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To all whom it may concern:
Be it known that I, Frevericg W. Carp-
 WELL, & citizen of the United States, resid-
ing at Schenectady, in the county of Sche-

nectady, State of New York, have invented

certain new and useful Improvements in
Calculators, of which the following is a
specification. , :

* My invention relates to calculators and
more particularly to a calculator for use
in determining the size of belt which should
be used to transmit a predetermined amount
of power when either the belt speed or the
speed and diameter .of one of the power
transmitting pulleys is given. :

An objeet of my invention is to provide
a simple compact calculator which shall
enable certain equations to be solved with a
single operation of the calculator which
equations are of considerable complexity
and may involve operations of multiplica-
tion, div'sion, involution or evolution and
addition or substraction.

A further object of my invention is to
provide a belt calculator which shall take
inte account the effect of centrifugal force
and which shall at the same time require but
a single operation of the calculator to de-
termine the belt horse power for any given
cond tion.

A further object of my invention is to
provide an accurate belt caleulator which
shall comprise a minimum number of scales
easily read, thereby reducing to a minimum
the liability of error and making it possible
for persons without techn‘cal education or
training to use the caleulator with speed

My invention will be better understood
from the. following description taken in
- connection with the accompanying drawing
and its scope will be po'nted out in the ap-
"pended claims,

In the drawing Fig. 1 is a face view of
-my calculator, showing in dotted lines the

- parts of the scales and curves on the slide

(=]

which are covered in the position of the
slide illustrated ; Fig. 2 is an end view show-
ing one manner of securing the slide in the
case or cover portion of the calculator; Fig.
3 ig a diagram showing the relationship be-
tween speed and belt horse power and the
effect of centrifugal force upon belt horse

Serial No. 491,612.

power, and Ifig. 4 is a diagram showing a
method of laying out the curves on the cal-
culator.

The theory of belts has been carefully de-
veloped by a number of investigators.
Nagle’s formula for belt
{Trans. A.:S. M. E, Vol. 2, 1881, p. 91) is
as follows:

1) H.P _ Cowt(S—.0120?)

550

Ju this formula—
v=velocity ft. per sec.
w=Dbelt width.
t=belt thickness.
S=stress upon belt per sq. in.
C-=a constant. :
The value of the constant C is given by
the following equation: '

(2‘) C=1~— 10—.0075»;]’:1

In this equation—

a=degrees of belt contact.
f=coefficient of friction.

The arc of belt contact will, of course,
vary with the sizes of pulleys used and the
coefficient o7 friction will have a value de-
pendent upon the character of the pulley
surface and the character of the belt. That
is to sav, / will have one value for iron
pulleys with leather belts, and a different
value for paper pulleys with leather belés;
and it will have still different values where
rubber belts are-used.

My invention is not limited to any par-
ticular kind of pulley or any particular
kind of belt or to any particular arc of
contact, but in order to disclose clearly how
to make and use my calculator, I will de-
scribe how it may be laid out for leather
belts. using an arc of contact of 165° and a
co-efficient of friction equal to .4.

With the values for / and ¢ given in the
preceding paragraph substituted in equa-
tion (2), the constant C will be found to be
approximately equal to .684. This constant
may also be found from the table given in
Kent’s Mechanical Engineers Pocket Book,
page 879, edition of 1900.

It will be noticed that formula (1) in-
volves the term ¢ which is the product of
the width and thickness of the beit. As
belts increase in width they customarily in-
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crease in thickness. T have made a large
number of measurements on leather and
rubber belts and have found that there is
a relation between width and thickness,
which relation in leather belting, for ex-
ample, follows closely the following equa-
tion:

(3) #=.011w

From equation (8) it at
that—

once appears

wt= /011 w

This fact enables me greatly to simplify
my calculator since bv substitution it elimi-
nates the variable ¢ from formula (1) and
renders it unnecessary to make more than a
single operation of the slide to solve the
equation.

Substituting the value of C from equation
(2), the value of w# from equation (3). and

using V=velocity in ft. per min., formula.

(1) becomes:

.012V?

S 1
684V V.011 w2 o7y
T B0X 55 3600

60 X 550 \
Simplifying equation (4) gives

(4 HP.=

(5) H.P.=572wsV10-5(1 — 1211V?10-1)

The negative quantity in equation (5)
represents the effect of centrifugal force in
diminishing the horse-power that may be
transmitted. It will be observed that this
quantity varies as the square of the belt
speed.

In the equations thus far considered the
belt speed has been considered as given. In
the ordinary case. however, merely the diam-

© eter and speed of the pulley are given. the

diameter being given in inches and the speed

" in revolutions per minute, whence

55
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Referring now to the drawing, the calcu-
lator comprises a case or cover 1 and a mov-
able slide 2. The case and slide may be made
of any suitable material, for example, cellu-
loid, but T prefer to make the parts of thin
metal since the calculator may then be made
so durable and the parts fitted so nicely that
they will last indefinitely and give accurate
results. " In the construction illustrated, as
will be seen from Fig. 2, the side edges of the
front and back faces of the case are secured

(6 V=

in any suitable. manner, as for example by

60

65

.soldering, brazing, or welding to spacing

strips 3 which provide the channel for the
slide 2.

A logarithmic scale A on the case is laid
out to include the range of pulley speeds,
and a cooperating scale B on the slide is

1,454,104

Iaid out to include the sizes of pulleys. which
will be utilized in practical belting problems,
An opening 4 is provided in the case to en-
able the scale B3 to be vead. By laving off
the scales A and B in opposite directions, the
position of the slide may be made to indicate
the product of the quantities placed in regis-
try on scales A and B as is well known in the
shde rule art. A logarithmic scale C 4
placed on the slide laid out according to belt
speed in feet per minute and a marker 5
on thie case is placed in cooperative relation-
ship with scale (" so that the belt speed cor-
responding to the setting of scales A and
BB may be read on the scale C through the
window 6 in the case. The scales A, D and
C solve equation (6). Since the coustants
ot equation (6) are the same for every speed
and diameter of pulley, the scale C and win-

dow 6 may be arranged in any desired loca- °

tion on the ¢alculator. :

The case of the caleulator is provided with
an opening 7 cut at an angle to the direction
of motion of the slide 2, and to one edge of
this opening a logarithmic scale I is applied
which cooperates with a plurality of eurves
E on the slide. The curves E correspond to
different widths of belts, curves being shown
for belts varying from 3 to 26 inches in
width. The point where any belt curve I
crosses the scale D gives the horse-
power that such belt will transmit when
running at the speed indicated on the
scale C. The method of drawing one
of the curves E will be hereinafter
set forth, but assuming for the moment that
one of these curves is properly laid out, the
other belt curves are spaced therefrom ac-

cording to g times the logarithms ropre-
senting the various belt widths, It will,

therefore, beer seen that in the going from
one belt curve to the Delt curve of the next
wider belt,wg
width is added to the logarithm of the spee
V as determined by the setting of the slide.

the logarithm of the belt

This operation obtains the product wgv

of equation (5). Tt will be observed that the
set of belt curves E and scale D may he lo-
cated in any desired position on the calcu-
lator since the constants outside the brackets
of equation (6) are constant for every speed
and belt width. If there were no centrifugal
force ecffect tending to reduce the horse-
power with increase in speed. the helt curves
I would be parallel straight lines. This
condition would be represented by formula
(5) if the negative quantity in the brackets
were zero.. /

Before proceeding to point out how the
curves I are laid out it will make for clear-
ness to refer to Fig. 3 which shows for a 10
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inch belt the relationship between belt speed
and belt horse-power plotted with logarith-
mic coordinates. The straight line 8 shows
the relationship which would obtain if there
were no centrifugal force effect. The ordi-
nate of this line at any speed V is equal to

3
log (572X 102V10-") ,
The straight line 9 shows the relationship
between belt speed and horse-power lost due
to centrifugal force. The ordinate of this
curve at any speed V is equal to

3
log {572 X 102V10-(1211V210-1)}

The curve 10 shows the relationship be-
tween belt speed and the horse-power that
may be actually transmitted. While the
points of curve 10 might be found di-
rectly by means of equation (5), thev may
also be found by subtracting the ordinates
of curve 9, as measured in the logarithmic
scale of belt horse-power, from the ordinates
of curve 8. It will be observed that curves
8 and 9 will cross at a belt speed of about
9000 ft. per min. at which speed no power
could be transmitted by the belt.

The curves E on the slide of Fig. 1 cor-
respond in a ‘general way to the curve 10
of Fig. 3. It will be observed that when

- the shide 1s withdrawn so that a low belt
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St

40

50

55

60

speed is indicated on scale C by the marker
5, then the edge of the slot 7 to which the
scale D is applied will intersect curves E
near their Tight hand ends, and that with
increasing belt speeds the side of the slot
7 travels across the curves E from right to
feft. .The curves are so laid out that the mo-
tion of the slide from minimum to maximum
belt speed moves the scale D over the whole
of each curve. If the centrifugal force ef-
fect were absent and the curves E paralle!
straight lines, then the horse-power indi-
cated on the scale D by any curve E would
vary directly with the speed. Since, how-
ever, the curves turn downwardly so as to
become tangent to the side of the slot 7 at

the maximum belt speed, the horse-power

indicated on the scale D falls off with in-

crease of belt speed just as the ordinates.

of curve 10 of Fig. 3 fall off with increas-
ing belt speed. The slot 7 may be placed
at any desired angle to the direction of mo-
tion of the slide but too small an angle will
make. the curves E too short for accurate
réading and too great an angle will add un-
necessarily to the width of the calculator.

Fig. 4.shows a convenient method of lay-
ing out the curves E. The secale C is laid
out and parallel lines drawn horizontally
from a suitable number of speeds to inter-

" sect a line m drawn parallel to the scale C.

The line m is therefore divided logarithmi-
cally according to the scale C. A line n is
then drawn intersecting the line m at the

| desired angle of the side of the slot 7.

8

From
each of the points of intersection between
the Iine m and the lines drawn from scale
C, lines are drawn parallel to the line =
and on these lines the belt horse-power cor-
responding to the various speeds is laid out
according to the logarithmic scale D, the

spacing of which is = as great as the spac-
Y g 5 g p

ing of scale A, B and C.

For example, the point p of the curve E
corresponding to the 10’ belt running at a
speed of 500 ft. per min. may be found by

laying off on line »” from the point of in-

tersection between #” and m a distance
equal to the log of the horse-power as found
from equation (5). Similarly the point p’
corresponding to a speed of 6000 ft. per
min. may be found by laying off on line n
from the point of intersection between m
and n a distance equal to the log of the
horse-power as found from the same equa-
tion. Having laid out one curve K, the
others may be spaced therefrom as hereto-
fore described or, if desired, the points of
cach curve may be laid out as just described.
The method of operating my calculator is
as follows: Move the slide until the pulley
diameter to be used.is opposite the R. P. M,
at which it is to be run. The rim or belt
speed will be read in the opening 6 op-
posite the marker 5. Knowing the horse-
power to be transmitted, the width of belt
necessary can be determined from where
the curve on the slide intersects the inelined
belt seale D, : Y
While I have described my Invention as
embodied in a structure in which the parts
move linearly which structure I prefer by
reason of its simple and compact character,
it is apparent that. in its broader aspects,
my invention is not limited to such arranee-
ment of parts. It is also apparent that
where transparent material is used, the
curves Ii and scales B and C may be ap-
plied to the casing member and the scales
A and D to the slide. Tt is further ap-
parent that different sets of curves E may
be laid out for different conditions. For
example, one set of curves mayv be drawn
for iron pulleys and another set for paper
pulleys, the curves being made distinctive
in any desired manner, and if desired, a set
or sets of curves E and cooperating scales
D may be laid out on the back as well as
the front of the ecalculator. Moreover,
while I have described my calculator par-
ticularly as laid out for belting problems,
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it is apparent that it is not limited to this

relation of wutility. For example, if the
term involving V2 in equation (5) were pre-
ceded by the positive instead of the negative
sign, the curves E would turn up instead
of down. Likewise if the term veferred to
involved a power of V which was a proper
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fraction. the calculator would perform the
operation of involution instead of evolu-
tion.

I have explained my invention by illus-
trating and particularly describing a cer-
tain specific embodiment thereof, but it will
be readily understood by those skilled in
the art that the invention may be embodied
in many other forms than that shown and
described. I, accordingly, do not wish to
be restricted to the particular form or con-
struction disclosed herein by way of ex-
ample for the purpose of setting forth my

invention in accordance with the patent

statutes. The terms of the appended claims
are, therefore, not restricted to the precise
structure disclosed, but are intended to cover
all changes and modifications within the
spirit and scope of my invention.

What I claim as new and desire to secure
by Letters Patent of the United States, is:

1. A belt calculator comprising a pair of
members arranged to be relatively moved
according to the log of belt speed, a plu-
rality of curves logarithmically spaced ac-
cording to belt width on one of said mem-
bers and a scale on the other member loga-
rithmically divided according to belt horse-
power arranged to cooperate with said
curves and means whereby said scale moves
over said curves upon the relative movement
of said members. :

2. A belt calculator comprising a pair of
members relatively movable linearly, a loga-
rithmic scale on one of said members di-
vided according to belt speed and cooperat-
ing means on the other member whereby
the relative movement of said members may
be adjusted according to the log of belt
speed, a belt horse-power curve on one of
said members and a- cooperating scale at
an angle to the line of relative movement of
said members arranged on the other member
so that said scale moves over said curve in
proportion to the relative movement of said

- members.

3. A belt calculator comprising a member
provided with a plurality of curves loga-
rithmically spaced according to a function
of the belt width varying substantially in
accordance with the produce of belt width
by belt thickness and a cooperating member
adapted to be adjusted relatively to said
first mentioned member according to the

1,454,104

log of belt speed, said cooperating member
being provided with a scale arranged to co-
operate with said curves and graduated to
indicate power.

4. .\ calculator comprising a pair of mem-
bers relatively movable linearly, logarithmic
scales on said members whereby the relative
movement may be adjusted to secure a re-
sult involving an operation of multiplica-
tion or division, charvacterized by the fact
that one of said members is provided with
a plurality of logarithmically spaced curves
corresponding respectively to quantities by
which it may be desired to multiply said
first result, and the other is provided with
a reference line arranged to cooperate with
said curves and divided logarithmically,
and by the fact that said curves are
plotted to oblique axes, the axis of ab-
scissas parallel to the line of relative mo-
tion of said members and the axis of ordi-
nates parallel to said reference line, where-
by the point of intersection between any
curve and the reference line is a measure of
the produet of said first result by the quan-
tity to which the curve corresponds changed
by an amount dependent upon the charac-
ter of the curve.

5. In a belt caleulator a pair of relatively
movable members provided with cooperat-
ing relatively inverted logarithmic scales
respectively divided according to pulley di-
ameters and speed of revolution whereby
the position of one member relative to the
other will be dependent upon rim speed, a
plurality of curves corresponding to belts of
different widths, on one of said members,
ploted with the axis of abscissas divided
logarithmically according to rim speed and
with the axis of ordinates divided according
to belt power corrected for centrifugal force,
and a veference line on the other member
divided aeccording to belt power arrangeci
to vary its position with respect to said
curves according to the relative position of
said members whereby information desired
concerning proper relative values of pulley
diameter, power, and belt width -may be
ascertained with a single setting of the cal-
culator.

In witness whereof, I have hereunto set
my hand this tenth day of August, 1921.

FREDERICK W. CALDWELL.
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