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UNITED STATES PATENT OFFICE 
2,594,089 

SOLENOED WITH P LUNGER 

Edgar M. Soreng, Skokie, Hardin Y. Fisher, Hill 
side, and George D. Johnson, Bensenville, Ill., assignors to Soreng Manufacturing Corpora 
tion, Schiller Park, Ill., a corporation of Illinois 
Application May 29, 1950, Serial No. 164,982 

(Cl. 175-338) 3 Claims. 

This invention relates to alternating current 
Solenoids and has more particular reference to 
the elimination of noise in the operation of an 
A. C. Solenoid equipped with a plunger. 
An example of the type of Solenoid herein con 

cerned is shown in Patent No. 2,468,052, issued to 
Hardin Y. Fisher on April 26, 1949. In solenoids 
of this type the winding is surrounded by a sub 
Stantially C-shaped iron frame, the opening in 
which aligns with the interior of the winding; 
and the stem of a substantially T-shaped plunger 
passes through the frame opening and is received 
in the interior of the winding. When the sole 
noid is energized the stem of the plunger is 
drawn axially into the Winding and the head of 
the plunger, comprising the cross-bar of the T, 
bridges the poles at the end of the frame at op 
posite sides of the opening therein. 
When alternating current Solenoids of this 

type are used in circumstances requiring them to 
remain energized for appreciable periods of time, 
they very frequently produce a buzzing noise 
which is extremely annoying. We have learned 
that most of this noise results from the fact that 
the plunger head does not seat perfectly flatly 
against the end of the Solenoid frame, with the 
result that the alternate decrease and increase 
in flux intensity, that is, the Variation in mag 
netic attraction characteristic of A. C. Solenoids, 
tends to vibrate certain portions of the head 
against the end of the frame Which it engages. 

Unless the plunger head seats absolutely flat 
wise upon the end of the Solenoid frame, the 
inner surface of the head will abut the faces of 
the poles only at one or two high points, so that 
there is a tendency for the load connected with 
the plunger to act as a bias holding the re 
mainder of the inner surface of the head sepa 
rated from its opposing surface on the end of the 
frame. This bias is overcome by increased mag 
netic attraction at times when the alternating 
current reaches its maximum value, and the re 
mainder of the inner head Surface then rocks 
about these high spots and bangs or slaps into 
engagement with the pole face. The repetition 
of this banging or slapping results in the char 
acteristic buzzing sound to the elimination of 
which this invention is directed. 

Even when no positive outward bias force is 
imposed upon the plunger, the inherent resiliency 
of the plunger and frame parts may be respon 
sible for the vibration of the plunger head against 
the end of the solenoid frame in the energized 
condition of the plunger. It is also possible for 
buzzing to occur in a solenoid having perfectly 
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flat abutting surfaces on the frame and plunger 
if those surfaces are prevented from making ab 
Solutely flat contact with one another because of 
a slight tilt of the plunger. Such tilt may, of 
Course, result from any of several factors, such as 
a side component of the load force or a slightly 
misaligned plunger guide. 
While shading coils have long been used as an 

expedient to minimize the noise in question, they 
have not proven entirely effective because they 
cannot completely eliminate the variation in flux 
intensity consequent to energization of a sole 
noid by means of an alternating current. If any 
such variation exists, the possibility of buzzing 
will also exist so long as the plunger head makes 
Such contact with the poles in the energized po 
Sition. Of the plunger that portions of the head 
may be repeatedly withdrawn from contact with 
the frame and abruptly and forcibly reengaged 
therewith in response to the varying forces of 
bias and magnetic flux. Needless to say, the at 
tainment of absolutely flat Surfaces on the frame 
and plunger would be prohibitively expensive in 
the manufacture of A. C. Solenoids for most prac 
tical purposes. 
The principal object of this invention resides, 

therefore, in the provision of an alternating cur 
rent Solenoid wherein the noise" which has here 
tofore usually attended energization of the sole 
noid is greatly reduced or even eliminated by 
virtue of a simple and inexpensive improvement 
in the configuration of the abutting frame and 
plungerfaces. 
More specifically, it is an object of this inven 

tion to provide an alternating current solenoid 
of the type having a Substantially T-shaped 
plunger in which certain of the cooperating op 
posite poles on the plunger and frame are pro 
vided With means defining tripodal projections, 
one at one side of the plunger axis and two at 
the other side of the plunger axis, to aSSure a 
firm engagement between the plunger head and 
the adjacent end of the solenoid frame despite 
irregularities in the opposing surfaces of the poles 
on the plunger and frame. 
With the above and other objects in view, which 

will appear as the description proceeds, this in 
vention resides in the novel structure and ap 
paratus susbtantially as hereinafter described, 
and more particularly defined by the appended 
claims, it being understood that such changes in 
the precise embodiments of the hereindisclosed 
invention may be made as come Within the Scope 
of the claims. 
The accompanying drawings illustrate three 
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complete examples of the physical embodiments 
of the invention constructed in accordance with 
the best modes so far devised for the practical ap 
plication of the principles thereof, and in which: 

Figure 1 is a side elevational view of a Solenoid 
embodying the principles of this invention, show 
ing the tripodal projections as formed on the 
underside of the plunger head; 

Figure 2 is an enlarged perspective view of a 
portion of the plunger looking at the inner side 
Of the head thereof; 

Figures 3 and 4 are enlarged views illustrating 
the tripodal engagement of the projections. On 
the plunger head with the adjacent end of the 
Solenoid frame; 

Figures 5 and 6 are views similar to Figures 3 
and 4 but illustrating an exaggerated condition 
of angularity between the Surfaces of the poles 
of the plunger and the Solenoid frane; 

Figure 7 is a croSS-Sectional view of the plung 
er per se taken along the line - of Figure 1 
and looking at the inner side of its head; 
Figure 8 is a side elevational view of one of the 

plunger lamina used in a modified embodiment of 
the invention; 

Figure 9 is an enlarged fragmentary perspec 
tive view of the plunger, looking at the inner side 
of its head, and illustrating the manner in which 
groups of laninae are assembled to form the 
plunger; 

Figure 10 is a view similar to Figure 3 but 
showing the projections at one side of the plung 
er stem formed on the frame laminae; and 

Figure 11 is a fragmentary perspective yiew 
of a solenoid frame made from laminae which 
produce the tripodal projections, with the iaininae 
grouped in assembled relationship. 

Referring now more particularly to the accom 
panying drawings, in which like numerals desig 
nate like parts throughout the several views, the 
numeral 5 generally indicates a solenoid of the 
type forming the subject matter of Patent No. 
2,468,052, issued to Hardin Y. Fisher on April 26, 
1949. The solenoid comprises a substantially 
C-shaped magnetically permeable frame 6 sur 
rounding a coil 7 and having a substantially - 
shaped plunger 8. The opening 9 in one end of 
the framie accommodates the stem to of the 
plunger, and the inner portion of the stem, of 
course, projects into the hollow interior of the 
winding , being guided for axial reciprocatory 
motion by the usual guide 6. The frame and 
the plunger are both preferably of laminated 
construction, with the plane of the laminae ly 
ing CrOSSWise of the turns of the coil. 
The plunger 8 is made from a bank of iden 

tical T-shaped laminae formed to provide an 
enlarged head on the outer end of the plunger 
defining the cross-bar of the T. This head may 
be said to comprise wings f2 and 3 at opposite 
sides of the plunger stem axis, facing the poles 
14 and 5, respectively, which poles are provided 
by the end portions of the frame at opposite sides 
of the opening 9. 

Heretofore it has been the practice to provide 
the poles 4 and 5 of the frame with Substan 
tially flat surfaces lying in a common plane nor 
Imal to the axis of the plunger stem, and to like 
Wise provide the head with similar substan 
tially flat surfaces at its inner side, also lying in 
a common plane normal to the axis of the plung 
er stem. When these surfaces of the frame and 
plunger poles are perfectly flat and lie in corn 
mon planes, and when the guide 6 for the 
plunger stem holds the plunger so that its axis 
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is exactly normal to the pole Surfaces of the 
frame, the ideal condition of flat surface-to 
Surface engagement between the frame and 
plunger poles is possible. However, in practice 
it is next to impossible to provide perfectly flat 
and uniplanar pole Surfaces on both the Solenoid 
frame and the inner side of the head of the plung 
er. The possibility of other than flatWise engage 
ment between the frame and plunger poles may 
also arise from variations in the position of the 
guide which slidingly receives the plunger Stein 
and guides it for endwise reciprocatory notion 
in the plunger opening 9. 

If for any reason the inner side of the plunger 
head does not seat perfectly flat against the Sur 
faces of the poles adjacent the end of the Solenoid 
frame, the head is caused to vibrate rapidly 
against the frame in the energized condition of 
the solenoid and such vibration produces a loud 
and extremely annoying buzzing Sound with 
which persons skilled in the art are familiar. 
As explained hereinbefore, the vibration be 

tween portions of the plunger head which are not 
in good flatwise engagement with the opposed 
faces of the Solenoid frame results from the al 
ternate increase and decrease in magnetic at 
traction produced in an alternating current sole 
noid and from the tendency of either the load 
connected with the plunger to bias the same away 
from the frame or the inherent resiliency of the 
metal to Spring the head portions out of engage 
ninent With the adjacent frame portions during 
the instants of least magnetic attraction. 
According to the instant invention these loud 

buzzing noises in the energized condition of the 
Solenoid are greatly minimized and even elimi 
nated through the provision of means effecting a 
tripodal engagement between the opposite wings 
of the plunger head and the pole portions of the 
Solenoid frame adjacent thereto. In Figures 1-9 
inclusive these tripodal projections are shown as 
being formed on the inner Side of the head of the 
plunger, while in Figures 10 and 11 they are 
shown as being formed on the pole faces of the 
frame 6. 

In the embodiment of the invention shown 
in Figures 1-7, inclusive, tripodal projections 8, 
9 and 20 are formed on the inner side of the 
head of the plunger and project toward the 
adjacent poles of the frame to engage them in 
the Seated position of the plunger. All of the 
projections are substantially bar-like and extend 
lengthwise of the wings comprising the head of 
the plunger, parallel to One another and to the 

5 laminae fron which the plunger is formed. 
A single projection 8 extends from the inner 

side of one wing 2 of the plunger head and is 
confined to the central Zone of the wing 2, its 
thickness corresponding to approximately one 
third that of the head; while two bar-like pro 
jections 9 and 20 extend from the inner face 
of the opposite wing 3, being spaced from one 
another by a distance equal to the central zone 
Occupied by the projection f3, and each of the 

5 projections 9 and 20 likewise has a thickness 
equal to approximately one-third that of the 
head. All of the tripodal projections have flat 
faces opposing their cooperating poles 4 and 5 
on the frame. 

Stated in another manner, the tripodal projec 
tions 8, 9 and 20 may be considered as slight 
edgewise extensions of the plunger laminae pro 
jecting from the inner side of the head of the 
plunger, with the projection 8 comprising such 

5 extensions on a group of adjacent laminae at the 
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center of the stack and the projections 9 and 20 
each Comprising similar extensions on two other 
groupS Of adjacent laminae disposed at opposite 
sides of the first named group but with their ex 
tensions projecting from the other wing 3 of the 
plunger head. 
The bar-like projections 8, 9 and 20 may be 

formed on the inner side of the plunger head in 
any desired manner. One method of forming 
them is to assemble a bank of identical T-shaped 
laminae to form a plunger having flat substan 
tially co-planar surfaces at the inner side of its 
T-head, and then to deform the head in a coin 
ing operation in which side portions 2 of the 
inner face of wing 2 are depressed to leave the 
bar-like projection 8 between them, and a 
medial depression 22 is formed in the inner face 
of the opposite wing 3 to leave the spaced bar 
like projections 9 and 25 at opposite sides there 
of. Obviously, the faces of the tripodal projec 
tions 8, 9 and 20 preferably lie in a common 
plane normal to the axis of the plunger stem. 
In operation of the Solenoid, whenever the same 

is energized to draw the plunger stem into the 
frame 6 the tripodal projection 8 engages the 
opposite face t 4 of the frame pole while the pro-. 
jections 9 and 20 engage the face 5 which op 
poses them. The plunger head is thus caused to 
seat upon the three bars of the tripodal pro 
jections, as illustrated in Figures 3 and 4, if the 
faces of the frame poles f4 and 5 are substan 
tially flat and co-planar. 

However, these Surfaces of the frame poles 
are more frequently at an angle to One another 
and/or to the plunger axis, and sometimes are 
not even flat, but the tripodal projections on the 
undel'Side of the plunger head have the unique 
characteristic of enabling the plunger head to 
seat properly upon the surface of the frame poles 
despite irregularities in these surfaces. 
Such a non-coplanar condition of the frame 

pole faces is shown in exaggerated form in 
Figures 5 and 6 wherein, for illustration, the face 
of the frame pole 4 is shown flat and exactly 
normal to the axis of the plunger opening 9 while 
the face of the frame pole 5, while shown flat, 
is at a noticeable angle out of nornal to the 
axis of the plunger and consequently at an angle 
to the surface of the pole 4. 
When the T-head of a conventional plunger 

engages against Such angularly related Surfaces 
on the frame poles the solenoid will be excessively 
noisy in its energized - condition due to the in 
ability of the head to properly seat upon the 
frame poles. It is believed that the alternate 
increase and decrease in magnetic attraction 
which is characteristic of an alternating current 
Solenoid, and which is not entirely overcome by 
the effect of the shading coils, produces a rapid 
vibration of a portion of the head into and Out 
of contact with so much of the Surface of One 
of the frame poles as lies outside of the plane 
of the remaining surfaces of the poles. 
According to this invention, however, the tri 

podal projections, due to their ability to effect 
seating of both wings of the plunger head against 
the frame poles opposite thereto, largely mini 
mize and/or even eliminate such objectionable 
vibration of the plunger against the end of the 
frame. Though exaggerated for purposes of 
clarity, the condition shown in Figures 5 ald 6 
is believed to illustrate accurately the Seating 
effect achieved through the use of the tripodal 
projections of this invention. Referring to Fig 
ure 6 it will be seen that even though the face 
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6 
of the frame pole 5 is at an angle to the face 
of the opposite frame pole 4, the tripodal pro 
jections 9 and 26 will nevertheless seat then 
Selves against the pole f5 without So far cant 
ing the plunger sidewise as to carry the third 
projection 8 out of engagement with the other 
frame pole 4. It is understood, of course, that 
the plunger guide 6 does not embrace the 
plunger stem so closely as to preclude the slight 
tilting motion of the plunger necessary to effect 
seating of the plunger head in the Izhanner de 
Scribed. 
While the tripodal projections have been ill 

lustrated and described as being of bar-like COIl 
figuration, it should be understood that where 
conditions will permit they may also be formed 
as circular projections having either a flat or a 
convex face to achieve the best possible Seating 
action. For most purposes, however, it is desir 
able to provide for engagement of the projec 
tions with the frame poles Over as large a Sui 
face area, as possible, and the bar-like tripodal 
projections fit this requirement. 
The object of this invention, that of effecting 

firm seating of both wings of the T-shaped head 
of the plunger against the frame poles, may also 
be achieved by locating all of the tripodal pro 
jections on the frane poles, or even by locating 
only certain of them upon the frame and the 
remainder on the plunger. The former condi 
tion is shown in Figure 11, where the projection 
i8 is located on the upper frame pole i3 while 
the two remaining projections 9' and 21' are 
formed on the lower frame pole S. 

Instead of forming the bar-like tripodal pro 
jections on either the plunger head or the frame 
by means of a coining operation or its equivalent, 
it is possible to produce them by the use of a bank 
of identical plunger or frame laninae having 
a special shape. Figures 8 and 9 illustrate Such 
aminae and their grouping when the tripodal 
projections are to be located on the inner Side 
of the plunger 8. Referring to Figure 8, it will 
be seen that one wing 2 of the head of 
each plunger lamina has slightly less width, as 
measured parallel to the plunger axis, than the 
other Wing 3' of the lamina head. This diffel'- 
ence in Width corresponds to the extent, to which 
the projections will protrude from the inner side 
of the head and may be between .002' and .005'., 
Stated in another way, the inner edge of One Wing 
f3 is spaced inwardly of the inner edge of the 
other Wing i2', but is parallel thereto. 
The plunger in this case is adapted to be 

formed by a bank of Such laminae, all identical 
With one another but with a central group 25 
of laminae rotated 180° on the axis of their Stein 
portions to dispose the central group With itS 
Wing portions 2" of lesser width between the 
wider wings 3' of the other two groupS 26 of 
laminae, to thereby provide the Spaced projec 
tions 9' and 20' adjacent to the opposite faces 
of one of the wings of the plunger head. Such 
positioning of the central group of laininae will, 
of course, dispose the narrower wing portions ' 
of the outer group of aminae at each side of the 
wide wing portions 3' of the central group on 
the other wing of the plungei head thus to form 
the third projection f3' on the head. 

If desired, the tripodal projections may be pro 
vided on the frame poles, as indicated in Figures 
10 and 11, by constructing the frame 6 of iden 
tical lamina, stamped to have their legs at One 
side of the plunger opening slightly wider (as 

76 measured parallel to the axis of the opening) 
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than those at the opposite side of the Opening. 
In this case, also, the tripodal projections Will be 
formed by proper grouping of these identical 
anina, involving the reversal of the center group 
of the bank of laninae comprising the frame. 
From the foregoing description, together with 

the accompanying drawings, it will be apparent 
that this invention provides for a tripodal engage 
ment between the plunger and frame poles of an 
alternating current Solenoid whereby the plunger 
is rendered stable and substantially noiseless 
under all conditions; and that since the air gap 
on either side of the tripodal bars is very Small 
in the energized condition of the Solenoid, while 
the total area of this air gap is relatively large, 
reluctance is not appreciably increased by the 
structure of the invention, 
What We claim as our invention is: 
1. In a Solenoid of the type adapted to be ener 

gized by an alternating current: a laminated 
frame having at one end thereof a plunger open 
ing and a pair of poles at Opposite sides of the axis 
of Said opening in the direction of the frame 
laminae; a laminated plunger having a stem 
projecting into the frame through said opening 
and reciprocable endwise therein, the laminae of 
the plunger being parallel to the laminae of the 
frame; Wings on the Outer end of the plunger 
laminae providing an enlarged head on the 
plunger, the inner side of which provides a pair 
of poles each opposite and cooperable with one 
of the poles of the frame and movable toward 
engagement therewith upon travel of the plunger 
stem into the frame in consequence to energiza 
tion of the Solenoid; and means on certain of 
said poles defining tripodal projections, one at 
one of said sides of the axis of the plunger open 
ing and two at the other of said sides of said axis, 
each of said projections comprising extensions on 
a group of adjacent laminae projecting toward 
the pole opposite thereto and having a substan 
tially flat surface engageable therewith upon 
energization of the Solenoid. 

2. In a solenoid: a frame having at one end 
thereof a plunger opening and a pair of poles one 
at each side of the axis of said opening, said poles 
having Substantially flat faces normal to the axis 
of said opening; a laminated plunger having a 
stem portion projecting into the frame through 
Said opening and reciprocable endwise therein, 
and having an enlarged head on its Outer end, 
the inner Side of which head provides a pair of 
poles each opposite and cooperable with one of 
the poles of the frame, Said head being movable 
toward engagement With the poles of the frame, 
to bridge the same acroSS the opening in the 
frame, upon travel of the plunger stem into the 
frame in consequence to energization of the 
solenoid; and said plunger comprising a number 
of identical laminae, each comprising an elon 
gated Stem portion and a pair of head forming 
Wing portions at one end thereof, extending from 
opposite side edges of the stem portion, in the 
plane thereof, the inner edge of one of said wing 
portions being offset inwardly with respect to 
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8 
that of the other but parallel thereto, Said laminae 
being arranged in a central group having all of 
said one wing portions extending in one direction 
and a pair of Outer groups, one on each side of 
the inner group, having all of said one wing por 
tions extending in the opposite direction so as 
to provide bar-like tripodal projections on the 
inner side of the head, each of which projections 
is adapted to engage the pole opposite thereto 
upon energization of the solenoid. 

3. In a solenoid: a frame having at one end 
thereof a plunger opening and a pair of poles 
flanking said opening, Said poles having substan 
tially flat faces lying in a common plane normal. 
to the axis of Said plunger opening; and a T 
shaped plunger having itS Stem projecting into 
the frame through said opening and reciprocable 
endwise therein, the head of the T-shaped plunger 
providing a pair of poles each having its face 
opposite and cooperable with the face of one of 
the poles On the frame, said plunger head being 
movable toward engagement with the poles on 
the frame to place the head in bridging relation 
therewith across the opening in the frame upon 
travel of the plunger stem into the frame, said 
plunger comprising a plurality of similar T 
shaped laminae Securely held together in stacked 
relation, each lamina having a stem and a head 
projecting from opposite side edges of the stem 
in the plane thereof, the undersides of the heads 
of all of the laminae collectively defining the two 
pole faces of the plunger, the undersides of the 
heads of laminae adjacent to the opposite sides 
of the plunger and which define and which define 
part of one of the plunger pole faces and the 
undersides of the heads of a plurality of adjacent 
laminae intermediate the opposite sides of the 
plunger and which define part of the other 
plunger pole face lying in a common plane sub 
stantially normal to the axis of the plunger, and 
the undersides of the heads of the remaining 
laminae, which define the balance of both pole 
faces of the plunger lying inwardly of said plane 
So that the plunger poles together have three 
Separate contact areas simultaneously engageable 
With the pole faces of the frame, two of said con 
tact areas defining laterally spaced portions of 
One of the plunger pole faces and the third con 
tact area defining a medial portion of the other 
plunger pole face. 

EDGAR, MI. SORENG. 
HARDIN Y. FISHER 
GEORGE D. JOHNSON. 
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