plain and Manufacturing saddles are cast

in one piece and the table can travel only at right
angles to the cutter arbor. The last two types of machines
are preferable for all classes of straight milling, due to the
fact that the top of the table is closer to the top of the knee,
consequently there is less tortional strain upon it.  This dis-
tance 1s as low in the Universal machines as it can be and
make the saddle and swivel carriage of sufhicient strength to
perform successfully the duties imposed upon them.
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Diive Given a machine with suthcient stiffness to withstand
severe service without losing its alignment; the next
important thing is the drive.  In our design we have ehminated
the cone pulley and ceased entirely the manufacture of this
type of machine, confining ourselves to the “constant speed
drive” on account of its superiority as a means of driving
milling cutters of varying diameters.
Name [Ihis type of machine is called by various names such
as “Heavy Duty”—“High Power” “Single Pulley”
and “Constant Speed Drive”.  We believe that the last 1s the
only one that is fairly descriptive as any machine of any type,
no matter how weak, can be called by the first two as they
are terms referring to no hxed standard. A single pulley
machine may be so designed as to require a countershaft with
two or more speeds and thus introduce some of the faults of
the cone pulley.

The constant speed drive as made by us requires no counter-
shaft or overhead belts and the pull at the periphery of the
cutter 1s the same at any given surface speed regardless of its
diameter while in any varable speed drive the power diminishes,
due to the slower beltspeed, as the size of the cutter 1s increased

and at a rime when 1t should be at a2 maximum.

Unit System We have three styles of drive brackets manufac-
tured as interchangeable units to suit the conven-
ience of any shop to which we seek entry.  Unless otherwise
specified the machines are furnished with pulley shafr parallel
with the spindle. [f convenience of location requires the
machine to set at right angle to the hne shaft, the brackets
with their pulleys are interchanged when the drive 1s through
a pair of miter gears running in oil.  When electric drive 1s
in order, a bracket is furnished, made adjustable to receive
any standard make of motor and carrying inside the machine
a pair of reducing gears to which the motor 1s connecred.
These three systems of drive can be interchanged with ecach
other at any time without special preparation or changes in
the machine.
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Drive shafts and gears are made of steel, case
Lubrication |, dened ro prevent wear and increase strength
and suffness.  To render them practically indestructible, they
are Hooded with streams of oil that is pumped with a simple
spur geared pump from the reservoir in the base, and to the
rear of the machine, and distributed to all gears and bearings
by mecans of a perforated pipe at the top.  After Howing into
the pockets arranged to supply the spindle bearings it overflows
and cascades downward, overflowing cach pocket and sending
a steady stream through cach bearing.  Where oil grooves
are n ordinary construction left closed at the ends to retain
the o1l these are left open to let 1t low and carry wich it any-
thing that would under other circumstances cause trouble.

The pmion on the pulley shatt engages wich a
Jaw Clutches shiding clateh gear turning 1dle on the shatt and
connected with the startuing lever.  The opposite clutch gear
on the same shaft 1s engaged when the machine 1s started.
This gear drives the transmission gear at the back of the feed
box.  Jaw clutches are used by reason of therr greac simplicity
and the fact that no adjustment s ever necessary and, as they
revolve at a comparauvely low and constant speed, no harmtul
shock occurs when they are engaged. The gear on the feed
box drives the mam drive shatt which i turn, through a
shding gear on 1ty drives the three step tumbler by means of
which the speed 1s varted in the tollowig manner.

The hand wheel shatt below  the spindle

Speed Variation ., i.q rwo vears of ditferent diameter and the
tumbler 1s arranged so that cach one ot 1ts three steps can be
engaged with cach of these two gears, giving six speed changes.
These are muluphied by 3 through the shding sleeve gear on
the spindle which 1s made to engage with the mam spindle
drive gear or either of the two gears on the hand wheel shatt.
~ I'hus are ecighteen changes obtamed in geometrical
Ratio progression by means that are simple and strong.  The
ratio used 1s.1.225 and any speed multiplied by this ratio gives
the next higher speed.



g COLUMN PLATE INSIDE

SPEED INDEX PLATE

TUMBLER SUPPORT AND SPINDLE REVERSE



Tiimbler 'l‘hc. lower view on the opposite page is a huri'/,(fr?t;.zl
Support section through the three step tumbler gear. This

gear revolves on a hardened steel stud hirmly planted
in a swinging frame that i1s securely supported on both sides of
the tumbler; on one side by the driving shafr which 1s made far
larger than is actually required and on the other by the teeth of
the long pinion meshing into gear teeth cut in a segment of the
frame and by means of which it is made to engage with the gears
above.  Tvwill readily be seen that this frame supported on both
sides gives a much more rigid bearing for the tumbler than 1t 1t
were supported on one side only and allowed to overhang.
Spinile '|‘l‘1is \'ic\\"n‘lsn h'.l](')\\‘.\' how reverse t:()r the ﬁpil](,l]e 1S
Reverse cifected. The shding gear on the drive shatt engages,
for right hand rotation, with the gear on the feed box
which also engages the smallest step of the reversing idler.
When the sliding gear i1s in mesh with the large step of the idler
it is out of mesh with the main drive gear and the spindle runs
lett hand.

The spindle 1s made of forged crucible steel, runs in bronze
bearings, both of which are taper and have means for compen-
sation for wear. These bearings are liberal in size and the
otling so abundant that loss of alignment will not take place
in a generation.

FI The front end of the spindle is flanged and has a
anged : : i ;
key to drive the arbor drive collar, face mills or
attachment drive gears, these being held i place by four
screws. The objection to the threaded spindle for millers of
great power is that the tools will stick if the pitch is slight and
unscrew when the machine is reversed it the thread is steep
enough to prevent stucking.
Lock Means are provided to lock the spindle when tightening
45 arbor nuts. The locking plunger is cut as an internal
gear of the same pitch diameter as the main spindle gear so
that when the two are engaged the teeth fic in all their curve
throaghout a wide arc, one being an exact reverse of the other,
and the spindle 1s held perfectly secure. The starting lever
is automatically locked out when the spindle is held fast.
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Going back to our first proposition, we wish to repeat that
the first requisite in the design of the successful milling machine
is rigidity.

The second in order of importance is a drive that can force
the largest cutter the machine will take made from rthe latest
product of the steel makers are.

T'he third feature to be considered is the feed. This

Feed

e 1s driven fron ¢ CONst: speed oear o
Vadiation | d m the constant speed gear on the feed

box, previously mentioned as part of the drive train,
and the amount of power going into it automatically depends
on the conditions and requirements of the cut. Twelve changes
are provided by mechanism in the feed box similar to rthat
shown for the drive and in a similar way 1t 1s Hooded with oil
from the same source. These changes are also in geometrical
l)l'nf_:l't.\.\'inll‘ the ratio lu-ing :1p|)1‘n,\iln.xlc|_\' 1.35. The slowest
is 127 and the fastest 16”7 per minute, without reference to the
speed of the spindle.

Fewer changes of speed are required where this system of
feed drive is used as 1t provides fner feeds for small cutters
at high rotatve speeds and coarser feeds for large curters at
low rotative specds than can possibly be obtammed by any
system of feed driven from the spindle, recardless of how
many changes are used.

This power is carried from the feed box forward by
aniversal joint shatt with all 1ts parts made of steel. The
center block 1s square and forms an o1l reservoir to keep the
parts thoroughly lubricated.

This shaft forms a convenient, smooth running and durable
connection to the gearing in the saddle of the Manufacturing
(Style A) machines and to the knee of the Universal and Plain
(Style B) machines.

The cut on page 12 shows how the feed screws are driven-—
note how close togerher the clutches and nuats are located to
avoud torton through the long screw.  The thrust on the rable
bracket is taken up by ball bearings to increase the smoothness
and ('l'ﬁciunc_\'.



FEED REVERSE-—-MANUFACTURING MILLERS

FEED INTERLOCKING DEVICE
PLAIN AND UNIVERSAL MILLERS



The feed reverse in the Manufacturing type (style A) is
carried in the saddle as these machines have power feed to the
table only. These gears project into the pan shaped bottom
which 1s kept hlled with o1l
Thrse Feads All Uni\'u'slul and Plain m:nchincs_ (Style B) have
power vertical, cross and table feeds and these
are arranged so that no two can be engaged at the same tme.
The sectional view of the knee on the bottom of the opposite
page shows how this 1s accomplished.

The shaft in the upper right hand corner 1s for the table
feed and the clutch on this shaft i1s engaged only when the
plunger at the left is in the central position at which time the
double rocker arm controlling the cross and vertical feeds 1s
locked by this plunger.  In order to throw in either of the other
feeds, this plunger must be set to one side of the lever through
which it passes and this disengages the table feed clutch and
makes possible the engagement of one only of the other feeds
according to which way the plunger 1s moved, the knee being
plainly marked to show which feed will be engaged.

Owing to the large increase in the use of steel,

Adds to Life

either rolled, forged or cast, in mechanical con-
of Cutters &

struction, we provide all machines with a pump
and thorough system of lubrication for the cutters, claiming
that this adds 409 to their productive capacity, prolongs their
life and increases the interval berween sharpenings.  We call
especial attention to the careful provision that 1s made for the
return of the lubricant from the table to the reservoir in the
base of the machine.

[t is not possible within the narrow limits of the foregoing
to do more than point out the main features of milling machine
design but convenience in operation is also of vital importance.
A rigid machine with strong drive and powerful feed will take
fast and heavy cuts but maximum results can only be obtained
where careful consideration has been given to the locaton and
arrangement of operatung handles, enabling the operator to
keep the cutters at work with the least possible delay between
cuts.
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DIMENSIONS OF

MILWAUKEE MANUFACTURING MILLERS

(Number of machine cannot be used as a basis of
comparison with other makes.)

No. of Machine

Table feed —automatic. ..

Cross adjustmment,,

Vertical adjustment. .. ..
Working surface of table..
Center of spindle 1o over-arm...
3. & S, taper hole in spindle. ..
Width of vise jaws.......

Depth of vise jaws.

Vise opens without stéel Jawse.. v samss

Number of speed changes, ..

tange of speed (IRVPUML) L.

Number of feed changes.. ...

Range of feed (in mches per minute)
Diameter of driving pulley. ...
Width of driving belt... ..

Speed of driving pulley (R.P.MO L
H. P.of motor for eleetrie drive..

Net weight in pounds..; o, o wws

Shipping weight (domestic). ..o ...

Shipping weight (foreign). .
Number of hoxes (foreign)

Cubic Feet (foreign).

e o A 53 176 R bt (e SN MRS © o ol =5 B SO s e

2600
2900
3000

1

70

nforee

3800
1200
1600

2
105

Endeavor
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No. 1A MANUFACTURING MILLING MACHINE

Pat. Oct, 23rd, 1906, Others Pending.

Range
Table o ww ois saeninme v os Srs B
D Ea o IS e ot e it B
LT BT e o s S IOV

Code Word. .... ... v ... .ENFORCE
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NO. 1A MANUFACTURING MILLING MACHINE

Drive: —Constant speed. Belt direct to line shaft. No
countershaft or overhead belts.

Pulley:—-14” diameter for 4” double belt, runs 250 R.P.M.

Spindle :—Forged crucible steel, running in bronze bearings,
adjustable for wear. Ilanged front end with positive drive
tor arbors and face mills, No. 10 B. & S. taper hole. Through

hole, 37"

diameter with draw-in and discharge rod for arbors.
Spindle Speeds: lLiighteen changes 1 geometrical pro-
gression from 15 to 354 R.P.M. Ratio of gearing, 17 to 1.
Feed: Positive and driven from constant speed shaft.
Range, 127 to 10”7 per minute.
Motor Recommended:  Constant speed, 3 H. P. Must be
capable of carrying 509/ overload for one hour.

Over-Arm: Sohid steel, accurately parallel with spindle.
Distance from under side of arm to center of spindle, 53¢”.

Arbor Support: One, bushed with bronze, for Style A
Arbor.
Table: —FHas a working surface of 3834

146”7 wide, o1l erooves and screened pockets connecting
o ' -

" x gls”. Has two
] S]()l'.\‘
with telescopic tubing for cutter lubricant return.

Lubrication : ~Automatic fooding of all gears and bearings
from reservoir in the base.

Cutter Lubrication:—Pump supplied with cach machine.
[mproved means furnished for returning lubricant ro reservorr.

Tools Recommended: ~Sce pages 64 and 03.

” ‘v

wide, 114

, without steel jaws, 514",

Vise :—-Jaws are 614
"

deep. Opens with steel
jaws, 44

Equipment: —-Vise and all necessary wrenches.

Net Weight:—(in pounds) . . . . . . 2600
Shipping Weight :—(domestic) . . . . . 2000
Shipping Weight: —(foreign). . . . . . 3000
Number of Boxes:—(foreigny - . . = = = SIS

Cubic Feet:—(foreigh) . . . sae === e

1S
-1

el e

L LvRIa s



No. 2A MANUFACTURING MILLING MACHINE

Pat. Ocr. 280d, 1906, Others Pending,

Range

i 533 | PN S Y {1
Cross. . . e s A B B S :5a 10¢
Vertical .. oo T e 19"

Code Word........ -« ... ENDEAVOR



NO. 2A MANUFACTURING MILLING MACHINE

Drive: —Constant speed.  Bele direct to line shaft. No
countershaft or overhead belts.

Pulley: —16” diameter for 412” double belt, runs 300 R.P>. M.

Spindle: Forged crucible steel, running in bronze bearings,
adjustable for wear.  Ilanged front end with positive drive for
arbors and face mulls, No. 11 B, & S0 waper hole. Through
hole, 1”7 diameter with draw-in and discharge rod for arbors.

Spindle Speeds: l.ighteen changes in geometrical pro-
gression from 15 to 360 R.P.M. - Rato of gearing, 20 to 1.

Feed:—Dositive and driven from constant speed shaft.
Range, '>” to 16”7 per minute.

Motor Recommended:  Constant speed, 5 H. P, Must be
capable of carrying 509 overload for one hour.

Over-Arm:—>5Solid steel, accurately parallel with spindle.
Distance from under side of arm to center ot spindle, 677,

Arbor Supports: I'wo, bushed with bronze, one each tor
Style A and B arbors.

Table: - Has @ working surface of 47”7 x 12”. Has three
I slots Thi6” wide, ol grooves and screened pockets connecting
with telescopic tubing for cutter lubricant return.

Lubrication: - Automatic flooding of all gears and bearings
from reservoir in the base.

Cutter Lubrication: - Pump supplied with each machine.
[mproved means furnished for returning lubricant to reservorr.

Tools Recommended :—Sce pages 00 and 67.

Vise:—Jaws are 7'4” wide, 2 deep. Opens with steel

jaws, §L14”, without steel jaws, 614”

Equipment: -Visc and all necessary wrenches.

Net Weight:—(in pounds) . . . . . . 3800
Shipping Weight:  (domestic) . . . . . 4200
Shipping Weight: (foreign) O T e O 4000
Number of Boxes :—(1oTeigrn) o . e Lo i e

Cubic Feet: - (forecign)
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DIMENSIONS OF MILWAUKEE PLAIN MILLERS

(Number of machine cannot be used as a basis of
comparison with other makes.)

No. of Machine 1-13 2-B3 3-B
Table feed—automatic..... o .vvvnn .. 24" 30" 367
Cross feed—automatie.......... ] 10" 127
Vertical feed—automatic. . ... . ;e 18” 19" 20"
Working surface of table.. caew e w38 XD LT 4T x 12 8547 ¢ 14F
Center of spindle to over-arm. .. .. 534" 675" 734"
B. & S. taper hole in spindle......... No. 10 No. 11 Now 12
Width of wise Jaws: e e« : g 617" 7Y 8 14"
Depth of vise Jaws. . wis .- z 1347 o 2147
Vise opens without steel jaws. .. 51¢” Gy T 14"
Number of speed changes., PE ; IS 1N 18
Range of speed (R.P M. 15 10354 15 to 360 | 13 to 320
Number of feed changes : 12 12 12
Range of feed (in inches per minute). Lo to 16 L5t 16 L3510 16
Diameter of driving pulley . > ; 117 167 167
Width of driving belt ... . e 4 1 14” 5
Speed of driving pulley (RPN, Y aows 250 300 350
H. P. of motor for electric drive. . ... 3 8 7%
Netrweight in POURAS . ... o v s ap b os 2700 3900 5500
Shipping weight (domestic).. . . 3000 100 6200
Shipping weight (foreign)........ .. 3300 4800 6GH00
Number of boxes (foreign). . . .. .. ... 1 2 2
Cubie Feet(foreign). ... ... .. 70 107 132
Code W orditae: o = ol de e s et SR STOM Knvoy Energy



No. 1B PLAIN MILLING MACHINE

Par. Oct. 23rd 1006, Others Pending,

Automatic Feeds
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NO. 2B PLAIN MILLING MACHINE

Drive: ~Constant speed.  Belt direct to line shafr.  No
countershatt or overhead belts.

Pulley: —10” diameter for 412”7 double belt, runs 300 R.P.N.

Spindle: - Forged crucible steel, running in bronze bearings,
adjustable for wear.  Flanged front end with positive drive
for arbors and face mulls, No. 11 B. & 5. rtaper hole. Through
hole, 1”7 diameter with draw-in and discharge rod for arbors.

Spindle Speeds: -Ilighteen changes i geometrical  pro-
oression from 15 to 300 RPN Rato of gearing, 20 to 1.

Feeds: All automanc and positive.  Driven from constant

speed shaft. Range, 2”7 to 10”7 per minute.

Motor Recommended: Constant speed, 5 H. P, Must be
capable of carryig 50 overload for one hour.

Over-Arm: Solid steel, accurately parallel with spindle.
Distance from under side of arm to center of spindle, 675"

Arbor Supports: I'wo, bushed with bronze, one each for
Style A and B arbors.

Table: llas a working surtace of 477 x 12”7, Has three T
slots "16” wide, o1l greoves and screened pockets connecting
with telescopic tubmg for cutter lubricant return.

Lubrication: ~Automatic flooding of all gears and bearings
from reservolr m the base.

Cutter Lubrication: Pump supplied with each machine.
[mproved means furnished for returning lubricant to reservoir.

Tools Recommended: Sce pages 00 and 67.

Vise: —Jaws are 74”7 wide, 2” deep. Opens with steel

2 - 14

= res F T Y - 1.7
jaws, §347, without steel jaws, 6147,

Equipment:—Vise and all necessary wrenches.

Net Weight:—(n pounds) . . . . . . 3600
Shipping Weight:—(domesuc) . . . . . 4400
Shipping Weight:—(foreign). . . . . . 4800

I~

Number of Boxes: (foreign) o
Cubic Feet:—(foreipn) . . oo o o0 SaEaTO7

FEil
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NO. 3B PLAIN MILLING MACHINE

Drive: ~Constant speed.  Bele direct to line shaft. No
countershaft or overhead belts.

Pulley: -16” diameter for 57 double belt, runs 350 R.P.M.

Spindle: - I‘'orged crucible steel, running in bronze bearings,
adjustable for wear. Flanged front end with positive drive
for arbors and face mulls, No. 12 B. & S. taper hole. Through
hole, 1”7 diameter with draw-in and discharge rod for arbors.

Spindle Speeds: l.ighteen changes o geomerrical pro-

gression from 13 to 320 R.IP.M. Rato of gearing, 27 to 1.

Feeds: All automatic and positive.  Driven from constant

shaft.  Range, 1.” to 16” per minute.
Motor Recommended:  Constant speed, 70, H. P, Must
be (,'.l[)ilhlc of carrying 50, overload for one hour.
Over-Arm: Sohlid stecl, accurarely parallel with .\‘pindlc.‘
Distance from under side of arm to center of spindle, 73,7,
Arbor Supports:  |'hree, bushed with bronze, one for Style
A and two for Style BB arbors.

Table: Has a working surtace of 54”7 x 14”7, Has three T
slots 146" wide, o1l grooves and screened pockets connecting
with telescopic tubing for cutter lubricant return.

Lubrication:  Automatic Hooding of all gears and bearings
from reservolr in the base.

Cutter Lubrication: PPump supplied with each machine.
| Pl
[mproved means furnished for returning lubricant to reservoir.
Tools Recommended: -Sce pages 68 and 6g.

Vise:— Jaws are 814”7 wide, 214”7 deep. Opens with steel

e )
jaws, 0147, without steel jaws, 717”7

Equipment: --Vise and all necessary wrenches.

Net Weight: —(in pounds)

5500
Shipping Weight: - (domestic) 6200
Shipping Weight: —(foreign). 63500
Number of Boxes: -(foreign) 2

Cubic Feet: (forcign)



MILLING TEETH IN SPIRAL GEAR
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DIMENSIONS OF MILWAUKEE UNIVERSAL MILLERS

(Number of machine cannot be used as a basis of
comparison with other makes.)

No. of Machine 1-B 2.1B 3-B
Table feed—automatic, ..... .. .... . 24" 30” 36"
Cross feed—automatice. .. .. ... . ol 87 10" 127
Vertieal feed——automatic. . ... I 18" 197
Working surface of table... ..o e 0w 238347914 47" x 127 1 54 x 147
Center of spindle to over-arm., ... . 554" 6" 73
13, & S, taper hole in H])in(]l(‘. . : No. 10 No. 11 No. 12
Index centers swing. ... - 10" 12" 147
Index centers take in lengih. .. : a1 26" LS
Three jaw universal chuek. o e 6" 8 9"
Width of vise JawWS.wce s vw. o =" 614" T S 1"
l)t'pl]) of vise j.l\\’s. Sy - . 1 ]-_-" 2 2 ,i_’x”
Vise opens without steel juows, oo L. 514" 614" 74"
Number of speed changes. . o 8 g 1S IS 18
Range of speed (RiP.MY):wvn v ovwn.. 15 to 354 | 15 10 360 | 13 to320
Number of feed changes. .. ... ... ... 12 12 12
2ange of feed (in inches per minute. . L5 to 16 L5 to 16 15 10 16
Diameter of driving pulley... ... : 117 1.6% 16"
Width of driving belt (doubley. .. .. 47 115" {51
Speed of driving pulley (R.P.MO) L 250 300 350
H. P. of motor for eleetrie drive . .. 3 5 7Y
Net weight (in pounds, about). ... .. 2000 1200 6000
Shipping weight (domestic).. Pec 3200 1700 GGOO
Shipping weight (foreign)......... .. 3600 5200 7000
Number of boxes (foreign). .. .. ... .. 1 2 2
Cubic Feet (foreien) ... .. T 70 LS 132

=

Code WOrd coe s e s ne o s : Ialeon Famous Favorite



No. 1B UNIVERSAL MILLING MACHINE

Pat. Oct. 23rd, 1906, Others Pending.
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NO. 1B UNIVERSAL MILLING MACHINE

Drive : —Constant speed.  Belt direct to line shaft.

No counter-
shaft or overhead belts.

Pulley:—14” diameter for 47 double belt, runs 250 R. P. M.

Spindle:— IForged crucible steel, running in bronze bearings,
adjustable for wear.  Flanged front end with positive drive for arbors
and face mills, No. 10 B. & S. taper hole.  Through hole, 34" diameter
with draw-in and discharge rod for arbors.

Spindle Speeds:—Eighteen changes in geometrical progression
from 15 to 354 R. P. M. Ratio of gearing, 17 to 1. '

Feeds :—All automatic and positive.  Driven from constant speed
shaft.  Range, »" to 16” per minute.

Motor Recommended :— Constant speed, 3 FH. P.

3 .\Tllht l\(_' c;ll)..

able of carryine 50, overload for one hour.
Over-Arm: —Solid steel, accurately parallel with spindle.  Distance
from under side of arm to center of spindle, 5347

Po JE]

Arbor Support: One, bushed with bronze, for style A

Table: IHas a working surface of 383y”

ll“.l” ‘

arbor.
by gl4”. Has two T
wide, o1l grooves and screened pockets connecting with
telescopic tubing for cutter lubricant return.

Spiral Dividing Centers:—Swmg 10" and take 21”7 in length.
Spindle has 1116” through hole with No. 10 B. & S. taper.
ll]l'\'ll(l(‘(l Lo I'L'(‘('i\ § L']Illt‘k.

\IH(.\

I'ront end
Spindle can be set in any position from 10°
beyond vertical to 57 below horizontal.  Head interchanges with gradu-
ated vise base so that the spindle becomes completely universal.
Tail-stock adjusted vertically and graduared 1 degrees.

Lubrication :— Automatic  flooding of all gears and bearings,
from reservoir in the base.

Cutter Lubrication: ~Pump supplied with cach machine. Im-
proved means furnished for returning lubricant to reservorr.

Tools Recommended - See pages 64 and 63.

Vise :—Swivel, is graduated in degrees.  Jaws are 614”7 wide, 112"
deep. Opens with steel jaws, 457, without steel jaws, 514"

Equipment: Spiral dividing centers, center rest, index plates,
change gears, 6”3 jaw universal chuck, swivel vise, index chart and
all necessary wrenches.

Net Weight:—(in pounds)

: 2000
Shipping Weight:—(domestic) 3200
Shipping Weight :—(foreign) 3600
Number of Boxes :-—(foreign) !
Cubic Feet:—(foreign) 70
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NO. 2B UNIVERSAL MILLING MACHINE

Drive :—Constant speed.  Belt direct to line shaft.
shaft or overhead belts.

Pulley :—16” diameter for 412" double belt, runs 300 R. P. M.

Spindle :—Forged crucible sreel, running in bronze bearings,
adjustable for wear.  Flanged front end with positive drive for arbors
and face mills, No. 11 B. & S. taper hole.

No counter-

Through hole, 1”7 diameter
with draw-in and discharee rod for arbors.

Spindle Speeds :—Lighteen changes i geometrical progression
from 15 to 300 R. P. M. Ratio of gearing, 20 to 1.

Feeds:—All automatic and positnve.
shaft.  Range, 2" to 16”7 per minute.

Motor Recommended : —Constant speed, 5 H. P.

able of carrvine 50, overload for one hour.
d =) (

Driven from constant speed
Must be cap-

Over-Arm :-Solid steel, accurately parallel with spindle.  Distance
from under side of arm to center of spindle, 674",

Arbor Supports:—Two, bushed with bronze, one each for Style
A and B arbors. i

Table: —Has a working surface of 47”7 x 12”.  Has three T slots
116" wide, oil grooves and screened pockets connecting with telescopic
tubing for cutter lubricant return.

Spiral Dividing Centers:—Swing 12" and take 20”7 in length.
Spindle has 115" through hole with No. 11 B. & S. taper.  Front end
threaded to receive chuck.  Spindle can be set in any position from 10°
beyond vertical to 57 below horizontal.  Head interchanges with
araduated vise base so that the spindle becomes completely universal.
Tail-stock adjusted verucally and graduated in degrees.

Lubrication : —Automatic Hooding of all gears and bearings from
reservoir in the base.

Cutter Lubrication:— Pump supplied with each machine. Im-
proved means furnished for returning lubricant to reservoir.

Tools Recommended :—Sce pages 66 and 67.

Vise : —Swivel, is graduated in degrees. Jaws are 714" wide, 2”
deep.  Opens with steel jaws, 5137, without steel jaws, 614"

Equipment:—Spiral dividing centers, center rest, index plates
change gears, 8”—-3 jaw universal chuck, swivel vise, index chart and
all necessary wrenches.

Net Weight -—(in pounds) . . .. o 0 o 000 Sudons
Shipping Weight:—(domestic) . . . . . . . 4700
Shipping Weight:—(foreign) . . . . . . . . 5200
Number of Boxes:—(foreign) . . . . « . . . 2
Cubic Eeet:—(foreigh) . « . o LTS

43

2851
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NO. 3B UNIVERSAL MILLING MACHINE

Drive :—Constant speed.
shaft or overhead belts.

Pulley :—16” diamecter for 57 double belt, runs 350 R. P. M.
Spindle: ~IForged crucible steel, running in bronzed bearines,
adjustable for wear.

Belr direct to line shaft.  No counter-

Flanged front end with positive drive for arbors
and face mills, No. 12 B. & S. taper hole.
with draw-in and discharde rod for arbors.
Spindle Speeds:—Iightcen changes in geometrical progression
form 13 to 320 R. P. M. Ratio of gearing, 27 to 1.
Feeds: —All automatic and positive.

Through hole, 1”7 diameter

Driven from constant speed
shaft.  Range, "7 to 16”7 per minute.

Motor Recommended : Constant speed, 7': H. P
capable of carrving 507, overload for one hour.
Over-Arm:

Must be

Solid steel, accurately parallel with spindle.  Distance
from under side of arm to center of spindle, 734”7,

Arbor Supports:—"Three, bushed with bronze, one for Style A
and two for Hl»\‘lu 3 arbors. '

Table: slots

16" wide, o1l grooves and screened pockets connecting with telescopic

tubing for cutrer lubricant return.

Spiral Dividing Centers:—Swing 14" and take 32” in length.
Spindle has 112"

[Has a working surface of 54”7 x 14”. Has three I
1

through hole with No. 12 B. & S. taper.

Front end
threaded to recceive chuck.

Spindle can be set in any position from 10°
beyond vertical 1o 57 below horzontal.  Head imterchanges with
graduated vise base so that the spindle becomes completely universal.

Lubrication : —Automatic flooding of all gears and bearings from
reservoir in the base.

Cutter Lubrication:—Pump supplied with each machine. Im-

proved means turnished for returning lubricant to reservoir.
Tools Recommended : —Sece pages 68 and 6g.
Vise :—Swivel, 1s graduated in degrees.

Jaws are 814" wide, 214"
deep. Opens with steel jaws, 6137

. without steel jaws, 714",
Equipment:—Spiral dividing centers, center rest, index plates,
change gears, ¢"—3 jaw universal chuck, swivel vise, index charr and
all necessary wrenches.

Net Weight: —(in pounds)

6000
Shipping Weight :—(domestic) 6600
Shipping Weight :—(foreign) 7000
Number of Boxes:—(foreign) 2
Cubic Feet:—(foreign) . 132

45
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VERTICAL SPINDLE ATTACHMENT
5,
VERTICAL SPINDLE WITH RACK
CUTTING ATTACHMENT
Number of attachment corresponds to number of
machine to which it is adapted,
. When ordering give number stamped on front of knee,
!
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VERTICAL SPINDLE ATTACHMENT

This attachment conforms to the general design of the machine,
both as to appearance and efhciency and is held in place by being
clamped to the knec slide on the column of the machine and can be

changed very quickly.

The spindle runs in bronze bearings with adjustment for wear,
has taper hole, draw-in rod and flanged end that are duplicates in
every way of the horizontal spindle so that tools will interchange.
[t can be set at any angle, graduations in degrees being provided for
that purposec.

A very large percentage of our machines are equipped with this
useful feature as it enables the operator to use either the horizontal or
vertical spindle according to which best fits the conditions.  Face mills
are the most economical cutters.  See pages 60 and 61. Face mill

arbors.  See pages §8 and 5.

I'nd of - L o
B, &S, spindle to Eft)illlll(‘ul'f{[ Nt Code
No. | taper hole table in "l f05E i'“ Weight “‘.” 'll
in spindle lowest o o ' Lbs. Vs
])nsi{inn 22
1 10 L7~ 9 14” 160 Lime
2 11 18" 1254" 240 Limit
3 12 IS 15" 157 100 Limbo

RACK CUTTING ATTACHMENT

This attachment is supplied with vertical spindle when so ordered.
[t provides a cutter arbor at right angles to the regular arbor for such

work as rack cutting

g, cross milling on long pieces, milling spirals on

Universal Millers at certain angles beyond those ordinarily covered.
! | | l
| Distance i |

No. | Dipzneter ] center of arbor en Y ol I Code Word

P a
Y ¥ (8] .
of Arbor | to bottom Pounds
t
1 I ' 20 Lineage
2 1 24 Linen
3 1 14” 52 Liniment




UNIVERSAL MILLING ATTACHMENT

Number of attachment corresponds to number
machine to which it is adapted.

When ordering give number stamped on front of knoe,

45



UNIVERSAL MILLING ATTACHMENT

There are few shops that do not, at some time, run up against a
L‘umplic;nud piece of work that batHes rthe imgenuity of their best
mechanics. Tt was for just such cases as this that this attachment was
designed.  Not only is 1t suited to meer the unusual and occasional
job, but for the every day and the usual as well. There is no con-
ceivable angle ar which it cannot be set and the construction is such as

to enable 1t to withstand severe and constant usage,

Like the Verocal Spindle and other attachments, it is held in place
by being clamped to the knee shide on the column of the machine and

can be changed very quickly.

The spindle runs in bronze bearings with adjustment for wear and
is made of hardened steel, ground on the outside and in the taper hole,
this being No. 10 B. & S. on all sizes.  Clutch drive is provided for
arbors and cutters, also draw-in and discharge rod.

The drive 1s from a spur gear, carried by the Hanged end of the
main spindle, through bevel gears to a wide taced pinton on the spindle,
these being made of hardened steel and caretully htted.  Spirals of
any angle can be cut on both Umversal and Plain machines if the
latter are fitted with Universal Spiral Dividing Centers which we are

prepared to supply. (See pages 52 and 353.

It can be used as an ordinary Verucal Spindle and 1s recommended

for face milling with cutters up to 6” diameter.  Use arbors 43, 44 or 43,

pages 58 and 50; face mills up to 1’14, page 6o.

Can also be used for cutting racks.

B, 1)i.<l‘:n.n-(-‘ l)lsl:nln-(: Net ‘
N taper hole centel Of _centen n‘f Woicht ( -'uh-
in spindle spindle to spindle to face Iih5 Word
: bottom of column S
| 10 107y 265 Ocelot
2 10 11" 290 Ochre
3 10 11 14” 325 Ochery




SLOTTING ATTACHMENT

i Number of attachment corresponds  {o
machine to which it js adapted.

1 When ordering give number stamped on front of knee.
4§

number of

a0
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ROTARY TABLE

This attachment, as the name imphies, 1s a work table for holding
parts that are to be circular milled such as secgments and parts of
circles ending in projections.  Also used for straight milling as with
a face mill on two or more sides of the same piece at one chucking,

cear cutting on large diameter gears, comphceated die work, etc.

The worm wheel is almost as large 1n diameter as the table and
is accurately cut on a machine butlt for this purpose.  The worm has
adjustment for wear and the worm shaft carries a collar graduated

in minutes, the table tself being graduated in degrees.

When used on a machme supphed with any style of  dividing
centers shown on page 52, index plate and crank belonging to these
may be used on the rotary table in place of the graduated collar for
making divisions.  Where these plates and crank are supplied with

the rotary table alone, an extra charge 1s made.

The enter hole 1s made raper with the largest end at the bottom
so that arbors can be used that will accurately center and hold the
work down. The top end of this hole 1s straighe for a short distance

for convenience m centering where a plug 1s used from the top.

Power feed 1s provided, this being driven from a shaft parallel
with the table screw and can be tripped at any point, either by hand
or automatically. Power feed cannot be furnished for rotary table
on Style A Manufacturing Millers.

' 1

5 - Code Word

“[(;}1)(:‘1“ Code Word | Index Plates
S. and crank

Diam.
over Height
oil pan

|

- Diam.
No. | of table |

1 1 17 6% o 96T S Rotund ' Raven
"2 ‘l ¢ 207 5% 364 | Rouser ‘ Rostrum
3 20 2S5 |~ 484 | Royalist = | Rotten



PLAIN VISE

SWIVEL VISE

RACK “VISE 7

MILLING MACHINE CHUCK

Number of  attaehiment corresponds 1o number  of
machine to whichi it is adapted.

When ordering give number stainped on front of kiee,

56




MILLING MACHINE VISE —PLAIN

T'his vise i1s of mproved flanged construction with cross slots and
stde ears so that it can be held either wav on the work table.  Furnished

as part of the regular equipment of Plain and Manufacturing Millers.

re - pens Opens ¥ e .
N Width of  Depth of D0 b e | Waiglit Code
i T T i el with without : o
steel jaws  steel jaws S L soell Lhs, Word
. steel jaws o steel jaws

614" 1187 114" 514" 6O Locust

2 g il 514" 61" 95 Lofty
3 Bilz" 2 G 1" 7Y 135 Lotus

MILLING MACHINE VISE - SWIVEL
T'his is the plain vise with the addition of a circular base, graduated
i degrees. Ir can be removed from the circular base and used as a plain
vise if desired.  Furnished as part of the regular equipment of Universal

Milling Machines.

Opens Opens Weieht Cocde

; Widi De r .
No. A h "_f_ ] cpth ‘fr_ with without ) Wor
steel jaws  steel jaws : ey |y b Lbs. ord
- steel jaws  steel jaws
| 614" 1h* | dgr 84 Lyceum
2 7 Lo o 517" 137 Lydian
3 814" 211" 615" 162 Lyric

RACK VISE
This is a vise intended to hold long pieces lengthwise of the table

such as racks or any work that requires a long clamping jaw.

No Length (i{')ilillllh \\(*i)ll)llul»]l‘lt Weight (ade
SR gt : > L.hs. Waord
steel jaws steel jaws
| 29 15" 478" 615" 96 Lunar
2 29 15” 474" 6G1g” 96 Lunate
3 36”7 87 01 208 Lupine

MILLING MACHINE CHUCK

This is a universal chuck with three jaws, all of which are operated

by the application of wrench to one pinion. It is provided with face
plate to fic dividing heads of corresponding numbers.

No. ‘ Diameter Weight Lbs. Code Word
I G 16 Rosette
D) 87 20 Rostral
3 9" 39 Rosin
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COLLET CUTTER ARBORS (Style C)

T e e T

CUTTER ARBORS (Style A)

CUTTER ARBORS (Style B)

. o { )

ROTARY TABLE ARBOR

When ordering collets and arbors give number
stamped on front of knee,




COLLETS
Collets are tapped to suit draw-in bar in spindle of Milling Machine.
Only B. & S. taper holes are hsted, but Morse taper holes can also be
furnished promptly.

2

B. & S, Taper | B & 5. Taper Machine

Ontsude Iade Whie baed | - 208 vedrd e Erice

| 10 | Do 1 Hawk =3

2 10 D> No. | Hawser 3

) 10 i No., 1 Haze 3

1 10 9 No. 1 Flazel i

5 11 V No. 2 Houned {

i 11 9 No. 2 Hoero i)

= 11 10 No. 2 el 5

S 12 ; h ) Hilt 5.4
9 12 a9 N 3 Hindoo 550
10 12 10 N } Hive t. 50
11 12 11 3 Haobhy 650
L2 7 1 Colle Howvel 2.00
13 T 3 (& Iover 2.00

ARBORS FOR FACE MILLING CUTTERS
STYLE C
No Diseter L B& s Miller Code Word Net Price
Faper Shank

13 1 10 No, |1 Cask =500
11 11 10 No. | Cusket 6 b
H 114 10 No: | Casque .50
G [ 11 No, 2 Chiscl 650
67 11 11 No, 2 Churn 7 .00
[ 13 11 No. 2 Catnip ~. 00
87 1 12 No. 3 Cork 7.50
S8 144 12 3 Coul = 00
Na 114 12 Cream K50

CUTTER ARBORS

These arbors have clutch drive collars to engage with clutch collar
on spindle of millers so that there can be no ship to damage spindle or
arbor.  T'he back end is tapped to suit draw-mn bar m spindle. Stvle A
arbor has bearing outside of nut and i1s made small so that the arm
bracket will pass over the top of the vise or other work when using small
diameter cutters.  Stvle B arbors have hardened and ground bearing
back of the nur which can be adjusted ro any point to suit requirements.

Length from

B. & . Michin Code N

No. Diameter Shonlder v Svle Where Fo -,.f‘fl.
te Nt Faper : U Word Pri

10 g 10 A No.: 1 Culk S 7T.00
11 s 10 A ol Creler 7.00
12 11y 10 A Nao. 1 Cake 700
60 11 \ No. 2 Caliph 9 00
61 1” 11 b No. 2 Calf 9 .00
62 134 11 A\ No. 2 Cane O .00
(%1 1.~ 11 13 No, 2 Chiefl 14 00
Gl 114" 11 I3 No, 2 Chermist 1100
65 113 11 13 No. 2 ol 1400
S0 74 12 A No. 3 Clay 1000
N 1” 12 A No. 3 Clevis 10.00
82 LA™ 12 A No. 3 Cleave 10,00
83 it 12 13 No. 3 Coekle 1500
S 1147 12 15 No. 3 Comnet 16 00
NS 115" 12 I3 No. 3 Conoid 1600
N1 15, b B “No. 8 * Clarion 2000

ROTARY TABLE ARBOR .
This arbor 1s for holding and centering gears and similar work on
rotary table. 17 diameter, 67 from shoulder to nut,

Same arbor for all sizes of tables, 4
Price......87.00. Code Word .... ROSSEL.




FACE MILLING CUTTERS, F15 AND SMALLER

FACE MILLING CUTTERS, F26 AND LARGER

GO



MILLING CUTTERS

Milling cutters with inserted teeth of high speed steel, adapted for
use in connection with our Millers, have been a regular part of our
product for some years. Their use has added to the popularity of our

machines by increasing their output.

FACE MILLING CUTTERS

Use Style C arbor, pages 58 and 59

Arbors for Millers

. Code Net
No. Diam. I'ace Hole Word Price
No. 1| No. 2 | No.-3
iR T 2 g 114 I 13 66 ST Butter S 800
I8 2 3 114" I 13 66 ST Buttock 8.75
'~ 9 4 114" 17 13 66 ST Buxom 9.50
I’-16 3 14" 114" 1 13 66 ST Burg 10.25
11 {7 1127 1347 14 67 S8 Bumkin 11.00
I 12 I 14" 1 18" ] 14" 1 67 S8 Bullion 11.75
FF-13 4 1 44" 134”7 I 67 SS Bumble 12.50
P=14 6" 1% 1 1g” 15 6GS 59 Bunion 11.00
I'=15 7 1 %" B P . O Y Bureau 16.00
FACE MILLING CUTTERS
Carried directly by flanged spindle.
(For centering plug-see sets of tools.)
No. Diam, Face Machine Code Word  Net Price
'-26 ! G” 1 &7 No. 1 Bumper 214.00
I°-27 7 148X No. 1 Burgess 16.00
[*-28 70l 1 %" No. 2 Bunch 17.00
129 87 12" No. 1 Bunchy 18.00
1°-30 N 1 & No. 2 Bulb 20.00
=31 8 2 No. 3 Budget 20.00
1'-32 10" 1 %" No. 2 Buckram 24.00
133 10" 24 No. 3 Buflet 21.00
1834 ‘ J28 2 No. 3 Buckle 2800




SLAB MILLING CUTTERS

SIDE MILLING CUTTERS



SLAB MILLING CUTTERS

I'hese cutters are interlocking cach cutter being 116" longer than

the lengrh given in the list so that if three cutters 2”7 long were assembled
on the arbor they would measure 6 16" long over all and if a pair of
our side curtters were used on each end the width of cut would be 6”.
Where two or more are ordered they will be supplied alternately, right
and left hand.  Any exact length can be obtained by making one cutter

special to fll out the required length.

No. Dinmicter Tength Hole Code Word Net Price
3" 1447 1” Polyveon 87.50
3ls"” 135" 15 Polemie OG0
ala" 134" 144" Polygram 900
1" o7 11z Potter 1050
g it 2 I.345" ["ollard 10.50
11 g I Potony 1200
41 2 1} Pollux 12.00
BRE 2 1347 [olvedon 12 .00

SIDE MILLING CUTTERS

Sivk MivtinGg Currers are for use in facing both sides of a piece at
once (in which case they are used in pairs), milling slots or for use in
gangs.  The hubs are Y16” shorter than the blades so that when used

e e

in connection with slab mills the blades will over-reach the smaller

cutter producing a betrer result.

No. Diamerer I'nce Haole Code Waord Net Price
b Fotd Jo0 1” Valor S12.00
S- 5" 1 [ 1% \alSrons 1200
S 6" 17 Jo% Vinish 1-4.00
N 6" Lo 13,7 Vinity 14,00
S (4 1 11a” Vase 14.00
5 i 16.7% 1> Vanily 165.00
S - T 135" 11,7 Viarudal 16,00
=S 75 1347 115” Viandalism 1600
) 7 13¢” 133" Vane 1600
S 87 135" (e Vaunt 15 .00
N 8" 134" 14" Vel Is 00
S 8" 134" 1ha” Venndl IS .00
S5t 87 A T Verger 1800
S 9 13g" 14" Valley 20.00
N 9” 134" ) la” Valiant 20.00
= 9~ 135" 1347 Vagrant 20 .00
bl 1 135° 11,” Valance 24 .00
= - 1347 144” Vagary 21 00
S 1” 135> 1257 Vale 24,00
N 137 | a5 1 1,” Valensin 3000
= 13”7 1347 133~ Vapor 3000
= 157 13" Lg% Valerate 3600
S 15" 135" 13475 Vault 36 00
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SET OF TOOLS FOR No. 1 MILLERS
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1 SET OF TOOLS
FOR No. 1 MILLING MACHINES

The set of tools shown on the opposite page and listed below was
selected with a view to an outfir that would be of real value and covers
a wide range of work.

The larger cutters and those most likely to be used extensively are

of special quality high speed steel.  The balance are of carbon tool steel.

MILLING CUTTERS.

- TR, TSSO

No. Style Diam.  FFace  Hole Steel Code Word  Price
i
J 1% 1 602 T.. H. 234" L g Carbon Hae B 200
S!i 2% | 602 R.H. : 234" 14" jit! & Haft 2,00
3 PPlain 2 15 ‘!4" 6 " Hackney 1.00
| o 2 14" gt I & Hackle I 10
5] 2 15" 15" [* & Hable 1.:20
(§] 214" 34" | i Habnab 1.45
& Side 1" L J:4 Npeed Habitat G.65H
i S # 1 15" I & Hagoard 6,65
0 Metal Saw 37 Yae” K Carbon Haik .70
10 s = 1” don 1 g Hakot NS
- Ll ¥ w | g Ler & Halevon 1.00
ﬁ 12 IS Mill 14" LLe e s s s Halibut 1.00
13 ;" o 34’ 194" ’ ; e Hulse 1.25
11 ke I 174" 5 0% 3 Halter 1,15
; (5} 113 Ui 4 B 0 ¥ 5 . Hamble 160
16 Spiral 2 1" 37 i Speed Hallux 7.00
I 9 [ace i 113" I 5 Buxom 9.50
726 H 6" 194" ] 25" & Bumper 1-1.00
4
Y
ARBORS, COLLETS, ETC.
17 Colleh TIEE oo i o i o s s e g ERNAL, = o s
31 Collet, Tx10 B. & 8. Taperss «» o wasaws oo ¢ 0l
41 Style A Cutter Arbor, 17 diameter, 8 should-
Cr 0 M cxiis siaie v s v ware 4 SOy e e BT 07T A e 7.00
43 Style C IFace Mill Arbor, 17 diameter.. .. ... Cask 5.50
E23A 1  Spindle Centoving Plug, s vws s s vmvcionae o Handsel 200
Price-—Set complete. ... 870.00. Code Word......... . KHANATIL

=
Unless whole set is taken, individual list prices apply.
65



SET OF TOOLS FOR No. 2 MILLERS
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SET OF TOOLS
FOR No. 2 MILLING MACHINES

The set of tools shown on the opposite page and listed below was
selected with a view to an outht that would be of real value and covers

a wide range of work.

The larger cutters and those most likely to be used extensively are

of special quality high speed steel. The balance are of carbon tool steel.
MILLING CUTTERS.

No. Style Diam, IFace Hole Steel Code Word  Price

1 6O° L. H. 14 | Carbon Hag $ 2.00
2 60° IR, H. ; 2 5” 1” & Flatt 2,00
3 Plain 2 |74 1 Hackney 100
| L 2 Nk | £A Hackle 1..10
D 2 157 1” 1 Hable 120
0 i 215 34" g ke Habnab I.45
9 Metal Saw 37 Lig” | i £ Haik .70
10 5 i I Baa” 1~ i Hakot 85
11 a N 5 15 1 Haleyon 1.00
12 Iond Mill 14" 114" Halibut 1 00
13 b &3 34" 185" Halse .25
11 £ o ¥ 1 747 [alter 45
15 13" o e H:imnble 1.60
1S Spiral 284" 1 14 Speed Hamate 10 00
331 Side 6" g 114 £ Vanity 14.00
S331 35 G” g 114" £ Vanity 14.00
11 FFace Vol 114 114" - Bumkin 11.00
I'28 ’e 7 1946" 174 Bunch 17.00
ARBORS, COLLETS, ETC.
19 Coller Drift.. . Crer Tt i AT S ~
5Y | Collet, 7x11 B. & S. TOPCrS.. v 1o snw s Hound S
Gl Style A Cutter Arbor, 1" diameter, 107
4 o D ER b7 v R TM v e ookt e R R LS s e s Calf 9.00
61 Style B Cutter Arbor, 147 dimmeter, 18 147
‘ Shionulder to MU, as ool sism sia v T s Chemist 11.00
66 Style C Face Mill Arbor, 1”7 diameter.. .. .. .. Chisel G50
238 Spindle Centering Plug............ v v - s o) "Halser 2.50
Price—Sect complete. . ....5105.00. Code Word............ INHAY A,

Unless whole set is taken, individual list prices apply.
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SET OF TOOLS FOR No. 3 MILLERS



SET OF TOOLS
FOR No. 3 MILLING MACHINES

The set of tools shown on the opposite page and listed below was
selected with a view to an outhir that would be of real value and covers
a wide range of work.

The larger cutters and those most likely to be used extensively are

of special quality high speed steel.  The balance are of carbon ool steel.

MILLING CUTTERS.

e T Style Diam. | Face | Hole Steel Code Word  Price

| 60° L. H. | 234" 14" 1 Carbon e S 2.00
2 GO* R. H. | 234 14" 1 ¥ [aft 2.00
3 Plain 215" | ¥ £6 Haeckney 1.00
9 Metal Saw - 37 ia” 1% # Haik .70
1) ¥ s 1" B g 2 Hakot .85
1l o oy 57 187 1% Halevon 1.00
12 Iond  Mill 15" [ 18" . it & Halibut 1.00
134 e ot 34" 134" I s i [alse 1.25
11 J 174" L Halter 1,15
15 k5 i 15" P A W - Hamble 1.60
16 Spiral 214" 3’ I Speed Hallux 7.00
20 Plain i 347 11” Carbon Haver 1.45
21 & R 15" 144" Y Heath 1.65
22 ) 34" 114" A Heben 2.00
23 @ 3" % 114" ot Helvine 2.50
36 Side 7 13g" 114" Speed Vandalism 16.00
836 5 T 134" 114” o Viandalism 16.00
3M 53 Slab* {7 G 114" Pollage 31.50
F 9 I"aec 3" 135" 1” Buxom 9.50
I'13 5 Li%ig 114" 14" & Bumble 12.50
1731 ]7 27 124" 55 Budget 20 .00
ARBORS, COLLETS, ETC.
Sl Style A Cutter Arbor, 1”7 diameter, 127
ShoNlder t0: MU L5k f e 3 wrisw e e e it JClEVis 10.00
S Style B Cutter Arbor, 1147 diameter, 247
shoulder ol o is o5 i Seotee ory sene Comet 16.00
85 Styvle B Cutter Arbor, 11" diameter, 247
SHONA eI LD G, s e e i Conoid 16.00
ST Style C Face Mill Arbor, 17 diameter.. .. ... Cork. 7.90
88 | Style C Face Mill Arbor, 1 1" diameter.. .. .. Coul 500
2 ColletiIDRIth A X e s ot R O \ - o
8Y | Collet, 712 B, & S. TAPCISe .o onsoonvnan f1 HIIE v-20
| DRE{® Spindle Centering Plug oo simec comiaesqs Hanse 300
Price—>Set complete. ... .. S1T51005  GodeiWaords Jotem KIBLAH.

Unless whole set is taken, individual list prices apply.
*This cutter consists of three Ma3 as listed on page 63 and
additional units can be added if desired.

GO
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PLAN

Manufacturing
No. 1 No. 2 { No, 1

10” 15”7 40”

‘J'l" .,_.H” :.’H
20887 24 1 L 20 45"
306 15" 114 36 147
Vi 11 A
l:. 16 o
11 167 14"
47 414" G
64" 75 L4171 164"
107 117 127

¥
5454”7 033" 563"

F ) ¢ -
{1377 | 49177 | 4284r
e B R e o
35 iz a2y | )
116" | 163" | 1154”

DIMENSIONS

Plain

.
>
&

15”7 50" 407
28Y 32¢ 24"
24 14" 0 27 4" | 20 14"
41" 45 V5" 36 18"

114 Van Y

o o 1o
16 16" 147

44" 5 Iz
75147 | 86" 61"

# Sy 7
11 16 12
EJLJ_}/‘:: ..\"}4’: Y _’:_-:
Viag a7 15” 3974

PR e e e 4 2
I.'%” 7 ]",, 1()_-,‘"
16 34 16 34 1154
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OPERATION

There is no machine in the whole list of metal cutting tools
that will pay larger returns on mtelligent supervision than the
Milling Machine. Many superientendents contend that this
is the place for low grade labor and up to a certain point this
1S true.

Overseeing The factory equipped w‘irh 3 numl)clr ‘of' mzu‘hin.cs
should have a resourcetul and ambitious man in
charge of this equipment, one who will see personally that
each job i1s set up as 1t should be and the cutters working pro-
perlv.  With such a man in charge, it 1s possible to have men
comparatively hittle experienced as operators.  T'he shop with
only one machine, 1if the work 1s in lots, can depend on the
foreman in charge of other work to oversee the miller and rely
on an ambitious operator not necessarily greatly experienced.
But if the work be varied, only one or two pieces of a kind and
these differing greatly, satsfactory results can be obtained
only by having an operator with igenuity enough to meet

and master these problems as they arise.

When the new machine 1s received, 1t should be looked over
carcfully and perfect famiharity acquired with all 1ts features.
The description found on pages 6 to 23 will be found helptul
in this.
N ()\\'il?g to the facrt r_h:nt no L'(.')ll]'l['L-'i'Sl‘le[' 1s used,
erection is very quickly accomplished. Secr the
machine by placing a level on the work table, testing in both
directions. Drop a weighted cord from the line shaft to rest
for parallelism with the over-arm. If right angle drive is

used, test with the work table, takineg care that the swivel

]
carriage is set a zero it the machine 1s a universal.

Put wooden wedges under the base it the floor i1s out of
true.  Shingles will be found convenient for this. On upper
floors, select, if possible, a location over a girder or other place
free from vibration to obtain the best results. Bolt securely

to the floor.



No. 1 MILLING MACHINE,
No. 2 MILLING MACHINE.

/No. 3 MILLING MACHINE.
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DIAMETER OF LINE SHAFT PULLEY IN INCHISS.

PULLEY DIAGRAM

The above diagram 1s a guide to the selection of the proper
size pulley for the line shaft, this depending on the speed at
which it runs.

Example:—I'he horizontal lines represent a difference of
Now suppose that we have

10 in the speed of the line shaft.
IFollow-

a No. 2 machine and the speed of the line shaft is 200.
ing this line to the right until it meets the No. 2 curve and
then following the line to the bortom we sec that a 24”7 pulley

is required.



The machine o1l reservoir should be filled to within

Oiling about 2”7 of the top with good quality of light machine
o J o

oil.  This o1l should be taken out two or three times a year
and either hltered or used for some other purpose. After the
machine 1s started, streams of oil will be seen flowing back
into the reservoir if the cover is removed, this being a sure
indication that the lubrication 1s being successfully accom-
plished.

I5ill the reservoir in the base of the machine, back of the
door, with lard o1l or other cutter lubricant. If the character
of the work is such that no cutter lubricant is needed, enough
should be supplied to keep the pump well oiled.

_ Select a pulley for the line shaft according to the

Line Pulley P onantons o s S e o
directions given on the opposite page and use a

double belt of the full width specified for ‘G™ in the table.

Throw the belt on the pulley with the starting lever drawn

forward, pushing it quickly back as far as 1t will go to start
the machine. Operate all levers to make sure that they are
understood.  The machine 1s now ready for duty.
Euiters Milling cutters should be small in diameter and have
the largest possible holes. T'his, of course, should
not be obtained at the expense of weakness in the cutters.
There is scarcely space here to enter upon the subject of cutter
design and this is not always in the hands of the Milling
Machine foreman or operator, but these men have full charge
of what is not less important and that is the location of the
cutters on the arbors.

The thoughtless or careless man will take oft the arbor
nut, remove sufficient collars to make room for the cutters and
replace the nut, leaving the cutters on the outer end of the
arbor where they will be liable to spring the most, due to the
tortion of the arbor and at the same time subjecting the outer
bearing, the arm, the arm braces and the knee to the maximum
strain.  Sometimes the character of the work demands this
arrangement.  On page 2 will be seen a machine set up to
mill a Corliss Engine cross head, this being done in two opera-

tions at one setting.
73
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DIAMETER OF CUTTER IN [NCH IS,
CUTTER SPEED DIAGRAM

The above diagram is a graphic way of finding out the
proper speed in revolutions per minute for any given size of
cutter at any given surface speed.

Example: —34” diameter cutter, surface speed desired, 40 ft.
Start at the bottom, following the .87 diameter line untl it
intersects the 40 ft. curve, then to the left—nearest speed, 200
revolutions per minute.



T'he inner set of cutters have the heaviest work to do and
they are therefore placed as close to the end of the spindle as
possible where the machine will offer a maximum resistance to
distortion. After taking the first cut the table is moved out
for the second cut, the advantage derived from finishing at
one setting exceeding the disadvantage of cutter location.
The cuts on pages 24 and 31 represent good practice in this
regard.

Be sure that the cutters are keved and the arbor nut
Keying . ] Fi S
ticht.  This is very important for 1t the cutters fail
to revolve with the arbor all the power of the machine will be
thrown into the teed and since the curtters will not cut relief
for themselves, damage 1s liable to be done. When tightening
the arbor nut, lock the spindle, hrst serting the speed lever 19
for the slowest speed, have the arbor support in place to prevent
springing the arbor with the wrench.
We are frequently asked to give cutter speeds for
BRRIR: i veny kinds of interial bat e tlils weare e
different kinds of material but for this we are unable
to offer any general rule.  Grey iron castings, for instance, are
made in such a wide variety of chemical composition and
hardness that what would be considered maximum surface
speed in one shop might be far too low in another. We have
seen our own cutters running at 1009, higher speed in other
shops than we found possible on our own work, due to the fact
that our castings must be hard i order to insure permanency,

especially i the sliding bearings.

The diagram on page 74 will be of aid in determining what
is best under your conditions. A little experimenting and
areful watching of how the cutters stand on the grade of
material that you receive will determine approximately the
surface speed that you are able to run. Having once deter-
mined this, 1t can be used as a guide to obtain the speed for
any given size of cutter.

. [t 1s advisable to start with a comparauvely low
Starting i ! . : ! 4

speed and advance as you fnd it possible without
too frequent stoppages to sharpen the curters.

T



Feed The same thing can be said of the feedstart low and

S go up as the cutters and the work will permit.  The
feed per revolution of cutter depends upon the speed of the
spindle as well as upon the rate of feed so that it is sometimes
possible to maintain a given feed by increasing ‘the speed as
each increase of speed reduces the feed per revolution of cutter
but the distance covered per minute remains the same.

For example,—a feed of 57 per minute with a spindle speed
of 18 is .238” per revolution of cutter. By increasing the speed
to 20 the feed per revolution of cutter is reduced to .192” but
the feed is still maintained at 5” per minute.  Sometimes it 1s
better to reduce the speed, depending upon the design of the
cutter, depth of cut and fnish required.

Chucking Chucking 1s of utmost ilinport;mu; ;mfi g(m(.l ﬁxrl.ll'cﬁ

pay well where there is any quantity of a kind.
These fixtures should be as low as possible so as to kecp rthe
work down close to the top of the table and thus reduce lever-
age on the knee. These fixtures should be made strong and
contain plenty of material and be arranged to back up the
work at weak points and hold it rigidly.  In order to obramn
the best results from milling, the work must be more sccurely
held than would be necessary on the machine operating with
a single tool since the milling cutter is in reality a gang of tools
all at work at one time.

Milling Steel Where stccl. 1s bcing.millg(!, o1l Sh()l‘ll(l be used on

the cutters in quantity. The practice has grown
up, on account of o1l pots and tables not provided with means
for returning the oil, to allow the lubricant to drip upon the
cutters. By far the best results can be obtained by allowing
the o1l to run freely on the cutters, keeping them cool and
washing away the chips that otherwise would accumulate
between the teeth, reducing the efficiency of the cutter. The
cutter that is freely flooded will not require grinding as often
as onc that is not so treated and the quality of the work pro-
duced will be much better.



) To adjust the spindle bearings, set the handle 19
Adjustments 1. veen holes so that the spindle can be turned
freely by hand by grasping either the front or back end. The
nut on the back end can then be set up but should not be set
so tight that the spindle cannot be turned freely.

The table gib is adjusted by end screws and both should be
set up tight, the adjustment being such that the table will
move freely but not too loose.

The worms in the Universal and Spiral Dividing Heads
are taken up by two slotted head screws at the back of the
worm housings that control an eccentric bushing. The top
one of these two screws takes up the worm and the bottom one
is used as a lock to prevent shoving the worm too tightly into
the worm wheel.  Both of these screws should be kept tight.
The end play on the worm is taken up by a plug at the end of
the shaft opposite the index plate, this plug being adjusted by
a slotted head screw.

Vertical spindle and aniversal milling attachment spindles
are taken up by a nut at the back end the same as the main
spindle.

CH The column plate, pulley bracket and feed boxes
0il Tight are used to close openings in the column and to
prevent the escape of oil.  The joints are made oil nght with
shellac the same as used by pattern-makers everywhere. This
should be put on fairly thick and the bracket bolted in place
before 1t dries, shellac 1s nsoluble in o1l and a permanent ol
tight joint 1s made with httle trouble.

To remove the column plate, drop the tumbler frame as
low as 1t will go, remove the screws and force the plate out with
the two slotted head screws provided for the purpose, swinging
th(: t()l) out Hl‘St.

Keep the machine clean, not only on account of
the effect on the machine but by reason of the
general effect on the quality and quantity of the output. A

Cleanliness

nicely finished, neat appearing machine kept clean is an incen-
tive to the keeping of other machines in the rest of the shop in
order.



MILLING

CIRCULAR

VER TICAL SPINDLE WORK



< CONTENTS

Page
Milling Machines
LIESTENE . i o o Bk b o, ST i e DT R T S 7
OIPETAtION. vy ot s s B 5o o de s e LSS 71
Manufacturing Milling Machines
DIMERSIONS e o« v s oo s i mbale s e s A BT T 23
Bl 0 B s it i e e e IS A o e R 20
i C R S TR R e e g e 28
Plain Milling Machines
LI ERIRIONIE s & v st s 7 mnoed 5 v o M e At R 31
L G - I R ie e SR MR DI, L I
i A I S P L gl 34
No. 3 B e 5 o 1 e s 0 o et PR SR o DU EY ;6
Universal Milling Machines
L OCTIRIGTI oy csf o' sl lsdios S S et S PRI s
[ 0 . TSRS SNt P - 8 ¢ BB 40
i [ ME T - SR AN SR SO N o 42
Wi g Bhidoe i S g m g i e R R 14
Attachments
Wiraieal epindle. .. o i st St SRR R 40
R T W Y o e 16
Universal wdlling. .. 0. o o oo R SRS SN a 48
SIOTEINE 4 55 5 5.9 0w 4 £ 457 4 B D o S L S 50
Plaifi SEmtat. ... o« 2w o <= niib s B WU S 52
Lhniversal CoMIBEE. . . 5. 1o 5on @ ohis G R i 52
Spital universal CENTEIS. . ou b 7w T nat G 52
Ees ) o1 I Wl L - o T 34
PLATEN VI8 i 5 i o v i o s Bl 5ot e B S VR 56
Sl VEEBL ., . o on o M SR e 56
Reack vi8€a . o 4 v's vis diice vl sk £ 500 aie e R R 56
3 W OEE o s ol Snial SR DRE SRR 5
Tools
COAIBES . L (v oy o ) i i e e b R e 39
Cutter-arborse 00 et s ol R T e 30
Flace milling CUtters. .o« oo 0 0o an b o GRT e 01
Slab milling pUEtErs. . . Sl mat pt R e ST 63
oide milling eutterss o . o o T 1o iSRRI 63
Tools in Sets
For No,a MIllens i o o sl ity 04
For Wo. 2 Milleg. . o 4 G i fuest ar ot G 66
For Mo, 3 Millers.... . et SR chl i e e 68



S50

s

i
















