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My invention relates, generally, to magnetic 
control Systems and it has particular relation to . 
such systems in which the control is effected by 
variation in air gap length. My invention, as 
disclosed herein, is an improvement over the 
invention disclosed in my copending application 
Serial No. 691,357, filed August 17, 1946, and 
assigned to the assignee of this application. 
As disclosed in my copending application I 

provide for varying the length of an air gap in a 
magnetic circuit in such manner that the length 
of the air gap is uniform over the entire area of 
the juxtaposed surfaces which constitute the 
boundaries of the air gap. This is accomplished 
by shaping the juxtaposed surfaces so that, as 
they are rotated relative to each other this 
relationship is maintained. The particular 
shape of Surface which provides this relationship 
is an involute of a base circle. Where solids are 
involved the surfaces are involute surfaces of a 
base cylinder whose longitudinal axis coincides 
with the axis of relative rotation of the inenbers, 
Among the objects of my invention, as dis 

closed herein, are: To provide a magnetic circuit, 
having a plurality of air gaps whose lengths are 
varied uniformly and the magnetic circuit nakes 
optimum use of the materiai of which the same 
is constituted; to employ a rotor having an in 
volute surface for uniformly and simultaneously 
varying the length of three air gaps in the mag 
netic circuit; to employ a three legged magnetic 
core for the magnetic circuit with the rotor co 
operating with each leg; to provide a winding 
on the middle leg the magnetic flux through 
which is varied on movement of the rotor; and 
to construct the middle leg so that its cross sec 
tional area equalis the sum of the cross sectional 
areas of the end legs. 
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Other objects of my invention will, in part, be 
obvious and in part appear hereinafter. 
My invention is disclosed in the embodiment, 

thereof shown in the accompanying drawing and 
it comprises the features of construction, com 
bination of elements and arrangement of parts 
which will be exemplified in the construction 
hereinafter set forth and the scope of the appli 
cation of which will be indicated in the appended 
claims. 

For a more complete understanding of the 
nature and scope of my invention reference may 
be had to the following detailed description, taken 
together with the accompanying drawing in 
which: 

Figure 1 is a view, in side elevation, of a mag 
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netic control device constructed in accordance 
with my invention; 

Figure 2 is a detail sectional view, at an en 
larged Scale, taken along the line 2-2 of Figure 
i; and 
Figure 3 illustrates diagrammatically how the 

magnetic control device shown in Figure i can 
be employed for varying the current flow in an 
arc weiding circuit. 

Referring now particularly to Figure 1 of the 
drawing, it will be observed that the reference 
character 10 designates, generally, a magnetic 
Core structure that is formined of laminated trans. 
former steel. The core structure e includes a 
Stator which is indicated, generally, at . The 
stator f comprises a middle leg 2 and end legs 
AS and 4. In order to work the material con 
stituting the stator at the highest efficiency 
the cross sectional area of the middle leg 2 is 
equal. to the sum of the cross sectional areas of 
the end legs í3 and | *. This arrangement is 
provided since the flux flowing through the mid 
die leg 2 is divided equally between the end legs 
3 and 6. As shown, the middle leg 2 and the 
end legs 3 and 4 are joined by a common 
menber f' in accordance with conventional 
practice. 
With a view to varying the magnetic flux in 

the core structure a rotor 5 is employed which 
has an involute surface 6 whose base cylinder 
is indicated at 7 in Figure 3. In my copending 
application above referred to, the mannel in 
which the involute surface i6 is generated is 
described in more detail. Accordingly, the same 
is omitted here. 

It will be noted in Figure i that the ends of the 
legs 2, 3 and 4 have surfaces 8, 9 and 2G, 
respectively, which are juxtaposed to the surface 
6 and are similarly shaped so that the air gaps 
2, 22 and 23 therebetween can be varied simul 
taneously and uniformly as the rotor 5 is rocked 
about the longitudinal axis of the base cylinder 

f in a manner to be described presently. As the 
rotor 5 is rotated clockwise from its position 
shown in Figure 3 toward the position shown in 
Figure 1 and beyond, the length of each of the 
air gaps 2, 22 and 23 is increased simultaneously, 
unifornly and equally. That is, since the rotor 
5 has an involute surface 6 and the juxtaposed 

surfaces 8, 9 and 20 of the legs 2, 3 and f4 
conform thereto, for any position of the rotor 5. 
the length of each of the air gaps 2, 22 and 23 
will be uniform and equal over the entire area of 
the surfaces 8, 9 and 20. Therefore, there is 
no concentration of flux or a shifting of flux 
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on surfaces f, 9 and 20 as the rotor 5 is swung 
away from the position shown in Figure 3 but 
rather there is a uniform variation in the amount 
of magnetic flux in the core structure 0, the 
extent of the variation depending of course upon 
how far the rotor 5 is moved away from the 
position showri in Figure 3. 
A winding, shown generally at 24, may be 

mounted on the core structure 0 and around 
the middle leg 2. As will appear hereinafter 
the winding 24 is arranged to be energized from 
a suitable source of alternating current and it 
is connected to function as a variable inductor 
as a result of shifting of the position of the rotor 

5. 
Any suitable means can be employed for rock 

ably mounting the rotor 5. As shown in Figure 
2 the rotor is can be mounted on a shaft 25 and 
secured thereto against rotation by a key 26. The 
ends of the shaft 25 extend through plates 27 
and 28 of non-magnetic material which may be 
secured to opposite sides of the core structure 
fo by through bolts 29. Spacer rings 30 and 3 
serve to space the rotor 5 from the plates 27 
and 28 in which the shaft 25 is journaled. 
The rotor 5 can be controlled from a remote 

point or it can be rotated directly by a hand 
wheel 32 which is slidable on the outer end of 
the shaft 25 but is prevented from relative rota 
tion therewith by a key 33. 

It is desirable to lock the rotor 5 in any posi 
tion to which it may be adjusted in order to 
prevent its being shifted as a result of the ro 
tational force exerted thereon by the magnetic 
flux in the core structure O. For this purpose 
the Outer end 34 of the shaft 25 may be threaded 
for receiving a nut 35 which has an arm or handle 
36 to facilitate its rotation. Between the nut 35 
and the hub of the hand wheel 32 is a washer 
3. The washer 37 has a finger 38 which enters 
a slot 39 in the Outer end 34 of the shaft 25 to 
prevent relative rotation. When the nut 35 is 
tightened against the washer 37, it forces the hub 
40 of the hand wheel 32 against the adjacent 
face of the plate 27. The gripping action exerted 
therebetween is sufficient to prevent rotation of 
the rotor 5 until the nut 35 is backed of on the 
shaft 25. 

Referring now particularly to the diagram 
matic representation in Figure 3 it will be ob 
served that the winding 24 comprises winding 
sections 42 and 43. These sections 42 and 43 
have different numbers of turns in order to 
provide different current ranges when the device 
is employed for varying current flow in a cir 
cuit, such as a welding circuit. For illustrative 
purposes it is pointed out that the winding sec 
tion 42 may comprise twenty-three turns while 
the winding section 43 may comprise seven turns. 
With the section 42 only connected in a load 
circuit, the current flow therethrough can be 
varied from 200 amperes when the rotor 15 oc 
cupies the position where the air gaps 2, 22 
and 23 are of maximum length to about 75 
amperes when it is rotated to a position providing 
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minimum air gap length in the core structure 
0 as shown in Figure 3. Similarly when the 

winding sections 42 and 43 are connected in se 
ries in the load circuit and the rotor 5 is moved 
in a similar fashion the current can be varied 
from a maximum of about 100 amperes to a 
minimum of about 20 amperes. 
stood that these values are merely indicative of 
what can be accomplished in practicing my in 

It will be under 
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A 
vention and are not to be considered as limiting 
its application in any Way. 
In order to facilitate making electrical con 

nections to the winding sections 42 and 3 certain 
of their end turns are brought out to SOckets 45 
and 4 as shown. 

It will be noted in Figure 3 that the load circuit 
may be a welding circuit which is indicated, gen 
erally, at 48 of the arc welding type. The weld 
ing circuit 48 may be energized from a source 49 
of alternating current, such as a 60 cycle Source. 
The source 49 may be connected to energize a 
primary winding 59 of a transformer, shown gen 
erally at 5, having a secondary winding 52 
which energizes the welding circuit 48, through 
winding 42 or through windings 42 and 43 in 
series. 
One terminal of the secondary winding 52 

may be connected by a conductor 53 to one 
terminal of the winding 42. A plug 5 may be 
employed for insertion in the socket 45 or 47 
and it may be connected to a conductor 58 which 
extends to a welding electrode 59. An arc 60 
can be maintained between the Welding electrode 
59 and work 5 on which the welding operation 
is to be performed. The work 6 may be con 
nected by a conductor 62 to the other terminal of 
the secondary winding 52. It will be understood 
that the current flowing in the welding circuit 
48 can be varied by shifting the position of the 
rotor 5 with respect to the stator f. w 
When it is desired to use the winding section 

42 only, and the higher current range for the 
same, the plug 57 is inserted in the socket 45. 
The current flowing in the welding circuit 48 
then can be varied by rocking the rotor 5 as 
described. For the lower current range the plug 
5 is withdrawn from the socket 5 and inserted 
in the socket 4. This connects the winding sec 
tions 42 and 43 in series with the welding circuit 
8. 
With a view to indicating the current flow 

which is available for any given setting of the 
rotor 5, scales 63 and 64 may be provided for 
cooperation with pointers 66 and 67 that may be 
carried by an arm 89 which rotates with the 
rotor 5. When the Winding section 42 is con 
nected in the welding circuit 48, the scale 63 
may be read while the scale 64 may be read when 
the winding sections 42 and 43 are connected in 
series in the welding circuit 48. Obviously a 
single scale can be employed with a suitable 
multiplying factor or other well known means 
can be employed for indicating the current flow 
for any position of the rotor 5 and any arrange 
ment of the winding sections 42 and 43. 
Since certain further changes can be made in 

the foregoing construction and different embodi 
ments of the invention can be made without 
departing from the spirit and scope thereof, it 
is intended that all matter shown in the ac 
companying drawing and described hereinbefore 
shall be interpreted as illustrative and not in a 
limiting sense. 

I claim as my invention: 
1. In combination, a magnetic core structure 

Comprising a central leg and end legs on op 
posite sides thereof, and a relatively rotatable 
member for coacting with said legs to change 
the lengths of the air gaps therebetween, the sur 
face of said member constituting one terminus . 
of each air gap being an involute of a base cyl 
inder whose longitudinal axis coincides with the 
axis of relative rotation of said legs and mem 
ber and the surface of each leg constituting the 
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other terminus of each air gap substantially 
coinciding with the juxtaposed surface of said 
member whereby on relative rotation of said legs 
and said member the length of each air gap is 
uniform and equal over the area of the juxtaposed 
surfaces at any relative position of said legs and 
member; and an electrically energizable winding 
on said core structure. 

2. The invention, as set forth in claim 1, 
wherein the legs constitute a generally rectangu 
lar core structure with the central leg having 
a cross sectional area. Substantially equal to the 
sum of the cross sectional areas of said end legs. 

3. The invention, as set forth in claim 2, 
wherein the winding is located on the central leg. 

4. The invention, as set forth in claim 3, where 
in the legs are stationary and the member is 
rotatable, 

5. The invention, as set forth in claim 4, where 
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in locking means cooperate with the member to 
hold the same in any operative position. 

6. The invention, as set forth in claim 2, where 
in windings are located on more than one leg. 

ALBERT M. CANDY. 
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