
2,443,882 W. T. ALLEN 

CAGULATOR 

A. 

INVENTOR 

ATTORNEY 

Y2 

June 22, 1948. 

  

  

  



2,443,882 W. T. All-EN June 22, 1948. 
CALCULATOR 

2. Sheets-Sheet 2 Filed April 1, 1943 

R 
Zez Z 

ORNEY 

  



Patented June 22, 1948 2,443,882 

UNITED STATES PATENT OFFICE 
2,443,882 

CALCULATOR, 

Wallace T. Allen, Dearborn, Mich., assignor to 
Square D Company, Detroit, Mich., a corpora 
tion of Michigan 
Application April 1, 1943, Serial No. 481,396 

(Cl. 235-70) 2 Claims. 
1. 

This invention relates to calculators, and 
more particularly to a voltage drop, Wire Size 
calculator for determining percentage voltage 
drop and/or wire size for an electric wiring Sys 
tem. 
In the past, various slide and rotary calculator's 

have been used to aid in the determining of per 
centage voltage drop or Wire Size for Wiring SyS 
tems, but these calculators have been Open to the 
objection that they were computed for a single 
value of power factor for the System and re 
quired the use of charted conversion factors to 
correct the results to the actual power factor of 
the system. 
An object of the present invention is to pro 

vide a voltage drop, Wire size calculator in Which 
provision is made for a direct reading which shall 
take into account the actual power factor of the 
circuit. 
Another object of the invention is to provide 

a Voltage drop, wire size calculator in which the 
six variables, System voltage, current, length of 
Wire, power factor, voltage drop, and wire size 
may all be set or read directly from the calcu 
lator. 
Other objects and features of the invention will 

be readily apparent to those skilled in the art 
from the specification and appended drawings 
illustrating certain preferred embodiments in 
which: 

Figure 1 is a view of a slide type calculator a C 
cording to the present invention. 

Figure 2 is a view of a slightly modified form 
of calculator also of the slide type. 
The calculator shown in Figure 1 involves a 

body portion containing two slides 2 and 3. The 
body portion comprises a flat stiff envelope 
Within which the two flat stiff Slides 2 and 3 are 
disposed so as to be longitudinally movable. In 
the face of the body portion are three windows, 
4, 5 and 6, within which portions of the slides 
and indicia, thereon are visible. At the top and 
bottom edges of window 4 upon the body portion 

are placed the indicia indicating the system. 
voltage. These are disposed on regular logarith 
mic scales with the upper set of indicia, indicat 
ing single phase alternating current and direct 
current voltages and with the lower set of in 
dicia indicating voltages for three phase sys 
tems. The upper portion of the slide 2 is pro 
vided with indicia, indicated at , representing 
the circuit amperes or the value of current 
which the circuit is designed to carry. These in 
dicia are upon a logarithmic scale and are vis 
ible through the window 4 for purposes of set 
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2 
ting the position of the slide 2. Upon the lower 
portion of the face of slide 2 are disposed indicia, 
indicated at 8, on a logarithmic scale, represent 
ing the distance one way in feet of the length of 
the circuit wiring. These are visible through the 
window 5. The slide 3, upon its face adjacent the 
upper edge, is provided with indicia indicated at 
9 representing the percentage Voltage drop of the 
circuit; these indicia again are on a logarithmic 
scale, are immediately opposite the indicia of 
distance in feet, and are visible through the Wirl 
dow 5. 
Adjacent to the edge of the window 6 are placed 

indicia, indicated at O representing the power 
factor of the circuit, again on a logarithmic 
scale and placed on the face of the body portion 
. Upon the main body portion of the slide 3, 
and placed so as to be visible through the window 
6 when disposed therebeneath, are curved lines 
representing the sizes of wires which may be used 
in the wiring system. These curves may be com 
puted and drawn for any desired wiring size-for 
example, from No. 14 Wire through a Wire size of 
500 MCM. These curves may be determined by 
computing the actual percentage voltage drop 
for the various wire sizes, at expected wire spac 
ing and temperature, at the various power fac 
tors. The plotting of the values obtained, of per 
centage voltage drop against percentage power 
factor, will result in the plurality of curves for the 
different Wire sizes. 
The computations of the percentage voltage 

drop for various wire sizes at normal conduit 
Wire Spacing and temperature and at the various 
power factors may be carried Out by various 
formula, computation and the following is an ex 
ample of one manner of computation. 
The inductive reactance of the Wires for varie 

ous sizes and at their normal conduit spacings is 
Computed from the formula, 

X equals 2 pi f (80+714.1 log P) 10-6 
Where small f equals frequency, D equals dis 
tance between conductor centers, r equals radius 
of conductors in the Same units as D; the log 
arithm being to the base 0. The resistance of the 
Various size Wires is taken from standard tables. 
These values of reactance and resistance are con 
verted into voltage drop per amp, and then into 
percent voltage drop per amp. at any arbitrary 
selected voltage. Entering the standard Mer 
shon chart in the standard handbook using vari 
ous values of power factors and the above values 
of percentage reactance and percentage resist 
ance drops, values are obtained directly of the 
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percent impedance voltage dropper ft. per amp. 
at the various power factors. From these values, 
the curves upon the main body portion of the 
Slide 3 which correspond to the various wire sizes 
of conductors may be plotted. The selection of 
constant wire size curves is purely arbitrary as 
other variables couid be used in plotting the 
curves. For example, the Wire size indicia could 
have been placed at the side of the WindoW 6 
and the curves plotted as lines of constant power 
factor. 

In setting the indicia upon the slide, the voltage 
scales at the top and bottom of the window.f4, 
the current scale , the distance scale 8, and 
the percent voltage drop scale 9 are all plotted 
upon the same logarithmic scale which is, arbi 
trarily Selected. The use of logarithmic scales 
is purely arbitrary for convenience and the scal 
culator can be arranged with indicia of other 
Scales, such as arithmetic scales. The location 
of the voltage scale at the top of the Window 4 
is arbitrarily placed. Then the location of the 
voltage scale at the bottom of the 'window 4 is 
idetermined by the relation between single phase 
and three-phase voltages. The current Scale 
is arbitrarily placed upon the slide 2 in a gener 
ally: central location upon the slide so that the 
indicia will appear within the window 4 in the 
normal movement, of the slide. The indicia of 
the distance in ft. of scale 8 are arbitrarily placed ; 
upon the scale 2 in a generally central location 
for the range of values desired and have no par 
ticular relation to either the current scale inor 
the voltage scales at the top, and bottom of the 
window . The percentage: drop indicia of Scale 
9 are similarly placed upon the slide "3 in a "gen 
erally central location, again having no partic 
ular relation to the previously i described Scales 
but arranged upon the same selected logarithmic 
scale. The power factor scale 0 is arbitrarily 
placed at the side of the Window.6 and may have 
anys convenient modulus. In the particular: Scale 
herein shown, it was foundi convenient to make 
the powerfactor scale; a reverse logarithmic. Scale 
So as to secure. Wider, spacings and more accurate 
readings in the upper values of power factor. 
Any other forma of scale for the power: factor would 
simply have: changed the shape of the. Wire: size 
curve on the nain body portion of the slide. 3. 
With the scales previously described set upon 

ithesides, the location of the curves of Constant 
wire size are plotted directly upon the main body 
portion of the slide from the values computed as 
previously described. 
In the use of the calculator, the value of the 

circuit amperes is set opposite the proper, System. 
-voltage. In the position of the slides shown, it 
is assumed that the circuit current is 25: amperes 
and the circuit voltage...i.20; volts on a three-phase 
System. The indicia, for 25 amperes is Set op 
posite 120 volts, three phase as shown, thus, deter 
mining the position of the slide 2. Let us then 
assume that the power factor of the circuit is 80% 
and the systein uses No. 30 wire. The slide 3 is 
thien moved to iratersect the curve for. No. 10 'Wire 
with the indicia at 80% power factor in the posi 
tion shown. Assuming that the Wiring distance 
one way in feet is 200 ft., the percent-voltage drop 
rnay be read opposite the indicia for 200 ft. On the 
percent voltage drop scale. This indicates, for 
the example taken, a-voltage drop of 6.7%. The 
calculator can, of course, be utilized in other 
ways, depending on the known and unknown 
factors. For example, in the example given, if 
a percent drop of 6.7 is taken aspermissible, then 
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4. 
the Setting of current and voltage is made as 
before and the slide 3 is moved to place 6.7% 
Voltage drop opposite the indicia for 200 feet, 
then opposite the power factor indicia of 80, it is 
seen that a No. 10 wire may be used. Similarly, 
the chart may be used where other limits are 
unknown; for example, if allowable Wire: size and 
percentage drop. are known, the allowable maxi 
mum distance in feet may be computed. 

It is also to be understood that while the curves 
haWe been ploted for various wire sizes, they might 
be plotted just as well for other of the six vari 
lable factors; for example, the wire size might 
have been placed in the form of indicia upon the 
body portion if and the curves might be drawn 

Sim 
ilarly, the relative positions of the variables upon 
the calculator may be varied and the calculator 
may aSSune any nechanical form desired rather 
than the 'slide forn. ShoWn; for example, it; may 
be in the form of rotating discs. 
In Figure 2 is shown a slightly modified form of 

the calculator which utilizes a main body portion 
| within which are disposed the slides f2 and: 3. 
The body portion is provided with windows 4 
and 5 and with a large transparent; window 6. 
he indicia as to System voltage and current are 

similar to those previously described in connec 
tion with the preferred form of the invention, the 
System voltages again being disposed above; and 
below the edges of Window 4 and the circuit, cur 
rent indicia • f|T -being disposed on the slide , l:2+to 
be visible through the window 4. In this em 
bodiment, on the lower portion of the slide 2 is 
disposed the arrow of indicator 8 to give a datum 
point. Upon the upper portion of the slide 3 
are disposed the indicia, of the Wire distances; at 
9. The main portion of the slide 3 is provided 
with logarithmic indicia, indicating the percentage 
voltage drop. The wire-size curves are here drawn 
directly upon the transparent window. 6:So;that 
they are now, stationary. The power factor per 
centages are placed on the face of the body;portion 

and have indicia lines crossing the transparent 
window 6. In using the calculator of Figure 2 
the same example will be taken. The slide 42 
iwill be fixed in position by placing the current 
indicia: 25 opposite the three phase System voltage 
of 120 volts. This locates the position of the 
datum arrow or indicator, 8. The slide 3 is 
then moved to place the proper Value of the Wire 
length opposite the indicator. 8, in: this: example 
the indicia, for 200 feet being placed opposite: the 
indicator. Then the horizontal line for 80% 
power factor is followed to its intersection with 
the curve for No. 10 wire. Reading through the 
transparent window 8, it will be seen that this 
point of intersection occurs at a value of: per 
centage voltage drop of 6.7%. 

It is seen that according to the scalculator of 
this invention, all six of the major. Variables in 
the computation of the Systems, characteristics 
may be directly set, and/or readby manipulation 
of the calculator so that it is unnecessary.to, cor 
rect, :from tables, for variation-in-the-power fac 
tor of a circuit, but that by the calculator the 
percent voltage drop, the wire, size, or other Vari 
ables may be directly read from the calculator 
with the actual circuit power factor taken into 
effect. This obviously facilitates and accelerates 
the determining of the unknown quantity in a 
System. 
While certain preferred embodiments of the 

invention have been specifically disclosed, it is 
understood that the invention is 'not limited 
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thereto, as many variations will be readily ap 
parent to those skilled in the art and the inven 
tion is to be given its broadest possible inter 
pretation within the terms of the following claims. 
What is claimed is: 
1. In a voltage drop, wire size calculator, sta 

tionary and movable elements, system voltage 
and circuit current indicia disposed on the sta 
tionary and a movable element and determining 
the location of the movable element when the 
proper current indicia, is disposed opposite the 
proper voltage indicia, a second movable element, 
Wire length and percentage voltage drop indicia, 
On Said first and Second movable elements dis 
posed in opposed relation, percentage power fac 
tor and wire size indicia on said second movable 
element and said stationary element, the one of 
Said last mentioned pair of indicia, located on 
the movable element being in the form of a set 
of curves, one for each of a plurality of different 
values of the variable, the calculator by the set 
ting of its movable elements permitting the read 
ing of percentage voltage drop or wire size for 
the proper value of percentage power factor of 
the circuit. 

2. In a voltage drop, wire size calculator, sta 
tionary and movable elements, System voltage 
and circuit current indicia disposed on the sta 
tionary and a movable element and determining 
the location of the movable element when the 
proper current indicia is disposed opposite the 
proper Voltage indicia, a Second movable element, 
wire length and percentage voltage drop indicia, 
on Said first and Second movable elements dis 
posed in opposed relation, Wire size indicia, dis 
posed on said second movable element, Said Wire 
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Size indicia, being in the form of a set of curves 
One for each value of wire size, percentage power 
factor indicia disposed on said stationary element, 
so that Said Wire size indicia may be located with 
respect thereto, the calculator being set by posi 
tioning the novable elements and providing for 
the reading of percentage Voltage drop of Wire 
Size for any actual value of percentage power 
factor of the circuit. 
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