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 To all whom it may conoerm:

IO

- Beit known that we, EDWARD R. KNOWLES
and LEWIST. ROBINSON, citizens of the United

States, residing at Mlddletown in the county

of Middlesex a,nd State of Conneetlcut havein-

vented certain new and useful Improvements
in Electrical Measuring-Instruments; and we
do hereby declare the follomntr to be a full,
clear, and exact description of the 1nvent10n,
such as will enable others skilled in the art to

- which itappertains to make and use the same,
- reference being had to the accompanying
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drawings, and to the letters and figures of ref-
erence marked thereon, which form a part of
this specification.

Our invention relates to instruments that
are placed in electric circuits for the purpose
of indicating the amount of current flowing

therein; commonly called ammeters.

The ObJect of the invention is to simplify
the construction and improve the efficiency
of the instrument, and the invention consists
in certain featuree hereinafter described and
particularly pointed ouf in the claims.

In the drawings, Figure 1 is a front eleva-

tion of an ammeter embodying our invention.
Fig. 2 is a plan view. Figs. 3,4 and 5 are
detalls of dampening or reta,rdmn' devices.
Figs. 6, 7 and 8 are details of loops Fig, 9
s a blank for another form of loop. Fig. 10
shows edge, end and plan views of the blank

bent into a loop. Figs. 11 and 12 are detail

views of the needle. Figs. 13, 14, 15 and 16
are modifications of the needle and Fig, 17
shows a modlﬁcatlon in which the needles are
inclosed in a removable frame.

In all the modifications shown the prinei-
ple is the same, to wit: passing the electrie
current through a metallic bar so formed as
to earry the current on each side of the mag-

netic needle, or each of them. Any nnmber-
- of needles may be mounted on the spindle,

which is weighted or otherwise edJusted to
cause the needlee to stand normally in line
with the bar, or preferably at a

thereto, so that upon the passage of the cur-
rent the needles are deflected toward or to a
position at right angles with the bar, the an-

slight angle

ole of deﬂeetlon dependlnn- upon the stren gth

of the current.

~ The parts are mounted upon a bese A of
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insulating material, such as slate, prowded -

on its upper edge mth a spiritlevel A’.

conducting bar B is preferably horizontal,

| and at each end is a binding post B’ for con-

The middle portion
of the ba,r is folded upon itself two or more
1 times, as clearly shown in the drawings, form-

necting the line wires.

The
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ing a loop composed of two or more parallel
_folds, 1, 2, 3, between which is room for the

needle or nﬂedles C, rigidly mounted on the

spindle D, which is stepped in jewel bearings.

The inner bearing is adjustable, being set in
the end of a screw d, tapped into a hole in
the inner fold 1. The outer bearing may be
similarly mounted, as in Fig. 4; or 11: may be
held in the end of a rod d’ ndJnsteble by
means of a set serew d*in a socket H, secured
to a cross-bar F fastened by screws f to studs

G projecting from the outer fold 3 of the loop.

Suitable registering holes are formed in the
middle and outer folds 2, 3, to receive the
spindle, these holes being p1eferab1y length-

90

ened into slots, as indicated in dotted hnes |

to allow the needles to pass through them
when the spindle is-put into place or re-
moved By unscrewing the screws fand tak-

75

ing off the cross-bar F, bhe spindle with the

needles, index H and counterwewht H’, can
beremoved from the bar. The 1ndex is lwht
so that its inertia offers practically no resist-
ance to the movement of the needles. It

swings over a scale I, properly graduated in

| accordance with the ascertalned angles of de-

flection under known variations of carrent.
In practice it is found that sixty degrees is
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the best range for the index; though we do

not limit ourselves to any partlculd.r range.

The ecounterweight is made to just balnnce

the index. In order to bring the index back
to zero when the circuit is broken, a separate
weight K i attached to the spindle, being ad-
Justable toward and away from the spindle,
preterably by making it in the form of a nut
traversing a radial screw k. The end of the
screw has a collar //, ﬁttmcr the spindle and
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 provided with a set screw %2 -where_by the ] in .plail view & battéry of six loops arranged

- The metel can be set perfectly horizontal by-

screw can be angularly adjusted on the spin-

dle so as to bring the index exactly 1o zero

when no current i8 passing. The weight K
is so adjusted on the serew that it is barely
enough to return the index without shock.

“means of the spirit level A’.
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In order to lessen or eliminate the oscilla-
tion of the index, a brake or damper is pro-
vided, consisting preferably of a copper disk
L, mounted on the spindle and rotating there-

with. A magnet 1s arranged with its poles.

adjacent to opposite sides of the disk. so that
the induced currents tend to retard the move-

ment of the disk. Permanent horseshoe mag-
nets [ [/ may be used, as shown in Figs. 3 and

4, the disk passing between their poles Or,

a strip
the bar B, with its ends overlapping and far

enough apa:tt to permit the disk to rotate be-

~tween them. The current passing through
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~in theright direction.
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the bar B induces magnetism in the soft iron,
‘and the lines of force passing across between

its overlapping ends act to retard: the disk.

- The needles best:suited for'instruments of
in the direc- |
tion of the axis of the spindle and rather thin-
They need not be very
long. : The reason for makingtheneedle deep

this kind -are made rather deep
transversely thereto.

in the direction of the axis of the spindle,and

thinin a direction transverse thereto, is-to
get'ﬁuﬁ‘leiesnt mass for thelinesof force toact

on, and to.confine them in sucha narrow path

that the needle is compelled to place itself
exactly in line with them, If the needle was:
thicker, there would be a tendency to what
is called cross-magnetization, and the needle

would not place 1tself exaetly in line.

Fig. 11 shows a simple needle, rectangular |
Fig.13 shows two such nee-
dles, one being gi_ven- a slight lead over the |
other to insure their starting promptly, and
It has been found that

in cross section.

itis essentlal togiveoneor bothof theneedles

a lead of (say) fifteen degrees, since otherwise:
if they stood parallel with the bar they would

be on a “dead eenter,” and might start in the
wrong- direction.

grees. -
Fig. 14 shows a needle diamond-shaped in
plan Fig. 15 shows a hollow diamond. ¥Fig.

16 shows a needle composed of two parallel
plates. - Or it may represent a longitudinal

- gection of a tubular needle.
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 When it is desired to have the current flow
more than twice by each needle, a series of

loops-is used, as shown in Figs. 6, 7 and 8.

The loops- are- placed side by mde, and con-
nected in.series by means of cross-pteces M,

or a flexible coupling. Where the ends of
the loops approach each other, they are sepa-

of soft iron " may be placed around

~of the loop.

~folds of the loop.

- The partieular amount of
lead is,-however, immaterial, and we do not
limit ourselves to any speelﬁc number of de-

in two groups of three each, placed side by
_side and insulated from each other.

'- Insulat_-
ing washers n are placed between the groups,
and insulated bolts O hold all the loops to-
gether. The spindle D passes through the
openinw between the two groups. The loops

”0

are connected in series by means of metal
strips, placed preferably on the back of the

base A, and insulated from each other. These

strips are indicated by the- dotted lines in
FFig. 7. In the loops shown in Fig. 8, the cur-

‘rent flows twice by each needle, but in oppo-
site directions to Fig. 6; that is to say,in Fig.

6 the current flows to the right under each

‘needle and to the left above themj; while in
Fig. 8 it flows to the right under one and to
‘the left under the 'othel, and vice versa over
them. These loops in Fig. 8 can be 1ead11y. o

“The /in-
‘side end of one loop is connected withthe out-

cut out with dies, or may ba cast.
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side end of the next, by the ‘bent.strip of, .'

'_ metal b.

Fig. 9 shows a blank of sheet meta.l which

when properly folded on the dotted lmes-ﬁ
| makes the loop shown in Fig. 10.

00

- In case it is desired to h::we one sme of

needles serve for a number of instruments of
largely varying capacity, the spindle carry-
ing the needles and index is mounted in jewel .
‘bearings in a frame or tube P, which is in-
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serted -into registering holes cut in the folds =

To keepthetubein properalign- . |

ment, it is provided with an external rib or

- key p, which engages-a slot in 'one .or more"
By making all the instru-".
ments with holes of a standard size, one size.
of needles can be used for all, and readilyin-

serted or removed.

Having thus. desc,mbed our invention, what.
we claim as new is—
1. An ammeter consisting:of the comblna-’f
tlon with a conducting bar folded into three-
~or more folds with spaces between them, the
outer folds containing registering holes, of a
spindle, two or more magnetic needles mount-—-
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ed thereon and adapted to pass through said .

“holes with the spindle, and turn freely in‘the

spaces- aforesaid, and suitable bearings for .

the ends of the splndle substantially-as de-
seribed.

- 2. Il}.:an ammeter, the combination with the

11§

conducting bar, of a strip of soft iron inclos- |
ing it, and a spindle carrying a copper disk "

tIJ_I‘DII]ﬂ‘ freely between the separated. over-

. I20
-- lappmg ends of said strip, substantially as
descrlbed

3. An ammeter comprising  two or. more
maﬂ'netlc needles, oneof whichisgiven a lead

over the othel or others, substantially as de-
seribed.
4. An ammeter comprising a maﬂ*netlc nee- .

“dle made deep in the direction of the axis of .-
the spindle and thin in a direction transverse .

65 rated by meansof insulation N. TFig.7shows | thereto, substantially as descubed
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5. An ammeter having its spindle mounted

in a frame removable bodily from the con-

ducting bar without disturbing the mount-
ing of the spindle, substantially as deseribed.

6. An ammeter comprising a spindle mount-
ed 1n a tube fitting into registering holes in

the folds of a fold od conducting ba1 substan-

tially as described.

In testimony Whereof weo afﬁx our si gnatures
1in presence of two witnesses.

~ EDWARD R. KNOWLES.
- LEWIS T. ROBINSON

' 'Witnesses:
JOs. A. LYNCH,
WM. E. BANTA.
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