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a WHAT TOOL SHALL I USE?

W HAT CUTTING SPEED SHALL I USE?

c WHAT FEED SHALL I USE?

Our investigations, which were started 26 years ago with the
uelilllte purpose of finding the true answer to these questions under

varying conditions of machine shop practice have been carried
to the present time with this as the main object still in view.
The writer will confine himself almost exclusively to an attemp

solution of this problem as it affects" roughing work"; i. e., the
pre:paration of the forgings or casting for the final finishing cut, which

only in those cases where great accuracy or high finish is called
Fine finishing cuts will not be dealt with. Our- principal object

be to describe the fundamental laws and principles which will
us to do "roughing work" in the shortest time, whether the

are Jight or heavy, whether the work is rigid or elastic, and

The experiments described in this paper were undertaken to
a part of the information necessary to establish in a machine

our system of management, the central idea of which is:
(A) To give each workman each day in advance a definite task,
detailed written instructions, and an exact time allowance for
element of the work.
CB) To pay extraordinarily high wages to those who perform
tasks in the. allotted time, and ordinary wages to those who take
than their time allowance.
There are three questions which must be answered each day in
machine shop by every machinist who is running a metal-cut

'"!ll1;)lU;i;l,l'l1!Ue, such as a lathe, planer, drill press, milling machine, etc.,
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PER CENT

and lVIidvale self-hardening tools showed an average gain
r cent in cutting the same forging. Prom these figures it will

that as the cutting speeds of tools grow higher, the percen-
ain through the use of water for cooling the tool grows greater.
Id seem to be due to the hct that (taking the two extremes)

es of the modern high speed tools are very much hotter under
at friction caused by the high speed of the chip than are the
ioned tempered tools with their slow speeds, and that there
water acts in a considerably more efficient manner in cooling
speed tools than the slow speed tools.

The following are the genera] conclusions arrived at on the
of chatter of the tool:

CHATTER CAUSED BY 'I'HE NATURE OF THE WORK

vllUU'Ger is the most obscure and delicate of all problems
machinist, and in the case of castings and forgings of mis

us shapes probably no rules or formulm can be devised
ill accurately the machinist in the maximum cuts

f
JV

':>i)lvle without producing chatter. (See para!!;ra,ph
It is economical to use a rest in turning any piece
work whose length is more than twelve times its diam

pm"agraj::)h 669)

CHATTER CA USED BY CUTTING TOOLS

To avoid tools should have cuttlng edges with
outlines and the radius of curvature of the edge

CR'AT'TEln CA USED BY THE METHOD OF DHIVING THE wonK

Too small lathe-dogs or or an bearing
points at which the are driven produce

ion.

1.830MIDVALE 1.143 U.246 0.023 0.008 0.180

flx,;ttIV()!t,)j\3 p;17ea,te~3t importance to carry on thorough experimen
ex:peJ-iments with tool No. 1 gave the Hill\! VVlIlV'

of Cut Inch. Feed 1\ Inch. Standard ~V--UUUUu"

vuvvU',," speed without water 41 ft. 5 in.
rLL~:_ ~ speed \vith water ~ 47 ft. 8 in.

through use of water , .15 per cent

THE PERCENT'AGE OF GAIN THE SAlvlE WHETHER THIN OR THICK

ARE BEING REMOVED

CARBON SILICON PHOSPHORUS SULPHUR !MA"NG.<NESE!'CHR,QMJCUM

PER CENT PEE CENT PER CENT PER CENT PER CENT

630 When in the Midvale Steel Works the gain in cutting S

through the use of water on the tool was discovered in a
ough investigation was made with varying depths of cut and t
ness of feed-carbon tempered tools being used in cutting steel
-and it was found that the percentage of gain in cutting
through the use of water was the same whether the chips were
thin. These experiments have not been repeated by 'us with
speed tools, and it is possible owing to the very great diffe
in the heat of the high speed and the carbon tempered tools, the
different ratio of for thick and thin chips with high speed
However our slide rules have been in practical use in cutting ch,
all degrees of thickness for years, using water on the tool,
same ratio of increase in speed; for thick and thin chips; and it
seem if any material difference exists between the gain in
thin chips, that this fact would have become evident thl'ough
failure of our slide rules to indicate the proper speeds.
experiment on this point is desirable.

631 In 1894-95 experiments were made with a carbon tern
tool containing 1.6 per cent chromium and with tools made fro
fashioned self-hardening Midvale steel, of the following che
composition:

632 The carbon tempered tools showed an average gain of 2
cent in a hard steel forging of the following physical
chemical pn:Jp()rti:es:
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of the ma,chJ.ne;
in the machine or of

tend far more slow
vibrations in all of

oDom;ed and absorbed by
cut;ting tool and the head

ClvnirlinO' vibration and

must of course be very
bea,rin.gs, and the caps adjusted som

ON THE AUT 0]<' CU'l'TING MIDTALS

The of the mal~hllle

the nature and pH)pclrtiions of the work being (\n"'t'~'D,-l

the care and ad,Justment
the method

MASSIVE MACHINES NEEDED FOR HIGH SPEEDS

~ ~~ ~

set in the machine and the at which are run.
and (B) are outside the control of the machinist. Ele-

and are or should be to a extent under the
the of the

Referring, now, to cause , "The design of the machine"
ef elements causing chatter in the design of a machine are:

Gears which are set out of proper adjustment Or the
are untrue. It should be noted that involute teeth

n smoothly whether their pitch diameters exactly coincide or
ereas the teeth are almost sure to rattle unless

itch lines are maintained in their exact proper relations one to
her.

Chatter is frequently caused mounting the
upon shafts which are either too smaH in diameter or too

large excess the diameter of shafts that T'fOrj111'''Drl

ngth is called for in order to avoid torsional defiection'which
chatter.

Lathe shafts
and closely

all
For work the lathe tail should be fastened

plates with bolts of very large diirmetElr and should be
ed down with long handled wrenches.

The bed itself should be
ould contain far more metal than is 't'Dr""""ri

resist . and the
be what is requir'ed

in the machine may

made or fitted gea
m diameter or too great

CO:l1Cf:Jrnled with chatter as it is
Some of the other causes

refen'ed to. These may be

nV()irl'Rrl even in tools with cu
at the same time in the sa
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Loose fits in the and slides may OCClaSJiOn
In order to vibrations caused high

be massive far the metal reomiJ'ed

prCJPcn'tjion as the work to be on is smalL
terlaEmcT of chatter is much whe

V1U<",-Uv'JU thrcmghout, and that tools with curv
vw.vl',uv00, while those ,vi

uniform in thickness, (See

cut than with a
648 Of all

l11\:::(;Ul::>, 'Ghe causes for the
obscure and difficult to asc~er'tain,

to be found after

dients.
649 This paper is

or modified the cut;t!rlg
ClU1Her, ho',vwvpr, may be
into five groups:

CHATTER CONNJ~CTED WITH THE DESIGN OF THE MACHINE

644
645 (L)

machine

646 Chatter of the tool necessitates cutting speeds
to 15 per cent slower than those taken without
tools are run with or without water, paralsr2Lptls

can be interrnitije

THE EFFECT OF CHATTER UPON 'I':HE CUT'l'ING SPEED OF THE

641 Chatter
classified as follows:

(H) It is SOIlletimes
643 Shafts may

fJU.lili',.li:LjJiW 664
639 The bottom of the tool

on the tool which should
beneath the (See ~Ol"QO'l'QT)h

640 The of the tool should be greater in depth than i

width. (See paragraph
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