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Schlage Lock Company, San Francisco, Calif.,
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5 Claims.
_ 1 -

Our invention relates to deviees for providing
Subotantmﬂy constant fuid flow regardless of ex~
ternal conditions and has particular reference to

a door closer, although it has many other ap-

ITGatl{}‘lS as well. Door closers incorporating
this invention hydraulically control the operation
oI doors at a predetermined or substantially con-
stant closing speed regardless of external condi-
tions, such as changes in force applied and tem-
perature.

The functioning of a door closer can be con-
sidered In two phases, first, the action taking
place during door opening and second, the action
taking place during door closing. Excluding
the action of the damping or regulating mecha-
hism, cne action is the reverse of the other. The

closing action may be considered in five stages

¢l operation. These are 1, when the door is at
rest just prior to the start of its closing, 2, when
the door is accelerating from rest position, 3,
when the door is moving at constant velocity, 4,
when the door latches, and 5, when the door is
at rest just after closing. A satisfactory closer
must control a door during each stage under
conditions which are not constant during the life
O0f the closer. Although there are cases where
1t is not necessary to check the closing until the
door is about to lateh, it is preferable to control
ti1e door at all closing angles as a safety feature
and to prevent slam. The closing action should,
fmthﬁrmere be normal whether the door has
been opened widely or whether it has been
opened only a small fraction of its travel. The
closer should he effective despite slight 1rregu1a,r1-

ties in mounting and accumulations of dust, grit

and paint. Maintenance should be minimized in
ireguency and seriousness. It should be possikle
to adjust the closing time over g considerable
range but no variation in ﬂperatwn of the closer
should result from temperature changes.

- The closing force for the door closer is obtained
auring door opening, is stored most commonly in
8 mechanical spring, and is discharged during
the closing of the door. The amount of ENergy
necessarily stored in the spring system to close
the door against a maximum adverse wind is, in
most cases, in excess of the amount required to
close the door normally. The energy released by
the spring and the energy released by decelera-

tion of the door as it nears closure must be dissi- :

pated or transformed if the movement of the door
is to be properly controlled. Changing friction

and temperature, and the varying angie of the

door opening make it necessary to provide a
checking

mechanism or regulator to  absorb !
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varying amounts of the total energy necessarily
supplied for maximum operating conditions.

‘The requirement of uniform operation with
variations in closing torque is not met by present
fluid-damped closers. If the damping control is
adjusted for normal closing speed in still air, the
door will close at from about two to about four
times this speed under the influence of a 15
M. P. H. wind. If the closer is set to provide a
reasonable closing speed when the wind acts on
the door, then the closing rate in still air is too
slow. The possibilities are either a rapid closing
(possibly sz slam) or an excessively slow closing.
Changes in wind and in temperature require fre-
quent adjustment of the spring tension, closing
speed mechanism, and latching speed mechanism.
- It 1s therefore an object of this invention to
provide a substantially constant closing mecha-
nism, independent of external conditions.

7} is another object of this invention to provide
self-compensating closing speed control means
for a door closer.

It is still another object of this invention to
provide g fluld flow controlling mechanism for
governing the speed of door closing regardless of
external conditions.

It is a further object of this invention to pro-
vide a hydraulically damped door closer with a
constant flow orifice for controlling the speed of
the door closer in the closing direction, the flow
heing constant despite variations in external
forces and temperatul es operating on the door
closer.

Other ob;uects and advantages of this invention
are attained by the forms of the present inven-
tion described in the accompanying description
and shown in the aeccompanying drawings in

which:

Pigure 1 is a front elevational view of our as-
sempled door closer mounted for operation, and

Figure 2 is a top plan view of the door closer,
and

Flﬂ*ure 3 1s a vertical sectional view of the door
closer along the line 3—3 of Figure 2, and

igure 4 is a horizontal sectional view of the
door closer along line 4—4§ of Figure 3, and

Figure 5 is a horizontal sectional view of the
door closer along the line 5—5 of Figure 3, and

Figure 8 is a vertical sectional view of a modi-
fied plunger and shaft assembly, and

Figure 7 is a vertical sectional view of a further
inodified plunger and shaft assembly, and

Figure 8 is a horizonta] sectional view along
the line 8—8 of Figure 7, and "
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Fieure 9 is a plan of the plunger and shaft
assemblies of Pigures 6 and 7, and

Figure 10 is a sectional view along the line
(2—18 of Figure 7, and

Figure 11 is a horizontal sectional view along
the line {{—1 1 of Figure 6.

The door closer shown in Figures 1 to 5, In-
cludes a top bracket plate | provided with lateral
arms 2 having screws 3 therein to enable the
door closer to be readily attached to either a
door 4 or to a door frame § and is pierced to form
a bearing mounting 7. Machine screws 8 at its
lower end secure the top bracket plate to a bot-
tom clamp plate 9 also having a bkearing I in

which a hub 12 depending from the door closer i:

case 18 can rotate. The case 13 includes a cover
plate {4 removably mounted thereon. A verti-
cally dispesed central hollow shaft 16 is journalled
at ity lower end within the hub 12 of the case
(3 and at its upper end passes through a bushing
iT disposed in the cover plate 14 and in a hub {8
welded to the top bracket plate {. An arm (9
surrounds the top hub 18 above the plate | and
is held in axial position by a snap ring 21. A

bridee 22 rides on the hub 18 and is retained by 2

a, snap ring 23. The bridge has central lugs 24
entering a slot 26 in the end of the shaft {16 and
has fasteners 71 securing it to the arm 18 so that
the arm and the shaft 16 turn together. A toggle
arm 28 is fastened to the arm 19 and the docr
casing 6 in the usual way.

Within the case 13 is a spring collar 29 se-
cured to the shaft 16 by a set screw 3f engaging
a, notch in the side of the shaft. The spring
collar has a groove 32 to receive the inturned
end of a coil spring 33. The other end of the
spring 33 hooks against a lug 34 on an adjusting
ring 35, mounted to rotate within the case 13
and providing means for winding up the spring.
The spring is wound up by insertng a tool
through a slot 37 in the side of the case and en-
gaging one of the circumferential series of holes in
the adjusting ring and then advancing the ring
in a clockwise direction, as seen in Figure 4. A
pin 33 with a bheveled end projects through the
case into one of the holes in the adjusting ring.
An external spring leaf 39 presses the pin into
position to jock the spring 32 but yields in the
winding direction of rotation of the ring to pro-
vide a ratchet.
desired hole in the adjusting ring, the tool can
be removed from the slot 31 leaving the spring
under the desired initial tension. The spring
tension can be released by lift ng the leaf 39.

Below the spring collar and surrounding the
shaft is a screw plate 41 engaging threads on
the inside of the casing and seating on a gasket
52 to close g hydraulie reservoir 43. A filler plug
44 is provided on plate 41 for the purpose of
filling the chamber below it and all the spaces and
passages communicating with the chamber with
hydraulic fluid. An O ring &35 is disposed in a
circumiferential grcove in the hub of the screw
plate and bears against the shaft 16 to prevent
leakage of fluid out of the reservoir 43. Below
and akutted by the screw plate and seated in the
casing is a seal plate 46, The reservoir between the
serew plate and the seal plave provides a refuge
Ior gases given oif by decomposition of the hy-
draulic fluid and provides a space for thermal

expansion of the fluid to prevent stress on the
case |3. -

Below the seal plate £6 g vane 47 is attached
by screws 48 to the lower portion of the main

shaft 18. The vane rotates in a chamber 49 de~

Once the pin is engaged in the .
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fined by the seal plate and the lower portion of
the case {2 and also defined by an abutment 51
hydraulically tight and secured to the seal plate
and bottom portion of the case by means of pins
92 ang 53.

A horizontal passage 54 leads from the side of
the abutment generally designated the low-pres-
sure side to a vertical passage 5% opening on to
a Sseat BT on which a ball 58 normally rests by
agravity. Above the seat a horizontal passage 9
leads to the high-pressure side of the abutment.
A passage 61 also leads from the reservolr through
the sezl plate to the passage 56 in order to pro-
vide a suflicient operating level of fluid.

There is a paszage 62 extending from the high
pressure side of the abutment through the wall of
the shaft 16 into the central compartment G3.
Flow of hydraulic fluid from the compartment 1s
through an orifice plate 64 into a chamber §6 in
the shaft §§ from which a passage 61 leads to
the low pressure side of the abutment in the
chamber &8. The orifice plate &4 provides a knife
edege opening or orifice of a fixed and established
diameter and can readily be replaced with an
orifice of different size or, when worn with a new
one of the original size, but having no substantial
length does not variably restrict flow of liquid
oue to viscosity changes therein.

Con-operating with the orifice plate to provide a
smaller resulting opening is a plunger 68 mova-
ble through the orifice and ifself having an
especially contoured groove 89 formed in its active
portion.. The cross sectional shape of the groove,
when considered with the adjacent part of the
knife edre orifice, provides a net or resultant
opening of predetermined sizZe or area to regulate

the precise amount of flow therethrough for a

certain pressure drop. (The plunger moves ac-
cording toc pressure drop across the orifice he-
tween it and the orifice plate 64.) The flow area
between the exposed part of the knife edge and
the adiacent cross section of the groove in any
position of the plunger corresponds to the pres-
sure that moves the piunger to that position =0
that the Zlow, which depends upon pressure drop
and area, is held virtually constant or to any de-
sired value.

The plunger 68 has a reduced portion passing
through a spring abutment washer T8 and is
flared at its upper end to hold a plunger ring Tl
slidalle within an adjustment screw plug 72
threaded into the upper portion of the main shaft
(6. The adjustment screw provides a closing
speed adjustment for the door closer. The ad-
justment screw plug 712 is crimped to hold a
plunger guide and retaining washer 73. An O
ring T4 provides a seal between the adjustment
screw and the shaitl to prevent entry of dirt and
loss of fluid. A spring 15 is interposed between
the washers 10 and 73 to oppose the lifting of
the plunzer 68 under pressure. Adjustment 1S
made hy rotating the screw plug 72 in order to
establish the desired position of the plunger with
respect to the orifice plate 64 at any given pres-
sure.

Since the position of the plunger relative to
the orifice changes in accordance with pressure
Grop across the orifice ang since the area of the
groove B89 corresponds to the plunger position,
the net orifice area depends upon the pressure
drop and is usually made an inverse function

thereof. It is possible to obtain constant speed

closing and even to over-compensate for wind

pressure. The adjustment secrew plug 12 provides
8 means to adjust the pressure response of the
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plunger to compensate for. extreme changes in
temperature, for personal choice of closing speed,
for wear and subsequent leakage past the damp-
Ing piston or plunger, and for dimensional varia-
tion within manufacturing tolerances.

- To operate the closer, either the case (3 is an-
chored to the top bracket plate | and the shaft
16 is fastened to the arm {9, or the ecase (2 is
fastened to the arm {9 and the shaft {8 is se-
cured to the top bracket plate 1. As shown, the
case 13 and bracket plate | are joined by a screw
16, while the bridge 22, secured to the shaft 16,

'1s connected by screws 17 to the arm for right-
-hand operation. This mechanism is the subject

matter of our co-pending application entitled
“Reversible Door Closer,” filed J anuary 30, 1959,
cerial No. 141,222, When screws 17 are removed
and are inserted in holes 78 in the bridee and in
the hub 18 and when the screw 718 is removed and
Is put Intc a hole 79 in the arm and case for left
hand door operation, the arm is held to the case
and both rotate clockwise (as seen in Figure 2)
relative to the shaft which is held to the bracket
or lower frame 8. When, as shown, the screws

are inserted in the holes 77 in the bridge and arm, -

and the screw 76 holds the case fixed to the top
bracket plate I, the case is fastened to the door

and the shaft (6 rotates counter-clockwise, as
seen 1in Figure 2.

Upon opening of the door, the spring is wound

either by the turning of the casing or by the
turning of the shaft, depending on whether the
closer is mounted and connected for left- or
right-hand door operation. This arrangement
permits an external change-over without disturb-
ing the spring or damping system to provide uni-
directional operation of the spring and damper
combination. | | |
‘Upon opening of the door for either right- or
left-hand mounting, the vane and the casing
rotate relatively in a direction to cause the fluid
to leave the diminishing low pressure side by way
of the passage 54 in the abutment and to fores
the ball 88 from its seat. The liquid then passes

freely around the ball and out into the expanding ;

high pressure side by means of the passage 59
in the abutment. At the end of the opening ac-

-tlon much of the liguid is on the high pressure

side. |

On the closing action, the vane 4T moves due :

fo pressure of the spring 33, relative to and to-
ward the abutment 51. The finid reverses its di-
rection of flow and seats the ball 53. The only
remaining flow path is then through the passage
62 into the interior of the shaft {5
is forced up around the plunger €8 and through
the area defined by the groove 69 in the plunger
and the sharp edge of the orifice insert 64. As
the pressure in the lower portion of the shaft
chamber below the insert increases, the plunger
moves vertically upward decreasing the ares bhe-
tween the groove and the insert and thereby
maintaining the quantity of flow constant, de-
spite the increasing upstream pressure of the
fluid. Thus a constant or regulated flow is main-
tained into the upper chamber 66 from which
the fiuid leaves through the passage §71 and enfters
the low-pressure space. |

During door opening action the orifice plunger,
being substantially out of the close clearance POt~
tion of the orifice hore, permits g substantially
free fiow of the fluid. The direction of fluid tends
to hold the plunger in free flow position or to
move it into that position.

The speed of the door closer in the closing

The fluid -

At

10

44}

5

6
direction can thus be controlled and made sub-
stantially constant by the use of 5, hydraulic con-
stant flow orifice. The constant flow orifice en-
ables the maintenance of constant speed closing
of the closer regardless of the wind forces acting
against the door and regardless of temperature
changes. A sharp-edged orifice with a close fit-
ting notched plunger operating in 16, provides a
variable orifice effect to maintain g constant flow
of liquid through the orifice regardiess of fluid
pressure drop and regardless of viscosity changes
aue to temperature variation. Nearly all of the
flow of the fluid passes between the notch and
the knife edge, and the effect of increased fluid
pressure on the upstream side is to move the
plunger vertically against the spring operatively
connecied to the upper portion of the plunger.
The phrase “nearly all” is used since there is a
minor amount of leakage due to tolerances in
manufacturing. The spring on one end of the
plunger applies force in one direction while the
fluid applies force on the opposite end of the
plunger in the other direction. Thus, in the low
pressure or no-load ranges the fAuid fAow through
the deep end of the notech is so small as to afford
substantially low pressure drop and the position
of the plunger is not changed so that the unit
then operates as a fixed orifice. But when the
pressure of the fluid on the upstream side is suf-
ficlent to overcome the spring pressure, the
plunger moves vertically and the shallow DOT -
tion of the notch moves to operating position.
Thus the unit operates as a changeable orifice
having g, constant fluid flow. The notech is shaped

>3 80 as to balance increased pressure with rve-

duced notech cross-section thereby giving g resuli-
ant substantially constant flow. 'The action is
iree from temperature effects due to the short
leakage path and the sharp edged orifice. The
fact that the entire periphery of the sharp edged
orifice is not used is not essential since using
about a quarter of the sharp edged orifice as is
done herein gives considerably more than the
expected benefit from that much of the device.

A modification of the constant flow orifice is
shown in Figure 6. While this arrangement is
not as nearly independent of viscosity variations
as the sharp edge orifice is, it is suitable where
the fluid used is normally of substantially con-
stant viscosity. The hollow shaft I8 has a bore
81 between ports 62 and 87. Part of the bore
is relieved by grooves 8§2. A plunger 83 fits the
pore 81 and is reduced in diameter for a part 84
of ifs length. A perforated head 86 is pressed
toward a cushion 87 by a spring 88 retained by
an adjusting screw 8%. The plunger 83 fits in
the shaft with a predetermined clearance. 'The
fluid under pressure flows upwardly during clos-
ing causing the plunger head 85 to compress the
spring and the plunger to enter farther into the
bore 8i. For a given fluid viscosity and plunger
clearance, the resistance to flow through the an-
nular clearance section between the plunger 83
and the shaft iz directly rroportional to the
length of that path of fluid flow.

The hydraulic pressure on the plunger as it
Increases acts to increase also the length of the
leakage path against the opposition of the spring
which tends to decrease the length of the leakage
path. A balance in the opposing forces there-
fore establishes g length of leakage path which
Is generally inversely proportional to the pres-
sure drop across the restricted orifice. The net
result is a substantially constant amount of flow

independent of pressure. A low pressure causes
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the piston to assume a position providing a short
leakage path with correspondingly large flow.
A high pressure which in a fixed orifice would
result in a greater amount of flow, forces the
piston up to produce a longer leakage path and
a relatively small flow. Actually, the spring and
path characteristics are constructed so that in
most cases the flow is held to as nearly constans
o value as desired.

Pigure 7 illustrates another modified plunger
and spring assembly. The fluid from the high
pressure side is introduced through a passage 62
into the hollow shaft 16 below the control mecha-
nism and flows intc vertical grooves 81 on the
outside of a tubular insert 92 and thence through
radial holes 93 to a central bore 94. An externai
circumferential groove 88 is provided on  the
plunger 87 near but spaced from one end there-
of and radial hcles 98 in the plunger lead to a
drilled escape passageway 99 in the plunger.
The fluid leaves the passageway through the dis-
charee pert 8F. A spring (8! rests upon the
nlunger 97, and against an adjusting screw [02.
A stem 182 on the plunger has a cross bar {134
riding in a slot 186 in the screw so that the plung-
er can he withdrawn as the screw itself is with-
drawn although sliding motion of the plunger
with respect to the adjusting screw is permitted.
Variations in pressure are balanced by corre-
sponding variations in the length of the annular
restricted leakage path between the plunger 27
and the insert 92. As the plunger is raised by
fluid pressure, the external groove 86 serves more
and more as a flow path from the apertures 93
to the apertures 98 and so provides a correspond-
ingly increasing resistance to flow.

Tn tests of a device embodying one design of
constant flow structure, a 30 M. P. H. wind in-
creased the closing speed of the door about 20
percent and there was a variation in closing time
of akeut 10 perceunt when a force equivalent to
9 15 M. P. H. wind was applied to the door. The
closing speed of a standard door closer is In-
creased about 400 percent when the door is acted
upon by a 15 M. P. H. wind. A door closer em-
bodyving a constant flow orifice of this invention
provides a range of adjustment of the closing
time from 4 to about 8 seconds. It is impossible
to slam a door provided with this closer by the
application of any practical force to it.
ing the amhient temperature of the closer from
60 degrees to 120 degress F. caused only a 20 per-
cent change in cloging time. These test results
indicate that the closer is relatively insensitive
to viscosity variations and to temperature varia-
tions so that the orifice is practically a constant
flow device.

We claim:

1. A constant-flow device, comprising a hollow
shaft, a ring insert within said shaft having a
knife-edged inner edge, and a plunger for re-
ciprocating movement within said shaft and hav-
ing a longitudinal groove of varying depth dis-
posed to confront said inner edge, said plunger

vary- .
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heing adapted to move relative to said ring In-
sert in response to a change in fluid pressure on
said plunger.

9 Tn a constant-flow device, the combination
of a hollow shaft, an insert in said shaft having
2 knife-edge corifice, and a reciprocating plunger
passing through said orifice and yieldingly se-
cured in said shaft, said plunger having a notch
of increasing depth formed therein in a location
so that said groove is in operative position with
said knife edge of said orifice,

3. In a door closer, a case, an abutiment with-
in said case, a shaft having a bore and journalled
in said case, means providing a restriction in
said bore, a vane mounted on said shaft and
movable with said shaft to provide a pair of
variable chambers in said case between said abut-
ment and said vane, means establishing com-
munication between one of said chambers and
said bore on one side of said restriction, means
establishing communication between the other of
said chambers and said bore on the other side
of said restriction, a notched plunger movably
disposed in said bore and extending through said
restriction, and a spring in said bore for urging
said plunger toward said one side of said restric-
tion. |

4. Tn o door closer having a case, an abutment
within said case, a shaft having a bore and jour-
nalled in said case, a vane mounted on said shait
and movable with said shaft to provide a pair
of variable chambers in said case bhetween said
abutment and said vane, means establishing com-
munication betwesn one of said chambers and
one point in said bore, means establishing com-
munication between the other of said chambers
and another point in said bore, the combination
of a knife-edge restriction in said bore between
said points, a plunger having an irregular groove
therein, and means for disposing said plunger in
said bore and through said restriction for move-
ment of said groove into different positions with
respect to said knife-edge restriction.

5. In a door closer having means for impelling

. fluid flow through a bore, the combination of a

knife-edge restriction in said bore, and a plung-
er having an irregular groove therein and mova-
bly disposed in said bore and through said re-
striction into different positions with respect to
said knife-edge restriction.

ROBERT M. CONKLIN.
ARTHUR SCHARF.
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