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HYDRAULIC CROWD AND RETARDING CON-
TROL SYSTEMS FOR TRENCH HOE ATTACH-
MENTS OR THE LIKE

Frank J. Sirnad, Cedar Ramds, Jowa, assignor to Link-
Beit Speeder Corporatron, a corporation of Illmors )

Filed Jan, 13, 1958, Ser. No. 768,480 =~
14 Claims. (Cl 214-—-140)

This invention relates to control systems for trench hoe
attachments or the liké, and more partlcularly to control
systems supnlemental to the normal ralslng and lowermg
means for the trench hoe boom for controlhng the move-
ment of the boom to improve the efficiency of operation
of the hoe aftachment,

In the usual trench hoe attachment of the type with
whlch thrs invention is concerned, a hoe carrying boom
is p1vota11y supported for movement about & horizontal
axis mounted upon tk the’ rotatmg base’ of the machme The
boom is ralsed about the axis by means of a c¢able which
is WOLnd around the hoist drum, and lowering movement
of the boom is accomphshed by the action of gravity upon
the boom under the control of a brake assembly associ-
ated with the drum. The actual drggmg is accomphshed
by a bucket which is prvotally mounted on an arm that
in turn is prvotelly connected to the outer end of the
boom. '

In normal operation, the boom is lowered to place the
bucket in dlggmg position with the arm extending gen-
erally outwardly from the outer end of thé boom and the
drgg‘ng tegth of the bucket pointing vertrcally downwardly
in contact with the ground with the open side of the
buc;(et facing 1nwardly toward the boom. An inhaul cable,
attachcd to the bucket, is then operated to pivot the
chket and its attached arm downwardly and’ 1nward1y
of the boom 1o s¢oop earth into the bucket.

Due to the fact that the only downward forces ex-
erted upon the bucket are the gravitational forces acting
upon the bucket and boom, 'a problem has arisen.in situ-

,atrons where the upward réaction of the earth on the
Jbucke

assembly is greater tham the downwardly acting
gra\‘litat'ional‘ force on the boom. In one of these types of
opeiatrons,“the'trench’ being dug is of substantial depth
and as a result, when the bucket is lowered to its dig-
ging position, the boom is disposed considerably below
the horrzontal or nearly vertical. In this situation, the
geomeiry of the boom suspensron is such that the weight
of the boom and. bucket is not fully effective in exerting
a downward force on the buckei durmg the digging oper-

ation, and thus resulting in raising of the bucket arm
pivot pomt at the tip of the boom with the result that
the bucket is raised and a shallow cut is produced. A

similar result occurs in the other type of situaticn where
the hardness of the earth bcrng dug is such as fo exert
a substantial resistance to downweud movement of the
bucket.

Whlle the foregoing conditions could be eliminated by
increasing the weight of the bucket, arm and boom, such
a solution would be impractical due to the additional load
on.the hoist brake and hoist cable drum drive.

It is a primary object of the invention to provide a
control system which may be employed with existing or
new trench hoe attachments to increase the digging effi-
ciency of such attachments.

It is. another object of the invention to provide a con-

trol system adapted for use om trench hoe attachments
,_Whrcn supplements the conventional hoisting and lower-

ing mec‘}anrsm in co*rtromng movements of the hoe boom
ssembly

Still another object of the invention is to provide a

control system adapted for use on trench hoe attachments
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Whlch is operable to resist undesired movements of the
boom and bucket during dig gging operatlons but does not
interfere with theéir normal movements.

Sill another object of the mventwn is to provide a
control system adapted for use on french hoe attachments
which ' controls the lowermo movement of the boom as-
sembly in'such a manner as to mrmmrze und.,snable shock
1oad1ng of the attachment when 1t 1s carelessly used as a
plck in hard mater1a1
control system adapted for use on trench hoe attachments
whlch is completely automatic in operatlon and requires
no additional attentron or control by the operator. = °

Other objects and advantages of the invention will be-
come apparent by reference to the following specification
taken in conjunction ‘with the accompanyrng drawmgs

In the drawmgs

FIG 1 is a side elevational view of certain parts of a
trench hoe attachment and m_cludes a schematic showing
of one form of control system embodying the invention;

FIG. 2 is a partial detail side elevational view of a
trench hoe attachment’ showmg portrons of the control
system of FIG. 1;

FIG. 3 is a part1a1 plan view of the structure shown
in FIG. 2, with certain parts ‘omitted for the" sake of
clatity, and other parts added, and

FIG. 4 is a longitudinal cross sectional view of a valve
assembly especially adapted for use in the control system
of FIG. 1.

Referring first to FIGS. 2 and 3 of the drawings, a trench
hoe assembly embodying the present invention is shown
mounted upon the rotating base of a crawler unit 10 of
more or less conventional design which is partially-illus-
trated in broken lines. " At the forward end of the unit

16, & trench hoe boom 12 is pivotally supported-for move-

ment about a horizontal axis by a trunnion assembly 14
mounted on the base of the unit 10.- An upper frane
16 is mounted within the ¢ab of the unit 18 dand includes,
among other components not shown in detail, a hoist cable
drum 18 and an inhaul cable drum 28, both of which are
provided with clutch assemblies 22 and 24, respectively,
which are cperable to drive the respective ‘drums from ‘a
conventional power plant, not shown, mounted W1th1n
the cab of the unit 18.

Referring now to FIG. 1, a bucket assembly 26 is sup-
ported at the tip of the boom 12 for pivotal movement
about an axis defined by the pivot pin:28. " The bucket
assembly 26 includes a buckei arm 3¢ which functions
as a bell crank elemént pivoted upon the pin 28 "and
controlled in its movements by means of a' hoist cable
32 coupled to the arm at 34 and ‘exiended in‘any desired
manner, not shown, to the hoist drum #8." 1t is believed
apparent that actuation of the drum 18 to wind the cable
32 upon the drum will cause the'boom 32 and the bucket
assembly 26 to be élevated abouf the’ axis defined by
the trunnion assembly 14. Lowering movement of the
boom and buckét assembly under gravitational forces-is
conirolied by permitting the 'cable 32 to unwind" from

‘the hoist drum 18 while controlling rotation’ of the

drum by means of a schematrcally 111ustrated brake as-
sembly 36.

At the outer end of the arm 38, a bucket 38 is sup-
ported by a pin 48. A bracing link 42 is pinned at one
end to the biickét 38 -and ‘at ifs outer end tothe arm 3¢.
By adjusting the effective length of the link 42, as by pro-
viding a series of holes 44, the orientation of the bucket
38 with respect to the ‘arr 38 may. be varied at'will. - To
move the bucket assembly 26 in a digging operation, an
inhaul cable 46 is connected to the bucket 38; a5 at 48,
and conducied over a ‘'series’ of pulleys,’ such as ‘50, to
the inhaul drum 20." By* wmdmg the cable 46 onto the
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drum 29, the bucket assembly 26 may be moved in 2
counterclockwise direction about the pivot pin 28 to as-
sume a position substantially beneath the tip of the boom
12. During this movement, the bucket 38 will scoop up
a load of earth from the working location.

The structure described above is quite typical of trench
hoe attachments presently in use. The substantial mass
of the boom and bucket assembly eliminates any need
for providing power driven means for lowering the as-
sembly about the axis at 14. As previously indicated,
the lack of a positive driving force applied to the boom
and bucket assembly to move or maintain the assembly
in a selected position creates certain problems, one of
which is apparent from a comparison of the respective
positions of the boom and bucket assemblies illustrated
in full lines and in broken lines in FIG. 1.

In FIG. 1, the full line illustration of the assembly
shows the various parts in their position immediately
prior to a scooping or digging operation. To perform
such an operation, the jnhaul drum 26 is actuated to wind
in the cable 46, thus pivoting the bucket assembly 28
about the pivot pin 28. If the mass of the boom and
the bucket assembly is not sufficient to force the bucket
38 downwardly into the earth so that the tip of the
bucket follows the curved path C, the reaction between
the bucket 38 and the earth surface forces the boom 12
to move upwardly in a clockwise direction about the
pivot 14 and, at the end of the scooping operation, the
parts assume a position similar to that illustrated in
broken lines in FIG. 1. Obviously, this shallow cut does
not fully load the bucket, thus decreasing the efficiency of
operation of the trench hoe,

The situation discussed above occurs where ‘the earth
being dug is extremely hard. It also occurs quite fre-
quently when the digging operation is performed at
depths substantially below the elevation of the pivot 14,
since downward movement of the boom 12 about the
pivot 14 shortens the effective lever arm of the weight of
the boom and the bucket assembly, thus decreasing the
downward force exerted on the earth by the bucket 38.

In an effort to overcome difficulties of the foregoing
nature, the operator frequently attempts to use the bucket
38 as a pick by elevating the boom and the bucket as-
sembly to a substantial height and permitting it to drop
freely without applying the brake 36 to control such
downward movement. While this action may in part
overcome the before-mentioned. difficulties, the shock
loading applied to the boom and bucket assemblies at
the moment of impact materially shortens the active life
of these units and hence is considered an undesirable
practice.

To eliminate the foregoing difficulties, a supplemental
control system, shown. schematically in FIG. 1, is used
in conjunction with the trench hoe attachment described
above. The system includes a closed hydraulic cylinder
52 which is pivotally supported at one end upon a lug
54 rigidly affixed to the base of the unit 18. The cylinder
52 is filled with a hydraulic fluid and a piston 56 is
mounted within the cylinder for movement between the
ends of the latter. A piston rod 58 is fixed to the piston
and extends from. one end of the cylinder 52 through a
suitable opening having sealing means, not shown, which
permits movement of the rod 58 through the end wall
of the cylinder without the loss of any hydraulic fluid
through the opening. The opposite end of the rod 58
is pivotally coupled at 60 to a lug 62 fixedly mounted
upon the upper surface of the boom 12. Pivotal move-
ment of the boom 12 about its pivot 14 causes the piston
56 to be reciprocated within the cylinder 52.

A closed hydraulic circuit 64 is connected to permit
the fluid to flow from one end of the cylinder 52 to the
other upon movement of the piston 56. The hydraulic
circuit 64 includes a first conduit 66 which is connected
to the cylinder 52 to permit fluid to flow from the rod
end of the cylinder upon movement of the piston 5§

10

15

20

25

30

35

40

60

4

toward the latter end. The conduit 6§ also returns fluid
to the rod end of the cylinder upon movement of the
piston 56 in the opposite direction. The conduit 65 is
split into a pair of parallel branch lines 68 and 78, each
of which is provided with a one-way check valve 72 and
74, respectively, which are oppositely oriented to con-
trol the flow of fluid in opposite directions. The flow
of fluid from the rod end of the cylinder occurs through
the check valve 74 after a pressure sufficient to unseat
the valve has been developed within the rod end of the
cylinder and conduit 66.

Fluid flowing through the check valve 74 and the
branch conduit 76 is conducted by a conduit 76 to a con-
duit 78 which is connected to the opposite or piston end
of cylinder 52. In the schematic representation of FIG.
1, conduit 78 is also split into a pair of parallel branch
lines 80 and 82, respectively, each of which is provided
with a one-way check valve for controlling the flow of
fluid through the respective branch line. The conduit 80
is provided with a conventional one-way check valve
oriented to permit the fluid to flow from the conduit 76
to the conduit 78 and hence into the piston end of the
cylinder 52. The conduit 82 is provided with a type of
pilot operated resistance valve 86 which may be opened
to permit fluid to flow from the piston end of the cylin-
der—i.e., from the conduit 78.to the conduit 76 when
either of two conditions obtain.

One of these conditions is the existence of a selected
pressure in the piston end of the cylinder 52 and the
conduit 78 sufficient to unseat the valve head 88 against
the biasing action of a spring 90. The valve head 88
may also be provided with suitable means whereby the
manual operation of the hoist drum control lever 92
can bring about movement of the valve head 88 away
from its seat to permit the flow of fluid from the con-
duit 78 to the conduit 76 irrespective of the magnitude of
the pressure within the conduit 78. No specific struc-
tural arrangement is illustrated in FIG. 1 for accomplish-
ing this last-mentioned opening of the valve 86, however,
it is believed apparent. that a suitable hydraulic, pneu-
matic, electrical or mechanical coupling between the
hoist drum lever 92 and the valve head 88 may be em-
ployed to accomplish this purpose. One specific struc-
tural arrangement for accomplishing this hydraulically
is illustrated in FIG, 4 and will be described in greater
detail below.

The function of the valve 86 is to provide a substantial
amount of resistance to the flow of finid from the piston
end of the cylinder 52 through the conduits 78 and 76.
To accomplish this purpose, the biasing spring 90 is made
extremely stiff in order to require a substantial pressure
in the conduit 78 before the valve head 88 is moved
away from its seat. From an inspection of FIG. 1, it is
believed apparent that an upward movement of boom
12 about its pivot 14—that is, in a clockwise direction in
FIG.1—will cause the piston 56 to move toward the
right, or piston end, of the cylinder 52, thus exerting a
pressure on the fluid between the piston 56 and the piston
end of the cylinder. By preventing the flow of fluid
from the piston end of the cylinder, a substantial resist-
ance to the movement of the boom 12 in a clockwise direc-
tion is developed. This resistance is employed to pre-
vent movement of the boom 12 from the full line posi-
tion of FIG. 1 toward the broken line position during a
scooping operation of the bucket 38. Hence, the resist-
ing action of the valve 86 assists the mass of the boom
and bucket assembly in forcing the bucket downwardly
to penetrate the earth during the scooping operation.

In view of the substantial pressures developed by the
fluid passing through the valve 86 during the last-men-
tioned operation, and through the valve 74 during lower-
ing of the bcom, the fiuid frequently becomes overheated.
To cool fluid heated in this manner, a heat exchange unit
in the form of a radiator 94 is connected into the con-
duit 76 by a conduit $6. A pair of oppositely disposed
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the conduits 76 and 26 may be connected to the passage
188. A bleed port 114 is bored through the body 106
to intersect the passage 188 in the enlarged diameter
portion, the bleed port 114 being normally sealed by a
screw plug 136. At the inner end of the enlarged di-
ameter portion, a reduced diameter portion 118 is formed
in the passage 108 to connect the enlarged diameter por-
tion to an internal valve chamber 128. A transverse port
122 is bored into the valve body 106 to communicate
with the chamber 129. The port 122 is provided with
suitable coupling means to connect the conduit 78 there~
to. The portion 124 of the passage 108 to the right of
the chamber 32¢ is bored to a diameter slightly larger
than the reduced diameter section 118 but smaller than
the diameter of the chamber 129. This section 124 serves
to guide the rod of a piston assembly designated gener-
ally 126 which includes a piston 128 reciprocable in an
enlarged diameter section 138 at the extreme right-hand
portion of the passage 108, At its left hand or inner
face, the piston 128 is relieved slightly as at 132 to pro-
vide a chamber for receiving fluid to operate the piston.

Referring now to the piston assembly 126, an elon-
gated extension 134 is tapered at 136 to a diameter which
sealingly engages the innermost end 138 of the reduced
diameter section 118, The sealing engagement between
the left-hand end of extension 134 and the right-hand
edge 138 of the reduced diameter section 118 performs the
function of the valve 86 in FIG. 1.

The extension 134 is provided with a slightly enlarged
diameter section beginning at a face 140. The face 146
functions as a valve operating piston to move the entire
piston assembly 126 to the right when the pressure within
the chamber 128 reaches a preselected value. The por-
tion of the extension 134 to the right of the face 140
is slidably received within the enlarged diameter section
124 of the passage 108.

Movement of the piston assembly 126 to the right upon
the application cof pressure to the chamber 12¢ is resisted
by a stiff helical spring 142 which corresponds functionally
to the spring 96 schematically illustrated in FIG. 1. The
spring 142 is seated upon the piston 128 and is h:ld
against the piston by a cap 144 which is threadedly en-
gaged with the valve body 186, as at 145. A spring cham-
ber breather 146 connects the interior of the cap 144 to
the atmosphere to permit equalization of the pressure in
the spring chamber.

The extension 134 of the piston assembly 126 is pro-
vided with a longitudinally extending bore 148 having a
reduced diameter portion 15% which defines a seat for the
ball 152 of a one-way check valve assembly mounted in
the interior of extension 134. The ball 152 is biased
against its seat by means of a compression spring 154
seated upon one end of a shaft 15¢ fixedly secured to
the piston assembly 126 as by a coupling pin 158. A
transversely extending passage 169 in extension 134 con-
nects the passage 148 to the chamber 12§ in the valve
body 186. The one-way check valve formed by the ele-
ments 158, 152 and 154 corresponds functionally fo the
cne-way check valve 84 of FIG. 1.

The shaft 156 is provided with an integral extension
162 located within the coils of the spring 142. By re-
moving the spring breather fitting, and suitably drilling
and tapping the extenmsion 162, the piston assembly 128
may be coupled to a suitable mechanical linkage oper-
able to move the piston assembly to the right against the
biasing action of spring 142. Such a linkage will be cou-
pled to the hoist drum clutch operating means in such a
manner that when the clutch lever 92 is actuated te effect
winding in of the cable 32 to elevate the boom, the piston
assembly 126 will be moved to the right to open com-
munication between the conduit 78 and the T-coupling
112 to permit fluid to flow from the conduit 78 to the
conduit 76. Since suitable linkages may vary widely in
accordance with the particular hoist drum control system
employed and may be completely mechanical or eleciro-
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8
mechanical, no specific structure of this type has been
iltustrated.

Rather than illustrating a specific mechanical arrange-
ment, a suitable coupling has been disclosed whereby the
piston assembly 126 may be moved to the right upon
actuation of the hoist drum control lever 92 of a hydrauli-
cally operated hoist drum control clutch schematically il-
lustrated at 164, which corresponds to the clutch assembly
22 jllustrated in FIG. 3.

A typical hydraulic clutch operating system'is schemati-
cally illustrated in FIG. 4 and conventionally includes a
pump 166 which may be driven from the same prime
mover assembly employed to drive the various cable
drums. The pump 166 is connected to a valve 168 by a
high pressure line 170 and a low pressure or return line
172. The valve 168 is actuated by the hoist drum con-
trol lever 92 to selectively connect either of the lines 179
or 172 to a conduit 174 which connects the outlet port
of the valve 168 to the hydraulic operator of the hoist
drum clutch illustrated at 164, To actuate the clutch
operator 164 to connect the drum 18 to the prime mover,
the lever 92 is moved into a position wherein the high
pressure line 170 is connected through the valve 168 to
the line 174 to supply pressure to engage the clutch. En-
gagement of the clutch causes the hoist drum 18 to be
driven by the prime mover to wind in the cable 32, there-
by swinging the boom assembly 12 upwardly about iis
pivot 14,

Since the free flow of fluid from the piston end of the
cylinder 52 through the conduit 78 to the conduit 76 is
desirable at this time, the high pressure supplied to the
conduit 174 is also applied to a conduit 176 which is
connected through a valve fitting generally designated 178
to a bore 1890 in the valve body 106. Fiuid under pres-
sure passing through the bore 180 is applied to the left
hand face 132 of the piston assembly 126.

The fitting 178 includes a body 184 baving a longi-
tudinal bore 186 extending therethrough within which is
mounted a spring pressed valve member 188 normally
urged into sealing engagement with a reduced diameter
portion 199 of the bore 186 by means of a compression
spring 192. The valve member 188 is bored as at 194
to provide relatively unrestricted flow of fluid through
the body 184 when the valve 188 is moved to the right
away from its seat 198. When the valve is seated, flow
through the valve is substantially restricted by requiring
the flow to take place through a restricted orifice 196,
thus cushioning return movement of the piston assembly
126 to its FIG. 4 position.

When the valve of FIG. 4 is employed in a control
system of the type shown in FIG. 1, it is connected inio
the FiG. 1 circuit as indicated in FIG. 4, with the T-fitting
112 performing the functions of connecting the conduit
76 to the conduit 96 and to the valve body 166. Conduit
78 of FIG. 1 is connected to the port 122 in the manner
indicated in FIG. 4. The fitting 178 and the associated
conduits 176, 174, valve 168, eic., correspond functionally
to the schematically illustrated coupling 163 of FIG. 1.

Upon lowering of the boom assembly, fluid expelled
from the rod end of the cylinder 52 passes through con-

_duit 76 and, now referring to FIG. 4, passes through the

T-fitting 112 into the lefi hand end of passage 1§8. Since
the fluid entering passage 188 is under pressure, it un-
seats the ball 152 from its seat and flows. through the
passage 169 into chamber 129 and hence through the port
122 into the conduit 78 to the piston end of the cylinder
52. The spring 154 employed to bias the ball 152 against
its seat is relatively light and hence the piston assembly
126 remains in the FIG. 4 position, all flow occuiring
through the ball check valve 152. As in the operation
previously described above, the fluid expeiled from the
rod end of the cylinder 52 is insuflicient to fully £ill the
void remaining in the piston end of the cylinder, due to
the volume of the rod 38, and hence the additional fluid
for filling this void is withdrawn from the radiator 4
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one-way check valves 98 and 100, respectively, are con-
nected in conduits 162 and 104 to control the direction
of flow of fluid through the radiator 94.

At the starting point of the digging operation, it will
be assumed that the boom assembly 12 is at some ele-
vated position and is to be lowered to the position shown
in FIG. 1 prior to the performance. of the digging opera-
tion. To lower the bocom assembly 12 from its elevated
position, the operator actuates the hoist drum. control
lever 92 to disengage the hoist drum clutch to permit the
boom to move toward the FIG. 1 position under the in-
fluence of gravity. Conventionally, the downward move-
ment of the boom is controlled by operation of the
brakes 36 by conventional means, not shown, However,
momentarily neglecting the operation of the brakes, it
will be apparent that as the boom assembly 12 moves
downward—that is, in a counterclockwise direction about
pivot 14 in FIG. 1—the piston 56 will be drawn by the
lowering boom toward the rod or left-hand end of the
cylinder 52. Movement of the piston 56 to the left in
FIG. 1 induces a flow of fluid from the rod end of the
cylinder into the conduit 66. Flow of fluid from the
conduit 66 through the branch line 68 is prohibited since
flow in this direction biases the valve 72 more firmly
upon its seat. Thus, flow from the conduit 66 can occur
only through the one-way check valve 74 in the branch
line 78. The valve 74 may be adjusted to exert a se-
lected resistance to the flow of fluid through the valve
by suitable selection of the characteristics of the conven-
tional valve spring. In this particular instance, a spring
of substantial strength is selected to prevent the flow of
fiuid from the conduit 66 to the conduit 76 until the
pressure in the rod end of the cylinder 52 and the con-
duit 66 has built up to a value of the order of 3,000 Ibs.
per square inch.

When this pressure is achieved, the valve 74 opens and
fluid passes from the conduit 66 to the conduit 7¢. Since
the fluid expelled from the rod end of the cylinder 52
must fili the void left in the piston end of the cylinder
by the leftward movement of the piston 56, all of the
fluid expelled from the rod end of the cylinder 52 passes
from the conduit 76 into the conduit §0 and thence past
the bali check valve 84 into the conduit 78 and thence to
the piston end of the cylinder 52. The biasing force of
the spring associated with the valve 84 is very slight, in
fact the purpose of this valve is not to resist flow, but
merely to prevent flow through the conduit 86 in the di-
rection from the conduit ‘78 to the conduit 76.

Because of the volume occupied by the portion of the
red 58 in the rod end of the cylinder 52, the amount of
fluid expelled from the rod end of the cylinder 52 by a
leitward movement of the piston 36 is insufficient to
completely fill the piston end of the cylinder 52. The
necessary additional amount of fluid to maintain the
piston end of the cylinder 52 completely filled is obtained
irom the heat exchange unit radiator 94.. Due to the
orientation of the check valves 98 and. 160 associated
with the radiator, the fluid extracted from-the radiator
24 comes from the lowermost end of the radiator and
hence has passed fully through the cooling cycle within
the radiator prior to its withdrawal and return to the
cylinder 52.

With the boom 12 positioned in its digging position,
the inhaunl drum 28 is actuated by engaging its clutch 24
by a suitable centrol mechanism, not shown, to wind in
the cable 46, thus pivoting the bucket and arm assem-
bly in a counterclockwise direction about the pivot 28.
Upward forces exerted on the end of the boom 12, due
to the reaction between the bucket 38 and the earth, act
upon the boom 12 in a manner tending to pivot it in a
clockwise direction about the pivot 14. Because of the
presence of the cylinder 52 and its piston, - clockwise
movement of the boom .12 about the pivot 14 can occur
only by forcing piston 56 to move to the right through
cylinder 52. Thus, the upward forces exerted on the outer
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6
end of the boom, due to the reaction between the bucket
38 and the earth, develop a pressure in the piston end
of the cylinder 52 and conduit 78.

This pressure is applied to the valve 86 and attempts
to open the valve against the biasing action of the spring
90. The spring 9§ is chosen fo prevent flow of fluid
through the conduit 82 until the pressure within the con-
duit reaches 3,000 pounds per square inch. When this
pressure is reached, the valve 86 opens and fluid flows
from the piston end of the cylinder 52 through the con-
duit 78, conduit 82, conduit 76 and through the valve
72 into the rod end of the cylinder via the conduit 66.
As soon as this communication is established, the valve
86 bleeds off the pressure in conduit 82 which is in ex-
cess of the value determined by the spring 9¢. In this
mamnner, a substantial resistance to upward movement of
the boom 12 about its pivot 14 is exerted, thus forcing
the teeth of the bucket 38 to penetrate the earth and
scoop the earth from the trench in an efficient manner.

When the scooping operation is completed, the oper-
ator then elevates the boom 12 in order to remove the
earth from the trench. To elevate the boom, the hoist
control lever 92 is actuated to engage the hoist drum
clutch 22, thereby coupling the hoist drum to the prime
mover to rotate the drum 18 and wind in the cable 32
to elevate boom 12. In order to avoid the substantial
load which would otherwise be placed on the hoisting
mechanism by the resisting action of the valve 86, the
hoist control lever 92 is coupled to the valve 86 in a
manner such that movement of the lever 52 to the boom
hoisting position opens the valve 86 to permit free flow
of fluid from the piston end of the cylinder 52. = Suitable
couplings between the lever 92 and valve 86 may take
many forms which are dependent primarily upon the
specific structure of the valve 86 and the lever 92 as
well as their relative locations. Hence, the coupling
mechanism. which acts to open the valve 86 when the
boom hoisting mechanism is acauted is illustrated sche-
matically at 105 in FIG. 1 and it is to be understood
that reference numeral 185 indicates any electrical, me-
chanical or hydraulic means capable of performing the
foregoing function. One specific form of hydraulic means
which may be employed is shown in FIG. 4 and will be
described in greater detail below.

Since the volume of fluid expelled from the piston end
of the cylinder 52 by hoisting movement of the boom
12 is greater than the volume required to fill the rod end
of the cylinder 52, due to the volume occupied by the
piston rod 58, the excess fluid expelied from the piston
end of the cylinder 52 passes through the conduit %6
and the one-way valve 56 into the radiator 94 of the
heat exchange unit. Since this fluid has been heated
during the previous lowering movement of the boom as-
sembly 12, it is passed through the radiator to be cooled
and returned to the cylinder during the next subsequent
lowering movement of the boom. Thus, the heat ex-
change unit serves not only to cool fluid heaied by its
high pressure passage through the resistance valves 74
and 86 (using the FIG. 1 identification), but also serves
as a reservoir for handiing  the differential volume of
fluid required by the volumetric differences occasioned
by the portion of the piston rod 58 located within the
rod-end of the cylinder-52.

Referring now to FIG. 4, one form of construction
for performing the function of the valve 8§ is illustrated
in some detail. The spécific construction shown in FIG.
4 also incorporates a valve for perfoerming the function
of the one-way check valve 84, hence the structure shown
in FiIG. 4 may be considered to incorporate both the con-
duits 8¢ and 82 as well as the valves 84 and §6.

The valve of FIG. 4 includes a main valve body 106
having a longitudinal passageway 14§ extending entirely
through the valve body 166, - At the left-hand end of the
valve body, the passage 168 is enlarged and threaded as
at 11§ to receive a T-coupling 112 by means of which
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through the conduit $6 and passes through the T-fitting
112 and the ball valve 132 into ihe conduit 78.
Since the hoist control lever 92 is actuated to its. lower-
ing position at this time, the low pressure conduit 179

from the pump 166 is connected through the vaive 168

to the conduits 174 and 178, hence no pressure is applied
through the fitting 178 to act against the piston 128.
During the scooping operation, the pressure exerted
against the fluid in the piston end of the cylinder 152
is transmitted through-the conduit 78 and into the cham-
ber 128. The pressure within the chamber 220 acts
against the piston face 149 and attempts to move the
piston ‘assembly 126 to the right in FIG. 4. This move-
ment is resisted by the spring 142. When the pressure
within the chamber 126 becomes sufficient to move the
piston assembly 126 to the right against the biasing action
of the spring 142, the tapered portion 134 of extension
134 is moved fo the right to open communication between

the chamber 126 and the left hand edge end of passage

188 to permit a controlled amount of fluid to flow from
the piston end of the cylinder 52. The resistance to the
flow of fluid from the piston end of the cylinder 52 in
the foregoing manner appiies a substantial amount of re-
sistance to upward movement of the boom as discussed
in connection with the valve 86 in the schematic FIG. 1
control system.

When .it is desired to hoist the boom assembly, the
operator actuates the hoist control lever 92 to its hoist
position and thereby connects the high pressure conduit
172 to the conduit-174 through the valve 168. The high
pressure fluid flows through the conduit 174 to actuate
the hoist drum clutch to reel in the cable 32. Fluid under
pressure also passes from the conduit 174 through the
conduit 176 and the fitting 178 into the chamber defined
by the relieved left -hand face 132 of the piston 128.
Since the area of the face 132 is- quite substantial, the
hoist drum clutch operating pressure is sufficient to move
the piston assembly 126 to-the right against the -action cf
the spring 142-to open communication between the-cham-
ber 12¢ and the fitting 132 to permit free flow of fluid
from the conduit 78 to the conduit 74.

While I have described in detail a single -embodiment
of my inventicn, it will-be apparent to those skilled in the
art that the specific -embodiment is capable of modifi-
cation. Therefore, the -foregoing specification is to be
considered exemplary rather than limiting, and the true
scope of my invention is that defined in the following
claims,

Having-thus described the invention, I claim:

1. A control system for a trench hoe or the like having
a boom mounted for movement about a horizontal pivst,
-raeans for hoisting and lowering said boom about said
pivot, and means for controiling the operation of said
boom hoisting and lowering means; said sysiem compris-
ing a closed hydraulic circuit, means connected in said
circuit .and coupled to said beom to induce a fiow of fluid
in said circuit in a first direction upon hoisting movement
of said boom abeut said pivot, valve means connzscted in
.said circuit to prevent fluid from flowing through said
circuit in said first direction prior to the development of a
preselected minimum pressure in said circeit, said valve
means yielding to permit fluid to flow through said cir-
cuit in said first direction if pressure is developed in said
circiut which .exceeds said preselected minimum, and
means coupling said valve means to said hoisting -and
lowering operation controlling means to condition said
valve means. to permit fluid to flow through said circuit
in said first direction at pressures below said preselectsd
minimum pressure when said hoisting and lowering means
is actuated to hoist said boom.

2. A control system for a trench hos or the like includ-
ing a boom mounted for movement about a -horizontal
pivot, and means for hoisting and lowering -said boom
“about said pivot; said system.comprising a closed hy-
draulic circuit, means connected in said circuit and cou-
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pled to said boom to induce a flow of fluid in said circnit
in one direction upon hoisting movement of said boom
and to induce a flow of fluid in said circuit in the opposite
direction upon lowering movement of said boom, first
valve means connected in said circuit to permit fluid to
flow through said circuit in said one direction only when
a first selected minimum pressure .is exceeded, second
valve means connected in said circuit to bypass said first
valve means and permit the flow of fluid through said
circuit in said opposite direction only ‘when a second
selected minimum pressure is exceeded, and means cou-
pling said hoisting and lowering means to said first valve
means to condition said first valve means to permit the
free flow of fluid through said circuit in said.one direc-
tion at pressures below said first selected minimum pres-
sure when said hoisting and lowering means is actuated
to hoist said boom assembly.

3. For use in combination with a trench hoe attach-
ment or the like having a boom assembly mounted for
movement about a horizontal pivot upon a base, and hoist
means on said base for hoisting and lowering said boom
assembly about said pivot; means for selectively resisting
upward movement of said boom assembly about said pivot
comprising a closed cylinder filled with fiuid and having
a piston mounted for axial movement therein, means
coupling said cylinder and said piston between said boom
assembly and said base to move said piston toward cne
end of said cylinder when said boom assembly is moved
upwardly about said pivot, conduit means connected to
said cylinder fo permit fluid to flow from said one end
of said cylinder upon upward movement of said boom
about said pivot, valve means connected in said conduit
means to control the flow of fluid therethrough, said
valve means including a valve seat and a valve head mov-
able into and out of sealing engagement with said valve

.seat, means biasing said valve head into sealing engage-

ment with said valve seat, means on said valve head oper-
able to move said valve head away from said seat when
a predetermined pressure is achieved in sajd one end of
said cylinder, and means coupled to said hoist means
for moving said valve head out of sealing engagement with
said valve seat against the action of said biasing means
when said hoist means is actuated to hoist said boom
assembly.

4. For use in combination with a trench hoe attach-
ment or the like having a boom assembly mounted for
movement about a horizontal pivot upon a base assem-
bly, and means on said base for hoisting and icwering
said boom assembly about said pivot; supplemental means
for contiroiling movement . of said boem assembly about
said pivot comprising a closed cylinder filled with fiuid
and having a piston mounted for axial movement therein,
means coupling said cylinder to one of said assemblies,
means coupling said piston to the other of said assemblies
whereby movement of said boom assembly about said
pivot causes axial movement of said piston relative to
said -cylinder, a.closed hydraulic circuit connecting op-
posite ends of said cylinder to permit fluid to flow from
one end of said cylinder to the other upon movement
of said piston within said cylinder, first valve means con-
nected in said hydraulic circuit and continuously active
to regulate the flow of fluid in said circuit generated by
a lowering movement of said boomi assembly to exert a
predetermined resistance to said lowering movement, and
second valve means connected in said circuit in paralle
relation to said first valve means and being menuaily
operative for selectively applying and withdrawing re-
sistance to the flow of fluid in said circuit which is gen-
erated by a hoisting movement of . said boom .assembly.

5. Boom assembly control means as recited in claim. 4
wherein said second valve .means includes resistance
means normally disposed to exert a predetermined re-
sistance means normally disposed to exert a predeter-
mined resistance to the flow of fluid. generated by hoist-
ing movement of said boom assembly to thereby resist
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said hoisting movement, and means coupled to said hoist-
ing and lowering means to render said resistance means
ineffective to resist the last mentioned flow of fluid when
said hoisting and lowering means is actuated to hoist
said boom assembly.

6. Boom assembly control means as defined in claim 4
wherein said second vaive means includes a valve having
a valve seat, a valve head sealingly engageable with said
seat, means normally biasing said valve head toward said
seat to resist the flow of fluid in said circuit generated by
hoisting movement of said boom assembly, and means
coupled to said hoisting and lowering means for over-
coming said biasing means to move said valve head away
from said valve seat upon actuation of said hoisting and
iowering means to hoist said boom assembly.

7. For use in combination with a trench hoe attach-
ment or the like having a boom assembly mounted for
movement about a horizontal pivot upon a base assem-
bly, and means on said base assembly for hoisting and
lowering said boom assembly about said pivot; supple-
mental means for controlling movement of said boom
assembly about said pivot comprising a closed cylinder
filled with fluid and having a piston mounted for axial
movement therein, means coupling said cylinder to one
of said assemblies, means coupling said piston to the
other of said assemblies whereby pivotal movement of
said boom assembly about said pivot causes axial move-
ment of said piston relative to said cylinder, a closed hy-
draulic circuit connecting opposite ends of said cylinder
to permit fluid to flow from one end of said cylinder to
the other upon movement of said piston within said cyl-
inder, first flow control means connected in said hydraulic
circuit to regulate the flow of fluid in said circuit gen-
erated by a lowering movement of said boom assembly to
exert a predetermined resistance to said lowering move-
ment, second flow control means connected in said circuit
for controlling the flow of fluid in said circuit generated
by a hoisting movement of said boom assembly, said sec-
ond flow control means including resistance means nor-
mally disposed to exert a predetermined resistance to the
flow of fluid in said circuit generated by a hoisting move-
ment of said boom assembly, and means coupled to said
hoisting and lowering means to render said resistance
means ineffective to resist the last mentioned flow of fluid
when said hoisting and lowering means is actuated to
hoist said boom assembly.

8. For use in combination with a trench hoe attach-
ment or the like having a boom assembly mounted for
movement about a horizontal pivot upon a base assembly,
and means on said base assembly for hoisting and lowering
said boom assembly about said pivot; supplemental
means for controlling movement of said boom assembly
about said pivot comprising a closed cylinder filled with
fluid and having a piston mounted for axial movement

therein, means coupling said cylinder to one of said as- !

semblies, a piston rod secured to said piston and pro-
jecting through one end of said cylinder to couple said
piston to the other of said assemblies whereby movement
of said boom assembly about said pivot causes axial
movement of said piston relative to said cylinder, a closed
hydraulic circuit connecting opposite ends of said cylin-
der to permit fluid to flow from one end of said cylinder
to the other upon movement of said piston within said
cylinder, first resistance means for regulating the flow of
fluid in said circuit generated by a lowering movement
of said boom assembly to exert a predetermined resistances
to said lowering movement, second resistance means in
said circuit for selectively resisting the flow of fluid in
said circuit generated by a hoisting movement of said
boom assembly, and heat exchange means connected in
said circuit for cooling fluid heated by its passage through
said resistance means.

9. For use in combination with a trench hoe attach-
ment or the like having a boom assembly mounted for
movement about a horizontal pivot upon a base assembly,
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and means on said base assembly for hoisting and low-
ering said boom assembly about said pivot; supplemental
means for controlling movement of said boom assembly
about said pivot comprising a closed cylinder filled with
fluid and having a piston mounted for axial movement
therein, means coupling said cylinder to one of said as-
semblies, a piston rod secured to said piston and project-
ing through one end of said cylinder to couple said piston
to the other of said assemblies whereby movement of
said boom assembly about said pivot causes axial move-
ment of said piston relative to said cylinder, a closed
hydraulic circuit connecting opposite ends of said cylinder
to permit fluid to flow from one end of said cylinder to
the other upon movement of said piston within said cyl-
inder, first resistance means for regulating the flow of
fluid in said circuit generated by a lowering movement
of said boom assembly to exert a predetermined resistance
to said lowering movement, second resistance means in
said circuit for selectively resisting the flow of fluid in
said circuit generated by a hoisting movement of said
boom assembly, and means connected in said circuit for
receiving and returning to said cylinder the volumetric
differences of fluid occupying the respective ends of said
cylinder by movement of portions of said piston rod into
and out of said cylinder.

10. Supplemental control means as recited in claim 9
wherein said receiving and returning means includes a
heat exchange unit for cooling the fluid.

11. For use in combination with a trench hoe attach-
ment or the like having a boom mounted for movement
about a horizontal pivot on a base, and means for hoist-
ing and lowering said boom assembly about said pivot;
a closed hydraulic circuit, means coupled between said
boom and said frame for generating a flow of fluid in
said circuit in a direction dependent upon the direction
of movement of said boom about said pivot, and valve
means for controlling the flow of fluid in said circuit
comprising & valve body having a chamber therein, first
and second port means in said valve body connecting said
chamber in said circuit, said second port means being in
communication with said chamber at all times, a piston
assembly mounted for movement in said body, valve
means on said piston assembly engageable in one posi-
tion with said body to stop flow of fluid from said cham-
ber to said first port, means biasing said piston assembly
to said one position, first means for moving said piston
assembly away from said one position when the pressure
of fluid at said second port means reaches a predetermined
value, second means for moving said piston assembly
away from said one position when said hoisting and low-
ering means is actuated to hoist said boom assembly, and
means on said piston assembly for permitting fluid to
flow from said first port means into said chamber when
said piston assembly is located in said first position.

12. For use in the combination recited in claim 11
wherein said boom hoisting and lowering means includes
a hydraulically operated clutch, and means for supplying
fiuid under pressure to said clutch to condition said hoist-
ing and lowering means to hoist said boom; the improve-
ment wherein said second means for moving said piston
assembly comprises a piston face on said piston assembly,
and means connecting said supplying means to supply
fluid under pressure to said piston face to move said pis-

. ton assembly away from said one position when fluid

under pressure is supplied to said clutch.

13. A hydraulic crowd system for a trench hoe or the
like having a boom mounted for movement about a hori-
zontal pivot, means for hoisting and lowering said boom
about said pivot which includes operator manipulative
means for controlling the operation of hoisting and low-
ering said boom; said hydraulic crowd system comprising
a closed hydraulic circuit, means connected in said cir-
cuit and coupled to said boom to induce a flow of fluid in
said circuit in a first direction upon hoisting movement
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of said boom about said pivot, flow control means sep-
arate from said operator means and including valve means
connected in said circuit to prevent fluid from flowing
through said circuit in said first direction prior to the de-
velopment of a preselected minimum pressure in said cir-
cuit, said valve means yielding to permit fluid to flow
through said circuit in said first direction if pressure is
developed in said circuit which exceeds said preselected
minimum, and means coupling said flow control means
to said hoisting and lowering means to be operated there-
by and condition said flow conirol means to permit fiuid
to flow through said circuit in said first direction at pres-
sures below said preselected minimum pressure when said
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hoisting and lowering means is actuated to hoist said
boom. )

14. A hydraulic crowd system as recited in claim 13
wherein said flow control means is coupled to said opera-
tor manipulative means of said hoisting' and lowering
means.
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