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To all whom it may concern:

Be it known that I, Roerr WiLriam
MavipEr, a citizen of the United States,
and a resident of Dubuque, in the county of

6 Dubuque and State of Towa, have invented
certain new and useful Improvements in
Calculators, of which the following is a
specification. v

This invention relates in general to cal-

10 culators of the tabular type, and more par-
ticularly to a wire size calculator especial-

~ly adapted for the use of linemen, wiremen,
architects or engineers for determining wire
sizes for light and power.

.18 The object of the invention is to provide
a device of this character by which the
proper size W'kre may be determsned for a
given voltagey current, distance and per-
cent loss or by which the percent loss may

20 be ascertained for a given voltage, current,
distance and wire size, the calculator being
so organized and constructed that the neces-
sity for carrying out mathematical calcula-

_tions is obviated while at the same time the

26 calculator may be quickly set and shows at
a glance the advantages or disadvantages
of using g higher or lower voltage.

Other objects and advantages of the in-
vention reside in certain novel features of

30 the construction, combination and arrange-
ment of parts which will be hereinafter
more fully described and particularly point-

~ed out in the appended claims, reference be-
ing had to the accompanying drawings

35 forming part of this specification, and In
which : A
" Figure 1 is a view in elevation of one side
of the calculator embodying the present in-
vention; = ¢ . T

0 Figure 2 isia similar view of the opposite
side of the calculator shown in Figure 1;

Figure 3 is a view of one side of the main
disk embodied in the galculator;

Figure 4 is a similar view of the opposite

46 side.of the disk shown in Figure 3;

Figure 5 is a view in transverse section,
taken approximately on line 5—35 of Fig-

. ure 1; :

., Figure 6 is a view in elevation of the

p%" small disk, the tables being omitted; and

Figure 7 is a fragmentarv view in sec-

tion showing the construction employing »
rivet for associating the disks of the cal-
culator with each other.

Before proceeding with the detail de-
scription of the construction of the calcula-
tor and the manner of using the same, it
is thought best, in order to acquaint those

skilled in the art with the manner of mak- °

ing or producing the calculator, to advert
to the principles underlying the caleulator
and to the properties of the materials with
which it deals as well as to include the
tables from which the quantities or numbers
employed in the caleulator are derived, each
table being accompanied by a short descrip-
tion pointing out its salient and more im-
pertant features. It is to be understood
however that these principles and tables
are not for use in conjunction with the cal-
culator but are necessary for an understand-
ing of the manner in which it is produced.

The principle of the device is the geomet-
rical or logarithmic progression in the
sizes of the Browne & Sharpe or American
Wire Gauge.

This progression is obtained as follows:

. R i Logarithms,

The diameter of size 0000 is 460.
Ml o 2. 662758
The diameter of size 26 is 5. mils__ . 698970
Logarithmic difference. .- 1. 963788

There are 39 sizes between No. 0000 and No.
36. Therefore the logarithmic difference
for each size will be 1/39 of log. 1.963788 or
log. .0503535. There will be this difference
of .0508535 in the logarithm of & wire diam-
cter and the next larger size. As the cir-
cular mils. is the square of the diameter in
mils., there will be a difference of
2X.0303535 or log. .100707 in the cireular
mils. '

This device is so made and constructed
that all the quantities in the various cooper-
ating tables have this progression of .100707
in the logarithms of the numbers represent-
ing them. .

Copper wire.
Circular 73 of the Bureau of Standards
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Tasre No. 2.

%Loss.
i
0, 1 !
% I:;gsds,&pg}me -%% Loss, 3 phase.
Theoretical i
log. loss. i — IR
Annld. | Strd. | Annld. | Strd. |
i
1. 409898 25.7 26.2 22.3 2.7
1.309191 20.4 20.8 17.6 18.0 ‘
1, 208484 16.2 18.5 14.0 14.3
1.107777 12,8 13.1 1 1.3
1.007070 10.2 10. 4 8.80 9. 00
. 906363 8.10 8.20 7.00 7.10
. 805656 6.40 6. 50 5. 50 5. 60
. 704949 5. 19 5.20 4,40 4. 50
. 004242 4.00 4.10 3,50 3.55
. 503535 3.20 3.25 2.70 2.82
. 402828 2,53 2. 58 2,20 2.23
. 302121 2.00 2.05 1,74 L7
. 201414 1.60 21.62 1.38 1.40
. 100707 1.28 -1.28 109 111
. 000000 1.00 ~1.02 870 880 -
9. 899203-10 . 800 . 810 6850 7
9, 798586-10 . 630 . 540 510 . 560
9. 697879-10 S50 510 430 . 440
i ]
Voltage.

The voltage used in caiculating this de-
vice is 110 and corresponding log. 2.041393.
From this voltage as a basis, the voltages in
Table No. 3 are obtained as follows:

The column headed, “Theoretical log.
volts,” stavts with log. 2.041393 and .100707
is subtracted for each succeeding voltage un-
der 110, and .100707 is added for each suc-
ceeding voltage over 110,

The column headed, “Volis”, gives the
number to J significant figures correspond-
ing to the logs. in the first colunn.

The column headed, “Volts used”, is cb-
tained from the column headed, “Volts”, by
shortening the decimal.

Tanwr No. 3.

Voltuge.
E'icm’eticnl Theor, | Volts * |Theoretical | Theor. | Volis
i log. volts. | wvolts, used. log. volts. volts. used
|
1. 537858 34,503 | 2. 544928 35070 .. ...
1. 638565 43,567 | 2, 645635
1. 739272 54,862 2. 746342
1 1.830970 69.180 ' 2, 847049
l 1. 040686 87.234 2, 847756
bo2.041303 | 110.00 3. (048463
iZMz2100 AT 3.140170
| Co2.24207 174,00 3. 249877
| 2313514 | 220053 3. 350584
; 20444220 | 2T AL o
Distance.

The distance is obtained from the formula,

O.MLE
IKC

Changing to a logarithmie formula, we
have: Log. D==log. C. M.—log. volis lost—
log. 2K —log. C.
Table No. 4 gives the distances used on
this device and 1s obtained as follows:
Using No. 0000 wire and 1 amp. at 1%
loss and 110 volts, snd X for annealed cop-

D=

per at 10.365, we have the log. dist.=log.
4,042009 or the distancetls 11016 ¥eet.

The column he#ded, “Theoretical - log.
feet”?, in Table No. 4, is obtained by adding
100707 for each succeeding distance greater
than 4.042009, and subtracting .100707 for
each succeeding distance less.

The column headed, “Feet”, gives the
numbers to 5 significant figures correspond-
ing to the logs. in the column headed,
“Theoretical log. feet™. )

The column headed, “Feet used”, is ob-
tained from the column headed, “Feet”, by
shortening the decimal.

Tasre No. 4.

Distance.
Theoreti- . :

: Feet | Theoretical Feet
c‘}éégg‘ TFeet. used. | log. feet. Teet. used.
0. 020092 8.3104 8.300 | 3.337060 | 2173.0 2173,

1 1.020799 10. 480 10. 50 3.437767 | 2740.1 2740.
1. 121506 13.228 18.20 3.538474 | 3455.2 3455,
1.222213 16. 680 18.70 3.630181 | 4357.0 4357.
1.322920 21,034 21,00 3. 739888 | 5494, 5482,
1.423627 26. 523 . 50 . .
1. 524334 33,445 017,
1. 625041 42,173

- 1.725748 53. 180

1. 826455 67. 058
1. 927162 84,560 3 ,
2, 027869 106, 62 2.0863 M | 2.09 M
2.128576 | 134.45 3890. 13886,
2. 229283 169. 52 2.6207M | 2.63 M
2.320900 | 213.79 17515. 17520,
2. 430697 | - 269. 58 3.3NTBM | 3.32M
2.531404 | 339,94 22087, 2070,
2.632111 | 428,65 41830 M [4.18 M
2. 732818 540, 53 27850, 27825,
2.833525 | 681,59 5.2M4TM [ 6. 2TM
2,934232 | 859.17 35119, 35112,
3.034030 | 1083, 7 6.6523 M | 6.65 M
3.135646 | 1366.6 44284, 443(0.
3. 236353 | 1723.2 8.3872 M | 8.30 M

All distances greater than 1 mile ‘are
expressed as miles, apd the feet used corre-
sponds to decimal parts of a mile used.

Referring now to the accompanying draw-
ings wherein for the sake of illustration is
shown the preferred embodiment of the in-
vention, the nwmeral 10 designates generally
a main or large disk which is of circular
form and provided with a central circular
aperture or opening 11. "A - circular line
12 is applied to one face of the disk 10 ad-

8

jacent the circumferential edge of and con-

centric with the disk and defines an outer
annular or civcular panel which is divided
up inte a circular series of spaces by a
plurality of radial lines 13. The radiai

lines are so arranged as to divide the outer .
=

annular panel into thirty-eight spaces 14

having an angular extent of 9° each and a
_single heading receiving space 15 having an!

angular extent of 18°. In the spaces 14 a

circular series of numbers expressing dis--

tance or length in feet and miles are placed,
these numbers being taken from the Table
4 as will appear from a comparison of thete
drawings and the table. . In the space 15 the
words “Distance” and “Feet” are placed.
It is'to be noted that as shown in Figure-3
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annular series of quantities expressing the
present loss for stranded and annealed wire
respectively with a three phase current. The
number of quaniities applied in the set 35°
of the series of spaces 35 are subheaded
“ Str” while the numbers of guantities ap-
plied in the set 36* of the series of spaces
36 are subheaded “Ann”. Both the sub-

~heading “ Str” and “Ann" occur under a

main heading “ % Loss ” and these headings
are all disposed in the space 37. The num-
bers or quantities applied in the set 35° of
the series of spaces 35 are subheaded “ Str”
wire; the numbers or quantities applied in
the set 36" in the series of spaces 36 are sub-
headed “Ann”. As befors both the sub-
headings “ Str” and “Ann” occur under a
main heading “ % Loss ” and the three head-
ings are all disposed in the space 87 . The
numbers or quantities applied to sets 35* and
86>, and 35" and 36° are all taken from
the Table No. 2. The numbers in the sets
35* and 36* are preferably applied in differ-
ent colored inks or in diﬁ%l'ent styles of inks
from the numbers applied in the sets 35° and
36" so that these sets may be readily distin-
guished from each other. -

It is to be noted that all tables are placed
on the calculator by starting to the left of
the center of the disk and proceeding
counter-clockwise around the disk. The
ampere table must start with the largest
ampere quantity ; the distance table with the
smallest distance quantity; and all % loss
tables with the largest quantities.

A segment 40 is fitted in face to face re-
lation against the side of the large disk 10
which bears the tables 22, 23 and 24, and
this segment 40 is of such size that it does
not in any position cover the table 22. The

- disk 40 is ruled with an arcuate line 41 and

55

- 80

a5

319

radial lines 42, Starting to the lett of the
center and proceeding in a counterclockwise
direction the radial lines are spaced respec-
tively the following distances from each
other: 9°, 9°, 9°, 9°,18°, 9°, 18°, 9°, 18°, 9°,
9°, 189, 9°, 18°, 9°. In the first 9° space is
placed the word “Volts”; in the second
“34.5”; in the fourth “55”; in the fifth
%7110 7; in the sixth “2217; in the seventh

%4497 in the eighth “ 558”5 in the ninth

#1118 and in the last “2242 . There is
thus provided an ampere table of voltage
which coacts with a table of wire sizes on
the disk 10. The segment 40 is provided
with a semi-circular extension 43 which is

- fastened by means of glue, cement, rivets

or the like to a spacing washer 44 which
operates in central openings of the disks 10
and 30, the washer 44 being also secured to
a circular plate 45 which is larger than the
‘opening in the disks 10 and 80 and which
bears sgainst the disk 30 to hold the same
in proper relation with respect to the disk
10. This circular plate 85 has applied

5]

thereto diametrically opposite reading indi-
cators 46 and 47, the indicator 46 being co-
operable with the sets 35* and 35" and con-
sequently being an indicator for % losses
with one phase currents and the indicator
47 being cooperable with the sets 35" and
26" and constituting an indicator for multi-
phase or three phase currents. As the plate
45 is ridgidly connected with the segment
40 it is constrained to partake of the motion
of the segment and consequently the motion
of the voltage table which is applied to this
segment 40.  'When it is desired to ascertain
the wire size, the user of the table manipu-
lates the disk 89 to set the nearest number
of amperes of the ampere table to the near-
est number of feet in the distance table.
The next step is to set the phase mark or
reading indicator 46 or 47 as the case may
be to the nearest 9% loss. Then the oper-
ator may read the wire size at the volts used
by consulting of course the wire size radi-
ally alined with the volts used. If it is
desired to ascertain the % loss, the first step
is to set the nearest number of amperes in
the ampere table to the nearest number of
feet. Next, set the number of the volis
table corresponding to the volts used to the
wire size in the cooperating wire size table.
After these adjustments are made the %
loss may be read at 46 or 47 as the case
may be. , .

Instructions indicating the steps meces-
sary to operation may be applied to the face

-of the segment 40, as shown in Figure 2.

and also the formula

2%10.565 X eXd
CM.= volts lost

may be placed below these instructions and
thus enable the user to figure or solve his
own problems. ' In lieu of placing the in-
structions of the formula on the segment 40
they may be placed on the unoccupied part
of the face of the disk 10 which bears the
Tables 22 to 23, inclusive. In lieu of pro-
viding a washer 44 and securing it to the
plate 45 and disk 80 a rivet may be em-
ployed, as shown in Figure 7, the rivet be-
ing designated at 50 and having a rounded
portion 51 freely rotatable with respect to
the disks 10 and 30 and having squared por-
tions 52 and 53 engaged with the segment
40 and plate 45, respectively, so as to con-
strain the segment and plate to correspond-
ing motion while permitting free relative
adjustment of the disks 10 and 80.

In assembling the calculator shown in
Figures 1 to 5, the washer 44 is fastened to
the under side of the segment 40 and the
semi-circular extension 43 thereof. The as-

sembled segment and washer are then

placed over the face of the digk 10 which
bears the tables 22 to 25, inclusive and the
segment is turned until the quantity 110 of
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the volt table coincides or is radially alined

with the quantity 0000 of the table 22, and
maintaining the disk and segment m this
relative position they are tarned over and

251

the disk*30 is apphed to the face of the
large disk 10 which bears the table i4. The
—quanﬁtv orte ampere of the ampere table is
then set to the qunm‘cy of 2.00 iles of the
distance table. The plate 45 Is next posi

tioned on the washer 44 with the smvlo
phase or direct current reading indicator
46 coinciding with the one per cent loss for
annealed wive, snd the parts in this relative
position ave suitably secured or fastened to
each other.
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