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UNITED STATES PATENT office 
2,522,715 

ROTARY SWITCH 

Kenneth W. Graybill, Elmhurst, and Hans Senge 
busch, Willa Park, Ill., assignors to Automatic 
Electric Laboratories, Inc., Chicago, Ill., a cor 
poration of Delaware 

Original application March 15, 1946, Serial No. 
654,556. Divided and this application January 
17, 1948, Serial No. 2,904 

(C. 200-5) 4 Claims. 

The present invention relates in general to 
electrical switches and more particularly to ro 
tary switches of the step-by-step type, and is a 
division of our prior application Serial No. 
654,556, filed March 15, 1946. 

It is an object of the invention to provide a 
rotary switch which will operate very reliably at 
higher speeds than heretofore possible. 
Another object is to provide an improved ro 

tary switch which will be simple and economical 
to construct, but which will be very rugged so 
that it has a long operating life. A further ob 
ject is to simplify the assembling of such a switch 
by reducing the amount of manual adjustment 
needed to bring the parts thereof into their 
correct relationship. 
In keeping with this last object, it is one fea 

ture of the invention to mount all the component 
parts of the switch upon a one-piece frame, this 
frame being so formed as to automatically posi 
tion the bank contacts, wipers, electromagnet and 
the associated armature in their correct rela 
tionship. 
Another feature is the provision of a novel 

arrangement for supporting one end of the wiper 
shaft, whereby that end may be freed from its 
support easily and without the use of tools. 
Another feature is the provision, in a reverse 

drive rotary switch, of a novel relationship be 
twean the driving spring and the electromagnet 
for tensioning same, whereby upon deenergiza 
tion of the electromagnet the Spring is capable of 
delivering a greater amount of energy to ad 
vance the SWitch wiperS. 
A further feature resides in the provision of an 

improved arrangement for positively halting the 
switch wipers in the correct position at the end 
of each step. 
Other objects and features will be pointed out 

in the course of the following detailed descrip 
tion of the invention, taken in connection with 
the accompanying drawings, in which: 

Fig. 1 is a front elevation of the switch accord 
ing to the invention, certain wipers and bank 
contacts having been omitted for the sake of 
clarity, 

Figs, 2 and 3 are side elevations showing op 
posite sides of the switch, 

Fig. 4 is a fragmentary view of the bottom of 
the Switch, 

Fig. 5 is an enlarged view of the wiper assemi 
bly, 

Fig. 6 is a cross-sectional view taken along the 
line 6-6 of Fig. 5, 

Fig. 6A is a fragmentary cross-sectional view 
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of the wiper assembly showing a modified con 
struction, and 

Figs. 7, 7A and 7B are greatly enlarged views of 
a part of the switch mechanism showing succes 
Sive positions occupied thereby during movement 
of the Switch. 

Referring now more in detail to the drawings, 
all parts of the switch are mounted upon a one 
piece frame to which is stamped from sheet steel 
or other Suitable material and formed as shown. 
A pair of oppositely disposed flanges. ... drilled 
and tapped as at 2 are provided on the frame 
to facilitate mounting same on any desired sup 
port (not shown). 
To the left of these flanges (Fig. 2) the frame 

is arcuate in shape and carries a bank of sta 
tionary contacts 3 which are arranged in levels 
or rows. There are twenty-five contacts in each 
level, and adjacent levels are separated from one 
another by insulators f4 and spacers 5. Ten 
levels are shown, but it will be understood that 
any desired number may be arranged, as illus 
trated, these being secured to the frame by elon 
gated Screws 6 which pass through suitable holes 
in the frame and corresponding holes in the in 
Sulators 4 and spacers 5. As indicated by dotted 
lines in Fig. 3, the individual contacts are so 
shaped as to avoid being short-circuited by these 
screws. Each contact in the bank is provided at: 
its outer end with a flared soldering lug and is dis 
posed along a line radial to the axis of the wiper 
assembly now to be described. 
This assembly includes a stationary spindle or 

shaft Tone end of which is rigidly secured to the 
Switch frame by means of a flanged stud 8 and a 
nut 9. As shown in Fig. 6, the stud is threaded 
On the inside to receive shaft 7 and is threaded 
on the outside to receive nut 9, the latter being 
tightensed down after the stud has been inserted 
in a slot 2 in the switch frame and centered with 
respect to ban' contacts 3. Mounted on the 
stationary Spindle 7 is a rotatable hollow shaft 
or sleeve member 22 having integral therewith 
(or rigidly affixed thereto), a toothed ratchet 
wheel 23. A square nut 20 screwed on the end 
of spindle prevents axial movement of the 
rotary member. Carried by sleeve 22 but insu 
lated therefrom by a tubular insulator 24 are a 
series of disc-like wiper-carrying hubs 25, a 
spacer 26 and a drum 2; these are separated 
from one another by insulating washers 28 and 
are tightened down against the toothed wheel 
by means of a nut 29 so that they are rigid with 
respect to the rotary member. 
A shallow internal recess 3 is provided in one 
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face of each wiper-carrying hub so that the dis 
tance along the surface of the tubular insulator 2 
from one hub to the adjacent hub is increased, 
with a corresponding increase in leakage resist 
ance between the two. Each hub also has two 
oppositely disposed peripheral recesses 32 in 
which are seated a pair of double-en led wipe' 
blades 33 shaped as illust 'ated in Fig. 5. These 
blades are rigidly secured to their associated hubs 
as by spot welding, and it will be noted that the 
recesses 32 in which they are seated are slightly 
deeper than the thickness of the blades then 
selves so that variations in the thickness of the 
blades due to ordinary manufacturing tolerances 
will not affect the spacing of the adjacent ones 
of the hubs. The importance of this mode of 
construction will be self-evident since the wipers. 
must be spaced along the shaft with great exact 
ness to coincide with the spacing of the different 
levels of bank contacts. In practice excellent re 
sults have been obtained by machining the hubs 
approximately to the desired thickness, welding 
the wiper blades thereto and then squeezing or 
compressing the hubs to exact thickness in a pow 
er press. 

Returning again to the square nut 20 which 
prevents axial movement of the rotatable portion 
of the wiper assembly, this is locked in position 
on the stationary shaft T by means of a flat 
spring member 34 mounted on the contact bank 
as shown in Figs. 3 and 6. A Suitable Square 
opening near the free end of the spring member 
normally fits over the nut 20 preventing rotation 
thereof; this also serves to assist in keeping the 
spindle 7 properly centered with respect to the 
contacts 3. A bent-over lug. 35 at the extreme 
end of the spring member is provided with an in 
dex line 36 which is adapted to register with 
numbered markings on the drum 27 in order to 
facilitate determining the rotary position occupied 
by the wipers at any time. Application of finger 
pressure to a second lug 37 on the Spring member 
will deflect same as shown by dotted lines in 
Fig. 6, permitting the entire wiper assembly to 
be drawn away from the frame and the associated 
contact bank if nut 9 is loosened slightly. 
An alternative mode of construction is shown 

in Fig. 6A. According to this, no nut is provided 
on the end of spindle 7 to prevent axial move 
ment of the hollow shaft 22. Instead, Spring 
34' is provided with a bushing 20' which it is 
tensioned to press against the end of the hollow 
shaft to prevent end Wise displacement thereof. 
As indicated, there is a circular recess in the 
bushing which is adapted to receive the end of 
spindle 7 and maintain same centered with re 
spect to the bank contacts. The spring 34' may 
be deflected in the same Way as that in Fig. 6, 
to free the end of the wiper assembly. 
The wipers are moved in steps under control 

of an electromagnet 4 which is rigidly secured 
to the switch frame by means of a screw 42. As 
best seen in Fig. 3, a portion of the frame is bent 
over to form an L-shaped heel piece for this 
magnet. Asociated with the magnet is pivotal 
magnetic armature 43 which is supported on the 
frame by means of a non-magnetic yoke 44 and 
a bearing pin 45, Said yoke being rigidly secured 
to the heel piece by means of two screws as shown. 
The armature is provided with an elongated lever 
arm 46 having at its extreme end a toothed por 
tion 4 adapted to mesh with the teeth on wheel 
23. 
A heavy compression spring 5, the two ends 

of which are coiled about a pair of flanged center 
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ing studs 52 and 53, urges the lever arm toward 
wheel 23. The stud 52 is provided with a threaded 
Shank which screws into a tapped hole in an arm 
54 on the switch frame; this permits the stud 
to be advanced or retracted to change the Spring 
tension on 'm 46, it being understood that un 
intended changes in Such spring tension are 
prevented by means of a lock-nut 55 which is 
tightened down after the tension has been 
properly adjusted. 

Pivotally mounted on the lever arm 46 at a 
point 56 is a pawl 5 which is urged toward the 
toothed wheel 23 by a light coiled spring 58. When 
the electromagnet 4 is energized, it attracts 
armature 43 against the tension of spring 5, 
causing the pawl tip to move over one tooth of 
Wheel 23 and lodge in the next notch, while at 
the same time the toothed portion 47 of the lever 
arm moves away from wheel 23. A flat spring 
59 Secured to the contact bank prevents retrograde 
movement of the wiper assembly during this 
operation. Upon the subsequent de-energization 
of the electromagnet, spring 5 quickly restores 
lever arm 46 to normal causing pawl 57 to advance 
the toothed wheel and the associated wipers to 
ward their next contact position. As the rotary 
member reaches said next position, the toothed 
portion of the lever arm once more meshes with 
the teeth of wheel 23 so that the wipers (which 
now are moving very rapidly) will not be carried 
beyond that position due to acquired momentum. 
The manner in which the toothed portion of 

the lever arm re-engages the toothed wheel is 
illustrated quite clearly in Figs. 7, 7A and B, 
Which Show these elements in three successive 
positions near the end of the lever arm's return 
stroke. A particular tooth on each element is 
identified by a dot in all three figures, making 
it easy to understand the relative movement of 
the two elements. In Fig. 7, the toothed por 
tion 4 is just outside the path of the teeth on 
Wheel 23 and both are moving in the direction 
indicated by their respective arrows. Fig. 7A 
shows how the two sets of teeth clear one another 
as they begin to mesh, while Fig. 7B illustrates 
their final position, wherein rotation of wheel 
23 is halted by the toothed portion of the lever 
3. 

It will be realized that the pull of the electro 
magnet 4 upon its armature 43 is not constant 
throughout the movement of the armature to 
Ward the core of the electromagnet. Instead as 
the armature approaches the core, the attractive 
force between the two increases at an accelerated 

5 rate, the change in this force bearing a non 
linear or exponential relationship to the space 
displacement of the armature from its starting 
position. To take the fullest advantage of the 
increased pull which thus occurs as the armature 
nears the end of its stroke, spring 5 is specially 
designed to have a non-linear force/displacement 
characteristic approximating the force/displace 
ment characteristic of the electromagnet and 
its associated armature, whereby a greater 
amount of energy is stored in the spring for a 
given final displacement of the armature than 
otherwise would be the case. As a result, an in 
creased amount of energy is available to drive 
the wipers upon deenergization of the electro 
magnet, and in practice this has been found to 
contribute very materially to the speed at which 
the wipers are stepped. 
A pair of divergent brushes 60 is provided for 

each pair of wiper blades. These are mounted 
on the contact bank as shown in Figs. 1 and 3 
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and make electrical contact with their associated 
wipers in all positions thereof, engaging same 
as shown in Fig. 5. The armature 43 is pro 
vided with a second lever arm 6 which operates 
a set of auxiliary contacts 62. In the drawings, 
this contact set is illustrated as a single pair of 
contacts which are separated upon the energiza 
tion of the electromagnet, but it will be appre 
ciated that any desired other set of contacts 
might be employed. A second auxiliary set of 
contacts 63 are mounted on the contact bank 
by means of a detachable mounting plate 64; 
these are operated by a pair of pins 5 rigidly 
affixed to the drum 27 at two diametrically oppo 
site points thereon. Preferably, pins 65 are So 
located as to operate the associated contact set 
when the wipers occupy their home position, as 
shown in Fig. 3. 

Having described the invention, what we be 
lieve to be new and desire to protect by Letters 
Patent is set forth in the following claims. 
What is claimed is: 
1. In a rotary switch, a hollow wiper-carrying 

shaft rotatably supported upon an elongated 
spindle, means supporting one end of said spindle, 
and a flat spring having an opening which fits 
over the other end of said spindle so that said 
spring presses against said hollow shaft to pre 
vent axial novement thereof, said spring being 
the sole support of said other end of said spindle 
and being yieldable axially thereof to free said 
other end thereof. 

2. In a rotary switch, a hollow wiper-carrying 
shaft rotatably supported upon an elongated 
spindle, means supporting one end of said spindle, 
means including a member screwed on the other 
end of said spindle for preventing axial move 
ment of said hollow shaft on said spindle, and 
an element being the sole support of said other 
end of said spindle and locking said member in 
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place thereon, said element yieldable axially of 
said spindle to unlock said member. 

3. In a rotary switch, a rotatable wiper-carry 
ing shaft, means at each end of said shaft for 
supporting same, the sole Supporting means at 
one end of said shaft comprising a flat spring 
member normally disposed in a plane perpen 
dicular to the axis of said shaft and yieldable 
axially of said shaft to free said one end thereof, 
an index mark on said spring member, a drum 
connected to said shaft and rotated thereby, 
said drum having different markings adapted to 
register with said index mark in different angul 
lar positions of said shaft. 

4. A rotary switch as claimed in claim 3 includ 
ing a pair of projecting members rigidly affixed 
to said drum at two diametrically opposite points 
thereon, and auxiliary contacts associated with 
said switch and actuated by one of said pair of 
said projecting members when said shaft has 
assumed a certain first angular position, said 
contacts actuated by the other projecting mem 
ber of said pair when said shaft has assumed a 
certain second angular position. 

KENNETH. W. GRAYB. 
HANS SENGEBUSCH. 
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