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This invention relates to solenoids and more 
particularly to improvements in solenoids which 
include `a movable core or plunger as'part of 
their mechanism. , 

Solenoids with movable cores designed to actu 
ate other mechanisms by a change ofcurrent in 
their windings, possess many advantageous char 
acteristics, such as high operating eiiìciency, 
small space required, and quick action. Conse 
quently, they have been employed inl many 'maf 
chines in a variety of designs, 
The solenoid described hereinafter includes >a 

casing which encloses all the moving parts, a fully ' 
protected winding. and a plunger which has 
many unique features. » . 

The principal object of this invention is to 
` provide a solenoid with a plunger which will not 

55 

bind in its casing. ~ 
Another object of the invention is to provide 

a solenoid with a magnetic circuit of high eili 
ciency. 
A further object is to provide a protective cov 

ering for a solenoid to exclude dust and moisture 
from the internal moving parts. 
Another object is to provide a casing from 

which the‘plunger of the solenoid may be re 
moved easily and quickly for inspection. 
A still further object is to provide a casing 

which is cheap to manufacture and easy to as 
semble. 
Other objects and structural details of the in- l 

vention will be apparent from the following de 
scription when read in connection with the ac 
companying drawing, wherein: ‘ 

Fig.` 1 is a central section view of the entire 
) assembly; 

Fig. 2 is a section taken along line 2-2 of 
Fig. 1; 

Fig.‘3 is a plan view of the insulating end disc 
which holds the electrical wiring in place; 

Fig. 4 is a plan view of the slotted washer of 
insulating material which holds tls terminal 
Wires; 

Fig. 5 is a plan view of a slotted phosphor 
) bronze washer for supporting the winding; 

Fig. 6 is a bottom view of the plunger showing 
the eddy current slots. 
Although the solenoid is not necessarily in a 

vertical position when in use, it is always in 
clined enough to allow the plunger to be drawn 
back to its normal position by gravity. In this 
description the solenoid will be considered as 
standing in. a vertical position (Fig. l) and the 
upper portion will be called the top, while the 
lower portion will be called the bottom. 

(Cl. 175--341) 
The fundamental principle underlying the op-l 

eration of power solenoids is, that the production 
of motion is accomplished when and only when 
such motion reduces the reluctance of the en 
tire magnetic circuit. The total reluctance of any 
magnetic ciruit is equal to the combined reluc- ‘ 
tances of the separate parts, and if these parts 
are connected in series, then the total reluctance 
is equivalent to the algebraic sum of the parts. 
Since the magnetic ilux must enter a free plunger 
or armature at one point and leave it at another, 
there are always two air gaps in the magnetic 
circuit when the plunger is inv its position corre 
sponding to a value of current equal to zero. 
When the solenoid current is caused to flow, the 
plunger or armature moves in a direction tending 
to shorten one or both air gaps and hence reduce 
the reluctance in the magnetic circuit. The pres 
end invention employs a design in which only one 
air gap is reduced, the other remaining constant. 
Hereinafter, the two air gaps will be designated 
as “variable” and “constant,” it being under 
stood that the variable air gap produces the 
power necessary for motion and the constant air 
gap produces no power at all. 
The outside casing of the solenoid consists of 

a soft iron tube I0, which isturned in at the 
bottom to form an annular shoulder II , thereby 
forming a hole I2 in the bottom of the casing, 
large enough for the passage of an iron plunger 

will be explained later. l 
A seco-nd metal tube I5 also madeffrom soit 

iron is inserted into the metal tube I0 as shown 
in Fig'. l and retained in that position by the` 
shoulder II and by virtue of a slit (not shown) 
in the tube I5, which permits it to act as an eX~ 
pansion ring. The metal tube I5 also acts as 

_ a support for a phosphor bronze washer I9 (Fig. 
5) and an insulating disc I6 which forms part of A 
the coil assembly. r , 

Inside the metal tube I5 is placed another 
tube I8 of phenol resin as shown (Fig. 1). This 
tube provides a low> friction surface for the bot 
tcm shoulder of the plunger to slide on and fur- ‘l 
ther helps to deñnitely determine the equivalent 
airv gap in this portion of the magnetic circuit. 
The solenoid winding Il is wound upon a tube 

20 made of phenol resin and is supported at 

ITI 

20 

SEI) 
. I3 together-with its bottom flange member I4, as . 

each end by insulator discs I6 and 2|. ‘The winfi- . 
ing is protected on the outside by the iron cas 
Aing I0. The upper insulator disc 2l contains two' 
notches 22 and 23 (Fig, 3), said notches being 
provided to permit the passage of the two ends 
of the solenoid winding, 24 and 25 (Fig. 2) 
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through the disc 2| to their respective connec 
tions. A guide ring 26. composed of insulation 
material (Fig. 4) containing a slot 21 is placed 
on the disc 2I so that the notch 23 of disc 2I 
is in line with the slot 2l. This arrangement 
permits a wire to pass through the notch and slot 
as shown in Fig. 2. 
The ends 24 and 25 (Fig. 2) of the solenoid 

winding Il are soldered to Wires 30 and 3l, 
which wires in turn are Wound around the ring 2B 
one-half of a turn and then passed through holes 
in a cap member 34. The insulation of the wires 
is slightly thicker than the ring 23 so that when 
the wires are placed in position, they protrude 
over the top of the ring. A shoulder 35 is 
formed in the top of casing lll on which shoulder, 
cap 34 is positioned. The upper edge of cap 34 
is chamfered to permit the edge of casing Ill to 
be turned over the ehamfer and thereby per 
manently fasten the cap together with the sole» 
noid winding Il, in place. When the easing I0 
is crimped over the edge of the cap 34, said cap 
will be forced down until it engages shoulder 35. 
Since the insulation of the wires 30 and 3l is 
slightly thicker than the ring 26, the Wires are 
consequently compressed by the cap 34 and tight 
ly held in place. This prevents any movement 
of the wires at their soldered joints, thereby pro 
tecting them from breaking. 
Secured to the cap 34 is a nipple 36 which is 

provided with a concentric hole 31, used as a 
guide for a. non-magnetic rod 38 that may be 
fastened to the plunger of the solenoid or en 
gaged by it. The nipple 36 is further provided 
with a bottom extension piece 40 which fits ln 
side the insulator tube .20 and is partly sup 
ported therein. The nipple 36 is secured to the 
cap 34 by bolts or rivets or the two may be in 
tegrally cut from the same piece. A thread 4I is 
cut on the nipple 36 as indicated to aid in secur 
ing any mechanism which may be used to trans 
mit the actuated plunger impulse. ' i 

The plunger I3 oi' the solenoid rides inside of 
the tube 2U, said tube acting as a bearing for the 
plunger. In order to eliminate any binding ac 
tion which might occur due to misalignment, a 
shoulder 42 is provided at the upper end of the 
plunger I3, the diameter of said shoulder being 
slightly smaller than the diameter of the insu 
lator tube 20. The diameter of the remaining 
cylindrical portion is slightly less than the diam 
eter of the shoulder so that the only point of 
contact between lthe cylinder 20 and plunger I3 
is the shoulder 42. 
At the bottom of the plunger I3, the flange 

member I4 is attached by any of the well known 
methods or the entire plunger and bottom flange 
may be turned from a solid piece of metal. The 
diameter of the ñange is slightly less than the 
inside diameter of the phenol resin tube I8 in 
order to provide freedom of motion throughout 
the length of said tube without permitting any 
serious change in “air gap” length. 
The space between the flange I4 and the in 

side iron tube I5 is termed “air gap” even though 
the space is filled almost entirely with phenol 
resin. Such parlance is common among those 
skilled in the art and is justified because the mag 
netic permeability of the phenol resin is the same 
as that of air. The “air-gap” in this face may 
vary depending upon other design factors and 
magnetic characteristics of the iron used. In 
any event the reluctance of this constant air gap 
may be made quite small in comparison to the 
variable air gap, because the area is so large. 

‘ Winding I1. 
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'I'he area extends around the periphery of the 
flange and is further enlarged by adding an ex 
tension 43 to the upper edge of the flange as 
shown. 
A soft rubber washer 44 is placed on the cylin 

drlcal portion oi' the plunger I3, next to the 
flange I4 to act as a resilient shock absorber at 
the end of the- plunger stroke. Another soft rub 
ber washer 45 is placed inside the casing next 
to the shoulder Il and forms a cushion for the 
plunger to fall upon when it returns under the 
force of gravity, after the magnet has been de 
energized. This rubber washer 45 also forms a 
convenient means for holding the plunger with 
in the casing when in use or for removing it for 
inspection. Removal is accomplished by dis 
torting the washer so that it may be taken out 
through the hole I2 after which the plunger 
slides out Without further obstruction. 
When the coil is energized, a strong magnetic 

ileld is set up in the soft iron components and 
in the two air gaps. The path of these magnetic 
lines is as follows: From the plunger I3 where the 
greatest field strength is maintained, through 
the variable air gap 46, to the nipple extension 
40, spreading out through the cap 34, down 
through the easing Il), into the tubing I5, across 
the constant air gap to the flange I4 and back 
to the plunger I3. Since a movement of the 
plunger I3 upward will shorten the variable air 
gap 46 and not change the constant air 
gap, the plunger will move up unless restrained 
by a force greater than that set up by the mag 
netic iield. Assuming that the plunger is not so 
restrained, it moves swiftly upward gaining in 
tractive force as the variable air gap is shortened 
until the rubber washer 44 strikes the phosphor 
bronze ring I9 and stops the plunger motion. 
The top surface of the plunger never reaches the 
bottom surface of nipple extension 40 because 
the parts are so proportioned that the washer 44 
stops the upward movement just short of con 
tact. 
Because freedom for motion must be provided 

between the flange and the tubular phenol guide, 
it follows that these parts may be eccentric by 
the necessary clearance and that the air gap at 
opposite ends of a diameter may vary by double 
the normal clearance distance. This tends to 
unbalanee the magnetic ñeld and the consequent 
radial or side-acting forces on the fiange. The 
construction is also vfor the purpose of keeping 
the clearance at a minimum in order to main 
tain a minimum unbalance of the radial forces 
and friction. 
The fact that the phenol tubing I8 constrains 

the flange I4 to a small lateral motion also keeps 
the main plunger I3 in line with the phenol tub 
ing 20 which forms the inside of the electrical 

The dimensions are such that the 
only contact the plunger I3 can make with the 
phenol tubing 2_0, is at the topmost portion 42, 
which by reason of its larger diameter, holds the 
remaining portion of the plunger clear. 
The net result of this form of structure is a 

continuously aligned plunger with a constant 
low reluctance air gap at the flanged portion, and 
negligible friction due to lateral attraction. 
While I have described what I consider to be 

a highly desirable embodiment of my invention, 
it is obvious that many changes in form could 
be made without departing from the spirit of 
my invention, and I, therefore, do not limit my 
self to the exact form herein shown and de 
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my inventionv as hereinbefore set forth, and as 
hereinafter claimed. 
What I claim as new, and desire to secure by 

Letters Patent, is: ` 
1. In a solenoid having a tubular iron casing, 

a coil within said casing, an iron plunger axially 
movable partly within said coil and> partly with 
in said casing, iron flanges at each end of said 
plunger, the iiange within said coil being only 
slightly larger than the plunger, the iiange with 
in said casing being at least twice as large as 
the plunger, the periphery of each ñange formed 
with a cylindrical surface concentric with the 
plunger, tubes of non-magnetic material mounted 
Within the said coil and within the said iron cas 
ing, whereby the periphery of the larger flange 
is movable within said tubing along the axis 
thereof but is laterally constrained to less than 
ten per cent of the distance between said ñange 
and said tubular iron casing. 

2. In a solenoid having a tubular iron casing, 
a coil within said casing, a movable iron plunger 
within said coil of cylindrical form having ñanged 

3 
end portions, each having a diameter larger than 
the diameter of the middle portion thereof, two 
phenol resin tubular members, one positioned in 
side of said coil to slidably engage the smaller of 
said plunger flanges, the other positioned out 
side of said coil but inside of said casing to slid 
ably engage the larger of said plunger ñanges, 
the larger ñange being at least twice the diam 
eter of the smaller ilange. ' 

3. In a solenoid having an iron casing, a coil 
and a movable iron cylindrical plunger, an iron 
ilange formed on each end of said plunger, said 
flanges provided with coaxial cylindrical pe 
ripheries each having a diameter larger than the 
diameter of the middle portion of said plunger, 
one of said flanges being slidably mounted within 
said coil, the second iiange being slidably mount 
ed within a non-magnetic tube adjoining the 
said casing, the second of said flanges being at 
least twice the diameter of the smaller iiange and 
both flange portions forming series elements in 
the magnetic circuit of said solenoid. 

WALTER. F. KELLEY. 
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