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3,282,441
HYDRAULIC SYSTEM FOR SWINGING
A CRANE BOOM
Robert E. Stauffer, Galion, Ohio, assignor te Jefirey
Galion Manufacturing Company, a corperatien of Ohio
Original application Dec. 26, 1963, Ser. No. 333,322.

Divided and this application May 12, 1965, Ser. Ne.

455,172

3 Claims. (CL 212—35)

This application is a division of application, Serial No.
333,322, filed December 26, 1963.

The instant invention relates to cranes, and more par-
ticularly, to improved operating means for the operation
of elements of such cranes.

It is an object of the instant invention to provide im-
proved operating means for swinging a crane boom, in-
cluding means for stopping such movement of the boom
and- holding the boom in stationary position.

Other objects of the invention will appear hereinafter,
the novel features and combinations being set forth in the
appended claims.

In the drawings:

FIG. 1 is a side elevational view of a crane constructed
in accordance with the instant invention;

FIG. 2 is a sectional view of the mechanica] drive for
swinging the boom;

FIG. 3 is a sectional view of the brake mechanism,
taken on the line 3—3 in FIG. 2; and’

FIG. 4 is a schematic drawing of the hydraulic oper-
ating system for the crane.

Referring to the drawings, particularly FIG. 1, there is
illustrated therein a crane 20, which is constructed in ac-
cordance with, and embodies the instant invention. The
crane 20, which is illustrated herein by way of example,
is commonly referred to as a portable or mobile hydraulic
crane, by reason of the fact that it is a self propelled ma-
chine that may be driven under its own power, and the
operating system for the crane mechanisms is of the hy-
draulic type.

The crane 20 has a main frame or chassis 21 which is
mounted on front wheels 22 and rear wheels 23, all of
which are driven for propulsion of the crane 26. Both
the front wheels 22 and the rear wheels 23 are steerable to
provide the crane 28 with a high degree of mobility. At
the rear of the chassis 21 there is provided an engine 24,
which provides the power for driving the crane 26, in-
cluding the hydraulic operating system for the various
crane mechanisms, At the front of the chassis 21 there is
provided an operator’s station 25 at which there are placed
the various controls 28 for the crane 20. :

" At the front of the chassis 21 there is provided a pair of

outriggers 26, and likewise, at the rear there is provided a
pair of outriggers 27, which are alike in all respects. The
outriggers 26, 27 at the front and rear extend to opposite
sides of the chassis 21, and may be lowered into bearing
contact with the ground, as illustrated in FIG. 1, to pro-
vide added support for the crane 20 and thereby to stabi-
lize it.

A pedestal 30 is disposed in a substantially centrally
located position on the chassis 21 and extends upwardly
therefrom. The pedestal 30 supports the boom assembly
31, and is rotatable in opposite directions on the chassis
21 about an upright axis, whereby the boom assembly 31
may be swung continuously in a full circle. The boom

" assembly 31 is pivotally mounted on the pedestal 36 and
may be raised and lowered, as illustrated in FIG, 1. The
boom assembly 31 includes a lower boom 32 and an upper
boom 33, the latter being telescoped within the former,
and being extensible and retractable relatively to the lower
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boom 32, whereby the boom assembly 31 may be length- .

ened- and shortened, as needed, to reach various places
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where it is desired to either pick up or set down a load.
At the outer end of the upper boom 33 there is a hook
block 34 which depends from the end of the upper boom
33 on a cable 35. A winch 36 is supported on the end
of the lower boom 32 for paying out and taking up the
cable 35 to raise and lower the hook block 34 as required.

The pedestal 30 comprises laterally spaced side plates
39 which are secured to a turntable base plate 40 having
a circular configuration. The turntable base plate 48 is
secured to a main gear 41 by a plurality of bolis 42, as
best seen in FIG. 2. The main gear 41 is the outer race
of a large bearing 43 on which the pedestal 38 is rotatably
supported. The inner race 44 of the bearing 43 is secured
by a plurality of bolts 45 to a base plate 46, which in
turn is secured to the chassis 21. Thus, the inner race 44
is fixed and the outer race 41 may rotate, thereby rotating
the pedestal 30.

The main gear 41 is rotated by a reduction gear drive
47 that is enclosed within a housing 48 that is secured to
the base plate 46 by a plurality of bolts 48. The main
gear 41 is rotated by a main pinion 59 having a depend-
ing shaft 51 on which there is secured a second gear 52.
A second pinion 53 drives the second gear 52, and it is
formed with a depending shaft 54, to which there is
secured a third gear 55. A third pinion 56 drives the third
gear 55. The third pinion 56 is formed with a depending
shaft 57, to the splined end of which there is secured an
input drive flange 58. The gears together form the reduc-
tion gear drive 47, with the power being supplied to drive
the gears by the input drive flange 58 which extends below
the housing 48.

A brake adapter 59 is secured to the housing 48 by a
plurality of bolts 69. A brake spider 61 is secured to the
brake adapter 59 by a plurality of bolts 62, with the brake
63 being disposed within the brake adapter 59 and the
brake spider 61. The brake 63 includes a rotatable brake
drum 64, A motor drive flange 65 is secured to the input
drive flange 58 by a plurality of bolts 66, with the brake
drum 64 being disposed between the flanges 58, 65, and is
secured thereto. Within the brake drum 64 there is a
pair of brake shoes 67 that are -oppositely disposed.
Springs 68 are connected to the opposite ends of the brake
shoes 67 and act to maintain the latter out of engagement
with the brake drum 64, whereby the latter is free to
rotate. A lever 69 is provided for moving the brake shoes
67 by a camming action into engagement with the brake
drum 64, to prevent rotation thereof. Such braking action
on the brake drum 64 is applied to the reduction gear
drive 47 and thence to the pedestal 3@, to hold it and the
boom assembly 31 in a stationary position, and thereby
prevents the latter from swinging.

A hydraulic drive motor 70 is secured to the brake
spider 61 by a plurality of bolts 71, and the shaft 72 there-
of extends upwardly into engagement with the motor drive
flange 65 for rotation of the latter by the motor 70. The
power of the hydraulic motor 78 is transmitted by the
motor drive flange 65 to the input drive flange, 58 and
thence to the reduction gear drive 47 for rotating the
pedestal 30 to swing the boom assembly 31. The motor
70 is rotatable in opposite directions, whereby the boom
assembly 31 may be swung in opposite directions as de-
sired.

The brake adapter 59 has a braket 73, on which there
is mounted a hydraulic cylinder 74 having a piston 75 with
a piston rod 76 that is connected to the lever 69. The
hydraulic drive motor 78 is driven by hydraulic fluid under
pressure that is supplied thereto by a pump. A portion
of such hydraulic fluid is delivered to the cylinder 74
through the port 77 to move the piston 75 outwardly and
to move the lever 69 in a counterclockwise direction, as
viewed in FIG. 3, thereby releasing the brake 63 to permit
rotation of the gears of the reduction gear drive 47.
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When the supply of hydraulic fluid under pressure to the
hydraulic drive motor 79 is stopped, the hydraulic pres-
sure on the piston 75 drops, and the piston 75 moves in-
wardly in the cylinder 74 under the force of the spring 78,
thereby rotating the lever 69 in a clockwise direction, as
viewed in FIG. 3, to move the brake shoes 67 into engage-
ment with the brake drum 64 for the purpose of holding
the reduction gear drive 47 in a stationary position, and
likewise, to hold the pedestal 39 and the boom assembly
31 in a stationary position. A post 79 extends outwardly
from the cylinder 74 and has cne end of the spring 78
secured thereto. The other end of the spring 78 is secured
to a bracket 80, which in turn is secured to the lever 69 as
an extension thereof. Thus, the spring 78 acts in a direc-
tion to apply the brake 63, and the force of the hydraulic
finid acting on the piston 75 is in a direction opposite to
that of the spring force, to overcome the latter for releas-
ing the brake 63. :

The laterally spaced side plates 39 of the pedestal 39
extend upwardly and rearwardly and terminate in over-
hanging mounting arms 85 on which the boom assembly
31 is pivotally mounted. A pivot pin 86 extends laterally
between the opposite arms 85 of the side plates 39 and
through the lower boom 32, whereby the pivot pin 8§
pivotally connects the boom assembly 31 to the pedestal
30. A lift cylinder and piston mechanism 87 has its cylin-
der end secured to the turntable base plate 48 by a pin
88, and its piston rod end is secured to the lower boom 32
by a pin 89. The lift cylinder and piston mechanism 87
is disposed in an upright position between the turntable
base plate 40 and the boom assembly 31, between the op-
posite side plates 39. The lift cylinder and piston mecha-
nism 87 may be extended to raise the boom assembly 31
by swinging it upwardly on the pivot pin 86, and con-
tracted to lower the boom assembly 31 by swinging it
downwardly. The lift cylinder and piston mechanism 87
is operated by hydraulic fluid under pressure that is sup-
plied thereto for moving its piston and piston rod upward-
ly and downwardly within the cylinder 87.

Operating means is provided for extending and retract-
ing the upper boom 33 with respect to the lower boom 32,
thereby adjusting the length or reach of the boom as-
sembly 31. Such adjustment of the boom assembly 31
may be made in any position thereof, whereby the crane
20 has a high degree of flexibility in its operation.

Heretofore, reference has been made to the Jower boom
32 and the upper boom 33. The use of the terms “lower”
and “upper” for the respective booms 32, 33 is accepted
usage, and derives from the fact that the boom assembly
31 most often is disposed in an upwardly extending posi-
tion in which the upper boom 33 is above the lower boom
32.

The assembly, including the lower cylinder and piston
mechanism 91 and the upper cylinder and piston mecha-
nism 116, is connected to the lower end of the lower
boom 32 and to the upper boom 33 near the upper end
thereof, whereby extension of the cylinder and piston
mechanisms 91, 116 extends the upper boom 33 with re-
spect to the lower boom 32, and likewise, contraction of
the cylinder and piston mechanisms 91, 116 retracts the
upper boom 33 with respect to the lower boom 32.

Referring now to FIG. 4, there is a schematic illustra-
tion of the portions of the hydraulic operating system of
the crane 29 that are relevant to the instant invention.
Such hydraulic operating system includes a tank 180 for
hydraulic fluid which is the ~operating medium in the
system. A line 181 leads from the tank 189 to a first
pump 182 and a second pump 183 which are adapted to be
driven together, and draw hydraulic fluid from the tank
180, and deliver such hydraulic fluid under pressure into
the system to supply the same to the several operating
mechanisms in the system. The first pump 182 supplies
hydraulic flnid under pressure for the main crane func-
tions, these being the lift cylinder and piston mechanism
87 by which the boom assembly 31 is raised and lowered,
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the boom cylinder and piston mechanisms 91, 116 by
which the upper boom 33 is extended and retracted rela-
tively to the Jower boom 32, and the winch motor 169 by
which the winch 36 is operated. The second pump 183
supplies hydraulic fluid under pressure into the system for
supplying operating medium to other operating mecha-
nisms of the crane 29, including the hydraulic drive motor
76 for swinging the boom assembly 31, as will appear
hereinafter. In the embodiment of the invention dis-
closed herein, the first and second pumps 182, 183 each
delivers hydraulic fluid under pressure at a.different volume
rate of flow, in accordance with the requirements of the
operating mechanisms supplied by the pumps 182, 183,
respectively.

A line 184 connects the first pump 182 to a primary
manifold 185 which is connected to the stationary base
187 of a rotary valve 186. There are flow connections
from the primary manifold 185 to the stationary base 187,
providing three delivery and return paths of flow for
hydraulic fluid. A rotary valve part 188 is rotatably
mounted on the stationary base 187, with the three paths
of flow connecting to ports in the rotary valve part 188.
Lines 189, 190 connect from the rotary valve part 188 to
the opposite sides of the winch motor 169 for delivery of
hydraulic fluid under pressure to the winch motor 169 to
operate the same, and for the return of such hydraulic
fluid. Hydraulic fluid under pressure is supplied to the
winch motor 169 through one or the other of lines 189,
1990, depending on the direction of operation thereof, and
is returned through the other of the lines 189, 198. Lines
191, 192 connect from the rotary valve part 188 to the
ports of the lower cylinder and piston mechanism 91 and
thence to the upper cylinder and piston mechanism 116.
Hydraulic fluid under pressure is supplied to the cylinder
and piston mechanisms 91, 116 through one or the other
of the lines 191, 192, and is returned through the other of
these lines. Lines 193, 194 connect from the rotating
valve part 188 to the lift cylinder and piston mechanism
87 for the delivery and return of hydraulic fluid thereto,
to raise and lower the boom assembly 31, as may be de-
sired. The stationary base 187 of the rotary valve 186
is secured in a suitable manner to the chassis of the crane
20, and the rotary valve part 188 is secured to the turn-
table base plate 40 to be rotatable with the boom assembly
31.

The primary manifold 185 includes three control valves,
which may be of a conventional construction, which in
their neutral position permit the hydraulic fluid supplied
by the pump 182 to flow through the primary manifold
185 and return to the tank 180 through the line 195. Such
control valves have two flow positions, and the selection
of one or the other determines the direction of flow of the
hydraulic fluid under pressure to the winch motor 169, the
boom cylinder and piston mechanisms 91, 116, and the
lift cylinder and piston mechanism 87. The several con-
trol valves in the primary manifold 185 are preferably
pilot operated valves which are moved to one or the
other of their contro! positions by pilot hydraulic fluid
pressure applied thereto.

The second pump 183 is connected by =a line 196 to a
flow regulator valve 197. A regulated volume rate of
flow of hydraulic fluid under pressure flows from the
flow regulator valve 197 through a line 198 to a steering
valve 199 for supplying the hydraulic steering mechanism
of the crane 20. A return line 280 connécts the steering
valve 199 to a diverter valve 201. A line 202 connects
the diverter valve 281 to a flow regulator adapter 203, to
return hydravlic fluid from the steering valve 199 to the
line 204. TIf the pressure of the fluid in this part of the
system becomes excessive, then the diverter valve 201
acts to connect the line 284 to the line 205, through which
the hydraulic fluid is returned to the tank 18¢. The line
2084 connects to the secondary manifold 266 which con-
sists of a plurality of individual control valves connected
to each other, by which: there is controlled the delivery of
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hydravlic fluid under pressure to the several operating
mechanisms of the crane 20.

The schematic representation in FIG. 4 of the second-
ary manifold 266 includes a plurality of rectangles, each
of which represents a control valve. The upper five of
such rectangles are left blank, for the reason that these
are, one of control cf the steering of the rear wheels, and
the other four for control of the outrigger cylinder and
piston mechanisms by which the outriggers 26, 27 are
placed in ground engaging position and are withdrawn
therefrom. This portion of the system may be con-
structed in the usnal manner known in the art, and there-
fore, it ds not deemed necessary to include a detailed de-
scription thereof. Insofar as the steering of the front
‘wheels, this is accomplished by means of a steering wheel
operating a conventional hydraulic power steering mecha-
nism which includes the steering valve 199.

The secondary manifold 206 has a control valve 207
for controlling the delivery of hydraulic fluid under pres-
sure to the swing motor 70. Lines 208, 2069 connect from
the control valve 2067 to a counterbalance valve 210.
Lines 211, 212 connect from the counterbalance valve to
the swing motor 70. By selective operation of the control
valve 207, hydraulic fluid under pressure is selectively
delivered through lines 208, 212 or through lines 209, 211,
in accordance with the desired direction of rotation of the
swing motor 70, and the hydraulic fluid is returned from
the swing motor 70 through the other of said lines,
respectively.

The operation of the swing motor 70 is started by ini-

tiating the supply of the hydraulic fluid under pressure
thereto, and is stopped by cutting off the supply of hy-
draulic fluid, such control being effected by operation of
the control valve 207. As seen in FIG. 2, the reduction
gear drive 47 consists of high: efficiency spur gears, so that
when the supply of hydraulic fluid under pressure to the
swing motor 78 is stopped, the inertia of the mass that
is swung by the swing motor 7¢ will tend to continue the
mass in motion and thereby to continue the rotation of
the swing motor 70. In this condition the swing motor 7¢
operates as a pump on the hydraulic fluid in the lines 211,
212, Since the control valve 207 is closed to cut off the
supply of hydraulic fluid under pressure, the pressure of
the hydraulic fluid in the line 211 or the line 212 rises by
reason of the swing motor 70 acting as a pump. The
counterbalance valve 21¢ includes pressure relief valve
means by which such increased pressure of the hydraulic
fluid is released, with the effect of dissipating the energy
of the swing motor 70. Such system avoids the high
shock loads that would otherwise be imposed on the re-
duction gear drive 47 and other elements of the crane 29,
due to quick stopping of the boom swing.
" The counterbalance valve 219 also includes anticavita-
tion valve means by which the speed of operation of the
swing motor 70 and the swing speed of the boom assembly
31 is maintained proportional to the rate of delivery of
hydraulic fluid by the pump 183, irrespective of the mag-
nitude of the load on the boom assembly 31. Thus, if
the inertia of the swinging load on the boom assembly -31
tends to increase the swing speed thereof, this action will
reflect back through the swing motor 70 to the anticavita-
tion valve means of the counterbalance valve 218, and the
anticavitation valve means will throttle the flow of return
hydraulic fluid from the swing motor 70, thereby main-
taining the speed thereof proportional to the rate of deliv-
ery of hydraulic fluid from the pump 183.

A line 213 connects to one side of the counterbalance
valve and includes a check valve 214, and a line 215 con-
nects to the other side of the counterbalance valve 218 and
includes a check valve 216. The lines 213, 215 are joined
and connect to the brake cylinder 74. One or the other
of the lines 213, 215 receives a regulated flow of hydraulic
fluid from the counterbalance valve 218 to operate the pis-
ton 75 of the brake cylinder 74 to release the brake 63
when the swing motor 70 is operated. A line 217 con-
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6
nects to the lines 213, 215 and includes a flow regulator
valve 218, by which the flow of hydraulic fluid from the
lines 213, 215 is regulated, and is limited to a very small
rate of flow. A line 232 connects from the flow regulator
valve 218 to the tank.

When the operation of the swing motor 78 is stopped by
cutting off the supply of hydraulic fluid to the same, the
supply of hydraulic fluid to the brake cylinder 74 is like-
wise cut off, and the brake 63 is then applied by the spring
78, as previously explained. However, the operation of
the swing motor 7¢ and the swinging function is stopped
by cutting off the supply of hydraulic finid, as described
above. In the interval during which the energy of the
swing motor 70 is dissipated through the pressure relief

‘means of the counterbalance valve 219, the application of

the brake 63 is delayed. After the swing motor 70 and
the swing function has been effectively stopped, then the
brake 63 is applied to maintain the reduction gear drive
47, the pedestal 39 and the boom assembly 31 in a sta-
tionary position. The anticavitation valve means of the
counterbalance valve 218 effectively isolates the brake

“cylinder 74 from the swing motor 70 so that the static pres-

sure from the swing motor 70 doesn’t act in the brake
cylinder 74 to hold it released.

The secondary manifold 206 has a control valve 219
conmected by lines 228, 221 to the stationary base 187
of the rotary valve 186. The lines 220, 221 are internally
connected in the rotary valve 186 to the lines 189, 190,
respectively, which connect from the rotory valve part
188 to the winch motor 169. By operation of the control
valve 219, hydraulic fluid under pressure may be supplied
to the winch motor 169 to drive the latter in either direc-
tion, in accordance with the direction of operation of the
control valve 219. The control valve 219 is the auxiliary
or low speed winch control. The hydraulic fluid supplied
through the control valve 219 for operation of the winch
motor 169 comes from the second pump 183 which nor-
mally would have a lower rate of delivery of hydraulic
fluid than the first pump 182. The winch motor 169 may
be operated solely by hydraulic fluid from the second
pump 183.

The secondary manifold 206 further includes a main
winch control valve 222, a boom cylinder and piston
control valve 223 and a boom lift cylinder and piston
control valve 224. The control valve 222 is connected
to the primary manifold by lines 225, 226. The control
valve 223 is connected to the main manifold by lines
227, 228. The control valve 224 is connected to the
primary manifold by lines 229, 236. The control valves
222, 223, 224 control the supply of pilot hydraulic fluid
under pressure to the pilots of the several flow control
valves included in the primary manifold 185, whereby
these valves are operated to control the supply of hydrau-
lic fluid from the first pump 182 to the winch motor 169,
the boom cylinder and piston mechanisms. 91, 116, and
the lift cylinder and piston mechanism 87.

The control valve 222 may be used to control the
supply of hydraulic fluid under pressure to the winch
motor 169 from the first pump 182, to the exclusion of
hydraulic fluid from the second pump 183. Since the
first pump 182 is intended to supply hydraulic fluid under
pressure at a higher rate of flow than the second pump
183, operation of the winch motor 169 by the control
valve 222 would be at a higher speed than the operation
of the winch motor 169 by the control valve 219 alone.
The two control valves 219, 222 for the winch motor
are located adjacent each other in the secondary manifold
206, and these may be operated together, with the effect
that hydraulic floid under pressure is supplied to the’
winch motor 169 from the first and second pumps 182,
183, whereby the winch motor 169 is operated at a still
higher speed than the speed of the winch motor 169 when
it is operated by the control valve 222 alone. The
secondary manifold 206 is connected by a line 231 to
the tank 18¢ for return flow of the hydraulic fluid thereto.
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The secondary manifold 206 is placed at the operator’s
station 25 among the controls 28, in position to have
all the control valves conveniently available to the
operator, along with the other controls for the crane 28,
the latter being essentially for the engine 24.

The crane embodying the operating means as described
herein operates smoothly and efficiently. The boom
assembly is intended to lift substantial loads, and these
subject the boom assembly to severe stress. Notwith-
standing such lcading, the upper boom may be extended
and retracted easily by the upper and lower cylinder and
piston mechanisms, the operation of which is not impeded
by the boom loads.

Obviously those skilled in the art may make various
changes in the details and arrangement of parts without
departing from the spirit and scope of the invention as
defined by the claims hereto appended, and applicant
therefore wishes not to be restricted to the precise con-
struction herein disclosed.

Having thus described and shown an embodiment of
the invention, what it is desired to secure by Letters
Patent of the United States is:

1. In a crane having a boom, a rotatable supporting
structure on which the boom is mounted to swing the
boom, means including a hydraulic motor for rotating
said supporting structure and swinging the boom, means
for controlling the supply of hydraulic fluid under pres-
sure to said hydraulic motor in which said controlling
means is opened to supply hydraulic fluid under pres-
sure to the hydraulic motor to rotate said boom support-
ing structure and said controlling means is closed to stop
the supply of hydraulic fluid under pressure to the hy-
draulic motor to stop rotation of said boom supporting
structure, a counterbalance valve connected to said motor
for flow of the hydraulic fluid through the counterbalance
valve to and from the hydraulic motor, said counter-
balance valve including hydraulic fluid pressure relief
means for dissipating the energy of said motor when the
supply of hydraulic fluid is stopped by closing said con-
trolling means, brake means for holding said rotating
means in stationary position, a hydraulic cylinder opera-
tive by hydraulic fluid to release the brake, means con-
necting said counterbalance valve to said hydraulic cylin-
der to supply hydraulic fluid under pressure to the hy-
draulic cylinder when said controlling means is opened
thereby to release said brake by operation of the hy-
draulic cylinder and means for applying the brake when
there is no hydraulic fluid supplied to the hydraulic motor.

2. In a crane having a boom, a rotatable supporting
structure on which the boom is mounted to swing the
boom, means including a hydraulic motor for rotating
said supporting structure and swinging the boom in op-
posite directions reversible valve means for controlling
the supply of hydraulic fluid under pressure to said hy-
draulic motor in which said reversible valve means is
opened in one direction to supply hydraulic fluid under
pressure to the hydraulic motor to rotate said boom
supporting structure and said reversible valve means is
closed to stop the supply of hydraulic fiuid under pres-
sure to the hydraulic motor to stop rotation of said boom
supporting - structure, a counterbalance valve having dual
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connections to said motor for flow of the hydraulic fluid
through the counterbalance valve to and from the hydrau-
lic motor selectively in opposite directions, said counter-
balance valve including dual hydraulic fluid pressure relief
means for dissipating the energy of said motor in either di-
rection of rotation thereof when the supply of hydraulic
fluid is stopped by closing said reversible valve means,
brake means for holding said rotating means in station-
ary position, a hydraulic cylinder operative by hydraulic
fluid to release the brake, dual connections of said coun-
terbalance valve to said hydraulic cylinder to supply
hydrauiic fiuid under pressure to the hydraulic cylinder
when said reversible valve means is opened thereby to
release said brake by operation of the hydraulic cylinder,
and means for applying the brake when there is no hy-
draulic fluid supplied to the hydraulic motor.

3. In a crane having a boom, a rotatable supporting
structure on which the boom is mounted to swing the
boom, means including a hydraulic motor for rotating
said supporting structure and swinging the boom, means
for controlling the supply of hydraulic flzid under pres-
sure to said hydraulic motor in which said controlling
means is opened to supply hydraulic fluid under pressure
to the hydraulic motor to rotate said boom supporting
structure and said controlling means is closed to stop the
supply of hydraulic fluid under pressure to the hydraulic
motor to stop rotation of said boom supporting structure,
a counterbalance valve connected to said motor for flow
of the hydraulic fluid through the counterbalance valve
to and from the hydraulic motor, said counterbalance
valve including hydraulic fluid pressure relief means for
dissipating the energy of said motor when the supply of
hydraulic fluid is stopped by closing said controlling
means, brake means for holding said rotating means in
stationary position, a hydraulic cylinder operative by
hydraulic fluid to release the brake, means connecting
said hydraulic cylinder to the counterbalance valve to
supply hydraulic fluid under pressure to the cylinder
when said controlling means is opened thereby to release
said brake by operation of the hydraulic cylinder, flow
regulator means connected to said hydraulic cylinder for
regulating the volume of hydraulic fluid supplied to the
cylinder, and means for applying the brake when there
is no hydraulic fluid supplied to the hydraulic motor.
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