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4. Claims. 

This invention relates to an appalatus for pro 
widing at will a variable voltage, Such as may be 
required for laboratory, test and other purposes, 
and, more particularly, this invention relates to 
an apparatuS capable of providing a wide range 
of change of alternating potential. 
One of the objects of this invention is to pro 

Wide a compact, efficient, and practical apparatus 

(Cl. 

for selectively providing, in suitable increments, 
a Wide range of change of Voltage. Another ob 
ject is to provide an apparatus of the just-men 
tioned character particularly adapted to furnish 
alternating potential, of Suitable frequency, and 
Selectively variable in Suitable increments or 
StepS. Another object is to provide a Suitably 
Wariable potential from a Source of Substantially 
fixed potential by way of Switching means co 
acting with the Source or Sources of relatively 
fixed potential. So that commutation is facili 
tated, relatively movable circuit controlling parts 
Or Cantacts are protected against detrimental 
Sparking or loading, greater compactneSS, and 
less bulk in the conductive parts of the Switch 
ing means is poSSible, and other advantages are 
achieved. 
More particularly, another object is to pro 

Wide a coacting transformer and SWitching Sys 
tem whereby greater compactness and lesser 
bulk may be achieved, both as to the trans 
former means and the Switching means en 
ployed, to provide the desired range of vari 
bility of alternating potential. Another object 
is to So interrelate, in Such a Systern, the trans 
former means and the SWitching means as to 
permit the employment of a simpler, Smaller, 
and more compact transformer structure, thus 
also diminishing iron losses and improving effi 
ciency, While at the Sane time achieving ini 
proved commutation by the switching means 
and in a manner to permit the employment, in 
the Switching means, of metallic conductive 
Switching parts that are of Small maSS within 
the range of normal load current at the Selected 
voltage. 
Another object is to provide a practical and 

compact multiple switching means for Succes 
sively adding small increments of potential from 
the Selected Source and then Successively adding 
Such Small increments to Successively added 
large increments from the Selected Source, With : 
the multiple SWitching meanS mechanically COU 
pled for suitable commutation of one from the 
other and So coacting with each other and With 
the Source or Sources of potential that destruc 
tive commutation or sparking at the Switching 
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means does not take place and unintentional or 
abnormal loading of conductive parts of the 
Switching means is avoided. Another object is 
to carry out this last-mentioned object by 
achieving inherently variable rate of drive of 
One SWitching means from another and in rela 
tion to the available increments of the source 
Or Sources of potential so as, in turn, to permit 
the employment of shorter lengths of conductive 
partS in the Switching means themselves. 
Other objects are, in general, to provide an 

improved apparatus capable of converting a 
relatively fixed potential into a selectively vari 
able potential, and to provide such an apparatus 
that will be practical and simple to manufac 
ture, easy to manipulate, and efficient and long 
lasting in action. Other objects will be in part 
obvious Or in part pointed out hereinafter. 
The invention, accordingly, consists in the 

features of construction, combination of ele 
ments, and arrangements of parts all as will be 
exemplified in the Structure to be hereinafter 
described, and the scope of the application of 
Which will be indicated in the following claims. 

In the accompanying drawings, in which are 
Shown, by Way of illustration, several possible 
embodiments of this invention: 

Fig. 1 is a Schematic and diagrammatic rep 
resentation of a transformer and Switching ar 
rangement for achieving a selectively variable 
potential from a source of relatively fixed poten 
tial, and 

Fig. 2 is a diagrammatic and Schematic rep 
resentation of a modified form of system and 
apparatus to illustrate how my invention may 
be employed where electrical isolation of the 
System and apparatus from the initial Source of 
potential is desired, and to illustrate also how 
the multiple Switching means may be arranged 
for greater Compactness than in the arrange 
ment of Fig. 1. 

Similar reference characters refer to Similar 
parts throughout the Several views of the draw 
IlgS. 
Referring, first, to Fig. 1, the apparatus may 

be embodied or mounted to form a single Con 
pact unit, indicated generally by the reference 
character 9, which inay represent a suitable 
base, or mounting, or casing on or within which 
the various partS are mounted in any Suitable 
Way, and in that embodiment let it be assinned 
that a variable potential is to be obtained fron 
any Suitable eXtraneous source of relatively fixed 
potential, Such as an existing power circuit or a 
generator. I, therefore, prefer to provide a pair 
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of terminals is and 2 to which connection may 
be made in any suitable way, as by conductors i3 
and 4, to such a Soulce of relatively fixed po 
tential, which is diagrammatically indicated at 
5, and I provide also two terminals by which 
connection may be made to iead or Supply the 
variable potential to whatever load or device it 
is to energize, and, conveniently, I use one of the 
terminals , 2 and a terminal 6 for this latter 
purpose. Accordingly, conductors and 3 may 
be connected to the terminals and 3 to Sup 
ply the load 9 with the selectively variable, al 
ternating potential. 
Included in the apparatus is a transformer, 

generally indicated by the reference character T, 
having pi'eferably a shell type of COre it, and 
windings W1 and W2, of which winding W1 is 
constructed to function at the voltage applied 
to the terminals , 2 by the source 5-illus 
tratively 10 volts-and, by conductors 2 and 
22, its terminals 23 and 26 are connected to ap 
paratus terminals , 2. Winding W is Sub 
divided into a suitable number of equal Sections, 
illustratively three, by Suitable taps that are con 
nected to terninals 24 and 25. When energized, 
winding Wl can function as the primary wind 
ing, with respect to which W2 is the secondary 
winding, and the latter is preferably constructed 
to have induced in it a voltage equal to the volt 
age of any one of the equal Sections S1, S2, and 
S3 of the Winding W1. Thus the total number of 
turns of Winding W2 is equal to the number of 
turns in each of the equal Sections of Winding W. 
Secondary winding W2 is, in turn, subdivided 

into the desired number of preferably equal Sec 
tions or increments-illustratively four Sections 
A, B, C, and D-by suitable taps or terminals 33, 
3, 32, 33, and 34. 
The taps or terminals 23 to 23 of Winding Wi 

are connected to contact Segments of a rotary 
switch structure, generally indicated by the refer 
ence character 35, and the terminals or taps 33 
to 34 are connected to contact segments of 
another rotary switch structure, generally indi 
cated by the reference character 35, the two 
switches being suitably coupled together for 
tinned actuation of One by the other, preferably 
in the manner later described. These Switches 
are so arranged and are made to coact with one 
another in such a way that there may be made 
available, at the output terminals 6-i, a volt 
age that is variable throughout a range from a 
fraction of the voltage of a Section of , winding 
W2 up to the voltage of the winding W, plus the 
voltage of as many sections of the Winding Wi 
as may be desired. 
Switch 36 preferably comprises a Suitable 

number of contact members, being in number 
equal to the number of taps from winding W2, 
plus two, and they are preferably metallic 
illustratively in the form of flat arcuate plates 
arranged in a circle, being Suitably mounted upon 
a Suitable insulating plate or base, indicated at 
3; they may be proportioned and spaced from 
each other Substantially as indicated in the 
drawing, for a four-sectioned winding W2, and 
they comprise contacts E and F which are posi 
tioned in diametric opposition and are of rela 
tively Substantial arcuate extent, leaving sub 
Stantially equal upper and lower arcuate spaces 
between their respective ends; in the upper 
arcuate Spaces are positioned three contact plates 
C, H, and I, and in the lower arcuate spaces are 
positioned two contact plates J and K. Relative 
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arcuate lengths and spacings are substantially as 
shown in the drawing. 
Through the mounting plate 37 extends a shaft 

38, rotatably supported in any suitable bearings 
(not shown), the Shaft being provided at its for 
Ward end with Suitable means, Such as a hand 
wheel 39, by which its rotational movements may 
be controlled. Shaft 38, in turn, actuates two 
diametrically opposed brushes 4 and 42 which 
are adapted to engage the above-mentioned con 
tact plates E to K, and they may be mounted in 
any suitable manner to be driven by the shaft 
38. Thus there may be provided a hub 3 of 
insulating material, Suitably Secured to the shaft 
38 and carrying the brushes 4 and 42. The 
brushes 4 and 42 are connected to the respec 
tive ends of a suitable voltage divider, which con 
veniently takes the form of a resistance 44 and 
which is provided with a tap 45, usually positioned 
at the midpoint of the resistance 44 but prefer 
ably shiftable or adjustable along its length for 
purposes later described, the tap 45 being in turn 
connected, by conductor 46, to the output ter 
minal S. In order to maintain this connection 
of the brushes 4 and 42 to the resistance 44 for 
the various rotary positions that the brushes may 
assume, the brushes 4 and 2 are connected elec 
trically to, or formed integrally with, arcuate 

. contacts 4 and 68, respectively, each being of 
an effective arcuate extent of substantially 180 
degrees and being conveniently secured to the hub 
43, thus also forming the mounting onto the hub 
43 of the brushes A and 42 themselves. As indi 
cated in the drawing, the contact segments 4A and 
48 are electrically insulated from each other and, 
With their faces lying in the same plane, and elec 
trical contact with them during their rotary 
movements may be effected by brushes 5) and 
5, to which the resistance 44 is connected by 
conductors 52 and 53. Brushes 56 and 5 are 
conveniently carried insulatingly by the main 
mounting plate 37, to which they are secured in 
any Suitable manner, on their respective outer 
ends, it being noted that they are constructed to 
be of Sufficient length to bridge over the fixed 
contact plates E and F from which they are 
Spaced, being Suitably bent for that purpose, so 
as to permit the brushes 4 and 42 to ride in 
under them without contacting them. 
The end terminal 30 of Winding W2 is con 

nected to contact plate G by conductor 56; tap 
3 is connected to contact J by a conductor 57, 
tap 32 is connected to contact H by conductor 
58, tap 33 is connected by conductor 59 to con 
tact K, and the end tap 34 is connected by con 
ductor 6) to contact, I. 
The above-described arrangement of plate con 

tacts for Switch 36 is suitable where winding W2 
comprises four sections, and is illustrative; where 
more Sections, and hence more taps, are provid 
ed for winding W2, the number of plate con 
tactS is increased according to the just-described 
illustrative arrangement. 
AS for Switch 35, that is, in general, construct 

ed and arranged successively to add sections 
S, SP, etc., of the winding W1 to the winding 
W’, or Such fractions of it or its voltage as are 
made effective by the switch 36; switch 36 might 
thus be termed a “fine' or vernier switch, and 
Switch 35 night be termed the “coarse' switch. 
Switch 35 comprises a suitable support, such as 
a plate 62 of insulating material, having mount 
ed thereon arcuate contact plates, four in num 
ber where the winding Wl has three sections and, 
hence, has four taps; these contact plates com 
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prise plates I, M, and O respectively connected 
by conductors 63-2, 64, and 65 to the taps 23, 
24, and 25, and a contact plate P which is con 
nected by conductor 66 to conductor 22, and 
hence to tap 26 of winding W1. These plates, in 
relative arcuate extent or length may be Sub 
stantially as indicated in the dra Wing. 
Two contact brushes 67 and 58 are Supported 

in any suitable way, as by a hub 9 of insulat 
ing material, on a shaft which extends through 
the supporting plate 62 and which is provided 
with suitable bearings (not shown) for rotatably 
supporting it in parallelism with the shaft 38 of 
the vernier switch 36 and laterally displaced 
therefrom, as to the right, as shown in Fig. 1. 
The brushes 6, 68 are angularly displaced sub 
stantially as indicated, are insulated from each 
other in any suitable manner-as by the Struc 
ture of the insulating hub 0-and they are in 
electrical connection, respectively, with slip rings 
72 and 3 coaxially carried by the hub 8, and 
by the latter insulated from each other. Brushes 
4 and 75, Supported in any suitable Way on or 
by the insulating Support 62, bear against the 
slip rings 2 and T3, respectively, so that elec 
trical connection with the brushes 6 and 68 may 
be maintained, regardless of what position the 
latter assume and also during rotary movement 
thereof. 

Brush 4 is connected by conductor 6 to tap 
30 of winding W2, and brush 75 is connected by 
conductor 77 to contact plates E and F of Switch 
36. 

Suitable means are provided to coordinate the 
rotary notion of the shaft of one of the SWitches 
to the shaft of the other Switch, and this is 
preferably achieved so as to provide the desired 
ratio of dirive between the two Shafts and prefer 
ably, also, to achieve periodic variations in that 
ratio of drive. In Fig. 1 an illustrative driving 
connection between the two shafts 38 and is 
shown, and it may comprise two elliptical gears 
SG and 8, with a gear ratio of 1 to 1, one of the 
gears being mounted on the shaft 38 and the 
other upon an intermediate idler shaft, 82; gear 
8 drives a spur gear 83, conveniently coaxially 
mounted with it on idler shaft 82, and, meshing 
with the spur gear 83, is a gear 84 secured to the 
shaft of the other Switch. On the for Ward send 
of shaft 38 is mounted, as above described, the 
hand wheel 39 for manually controlling the inter 
connected switches, and on shaft may be 
mounted a pointer or indicator 86 to be rotated 
by the shaft relative to a suitably graduated 
dial 8. So as to indicate visually and directly the 
voltage which the apparatus makes available 
across the output terminals f -6 within the 
range of the apparatus. 
In the starting or initial position of the parts, 

corresponding to which the indicator 85 and dial 
3 would show minimum poSSible or Zero voltage, 
brush. A rests on contact G and brush 42 is 
between contacts F and J.; brushes 6 and 68 are 
both in engagement with plate contact L. No 
voltage is, therefore, applied acroSS the output 
terminals -5. 
The first increment of clockwise rotation of 

shaft 38, however, brings brush 42 into engage 
ment with contact J, While brush 4 maintains 
contact with contact G, due to the relative posi 
tions and arcuate lengths of these parts; and 
brushes 6 and 68 remain in contact With contact 
L. With brushes 4 and 42 on contacts G and J, 
respectively, Section A of Secondary winding W2 
is impressed across the resistance 44, and any 
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fraction of its voltage, depending upon the posi 
tion of tap 45, may thus be impressed a CrOSS the 
output terminals f S and . The corresponding 
circuit arrangement is from tap 30, conductor 
56, contact G, brush 4 f, contact 47, brush 50, con 
ductor 52, resistance 44, conductor 53, brush 5, 
contact 38, brush 42, contact, J, conductor 57, 
to the other tap or terminal 3 of Section A of 
winding W2. A conductor 6, as above described, 
leads from the first tap 3) Of Winding W2 to 
brush 74, which, through slip ring 72, brush 67, 
contact L., conductor 63, and conductor 2, im 
preSses the potential of tap 39 on Output terminal 

; by means of the voltage divider 44-45, any 
desired fraction of the voltage of section A of 
winding W2 may be impressed upon the other 
Output terminai 6, so that there is applied to 
the load 9 a Voltage variable from zero to the 
Voltage of Section A, according to the position of 
the tap is relative to the resistance 44. For each 
Stage or Succeeding stage, a corresponding split 
ting Or Variation of added voitage may be 
achieved, but, for convenience in the ensuing de 
SCription, it will be assumed that the tap 45 is in 
midposition relative to the resistance 44, though 
it will be understood that the above-described 
variation may be, nevertheless, achieved at each 
Such Succeeding Step. 

If, for exainple, the Voltage of Section A is one 
Voit, the last above-described setting of the parts 
impresses a voltage of 0.5 volts across the termi 
inals is and . 
The next increment of rotary movement leaves 

brushes 6, 63 Still on contact T, for they still par 
take of very Sinal angular movement; while brush 
it assumes a, position between contacts G and H, 
and brush 42 &ngages contact J. Tap 33 remains 
Connected to terminal through the engagement 
of brush 6 with contact L of coarse Switch 35, 
While output terminal 6 is now connected to tap 
3i through a circuit that runs from terminal 6, 
conductor 6, tap 35, the right-hand portion of 
resistance 44, conductor 53, brush 5, contact 48, 
brush 42, contact J, conductor 57, to tap 3, and 
thus the full voltage of section A is applied to the 
Output terminals, through the right-hand por 
tion of resistance é. 
The next, increment of rotary motion brings 

brush if to engage contact H., brush 42 remain 
ing in engagement with contact J, brushes 67 and 
68 of the coarse switch being still in engagement 
With contact L. This rearrangement, achieved 
by SWitch 36, places section B of winding W2 
across the resistance 44, thus adding half its volt 
age (tap 45 assumed to be at the mid-point) to 
terminal is, terminal being maintained by 
coarse switch 35 connected to tap 3. 

'i he connection of Section B just described 
extends fron tap 3, conductor 5, contact, J, 
brush 42, contact AS, brush 5, conductor 53, 
resistance 44, conductor 52, brush if, contact 
47, brush 4, contact H, conductor 58, to tap 32. 
The next increment of rotary motion main 

tainS brush in engagement with contact H 
and noves brush 2 into the space between 
contactS J and K of the vernier Switch 36, and 
brush 6 of the coarse Switch 35 still maintains 
Contact With contact I, but bruish 68 is noved 
into the Space between contacts and M. 
Thereby tap 3 remains connected to output 
terminal , and output terminal 5 becomes 
connected to tap 32 through a portion of the 
resistance 4, and thereby the voltage across the 
teriainals and 5 is again increased by an 
appropriate increment. The resultant connec 



2,551,943 
7 

tion of terminal 6 may be traced from the lat" 
ter, thence conductor 46, tap 45, left-hand por 
tion of resistance A4, conductor 52, brush 50, 
contact 47, brush 4 f, contact H, conductor 58, 
to tap 32. 
The next increment of movement finds brushes 

4 and 42 in contact with contacts H and K, re 
spectively, thus bridging resistance 44 acroSS Sec 
tion C (taps 32-33), the mid-position of tap 35 
increasing the voltage potential added across ter 
minals 6 and if by half the voltage of Section 
C, terminal remaining connected to tap 38, 
since brush 6 is still in engagement with Con 
tact L. and brush 68 is about to engage contact 
plate M. 
The next increment of rotary movement brings 

brush 4 between contacts H and I, brush 42 
maintaining contact with contact K, whereby tap 
33 of section C is connected to terminal 6 
through a portion of resistance 44, the circuit 
extending through conductor 46, tap 45, resist 
ance 44, conductor 53, brush 5, contact 3, brush 
42, contact K, conductor 59, to tap 33, terminal 
i? continuing to be connected to tap 36, Since 
brush 67 is still on contact Li, though brush 63 
has now made engagement with contact M. 
The next increment of rotary motion of Switch 

36 brings brush 4f on contact I, brush 42 stili 
maintaining engagement with contact K, brushes 
67 and 68 of switch 35 engaging contacts T. and 
M, respectively. Section D of taps 33 and 34 is 
thus connected by conductors 59 and 60 acroSS 
the resistance 46, and an added increment of volt 
age becomes applied to output terminal 6, a C 
cording to the position of tap 35 along the resist- 3 is 
ance R. s 
The next increment of motion blings brush (2 

into the space between contacts K and E, brush 
4f engaging contact I and the brushes 6 and 68 
of the coarse switch 35 contacting contacts L. and 
M, respectively. As a result a full voltage in 
crease, represented by the voltage of Section D, 
is now applied to output terminal 6 through the 
left-hand portion of resistance 44, the circuit 
extending from tap 34, conductor 60, contact I, 
brush 4, contact 47, brush 50, conductor 52, 
resistance 44, tap 45, conductor 45, to Cltput 
terminal 46, and thus the full Voltage of all of 
the sections of secondary winding W is applied 
to the output terminals and 6, and, hence, to 
the load 9-all in successive step-by-Step incre 
ments which, if the tap 45 remains at the mid 
point of resistance 44, are each in an amount 
equal to half of the voltage of a section of the 
winding W2; however, for any of these incre 
ments, variation or change may be achieved by 
varying the setting of the tap A5. Moreover, for 
each shift or change resulting from an increirent 
of rotary movement of the Switch 36, there is de 
pendable control of current flow as the Switch 
achieves a shift or change in circuit connections, 
for there is dependable control of the Culient 
undergoing commutation, due to the coactions 
and presence of the resistance 3, which, as Will 
be seen from the above, is in its entirety or in 
part always associated with a circuit being in 
terrupted or made. Thus, for example, the re 
sistance i? is either shunted acroSS a Selected 
section of the winding W or disconnected there 
from, and thus represents a definite load. More 
over, that shunt relationship is shifted in either 
direction-that is, according to connection. Ol' 
disconnection-in relation to a preceding or suc 
ceeding circuit arrangement in Which a portion 
(half, if tap 45 is at the mid-point) of the re 
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sistance 44 is always included in the load cir 
cuit, and can thus function as a current-limiting 
resistance to effect limitation upon current values 
affected by the commutating action of the two 
Switch structureS. 
Such coactions make it possible to avoid many 

of the disadvantages of known types of trans 
former-tap-changing switch constructions and, 
moreover, contribute toward permitting the use 
of smaller, and hence more compact, conductive 
parts of both the vernier switch and the coarse 
switch; for example, I am enabled to use Solid 
silver contact elements in Small and compact 
form, with unusually high capacity, the commu 
tation control above described contributing also 
toward longer life of the moving Switch parts. 

Recurring to the operation of the Switch mech 
anism, the engagement of brush 68 of coarse 
switch 35 with contact M is effective to connect 
the opposed long contacts E and F of verniér 
switch 36 to tap 24 of the primary winding W, 
the circuit extending from tap 24, conductor 64, 
contact M, brush 68, slip ring 73, brush is, and, 
by conductor 77, to contacts E and F. Contacts 
E and F are thus at the same potential; contact 
I, being connected by conductor 60 to tap 34, is 
at the same potential as contacts E and F, Wind 
ing W2 and section S1 being of the same voltage 
or number of turns. Hence the spacing between 
contacts I and F can be relatively small-Small 
enough so that the brush 4 can bridge the gap 
between the two and engage both of them in 
movement from the one to the other. A similar 
relationship of close spacing exists between con 
tacts G and E, which, at the outset, are at the 
same potential-contact G being connected to tap 
3 through conductor 56 and contact E being con 
nected by conductor 7, brush 5, slip ring 3, 
brush 68, contact L., conductor 63, and conductor 
24, to tap 23 of the primary winding W, taps 
30 and 23 being at the same potential; this latter 
relationship exists at the start of the cycle of 
operations, as will now be understood. 
The next increment of movement brings 

brushes 4 and 2 into engagement with contacts 
E and F, respectively, thus bridging the resistance 
44 across these contacts through conductors 52 
and 53, and during the travel of the brushes 4 
and 42 along the contacts E and F, respectively, 
the rate of drive of shaft 7-and, hence, of 
brushes 62 and 68-is increased, the longer 
radius portions of gear 80 being now operative 
upon portions of shorter radius on the gear 8, 
so that brush 67 is quickly moved off contact L. 
in the coarse switch and brought onto contact M 
with which brush 68 is still in engagement. This 
increased rate of drive of the brush parts in the 
coarse switch permits of greater spacing between 
the contacts of coarse Switch 35 and permits, also, 
the use of brushes of greater current-carrying 
capacity; thereby, also, contacts on the vernier 
switch 36 can be of shorter arcuate length and 
the structure can be made more compact, and, 
more particularly, contacts E and F can be made 
shorter and the other contacts of vernier Switch 
36 made longer. 
With the parts in the positions just described, 

all of the brushes are at the potential of tap 24 
of winding W, but, as the rotational movements 
continue, brush 5 bridges contacts G and E, and 
brush 3 enters the Space between contacts F and 
J, brushes 6; and 68 of the coarse switch being 
Still on contact M. The voltage across output 
terminals 6 and is still the same as before, 
being equal to the full voltage of winding W, but 
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that voltage is supplied by the entire section S 
of primary winding Wil. Thus terminal 23 of sec 
tion S1 is connected, through conductor 2 to out 
put terminal , while tap 24 (the other terminal 
of section S1) is connected to output terminal 6 
as follows: from tap 24, conductor 54, contact M, 
rush 68, slip ring 3, bush 5, conductor , 

brush 53, conductor 52, left half of resistance 44, 
tap 45, and, by conductor 45, to the terminal 6. 
Through brush S, Slip ring T2, brush 74, and 
conductor 78, tap 30 of winding W2 is connected 
to tap 24; the connection of tap 3 to tap 24 is 
also maintained through the conductor 56 ex 
tending to the contact G, with which brush A is 
Still in contact. The same above-mentioned volt 
age is thus applied to output terminals 6 and , 
but now through the left half of resistance 44. 
Brush 50 now moves further so that it con 

tactS only contact G, while brush 42 is brought 
into engagement With contact, J.; this increment 
Of rotary novenient of vernier Switch 36 shifts 
the coarse switch so titat brushes 3 and 68 move 
further along on contact M. The voltage applied 
to the output terminals is now the voltage of sec 
ticn S. plus half the voltage of section A of Wind 
ing W, resistance R splitting the voltage of sec 
tion A as it did when brushes 4; and 2 Occupied 
Sinilal' positions as earlier above described. 
Bearing in mind that the Zero-voltage tap 23 is 
permanently connected by conductor 2 to the 
Output terminal , the potential applied to the 
companion output terminal 5 Will be seen to be 
the potential of section S, to which has been 
added the Split voltage of Section A of Winding 
W. Thus from tap 24 the circuit extends by 
conductor 64, contact M, brush 6, Slip ring 72, 
brush 5, conductor 5, to tap 39 of winding W2, 
that being the Series connection effected between 
the two Windings. By conductors 56 and 57, sec 
tion. A of winding W2 is connected to contacts G 3 
and J, across which, by brushes A and 42, re 
sistance A is bridged, and, by the variable tap 85, 
any fraction of the voltage of serially-connected 
section A of winding W2 is added to the Voltage 
of Section S1 and applied to the companion out 
put terminal 6. 
From this point on, the Successive steps above 

described are repeated, vernier Switch 36 add 
ing successive voltage increments as above de 
Scribed, While brushes and 68 of coarse Switch 
35 COact With contacts M and O in Successive steps 
as they did before coacting With contacts. Li and 
M. When the full voltage of Winding W2 has been 
added to the Voltage of Section. Sl-which means 
that these two parts are connected in Series across , 
the output terminals 6 and through one por 
tion of the resistance 44-the process or steps 
are repeated, but now by adding successive in 
Crements of voltage from the Winding W2 to the 
voltage of Sections S1 and S2, which latter thus, 
for this Succeeding cycle, function as a single 
Section. 
When vernier switch 36 has again completed 

a single turn, bringing the Voltage acroSS it to 
the output terminals 6 and equal to the Sun 
Of the voltages of Sections S1 and S2 and Wind 
ing W2-that voltage being equal to the voltage 
of the three Sections S1, S2, and S3-the Switches 
noW begin to add, in the next Stage or Cycle, Suc 
cessive increments of voltage from the widing 
W2 to the entire winding W1. To effect that 
transition, contact P of coarse SWitch 35 is longer, 
So that brushes 6 and 68-traveling at increased 
rate, due to the elliptical gearing-remain in 
contact with contact P, which, through conduc 
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torS 66 and 22, is connected to the end termi 
nal 26 of the primary winding W1 as the series 
Connection with the primary winding W1 is made 
to the Secondary winding W2. From that point 
On, Successive increments of rotary motion of the 
parts of vernier Switch 36 add to the voltage of 
the Winding W1 successive increments of voltage 
of the secondary winding W2, in the manner 
earlier above described, for impression upon the 
Output terminals f8 and f f, so that the maxi 
num Voltage-namely, the sum of the voltages 
of Windings W1 and W2-may be ultimately im 
pressed upon the output terminals and, hence, 
upon the load 9. From that point on the SWitch 
ing arrangement moves into the initial starting 
positions of the parts initially described above, 
Whence the entire cycle may be repeated. 
These Successive increments of rotary motion 

may be manually effected by the hand Wheel 39, 
While the dial 8, appropriately graduated, serves, 
in coaction with the indicator or pointer 36, to 
indicate the voltage applied across the output 
terminals 5 and -the coarse switch 35 and 
the pointer 86 making one complete revolution 
for the complete cycle of Voltage change from 
Zero Voltage to the sum of the voltages of wind 
ings Wii and W2. The elliptical gears 8 and 8 
have a ratio of drive of 1 to 1, while the ratio of 
drive between gears 83 and 84 is 1 to the sum 
of the number of sections in the primary wind 
ing W plus 1; where the winding WI has three 
Sections, the ratio of drive is thus 1 to 4. 
As above pointed out, the relationship of the 

parts and their coactions make it possible to 
achieve many practical advantages, and the 
SWitch parts, in particular, may be inade Small, 
permitting the use of materials like silver 
throughout, and diminutiveness and compactness 
of construction of the Switch mechanism are 
readily achievable, making it possible to provide 
the Switch and Switch mechanism, together with 
the transformer itself, as a small compact, and 
light-Weight unit, ideally suited in such case for 
laboratory and test purposes. The system and 
apparatus have high electrical efficiency, excei 
lent regulation, and high efficiency of commuta 
tion. In this latter connection I am enabled to 
achieve definite limitation or control of short 
circuit current during commutation, the relation 
of the resistance 44 being, by the Switching con 
struction, always maintained, for any commu 
tating transition, such that it functions to limit 
or control short-circuit current, and thus, also, 
the transformer wiildings are effectively protected 
against Overload and need not be designed or 
wound to cope with Such relatively uncontrol 
lable and Widely variable factors as are inherent 
in the use of carbon brushes employed in hereto 
fore known apparatus and Which, as is knoWn, 
frequently cause so-called “hot spots' in the 
transformer winding. These factors all con 
tribute to Ward achieving Substantial reduction 
in size and weight over known types of voltage 
varying apparatus of equal rating or load ca 
pacity. 
In Fig. 2 I have shown, in exploded or Sche 

matic perspective, how I am enabled to aghieve 
still further compactness of construction and 
arrangement-in that, instead of arranging the 
vernier Switch and coarse Switch Substantially 
side by side, as in Fig. 1-and, hence, With their 
shafts 33 and in parallel alignment-i may ar 
range one switch mechanism in back of the oth 
er and align then coaxially so that, by making 
one shaft hollow or tubular, the other shaft may 
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extend through it and, hence, be coaxial With it. 
Thus, in Fig. 2, I may arrange the coarse Switch 
35 in front of the vernier switch 36, and, by mak 
ing the shaft of coarse switch 35 hollow or tu 
bular-as indicated at 7a-the shaft 38 of the 
vernier switch 36 passes forwardly through it 
and thereby, also, as shown in Fig. 2, the hand 
wheel 39 and the dial and pointer 87-86 may 
be brought to the front of the apparatus coaxial 
ly and closely adjacent to each other. The 
geared driving connections between the two 
switches comprise the gears, as in Fig. 1, togeth 
er with an intermediate idler shaft 82-being 
simply and appropriately rearranged, as indi 
cated in Fig. 2, to function in the Space between 
the rear of the plate 62 of the coarse Switch and 
the front face 3 of the vernier Switch. Any 
suitable bearings may be provided for the tubular 
shaft ia, while the latter can conveniently form 
a, bearing for the vernier Switch shaft 38. . 

It will be understood that the transformer T of 
Fig. 1 is illustrative of a possible relative ar 
rangement of its parts and Windings, and that 
various other relative arrangements of Windings 
may be employed. For example, should it be 
desired that the transformer T also function 
as an isolating transformer, it may be construct 
ed and arranged in the manner indicated in Fig. 
2, where I provide the transformer core R with 
a primary winding 9 which is connected by con 
ductors 92 and 93 to the source 5. In this ar 
rangement the transformer retains the Windings 
W1 and W2, as shown in Fig. 2 and as they were 
described in connection with Fig. 1, and they 
may have the same relative number of turns and 
sections, and, in relation to the primary Wind 
ing 9, the ratio of the number of turns or of 
voltage transformation, as between the Winding 
9 and the Winding W2, may be of any desired 
value-illustratively 1 to 1. In such case the 
Windings W1 and W serve as secondary Wind 
ings with respect to winding 9 functioning as a 
primary transformer winding, and the windings 
W1 and W2, and the circuits connected thereto 
-all as shown in Fig. 2-are thus isolated and 
insulated from the electrical circuit of primary 
winding 98, the transformer in such case em 
bodying any suitable insulating construction of 
material, in known manner, as may be desired 
or as is suitable for the particular application. 
In such case, also, the apparatus may be pro 
vided with terminals 93 and 95 to function as 
input terminals corresponding to the input termi 
nals and 2 of Fig. 1, and it has the same cir 
cuit arrangement, in So far as the Windings Wi 
and WP and the two Switches are concerned, as 
in Fig. 1, excepting that the tap or terminal 26 
of the winding W1 is not connected to an input 
terminal and, hence, terminal 26 is connected by 
conductors 22 and 66 directly to the contact P. 
In the form of both FigS. 1 and 2, the Spaces 

between the contact plates and the SWitches 35 
and 36 are preferably filled in so that the brushes 
4-42 and 67-68, as the case may be, have a 
Substantially continuous or uninterrupted plane 
succession of Surfaces to engage and transverse 
during their rotary movements; such an ar 
rangement may be achieved in any suitable way 
-as, for example, by recessing the arcuate con 
tact plates into the respective Supporting plates 
3 and 32, which are made of insulating material, 
and Such an illustrative arrangement is intended 
to be shown or indicated in the drawings, but in 
Fig. 1 a, dead contact Y is illustrated between 
contacts E and K, by which the wiping contact 
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may be prevented from falling down between 
contacts E and K if the latter are elevated above 
the plate 37. Fatigue of the flat spring-like wip 
ing contacts or brushes 5-42 and 67-68 and 
loss of their spring tension, by which they main 
tain good electrical contact, are thus prevented. 

It Will thus be seen that there has been pro 
vided in this invention a system and SWitch 
ing arrangement in which the various objects 
hereinbefore noted, together with many thor 
oughly practical advantages, are Successfully 
achieved. I am enabled to achieve exceeding 
compactness of construction and high efficiency, 
with low iron losses and low contact resistance 
losses, the latter being greatly leSSened or mini 
nized where Silver or like highly conductive 
metals are employed for the brushes and contact 
elements, and, moreover, I am enabled to achieve 
fine or Small increments of voltage change. 
Physically the transformer and switching mech 
anism, for a given range or capacity, can be emi 
bodied in Small and compact form and thus, in 
contrast to known types of systems and mecha 
nisms, I am enabled to achieve high efficiency of 
Space. 
As many possible embodiments may be made of 

the above invention and as many changes might 
be made in the embodiment above set forth, it is 
to be understood that all matter hereinbefore 
Set forth, or shown in the accompanying draw 
ing, is to be interpreted as illustrative and not in 
a limiting Sense, 

I claim: 
1. Means for providing variable voltage in con 

trollable increments comprising a group of in 
ductive windings each of relatively large voltage, 
a group of inductive windings each of relatively 
Small voltage, a resistance having an interme 
diate tap, output terminals respectively connected 
to a terminal of one of Said groups of windings 
and to said resistance tap, two make and break 
rotary Switching means, each of which has ro 
tatable brush means and arcuate contact means 
Coacting therewith, one of said rotary switching 
means having connections between its brush 
In eans and contact means and the windings of 
Said second group and said resistance to effect, 
upon rotary novement of Said brush means, Suc 
CeSSive addition in Serial relation of the windings 
of Said Second group and to inpreSS the resultant 
voltage upon said output terminals by way of 
Said resistance tap and alternately through only 
a portion of said resistance and through Said re 
sistance in parallel relation to the added wind 
ings of Said Second group, the Other of Said rotary 
SWitch means having connections between its 
brush means and arcuate contact means and 
the windings of Said first group to effect, upon 
rotary movement of said brush means, addition 
in Serial relation of Successive windings of Said 
first group with respect to the windings of Said 
Second group, and driving connections between 
the two rotary brush means of said two rotary 
Switching means to effect such ratio of drive and 
varying ratio of angular velocities between said 
two brush means to cause addition of a Winding 
of said first group in serial relation to the wind 
ings of Said second group only after the Voltage 
of all of the windings of the second group has 
been impressed upon said output terminal in 
successive increments and to thereafter add the 
voltage of the windings of Said Second group in 
successive increments to the added windings of 
said first group and means for driving the Said 
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first brush means at an accelerated rate in paSS 
ing between adjacent contacts. 

2. A variable voltage means as claimed in claim 
1, in which the rotary switch means that affects 
the connections of the Windings of Said Second 
group comprises also two stationary Spaced 
brushes connected to the ends of said resistance, 
the rotary brush means comprising two brush 
elements coacting with the arcuate contacts of 
said rotary switching means and having arcuate 
contact elements respectively coacting with said 
first-nentioned two brushes. 

3. A voltage regulating System comprising, in 
combination, a first inductive winding divided 
into a plurality of Sections, means for energizing 
said Winding from an A. C. source, the output volt 
ages of said sections being Substantially equal, 
a second inductive winding and means for ener 
gizing said second Winding from said source to 
produce thereiin an output voltage substantially 
equal to the voltage of one of said Sections, con 
tact taps dividing Said Second Winding into a 
plurality of substantially equal Subdivisions, an 
impedance element having a tap at an inter 
mediate point thereon, a pair of power output 
terminals, the first of Said terminals being con 
nected to said impedance tap, and a Switching 
means having a plurality of cooperating movable 
and stationary contacts, said Switching means 
being operable in a first Series of positions to ::. 
connect said Second output terminal to one end 
of Said second winding, and in Successive Series 
of positions to connect Said second output ter 
nina to Said end of Said second winding through 
successively added sections of said first winding, : 
Said SWitching means being Operable in each of 
Said aforementioned series of positions to con 
nect the ends of Said impedance element across 
Successive individual Subdivisions of Said Second 
Winding, Said Switching means effecting transfer 
of said impedance element connections from one 
Subdivision to the next Succeeding Subdivision by 
disconnecting One end of Said impedance element 
from a tap of Said Second winding and Subse 
quently connecting said end to the second suc 
ceeding tap while maintaining the connection of 
the other end of said impedance to the first suc 
ceeding tap. 

4. A Voltage regulating System comprising, in 
Combination, a first inductive winding divided in- ; 
to a plurality of sections, means for energizing 
Said Winding from an A. C. source, the output volt 
ages of Said Sections being Substantially equal, 
a Second inductive winding and means for en 
ergizing said second winding from said source 
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to produce therein an output voltage substan 
tially equal to the voltage of one of said sections, 
taps dividing said second winding into a plurality 
of Substantially equal Subdivisions, a resistance 
element having a tap at an intermediate point 
thereon, a pair of power output terminals, the 
first of Said terminals being connected to said 
resistance tap, and Switching means having a 
Coarse SWitch Section and a vernier Switch Section, 

; each of said Sections having a plurality of co 
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Operating movable and stationary contacts, said 
coarse switch section being operable in a first 
SWitch position to connect said second output ter 
minal directly to one end of Said second Winding 
and in Successive Switch positions to connect 
Said Second output terminal to said end of said 
Second winding through successively added sec 
tions of said first winding, said vernier SWitch 
Section being operable in successive positions to 
Connect the ends of said resistance element across 
Successive individual Subdivisions of said Second 
Winding, said vernier switch section effecting 
trainsfer of said resistance element connections 
from One Subdivision to the next succeeding sub 

25 division by disconnecting one end of said re 
Sistance element from a tap of said second wind 
ing and Subsequently connecting said end to the 
Second Succeeding tap while maintaining the 
connection of the other end of said resistance to 
the first Succeeding tap, rotatable drive shafts 
Supporting the movable contacts of said switch 
Sections, a manual control handle on the vernier 
drive shaft, and a cyclically variable ratio drive 
Coupling between said vernier drive shaft, and the 
Coarse Switch drive shaft whereby the contacts 
of the Said coarse switch are driven at an ac 
celerated Speed in passing between some of the 
fixed contacts. 

JOHN A. GULOW. 
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