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This invention relates to a computing ma-
chine degigned to indicate an unknown
guantity where the unknown quantity is a
function of one or more variables and one
or more constants, the variables being
known for each particular problem and each
entering the equation as a multiplier or a
divisor or both. -

The problem chosen to illustrate this in-
vention deals with the calculations involved
in determining a bonus award, the calcula-
icns being governed by the laws of a well
known bonus system. In this system the
total number of pieces produced by a work-

Pt e

j—

™

" man is mulfiplied bv a factor which is a

predetermined efficiency rate or so called
“standard time per piece.” - The product ob-
tained 1s divided by the length-of time
worked, expressed in minutes, and the quo-
ient i3 egual to the percent of the efficiency
e workmen.

The parpose of the bonus system referred
Iz to reward workmen attaming a certain
percentage of efficiency antd to pro-
certaln- differential increase in the
5 award for higher efiiclencies. A cer-
minimunr bonus rate per minute is paid
workmen whose percentage of efficiency
is just equal to the minimum percentage for
which bonus is pald and there is a fixed
increase in bonus rate for each percent over
nimwn  attained by the workmen.
> minimum bonus rate and the differen-

tinl increase ave both approzimately propor-
tional to the daily wage of the particular
workmen.  In order to simplify the compu-

tations the workmen ave grouped In w ninm-
} of bonus clasees in accordance with

Tach class has its mini-

-aves received. . 1
mum bonus rate and differential, the rvela-

tion of the differential to the minimum bonus
vate being the same in all classes. The
honus due each man is usually computed
daily from data on department daily ve-
ports filled out by the various depariment
clerks. This card identifies the workman
and gives the number of good pieces of
work completed, the standard time in min-
ntex for a plece. 1. e., the time established

weinles of time study observation in
which the piece should be completed by a

1923. Serial No. 645,495.

thoroughly skilled workman, and the actual
time worked in minutes, the efficiency of a
workman performing the operation in the
standard time being taken for the purpose
of the computation as 100%. In computing
the bonus from the data on a department
daily report, the number of good pieces done
1s multiplied by the standard time per piece
to find the standard time for the work done.
This standard time is then divided by the
actual time worked, which gives the per-
centage of cfliciency. * The minimum per-
centage of efficiency is then subtracted from
the actual percentage and this difference is
multiplied by the differential increase in
rate for the particular class to which the
workmen belong. To this produet is added
the minimum bonus rate per minute for the
class and this sum is then multiplied by the
actual number of minutes worked. "This
computation involves three multiplications,
one division, one subtraction and one addi-
tion. The nature of this computation is
such that it cannot be expeditiously per-
formed on any of the calculating machines
now on the market and consequently the
clerical work in connection with such a
bonus system when applied to a large num-
ber of workmen represents a considerable
item of expense. Iurthermore on acount of
the number of calculations it is extremely
difficult to avoid errors. It has been found
that the calculations can be facilitated con-
siderably. by the use of a slide rule but this
method 1s not entirely satisfactory since
the number of settings of the slide rule re-
quired makes it difficult to avoid errors and
consumes more time than is desirable. The

embodiment of the present invention here- ¢

in illustrated is designed to facilitate com-
putations such as above described by pro-
viding a slide rule with parts which may be
set to readings corresponding to given values
of the variables entering into the problem
and mechanism connected to the adjustable
parts of the rule which upon the proper set-
ting of the slide rule performs the calcula-
tions involving with the variable factors all
of the factors which are constant for all
clagzes and the factors which are constant

a :

for any given class and indicates the bonus
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due by means of a suitable indicating devme
thus by a single setting of the slide rule
obtaining the bonus due and greatly de-
creasing “both the expense incident to the
compumtlons and the liability of error.

The present invention in its broader as-
pects is applicable to many complex calcu-
lations other than that spervifically mentioned
above, as will appear as the descr'ptlon pro-
ceeds, and it should be borne in mind that
the problem given and specific mechanism
shown are- 111e1dy llustrative of the inven-
tion, the form shown being the preferred
form thereof for the given ploblem How-
ever, the mechanism shown herein constitutes
but_one of the various mechanical forms in
which the principle of the invention may be

employed. and the .computation given as an

illustration is but one of many which may be
performed by mechanism embodying the in-
vention.

Broadly conmde"ed 1t is an object of the
invention .to prov1de means whereby a
mathematical computation involving a plu-
rality of calculations may be pexfonned by a
single setting of a computing device.

A further ob]ect is to -provide means for
simultaneously performing a plur ality of

calculations involving one or move va uables

and one or more constants by a single %ettu
of the computmg device. :

A further object is to provide means for
of an unknown in an
equation in which the unknown is the fune-
tion of one or more variables and in which
one or mote constants enter into terms of the
equation and in which a variable enters into
the equation either as a multiplier or as a
divisor and . in which a calculation in addi-
tion to the multiplication or division is in-
volved. .

Other -objects will be uppaxe nt from the
following = description and accompanying
drawings.

In the preferred -form of the 1IlV\,Il{,IOIl

hel ein shown, means are 1)10\’1ued for obtain-

ing the final reading upon a'suitable -chart
mounted upon the cwlmdel of a computing
scale which is actuated by a shiftable weight
mounted upon the tare beam of the scale, the
shiftable weight being actuated by sﬂitable
connections from the movable :parts of a
slide rule which together witl the mecha-
nism for.shifting the weightis mounted upon
the tare beam. The weight is caused to as-
sume such a position that the eﬁ“’ective force
operating upon the cylinder of the scale
will be a functlon of the variable quantities
1epresentﬂd by the setting of the slide and
runner of the rule and the chart upon the
cylinder is graduated to show in separate
columns the bonus due 1n e‘lcn class for the

~time worked and efiiciency at ttained, tl\e last

two quantities-being the given wlues of the
variables to which the slide rule is set,

-the tare beam and a slide rule I
-the frame K, the movable parts of which ave

1,659,357

In the accompanylnw drawings, I‘lg 1 is
a view in front elevation of the COHIDutan‘
device; Fig. 2 is a view of the-same in side
elevatlon Flg. 3 is a detail view in front ele-
vation of the slide rule setting mechanism,
the ~weight shifting arm connected to the
slide belno shown 1n -dotted lines; Fig. 4 is
a plan view of the weight su1ﬂ1n0 mecha-
nism controlled by the runner of The slide
rule; Fig. 51s a detail view in side elevation

showing the shiftable weight and a position
‘of tho'mu*hfmls:n for shifting the same;

Fig. 6 is a detail view in side elevation of
the mechanism shown in e,
the opposite side thereof; Tig T is a detail

view in section of the forward portion -of"

v

5 taken from

80

the . weight setting mechanism, the section -

being indicated by line 7—T7 in Fig. 1; Fig.”

8 is a detail view in section ghn\u’lo 0 pmt
of the weight setting mechanisin, mn swhon
being anucmed by The line 8§ in Fig. T
Fig. () is a section on the line 9—9 of 1*1“ _Tj
Fig. “10 s a detail view showing anothér yarl
of the setting mechanism,
partially in section, and i i< taken on a plane
indicated by the Iine 10—10 in Fig. 7; Fig:
11 is a vertical section on the line 11—11 ot
Fig. 7. Fig. 1215 a horizontal section on th

line 1212 of Fig. 3;Fig. 13 isa horl?m tal
section on the line 15—13 in Fig. 8; Fig. 14
isa detail view in front elevi 1t10n of the ‘end
of the slidé rule slide to which the actuator
is attached; Fig. 15 is a top plan view of the
portion of the slide rule slide'shown in It m,
14; Fig. 16 is a section on the line 16—16 o
1*10 5 Fig. 17 is a perspective view of a

poumn of a clamping structure used with-

the slide rule; Fig. 18 is a perspective of a
pantograph supporting block; 19 is & per-
spective of the cam platecrfng, Fig.-20 is

‘a {ragmentary portion of a chart, the chart
being the same as shown on Fig. 1 on the

upper portion of the scale and illusnat‘ing

in detail the fonn and arrangement ol he-
numerals comprising the chart. .
Referring. to the annexed drawings, the

computing mech‘unsm comprises a;compu_t-
ing scale A provided with the usual cylindel

Lhe figure being:

90

05

100 -

110

B rmd tave beam C -which actuates the eylin-’

der through the usual mechanism, a shift-
able We;ght D carried by a suitable frame i
vigidly attached to the counterweight G of
carried by
thlouoh suitable

connected mechanism

mounted within the frame K to the weight-

D to move the same and shift the center of
gravity of the weight imposed on the tare
beam in such manner that the cylinder will
be turned through the proper angle to bring
the desired por th]l of the dlzut thereon to
reading position.

bt
N

[
o
Wt

In order that the function and operatlon ,

of the various parts hereinafter to be de-
scribed may be the more readily understood,
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we will here set forth briefly the general
nature of the operations mechanically pei-
formed,

The bonus computation chosen for illus-
tration of the present invention may be
stated in the form of an equation as follows:

(085 )i

where X is the bonus in cents, S is the stand-
ard time in minutes for the work done, A is
the actual time worked in minutes, p 1s the
minimum percentage for which bonus is
paid, ¢ is the differential increase in cents
per minute for each additional percent of
efﬁuenq, and 7 is the minimum bonus rate
in cents per minute. The terms S and A a
1r1ab1es the term p is constant for all com-
puta thHS and the terms ¢ and » are con-
stant lor all computations in the same bonus
class. The terms d and », however, beaxr the
same relation to each other in all bonus
classes, and, for any given values of S and
A, X for the different bonus classes will be
directly proportional to  or 7 for the dif-
ferent classes, therefove, by providing grad-
uations in columns of the chart (see Hig.
19) in which unit lengths in the various col-
wmng are inversely propmt‘onﬂ to #or d
for the class, a setting of the weight which
will give the proper re 1ding mc‘xca*mo
bonus due in one u s for a given time
vorked at a given efficiency will also give
the proper reading in the other classes Tfor
the same time worked at the same efficiency.
it will be obvious. therefore that if means
be provided for adjusting the weight D'to a
position in which the turning force appheu
to the cylinder is the proper function of &
and A the cylinder will be turned through
the angle leq\ured to bring to reading posi-
tion the honus in cents for eacl of the classes
provided. for, which would be due for the
given time actually worked and the given

standard: time for perforining the work
done.
Bearing in mind the relationship of the

values .4 and 7 the equation may be simpli-
fied as follows:

1008d "'
v e _ A
X= }7 A\ (pd gd)d A
¢ bei constant for all bonus classes
1009 i
1\;’ o . H
X [ A (p—1q) _EA(Z

{ p—q) -heing a constant for all bonus clusses
Now, 1f the weight Be ad]u‘suad to a posx-

Yion in which the force m‘p lied to the eylin-
der gives o turning movement propor-

a8

the colunms of the cylinder may be gradu-
ated to give the reading

71005
Ad
|~ ~-o [ id,
in a manner similar to the reading m cents

for o given weight at a given puice per
pouads in the ordi‘mry use of a computing
scale.

"The position of the weight D is controlled
by suitable connections, which will be heve-
inafter described in detail, from the slide
and runner of the slide rule Gr, the slide at
cach setting thereof shifting the welght to »
position in 3 *hwcn wm turning force dpplied‘,

to the cylinder I has a de finite rela itionship
to the quantity

r0s_, 7

L& Y

nil the runner upon each setting shifting
Sxe weight to & position m which the turn.

ng 'fm(‘ exelt ~ed by the fivst cetting is mui-
1)‘10«1 a.cuantity having a definite rela-

ship tu }.. ench column of the chart be-
gm(u*”m fo give a 1'e1d’zng for each
obtm m which I1s a prot L + of the e"i’m"'i:‘"
weight expressed in units and 2 known
»,Ldﬂ'v.

We will now proceed to de vibe 1n detail
the mechanism employed for shifting the
We;ohu D in such a nanner as to obtain a
rmdnh upon the cylinder B which beavs the
t \m”ur to ibe values represent-

e rule ¥ to which ah@ runner
‘.!,'GO'f set. et enmg ncre
ularly to i and 2 of the draw-

_.f.\f.‘,,,.‘ (,.,

i
O

1e computing seale 4 is mounted upon

e 1 having a 5%11( ard 2 at the ren

end theveof and a cylinder casing 3 at tm
upper end of the standard 2. The cylinder

ing 3 has a sight opening § LXtG;hdﬂO

(do ng thg front therveot which will he pro-
vid Lfl with o eultable lipe 1 yhcscol such ax
a sight line 5* indicated in dotted lines in

Fig. 1 which cooperates .\im Lm Ql“?d nated
colu 1 aad 20)
£

J‘c d art. ihe
vith separvate col-
.

deci: mally and

L
. ',e graduated
to units of length \Yh'.Ch are nversely pro-

portional fo the honus rates in the fﬁﬂe"\m
bonus claszes.  The umn)u*mo seale A ls
astruct the C"hnm‘l i3

offering » pre-
g tovenent

tave heam
8, the svoulae

" Py m,,f,xz'tif\n:‘é.l
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with a guide rod 8 sliding in a vertical gnide
in the base 1 and is connected to a dash pot

- 9 carried by the base 1 which serves to pre-
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-against the underside of the flange 102

vent oscillatory movements of the cylinder
B. The computing scale is not herein dec-
seribed in detail since an old and well known
form of computing scale is employed.
The shiftable weight D, the slide rule
and the operating connections bétween the
slide rule F and the weight D are all sup-
ported upon the frame E which has a lower
attaching section 10 which is U-shaped and
has outwardly extending flanges 10* at the
upper end thereof. The base portion 10 of
the frame E is rigidly attached to the coun-
terweight G of the tare beam forwardly of

F

the fulerum 7 and the upper mechanism sup--

porting portion 11 of the frame E has its
bage flanges 117 holted to the top flanges 10°
of the base section 10.. The weight of the
frame K and the mechanism supported tlere-
by is so distributed that when both the slide
and runner of the slide rule'ave at their low-
est settings the center of gravity of the en-

_tire “mechanism “supported upon the tare
~beam C-is directly above the fulerum 7 so

that no turning force will be exerted upon
the cylinder B and the zero points on the

-chart will be in reading position. - For set-
ting the mechanism-to perfect balance, a

counterweight 12 is detachably connected to
a suitable arm 13 which is pivoted to.the base
portion 10 of the frame I beneath the flange
102, the arm 13 being held in the desired po-
sition of adjustment by means of a bolt 14
which is carried by the base portion 10 of
the frame and: extends through an arcuate
slot 15 in the arm 13. For accurately ad-
justing the weight 12 a screw. 16 is threaded
mto the top portion of the arm 13 and has a
squared head which is adapted to bear
By
slightly loosening the bolt 14 and.turning
the screw 16, the weight 12 may be adjust-
ed to a position such that the center of grav-
ity of the miechanism supported upon the
tare beam C will lie exactly in the vertical
plane of the fulerum as will be indicated by
the zero readings on the chart. - :

Referring particularly to Figs: 1,3 and 15,
the slide rule ¥ has a fixed body portion 17
which is provided with the usual logarithmic
graduations and is rigidly secured to the top
portion of the upper section 11 of the frame

& by means of brackets 18 which carry ad-

justable clamps 19 that are secured thereto
by means of screws 20 extending. through
vertical slots 21 in the brackets. The body 17
extends across the outer side of the frame I
at the top thereof with its graduations ex-
posed to view throughout its length. The
body 17 is provided with a groove through-
out the length thereof in which is fitted the
slide 22 also provided with the usual logarith-
mic graduations, so that, when a given read-

1,659,357

ing on the slide is aligned Wribth a given read-
ing upon the body, a unit graduation of the
slide will be aligned with the reading upon

the fixed body 17 which indicates the quo- .

tient of the reading on the body and the
reading on the slide which have been-aligned
with each other. In the problem taken as an
illustration the reading on the slide repre-
senting the number of minutes actually

worked will be aligned with a reading on the 7

body representing the standard-time 1n min-

70

utes for the work done and the reading on =

the body 17 which is aligned with a unit or
ten graduation on the slide will indicate the
percentage of efficiency. The slide rule F is
also provided with a runner 23 which is of
the usual form provided with a glass plate

80

overlying the body and runner and having -

a hairline to indicaté the position thereof
with respect to the graduations on the rule.
The ruanner 23 is slidably mounted in front

‘of the fixed body and is adjustable to any

position along the length thereof. The run-
ner 23 may be employed to facilitate the cor-
rect alignment of the selected readings upon
the body and slide of the rule and, as will be
hereinafter explained, may be adjusted into

85

06 -

alignment with a desired reacding on the fixed -

body to effect a multiplication.

‘Referring particularly to Figs. 2, 5, 6,
and 7, the weight D is rigidly attached to
the rear end of an arm: 24 which is sup-
ported upon a horizontal pivot 25 in a ver-
tical rotatably mounted post 26 which is sup-
ported in the upper portion 11 of the frame

05

too

I directly over the fulerum 7. The post 26 .

has a conical recess in its upper end which
receives the conical point of a vertically dis-
posed bearing pin 27 which is secured in a
fixed part of the frame overhanging the
top of the post 26. The body of the pin 27
is screw threaded .and carries nuts. 28 and
29 engaging the top and bottom of the sup-
port which serve to hold the pin in adjusted
position. . The pin 27 is also provided with
a knurled head 30 by means of which it may
be turned to regulate the pressure exerted by
the point thereof upon the standard 26. At
its lower end the post 26 has a conical re-
cess which fits upon the conical point of a
lower bearing pin 31 which is fixed in the
base portion of the frame section 11 as best
shown in Figs. 6 and 7. The arm 24 ex-
tends through a vertical slot in the post 26
and projects forwardly therefrom. A pair
of rollers 82 are carried by the forward end
of the arm 24 and are engaged by the flat

under surface of a follower 38 in the form.

of a heavy disk slidable upon the post 26.
The follower 83-serves as a counterbalance
for the weight D so that only a small force
is required to swing the weight D vertically
about the pivot 25. The weight D, however,

-overbalances the weight of the follower 88
o that the fqllower is normally held in its
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uppermost posmon by the weight D. The
follower 33 1s moved downwardb to swing
the weight I vertically by means of a ver-
tically movable slide 86 which has a roller
37 bearing upon the top face of the follower
33, The slide 86 18 disposed at the front of
the post 26 and has a roller 38 on the iront

side thereof which is engaged by the cnrved
Tower edge of a cam pmte 40 (see I*lg. 10)
which iIs so connected to the slide 22 that
its movement is p}'oportional to the move-
ment of the slide. The curvature of the cam
e‘tO is such that the movement of the Wom ht

taken along the longitudinal axis of tare
beam for various semn“~ of the slide 1s
proportional to a pr edetermined function of
the variable to which the slide is set.

Adjacent its lower end the post 26 has
wmoarm 41 rigidly attached thereto inter-
ue dxzue its (‘nd% ‘the arm 41 baving a de-
e ;uhmv proje¢ tion 49 at one end and a coun-
terw pm’*t 49+ at its ~opposite end which coun-

terbalances the weight of ﬂw 1)103%11011 49,
The projection 42 carries a voller 43 at its
Iower end which engages in a cam slot 44
(sce Fig. 8) formed in a horizontally dis-
0S¢ d cam p late 45 which is slidably mount-
d between the sections 10 and 11 of the
frame e B and 1s rigidly connected with the
runner 23 for movement therewith. 'The
post 26 1s Lurhel by the cam plate 45 in
the movement thereot to sw ng the weight D
mtucﬂly about the axis of the post 26.

The zeto 1)os1t1on of the weight D is ¢
¢hown in Fig. 2 of the d*”lwmo 1. e wit ‘1
arm 24 e\Lanmg rearwardly toward
tandard 2 and the wei ioht D in'its lower-
most position.

Sdter the weight D bas been adjusted by
one cam about either of its axes of rotation
10 ngle from zero position, a subsequent
uf']l‘b"n‘ﬂm through a given angle about the
other axis will shift the w eth toward or
feom the fulerum a dis stance w rhich is alw ays
rhe same fractional part of the distance of
the weight from the tnlerum in its fivst posi-
tion of “4111%1}1“'(1( Thrs the runner 23 in
th
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ity movement from any unit 01‘a<1uau'm of
e body 17 to the next succeeding unit grad-
uation thereof shifts the We]ght about its

vertleal axis a distance fowavrd t e falerum

e b e

i

‘f.'h'ich i5 one decimal part of the total move-
the weight toward and +‘ o the ful-
1'0.;'11‘(]1“@8 of the angular a riju timent
veight” about its horizontal axis. The

D in- its movenient in the dix echm
f)‘é me longitudinal axis of the tare beam
¢hifts the center of gravity of the entire
mass supported upon “the tave beam a dis-
tance proportional to its movement. If the
Lums 40 and 45 are so deswned that as either
the elide or runner move from one unit grad-
uation on the ﬁ\ed body to the mext, the

weight D will be shifted throngh a corre-
sponding decimnal fraction of the niovemen

S

which would be caused by moving the slide

r runner the full fength of the body of the
slide rule, the movement of the weight due
to the combined action of the slide and run-
ner, will be a decimal part of the entive
niovement thereot wlhich is proportional to
the product of the predetermined functions
of the two variables and by selecting suit-
able constants for the multiplication on the
chart, the desived function of the two vari-
ables will be brought to reading position in
the various columns of the chart. In other
words, the cams 40 and 45 are so designed
hat the movements of the slide and runner
which are proportional to the logarithms of
the selected variables cause movements of
the weight with respect to the longitudinal
axis of the tare beam which are propor-
tional to the quantities represented by the
settings of the slide and runner.

We will now describe the operating con-
nections between the two cam plates 40 and
45 and the slide 22 and runner 23. Referring
particularly to Figs. 1, 3 and 10, a bracket
46 is sccured to an end of the frame section
11 at the top thereotf, the upper portion of
the bracket 46 being spaced outwardly be-
voud the end of the slide rule F. The cam
plate 40 has an arm 47 fixed to its outer end
which projects upwardly behind the slide
rule I, The arm 47 1s connected to the up-
per end por rtion of the bracket 46 by means
of a lamy tongs 48 which is constructed in
four QL(.LIOl’b. one end being attached to the
bracket 4 und the other to the arm 47. The
stide 22 *‘mecm beyond the body 17 of the
rule in front of the lazy tongs 48 and is con-
nected to the third central pivot of the lazy
tongs from the arm 47, ﬁv means of this

connection the movement of the slide 22 is

always one fourth of the movement of the
cam plate 40. The cam plate 40 as shown in
Tig. T is guided between the vertical slide 36
and a plate 50 which is rigidly secured to
the frame as shown in Fig. 7. The cam plate
HY has a strught upper odae which is en-
a voller 51 cavried by the frame 11.
i ”)mputlnn the bonus awards it is not
necessary that the slide 22 have a movement
‘d roughout the iull length of the body 17
since the computation will be mads only be-
tween the minimum percentage of efficiency
and the highest percentage which it is possi-
le for a workman to attain. It is, more-
over, desirable to limit the movement of the
slide 22 in one dirvection so that it will be
impessible to register a bonus for efficiencies
Jower than the minimum. To this end the
l zy tongs connection 48 is so proportioned
it the slide cannot move to a position
Vmch will register an efficiency lower than
the minimum. The cam plate 40, as shown

o=

in Fig. 3 is shifted longitudinally and guided
Ly nicans of a horizental shatt 52 immedi-

stely Below the plate and pavallel therewith,
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v"Trhe,shafﬁ 52 has a threaded portion which

10

is received by a nut 53 which is rigidly se-
cured to the outer end -of the cam plate 40.

-The cam plate 40 at its other end has a de-

pending arm.54 through which. the shaft 52
passes, the portion of the shaft engaging the
arm 54 being unthreaded and having a slid-
ing fit in the arm. At the end of the shaft
52 which projects beyond the outer end of
the cam plate 40 there is a hand wheel 55

- which is fixed thereto outside the frame, the

15

20

a0

9
B

hand wheel 55 being provided with a suit-
able handle 56 and a counterweight 57 which
balances the handle. By rotating the shaft
52 the cam plate 40 is moved longitudinally
thereof and the slide 22 moves one fourth
the distance that the plate is moved. ~Mearns
are thus provided for obtaiminga very ac-
curate setting of the slide with respect to the
body. of the rule. L :

The horizontally disposed cam plate 45
has a rack bar 58 rigidly attached to the
outer edge therecof and is guided between
guide rollers 59 and 60 engaging the inner
edge of the plate and the outer edge of the
rack bar. The rack bar 58 is engaged by a
pinion 61 which is fixed to a horizontal shaft
62 which extends through the front of the
frame E and carries a-hand wheel 63 at its
outer end, the hand wheel 63 being provided
with a suitable handle 64 and a coumnter-
weight 65 for balancing the handle in all
positions of the wheel: An arm 66 outside
one end of the frame E is rigidly attached

5 ‘at its lower end to the projecting end of the

“cam plate 45 and at its upper end to a hori-

40

45

80

‘ment of the runner.

zontal rod 67 by means of set screws 68. The
horizontal rod 67 is positioned immediately
below the slide rule F and is slidable in

brackets 69 and 70 carried by the frame. A~
bracket 71 is rigidly connected to the hori--

zontal rod 67 by means of set screw 72 and

carries a hiook bolt 78 (Fig. 4) in which the-

runner 23 is secured. - By turning the shaft
62 the runmer 23 may be quickly and accu-

rately adjusted and the cam plate 45 moved -

through a distance exactly equal to the move-

The cam 40 is so designed that the shift-
ing movement of the weight about its hori-
zontal axis is proportional to the function
of the percentage. of efficiency to which the
slide is sét expressed by the formula

1008 .

‘ ;'T"‘(P—’"Q)]'.
The cam 45 is so designed that the move-
ment of the weight with respeet to the ful-
erum’ due to its movement about its vertical
axis is proportional to the reading on the

- _body 17 to which the runner 23 is set. The

movement of the weight with respect to the

fulcrum due to the action  of both cams is
proportional to the product of the reading

to which the runner is set and the function

1,859,357

of the percentage of efficiency represenrted'by
the formula :
v-0 |-

11008
A
The graduations of the various columns of
the chart are so related to the turning move-
ment of the cylinder per unit of weight that
the reading in-each cclumn is the product of

the proper constant for the class which the-

column represents and the effective turning
force exerted by the weight upon the cylin-
der to- give the correct reading in cents for
the percentage of efficiency attained and the
actual time worked. -

As will be readily understood by those
skilled in the art, the curve for each of the
cams may be laid.out by graphical methods,
since the coordinates at any point. thereof
will be determinate functions of a variable
and the curve of each of the .cams so laid
out may be such as to proportion the move-

ment of the weight to any function of the
variable which 1s continuous between the

limits of the values to be assigned to the va-
riable. "The independent movement of the

weight about a plurality of axes permits the.

weight to have a movement due to the com-
bined action of a plurality of cams which
is proportional to the product of the func-
tions of the. variables which determine the
curvature of the cams. ’

In the operation of the device the oper-
ator will first determine the standard time
for the work done by multiplying the num-
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ber of pieces done by the standard time per -

piece as shown by the time report of -the
workman whose bonus is being computed.
This is usually a simple operation which
can be performed mentally. The operator
then shifts-the runner 23 by means of the

hand wheel 63 to position the hair line there--

of over the graduation on the body 17 of the

slide rule corresponding to the standard time

in-minutes. The slide 22 is then shifted by
means of the hand wheel 55 until the gradu-
ation thereon corresponding to the actual

105

110

time- worked in minutes is aligned with the - .

hair line of the runmer 23 and with the
graduation on the body 17 which correspond
to the standard time for -the work done:
The reading on the body 17 opposite a unit
or tens graduation on the slide will indicate

“the percentage of efficiency which if desired

may be noted on the time card.” The runner
will then be shifted to align the runner with

the reading om the body 17 which corre--

sponds to the actual time worked. Theread-

ings in each-column of the chart will now -

be the bonus due in cents in each class for

‘the actual time worked and percentage of

efficiency attained. A
Having ~described our invention, we

claim—. RS L
1. The combination with a graduated rule
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aving a plurality of parts independently
a(qustdble to 1indicate different readings
thereen, of a graduated chart having a series
of graduated columns, and means connected
to the adjustable parts of the first mentioned
member for indicating in the several col-
umis of the chart a series of functions of
the readings upon ¢t the firet member,

2. The combmation with a slide rule has

ing o slide and runner, of a graduated mem-
ber independent oL me siide rule, and means
connected to the slide and runner for indi-
cating upon said second member « reading
which is a fusiction of the 1 readings to wh il
said e¢lide and runner ore set.

3. The combination with a slide rule hav-
ing a ¢lide and runner, of a chart having a
series of graduated colwns, and means con-
nectci to said slide and runner for indiecat
ing in each column of the chart a dlﬁerem
Iunruo“ of the two %fmlnw to which the
shicde and runner are se

4, The COIvlblIl tion Wlth a slide rule hav-
ing u graduated body and a graduated slide,
graduated membeL separate from the
e lelw‘ and nieans conne octed to the slide

cating upon said 8‘1“3&1 iated member

‘img}, which is & fanction of 2 rea ding

1
1e slide
1e 31
N s

«

1(
N

readir

and a
1ment.,
combination with a slide rule hav-
ated body and a graduated slide,
having a series of dlfferently
columns, and means connected to
for indicating upon each colunm
of tLe chfut a different function of two
qu‘mtmes repr sented by readings upon the
le and body which ave n uonlment
6. The culqr\‘ awtion with a slide rule hav
- a graduated body, a Ol‘adaatea slide "md
unner, of u graduated member separate
irom the slide 1‘ulb, and means connected to
boih the runmer and slide for indicating
upon szid graduated member a rveading
which is a function of the quantmeb indi-
cated by the setting of the shde and runner
upen the body of the elide rule.
. The combination with a cylinder hav-
ing a chart thereon, said chart having a se-
ries of circumferentially graduated Cuhmms,
of means indicating a reading line across the
chart at one side of the Cvlmuer. a graduated
nember, means manu‘ﬂl\* ucqustab e along
the graduated member to different 1‘eafhnos
thereon, and means connected to the man-
ually fuhu stable means for turning said cyl-
inder to bring to reading posmon in each
column, a oraduf\tmn which indicates a quan-
tity which is a function of the readi ing upon
the graduated member.

8. The-combination with a slide rule hav-
ing a bLody and slide both provided with
logzu'uhm ¢ graduations, of & member sepa-
rate from the ‘slide rule graduated to uni-
. form umits of length, means for indicating

12 on the body which
1(‘

o [ e-‘

4

readings upon the graduated member, and
leans connechno the slide to said last men-
tioned means for causing the same to indi-

cate a reading which is a funciion of the
quotient indicated by the setting of the slide.

9. The combination with a slide rule hav-
ing a body and slide both with logarithmic
gmrhmtio*lq thercon, of a cylinder having
thereon a chart with separate columns there-
on, each graduated in units of uniform
Innwth the unit graduations of the columns

1y1no m Ien”tn. means at one side of the
'51111(19 i 1 mducat ng a u“'hng ine acioss
he and means con-
der to turn th e
1; yosmoa in cach
quotient ndwmcd

necting ‘h\ chd and
cylinder to bring to r
column a funct |
by the setting of the slide
10. The combination \*'Hh two configuous
graduated members, cne adjus t::hle along the
sther whereby any given graduation on one
v be aligned \Vlfh any given graduation
the other to determine by :\dm' aligned
stions a mmnd" which is a function
resented by the two

A
=
no
v

R

d gr‘duﬂ'on%, of a third graduated
meiither sepavate from the fns‘ ‘nenuon“ﬂ
ber and mes tod to tl adi

member and means ted 1e adjust

1 connec
nber fov hldl"“hll
raduated member a seco
twe quantities 1'@1'9.5@1119(1 by

rn‘amm‘mons
11. In a compn‘u“o

1 .
able mer
b

gﬁ_mr 14

combi-
nation with a computing dewce having vela-

wehine, the

tively movable parts adapted to be set in ac-
cordance with selemed values of two vari-
ables and to indicate a certain function of
said va 1’1“bleq, of an Lnfhcntlng device sepa
rate from said computing (Ievlce, and men
actuated by a movable | part of ! C’)J}
ing device for mdieating on f-n] indicating

device a different ﬁw netion of said varia o“s
12, In a computing ma cho. the combi-
nation with 2 compuhns device having vela-
“.”11 le par ts adapted to be set in

tively m

secordance with se lede( vilies of two vari-
ables, of an indicating e\'loe. and means ne-
tuated by a movable part of said (’dmpui'ingz'

device for indie Ungf on said 1ndicating de-
vice o function of said variables in which a

constant enters as a factor.

13. In a computing machine, the combina-
tion with a compuﬁno device having rela-
tively mowble parts adapted to be sef in ae-
coldancs with selected val of varia-
bles, of an indieating devier, and means ac-
tuated by a movable nart of said con 1puting
device for indicating on caid indicating deo-
vice & function of hwbhu m whic
plurality of constants are factors,

14. In a computing machine, a comp
device ada apted to be set 1n acesrds inee w ith
zelected values of two va
having o sevies of gradnuated columns,
means connecting the computing device

nes tywo

f«‘md va

‘:l‘nl)"

and
and

riables, of 2 chart
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chart for indicating readings in the various
columns of the chart each reading being the
product of a function of the two variables
and a predetermined constant.

15. In a computing machine, a chart hav-
ing a series of columns, means for indicat-
ing a reading line across the columns.of a
chart, a computing device adapted.to be set

-to ‘different adjustmerits ‘in accordance with

. e
o}

5 selected values of two variables, means con-

necting the computing device to the chart
to move the same to different positions with
respect to the line indicating device, the

“movement of the chart being so related to

20

30

35

40

+ the setting of the computing device that the

reading in each column is a predetermined
function of the two selected variables to
which the computing device 1s set.

16. In a computing machine, a computing
device -having relatively movable -parts
adapted to be set to different adjustments
in accordance with selected values of two
variables and means associated with said
parts for simultaneously indicating a plu-
rality of different functions of the selected
variables one of said functions so indicated
being a summation of a plurality of products
in which said variables are factors.

17. In a computing machine, a computing

device having rvelatively movable parts-

adapted to be set to different adjustments in
accordance with. selected values of two vari-
ables, and means associated with said parts
to simultaneously indicate the quotient of
the selected variables and a function of the
two variables comprising a summation of a

plurality of products in which said variables

are factors.

18. In a computing machine, a slide rule
having a bedy and slide provided with loga-
rithmic graduations, said slide being adjust-

_able on the body to indicate the quotient of

. the selected values of two variables, a run-

50

55

ner adjustable on the body to positions cor-
responding to selected values of a variable,

an indicating device separate from the slide

rule, means connecting the slide to said de-
vice to-canse the same to inidicate a function
of the quotient, and means connecting the
runner to the indicating device to cause the
same to indicate a product in which said
function of the quotient and the selected
value to which the runner is set are factors.

19. In a computing machine, the combina-
tion with a computing scale having a rotary
graduated cylinder and a tare beam opera-
tively connected to the cylinder, of a weight
on the tare beam adjustable longitudinally

~thereof, and a slide rule having an adjust-

- 60

able part thereof connected with the weight
to shift the same. ,

20. -In 4 computing machine, the combina-
tion with a computing scale having a rotary
graduated cylinder ‘and a tare beam opera-

tively connected to the cylinder, of a weight

1,659,357

on the tare beam adjustable longitudinally

thereof, and means for adjusting said weight
including a graduated member having a part

adjustable to different readings thereon, said-

part being connected to said: weight.

21. The combination. with a computing
scale having a rotary. cylinder with a series
of eircumferential graduated columns and a
tare beam operatively connected with said
cylinder to turn the same, ¢f a mechanism
carried by the tare beam, comprising a

weioht shiftable longitudinally of the tare
2 : g1 1y
rule having a'slide and runner’

beam, a slide
and 1ndependent -operative connections. be-
tween said weight and said slide and run-
ner. : )

22. The combination with a- computing

scale having a rotary cylinder with a series

of circumferential graduated columns, and
a tare beam opératively connected with the

cylinder to turn the same, cf a weight on'the

tare beam mounted to swing vertically and
Iaterally to vary the turning force exerted on

the cylinder, a graduated member mounted

on the tare beam, a pair -of members mount-

ed for movement along the graduated mem-

ber, means for connecting one member of

said pair to-the weight to swing ‘the same

vertically, and means connecting the other
member of the pair to the weight to swing
the same laterally. :
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23. The combination with ~a computing

scale having a tare beam and a graduated
eylinder connected. to the tare beam, said

cylinder having a turning movement propor-

‘tional to turning force exerted thereon by

the tare beam, a weight mounted. on the tare

100

beam, said weight being movable about a. -

vertical axis and also about a horizontal axis,
separate means for swinging said weight
horizontally and vertically, means for indi-
eating the extent of movement 0f the weight

105

about its vertical axis and means for indi--

cating the extent of movement of the weight
about. its horizontal axis. ’ : s

24. The combination with a computing
scale having a counterweighted tare beam -

and o graduated cylinder actuated by the
tare beam, of a slide rule mounted on, the
tare beam, and means connected to a mov-
able part of the slide rule for varying the
turning force exerted by the tare beam upon
said cylinder. SRS "

25, The ‘combination with a computing
scale having a graduated cylinder adapted
to be turned through an angle proportional

to the turning force exerted therecn -and

means for transmitting a turning force. to

the cylinder, of a slide rule, and a counter- -
weight connected to said- cylinder and.to a.
~movable part of the slide rule for varying -

the turning force exerted on-the cylinder.

26. The combination -with a-computing
scale having means for registering a series
of values proportional to-the leverage of a
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given weight imposed on the scale, of a slide
rule mounted on the scale, and means con-
nected with a movable part of the slide rule
for vaying the leverage between the weight
and indicating means.

27. The combination with a computing
scale having movable means for registering a
series of values proportional to the effective
force applied thereto by a weight on the
scale, a graduated member mounted on the
scale, means movable along the graduated
member, and means connected to the last
mentioned means for varying the turning
force exerted on the cylinder,

28. The combination with a computing
scale having a tare beam and a graduated
cylinder operated by the tare beam and reg-
istering a series of values proportional to
the turning force exerted thereon through
the tare beam, of a slide rule mounted on the
tare beam, a vertical post rotatably mounted
upon the tare heam, said post being super-
posed over the fulerum of the tare heam, an
arm connected by a horizontal pivot to the
post, a welght carried by the arm, means con-
necting the slide rule slide with said weight
to swing the same vertically, and means con-
necting the slide rule runner with the weight
to swing the same laterally.

29. The combination with a computing
scale having a tare beam and a graduated
cylinder operated by the tare beam and
adapted to register a series of values propor-
tional to the turning force exerted thereon
through the tare beam, of a welght mounted
on the tare beam to swing about horizontal
and vertical axes, means for swinging the
weight vertically and for indicating the ex-
tent of such movement, and means for
swinging the weight horizontally and for in-
dicating the extent of such movement.

30. The combination with a computing
scale having a tare beam and a graduated
cylinder operated by the tave beam and
adapted to register a series of values pro-
portional to the turning force exerted there-
on through the tare beam, of a computing
device mounted on the tare beam which is
adapted to be set in accordance with selected
values of a plurality of variables, a shiftable
weight on the tare beam and means connect-
ing the weight to the computing device to
ghift the same with respect to the fulcrum
of the beam a distance proportional to a
given function of the variables for which
the computing device is set.

31. The combination with a slide rule hav-
ing a graduated body and a graduated slide
movable along the body whereby graduations
on the body and slide representing selected
values of two variables may be aligned, of
means for simultaneously indicating the
quotient of the two selected variables and a

function of the two variables which com-
prises a summation of a plurality of prod-
ucts, and means for preventing the registry
of said function when the guotient falls be-
low a predetermined value,

32. In a computing machine, the combina-
tion with a slide rule having a graduated
body and a graduated slide and a runner ad-
justable along the body, a cam connected for
movement with the slide, a cam connected
for movement with the runner, and an indi-
cating device operated by said cams:

33. In a computing machine, the combina-
tion with a slide rule having a graduated
body and a graduated slide and & runner ad-
justable along the body, cams movable with
the slide and runner, a shiftable member op-
eratively connected to both cams and an indi-
cating device operated by said shiftable
member.

34. In a computing machine, a computing
device having adjustable parts adapted to
be set to various positions of adjustment de-
termined by selected values of a plurality of
variables, a member which is mounted for
angular movement about intersecting axes of
rotation, an operating connection between
each adjustable part and said member, each
operating connection being adapted to turn
the member about one of its axes of rotation
through an angular distance which is a pre-
determined function of the variable which
determines the adjustment of the part, and
an indicating device associated with said
member which for each setting of the com-
puting device indicates a predetermined
function of the variables indicated by the ad-
justable parts of the computing device.

35. In a computing machine, the combina-
tion with a computing scale having a gradu-
ated cylinder, the rotative movement of
which 1s proportional to the turning force
exerted thereon, a tare beam, and a weight
mounted to swing about axes which intersect
directly over the fulerum, a computing de-
vice mounted on the tare beam and having
adjustable parts adapted to be set to various
positions of adjustment determined by se-
lected value of a plurality of variables, an
operating connection between each adjust-
able part of the computing device and said
weight to turn the same about an axis of ro-
tation to shift the weight toward and from
the fulecrum, the compenent of the movement
of the weight about each of its axes taken on
the axis of the tare beam being a predeter-
mined function of the variable indicated by
the adjustable part controiling the move-
ment of the weight about the particular axis.

In testimony whereof, we hereunto affix
our signatures.

WILLIAM T. FOULTZ.
JOHN M. WOOD.
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