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The present invention relates to a

slide rule for machine tool calculations and more particu~

larly to an output indicaeting device which, by determining &
directly and preclsely the allotment of operstional tasks
to various mechine tools and their adjustment, enables the

highest posslible ocutput in a tool room to be obtained.

Generally speaking, the output indicat-

ing device for machine tools according to the present in-

LRy

vention makes possible the qulck and direct solution of
10 all normally occurring problems of machining having fegard
to the proper utilisation of the tools, to the dynamic

characteristics of the machines, and to the flexibility

of the work pileces or their mounting.

The hitherto known devices or slide

rules permlt the determination of adjustments which have

to be carried out on a machine in order to ensure the G

proper utilisation of a single tool. In some of these
devices the dynamlc characteristiocs of the machine can
only be included in the calculations in an inaccurate and

20 )a?b¥trary‘manner only, without regard to the flexibil}ty
of tﬁe wofg pieces br to their ﬁounting. For this reason
these slide rules do not make possible the allotment of
operational tasks in a sclentiflc manner. The allotment
of operational tasks is left to the attention of technlcians

and depends on thelr professional knowledge and experience,

Wwith the result that the bBest possible output is never

achieved.
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The present invention has been developed

with the general objects of ensuring the best possible al-
lotment of operational tasks to the varlous machine tools
in a factory; ascertaining the adjustments which have to

be made on each machine in order to achieve the operatlonal

task in the shortest possible time; ascertaining theé mnature
and quality 6f the tool which should be used for the given

operational task in order to achieve it in the shortest

possible time and with the lowest possible wear and tear

10 of the tool, and ascertaining the necessary time for each
- : operation or group of operations for any length of
machining. I

A device according to the inventlon
has the feature that once it has been adjusted, it suffices
to register the date of a problem whereupon the desired

results can be read directly; thirty seconds suffice for

solving any machining problem, including the time necessary @r' o
1.

for the adjustment of the dsvice. 23

One device accordlng to the inventlon

i

| Cy . ,
20 is shown dlagrammatically by way of example in the accompany-
ing Jdrawlngs in which:
Figure 1 is a front view of the new device,

Figure 2 1s a sectional view along the line

II-II in Figure 1,

Figure 3 1s a view similar to that in Figure 1,
of an alternative form,of the device, and -

Figures 4 and'5 are sectional views along the

lines IV-1IV and VQV in Flgure 3 respectively.
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As shown in Figures 1 and 2 of the

drawing, the device comprises a flat base plate A of any
suitable shape which is provided with a logarithmic scale

1 representing "depth of cut" and with another logarithmic

scale 2 representing the characterlistic coefficlients Rp

of the metals to be machined depending on the tools.

On the base plate there 1s mounted a

movable disc B rotatable about 1lts centre c; by means
of a lever 3 or by aﬁy other means ecapable of 1mparting

10 rotary motion thereto. This disc i1s provided wlth a curve
assembly 4 composed of a serles of curves which are

calibrated with the figures 0.1, 0.2, ete. until 2 to

indicate the extent of feed per revolution: curves L are
arcs concentric with disc B. The figures lndicated on -
each curve represent advances in units of lengths per
turn; for example, cm; per turn, or inches per turn.

This curve assembly therefore represants the proper util-

isation of the tools. The disc B is further provided with

a second curve assembly 5 which represents the total util-
20  lsation of 'the productive capacity of the machine: tHe

callbration of Ehis scale also belng in terms of extent

of feed per revolution. Some lines of the latter scale

are speclally merked to permit of the adjustment of thé

device for the solution of problems comnected with semi-

El ‘ rigld and flexible work pleces or mountings. The spaces
- between curves 4 and 5 respectfully follow a logarithmic

progression.
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A curve 6 connects intersecting points

of the lines of the same feed of the two scales.

The disc B is further provided with a

logarithmic scale 7 representing "productive capacity".

Above the disc B is disposed a three-
fold sllding rule C comprising a base 8 rotatable round &

pivot C2 which 1s placed eccentrically with regard to the

centre Cj; of the disc B, the amount and the direction of

theAeccentricity being such as to make possible the solving

of the problems.

The basic frame 8 of the slide-rule

has an indicator 9 for the reading of the depth of cut and

one of 1ts longtldunal sides is provided with a 1ogar1thmic

scale 10, representing‘fcharacterlstic coefficients Ry of.

the tools for machining the material",

A rule 1l is slidably mounted in the

beslc frame 8, and is provided on one of its longitudinal

s}des“with & logarithmic scale 12 representing FsPeeqs".
: o . s

This scale 1s provided with a datum merk 1l2a for the read-

ing of the coefficlents R} and with a decond datum mark I3

for the reading of cutting speedslin metres per minute;

- On its other longltudinal side this rule 11 is provided

_with a logarithmic scale 14 representing "machining tlme“;

Within the rule 11 there is slidably =

mounted a smell rule 15 having an.indicator 16 for indic-

ating any point on the‘hovableidigc
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The small rule 15 is provided along one
of 1¥s longitudinal sides with a logarithmic scale 17 re-
presentling "diameters and lengths", and along its other
longitudinal side with a logarithmic scale 18 representing

"feeding for calculating time®.

By means of the knob 19 the small rule

15 can easlly be moved and the assembly C rotated.

The glass cursor 20 is provided with

two datum marks and is slidable along the rule.

The rear surface of the device is pro-
vided with a table of the coefficlents Ry and By with cross

references to corresponding figures on the sceles 10 and

2 for the utilisation of the tools, having regerd to the

machlning of various materlals for various cutting perlods

" of the tools. This teble contains also recommendstions

for the adjustment of the device for machining semi-rigid
and flexlble work pileces with overhenging mountings or

gssemblies,

v ; '

The following examples of the solution
of varlous problems by means of the device according tqr
the present inventlon will illustrate the function of fhe
various members and wlll also enable the advantages of

thls device to be realised.

Problem I - Allotment of operational
tasks. It has to be decided which machine 1s to be alloted

a given operatlionsl task in order to ensure that i1t is

7z
b




' sblution of the given problem,

- machining of -the material of the work plece,
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carried out within the shortest possible time to permit

of the highest possible total oﬁtput of the factory.

In order to solve this prodblem, it 1g
necessary to ascertain the dynamlc cheracteristics of the
machine required and of the productive pewer. necessary to
carry out the machining. within the shortest possible time
whilst eﬁshring at the same time proper utilisation of

the chosen tools.

Information is required first concern-
ing the dimensions and the qualities of the material of

the workpiece.

Secondly it 1s required to know the
quantity of the material to be removed in the machining
operatioh and the quality desired in the finished surface
Accuracy of reazding is not required; 1t depends on the
professional sklll of the workmen and on the pre¢§slon of
the mechine which 1s to be selected amongst the machines
possessing the dynamic characteristics determined by the
The same applies to the

dimensional characteristics of the machlne,

To solve the problem, 1t is first
necessary to read off from the table on the rear face of

the device the minimum coefficients Ry and Rp for the
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The relative movement of rule bar

unit 8 has the purpose to put this rule bar unit in a
position corresponding to parameter B, i.e., Lo cause
this parameter to be inserted in the position of the

triple rule ber assembly.

The coéfficient Rl on the three-
fold rule is now transferred by sliding the rule 8 until
the datum-mark 1l2a is opposite the flgure on the ssale
10 which corresponds to Bi} The value of the ooeffiéientn‘
10 R is mentally noted. The table on the rear of the device

1s now referred to and the section corresponding to the

adjustment of the device in regard to the flexiv{iity of

the work plece 1s dlscovered: this ratio is indicated by -
the diménsioné-df the work plece which cheracterise its

' flexibility, ©.g. in the case of a shaft the ratlo of 1ts

diameter to its length.

“The 1ndicator 9 1s now set agalnst a |
‘ figure of the scale 1 so that it reglsters a particular

deptp Qf cut, such that its product with the feed tolbe, 
registered as explained later, indicates the section of¥

’the device to be read as 1nd1cated.

 The. small rule 15 ls now moved, and

 the disc B 1s rotated in such a manner that the 1ndlcator S
16 points to the selected curve of feed to indicate the’fﬁJ”L‘}
datum—mark ascertained on the sqale 5 as corresponding to

thé‘dégree‘of~flexibility;bffth?hwork piece.
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The device is now adjusted for solvigg

the particular given problem. Each of the figures on the
scales identified by the indicator 16 represents one pos-

sible solution of the given problem of machining,

Trensfer the value of the depth of
the material to be removed from the smallest diameter of
the plece by rotating the assembly C in such a way as to

. bring the indicator 9 opposite the chesen figure on the
scale 1; and slide the small rule 15 so as to bring the

indicator onto the cuwrve 6.

The solution of the given problem can

now be read off as follows:-

o T

(a) Opposite the filgure Ko on scale 2, the

‘necessary anQVSUfficient produotive'power‘of the machine .

being indlcated on the socale 7 of the diso.

(b) As indicated by the indicator 16, the feed
which the machine should be able to meke.

(¢c) Opposite the minimum dlameter of the work

piece transferred to the scale 17 of the small rule, the

maximum speed of the machine, as read off on the scale 12,

There are two possible alternabives
:H;When the depth of cut has been registered as explained
and the small rule 15 has been moved, it may happen that

the 1ndioator 16 does‘not‘intersect the curve §&.
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Pirst alternative: The indicator

of the small rule 16 rests on the scale 4. This means

that it is impossible to find the best possible solution I

of the given ﬁroblem if a tool corresponding to the

chosen coefficients Ry and R, is used, it being necessary

to choose some other tool, as explained in connection

with Problem 3, or else to choose some other cutting

period of the tool during the machining.

g . Second alternative:  The indicator

; 1.0 16 rests on the scale 5 but does not intersect the curve

6. 'Thlis means that the depth of cut 1s too large. Any
one of the solutions ascertained on this scale however

1s possible snd solves the problem. In order to achieve

an efflcient cut it 1s however advlsable to choose two

or three different depths,of cut eéch'of which 1s de-

termined by the indicator 16 on the curve 6,

In any one of the above~mentioned

alternatives, the solution arrived at and indlcating

the. oharaqter‘istlcs of the machine 1s the only proper
20 éolution of the glven problem, ha&e regard to the de-

sired quality of the surface finish of the work plece.

Problem 2 - Devermination of the

adjustments which 1t is necessary to make to a machine

in order to accomplish the maéhining operation withi

the shortest possible time.
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Information is required concerning

the productive capacity of the machine, its range of

speeds, and its range of feeds.,

Also the dimensions and material

of the work piece must be known.

The tool which has the qualities

needed for the machining of the material, 1is character-

lsed by the length of time required to make a cut.

To solve’the problem 1t is necessary
to ascertain all possibie combinations ef the following
factors: namely, speed, depth of cut, and feed, which
would meke possible the solution of the problem,

_Aﬁonget‘these solutions 1t will be necessary oarefully
to make a cholce which should be ihfiueneed by technical

asPecﬁs of the varioue'machining operations, having
‘regard to the quantity of material to be removed and
the desired quality of surface finish, the possible
limits of the renge of the machine, end the like.

First ascertaln on the rear of the
device the coefficients By ‘and Ry which correspond to
the tool ohosen for the machining of the materisl and
for the duration of the cut desired.

Obtain on the threefold rule the co-
efficient Rl in the above described manner, and place

the number of the scale ? corresPonding to the productive
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power of the machine opposite the respective value of

Rs, read on the scale 2, by rotating the disc B,

The device is now set,. ‘Botate the
threefold rule and slide the small rule 15 so that the

indicator 16 describes a tra jectory of the curve 6,

Curve 6 is obtained by joining by
means of a contlnuous line the points of intersection
of each of the curves of the same value of curve as-

semblies 4 andé 5.

The fact that coefficlent Ry has

been inscribed, and then the fact that the power of

production of the machine is on the face of R,, trens-
lates the setting into a determlned position of curve
6.

By plecing the 1ndex of rule 16

upon one of the points of that curve 6 the solution of
the problem posed is obtained by reading the following:

[ Cy i : ! '
Depth of cut is on scale 1. Advance is on

ourve 6 by lnterpolatlng the values in case the index

of rule bar 16 1is iocated betweén two numeralized.

pointé. Speed is on scale 12 taken as a funotion of

the diameter found on scale 17. Any one of the points

on thils curve pointed out by the indicator 16 gives one

possible solution of the problem.r<For each offtnese

points one can ascertain (a) the permissible depth of

the cut on the scale 1 as indicated by the datum-mark

9; (b) the feed as pointed by the. indicator 16 of the
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small rule: (c) the speed on the scale 12 as a functioh

of the dilameter of the work plece or the speed of rota-

tion of the tools. Furthermore, the speed of the cut
in metres per minute on the scale 17 is indicated by

the datum-mark 13.

If an accurate value for one of these

o T

four values 1s chosen, the other three values can be
ascertained, and represent the only possible combinatian

IR for the complete solutlion of the given problem.

10 . If for technlcal reasons two of these

values are accurately chosen, the other two values can

likewlse be ascertained, but the following three clrcum=
stances have to be taken into consideration:

(a) If the lmdlcator 16 rests on the cﬁrveié,
the solution obtained is an optimum, and is the only
possible one for the complete solution of the problem.

(b) 1If the indlcator 16 rests on the scale 4,
the cholce of the tool made 1s correct, but the machine
will not be utilised to i1ts full capacity. In this!

20 case 1t 1s advisable to find & tool of a superlior quality
of one which can perform under more exacting conditions
of work. ' 7. :

(e) | If the 1nd1cato£ 16 rests on the scale 5,
the machine will be utilised to the full extent of i1ts
capacity, but_ the ool will not be utilised to the full

extent anticipated of 1ts possible capacity. Notwithe
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~for the giveh quality of the material by the depth of

be the shortest possible,

'moved s0 as to bring the: diameter of the pieces or of

pby bringing datum-mark 9 opposite the chosen figure on.
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standing this circumstance however the solution found

will solve the problem of the minimum possible time

for the machining of the work pilece and of the possible

meXimum utilisation of the capaecity of the whole as-

sembly of machines, provided that the operational

tasks have been allotted in advance as indicated in

connection with Problem 1.

-

given 1n connectlon wlth Problem 3 will make it possible

In this case the explanations

to find out 1f mnecessary which tool is best adapted tto

the given conditlons of work.

Problem 3 -~ It is required to as-
certain the quality of the tool needed for achleving

the required machining in the minimum time and with

the minimum wear and tedr.

The desired machining is defined

the cut and the feed corresponding to the desired

qualitykof the surface flnish. The‘machining time wilff

1f the highest ‘possible speed

permitted 1s applled in view of the range of speeds or

with regard to the work plece- (flexible pieoes,;Problem;
1).

olunign ‘The small rule 15 is b

;the tools (soale 17) opposite the highest permiSslble

speed (soale 12). The depth of cut value is asoertained
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ascertained feed'vaiue, as read off the scale 18,
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the scale 1. The rule 11 together with small rule 15
are together moved without changing their relative
position, so as to bring the pointer 16 on the curve
6 to the point of the feed required by the quality of
the surface, rotating the disc if necessary. The
value of the coefflicient Ry indicated by the datum-

mark l2a is now read.

By means of the table on the rear
of the device, having regard to the quality of the m;t—
erlal to be machlned, that one of the known tools which
promises the solution of the problem is selected, by :
comparing the a#ailable valuéé of By with the value of

the coefficlent Rj ascertained.

_m?he tool whtch offers the nearest

value of the coefficlent Rj is the one toc be chosen.

Problem 4 - It 1s required tokde-"

termine the time required for the operation of the

v

meachine, The longer datum-mark of the cursor is brought

‘into coincdldence with the value of the speed ascertdined

' in connection with the preceding problems (scale 12).

The smail ruler 15 is now moved so as to bring the .

underneath the main datum;mark of the cursor. The
cursor is now moved SO as to bring its longer datum-

mark §ver the length of‘cut value read on the scale 17.
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P The length of time of the operation
will then be 1nd1cated on the scale 14 by the longer

datum—mark of the cursor in hundredths of an hour, and

by the smaller ddtum-magk of the cursor in minutes,
e -

¥

. | . In- the calibration of the device

prior to attempting ‘the solution of these problems, the

values charaoterising the 1imit of OperatiOns should be

entered on the device andxthe value of the output of

each machine shouldjbe a§cer£a1ned, which value will

then be used for all the caloulations. . L

; o ‘Alternatives - The'dev1ce according

to the present invention meay be modified aiternatively

as follows: . o : SNy

By use of cartesian coordinates for the solution

of the same problems.

PRETANNVRAREN

In this modlfioation the devilice is
‘as shown 1in Flgures 3 and 4 of the accompsnylng drawing
@nd comprises a frame A'which is provided wlth é 1o$f J
arithmic scale 1! repreéenting "depths", with a decimal
or logarithmic scale 2' representing "coefficients'Rz“
and wlth a gulde g for the sllde B: the latter being
provided with & curve assembiy, d represents "correct

use of tools",

The segond curve“assembiy 5! represents

"total utilisation of the productive capacity of the

machine”; 1ts lines are numbered so as to represent dif-,

ferent feeds.
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In this case curve assembliles

4Lt and 5' represent parallel stralght lines with
one of the curve assemblied 4' parallel to the move-

ment of slide 13.

The curve 6! conmects the points
of intersection of the lines of the same feed on the

two curve assemblies 4' and 5t.

The logarithmic scale 7' represents

productive capacity.

10 : | A threefold slide-rule 8-11-17,
simlilar to that descrlbed previously, but arranged
for sliding movement instead of being rotatable round
a pivot, is mounted on the frame A' and i1s supported

along its sides.

The solutlon of the above mentioned
problems 1s achleved by means of thls altermatlive device
in the same way as discussed previously, the only dif-
ference being that rotational movement 1s here replaced,

by rectilinsar movement,

20 satio he o ﬁt indicator.

All machining problems arlsling in
connection with any one of the machines used fdf'thgf
removing of material, with the exeeption of grindinélf
machines, can be solved by means»qf the pfesent1devi§e,

with respect to every kind of material which can be
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machined, and with respect to tools of every conceiv-
able form and composition. The device can be used
also in office work for the preperstion of the work
and calculation of time, by the foremen and by the
workmen, in order to ensure the best possible output

of the machines and efficient utilisation of the tools.

This device which has a mathematical
basls, makés it possible to solve not only problems;con-
nected with machlnling by means of machine tools, but
also the solution of all problems in space characterised
by several dependent or independent variables three of
which at least have to solve simultaheously two different
laws, the solutlon belng effected dlréctly and very
quickly,‘without recourse to any auxilllary calculation

in order to obtailn the desired results,

It should be noted however that the
greaduatlon and the composlitlon of the scales has to be

adapted to the character of the problem to be solved.
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The embodiments of the invention

i

in which an exclusive property or privilege is claimed

are defined as follows:-

1. In a device for indicating per-
formence of machine tools, a base plate having several
circular gradﬁations, a disc rotatable on said base
plafe having a civeular graduation and eounting lines

. arranged within said graduation, a number of graduated ;x "e;f
,fule bars sliding one in another and rotatable together ' |

"-about an axis parallel to but different from the axis

3

of rotatlon of said disc, one of sald rule bars having
L © . a radial index cooperating with saild counting lines

and another of said fule’bars having an index cooperating

With”a‘circu;ar graduation of sald base plate, another

circular graduation on said disc.

2, A device according to claim 1, where-
in sald counting lines consist of two families of inter-

. secting curves, the .points of intersections defining a

‘ourve of predetermined characteristic.,

3. A device according to claim 1, where«
t | . . §

1n one of the circular graduatlons of sald hase plate

- B e

‘1s arranged along the periphery of the rotary disc and

:

the other of said circular gradustions is arrenged out- -

'slde‘ef sald periphery.

: ;,‘ o 4. A device according to claim 1, where— S

1n said base plate has a cilreular graduatlion along the

periphery of the disc representing maehine speed and.
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another circular graduation representing depths of cut, 2
and whereln saild disc has a circular graduation along g
its periphery representing powers of production: the %ﬁ
countling lines representing curves of proper use of :
tools and total utilization of power: there being three
rule bgrs sliding one 1in another having graduations
representing respectively coefficlients characteristic
of the tools, speeds and machine time, the outermost
bar being arranged to support the two inner bars, with
the index of the outermost bar cooperating with said
circular graduation representing depths ofvcut, and. |
the index of the innermost bar cooperating with said

curves,

5e A device accordiﬁé»fo claim 1, wheres
In said base plate haes a circular greduation along the
reriphery of the disc representing machine speed and
another circular graduation outside of said periphery
characteristic of the metals worked upon, and wherein
sald disc has a clrcular graduation along its periphery
representing powers of production, and inside sald
periﬁhery two famllies of curves lntersecting in points
of a predetermined characteristic curve and representing
proper use of tools and total utilization of power; there
being three rule bars sliding one in another having
graduations representing respectively co-efficients
character;stlc of the tools, speeds and machine time;
the outermost bar belng arranged to support the two inner
bars with the index 6f the outermost bar coéperating
with sald outside cireular graduation, and the inmermost -

bar cooperating with said insiae curves,
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6. . In an output calculator for machine
tools, a stationary base part having at least one grad-
vation, a second part movable on sald base part and
having a graduation and counting lines, and a set of

graduated rule baps movable relative to each other and gf*’u |

movable as a unit with respect to sald base part and at

an7éng1e ﬁith respect to the movement of said second

7

part;. at least one of said rule bars having an index

o7 ‘ot
cooperating with said counting lines; ssid graduation

- . -on sald.base part cooperating with said graduation on

said'mov%ble part.

> Teo. In an output calculator for machine
tools, a stationary base part having at least one grad-

. uvatlon, a second part movable on sald base parg and
<hav1ﬁg a graduatlion and counting lines, and a set of
_graduétéd rule bgns movable relative to each other,
supported on sald base part and movable as a unit with
respect to sald base pert; the relative movement of said
rule bars and thd movement of the second part being
linear movements at an angle with each other; at least ff
one of sald rule bars having an index cooperating with
'said countling lines; sald graduation on said Base part

cooperating wilth sald graduation on said movable part.

8. In an output calculator for machine
tools, a stationary base part having at least one gradu-
ation; a second part'movable on saild base part and having
a graduation and counting lines; and a set of graduated
rule bars movable relative to each other, rotatably

supported on sald base part and movable as a unit with

respect to said'basekpart and said sedpnd part; the
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relative movement of said rule bars being a linear

movement and the movement of sald second part being

a rotary movement; at least one of sald rule bars
ha#ing an index cooperating with sald counting lines;
sald graduation on sald base part cooperating with

sald gradustion on said movable part.

9. In an ouput calculator for machine

tools, a stationary base part in the form of a quadran-

gular plate having at least one gradustion, a second
rart movable on sald base part in a direétion para;lel
to a diagomal of sald quadrangular plate, and having a

graduation and counting lines, and a set of graguated

rule bars supported on sald base part and movable with

resPéct to sald base part and sald second part; said

set of rule bars being movable as a unit parallel to

one side of said quadrangle and the individual rule

bars being movable parallel to an adjacent side of

sald quadrangle; at least one of sald rule bars having

f:in" an index cooperating with said counting lines; said

graduation of sald base plate cooperating with said

graduation of sald movable part. Y
R C ' : . !

0. In an output calculator for machine

 tools, a statlonary base part having several graduations,

a second part movable on said base part and having a

graduation and counting lines, and a set of graduated

rule bars movable relative to each other andrmovable as

a unlt with respect tb sald base part; said sét oft rule

bars including two rule bars one movable with respect’
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to the other and each having an index; the two indices

being aligned with each other, one of said lndlces co-
operating with said counting lines and the other of
said indices cooperating with a graduation of sald base
part; anbther graduation of saild base part cooperating

with sald graduation of said movable part.

1l. In an output calculator for machine
~tools, a stationary base part having several graduatlons,
‘a second part movable on =said base part and having a
gradvuation and couﬁting‘lines, end a set of graduatgd

rule bars movable relative té each other and movablé as

-2 unit with respect to sald base part; sald set of rule
bars 1hclud1ng three rule bars slidable with respect to
each other, the innermost and outer scale bars each

having an index cooperating reépectively with sald counting
lines and a graduation on said vase part; another gradu-
ation on s&ld base part cooverating with sald gradustion

on sald movable part.

12, In an output calculator for machine

tools, & stationary base part formed as a plate havlng‘

,at least!one ciroular graduation, & second part sugportgd
thereon and formed as a dilsc concentric wlth and rotat-
able with respect to said clrcular gradusation; sald

second part hagving a circular graduation; and at least

one célculating graph; and a set of graduated rule bars
movable relatlve to each other and>supported on the base
plate rotatable.as a‘unit with respect to sald base plate;
at least one of sald ruie'bars‘ﬁaving an index passing

through a polint eccentric with reSpect to said disc and
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cooperating with said calculating graph; said
clrcular greduation on said base plate eooperating

with said circular graduation on said disc.

13. Device according to claim 9 com-
prising a logarithmic graduation representing depth
of cut on cne side of the quadrangle, a characteristic
of coefficients of metals on the edge of saild second
part; there being provided on saild second part one
calculating graph formed of parallel lines representing
advance and a second calculating graph representin%
machine production and also formed of parallel 11nés,
sald two series of parallels intersecting in a char-
acteristic line of intersection, and a logarithmic
graduation traced upon the second part representing

production pqwer;
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