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This invention relates to table computers of the slide
rule type for determining the working conditions, and:par-
t1cularly the cutting COndlthIlS for.metal-cutting of work=
pieces.

It has been found of great importance in industrial
productlon to determine correct dates and values for the
use .in. metal-cutting of workpieces, i.e. to determine with
the highest degree of accuracy the cutting conditions
which are normally the feed and cutting speed. This
necessitates long studies of the relations between machine
tool, tool and workpieces, in order to. have available at
least those -values and factors. which appear | day after
day in‘industrial operations.

Production research engineers therefore are- continu-
ously working with functions between values which are
partly constant and partly variable. For determining the
values of the cutting and feed rate there are usually used
standard values which are available in the form of tables.
Such “tables are for example giving the values for the
cutting speed V and the feed rate S in function of:

Cutting edge matenal (hard metal. or high-speed steel
edge);

Material of the Workplece y

Type. of the ‘tool (milling ‘cutter, cuttmg tool etc.).

For ‘carrying out the necessary calcilation work special
computers or slide rules are used.  They are so constructed
that the cutting conditions may be determined by a num-
ber of adjustments of the computer, and by reading inter-
mediary values, in accordance -with ‘the following™ for-
mulae:

down
1009

S'=n-Z-8z or S'=n-Sn

V=

wherein:
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(b) Values or factors depending on the workpiece:
(5) Material of the workpiece
(6) Depth of cut )
(7) Comportment of the workpiece dunng the cut-
ting ‘operation, wherein the following values are
considered under the name “characteristic factor”
K
Xy Construction of the machine tool
Xj5: Construction of the workpiece holder or manner of
holding or clamping the workpiece
Xs: Type of the tool (strong or weak tool) and manner
of holding the tool
X4: Construction or nature of the workpiece.

The problems to resolve by this table-computer, which
constitutes a new auxiliary means for workshop and of-
fice are:

To describe all of the workpieces which in the next
years will probably have to be worked in a determined
part of the industrial section, for example in the turning
section, with a sufficiently great number of character-
ie. with the so called statistical values.
In other terms, the computer object of this invention
should allow to determine either directly or indirectly the
cutting conditions -for all those workpieces which have
to be worked in a determined manner (cutting, milling).
Thereby at least some of the foregoing influence factors
must be taken into consideration.

To allow the operator to find out in a sunple way and
quickly the optimum values of the cuttmg conditions.

To permit control of the operation, i.e. to permit com-
paration of the calculated values with the effective values
of the cutting conditions. Such control is actually im-
possible; since there are no useful data -available.

To permit determination of stochastic dependence.
This is very important in the fabrication of single pieces
or of small series, where the determined values and func-
tions are norrnally replaced by stochastical values, 1e
values which will in reality be the most probable.

In accordance with the present invention the table-
computer of the slide rule type comprises a first group of

- disks-or disk-segments having thereon scales in terms of

45

d=diameter of the tool
m=number of revolutions -
Z=number of teeth’
Sz=feed per tooth
Sn~feed per revolution.

: Since the tables are limited on functlons of not more
than' three variables (two influence factors), and since
“the actually known computer and slide rules do.not per-
mit to take into-account further influence factors, a great
number of such factors are individually evaluated by -the
calculator. or production.engineer. It is to'be noted that
such methods do not allow to. determine  with sufficient
accuracy the cutting: conditions.

It is one object of the present invention to provxde a
table-computer of the slide rule type, in which the sim-
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ple and exact mathematic functions are replaced by func- -

tions depending themselvés on different varxables or in-
ﬂuence factors, such as:

(a) Values or factors depending on the nature of the tool

(1) Type of the tool (milling cutter, drill bit, cut-
ting -tool, etc.)

(2) Metal. of the cutter (hard metal, high speed steel
edge)

(3) - Dimensions of the tool (d1ameter Cross sec-
tion of the shaft)

(4) Life factor

70

values depending on the nature of the tool, a second group
of disks having thereon scales in terms of further values
depending on the tool and scales in terms oftabulated
values depending on the nature of the workpiece, a num-
ber of reference marks and reading Windows for setting
and adjusting ‘each scale on a predetermined given value
of an ad}acent °cale, whereby the said adjustments bring
the various scales in a position such that the values de-
pending on said predetermined given values appear auto-
matically at the result indicating places.

Further objects and advantages of the invention will
hereinafter be further described by way of example and
with reference to the accompanying drawings, in which:

FIGURE 1 shows a table-computer of the slide rule
type for determining the feed rate for a milling operation
in dependence of several influence factors; :

FIGURE 2 is a’'second embodiment of a table-com-
puter for determining the optlmum feed rate for a"mill-
ing operation;

- FIGURE 3 is a cross section through the computer of
FIGURE 2;

FIGURE 4 is a table-computer for determining sto-
chastical values, i.e. in reality probable values for the
cutting conditions of a turning operation, and

FIGURE 5 is a cross section through the cmmputer of
FIGURE 4.

In order to clear up some expressions and tenms which
will 'axppeiar in the following part of the specification, the
terms “characteristic factor” K and “life factor” F will
first:be further explained. The characteristic factor is in
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close relationship with the exploitation of the machines,
whilst the life factor takes into consideration the use of
the cutting tools from the economical point of view.

The functions and values which are united in the factor
K are differing from one plant t6 another, and are further
varying in a same plant. They are for example varying
with new and improved holder devices or with more
efficienit cutting tools, so that this values must be deter-
mined and periodically revised by the technical statistics.
These values may bé united in. tables. - Tables for the use
in production of single pieces usually do not contain
“exact wvalues” but rather “probably exact values,” i.e.
values which  can be observed with a dispersion error of
about +25%. The values which are actually considered
‘a8 .being exact are within a dispersion field ranging be-
tween +200% and —60%. This field can be reduced
by: the use of more precise basis data, .

Similar consideration may- be applied to the factor F.
The values of F which can be found hereinafter reported
in graduated scales on the disks of the computer represent
in reality the life factor in hours in connection with the
cutting speed, i.e. the computer is so constructed that the
optimum values of the cutting speed and life factor are
represented in function of for example the depth of cut,
- feed rate and material (hard metal class) of the tool.
Since it is difficult to have optimum cutting conditions
(optimum=sum of all costs is minimum), and since the
most economical life factor is varying with the tools in
use, the lift factor has to be determined for each group of
material of the workpiece by means of the technical
statistics, These values of the life factor also have to be
revised periodically. ¥ the previously determined life
factor is 2 hours for hard metal class IV and a scale posi-
tion (see hereinafter) on factor F=6, this means that the
cutting speed .is 28% less than the optimum value of the
speed. To permit corrections the scale has been designated
F and not directly life factor (in hours).

_ 'The computer shown in FIGURE 1 serves for deter-
mining the feed rate for a milling operation in function
of the most important influence factors.

. The base disk or plate 1 has thereon a logarithmical
scale 2 in terms of the life factor F. A disk segment 3
is provided with a scale 4 in terms of the diameter of
the tool (side-milling cutter). An adjusting mark 5 is fixed
on the rotatable disk segment 3 and serves for bringing
the segment 3 in a determined relative position with. re-
spect to the base disk 1. A further segment 6 is provided
in front of segment 3 and carries thereon a fixed mark 7,
serving to bring the segment 6 in a determined’ relative
position with respect to the segment 3, and a scale 8 in
terms of ithe pitch of the tool. A last segment 9 complet-
ing this group of disks is arranged above the segment 6
and has thereon-a mark 18 for adjusting the segment 2
with respect to segment 6, and an opening or window 11,
which opening permits to read, through circular slots 12
and /13 In the disks 1 and 3, a determined pant of a scale
on a disk 14 which is arranged on the back side of the
base disk . ‘This latter scale contains the walues of the
selected depth of cut.. On the same disk 14, and also on
the side facing, the base disk 1, are tabulated the values
of the feed rate. This values are visible through openings
or-windows  15a, b, ¢ and d in the ‘base disk 1. These
windows 15 are arranged in that portion of the base disk
1 which in normal use iof the computer is not covered
by the segments 3, 6 and 9. Bach window 18 corresponds
to a predetermined group of the material of the work-
piece t0 be worked. A further scale 16 in terms of the
width of the tool is arranged lengthwise of the windows
15 on the base disk 1, thereby determining exactly the
reading field -on the feed scale.

The course of calculation is as follows:

" (a). The wcorrection factors, i.e. the values of the life
factor, tool diameter and pitch of the tool are adjusted
one onto the other by turning, i.e. displacing the disk
segments 3, 6-and9, Thereby the window 11 is brought
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in a determined relative position with respect to the base
disk 1. It is not deemed necessary to explain-that with
equally or logarithmically graduated scales the different
fundamental mathematic operations, such as addition, sub-
traction, multiplication and division are automatically car-
ried out. The type of operation to lbe performed depends
niaturally on: the special relations between the different in-
fluence factors.

(b) Thereafter the disk 14 is displaced until the desired
or selected value of the depth of cut appears in the window
11, whereafter the value of the feed rate which has. to
be determined can be read at the corresponding place in
one of the windows 15.

This computer thus constitutes a sunple auxiliary means
for bringing a great number of correlated functions and
values in an optimum relation to one another, i.e. to.com=~
bine selected or given values of tool and workpiece de-
pending functions in such @ manner that the resulting
values of the cuntting conditions are optimum.

For tools of different type and for further group of
workpiece materials it is necessary to provide similar
computers with correspondingly changed tabulated values. -
Therefore the base disk 1, may have the shape of a rec-
tangular plate. - Such a plate can serve as base member
for a plurality of computers arranged side by side. The
whole device is preferably arranged near the working
place or even directly on the machine tool carrying out the
operation. It is also possible to secure & second base plate
¥’ on the rear of the-disk 14, which can serve as support
for a second group of disks 3’, 6’ and-9’. The rear side
of the disk 14 will then of course have thereon tabulated
values corresponding e.g. to another tool, i.e. the disk 14
has the same functions for both sides ‘of the computer.

FIGURES 2 and 3 show a further table-computer for
determining the feed rate for a milling operation in func-
tion of several influence factors.

This computer compnses a base member 17 three-an-
nular disks 18, 19 and 20 in front thereof, and a top disk
22, The annular disks 18, 19 and 20 are centered by a
disk 21 of greater thlckness which is fixed on the base
member 17. The disks or rings 18, 19 and 20 rotate
on the outer edge (acting as a bearing surface) of disk 21.
The disk 22 has an elongated window 23 therein which re-
veals a portion of a table 24 printed onto the front side
of disk 21, The table 24 contains values of the feed
rate which has to be determined-in function of the said
different influence factors. The rear side of the base -
member 17 is supporting a number of similar disks 18"
19, 20, 21’ and 22’ having thereon scales and tables in
terms of a different tool or of different workpiece mate-
rials, The base member 17 has printed ‘thereon a scale
25 in terms of the pitch (U/Z) of the tool, annular disk
18 a scale 26 in terms of life factor F and a scale 27 in
terms of characteristic factor K, annular disk 19 a scale
28 in terms of the width of the tool (milling cutter) and
ﬁ?ally ring 20 a scale 20 in terms of the selected depth‘
of cut,

The disk 22 has thereon,. further to the functions al-
ready mentioned, a. combined scale 30 in terms. of: the
working direction of the tool, diameter of the tool and
cutting edge material of the.tool. At the periphery of
the disk 22 is printed a tabulated scale 31 in terms of
the workpiece material.” The disks are provided with
fixed adjusting marks 23’ and 32. For permitting easy
displacement and .adjustment of the annular disks they
are provided with slightly projecting knobs 34. The ro-
tatable disks, which are held together and centered by
a pin 35, are pressed one onto.the other by spring means
36, 37, thereby avoiding any unintentional displacement
of the disks.

The following is a description of a calculating opera-
tion by means of the computer of FIGURES 2 and 3.

The following data are given.

(a) Dependent on the tool:
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(1) Type of the tool=side-milling cutter
(2) Cutting edge material=high speed steel
(3) Diameter of the cutter=120 mm.
(4) Economic life factor=3 hours or F=3
(5) Up-milling process (direction)
(6) Pitch=U/Z=circumference/number of teeth-—-
18
(7) Width of cutter=30 mm.
(b) Dependent on the workpiece:
(8) Material of workpiece=S1.C 35
(9) Depth of cut=15 mm.
(10) Characteristic factor K=7

As already mentioned the characteristic factor K, which
is itself composed of factors x; .t x,, is different from
section to section and furthermore subject fo variations
due to improved holder devices or improved cutting tools.
It is therefore necessary to periodically control and
correct these ‘influence factors.  The x, values are sub-
divided  into different classes and retained in suitable
tables. The characteristic factor is calculated as follows:

K=2(x)F(Exa+ . L (1)

Adjustment or setting of the table computer (the different
setting positions are designated by the numbers I to IV
in small circles in FIGURE 2):-

(I) The life factor on scale 26 is brought on the given
value of the pitch scale 25. )

(II) The mark 23" on scale 28 is displaced on the given

~“value of K (scale 27).

(III) The mark 32 on scale 29 is adjusted with the given
value of the tool width (scale 28).

(IV) The selected material of the workpiece on the tabu-
‘lated scale 31 is adjusted on the selected depth of cut
(scale 29).

(V) Read on tabulated scale’ 24, through window 23, at
the suitable place i.e. for an up-milling process with a
cutter of a diameter of 120 mm, with an edge made of
high speed steel, the value of the feed speed, which is

. in the present example 55 mm./min.

FIGURES 4 and 5 show a further table-computer which
in this case serves to determine the cutting conditions for a
turning operation in function of the most imporant influ-
ence factors.

The computer comprises a base member 41, two disks
42 and 43 securely fixed on the member 41, and three ro-
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tatable disks 44, 45 and 46. These disks are held to-

gether by a bolt 47 provided with a suitable head and
a nut 48. - Further members 49, 50 and 51 serve to sup-
port and center the said disks,
secured on plates 41 and 51 by means of a rivet 52. The
whole computer is fixed on a frame 53.

The fixed base member 41 has tnereon a scale 53 in

terms of the number-of revolutions of the machine (which
correspond. directly with the. cutting speed to be deter-
mined). - The annular disk 44 has thereon a logarithmic
scale in terms of the diameter of the workpiece.
- The fixed disk 42 has printed thereon a double scale
55 in terms of the characteristic factor K and the feed
rate S per revolution of the workpiece. These values ap-
pear through the window 56.in the disk 45.

This disk 45 itself has thereon a double scale 57 in
terms of the characteristic factor K (which appears two
times on this computer) and the depth of cut, as well as
a:scale 58 in terms of the life factor F. The values of
this latter scale 58 can be read through a window 59
in' the top disk 46, which disk' 46 has printed thereon
tabulated values of the hard metal class 60 (of the cut-
ting-edge) and of different materials of the workpiece.
These scales can be adjusted on scales on other disks
which are drafted in terms of directly dependent func-
tions. It is evident that the disk' 46 leaves uncovered
a small sector-of at least determined portions of scales
arranged thereunder, ‘The disks which have to be dis-

The disks 42 and 43 are

: ‘ 6

placed or turned atre at least partly provided with récessés
62, 63 having flanged edges, in order to facilitate displace-
ment,

The construction of the computer of FIGURES 4 and
5 particularly permits determination of stochastical values,
ie. values which in reality will be the most probable.
As can be best seen in FIGURE 4 the double scales 55
and 57 have coarse graduations for the values of K, whilst
fine graduations are provided for the values of the depth
of cut (a) and the feed rate (S8). The K graduation
thereby corresponds to the field of dispersed or stochasti-
cal values of the K-factor which here replace the simple
and exact mathematic functions. It is therefore possible
to vary within the corresponding X field.

The abbreviations on the computer are used for:

WG=workpiece material group .

K=Ccharacteristic factor

a=depth of cut

S=feed of tool per revolution of tool

F=life factor

n=number of revolutions of the workpxece per minute
Hm.Kl=hard metal class (cutting edge).

An example of a calculation by means of the computer
of FIGURES 4 and 5 will be described hereinafter. Se-
lected or given values:

(1) Characteristic factor K=4

(2) Hard metal class TV

(3) Life factor F=2.

(4) Material of the workpiece=S*. 12_.WG 3 (material
group 3). .

All these data 1 to 4 are selected by the ‘calculator and
entered into the working papers. To determine: -

(1) » revolutions per minute
(2) Depth of cut a
(3) Feed rate S per revolution of the workpiece.

Adjustment or setting of the scales.

(a) The different factors are adjusted with reference
to one another. The disk 45 is displaced until the mark
64 at the left edge of the window 56 corresponds. with
the middle of the field of the characteristic factor K=4
on scale 55 of disc 42.

By this adjustment the disk 45 and therefore scale
58 (life factor) is brought in a determined. relative po-
sition, ~

. By the adjustments (a) and (b) the marks 66 of the

.- workpiece material groups (disc: 46) are adjusted on the

50

cutting speed corresponding to the values of

. S—feed Tate of the tool
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a=depth of cut
F==¢conomic life factor
WG=workpiece material.

(The cutting speed is symbolized by the position of the
adjusting marks 66 of the workpiece material groups.)
{c) The workpiece diameter value is adjusted on WG 3.
The values which have to be determined are now read
at the corresponding places.

In the window 67: n=number of revolutions per min-
ute (rn==320).

Select the-suitable depth of cut a below K=4 (2 to
3.8 mm.).

Select the suitable feed rate S above K=4 (0.2 to 0.4
mm.).

As seen in FIGURE 4 several values of feed rate S
are possible for a determined characteristic factor K. The
same is valid for the depth of cut a.

I claim:

1. A disk calculator, comprising: a base member; a
first disk on one side of the base member and immov-
ably affixed thereto, said disk defining an outer edge
bearing surface; a plurality of concentric arcuate tables,
one below the other, on the outer surface of said first
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disk; a first ring, rotating on the said outer edge surface
of said- first disk; first, and second. acruate scales, diamet-
rically opposed, along the periphery of the outer surface
of the -first ring; a second ring; next to the first ring,
rotating on said outer edge surface; a third arcuate scale
along the periphery of the. outer, surface of the second
ring; a third ting, next to the. second ring, rotating on
the said outer edge surface; a fourth arcuate scale along
the periphery of the outer surface of the third ring;
said- first, second, and ‘third rings being of consecu-
tively smaller outer diameter, whereby the peripheral
scales on the first and second rings are. visible;

a second . disk, Totatable, next to the outer surface. of
said first disk, having an outer diameter greater than
that of said first disk but less than the inner diam-
eter of said fourth arcuate scale, whereby said first,
second ‘and third rings are prevented from slipping
off the said outer edge bearing surface; a fifth scale
along the periphery of the outer surface of said sec-
ond disk, cooperating with the fourth scale; a radial
window in said second disk, for revealing the arcu-
ate tables; at least one scale on the second disk, ar-
ranged along one side of said window, for cooperat-

Cing with - the said- tables; an arcuate scale, on the
said one-side of the base member, for cooperating
with one of said first and second arcunate scales; a
reference mark on said second ring, for cooperating
with the other of said first and second arcuate scales;
a-reference mark on said third ring, for cooperating
with the scale on said second ring; and means for
holding the combination together and permitting ro-
tation of said second disk.

2. The calculator of claim 1, including means for
preventing - accidental rotation of said first and second
rings; and means associated with said first, second and
third rings for facilitating movement thereof.

3. A disk calculator, comprising: a base member; first
and second disks on either side of the base member and
immovably affixed thereto, said disks. defining outer edge
bearing surfaces; a plurality of concentric arcuate tables,
one below the other, on the outer surface of each of said
first and second disks; a first pair of rings, located on
either side of said base member, rotating on the said
outer edge surface-of respective ones of said first and
second disks; first and second arcuate scales,. diametrically
opposed; along the periphery of the outer surface of each
of said first pair of rings; a second pair of rings, next to
- respective ones of said first pair, rotating on the said
outer -edge surface of respective ones of said.first and

10

15

20

25

30

35

40

45

. second disks; a third arcuate scale along the periphery of 50

the outer surface of each of said second pair of rings;
a third pair of rings, next to respective ones of said sec-

8

ond pair, rotating on the said outer edge surface of re-
spective ones-of said first and second disks; a fourth arcu-
ate scale along the periphery of the outer surface of
each of said third pair of rings;
said first, second and third pair of rings being of con-
-secutively smaller outer diameter, whereby the pe-
ripheral scales on the first and second pairs. of rings
are visible;
third and fourth rotatable disks, next to the outer sur-
face of respective ones of said first and second disks,
having an outer diameter greater than that of said first
and second disks but less than the inner diameter
of said fourth arcuate scale, whereby said first, second
and third pairs of rings are prevented from slipping
off said outer edge bearing surfaces; a fifth scale
along the periphery of the outer surface of each of
said third and fourth disks, cooperating with re-
spective ones of said fourth scales; a radial ‘window
in each of said third and fuorth disks, for revealing
said arcuate tables; at least one scale on each of said
third and fourth disks, arranged along one side of
each of said windows, for cooperating with said
tables; an arcuate scale, on each side of said base
member, ‘for cooperating with a one of said first
and second arcuate scales; a reference mark on each
of said second pair of rings, for cooperating with the
other of said first and second arcuate scales; a ref-
erence mark on each of said third pair of rings, for
cooperating with the ‘scale on each of said second
pair of rings; and means for holding the combination
together and permitting rotation of ‘said third and
fourth disks.
4. The calcnlator of claim 3, including resilient means

for preventmg accidental rotation of said first and second

pairs of rings; and means associated with said first, second
and third pairs of rings for facilitating movement thereof.
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