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This invention relates to an improved electromagnetic 
device and to improved parts for such a device or the 
like. 

In one embodiment of this invention, the electromag 
netic device comprises an electromagnetic vibrator mo 
tor adapted for driving a diaphragm type fluid pump. 
The various features of this invention are particularly 

adaptable for being utilized in combination with the di 
aphragm type fluid pump set forth in the copending 
United States patent application, Serial No. 149,990, filed 
November 3, 1961, now abandoned. 
More specifically, the features of this invention are 

particularly adaptable when the fluid pump is used to 
produce a vacuum for a vacuum program system which 
requires a substantially constant source of vacuum at a 
substantially regulated vacuum pressure and which also 
requires a variable capacity in the vacuum pump so that 
the vacuum pump can effectively maintain the desired 
vacuum with automatically reduced volumetric capacity 
when no substantial volume of air movement is re 
quired in the system, the pump automatically increasing 
its volumetric capacity when a substantial amount of air 
or fluid is to be removed from the program system, 
While the electromagnetic devices of this invention 

have many improved features over the devices set forth 
in the above-mentioned copending patent application, 
one such feature is to provide a smooth transition of the 
device as the fluid pump operates between full-flow and 
substantially no-flow positions thereof. 

Accordingly, it is an object of this invention to provide 
an improved electromagnetic device or the like having 
one or more of the novel features of this invention set 
forth above or hereinafter shown or described. 
Another object of this invention is to provide improved 

parts for such an elctromagnetic device or the like. 
Other objects, uses and advantages of this invention 

are apparent from a reading of this description which 
proceeds with reference to the accompanying drawings 
forming a part thereof and wherein: 
FIGURE 1 is a side view of the electromagnetic device 

fully disclosed in the above-mentioned copending patent 
application. 
FIGURE 2 is an end view of the device illustrated in 

FIGURE 1 and is taken in the direction of the line 2-2 
of FIGURE 1. 
FIGURE 3 is a bottom view of the device illustrated 

in FIGURE 1 and is taken in the direction of the line 
3-3 of FIGURE 1. 
FIGURE 4 is a side view of one of the improved elec 

tromagnetic devices of this invention. 
FIGURE 5 is an end view of the device illustrated in 

FIGURE 4 and is taken in the direction of the line 5-5 
of FIGURE 4. 
FIGURE 6 is a bottom view of the device illustrated 

in FIGURE 4 and is taken in the direction of the line 
6-6 of FIGURE 4. 
FIGURE 7 is an enlarged view of the device illus 

trated in FIGURE 4 and illustrates various parts thereof 
in cross-section. 
FIGURE 8 is an enlarged fragmentary view similar to 

FIGURE 7 and illustrates the fluid pump in a no-flow 
position thereof. 
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FIGURE 9 is a schematic view illustrating one method 

of wiring the electromagnetic vibrator motor of the de 
vice of this invention. 
FIGURE 10 is a fragmentary, cross-sectional view of 

another embodiment of the exhaust housing of the fluid 
pump of this invention. 
FIGURE 11 is a schematic view illustrating one appli 

cation of the electromagnetic device of this invention. 
FIGURE 12 is a top view of a portion of the struc 

ture illustrated in FIGURE 11. 
FIGURE 13 is a view similar to FIGURE 7 and illus 

trates another embodiment of this invention. 
FIGURE 14 is a view similar to FIGURE 8 illustrat 

ing the device of FIGURE 13 in the no-flow position 
thereof. 

While the various features of this invention are here 
inafter described and illustrated as being particularly 
adaptable for use with a fluid pump or the like, it is to 
be understood that the various features of this invention 
can be utilized singly or in various combinations thereof 
to control other operating devices as desired. 

Therefore, this invention is not to be limited to only 
the embodiments illustrated in the drawings, because 
the drawings merely illustrate one of the wide variety of 
uses of this invention. 

Referring now to FIGURES 1-3, an electromagnetic 
device is generally indicated by the reference numeral 20 
and comprises the subject matter of the aforementioned 
copending patent application. 

In general, the electromagnetic device 20 includes a 
frame means 2 carrying an electromagnetic vibrator mo 
tor 22, a magnetic armature 23 and a diaphragm type 
fluid pump 24. 
The frame means 21 includes a substantially rigid L 

shaped frame member 25 carrying a U-shaped laminated 
core means 26 on the arm 27 thereof and being inter 
connected to a resilient frame member 28 at the arm 29 
thereof. 
The resilient frame member 28 has a substantially 

straight body portion 30 provided with oppositely directed 
end portions 31 and 32, the end portion 32 suitably 
mounting the diaphragm type fluid pump 24 and the end 
portion 31 thereof cooperating with the arm 29 of the 
rigid frame member 25 to sandwich a pair of pivot mem 
bers 33 therebetween. 
A leaf spring 34 has one opposed end 35 thereof se 

cured between the pivot members 33 and the other op 
posed end 36 thereof secured to the armature 23, the 
armature 23 being operatively interconnected to the di 
aphragm type fluid pump 24 in a manner more fully set 
forth hereinafter and fully disclosed in the aforemen 
tioned copending application. 
As illustrated in FIGURE 3, the core means 26 of the 

electromagnetic vibrator motor 22 has a pair of legs 37 
provided with pole or core faces 38 adapted to be re 
ceived in Substantially rectangular holes 39 formed in the 
armature 23 when the armature 23 is pulled into over 
lapping relation with the core means 26 in opposition to 
the force of the leaf spring 34 tending to maintain the 
armature 23 in the neutral position illustrated in FIG 
URE 1. 
The vibrator motor 23 includes an electrical coil 40 

disposed about one of the legs 37 of the core means 26 
whereby it can be seen that the centerline of the resulting 
vibrator motor assembly 22 is disposed out-of-line with 
a plane passing through the centerline of the frame means 
21, the centerline of the armature 23 and the centerline of 
the diaphragm type fluid pump 24. 

Because of this offset relation of the vibrator motor 22 
relative to the centerlines of the frame means 21, arma 
ture 23, and fluid pump 24, unequal electromagnetic forces, 
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provided by the legs 37 of the core means 26, tend to cause 
mechanical interference between the armature 23 and 
the core means 26 when the armature 23 is moved in an 
arcuate path over the core means 26. 

Accordingly, the holes 39 in the armature 23 must be 
made oversize to prevent such mechanical interference 
and thereby sacrifices operating efficiency. 

Further, the frame member 25 must be a relatively large 
and rigid member to also prevent such mechanical inter 
ference whereby the overall cost of the device 20 is rela 
tively high compared to its output. 

Therefore, it has been found by the teachings of this 
invention that an electromagnetic vibrator motor can be 
so designed that its configuration and electromagnetic 
driving forces are symmetrical about the centerline of the 
diaphragm type fluid pump and vibrator motor assembly 
whereby unequal electromagnetic forces are minimized 
and the vibrator motor structure can be simplified without 
encountering many of the mechanical interference prob 
lems of the electromagnetic device 20. 

In particular, the frame member 25 of the electro 
magnetic device 20 had to be rigid to eliminate flexing 
action caused by the off-center nature of the electromag 
netic driving force produced by the coil 40 or the un 
equal forces which are produced by differences in the air 
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hole because suitable clearance must be maintained be 
tween the armature 44 and the core means 52 to avoid 
striking therebetween. 

Further, the open ended slot 53' in the armature 44 
permits easier assembly and adjustment procedures than 
does the rectangular holes 39 in the armature 23 of the 
device 20. 

It has been determined that a laminated core means 
for the device 41 is not essential to satisfactory opera 
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gaps between the legs 37 of the core means 26 and the . 
rectangular openings 39 in the armature. Otherwise, if 
the base 25 is made flexible, mechanical striking and inter 
ference will result between the armature 23 and the core 
means 26 under certain modes of pump operation. 

Therefore, an improved electromagnetic device is pro 
vided by this invention to overcome the above disadvan 
tages of the electromagnetic device 20 and is generally 
indicated by the reference numeral 4 in FIGURES 4, 
5 and 6. 
The electromagnetic device 41 comprises a frame means 

42 carrying an electromagnetic vibrator motor 43, a 
magnetic armature 44 and a diaphragm type fluid pump 
45 identical to the fluid pump 24 previously described and 
hereinafter set forth in detail. 
The frame means 42 is defined by a pair of resilient 

frame members 28 previously described and having the 
end portions 31 thereof secured together by a nut and 
bolt arrangement 46 and sandwiching one end 47 of a leaf 
spring 48 therebetween, the arcuate portions 49 between 
body portions 30 of the frame members 28 and the end 
portions 31 thereof providing pivot points for the leaf 
spring 48 and thereby eliminating the need of the pivot 
members 33 of the construction 20 previously described. 

It has been found that the arcuate portions 49 of the 
frame members 28 are desirable to avoid excessive stresses 
in the leaf spring 48 near the point of clamping the same. 
The end portion 32 of the right hand frame member 28 

carries the diaphragm type fluid pump 45 in substantially 
the same manner that the frame member 28 of the device 
20 carries the fluid pump 24. 
The other end portion 32 of the left hand frame mem 

ber 28 of the device 41 is secured to one leg 50 of an 
L-shaped member 51 having the other leg 52 thereof ex 
tending toward the armature 44. 
An electrical coil 53 is disposed about the arm 52 of 

the L-shaped member 51 whereby the arm 52 provides 
the core means for the electromagnetic vibrator motor 
means 43 of the device 41, the free end of the core means 
52 projecting beyond the coil 53 and being adapted to be 
received in a rectangular slot 53' formed in the armature 
44 and interrupting the end 54 thereof as illustrated in 
FIGURE 5. 
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It has been found that by forming the simple open end 
ed slot 53' in the armature 44 of the device 41, instead 
of a rectangular hole similar to the holes 39 in the arma 
ture 23 of the device 20, the slot 53' will provide sub 
stantially as great an electromagnetic force to drive the 
fluid pump 45 as no particular advantage is derived from 
surrounding the core means 52 by means of a rectangular 
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tion, and the core member 5 of this invention may be 
made of hot or cold rolled bar stock, angle iron, or the 
like cut to width or any other means which will provide 
a ferro-magnetic core material suitable for the intended 
purpose. 
As illustrated in the drawings, the electromagnetic vibra 

tor motor 43 of this invention includes three termi 
nals, 55, 56, and 57, FIGURE 9, with the terminals 55 
and 56 being adapted to be interconnected by suitable 
leads to a source of alternating current 58. 
The terminals 55 and 57 are respectively connected 

to the coil 53 by leads 59 and 60 while a diode 61 is 
disposed between the terminals 56 and 57. 

In this manner, the diode 61 provides half-wave alter 
nating current to the coil 53 to reduce the maximum losses 
from eddy currents and hysteresis effects to less than 
half of what would be experienced with full wave elec 
trical input. 

Thus, non-laminated core means can be used for the 
electromagnetic vibrator motor 43 of this invention with 
out excessive temperature rise of the coil 53 and other 
parts of the assembly during operation thereof. 

Therefore, it can be seen that not only is the frame 
means 42 of the device 41 of this invention substantially 
simpler than the frame means 2 of the device 20, but 
also the centerlines of the vibrator motor 43, the frame 
means 42, the armature 44 and the diaphragm type 
fluid pump 45 are disposed in a common plane whereby 
the electromagnetic driving forces are symmetrical about 
the centerline of the pump 24, frame means 42 and arma 
ture 54 to minimize unequal electromagnetic forces as 
provided by the device 20. 

In this manner, the device 41 of this invention is less 
expensive to manufacture than the device 20 and easier 
to assemble and repair. 
The deails of the diaphragm type fluid pump 45 of 

the device 41 will now be described and reference is 
made to FIGURES 7 and 8. 
As illustrated in FIGURES 7 and 8, the diaphragm 

type fluid pump 45 comprises a pair of housings 62 and 63 
respectively interconnected together by a flexible dia 
phragm 64 having its outer periphery 65 secured to the 
housing 62 and its inner periphery 66 secured to the 
housing 63. 
The housing 62 has an externally threaded inlet tubular 

extension 67 passing through a slot 68 formed in the end 
portion 32 of the right hand frame member 28, the 
housing 62 being secured to the end portion 32 of the 
frame member 28 by a nut 69 and washer 70 disposed on 
the tubular extension 67. 
The housing 63 is interconnected to the armature 44 

by a threaded stem member 71 having one end 72 threaded 
in a suitable aperture in the housing 63 and the other 
end 73 thereof passing through a resilient grommet 74 
press-fitted in an aperture 75 formed in the armature 44. 

In this manner, the shaft 71 and housing 63 can oscil 
late along a substantially straight horizontal axis while 
the armature 44 oscillates through a substantially arcuate 
2XS. 

The housing 62 carries a flexible inlet valve member 
76 normally seated against an annular valve seat 77 
formed at the inner end of the tubular extension 67. 
The housing 63 carries a flexible exhaust valve member 

78 normally seated against an annular valve seat 79. 
When the housing 63 moves to the left upon attrac 

tion of the armature 44 by the motor 43 to the position 
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illustrated in dotted lines in FIGURE 7, the diaphragm 
66 is pulled therewith and increases the volumetric ca 
pacity between the valve members 76 and 78 to provide 
a vacuum therebetween which tends to move the valve 
member 76 away from the valve seat 77 and draws fluid 
from the inlet extension 67 into the space between the 
valve members 76 and 78. 
When the armature 44 is moved back from the dotted 

position illustrated in FIGURE 7 to full line position 
illustrated in FIGURE 7 by the force of the leaf spring 
48, the fluid trapped between the valve members 76 and 
78 forces the exhaust valve member 78 away from the 
valve seat 79 to permit the fluid trapped between the 
valve members 78 and 76 to escape to an exhaust cham 
ber 80 leading to an outlet conduit 8. 
When the fluid being pumped in the above manner is 

air or the like, the portion of the housing 63 forming the 
exhaust chamber can be formed of porous material as 
illustrated in FIGURE 10 whereby the exhaust con 
duit 31 can be eliminated. 

Therefore, it can be seen that by oscillating the housing 
63 relative to the housing 62 by the electromagnetic motor 
43, the fluid pump 45 is adapted to remove air or fluid 
from a device interconnected to the inlet conduit 67 
thereof. 
As the fluid pump 45 progressively removes the fluid 

from the device interconnected to the inlet 67, the pres 
sure differential on opposite sides of the diaphragm 64 
progressively increases whereby the diaphragm 64 progres 
sively moves inwardly from the outer periphery 65 to 
ward the inner periphery 66 thereof against a frusto 
conical surface 82 of the housing 62 from the position 
illustrated in FIGURE 7 to the position illustrated in 
FIGURE 8 where substantially no-flow is produced 
through the fluid pump 45 even though the housing 63 
is oscillating relative to the housing 62. 
When the fluid pump 45 assumes the position illus 

trated in FIGURE 8, it can be seen that the center of 
oscillation of the armature 44 is moved away from the 
core means 52 of the vibrator motor 43 whereby the 
air gap between the armature 44 and the core means 
52 is increased to reduce the magnitude of movement of 
housing 63 relative to the housing 62. 

Therefore, it can be seen that the fluid pump 45 progres 
sively decreases its capacity as the vacuum condition of 
the operating device increases so that the fluid pump 45 
is adapted to be interconnected to a vacuum operated 
device and maintain a vacuum therein while the pump 
45 is operating at a no-flow position as illustrated in 
FIGURE 8. 
Such a change in the volumetric capacity of the fluid 

pump 45 is particularly useful when it is required to 
rapidly remove air from a vacuum operated device and, 
thereafter, maintain the vacuum at the vacuum operated 
device. 

However, when a greater fluid flow is required to be 
removed from the device interconnected to the inlet 
means 67 of the fluid pump 45, the reduced pressure 
differential across the diaphragm 64 automatically allows 
the diaphragm 64 to have a greater working area because 
it operates further away from the conical surface 82 of 
the housing 62. 

Also, the diaphragm 64 has a more leftward center of 
oscillation with a reduced average air gap between the 
armature 44 and the core means 52 which results in a 
greater or stronger electromagnetic force and a larger 
pump stroke. 

In this manner, the relationship of the conical sur 
face 82 of the housing 62 with respect to the diaphragm 
64 provides automatic reduction of pump stroke after 
the desired vacuum or pressure differential has been ob 
tained by the contact of a portion of the diaphragm 64 
with the conical surface 82. However, when air in larger 
volume is desired to be removed from the system, when 
the vacuum has been partially reduced in the system, the 
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6 
diaphragm, 64 operates further from the conical surface 
82 of the housing 62 to provide a larger effective dia 
phragm area and also a longer stroke of the diaphragm 
64 to produce a greater volumetric pumping capacity in 
the pump 45. 

For further details of the structure and operation of 
the pump 45 of this invention, reference is made to the 
aforementioned copending patent application. 
While the electromagnetic device 41 can be utilized 

in any desired system, one such application is illustrated 
in FIGURES 11 and 12 wherein a program system. 83 is 
shown and includes a card or film 84 that passes over 
a block or reading head 85 with a smooth reading surface 
86. 
The reading head 85 has one or more discharge pas 

Sageways 87 with discharge ports 88 at the reading surface 
86. The discharge passageways 87 are respectively con 
nected by resilient plastic pipes 89, if desired, with one 
or more vacuum motors or actuators 90 which operate 
Various levers, switches, and the like of a machine, such 
as a washing machine or the like. 
The reading head 85 also has one or more intake pas 

Sageways 9, which has intake or suction ports 92 
at the reading surface 86. The passageways 91 may 
merge into a common suction passageway or manifold 
93 which is connected by a resilient plastic pipe 94, if 
desired, to the intake 67 of the diaphragm type fluid pump 
45 as disclosed in FIGURES 7 and 8. 
The card or film 84 may have a plurality of indenta 

tions or closed inverted channels 95 which bridge two 
or more ports Such as ports 88 and 92 as illustrated in 
FIGURES 11 and 12. The margins of the indentations 
95 form a seal with the reading surface 86 and form a 
fluid connection between the respective vacuum actuator 
90 and the source of vacuum or fluid pump 45. 
The indentations 95 in each of the rows 96 and 97 are 

Sufficiently close to maintain a substantially constant 
bridging action between the ports 88 and 92 as the in 
dentations 95 pass over the ports 88 and 92. This is ac 
complished by making the space between the indentations 
95 of the particular row 96 or 97 narrower than the di 
ameter of the ports, if desired. 
When a particular vacuum actuator 90 has been ener 

gized by being subjected to a vacuum to pull on its re 
Spective diaphragm 98, such actuator 90 may be deener 
gized by breaking the vacuum in its respective passage 
Way 87 to allow its diaphragm 98 to be pulled out by 
combined atmospheric and spring action or the like. The 
Vacuum may be broken by causing a hole 99 in the film 
84 to pass over the respective port 88. This permits 
atmospheric air to enter the respective passageway 87 to 
allow the respective diaphragm 98 to move outwardly. 

Ordinarily, the corresponding suction port 92, opposite 
the hole 99, is not uncovered so that the film 84 prevents 
the breaking of the vacuum in the passageway or manifold 
93 which is connected to the vacuum pump 45. 

Because of the relatively small size of the vacuum 
chambers in the actuators 90 and of the respective pas 
sageways 87 only a small volume of air or fluid is in 
troduced in the system through the hole 99. In view of 
this, the pump 45 ordinarily has long periods of time 
when it operates to maintain a vacuum without pumping 
any material amount of air or fluid. Thus, the ability of 
the diphragm 64 to reduce its effective pumping area by 
contact with the concave wall 82 of the housing 62 per 
mits the pump 45 to operate with a very small power con 
Sumption. 

However, when a new actuator 90 is interconnected to 
the pump 45 by the film 84 in the above manner, the 
diaphragm 64 moves away from the conical surface 82 
of the housing 62 to permit a longer pump stroke to 
quickly reduce the volume of air in the actuator 90 
whereby the pump 45 returns to the no-flow position ill 
lustrated in FIGURE 8. 
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Because of this change from no-flow condition of the 
pump 45 to the full-flow or partial flow of the pump 45 
as illustrated in FIGURE 7, some means must be pro 
vided to produce the desired pressure limiting character 
istics of the pump output as well as a smooth transition 
from no-flow to full-flow conditions. 
One such means for accomplishing the above function 

of the electromagnetic device 20 illustrated in FIGURES 
1-3, Was to angle or taper the pole or core faces 38 
of the legs 37 of the core means 26 at 100 and 101 
approximately 10 to 15 degrees to produce the desired 
pressure limiting characteristics of the pump output as 
Well as a smooth transition from no-flow to full-flow con 
ditions of the pump 24. 

However, it has been found by the teachings of this 
invention that comparable results are achieved by the 
use of a core means with a square cut end and having 
the core axis located at a suitable angle with respect 
to the armature to provide an effect similar to tapering 
the pole faces 38 of the device 20. 

In particular, it can be seen in FIGURES 7 and 8 
that the core means 52 of the electromagnetic vibrator 
motor 43 has a longitudinal axis 102 disposed substan 
tially perpendicular to the square cut flat pole or core face 
103 of the core means 52 and disposed at an acute 
angle 104 relative to the adjacent face 105 of the arma 
ture 44 when the armature 44 is disposed in the neutral 
position, as illustrated in FIGURE 7. 

It has been found that the angular relationship between 
the armature 44 and the core means 52 may be used to 
establish the operating characteristics of the pump as 
sembly of the electromagnetic device 41 in a two-fold 

aller. 
First, such angular relationship may be used to limit 

the maximum operating pressure. 
For example, with the pump 45 operating under mini 

mum air flow, or no air flow conditions, under which 
maximum pressure differential occurs across the di 
aphragm 64, the resilient, flexible diaphragm 64 will tend 
to be forced inwardly toward or against the conical 
surface 82 of the housing 62, initially, nearest the outer 
periphery 65 thereof and then progressively toward the 
inner periphery 66 thereof. 
The effect of this movement of the diaphragm 64 

against the conical surface 82 of the housing 62 is as 
follows: 

(1) The working area of the diaphragm 64 is reduced 
as the force of the air on the diaphragm 64 counteracts 
the electromagnetic force driving the pump 45, (2) The 
center of oscillation of both the diaphragm 64 and the 
armature 44 is moved away from the core face 193 of 
the core means 52, and (3) The changing armature posi 
tion results in an increase in the average air gap (the 
magnitude of which is determined by the angularity of 
the core face 103 with respect to the armature 44), re 
sulting in a reduction in the electromagnetic force of 
attraction. 

Secondly, the angular relationship between the core 
means 52 and the armature 44 may be used to establish 
the flow versus pressure characteristics. 

In general, the flatter the core face 103 which the 
armature 44 "sees,' the more abrupt is the transition from 
no-flow or partial flow to conditions of higher flow. With 
the core face angle increased, a smoother transition will 
result. Thus, to a great extent, the shape of the curve 
of flow versus pressure is tailored. 

This angular relationship between the core means 52 
and the armature 44 can be accomplished in various 
a10S. 
In particular, in the embodiments illustrated in FIG 

URES 7 and 8, the arms 50 and 52 of the L-shaped mem 
ber 51 are disposed at an obtuse angle relative to each 
other rather than at right angles relative to each other, 
whereby the core axis 102 of the core means 52 of the 
electromagnetic vibrator motor 43 is disposed at an acute 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

8 
angle 104 relative to the longitudinal axis or face 105 of 
the armature 44. 

Alternately, the armature 44 could be provided with 
an initial bend relative to the core axis 102 of the core 
means 52 to accomplish the above features of produc 
ing the desired pressure limiting characteristics of the 
pump output as well as a smooth transition from no-flow 
to full-flow conditions of the pump 45. 

In particular, reference is made to FIGURES 13 and 
14 wherein another electromagnetic device. 106 of this 
invention is generally indicated by the reference numeral 
106 and has parts thereof substantially identical to the 
device 4 previously described. 

Therefore, the parts of the device 106 which are sub 
stantially identical to like parts of the device 41 are in 
dicated by like reference numerals followed by the refer 
ence letter “a.' 

However, no detailed description is given the particu 
lar parts of the device 106 of this invention, and, there 
fore, various reference numerals are utilized in FIGURES 
13 and 14 which will not be specifically described. How 
ever, by referring to the like reference numeral in the 
figures disclosing the device 41, a description of the de 
sired part of the device 106 can be made by referring to 
that part in regard to the device 41 as set forth above. 
As illustrated in FIGURES 13 and 14, the arms 50a 

and 52a of the L-shaped member 51a are disposed at 
right angles relative to each other, whereby the core axis 
102a of the core means 52a is disposed substantially 
perpendicular to the flat square cut core face 103a of 
the core means 52a and is disposed substantially perpen 
dicular to the leaf spring 48a carrying the armature 44a. 

However, the armature 44a has its longitudinal axis 107 
bent in the desired location to dispose the face 105a there 
of adjacent the core face 103a at an acute angle relative 
thereto. 

Thus, it can be seen that the device 106 accomplishes 
the above novel features of the devices 41 by merely 
bending the end of the armature 44a away from the core 
face 103a so that the core face 103a magnetically “sees' 
an angle to the armature 44a. 
The angle of bend of the armature 44a and the point 

at which the bend is made can be determined by the 
operating characteristics desired. 

Therefore, it can be seen that this invention not only 
provides an improved electromagnetic device which is 
relatively simple to manufacture and assemble, but also 
the device of this invention has means to produce the 
desired pressure limiting characteristics of a pump output 
or the like, as well as a smooth transition from no-flow 
to full-flow conditions of the pump thereof. 

While the form of the invention now preferred has 
been disclosed as required by the statutes, other forms 
may be used, all coming within the scope of the claims 
which follow. - 
What is claimed is: 
1. In combination, a frame means, an electromagnetic 

motor carried by said frame means and having an im 
pulse frequency, said motor having core means provided 
With a core axis and a core face, and a magnetic arma 
ture carried by said frame means and movable substan 
tially along said core axis, said armature having a face 
disposed adjacent said core face and normally disposed 
angularly relative thereto, said armature having a free 
end interrupted by a slot whereby said armature has a 
U-shaped end that overlaps said core means with said 
core means passing through said slot when said armature 
is moved relative to said core means. 

2. A combination as set forth in claim 1 wherein said 
armature has a straight longitudinal axis and said core 
axis is angled relative thereto at an angle other than a right 
angle. 

3. A combination as set forth in claim 1 wherein said 
armature has a longitudinal axis that is bent to provide 
the angular relation between said faces. 
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4. In combination, a frame means, an electromagnetic 
motor carried by said frame means and having an impulse 
frequency, said motor having core means provided with 
a core axis and a flat core face disposed perpendicularly 
to said core axis, and a magnetic armature carried by said 
frame means and movable substantially along said core 
axis, said armature having a face disposed adjacent said 
core face and normally disposed angularly relative there 
to, said armature having a free end interrupted by a 
slot whereby said armature has a U-shaped end that over 
laps said core means with said core means passing 
through said slot when said armature is moved relative 
to said core means. 

5. A combination as set forth in claim 4 wherein said 
armature has a straight longitudinal axis and said core 
axis is angled relative thereto at an angle other than 
a right angle. 

6. A combination as set forth in claim 4 wherein said 
armature has a longitudinal axis that is bent to provide the 
angular relation between said faces. 

7. In combination, a frame means, an electromagnetic 
motor carried by said frame means and having an im 
pulse frequency, said motor having core means provided 
with a core axis and a core face, a leaf spring having 
one opposed end thereof secured to said frame means, 
and a magnetic armature secured to the other end of said 
leaf spring and movable substantially along said core 
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axis, said armature having a face disposed adjacent said 
core face and normally disposed angularly relative there 
to, said armature having a free end interrupted by a slot 
whereby said armature has a U-shaped end that overlaps 
said core means with said core means passing through 
said slot when said armature is moved relative to said 
CO C3S. 

8. A combination as set forth in claim 7 wherein said 
core means is solid. 

9. A combination as set forth in claim 7 wherein said 
core means comprises a substantially L-shaped member. 
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