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1. & method for providing consistent energized response
time repeata%ility in the operation of a DC solenoid actuator
each time the solenoid is energized having, a housing and a
freely movable armature, for .actuating an apparatus having a
movable operator not conmeécted to the armature, and means to
normally urge the movable operator in one direction to a
predetermined initial position toward one end of the armature
whent the solenoid actuator is de-energized, and wherein the
armature contacts .and moves the apparatus movable operator
from the initial position to an apparatus operating position
when the solerndid actuator is energized, comprising the steps
of s T

(a) threadably mounting an override bushing in

the solencid housing adjacent the ather end of the armature;
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{b) slidably mounting a manual solenocid operator
in said override bushing for engaging the other end of the
armature;

(¢) rotatively adjusting the position of the over-
ride bushihg in one direction to move the manual solenoid
operator into engagement with said other end of the armature
to move the armature into contact with the apparatus movable
operator and to move sald operator from said initial position
to a position so that actuation of the apparatus commences;

(d) then rotatively adjusting the override
bushing in the opposite direction to a position where the
actuation of the apparatus ceases; and,

{(e) locki .g the override bushing in said last
named adjusted position, whereby tne clearance bectween said
other end of the armature and the manual solenoid operator is

adjusted, and the stroke of the armature controlled, so that

when the actuator is de-energized the armature will be in an
optimum position to provide repeatable energized response

time eve.y time the actuator is energized.

2. A DC solenoid actuator having, a housing and a
freely movable armature for actuating an apparatus having a
movable operator not connected to the armature and means to
normally urge the movable operator in one direction to a
predetermined initial position in contact with one end of the
armature when the solenoid actuator is de-energized, and
wherein the armature moves the apparatus movable operator
from the initial bosition to an apparatus operating position
when tie solenoid actuator is energized, including:

{ay means for providing consistent energized

response time répesxtability in the apezaﬂtian o &x}& be
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solenoid actuator each time the solenoid is energized,
comprising;

(1) an override bushing threadably mounted
in the solenoid housing for toward and backward rotative
movement to adjust the position of the override bushing;

(2) a manual operator carried in the
override bushing, for engaging the armature when the override
bushing is rotated in a forward direction to move the arma-
tu.e in one direction until the armature moves the apparatus
movable operator from said initial position so that actuation
of the apparatus commences, and for allowing the armature to
move in the opposite direction when the override bushing is
rotated in a backward direction, until actuation of the
apparatus ceases; and,

(b) locking means for holding the override

bushing in an adjusted position.
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The following statement is a full description of this invention,
including the best method of performing it known to us:-
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BACKGROUND OF THE INVENTION

1. Technical Field

The field of art to which this invention pertains may
be generally located in the class of devices relating to
solenoid actuators. Class 335, Electricity, Magnetically
Operated Switches, Magnets and Electromagnets, United States
Patent Office Classification, appears to be the applicable
general area of art to which the subject matter similar to
this invention has been classified in the past.

2. Background Information

DC solenoid or electromagnetic actuators are used for
actuating various apparatuses such as switches, valves and
the like. A problem encountered in the operation of a DC
solenoid actuator is one of repeatablility of substantially
the same energized response time of a solenoid actuator.
Heretofore, the energized response time for a DC solenoid
actuator could not be made consistent or repeatable, from
one time compared to the next time, within a close toler-
ance. For example, if it took three milliseconds to
respond to an energizing signal fo? one actuating movement
of the armature of a DC solenoid actuator, it would take
four or five milliseconds to respond to the next energizing
signal. However, in some instances it is desirable to have
a DC solenoid actuator respond to ah energizing signal
within a tolerance of plus or minus .3 milliseconds, while
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in other operations the solenoid actuator must respond with
a repeatability of within .1 milliseconds in order to
praovide proper operation of the apparatus which the solenoid
actuator is actuating. It is an object of the present
invention to overcome the problem of response repeatability
in the operation of a DC solenoid actuator, so as to provide
a response repeatability with a minimum variation, as for
example, plus or minus .1 millisecond.

SUMMARY OF THE INVENTION

According to the present invention there is provided
a method for providing consistent energized response time
repeatability in the operation of a DC solenoid actuator
each time the solenoid is energized, the DC solenoid
actuator having, a housing and a freely movable armature,
for actuating an apparatus having a movable operator rot
connected to the armature, and means to normally urge the
movable operator in one direction to a predetermined initial
position toward one end of the armature when the solenoid
actuator is de-energized, and wherein the armature contacts
and moves the apparatus movable operator from the initial
position to an apparatus operating position when the
solenoid actuator is energized, comprising the steps of:

(a) threadably mounting an override bushihg in the
splenoid housing adjacent the other end of the armature;

(b) slidably mounting a manual solenoid operator in
said override bushing for engaging the other end of the
armature;

(e) rotatively adjusting the position of the
override bushing in one direction to move the manual
solenoid@ operator into engagement with said other end of the
armature to move the armature into contact with the
apparatus movablé operator and to move said operator from
said initial position to a position so that actuation of the
apparatus commences;

(d) then rotatively adjusting the override bushing
in the oppositeée direction to a position where the actuation
of the apparatus ceases; and,
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(e) locking the override bushing in said last named
adjusted position, whereby the clearance between said other
end of the armature and the manual solenoid operator is
adjusted, and the stroke of the armature controlled, so that
when the actuator is de-energized the armature will be in an
optimum position to provide repeatable energized response
time every time the actuator is energized.

The invention is illustrated hereinafter in an
embodiment which is employed for operating a three-way
poppet valve. Although the illustrative embodiment employs
a poppet type valve, it will be understood that the DC
solenoid actuator of the present invention can also be used
to actuate other type valves, and various apparatuses.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is an elevation section view of a three-way

valve operated by a DC solenoid actuator embodying ‘the

principles of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the drawing, the numeral 10 generally
designates a three-way valve having a valve body 11. The
valve 10 may be used by itself or adapted to be operatively
mounted on a fluid flow control valve to control, as for
exanple, a four-way valve, a three-way valve, a two-way
valve, and the like. The valve body 11 is provided with a
pair of mounting holes 12 for the reception of suitable
mounting bolts to mount the solenoid operated valve 10 in an
operative position.
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The valve 10 is provided with an air inlet port 13
which communicates with an annular groove 14 which is formed
in the wall of an axial bore 15 that is formed in the valve
body 11, perpendicular to the longitudinal axis of the inlet

port 13. The numeral 16 designates an air filter screen

operatively mounted in the air inlet port 13.

As shown in Figure 1, a valve retainer, generally
indicated by the numeral 19 is seated in an enlarged axial
bore 20 in the valve body 11. The upper end of the bore 20
terminates at a transverse shoulder 21, at which point the
inner end of the enlarged bore 20 communicates with the
lower end of the axial bore 15 gnd forms a circular sharp
edged valve seat 22, The valve retainer 19 has an inwardly
extended axial bore 23 formed in the uwper end thereof which
communicates with the lower end of the axial bore 15 in the
valve body 11. An annular groove 25 is formed around the
outer periphery of the valve retainer 19. A plurality of
aligned radial passageways 24 are formed through the side
wall of the upper end of the valve retainer 19, and they
communicate with the inner end of a transfer port 26 through
the annular groove 25,

An axial bore 29 is formed in the valve retainer 19,
and it extends upwardly from the lower end thereof and
communicates at its upper or inner end with the larger
diameter bore 23. A plurality of transverse bores or
passageways 30 are formed through the lower end wall of the
valve retainer 19, and they communicate at their inner ends
with the axial bore 29, and at their outer ends with an
annular groove 31 which is formed in the wall of the
enlarged bore 20 formed ih the lower end of the valve body
11. The annular groove 31 communicates with a transfer port
which is positioned on the far side of the valve body 11, Es
illustrated in Figure 1 by the broken line circle 32, A
pair of O-rings 33 are operatively mounted in a pair of
grooves formed around the lower outer peribhery of the valve
retainer 19, and they séalingly engage the bore 20 at posi-
tions above and below the annular groove 31.°

A poppet valve &pool, generally indicated by the

.
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numeral 36 is movably mounted in the valve body 11, with the
lower portion thereof disposed in the valve retainer bores
23 and 29, and the upper portion thereof disposed in the
valve body axial bore 15. The poppet valve spool 36 is pro-
vided with an elongated, substantially cylindrical body
which has a lower end 37 slidably mounted in the lower end
of the valve retainer bore 29. The poppet valve spool lower
end 37 is seated against a valve spool return spring 38,
which has an upper end seated in an axial bore 35 in the
poppet valve spool lower end 37. The lower end of the return
spring 38 is seated on a retainer plug 39 which is thread-
ably mounted in an enlarged threaded bore 40 formed in the
lower end of the valve body 11. The retainer plug 39
functions as a spring seat for the return spring 38. The
lower end 37 of the poppet valve spool 36 has operatively
mounted therearound an O-ring seal 44 which sealingly
engages the bore 29 in the lower end of the valve retainer
19. |

The lower end 37 of the poppet valve spool 36 is

integral at its upper end with a reduced diameter portion

45. The poppet valve spool portion 45 is integral at its
upper end with an annular enlarged diameter flange 46 which
is integral with an upper reduced portion 47 that has a
diameter equal to the diameter of the poppet valve spool
portion 45. The poppet valve spool portions 45 and 47 are
connected to the annular flange 46 by outwardly tapered
portions, which converge outwardly toward the outer
periphery of the flange 46 to form upper and lower, spaced
apart, peripheral conical surfaces. The upper end portion
47 of the poppet valve spool 36 is integrally connected to
an enlarged diameter portion 48, around which is operatively
mounted an O-ring seal 49 which sealingly engages the upper
end of the axial bore 15 in the valve body 11,

As shown in Figure 1, a pair of annular, tapered,
longitudinélly spaced apart annular poppet valve members 52
and 53 are integraily molded, from a suitable elastomeric

material, on the upper and lower eéniéaifperipheral surfaces

above and below the poppet valve spool flange 46, respec-
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tively. The outer faces of the poppet valve members 52 and
53 are conically shaped and they converge toward each other.
The adjacent ends of the annular poppet valve members 52 and i
563 are integrally connected. The lower end of the annular .
poppet valve member 53 is connected to an integrally molded '
cylindrical extension of the same material from which the

poppet valve member 53 is made, and it extends downwardly to

a shoulder formed between the inner end of the poppet valve

spool portion 45 and the lower end of the portion carrying
the flange 46. The upper end of the poppet annular valve
member 52 is connected to an integrally molded cylindrical
extension of the same material from which the poppet valve

W woneia
e

member 52 is made, and it extends upwardly to a shoulder
formed between the upper end of the poppet valve spool
portion that contains the flange 46 and the lower end of the
poppet valve portion 47.

IR KT AR i

As shown in Figure 1, the return spring 38 normally
biases the poppet valve spool 36 upwardly to the position
shown in Figure 1, with the upper, conical annular poppet
valve member 52 in sealing engagement against the upper
circular, sharp edged valve seat 22. The poppet valve spool
36 is shifted downwardly by the hereafter described solenoid
structure; so as to move the lower, conical annular poppet

R e IR o Y ANts e

valve member 53 downwardly into sealing engagement against
the lower circular, sharp edged valve seat 54,‘whiéh is
formed by the junction of the upper end of the valve retain- Af
er bore 29 and the shoulder at the loWer end of the larger
diameter valve retainer bore 23. _ I
As shown in Figure 1, a poppet valve spool operator, I

comprising an elongated cylindrical shaft 55 is operatively

mounted through an axial bore 56; and a communicating

enlarged diameter bore 57, in a cylindrical pole piece 58. 53

The diameter of the enlarged bore 57 is the same as the g4

axial bore 15 in the valve body 11. The pole piece 58 is é,A

mounted in a4 bore 61 of a core guide 62 which is axially s

mounted in a bore 63 in a solenoid assembly, which is i

generally indicated by the humeral 64, The numeral 65 BT

designates the lead wires for the coil assembly 64. 3
= 3 )
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The lower end of the pole piece 58 is slidably
supported in a bushing 60 which is operatively mounted in a
transverse, lower annular flux plate 66. The lower end of
the pole piece 58 is seated in a recess or chamber 67 that
is formed in the upper end of the valve body 11. The pole
piece 58 is biased into seating engagement with the inner
end wall of the chamber 67 by an armature return spring 68
which has its upper end abutting the lower side of the flux
plate 66 and its lower end operatively mounted in an annular
groove 69 formed around the lower end of the pole piece 58.

A solenoid armature 72 is slidably mounted in the upper
end of the core guide 62 and ips upper end is slidably
mounted through a bushing 73, which is centrally mounted in
an upper annular flux plate 74. The previously described
solenoid structure is enclosed by a solenoid tube 75, and an
outer cylindrical housing 76 which has its lower end inte-
gral with the upper end of the valve body 11. A solenoid
cover, generally indicated by the numeral 77, is mounted on
the upper end of the solenoid housing 76 and is secured to
the valve body 11 by suitable machine screws (not shown).

A load spring 80 is seated in the solenoid cover 77 and
its upper end is seated in a groove 79 formed in a boss 81
which is integrally formed on the inner side of the end wall
82 of the solenoid cover 77. The lower end of the load
spring 80 abuts the outer side of the upper annular flux
plate 74.

An adjustable manual override bushing, generally indi-
cated by the numeral 85, is adjustably mounted in the boss
81. The manual override bushing 85 includes a cylindrical
bushing body 86 wbich has a threaded, outer periphery 87
that is threadably mounted in an axial threaded bore 88
formed through the boss 81. The manual r .rride bushing 85
is provided with a transverse, outwardly extended flange 89
on the outer end thereof, for gripping the manual override
bushing 85 to adjust said bushing axially, as described more
fully hereinaftér. The threads on the manual override
bushing periphery 87 and the threads for the threaded bore
88 ifi the boss 81 are fine threads, as for example a 3'"-~20
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thread, to permit fine axial adjustment of the override
bushing 85. A suitable thread locking compound is applied
to the threads on the bushing periphery 87 and the threads
in the threaded boss bore 88. The thread locking compound
functions to hold the override bushing 85 in a desired
adjusted position. It will be understood that other locking
means could be employed for holding the bushing 85 in an
adjusted position, as for example, a lock nut means.

A manual operator; generally indicated by the numeral
92, is slidably mounted in an axial, stepped bore formed
through the override bushing 85. The stepped bore comprises
an outer portion 93, an enlarged diameter portion 94, and a
further enlarged diameter portion 95. The manual operator
92 includes a stepped cylindrical body comprising, an outer
portion 96 which is slidably mounted in the stepped bore
portion 93 in the override bushing 85, an intermediate
portion 97 which is slidably mounted in the override bushing
stepped intermediate bore portion 94, and an inner end por-
tion 98 which is slidably mounted in the inner end stepped
bore portion 95 in the override bushing 85. The manual i
operator intermediate portion 97 and inner end portion 98
are conneé¢ted by a conically shaped, sloping portion 101,
which is adapted to be seated on a complementary, conically
shaped bore portion 102 which connects the stepped bore
portions 94 and 95 in the override bushing 85. A suitable,
annular, cup-shaped seal 103 is operatively mounted around

[

the manual operator outer end portion 96 and it sealingly
engages the stepped bore portion 94 in the override bushing
85. The manual operator 92 may be made from any suitable
material as, for example, a suitable metal or molded plastic
material.

In use, the inlet port 13 would be supplied with air
under pressure. The pressurized air would be blocked from
the transfer port 26 when the poppet valve spool 36 is in
the position shown in Figure 1, because the solenoid coil 64
is de-energized, and the upper annuiar'poppet‘V&lVé‘mémbef
52 is seated against the upper circular sharp-edged valve
seat 22 to block the flow of air from the iniet port 13.
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The transfer port 26 is open to the transfer port 32. When
the solenoid coil 64 is energized, the armature 72 pushes
down on the valve operator or shaft 55, to shift the poppet
to block communication between
the transfer ports 26 and 32, and to seat the lower poppet
annular valve member 53 on the lower valve seat 54, whereby
the inlet port 13 is open to the transfer port 26 to permit
the flow of air through the annular groove 14, the bore 15,
the radial passageways 24, the annular groove 25, and thence
into the transfer port 26. When the solenoid coil 64 is
de-energized, the poppet valve spool 36 is moved upwardly by
the return spring 38 to return the poppet valve spool 36 to
the initial position shown in Figure 1. The last described
upward movement of the poppet valve spool 36 connects the
transfer port 26 through the retainer bore 29 to the

LT

valve spool 36 downwardly,

transfer port 32.

In accordance with the invention, in order to provide

enesy +ime- .
consistent responsekrepeatabillty in the operation of the
valve 10, after the valve has been assembled, the override
bushing 85 is rotated forwardly or inwardly of the housing
or solenoid cover 77, so as to move the manual operator 92
inward to engage its inner end 104 with the outer end 105 of
the armature 72. The rotative inward movement of the
override bushing 85 is continued until the armature 72 moves
the poppet valve spool 36 off of its initial position on the
valve seat 22 to permit leakage of inlet air past the poppet
The override bushing 85 is then carefully

* fay o 5

[RRLN

valve spool 36.
rotated in the backward or outward direction until the
return spring 38 moves the poppet valve spool 36 upwardly to
a seating position on its seat 22, and to stop the leakage
The override bushing 85 and

30
past the poppet valve spool 36.
the manual operator 92 will thus be in a position to permit
consistent response repeatability when the solenoid coil 64
is energized. The numeral 106 indicates the final adjusted
¢learance betweern the manual operator 92, and the armature
72. The clearance 106 would be constant regardless of the
position the valve 10 is mounted in, and the response
repeatability 6f the valve would be consistent.
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As previously stated hereinbefore, the primary purpose 5
of the adjustable override bushing is to take up clearances
and tolerances behind the armature 72. The armature 72 is
freely movable within the coil and it is not attached to the
operating shaft 55. The armature 72 moves downwardly when
the solenoid is energized to contact or engage the operating
shaft 55, and because of the tolerances in making the various
parts of the solenoid, there is clearance between the top of
the armature and the adjacent side of the override bushing. A
Accordingly, when the solenoid is de-energized, the means for
returning the armature pushes the armature upwardly and the
armature is stopped by the manual operator 92. However,
because of said tolerances in the parts of the solenoid the
stopping point of the armature 72 cannot be precisely
determined, which means that the energized response time, for

actuating an apparatus varies. This problem of energized

L

response time is important in the actuation of various
apparatuses; as for example, in valves where a fast operating %
valve is required and the energized response time must be as '
consistent as possible, Hexetofore, said energized t¢esponse
time has varied from three williseconds to four milliseconds,
and sometimes for a longer period of time. In many
instances, it is required that the energized response time be
substantially the same, within plus or minus one ot two
tenths of a millisecond, and the method ¢f the present
invention and the structure of the present invention

accomplishes the last stated requirement.
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The claims defining the invention are as follows:

1. A method for providing consistent energized response
time repeatability in the operation of a DC solencid actuator

2aid DC eolencid actuekor

each time the solenoid is energizedd?aving, a housing and a
freely movable armature, for actuyating an apparatus having a
movable operator not connected to the armature, and means to
normally urge the movable operator in one direction to a
predetermined initial position toward one end of the armature
when the solenoid actuator is de-energized, and wherein the
armature contacts and moves the apparatus movable operator
from the initial position to an apparatus operating position
when the solenoid actuator is energized, comprising the steps
of: ’

(a) threadably mounting an override bushing in
the solenoid housing adjacent the other end of the armature;

(b) slidably mounting a manual solenoid operator
in said override bushing for engaging the other end of the
armature;

(¢) rotatively adjusting the position of the over-
ride bushing in one direction to move the manual solenoid
operator into engagement wich said other end of the armature
to move the armature into contact with the apparatus movable
operator and to move said operator from said initial position
to a position so that actuation of the apparatus commences;

(d) then rotatively adjusting the override
bushing in the opposite direction to a position where the
actuation of the apparatus ceasas; and,

(e) locking the override bushing in said last
named adjusted position, whereby the clearance between said

other end of the armature and the marnual solenoid operator is

adjusted, and the stroke of the armature controlled, so that
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when the actuator is de-energized the armature will be in an
optimum position to provide repeatable energized response

time every time the actuator is energized.

2. A DC solenoid actuator having, a housing and a
freely movable armature for actuating an apparatus having a
movable operator not connected to the armature and means to
normally urge the movable operator in one direction to a
predetermined initial position in contact with one end of the
armature when the solenoid actuator is de-energized, and
wherein the armature moves the apparatus movable operator
from the initial bosi%ion to an apparatus operating position
when the solenoid actuator is energized, including:

(a) means for providing consistent energized
response time repeatability in the operation of said DC
solenoid actuator each time the solenoid is energized,
comprising;

(1) an override bushing threadably mounted

fForwar
in the solenoid housing for EOweedLFnd backward rotative
movement to adjust the position of the override bushing;

{2) a manual operator carried in the
override bushing, for engaging the armature when the override
bushing is rotated in a forward direction to move the arma-
ture in one direction until the armature moves the apparatus
movable operator from said initial position sc that actuation
of the apparatus commences, and for allowing the armature to
move in the opposite direction when the override bushine is
rotated in a backward directien, until actuation of the
appatatus ceases; and, e

+

(b} locking means for holding the dverride

® - / .t 1

.
- N\
bushifig in an adjusted positions AP
P by 4 e
- * Al = 4
A ’ * ’ - 5 e s« 7 -
Ty LN - - ¢ % URVANE LY “
P . f&v ¢ {as R 1,1
. o . is, P T @ .
& Y ; LI "fw E o
: toglisy b o 5y SN Sy ey ’ !
} oy 4 LA SO I A o
¢ . ol ce t R B T s
. S - AT, ; SN A . ~ >

- S
¢! » N
. B o o ! - s
uck R S 7 2 o) et 11 E e Y p —
PRSI = -

“1“&

3
%
S
“ff
{
5
X

~

i
£
N
t4
’i 1
%
£
k4
4
4
i
ﬁ i
.

il
1
k]
i |
|
q
4
3
{
3
xt
“
EX
%
B

e

=, 50 s
14{?’?‘*%'%« el
g St

B
. 5 o
e, A

il adesateny

o
¢ atmoan d

&
g & sy e 3

<
kY
E4



‘../
-13-
3. A DC solenoid actuator substantially as
hereinbefore described with reference to the accompanying
drawing.
5
Dated this 25th day of September 1990
10
MAC VAIVES, INC.
By their Patent Attorneys
GRIFFITH HACK & CO.
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