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3,017,156
STEPPED .OPENING SOLENCGID VALVES
Robert A. Lemberger, Webster Groves, Mo., assignor o
White-Rodgers Company, St. Louis, Mo., a corporation
of Delaware
Filed Apr. 20, 1959, Ser. No. 847,684
3 Clatms. (CL 251—54)

This invention relates to solenoid operated valves for
controlling the flow of fuel to gas-fired heating furnaces,
and particularly to such valves which, when energized,
are arranged to move openward a predetermined initial
amount at a relatively rapid rate and then complete their
opening movement at a relatively slow rate, thereby to
supply an immediate limited amount of fuel to establish
an initial limited combustion in the furnace and to then
increase the flow of fuel slowly to a full amount at a
rate which permits the development of sufficient air draft
through the furnace to support full combustion.

An object of the present invention is the provision of
novel means in a normally closed, solenoid operated valve
for effecting a “stepped-opening” operation thereof where-
in the valve moves openward an initial predetermined
amount at a relatively rapid rate when energized and
then continues to move openward to a fully open posi-
tion at a relatively slow rate.

A further object of the invention is to include means
in a solenoid valve of the above character for selectively
varying that initial portion of its full opening movement,
wherein the valve moves openward at a relatively rapid
rate.

Further objects and advantages will become apparent
from the following description when read in connection
with the accompanying drawings.

In the drawings:

FIG. 1 is a top plan view of a solenoid valve con-
structed in accordance with the present invention;

FIG. 2 is an enlarged, longitudinal, cross-sectional
view of the valve shown in FIG. 1, taken on line 2—2
of FIG. 1;

FIG. 3 is a part sectiona]l view showing the valve in
a different operative position;

FIG. 4 is a partial, transverse, cross-sectional view of
the valve taken on line 4—4 of FIG. 2;

FIG. 5 is a part sectional view taken on line 5—5 of
FiG. 2, showing the manual operating and adjustment
knob in a returned position against the adjustable mem-
ber;

FIG. 6 is a part sectional view taken on line 6—6 of
FIG. 2, showing the solenoid plunger in a de-energized
position bearing against the cam member; and

FIG. 7 is a similar part sectional view showing the
cam member rotated to a position wherein the solenoid
plunger is moved thereby to a valve open position and
latched in a valve open position.

Referring to the drawings in more detail, numeral 10
indicates the valve body having an inlet 12, an outlet 14,
and a partition 16. The partition 16 has a port 13 there-
in fitted with a resilient valve seat 20. Mounted on the
valve body 10 and attached thereto by screws 22 is an
upper casing 24 which houses a solenoid actuator. The
casing 24 is filled with a viscous liquid and is provided
with a sealing top cover 26 of magnetic material from
which the solenoid actuator is suspended. The solenoid
actuator comprises a winding 28, a central plunger guide
sleeve 3@ of non-magnetic material, and a plunger 32 of
magnetic material slidably arranged in guide sleeve 3.
The solenoid winding 28 is enclosed in a supporting frame
of magnetic material consisting of members 34 and 36,
each having a formed leg 38 and 40, respectively, at-
tached to the underside of cover 26 in any suvitable man-
ner as, by welding. A plunger stop member 42 of mag-
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netic material fixed in the right end of the guide sleeve
36 forms a closure at that end of the sleeve and limits
the travel of plunger 32 toward the right when winding
28 is energized and further serves to complete, with
members 34 and 36 and cover 26, a low reluctance path
for the magnetic field generated by winding 28. The
stop member 42 is provided with a central bore 43 which
is considerably smaller in diameter than the diameter of
the plunger and plunger guide sleeve 30.

A push rod 44 slidably fitted in a longitudinal bore 45
in plunger 32 projects from the right end of the plunger
and extends through the bore 43 in stop member 42 and
engages at its projecting right end the free end of an
arm 46. The arm 46 is attached at its other end by a
screw 48 to the interiorly extending portion of a rocker
shaft 50, which rocker shaft is journalled in opposite walls
52 and 54 of casing 24 and extends externally through
the casing wall 54, see FIG. 4. In order to provide a
seal against leakage of the liquid from the casing 24
through the rocker shaft journal in wall 54 a pair of
rubber O rings 55 are fitted in suitable annular grooves
in the shaft 50. Attached at one end to the exteriorly
extending portion of shaft 50 by a screw 56 is a second
arm 57 which carries at its free end a valve 58 which
cooperates with the valve seat 20 to control the flow
through valve body 18.

A compression spring 60 acting through arms 46 and
57 biases valve 58 in a closed position on valve seat 29.
The spring 60 also acts through the push rod 44 to move
the solenoid plunger 32 leftward toward a returned posi-
tion when the solenoid winding 28 is de-energized. The
action of spring 60 through push rod 44 in returning
solenoid plunger 32 is limited, however, when the free
end of arm 46 engages the outer end of magnetic stop
member 42, as shown in FIG. 2. A relatively weaker
compression spring 62 interposed between the bottom of
the solenoid plunger bore 45 and a shoulder 63 formed
at the inner end of push rod 44 urges the solenoid plunger
further leftward until it engages an adjustable stop cam
64, so that the inner end of push rod 44 is spaced some-
what from the bottom of the plunger bore 45 when the
adjustable stop cam 64 is so adjusted as to permit this
further travel of the plunger. This spacing between the
inner end of push rod 44 and the bottom of bore 45 per-
mits a free movement of the plunger with respect to
valve 58 for a purpose to be described.

The cam 64 is rigidly mounted on a shaft 66, which
shaft is journalled in a bushing 68 fixed in the casing cov-
er 26. The cam shaft 66 extends exteriorly of the casing
24 and is provided at its exterior end with a hand knob
70 of general cylindrical form. The lower end of knob
70 is cut away to provide thereon a radially extending
abutment 72 which is arranged to engage a stop 74, see
FIG. 5, to limit the counterclockwise rotation of knob 70
and therefore the shaft 66 and cam 64. A spring 75
connected at one end to cam 64 and at its other end to
the fixed bushing 68 biases the knob 76 in a counterclock-
wise direction against stop 74. The stop 74 is angularly
adjustable within limits and is formed as an integral pro-
jection extending radially inward from the flange por-
tion 76 of a ring member 78. The ring member 78 sur-
rounds the knob 78 and is mounted for rotatable adjust-
ment in a circular aperture 88 formed in a stamped cover
member 82, which cover member overlays and is fixed
to the casing cover 26. The ring member 78 is further
provided with a pointer element 84 to indicate the angular
position of stop 74 with reference to indicia on the
stamped cover 82, see FIG. 1. The ring member is fixed
in any angularly adjusted position by a clamping screw
86, and the range of adjustment of the ring member 78 is
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limited by a pair of spaced stops 88 on the stamped cov-
er 82 arranged to be engaged by the pointer element 84.

Referring to FIG. 6 of the drawings, it will be seen
that the cam 64 has a gradual rise “A” progressing in a
counterclockwise direction so that if the ring 78, see
FIG. 5, is angularly adjusted from the position shown
therein so as to move the stop 74 counterclockwise, the
leftward movement which plunger 32 is permitted to
travel will be increased and the space between the end
of push rod 44 and the bottom of the plunger bore 45
will consequently be increased. Adjustment of the ring
member 78 in a clockwise direction from the position
shown will reduce the space between the end of push
rod 44 and the bottom of bore 45, and thereby reduce
the free travel of plunger 32 with respect to the valve
58 when the solenoid is energized.

The cam 64 also bas a flat tangential surface “B” at
a height from the cam center slightly less than that of the
high point of the cam surface “A.” The flat surface “B”
is terminated by a shoulder “C.” When in the absence
of electrical power for energizing the solenoid it is de-
sired to open the valve 58 manually, the knob 70 is ro-
tated clockwise until the reduced end of plunger 32 is
bearing on the flat surface portion “B” of the cam 64,
as shown in FIG. 7. In this position the cam 64 is
detained from returning under the force of its return spring
75, when the hand knob 70 is released, because of the
force applied axially along the plunger by the relatively
strong spring 608, so that the valve remains latched in
an open position. The shoulder “C” merely forms a
stop against further unnecessary rotation of the knob.
The rise of cam surface “A” is, however, made slightly
less than that which would be required to move plunger
32 against plunger stop 42 and the valve 58 to the full
open position to which it is moved when the winding 28
is energized. This provision is made so that when the
plunger 32 has been manually moved to and latched in
this somewhat less than full valve-open position, the
subsequent restoration of the electrical power source will
effect a further movement of plunger 32 toward the
right and thereby release the latch-up of plunger 32 and
cam 64 and permit the cam to return under spring 75.
The operation of valve 58 is thereby automatically trans-
ferred from manual to electrical operation.

The push rod 44 has a reduced diameter portion 90,
which extends through the bore 43 of the plunger stop
member 42, and a shoulder 92 formed at the left end of
this reduced diameter portion. A check valve member
generally indicated at 94, having a sleeve portion 96
and a flange portion 98 at one end thereof, is loosely
fitted over the reduced diameter portion 90 of the push
rod with its flanged end normally bearing against the
shoulder 92 and its sleeve portion 96 extending to some
extent under all conditions into bore 43. The check
valve 94 is biased against the shoulder 92 by a light
spring 108 bearing at one end against a retaining washer
192 fixed on the right end of the push rod 44 and bear-
ing at its other end against the flange 98 of the check
valve. A valve seat 104 is formed at the inner end of
bore 43 with which the flange portion 98 of the check
valve cooperates to control the flow of liquid through
bore 43.

It is to be understood that the viscous liquid filling the
chamber 24 enters and fills all open cavities and passages
in the solenoid actuator immersed therein, and that the
liquid flows to and fro through the bore 43 as the cham-
ber formed between the right end of plunger 32 and the
stop member 42 is expanded and contracted by recip-
rocation of the plunger. The check valve sleeve portion
96, being entered into the bore 43, forms a restriction
to flow therethrough so that, when the plunger moves
toward the right and discharges liquid through passage
43, the check valve is moved through a long stroke to-
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4
ward its seat 104 against its light return spring 100, and
when the plunger moves toward the left, the check valve
is immediately moved from its seat.

The check valve 94 differs in its operation from that
of conventional check valves in that the distance it
travels from its full returned postion to its closed posi-
tion is considerably greater and in that the force which
moves it this greater distance is relatively constant. From
the point at which check valve 94, in closing, has ap-
proached sufficiently close to its seat 184 to effect an ap-
preciable restriction between its flange portion 98 and
the seat, it is operated to a completely closed position
much in the same manner as a conventional check valve;
that is, by an extremely rapid increase in force which
completes this last slight movement very rapidly. When
the flow through bore 43 is reversed, the check valve 94
leaves its seat instantly in the same manner as a conven-
tional check valve. While it is true, of course, that as
the check valve 94 moves toward its closed position the
increasing entry of its sleeve portion 94 into bore 43 in-
creases the restriction to flow, and therefore to some ex-
tent increases the force applied to closing the valve, this
force increase with relation to valve movement is, how-
ever, considerably less than occurs in the operation of
conventional check valves.

In view of the long travel of check valve 94 through
which it is operated by relatively constant flow, it will
be seen that considerable movement of the plunger 32
is required to effect the movement of the check valve 94
from its full open position to closed position and that a
predetermiied relationship of movement of the plunger
and check valve may be achieved by varying one or more
of several controlling factors. For example, at constant
plunger velocity and liquid viscosity, the speed or move-
ment of the check valve would be increased relative to
that of the plunger by increasing the restrictive effect
of the check valve, but if the velocity of the liquid stream
in which the check valve is disposed is no greater than
that of the plunger, the greatest velocity which the check
valve could attain would be that of the plunger. By
providing the restrictive passage 43 so as to speed up the
flow and by arranging the check valve 94 so that its sleeve
portion is entered into the passage 43, the velocity of the
check valve is increased over that of the plunger even
when using a lower viscosity liquid and a less restrictive
check valve. It is important that the viscosity of the
liquid and restrictive effect of the check valve (when
open) be limited to values which will permit a predster-
mined, minimum-required, return speed of the plunger
when the solenoid is de-energized, which will effect the
closing of valve 58 at a sufficient speed to preclude flash
back at the gas burner.

Operation

The device is shown in FIG. 2 in a de-energized posi-
tion with the valve 58 fully closed and with the ring
member 78 adjustably positioned intermediately of its ad-
justment range, which places cam 64 in the position shown
in FIG. 6 and results in an intermediate spacing of the
left end of push rod 44 from the bottom of plunger bore
45. When under these conditions the solenoid winding
28 is energized, the plunger 32 starts to move toward the
right, and as it does, it forces liquid through the bore
43. The relationship of the net cross-sectional area of
the bore 43 to that of plunger guide sleeve 30, the rela-
tionship of the cross-sectional area of the sleeve portion 96
of the check valve to the met cross-sectional area of the
bore 43, the strength of spring 160, and the viscosity of
the liquid are such that the check valve 94 is moved from
its full open to full closed position by a rightward move-
ment of plunger 43 which is equal to twice the space
between the end of push rod 44 and the bottom of plunger
bore 45, shown in FIG. 2. During that initial half of
the total rightward movement of the plunger required to
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close check valve 94, in which the space between the
end of push rod 44 and the bottom of plunger bore 45
is taken up, the valve 58 is not moved, but during the
last half of this total required plunger movement, the
valve 58 is moved openward a predetermined amount at
a relatively rapid rate.- When the plunger has moved
the total distance required to close the check valve 94,
further rightward movement of the plunger and the open:
ing movement of valve 58 to its full open position will
proceed at a relatively slow rate, due to the considerable
restriction to flow caused by the seating of the check
valve,

When the check valve 94 is seated, the flow of liquid
displaced by the plunger 32 is limited to the annular
orifice defined by the inner wall of the check valve sleeve
portion 96 and the reduced portion 98 of the push rod.
The positions of the plunger 32, the check valve 94, and
the valve 58 at the instant the check valve 94 closes are
shown in FIG. 3 of the drawings.

When the ring member 78 is rotated to its counter-
clockwise limit wherein the pointer 84 bears against the
left-hand stop pin 88, see FIG. 1, the space between the
end of push rod 44 and the bottom of plunger bore 45
will be maximum, or twice that space shown in FIG. 2.
Under these conditions the free travel of plunger 32, be-
fore it picks up the valve 58, is sufficient to seat the
check valve 94 so that the entire opening movement of
valve 58 will be relatively slow and at a substantially
constant speed. When the ring member 78 is rotated
to its clockwise limit wherein the pointer bears against
the right-hand stop 88, no space will exist at the left end
of push rod 44. Under these conditions the plunger 32
is operatively connected to valve 58 through the full
plunger stroke, and the plunger and valve 58 will move
through a maximum, initial, rapid-opening step which is
equal to the total amount of plunger travel required to
seat the check valve 94.

As an alternative arrangement, the check valve seat
104 could be formed at the right end of bore 43, with
reference to FIG. 2, and the check valve could be formed
as a simple perforated disc entered into the bore and
slidably mounted on a reduced portion of the push rod
44 and having such diameter as to respond in the required
manner to the flow through bore 43. In this arrangement,
the closing force acting on the check valve would be sub-
stantially constant, for a constant flow, throughout its
stroke until it closely approached its seat. However, the
arrangement shown provides a better means, in the elon-
gated sleeve portion, for maintaining alignment of the
valve with a relatively loose fit on the push rod. More-
over, in the arrangement shown, the increase in restriction
occasioned by progressing entry of the sleeve portion 94,
resulting in increased closing force, offsets the build-up of
return spring 16®, and when the solenoid is de-energized,
the restrictive effect of the check valve decreases as it
approaches its open position, thereby reducing resistance
to the return movement of the plunger as the valve 58
approaches its closed position. This is a particular ad-
vantage because the more rapidly the latter portion of
the closing movement of valve 58 can be effected, the
less likelihood there will be of burner flash back.

The foregoing description and accompanying drawings
are intended to be illustrative and not limiting, the scope
of the invention being set forth in the appended claims,

I claim:

1. In a solenoid valve assembly, a valve, a strong
spring means biasing said valve in a closed position, a
solenoid including a plunger guide sleeve, a winding sur-
rounding said sleeve, and a plunger slidably fitted in said
guide sleeve and arranged to engage said valve and to
move it open when said plunger is attracted in one direc-
tion upon energization of said winding, light compression
spring means between said valve and said plunger for
effecting an overtravel of said plunger in an opposite
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direction beyond the point to which it is moved by said
valve closing spring wien said winding is de-energized,
whereby an amount of free plunger travel with respect to
said valve occurs when said winding is energized, means
forming a closure at one end of said guide sleeve, a
chamber, a liquid in said chamber, a passage connecting
said chamber and the interior of said guide sleeve at its
closed end whereby liquid is caused to flow to and fro
through said passage as said plunger is reciprocated in
said sleeve, a flow responsive member movable axially in
said passage between lesser and greater flow restricting
positions therein, resilient means biasing said member in
its less restricting position, and said member being ar-
ranged to move from its lesser to greater restricting posi-
tion in response to a predetermined flow through said pas-
sage resulting from a predetermined initial movement of
said plunger in a valve opening direction upon energiza-
tion of said winding, whereby said plunger moves relative-
1y rapidly a predetermined initial amount when energized
until said member has reached its greater restricting posi-
tion, and adjustable stop means arranged to be engaged
by said plunger when de-energized for variably limiting
the overtravel of said plunger to an amount equal to or
less than the predetermined initial movement of the
plunger required to move said member to its greater re-
strictive position, whereby that portion of the initial rapid
opening movement of said plunger which is effective in
moving said valve openward is varied.

2. In a solenoid valve assembly, a main valve to be
operated including a valve operating member movable
with said valve, strong spring means biasing said valve in
a closed position, a solenoid for operating said valve in-
cluding a plunger guide sleeve, a winding surrounding said
guide sleeve and a plunger slidably fitted in said guide
sleeve and arranged to engage said valve operating mem-
ber and to move said valve open when said plunger is
attracted in one direction upon energization of said wind-
ing, relatively light spring means acting between said
valve operating member and said plunger for effecting an
overtravel of said plunger in an opposite direction beyond
the point to which said plunger is moved by said valve
closing spring when said winding is de-energized, thereby
to provide an initial amount of free plunger travel with
respect to said valve when said winding is susebquently
energized, means forming a closure at one end of said
guide sleeve, a chamber, a fluid in said chamber, a pass-
age connecting the interior of said guide sleeve at its
closed end with said chamber, whereby said fluid flows to
and fro through said passage when said plunger is recip-
rocated, a valve seat at one end of said passage, a flow
responsive check valve having a portion movable axially
in said passage in response to fluid flow therethrough and
having a portion exterior of said passage adapted to en-
gage said valve seat when said check valve is moved a
predetermined distance in one direction, thereby to re-
strict the flow through said passage, bypass means per-
mitting reduced flow through said passageway when said
check valve is seated, stop means for limiting the move-
ment of said check valve in an opposite direction, means
biasing said check valve against said stop means, said flow
responsive portion of said check valve being responsive to
a predetermined flow through said passage for a predeter-
mined interval in a direction resulting from a predeter-
mined movement of said plunger in a main valve opening
direction to move said check valve from a position against
said stop means to a seating position on said valve seat,
whereby said plunger moves relatively rapidly an initial
amount in a valve opening direction upon energization of
said winding, and adjustable stop means arranged to be
engaged by said plunger when de-energized for variably
limiting its overtravel and consequently its free travel
relative to said main valve, whereby that portion of the
initial rapid movement of said plunger upon energization,
during which it is operatively connected to said valve, is
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varied, thereby varying the rapid opening step of said
main valve,

3. A solenoid valve assembly as set forth in claim 1 in
which said adjustable stop means comprises a spring-
returned manual operator having a cam surface movable
therewith and arranged to be engaged by said plunger as
it returns to its de-energized position, and adjustable stop
means for variably limiting the return of said manual
operator, thereby to variably limit the overtravel of said
plunger, and said manual operator being operable,

5
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8

through engagement of said cam surface, to move said
pluniger sufficiently toward its energized position to effect
the substantial opening of said valve.

References Cited in the file of this patent

1,730,688
2,752,453
2,886,720
2,936,997

UNITED STATES PATENTS

RipP! oo Oct. 8, 1929
Wallace o June 26, 1956
BueK - May 12, 1959
Nickells wocm oo May 17, 1960

RS



