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My present invention relates to low energy 

consumption electromagnetic operators, and par 
ticularly to those of thé iron-clad single-working 
gap type. - ? 

In my copending application, Serial No. 456,358, 5 
filed August 27, 1942, now. Patent No. 2,358,828, 
granted September 26, 1944, I have disclosed an 
electromagnetic operator, of the series working 
gap type, the energy consumption of which is 
very Small in comparison with that of electro- 10 
magnetic Operators of conventional form and 
capable of performing equivalent work; the in 
provement residing mainly in the provision of a 
Core having, at its ends, enlargements forming 
pole faces which are considerably greater in area, 15. 
than the cross-sectional area of the body of the 
core. The improved operation of that device is 
mainly due to the fact that, when the fluk density 
in the core (produced by a weak magnetizing 
force) is at a point considerably below the knee. 20 
of the magnetization curve. for the core material, 
the flux density in the large-area pole face is 
Substantially the same as that which could be 
produced by the weak magnetizing force if the 
cross-sectional area of the body of the core were 25 
not reduced; reduction of the body area, making 
possible the use of a coil winding of small mean 
turn diameter and correspondingly small electri 
cal resistance. It is a general object of the pres 
ent invention to apply similar principles to pro- 80 
vide a low energy-consumption electromagnetic 
operator of the single working-gap type. The 
device disclosed in the aforementioned copending 
application, while obviously not so limited, was 
designed for energization by a minute amount of 35 
electrical power, such as that available from a 
thermoelectric generating device heated by an 
ordinary small pilot-burner flame; the devices 
disclosed in the present application, however, are 
primarily intended for energization by a some- 40 
what greater amount of power, of the order of 5 
watts. 

i Arother object of this invention is the provi 
sion of an iron-clad electromagnetic operator 
wherein the working-gap, instead of being located 45 
in the interior of the device, is defined in part by 
an oute polition of the core; a more specific ob 
ject being the provision of an operator of that 
type which has an annular pole face formed by 
a flanged portion of its outer shell, 36 
Another object is the provision, in an electro 

magnetic. operator, of the general type described, 
of non-magnetic means for preventing direct en 
gagement of the armature with the pole face, and 
for sealing the interior of the electromagnet; the 55 

???? 

means also serving, as a support for the electro 
magnet. V- 

Another object is the provision of means for re 
ducing the reluctance of the fixed air-gap of an 
iron-clad electromagnetic operatox. 
Other objects and advantages of the invention 

Will be found in the description, the drawing, and 
in the claims; and for full understanding of the 
invention, reference may be had to the following 
detailed description and accompanying drawing, 
wherein: 

Figure i is a sectional view of an electromag 
netically operated fluid control valve embodying 
my invention; and 

Figures 2 and 3 are sectional views of modified 
forms of electromagnetic operators embodying 
the invention. 

Referring first to Fig. i. of the drawing, the 
numeral ºf indicates a valve casing having a par 
tition, 2, in an opening through which partition 
is, threaded a valve port and seat member 3. 

- Secured to the open top end of the valve casing 
is a cylindrical hour'ng 14, of non-magnetic ma 
terial, which supports an electromagnet compris 
ing a generally cup-shaped outer core portion 
and a cylindrical inner core portion 6 which is 
intimately attached, as by welding, to an iro. 
plate which covers a central opening in the end 
Wall of the oute core portion and is removably 
secured thereto by screws. Welded to the free, 
or bottom, end of the inner core portion f6 is a 
cup-shaped enlargement or head 8 of magnetic 
material; and surrounding the portion 6 is an 
energizing coil winding 9 having external leads 
2C. The opening in the outer core portion, cov 
ered by the plate , is of such size that the coil 
and inner core assembly can be withdrawn from 
the electromagnet for replacement by a similar 
unit. The open end of the cup-shaped outer core 
portion 6 is inwardly turned to form a flange 26, 
the underside of this fiange providing an annular 
pole face 22. The flange 2E is secured, as by 
welding, to the top, walls of the non-magnetic 
housing 4, which wall is of reduced thickness and 
has a central depression, formed by a cup-shaped 
portion 23, closely conforming to the entire oute' 
surface of the cup-shaped inner core head C. 
Slidable on this head, and magnetically separated 
therefrom by the portion 23, is a cup-shaped ar 
mature 24 having an annular flange 25 extending 
from its open end, which flange cooperates with 
the pole face 22 to define the single working-gap . 
26 of the electromagnet; the "fixed" air-gap being 

. formed by the side wall of the non-magnetic por 
tion 23, Attached to the end wall 27 of the arma 
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ture is a closure member 28 cooperable with the 
seat member 3; and interposed between the ar 
mature and the closure member is a flexible per 
forate diaphragm 29, of finely woven wire, which 
is secured at its margin between the valve casing 
and the housing 4. This diaphragm, while per 
mitting equalization of the fluid pressures on its 
Opposite sides, serves to prevent entrance of for 
eign matter, carried by the controlled fluid, to the 
sliding surface of the armature. 
The cup-shaped outer core portion 5 is con 

structed of material of such thickness that its 
effective cross-sectional area is substantially equal 
to that of the inner core portion 6; and the con 
siderable space provided between the coil winding 
9 and the side wall of the outer core portion 
minimizes flux leakage between these parts. The 
area of the annular pole face 22 is obviously many 
times that of the cross-section of the inner core 
portion B, so that the flux density in the work 
ing-gap 26 is very low; the relative proportions 
shown in Fig. 1 being. those preferred when the 
magnetizing force is of the order of that produced 
by a pilot-burner-heated thermoelectric device; 
it being borne in mind that, due to the relatively 
small diameter of the core portion 6, the mean 
turn diameter and electrical resistance of coil 9 
are correspondingly small. In modified forms of 
the electromagnet shown in Fig. 1, the ratio be 
tween the areas of the pole face and inner core 
Cross-sectien may be as low as 4:1 or 2:1 when 
the magnetizing force is relatively high, but still 
considerably below the knee of the magnetization 
curve for the particular material employed. By 
bending the flanges 2 and 25 so that they are at 
corresponding inclined angles, the area of the 
working-gap can be increased without increasing 
the external dimensions of the electromagnet; 
however, when the angle of inclination is large, 
the actual pull is not greatly increased, due to the 
unuseful transverse flux then produced in the gap. 
Due to the large area of the side surface of the 
inner core head 18, the flux density in the fixed 
air-gap between it and the armature is low, and 
the losses in this part of the magnetic circuit thus 
minimized. It will be observed that when the 
armature 24 is in attracted position with its flange 
2S separated from the pole face 22 only by the 
non-magnetic top wall of housing 4, there is a 
considerable space between the end wall 27 of the 
armature and that of the head 8 so that that 
space therefore does not constitute a working 
gap, and the end wall of the armature could be 
eliminated without materially affecting the Oper 
ation of the electromagnet; however, the i con 
struction shown is preferred since it affords con 
vendent means for connecting the armature to the 
device to be operated, and also aids to some degree 
in conduction of the flux. The "draw-formed' 
portion of housing 4 serves not only as a mag 
netic separator between the Working-gap flanges 
2 and 25 and between the armature and the in 
ner core head, but also as a fluid seal for the elec 
tromagnet when it is employed in a valve struct 

Referring now to the modified form of electro 
magnetic operator shown in Fig. 2, the numerals 

and 32 indicate a pair of cup-shaped core por 
tions which are intimately joined together by 
tightly lapping the mouth of one over that of the 
other, screws 38 serving to secure the junction. 
Attached, as by welding, to the end wall of the 
upper core portion 3 is a cylindrical inner core 
portion 34 having at its free end a cylindrical stop 
or head - 35, of the same material as the core por 
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tion, the underside 36 of which forms the pole 
face of the electromagnet. Welded in a central 
opening through the end wall of the lower cup 
shaped portion 32, and so arranged that it ex 
tends to a considerable distance from either side 
of the Wall, is a sleeve 37 of magnetic material. 
A press-fit within this sleeve is another sleeve 38, 
of thin non-magnetic material, having at its inner 
or upper end, immediately above the correspond 
ing end of the outer sleeve, a flange 39. A slid 
ing fit within the inner sleeve is a magnetic 
plunger 40, the outer end of which is adapted to 
be connected to a device to be operated, The 
plunger has at 'its upper end a cylindrical head 
4, also of magnetic material, the top surface of 
which defines with the pole face 36 the working 
gap of the electromagnet. Direct engagement of 
the heads 35 and 4, when the electromagnet is 
energized, is prevented by a non-magnetic button 
42 set in the lower head; and, when the plunger 
is in its unattracted position as shown, the under 
side of its head is separated from the magnetic 
sleeve 37 by the non-magnetic flange 39. The 
adjacent surface areas of the heads 35 and 4 are 
Several times greater than the cross-sectional 
areas of the core portion 34 and plunger 40, re 
spectively, but the heads are preferably of such 
diameter that the space between them and the 
outer core portions is large enough to prevent ma 
terial lateral leakage of flux. For energizing the 
electromagnet, a pair of coil windings 43 and 44, 
connected in aiding relation and having external 
leads 45, are provided; one winding surrounding 
the core portion 34, and the other the magnetic 
sleeve. Due to the large surface area of the 
sleeve 3 adjacent the plunger 40, the reluctance 
of the fixed air-gap between these parts is rela 
tively low. To increase the flux-conducting ca 
pacity of the end walls of the outer coreportions 
3 and 32, disks 46 and 47, of magnetic material, 
are welded to their outer surfaces. 

Referring now to the still further modified form 
of electromagnetic operator shown in Fig. 3, the 
numeral 5 indicates an elongated cup-shaped 
outer core portion, to the end wall of which is 
Welded an inner cylindrical core portion 52 hav 
ing at - its bottom end a disk-like head 53, the 
underside of which forms the pole face of the 
electromagnet. A press-filt in the open end of the 
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core portion 5 is a cup-shaped member 54, of 
thin non-magnetic material, the end wall of which 
is forced into close engagement with the core 
head 53. The member 54 serves both as a mag 
netic separator and also as a seal for the interior 
of the electromagnet, and has at its open end a 
thickened flange 55 whereby the electromagnet 
can be mounted, as on a valve casing. Slidable 
within the member 54 is a cup-shaped armature 
56, having a stem 57 for connection to a device 
to be operated, which armature is attracted to 
ward the inner core head 53 when the electromag 
net is energized by passage of current through its 
coil winding 58. It will be observed that this 
form of the invention also embodies the features 
of providing a large-area working-gap, and a 
low-reluctance fixed air-gap. 
While I have hereinv shown and described spe 

cific embodiments of my invention, I wish it to be 
understood that modifications may be made with 
out departing from the spirit of the invention, 
and that I intend therefore to be limited only by 
the scope of the appended claims. 

I claim as my invention: 1. In an electromagnetic operator of the single 
Working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner por 
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tion extending substantially centrally from the 
end wall of the outer portion to define therewith 
a space for an energizing coil winding, said cup 
shaped portion having a flange extending from 
its open end to form a pole face of substantial 
area; an armature reciprocable with respect to 
said inner core portion and in good flux-transfer 
relation thereto, said armature having a surface 
defining with said pole face a working-gap; and 
a coil winding in said space. 

2. In an electromagnetic operator of the single 
Working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner 
portion extending substantially centrally from the 
end wall of the outer portion to define therewith 
8 space for an energizing coil winding, said cup 
shaped portion having a flange extending from 
its open end to form a pole face of substantial 
area; said inner core portion being enlarged at 
its free end; an armature reciprocably mounted 
on said enlargement of the inner core portion and 
in good flux-transfer relation thereto, said arma 
ture having a surface defining with said pole face 
a working-gap; and a coil winding in said space. 

3. In an electromagnetic operator of the single 
working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner 
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cup-shaped head, slidable on the portion of said 
non-magnetic member surrounding the side wall 
of said cup-shaped head, said armature having a 
idange extending from its open end which pro 
vides a surface defining with said pole face a 
Working gap; and a coll winding in said space and 
Surrounding the unenlarged part of said inner 
COreportion. 

6. In an electromagnetic operator of the single. 
working-gap type: a core member having a gen 
erally cup-shaped outer portion and aninner por 
tion extending substantially centrally from the 
end wall of the outer portion to define therewith a 
space for an energizing coil winding, said cup 
shaped portion having a flange extending from 
its open end to form a pole face of substantial 
area; said inner core portion having at its free 
end a cup-shaped head, inverted in relation to 
said cup-shaped core portion; a member of thin 
non-magnetic material having a portion covering 
said pole fece and another portion closely sur 
rounding the side and end walls of said cup 
shaped head; an armature of cup-shaped form, 
corresponding to that of said cup-shaped head, 
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portion extending substantially centrally from the 
end wall of the Outer portion to define therewith 
a space for an energizing coil winding, said cup 
shaped portion having a flange extending in 30 

slidable on the portion of said non-magnetic mem. 
ber surrounding the side wall of said cup-shaped 
head, said arnature having a flange extending 
from its open end which provides a surface de 
fining with said pole face a working gap; and a 
coil winding in said space and surrounding the 
unenlarged part of said inner core portion. 

wardly from its open end to form a substantially 
plane pole face of substantial area; an armature 
having a substantially plane surface defining with 
said pole face a working gap, said armature being 
reciprocably mounted on said inner core portion 
for movement of said surface toward and away 
from said pole face; and a coil winding in said 
Space, 

4. In an electromagnetic operator of the single 
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Working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner por 
tion extending substantially centrally from the 
end wall of the outer portion to define therewith 
a space for an energizing coil winding, said cup 
shaped portion having a flange extending from 
its open end to form a substantially plane pole 
face of Substantial area; said inner core portion 
being enlarged at its free end; an armature of 
generally cup-shaped form, and inverted with 
respect to said cup-shaped core portion, recipro 
cably mounted on said enlargement of the inner 
core portion and in good fiux-transfer relation 
thereto, said armature having a flange extending 
from its open end providing a surface defining 
with said pole face a working-gap; and a Co. 
winding in said space. ? 

5. In an electromagnetic operator of the single 
working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner por 
tion extending substantially centrally from the 
end wall of the outer portion to define therewith 
a space for an energizing coil winding, said cup 
shaped portion having a flange extending from its 
open end to form a pole face of substantial area; 
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5. 
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. In an electromagnetic operator of the single 
working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner 
portion extending substantially centrally from 

: the end wall of the outer portion to define there 
with a space for an energizing coil winding, said 
cup-shaped portion having a fiange extending 
from its open end to form a pole face of substan 
tlai area; said inner core portion having at its free 
end a cup-shaped head, inverted in relation to 
said cup-shaped core portion; a member of thin 
non-magnetic material having a portion covering 
Said pole face and amother portion closely Sur 
rounding the side and end walls of said cup 
shaped head; an armature slidable on the portion 
of said non-magnetic member surrounding the 
side wall of said cup-shaped head, said armature 
having a surface defining with said pole face a 
Working gap; and a coil winding in said space and 
surrounding the unenlarged part of said inner 
COreporticia, 

8. In an electromagnetic operator of the single 
working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner por 
tion extending substantially centrally from the 
end wall of the outer portion to define thereWith 
a space for an energizing coil winding, said cup 
shaped portion, having a fiange extending front 
its open end to form a pole face of substantial 
area; said inner core portion having an enlarge 
ment at its free end; a member of thin non-meg 
netic material having a portion covering said pole 
face and another portion closely surrounding said 

5 
Said inner core portion having at its free end a 
cup-shaped head, inverted in relation to said cup 
3haped core portion; a member of thin non-mag 
Ynetic material having a portion covering said poie 
face and secured thereto, another portion closely 
surrounding the side and end walls of said cup 
shaped head, and a thickened marginal portion 
axtending outwardly beyond said flange to form 
a support for said core member; an armature of 
cup-shaped form, corresponding to that of said 

enlargement of the inner core portion; an arma 
ture slidable on said other portion of said non 
magnetic member and having a surface defining 
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with said pole face a working-gap; and a co?} 
winding in said space and surrounding the unen 
larged part of said inner core portion. 

9. In an electromagnetic operator of the singie 
vorking-gap type: a core member having a geri 
erally cup-shaped outer portion and an inner porº 
tion extending substantially centrally from the 
end wall of the outer portion to define therewith ?” 
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a space for an energizing coil winding, said cup 
shaped portion having a flange extending from 
its open end to form a pole face of substantial 
area; a member of non-magnetic material se 
cured to and covering said pole face, and having 
an outwardly extending portion serving as a Sup 
port for said core member; an armature recipro 
cable with respect to said inner core portion and 
in good flux-transfer relation thereto, Said arma 
ture having a surface defining with said pole face 
a working-gap; and a coil winding in Said Space. 

10. In an electromagnetic operator of the single 
working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner por 
tion extending substantially centrally from the 
end wall of the outer portion to define therewith 
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a space for an energizing coil winding; said inner 
core portion being enlarged at its free end to 
form, Within Said cup-shaped portion, a pole face 
the area of which is at least several times greater 
than the croSS-sectional area of the unenlarged 
part of the inner core portion; a generally cup 
shaped member of thin non-magnetic material 
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core, portion being enlarged at its free end to 
form, within said cup-shaped portion, a pole face 
the area of which is at least several times greater 
than the cross-sectional area of the unenlarged 
part of the inner core portion; a generally Cup 
shaped member of thin non-magnetic material 
closely received in the open end of said cup 
shaped core portion, and so arranged that the 
outer surface of its end wall is in engagement 
with said pole face; an armature slidable in said 
cup-shaped member, the inner Surface of said 
armature defining with said pole face a working 
gap; and a coll winding in said Space and sur 
rounding said unenlarged part of the inner core 
portion. 

12. In an electromagnetic operator: a fixed core 
member having an energizing coil winding and 
providing a pole face; an armature arranged for 
attraction toward said pole face when the core is 
energized; and means for supporting said core 
member and for preventing direct engagement 

' of said armature with said pole face, comprising 

closely received in the open end of Said cup 
shaped core portion, and so arranged that the 
outer surface of its end wall is in engagement 
with said pole face, said cup-shaped member hav 
ing at its open end a flange which Serves as a 
support for said core member; an armature slid 
able in Said cup-shaped member, the inner Sur 
face of said armature defining with Said pole face 
a working-gap; and a coil winding in said space 
and surrounding said unenlarged part of the 
inner core portion. 

ll. In an electromagnetic operator of the single 
working-gap type: a core member having a gen 
erally cup-shaped outer portion and an inner por 
tion extending substantially centrally from the 
end wall of the outer portion to define therewith 
a space for an energizing coil winding; said inner 
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an integrally formed member of non-magnetic 
material having a medial portion closely cover 
ing said pole face and end portions forming a 
Support for the core member, Said medial portion 
being reduced in thickness. 

13. In an electromagnetic operator: a fixed core 
member having an energizing coil winding and 
providing a pole face; an armature arranged for 
attraction toward said pole face when the core 
is energized; and means for Supporting said core 
member and for preventing direct engagement of 
said armature with said pole face, comprising a 
member of non-magnetic material having a por 
tion closely covering said pole face and extending 
therebeyond to form a support for the core mem 
ber, 

WILLIAM. A. RAY. 


