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To all whom it ma; J COTCETTV:

Be it known that I, EDWARD JOHN W ADE,
of London, England, have invented certain
new and useful Improvements in and Con-
nected with Electrical Switches, of which the
following 1s a specification.

This mventmn relates to improvements in
those classes of electrical switches which are
used for coupling up storage-cells or other
sources of electromotive force in various com-
binations of series and parallel, more espe-
cially with the object of contr 0111110' and vary-

ing the electromotive force apphed to electric
motors for traction and other purposes. These

switehes as now constructed have certain dis-
advantages. In order to avoid short-circuit-
(1) ()
1, 2
3, 4 ( }1 g 31
8- T g 9" +{
| 910 (10,11,12 ]
11,12 | '

No two of these combinations can be in cir-
cuit at the same time without short-circuit-
ing some of the cells, and therefore in pass-
mfrfl om one to another a distinct gap or break
has o be provided between each.

The object of the present invention is to
provide means whereby the cells may be al-
tered from one working combination to an-
other without, short- cucmtmn' any of them,

and yeb at the same time wuhout breakmn"

the main circuit. ITfor this purpose I intro-
duce anumberof intermediate eombmamons
through which the changes are effected, a,nd
I so arrange the contact-pieces that cirenit is
always made on one combination before 1t
is broken on another. Three intermediate
stages or combinations are provided between

ing the cells, onecombination has to be br olien
up y before makin o another and the motor-¢ir-
cuit has also to be broken and remade with
each change of electromotive force. 'T'he re-
sult is that the switch-contacts are rapidly de-
stroved by the sparking that ensues and the
Speed of the motor can only be var ied in inter-
mittent steps instead of rising and falling in a
continuous manner. For example, suppose
twelve cellsorsetsof cellsareused and 1t 1s de-
sired that they can be coupled up at will in six
parallelsof twoeach,orinfourparallelsofthree
each, or in three parallels of four each, or in
two p&rallels of six each. Numbering tlle cells
or sets of cells from 1 to 12 these fom working
combinations may be 1ep1esented as follows

(3) ()

L 23 2 (1,2,8, 4, 5, 6
3’18’1{’13% 1171829:10:112‘12}“

stane is to cut out some of the parallels com-
posing it, but leaving one or more of them in
clreuit to maintain the current. The second
stage is to put back into the circuit In par-
allel with those still there part or all of the
cells cut out, but grouped in series differently
according to the new electromotive force 1t 18
desired 130 obtain. The third stage is-to cut
| outtheremainder of the cells of the old group-
ing, and the contacts then pass to the next
working combination,when all the cells out of
circuit are put back in parallel with those in-
troduced at the second smn'e and in a similar
series grouping.

According to my invention in the case of
twelve cells hereinbefore cited the combina-
tions from six parallels of twoeach to four par-

a,ch of the working combinations. In pass- | allels of three each would be
ing from one of the latter to another the first | |
(1) (1) (1v) (1¢) (R)
(1, 2] 1,2 1, 2
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9,10 | - 110,11,12, 10,11, 12 10,11,12,
L_il, 12 |
and from four parallels of three each to three parallels of four each
(2) (2°) (B0) (<) (3)
| 1: 2: 3 _l__;}: 2 2:, i: g: % +{11 E: g:_ g} |
' "-j:, _, 6 9 -__ : , & —_— . 5: -, ! L .
+{ 7 8 9[™ > + 9,10, 11,12 9,10,11,12— 910,11, 12 i
| 10, 11,12 o
and from three parallels of four each to two parallels of six each
| (3) (3) (3°) (39) . (4) :
1, 2, 3, 4 1,2,3,4— 1, 2, 3, 4 L §1,2,8, 4, 5, 6] _
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Throughout a whole series of combinations |

arranged in this way any two ol them directly
adjacent to each other may be iIn circuit at
the same time without short-circuiting any
of the cells, and the main cireuit need never
be broken. In each case the second of the
intermediate cowmbinations consistis of un-
equal series of cells joined in parallel with

each other, and therewill therefore be a local

carrent through the switeh from the greater
to the lesser series. For this reason the elec-
tromotive force in circuit must not be varied
too abruptly; but, provided the two electro-
motive forces involved in any one change are
not in a greater ratio than three to two, the
cuarrents through the local cireuits will not
be excessive. Moreover, as these local eir-
cuitsare almost entirely frecfrom self-induc-
tion the sparking that oceurs on breaking
them is practically negligible. 1If desired,
the local currents may be still further re-
duced by arranging that when two or more
series of unequal numbers of cells are in
parallel with each other those containing the
oreater number of cells shall have a small re-
sistance inserted 1n series with them, which
shall be cut out by short-circuiting at the

-same time that the lesser series of cells are

cut out. |

When a change of electromotive force has
to be effected which cannot be accomplished
in the manner hereinbefore described—as,
for instance, when doubling or halving the
electromotive force by changing the storage-
cells from two parallels to all in series, or
vice versa—auxiliary resistances may be in-
troduced into the circuit to diminish the
sparking at these points.

My invention can becarrvied outin various
ways; but the method I preferisto bringthe
terminals of the cells or sets of cells or other
source of electromotiveforce toarow of fixed:
contact-pieces and to connect these together
as required for the various combinations by
means of annular contacts, which are ar-
ranged in suitable sets on the periphery of a
cylindrical drum and can be brought into
play one after the other as it is revolved.
This form of the switch is illustrated in the
accompanying drawings, in which—

Figure 1 is a developed plan of the drum,
showing the arrangement of contact-pieces
necessary to couple up the cells in.the com-
binations hereinbefore referred to—that is to
say, six, four, three, and two parallels—to-
oether with the intermediate combinations
for passing from each one of these to the
next. The position of each combination is
indicated by figures which correspond to those
already used. Fig. 2 1s a lengthwise section
through the drum (only one-half of which is
shown) when the contacts required to give
combination No. 2" areengaged with the fixed
contacts, and 1t also shows diagrammatically
the conneciions between the cells and the
fixed contacts. Fig. 8 is a cross-section

through the drum on the line x v of Fig. 2, |

ting out the remainder of the first parallels

and Fig. 4 is a diagram illustrating the suc-

cessive coupling up of the battery-cells,which
is effected by the controller in passing from
the working combination 1 to the working
combination 2, as hereinbefore described. It
is typical of the changes passed through Dbe-
tween any other of the working combinations
herein referred to.

A A are a row of forked contact-pieces
mounted on some non-conducting material or
otherwise insulated from each other and pro-
vided with suitable means, such as threaded
stems and nuts D, whereby the wires from the
storage - cells may be connected to them.
Against each terminal is marked which eell
and which pole of the cell is connected to it
assuming thattwelve cellsare used, numbered
consecutively from 41 at one end of the bat-
tery to —12 at the other.

C 1s the drum.

B B areannularcontacts on the drum,which
make connection by passing between the torks
of the fixed contacts A A. Thedrumismount-
ed on an axis K and is fitted with a handle I,
by which it can be rotated. M M represent
the motor-circuit. Some of the contacts are
simply bridge-pieces for connecting two adja-
cent terminals, while others have to couple
up terminals at some distance from each other
and must therefore be connected together as
shown by the dotted lines. |

The width of the fixed contacts must be such
that they can mnever rest on more than two
combinations at the same time, for 1f three
adjacent combinations are bridged together
short circuits will result.

The intermediate combinations are only in-

tended to be in circuit momentarily when

passing from one working combination to an-
other, and any suitable device may be pro-
vided to indicate when this is effected or to
prevent the switch being left continuously 1n
a wrong position.

It is obvious that the form of switech shown
in the drawings and the special combinations
and number of cells can be varied, those here-
inbefore described being given for purposes
of illustration and example.

What I claim, and desire to secure by lLet-
ters Patent, 18— |

1. In eleectrical controller-switches, the
method of passing from one parallel combi-
nation to another without breaking the motor
or main circuit by first cutting out one or
more of the parallels, then reintroducing in
parallel the whole or a part of the cells cut out,
but coupled up in a different series, then cut-

and finally reintroducing in parallel all the
cells out of circuit grouped according to the
new series, substantially as set forth.

2. In electrical controller-switches, a set of
contact-pieces with which the terminals of the
cells or sets of cells or other source of electro-
motive force are connected in combination
with another set of contact-pleces, arranged
to contact with said first-named set, the posi-
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tions of said two sets relatively to each being
variable at will, and the number and relative
position of the contacts of said two sets being
such that when one set is moved relatively to
the other set in making a change from one
working combination of cellsto another work-
ing combination intermediate combinations
or stan‘es are produced and the new working
eombmatlon obtained without Shm*t-cucuw—

ing any of the cells and without breaking the-

main eircuit, substantially as set forth.

3. In eleetmeal controller-switches, a set of
contact-pieces with which the termin als of the
cells or sets of cells or other source of electro-
motive force are connected in combination
with another set of contact-pieces on a revo-

luble drum, and arranged to contact with said

-]

first-named set, the number and relative posi-
tion of the contacts of said two sets being such
that when one set is moved relatively to the

other set in making a change from one work-
ing combination of cells to another working

comblnatlon intermediate combinations or
stages are produeed and the new working
combination obtained without Short-clrcmt-
ing any of the cells and without breaking the
main circuit, substantially as set forth.

In Wltness whereof I have hereunto signed
my name in the presence of two subseribing
witnesses:

| EDWARD JOHN WADE.

 Witnesses: o -
GEORGE C. BACON,
ROBERT M. SPEARPOINT
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