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@ Draw works control system.

in a control system (28) for a hydraulically operated draw
works or the like having a hydrautically disengaged brake {14},
atransmission {10, 12) and a brake control valve {114, 122), an
accumulator {174} is provided having a check valve {136} con-
nected between the brake control valve outlet {152) and the
brake {14) to modulate application of the brake (14} when itis
applied after the brake {14} has been fully released and to
provide unmodulation application of the brake (14} when itis
applied after the brake {14} has been only partially released,
thereby to minimize shock in the draw works components
when a load is lowered rapidly and the brake is then applied
and yet provide rapid actuation of the brake when the load is
being lowered slowly. N
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CATERPILLAR TRACTOR CO. GJE 5180/030

DRAW WORKS CONTROL SYSTEM
This invention relates to control systems for
hydraulically operated draw works having winches,

or the like, and which may have hydromechanical boom or
hook type draw works transmission controls.

Prior art of possible relevance includes our
U.S. Patent Specification No. 4,048,799.

Winches, or as more generally known, draw works,
are used in a large variety of operations and, as a
consequence, there are draw works constructions available
with widely varying degrees of sophisticated control
and drive equipment. Some of the more sophisticated
draw works constructions are hydraulically operated
and include a hydraulic motor for driving a draw works
drum. Typically, there is provided a hydraulically
disengaged brake which brakes the_drum to prevent unduly
rapid lowering of a load to be hoisted. A multiple-
speed, hydraulically controlled transmission may
intercomnect the drum and the drive motor therefor.

| There is also provided means for regulating the

amount of control fluid applied to the hydraulically
disengaged brake to control the degree of disengagement
of such brake and thereby control the rate of Szacent
of an elevated load. ]

In the usual case, two types of load-lowering
are desirable. The first is the so-called "drop and
catch" lowering wherein the brake is fully disengaged
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and the load is allowed to fall at its maximum rate.
When the load has been lowered the desired amount,
the brake is 6nce again engaged and further lowering
is arrested. The second type of lowering is the
so—-called "controlled" lowering in which the brake is
only partically disengaged thereby allowing a load '
to be lowered at some controlled rate less than the
maximum.

During the drop and catch lowering, initial
engagement of the brake to catch the load will cause
"grabbing" of the brake rather than smooth engagement.
This, in turn, communicates a considerable shock to
the internal components of the brake and draw works
componenfs connected to the output of the brake. This
shock reduces the useful 1ife of such components by
causing premature wear and failure thereof.

It is therefore highly desirable therefore to
prevent such shock .loading by providing for gradual
application of the brake in drop and-catch lowering.

During controlled lowering, however, such a
feature is not desirable since modulation of brake
application will result in additional travel of the
load after the operator applies tThe breke thereby
making fine control of load position difficult. More-
over, such modulation is not necessary since changes in
torque levels are not so drastic as to cause the
detrimental shock noted above.

According to the present invention, a control
system for a hydraulically operated draw works or the
like having a hydraulically disengaged brake; a
transmission; a brake control valve, including a fluid
inlet, and a fluid outlet, connected to the brake; and a
source of fluld under pressure connected to the inlet
includes means provided for causing modulated
application of the brake when the brake is applied
after having been fully released, and for causing
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unmodulated application of the brake when the brake
is applied after having been only partially released.

The invention also includes an accumulator for

use in a control system for a hydraulically operated

5. draw works or the like having a hydraulically disengaged
brake, a transmission,.and a brake control valve, the
accumulator including a body having a bore; an inlet
in the body for comnection to the control wvalve; an
outlet in the body for commnection to the brake; a

10. hollow piston slidable within the bore; passageways
extending from the hollow interior of the piston to the
outer surface of the piston; springs biasing the piston
to a predetermined position within the bare; a check
valve located between the bore and the outlet to

15. permit unrestricted fluild flow from the bore to the
outlet and to prevent fluid flow from the outlet
to the bore; and a metering orifice located in the
piston and extending from the hollow interior of
the piston to the outer surface of the piston to

20, permit, in use, a continuous but limited rate of fluid
flow between the outlet and the inlet.

it
{;
i
;
i

One example of a control system according to the
invention will now be described with reference to the
accompanying drawings in which:-

25. - Figure 1 is a schematic view of the hydraulic

control system illustrating mechanical details of manual
“actuators therefor;

Figure 2 is a sectional view of a control valve -
of the system, which also schematically illustrates
30. peripheral components utilized in the system;
Figure 3 is a sectional view taken approximately
along the line IITI-III of Figure 2;-and; _
Figure 4 is a sectional view of the accumulator

=N
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constructed according to the present invention, which

also schematically illustrates peripheral components.
One'eXample_of a control system for a hydraulic-

ally operated draw works or the like including a

hydraulically disengaged brake, a multi-speed,

hydreulically controlled transmiusion and a drum

" to be driven or braked is 111ustrated in the drawings

and with reference to Figure 1, is seen to include

a multi-speed, hydraulically controlled transmission
1nc1ud1ngzahlgh speed sectlon.lndlcated schematlcally
at 10 and a low speed section schematically indicated
at 12. As will be seen, the

30
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transmission including the components 10 and 12
will be of the type that when fluid under pressure
is directed to the high speed section 10, the output
speed of the transmission will be in high gear, and
when fluid under pressure is directed to the low
speed section 12, the output speed of the trans-
mission will be in the low range.

The usual draw works assemblage will
include a spring-engaged, hydraulically disengaged
brake which may be of a conventional construction
and which is illustrated schematically at 14. The
system will also include a metering pump 16 which
will be suitably coupled to the draw works drum.
{not shown) through a one-way clutch {(not shown)
so as to be driven thereby when the load is lowered
at a speed proportional to the rate of rotation of
the draw works drum. The purpose of the metering
pump 16 is to act as a governor and limit the rota-
tional velocity of the drum.

" When the draw works system is used in a
vehicle as, for example, a pipe layer, there will
be a number of additional hydraulically controlled
components associated with the vehicle, which com-
ponents are schematically illustrated at 18 and
may include steering clutches, power transmission

and vehicle brake elements. Fluid under pressure is

provided to the system by a hydraulic pump 20, typ-
ically driven by the prime mover of the vehicle.
The pump 20 receives o0il from a reservoir 22 and
directs the same, under pressure, to a junction 24.
One side of the junction 24 extends to a priority
valve 26 which, in turn, permits the flow of fluid
to the vehicle components 18. The other side of
the junction 24 extends to the control systeﬁ’of
the present invention.

BAD ORIGINAL g;%
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The priority valve 26 is of conventional
construction and is operative to ensure delivery of
fluid to the control system of the present invention
at a pressure equal to or exceeding a predetermined
minimunt pressure. Frequently, hydraulic f£luid flow
requirements of the vehicle components 18 will cause
the pressure to drop to a relatively low value which
is insufficient to maintaim engagement of the compo-
nents of the transmission. The priority valve 26
prevents such from occurring.

The control system includes a control valve,

generally designated 28, which comprises two valves

in a common housing. Manual actuators, generally

designated 30, are provided for the valve 28 in,

for example, an operator area. The manual actuators
30 include, for example, a handle 32 which may be
grasped by the operator to perform a variety of
functions to be described. A console within the
operator area is provided with a slot 34 in which the
handle 32 may be moved.

A first mechanical link, shown schematic-
ally at 36, is attached to the handle 32 and extends
to the control valve 28 to convey thereto mechanical
motion of the handle 32 directing the selection of
a particular transmission output speed. A similar
rlinkage, shown schematically at 38, extends to a
brake control section of the valve 28 to convey
mechanical movement of the handle 32 to the valve 28
to direct the flow of hydraulic fluid under pressure
to the brake 14 to control its degree of disengage-
ment.

A third linkage, shown schematically at
40, extends to amotor speed and direction control
system (not shown) which is operative to control
the speed of the hydraulic drive motor forfthe draw

works as well as its directional output.

i3
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The linkages 36, 38 and 40 may be conven-

tional in nature and, for example, in the form of con-

trol cables or linkages. - It is only necessary that

the linkage 36 be responsive to movement of the
handle 32 in the right-left direction, as viewed

in Fig. 1, and nonresponsive to other directions

of movement thereof. The linkages 38 and 40 are sim-
ilar, but are responsive only to up-down movements

of the handle 32, as viewed in Fig. 1, and nonres-
ponsive to left-right movement.

The slot 34 defines a shift pattern for
the handle 32. It includes a horizontally elongate
slot 42. When, as viewed in Fig. 1, the handle 32
is disposed in the left-~hand end of the slot 42,
the control valve 28 will direct the transmission
to select its high speed output. When the handle 32
is in the right-hand extremity of the slot 42, it
will direct the control valve 28 to select the low
speed range of the transmission. »

At each end of the slot 42, there are pro-
vided downwardly extending slots 44 and 46. When the
handle 32 is aligned with eithexr of the slots 44
and 46, and depressed thérein, the linkage 40 will
direct the motor speed and direction control system
to drive the drum of the draw works to elevate the
load. The degree of depression of the handle 32
in either of the slots 44 or 46 will control the
speed of the drive motor for the winch.

7 Also included is an upwardly extending
slot 48 intermediate the ends of the slot 42. When
the handle 32 is aligned with the slot 48, a direction
by the Qalve 28 to the transmission will cause the
latter to assume a neutral condition. As the handle
32 is elevated in the slot 48, the brake 14 will
be allowed to progressively disengage and increase

in speed as the handle 32 moves further up the slot.
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At the same time the linkage 40 may be directed,

after the backlash has been taken up to drive the
drum motor in a direction to lower the lcad at a

particular speed, but only if the load is not of

sufficient magnitude for gravity to overcome the

friction of the draw works assemblage.

A short, downwardly extending slot 50
intersects the slot 42 intermediate its ends. When
the handle 32 is directed downwardly into the slot
50, there will be a direction to the motor speed
and direction control system to energize the drive
motor for the draw works.

Whenever the handle 32 is aligned with eith-
er of the slots 48 or 50 or in between the two, the
transmission will be directed, by the valve 28, to
remain in neutral. Thus, the use of the slot 50
enables the erergization of the drive motor for the
winch while the transmission is in neutral to enable
warmup of the components without changing the position
of the load carried by the draw works. This feature
of the invention, when used, ensures excellent res-
ponse of the system in cold environments.

Returning to the junction 24, hydraulic
fluid under pressure is directed along a line 52
to the transmission control side of the valve 28 in
a manner to be described in greater detail herein-
after. It is also directed to a check valve system
54. The check valve system 54 includes a first check
valve 56 which precludes backflow from any down-
stream component to the junction 24. Just down-
stream of the check valve 56 there is located a
junction 58. Connected to the junction 58 is a
check valve 60 which extends to the metering pump
16. The check valve 60 precludes discharge of an
accumulator 62 except through the valve 28.

Turning now to Figs. 2 and 3, the construc-
tion of the control valve 28 will be described in

wh
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greater detail. The valve 28 includes a housing
100 formed of a center housing 102, a right end hou-
sing 104 and a left end housing 106. The left end
housing 106 receives, in a conventional fashion,
cable ends 108 and 110 of the linkages 36 and 38,
respectively. The center housing 100 includes a
transmission control bore 112 and a brake control
bore 114. The housing 104 includes cavities 116
which are aligned with the bores 112 and 114 and
house bi-directional spring centering assemblies
118 which are operative to center respective ones
of a transmission control spool 120 in the bore

112 and a brake control spool 122 in the bore 114
to the positions illustrated in Fig. 2 regardless
of whether the spools 120 and 122 have been shifted
to the right or to the left.

The spools 120 and 122 have leftward ex-
tensions which extend into the housing 106 for con-
nection to the cable ends 108 and 110 whereby the
spools 120 and 122 may be shifted to the right or
to the left in their bores by manipulation of the
handle 32, as mentioned previously.

The transmission control bore 112 includes
a first outlet port 124 which may be connected to
the high section 10 of the transmission to be con-
trolled and a second outlet port 126 which may be
connected to the low section 12 of the transmission.
Intermediate the outlet ports 124 and 126 is an
inlet port 128 which is connected to the junction
24 (Fig. 1). On the sides of the outlet ports 124
and 126 opposite from the inlet port 128, the bore
112 is provided with drain ports 130 and 132, res-
pectively, which drain ports are also common to the
brake control bore 114 and which are connected to
the reserxvoir 22.
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The spool 120 includes spaced lands 134

and 136. Dependent upon the position of the spool
120 within the bore 112, the land 134 will either
preclude fluid communication between the ports 124
and 128 or the ports 126 and 128. The land 136
will either preclude fluid communication between
the ports 126 and 128 or the ports 126 and 132.

In the position of the valve illustrated in Fig. 2,
which corresponds to a position directing the trans-
mission to be in neutral, the lands 134 and 136
block the flow of pressurized fluid into either of
the transmission sections 10 and 12, while at the
same time allow fluid flow from those sections to
the reservoir 22 through the drain ports 130 and
132 respectively.

To command the transmission to operate
in its low raﬁge, the handle 32 is moved to the
right in the slot 42, as mentioned previously.
This will cause a commensurate shift of the spool
120 to the right within the bore 112. This, in
turn, will establish fluid communication between
the inlet 128 and the outlet 126. Flow to drain
through the poft 132 is blocked by the right-hand

side of the land 136 in such a case, while flow

to drain through the port 130 continues because
the land 140 does not move far enough to block 7
communication between the outlet port 124 and the
drain port 130. Flow from the inlet 128 to the
outlet 124 continues to be blocked but now by land
222 instead of land 134.

. ) Conversely, when the handle 32 is shif
to the left, as viewed in Fig. 1, to direct the
transmission to operate in its high range, the spool
120 will shift to the left within the bore 112 from
the position shown. At this time, the land 222

will shift to the left to preclude fluid communica-

tion between the port 124 and the drain port 1395 ORIGINAL @
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while the land 134 énables fluid flow from the inlet

port 128 to the port 124. The rather long axial length

of the land 136 will continue to block the flow of
fluid to the outlet port 126.

Turning now to the brake control section
of the valve 28, the brake control bore 114 -includes
a cavity 150 which is connected to junction 58
for receipt of f£luid under pressure. Just to the
right of the cavity 150 as seen in Fig. 2, is an
outlet port 152 which is adapted to be connected
to both a brake accumulator 174 and to the metering
pump 16, as shown in Fig. 4. The outlet port 152
is disposed between the cavity 150 and the outlet
port 132 which extends to the feservoir 22, -

The spool 122 includes a land 158 having
a relatively long axial length which is normally
operative to preclude the flow of fluid from the
cavity 150 to the outlet port 152 while allowing
flow of fluid from the outlet porf 152 to drain
through the drain port 132 or to interrupt fluid
communication between the drain port 132 and the
outlet port 152 and allow fluid to flow from the
cavity 150 to the outlet port 152 under circum-
stances to be described in greater detail herein-
ter. . )

As seen in Figs. 2 and 3, the land 158
includes oppositely disposed, axially extending
grooves 160, 162 and 164 in its periphery. Each of
the grooves 160, 162 and 164 opens to the inlet
side of the land 158 and, as can be best seen in
Fig. 2, the groove 160 has a relatively long axial
length, the groove 162 has an intermediate axial
length, while the groove 164 has a relatively short
axial length. As seen in Fig. 3, the grooves 162
and 164 have relatively large cross sections, while

the groove 160 has a relatively small cross -section.

0
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'Moreover, all three grooves have a progressively

decreasing cross section from left to right.(Fig.2)

In the case of a brake in a draw works,
it is desired that there be an infinite number
of degrees of disengagement so that the speed of
descent of the load can be regulated. The grooves
160, 162 and 164 serve as metering grooves to assist
in attaining such a degree of brake disengagement
control. Specifically, the further thé spool 122
is moved to the right; as viewed in Fig. 2, the
greater the fluid flow from the cavity 150 to the
outlet 152 through the groove 160. The greater the
fluid flow, the greater the degree of disengagement
of the brake 14 which, it will be recalled, is of
the hydraulically disengaged type. For greater
rightward shifts of the spool 122 within the bore
114, fluid communication between the cavity 150 and
the port 152 will be established through the larger
groove 162 so that fluid flow will be less restricted.
For even greater rightward shifts of the spool 122,
fluid communication between the cavity 150 and port
152 will be established fhrough all three grooves
160, 162 and 164. Fluid flow will then be at its
maximum allowing the load to be lowered at its
maximum rate. ,

To enable the operator to feel when the
condition of maximum lowering rate is being aéproached,
a spring 166 has been included to provide positive
feedback to the- operator. As the leading edge of
the groove 164 approaches the leftmost surface of
cavity 168 which leads to port 152, the washer 167
contacts a shoulder 170 of the bore 114. Any further
rightward movement of spool 122 compresses the spring
166 and provides for a positive operator feel when
the maximum speed groove 164 has been entered.

As best seen in Figs. 1 and 4, fluid flow-

2\
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and simultaneously to the metering pump 16 and a

brake accumulator, generally shown at 174.

As explained above, the brake is of the
spring engaged-hydraulically disengaged type and

therefore the brake 14 may be disengaged, and the load

lowered, only by supplying brake 14 with hydraulic

fluid from the port 152. 1In such a brake, the great-

er the fluid pressure the greater the degree of
disengagement and the greater the quantity of fluid

required to cause progressive disengagement. As

shown in Figs. 1 and 4, the brake 14 can only be sup-

plied with hydraulic fluid through the brake accumu-
latoxr 174.

Hydraulic fluid metered through the grooves
162 and 164 is supplied to a brake accumulator
port 176 in a housing 178 of the accumulator 174.
Located within the housing 178 is a bore 180 which

contains a piston 182. The piston 182 has a rela-

160,

tively thin wall 184 which is perforated by a number
of passageways 186. As viewed in Fig. 4, the piston

is urged to the left by springs 188 and 190.

When fluid is supplied to the port 176,

it will flow through the piston passageways 186 and

into a spring pocket 192. The spring pocket 192

is ultimately connected to the brake 14 by a pas-

sageway 194, a check wvalve 1896, an accumulator

chamber 198 and an accumulator port 200. )
Located within the brake 14 is a brake

release piston 202, a brake return spring 204 and

a brake cylinder 206. The brake 14 is otherwise

conventional in construction and need not be Further

explaiﬁed. It is sufficient to note that when the

piston 202 is in the leftmost position, as viewed

in Fig. 4, the brake 14 will be fully applied and

as the piston 202 is forced an increasing distance

to the right by pressurized fluid in the chln%ﬁﬁ)ORKﬂNAL

é
206, the brake 14 will be_increasingly released. ;ﬁﬁ
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The piston return spring 204 creates a

force opposing fluid pressure in the cylinder 206.
Therefore, if fluid pressure in chamber 206 is insuf-
ficient to overcome the force created by the spring

5 204, the piston 202 will be urged to the left and the
brake 14 will be applied.

As stated above, the pressure of the hy-
draulic fluid supplied from the outlet port 152 to
the accumulator port 176, and consequentlyhfhe brake

10 14, may be varied by operator actuation of the brake
spool 122. Depending on the pressure of fluid sup-
plied to the brake 14, brake release will be accom-—
plished by one of two methods. If fluid supply prés—
sure is high, the force on the piston 202 will be

15 sufficient to completely overcome the force created
by- the spring 204. In this case, the brake piston
202 will be forced fully to the right and the brake

14 will be completely released. As a conseguence
of this large piston 202 movement, a large volume of
20 hydraulic f£luid will enter the brake cylinder 206.

A relatively low hydraulic fluid pressure
will be insufficient to‘completely overcome the force
created by the return spring 204 and the brake piston
202 will be forced only a short distance to the right.

25 This piston movement will be insufficient to complete-
ly release the brake 14 but will cause slippage. 1In
this situation, the volume of fluid entering the pis-
ton cylinder 206 will be relatively small.

As will be seen in Fig. 2, when the brake

1 30 spool 122 is returned to the neutral position, the

: ' outlet port 152 will be connected to the relief port
132 and consequently to the tank 22. This will cause
the pressure of the fluid supplied to the accumulator
port 176, and consequently the spring chamber 192,

35 to drop to a very low level. The pressurized fluid

BAD ORIGINAL gJj
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remaining in the accumulator chamber 198 and the
brake éylinder 206 will then cause the check valve
196 to seat, precluding reverse fluid flow through
the spring chamber 192. All fluid from the brake
14 will thus be forced through the chamber 198 and
towards the left end of the piston 182.

Located on the piston 182 are piston sur-
faces 208 and 210 upon which the £luid located in
the accumulator chamber 198 will act. Located
within a piston wall 212 is a metering orifice 214
which establishes fluid communication between the
accumulator chamber 198 and the accumulator port
176 through the piston passageways 186.

When the pressure of fluid supplied to
the brake 14 is relieved, reverse flow to the tank
22 through the ports 152 and 132 will be accomplished
by one of two modes depending dpon the volume of
fluid contained in the piston cylinder 206.

If the pressure, and therefore the wvolume,
of fluid located in the brake cylinder 206 is low,
as is the situation during controlled lowering
when the brake 14 is onl§ partially released, there
will be insufficient fluid in the accumulator -
chamber 198 and brake cylinder 206 to fully compress
the springs 188 and 190.- Therefore, while the
accumulator piston 182 will travel a slight distance
to the right, this travel will not compress the
springs 188 and 190 far enough to create a fluid
backpressure within the accumulator chamber 198
and brake cylinder 206 sufficient to cause slippage
of the brake 14. Any fluid located in the accumu-
lator chamber 198 and the brake cylinder 206 will
simply flow through the metering orifice 214 as
the piston 182 slowly moves to the left and will

be ultimately returned to the tank 22 through the
control valve 28. '
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If the pressure, and therefore the volume,

of fluid supplied to and entering the brake 14 is
large, as when the brake 14 is fully released, re-
verse flow to the control valve 28 will be somewhat
different. 1In this situation, fluid pressure in -
the accumulator chamber 198 and the brake cylinder
206 will be sufficient, when acting on the accumu-
lator piston surfaces 208 and 210, to fully com-
press the springs lBguand 190. As the piston
surface 208 moves beyond a port edge 216, the accu-
mulator piston 182 will act as a relief valve
and allow a large volume of fluid to flow to the
accumulator port 176. As the residual pressure
in the brake 14 and the accumulator chamber 198
decreases, the springs 188 and 190 will once again
force the piston 182 to the left. The springs 188
and 190 are chosen such that the force on the piston
182 will cause a backpressure in the accumulator
chamber 198 and the brake cylinder 206 sufficient
to maintain slippage in the brake 14.

| Once the piston 182 has been urged a
short distance to the left, the accumulator cham-
ber 198 will no longer be in direct fluid communi-
cation with the port 176 and any remaining fluid
in the accumulator chamber 198 and the brake cylinder
206 must £low through the metering orxifice 214 and
the piston passageways 186. The metering orifice
214 will limit the flow of fluid from the piston

cylinder 206 and thus cause gradual application of
the brake 14.

In operation, there will be two distinct
modes of load lowering available to the operator.
The first is "drop and catch" lowering where it is

desired to lower the load for a distance at the

vy
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maximum rate available and then arrest lowering
at a particular point. The second mode is "con-
trolled" lowering where it is desired to lower
a load at a speed somewhat less than the maximum
available. As described above, when lowering at
the maximum rate is desired, the brake spool 122
will be in the rightmost position as viewed in
Fig. 2. High pressure fluid will be allowed to
flow through the grooves 160, 162 and 164 from
the cavity 150 to the outlet port 152. As shown
in Fig. 4, fluid flow from the outlet port 152
will proceed to the junction 172 and then to the
accumulator port 176 and the metering pump 16. |
Upon reaching the accumulator port 176, the fluid
flows through the piston passages 186, the spring
pocket 192, the passageway 194, the check valve
196 and finaliy through the accumulator port 200
to the brake cylinder 206. The accumulator chamber
198 will become completely filled during this
process. .

Since fluid pressure and flow is at
its maximum, the brake piston 202 will be forced
completely to the right and the brake 14 will be
fully released. The load will therefore drop at
its maximum rate. '

' When it is desired to stop descent of
the load, the brake spool 122 is shifted to the
neutral position as shown in Fig. 2. As indicated
above, the outlet port 152 will then be in fluid
communication with the drain port 132, and conse-
Quently, the tank 22. The accumulator spring pock-
et 192 and the passageway 194 will thus be drained
by the drain port 132. Fluid pressure in the accu-
mulator chamber 198 and the piston cylinder 206

will then cause the check valve 196 to be complétely
seated. '
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Since the check valve 196 is closed, all

hydraulic fluid to be discharged from the brake 14
must move the accumulator piston 182 against the
springs 188 and 190. Since the fluid pressure in
the accumulator chamber 198 and the piston cylinder
206 is high, the fluid acting upon the piston sur-
faces 208 and 210 will create a force sufficient
to fully compress the springs 188 and 190.

As the pistpn 182 moves to the right,
the piston surface 20% will clear the edge 216 of
the port 176 and the piston 182 will act as a
relief valve. As the pressure of fluid in the ac-
cumulator chamber 198 and the piston cylinder 206
decreases, the springs 188 and 190 will force the
piston 182 to once again move towards the left,
closing off accumulator port 176.

Since the springs 188 and 190 are greatly
compressed, they will cause the piston 182 to act
upon fluid contained in the accuﬁulator chamber
198 with a force sufficient to cause a fluid back-
pressure in the accumulator chamber 198 and the

piston cylinder 206 such that the brake 14 will
continue to slip.

With the accumulator chamber 198 no longer
in direct fluid communication with accumulator port
176, any further fluid flow from the accumulator
chamber 198 and the brake cylinder 206 must be
through the metering orifice 214. The limited flow
through the metering orifice 214 will cause the
gradual relief of fluid pressure in the brake cyl-
inder 206 and thus provide modulated brake appli-
cation and gradual arrest of the load.

During controlled lowering, fluid flow
from the cavity 150 to the outlet 152 will be
through less than all of the grooves 160, 162 and

164. This will generate a fluid pressure in the
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brake cylinder 206 which will be less than that
required to completely release the brake 14, How-
ever, fluid pressure in the cylinder 206 will be
of a magnitude that will cause slippage and limited
rotation of the brake 14. Since the brake piston
202 will move only a slight distance to the right,
a relatively small volume of fluid will be con-
tained in the brake cylinder 206.

When the brake valve 122 is returned to
the neutral position, fluid flow from the accumula-
tor chamber 198 and the piston cylinder 206 will
once again be limited to the left end of the piston
182 by action of the check valve 196.

Since during controlled lowering the
pressure and volume of fluid contained in brake
cylinder 206 is low, the volume of f£luid acting on
the piston surfaces 208 and 210 will not fully com-
press springs 188 and 190. Therefore, the springs
188 and 190 will not be compressed a distance suf-
ficient to create the backpressure required to cause
an indicated slippage of the brake 14. Brake appli-
cation will be immediate. 7

It will thus be seen that the addition of
the accumulator 174 to a draw works control system
will provide the duai advantages of modulated braking
during high-speed lowering and unmodulated rapid
brake application during controlled lowering.

The system also includes means whereby the
accumulator 62 may be discharged when the pump 20 or
engine is inoperative. The fluid from the éccumulator
62 is discharged through orifice 224 to either drain

13C to sump 22, or port 128 back through pump 20 tc

- sump 22, depending upon the position of spools 122

and 140,
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CLAINS.
1. A control system (28) for a hydraulically operated
draw works or the 1like having a hydraulically disengaged
brake (14); a transmission (10, 12); a brake control
valve (114, 122) including a fluid inlet (128), and
a fluid outlet (152) connected to the brake; and a
source of fluid (20) under pressure connected to the
inlet (128); characterized in that means (17) are
provided for causing modulated application of the brake
(14) when the brake is applied after having been fully
released, and for causing unmodulated application of the
brake (14) when the brake is applied after having been
only partially released. )
2. A control system éccording to claim 1, characteriz-
ed in that the means (174) comprises an accumulator
having means for selectively slowly relieving fluid
backpressure in the brake (14) when supplied with a
relatively large volume of fluid from the brake (14),
and rapidly relieving fluid backpressure in the brake
(14) when supplied with a relatively small volume
of fluid from the brake (14).
3. . A control system according to claim 2, wherein
the accumulator includes a body (178) having a bore
(180), a piston (182) slidable within the bore and having
a hollow body and passageways connected the outer
and inner surfaces of the piston (182), and spring

4
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e

means (188, 190) biasing The piston (182) towards

a predetermined position within the bore (180).

4, A control system sccording to claim 2 or

claim 3, characterized in that the accumulator
further includes a check valve {196) located between

the control valve outlet {152) and the brake (14)
to permit unrestricted fiuil flow to the brake (14)

-

and to prevent fluid ficw from the brake (14) to the
control valve.

5. A control system ecco;avﬁg to any of claims

2 to 4, characterized in that the accumulator includes
a metering orifice (214) located between the control
valve outlet (152) and the brake (14) to limit the
rate of fluid flow from the brake (14) to the control
valve,

6. An accumulator for use in a control system
(28) for a hyd“auL ;;y coerat

ed draw works or the

like having a hydrauiiczlly disenﬁaged brake (14),

a transmission (10 212 and s brake control wvalve
(114, 122), the accumulater (174) including a body
(178) having a bore {i2C; nlet (176) in the body

(178) for connection ©o the control valve (114 122);
an outlet (200) in ths bedy {1
brake (14); a hollow pis

bore (180); passageways (185) exteﬁdlng from the hollow
interior of the piston (182) to the outer surface of
the piston (182); springs {188, 190) biasing the piston
(180) to a predetermined position within the bore (180);
a check valve {1958} iocatad hetween the bore (180)

and the outlet (2C0) o zarmit unrestricted fluid flow
from the bore (180} +o ths outlet (200) and to prevent

i {200) to the bore (180); and
ocated in the piston (182)
and extending from the kollow interior (184) of the
piston (182) to the outer zurface of the piston (182)

to permit, in use, = sontinuous but limited rate of

fluid flow between Thne outlst (200) and the 1nlef’(176;L
BADggq‘mN

fiuid flow from the

o~

a metering orifi
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