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Description

The invention is directed to a hydraulic propul-
sion system comprising first and second hydraulic
motors, a pump supplying pressurised hydraulic flu-
id fo the motors, a first compensating valve assem-
bly between one side of the first motor and the
pump, and a second compensating valve assembly
between the corresponding one side of the second
motor and the pump.

Large industrial or construction machines such
as track-laying excavators are often propeiled by
hydraulic motors. Typically, such machines are pro-
vided with internal combustion engines that are
used to drive hydraulic pumps. The hydraulic pumps
draw hydraulic fluid from a sump and pump the hy-
draulic fluid into hydraulic lines where it is directed
to the propulsion motors for the tracks and to other
operating members. Individual three-position direc-
tional control valves are used to control the flow of
hydraulic fluid to each of the motors, thereby con-
trolling the propulsion motors and other hydraulic
motors used for driving the operating members.

In simple hydraulic systems, hydraulic fluid takes
the path of least resistance and flows to the area
requiring the lowest pressure. This is especially
troublesome wherein two hydraulic motors are being
used to move a common load, for example two crawl-
er tracks of a crawler excavator, because the low
pressure motor will command more hydraulic fluid re-
sulting in an uneven operation of the two motors. To
overcome this natural tendency of the hydraulic flu-
id, compensator valve assemblies are provided to
better balance the flow between the two motors by
having the high pressure compensator valve as-
sembly meter the low pressure side to even the
pressure between the two assemblies.

Although compensator systems work well in most
instances, another problem develops when the
loads are equal or close to being equal. This situa-
tion is notaceable when a crawler operaior wants to
go in a straight line wherein the tracks need to move
equally to accomplish this task. The crawler opera-
tor would notice that the crawler would tend to turn
to one side or the other as it moves. Therefore, the
operator has to continually adjust for this turning
movement in the crawler. This situation arises be-
cause one of the compensator valve assemblies is
dominating the other compensator valve assembly
effectively reducing flow through one of the hy-
draulic motors. This typically happens because the
directional control valves are never opened simul-
taneously and the directional control valve that is
opened first creates a dominating compensator
valve assemby as it becomes the high pressure
compensator valve. The compensator valve assem-
bly associated with the later opening directional con-
trol vaive becomes dominated by the earlier opening
and now high pressure compensator valve assem-
bly, and tends to reduce flow to the hydraulic motor
with which it is associated. Therefore, the hydraulic
motor associated with the first opening directional
control valve moves faster than the motor associat-
ed with the later opening directional conirol valve
resulting in a turning movement by the crawler.
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The present invention overcomes or reduces this
problem.

According to the present invention the connec-
tions between the first and second assemblies and
motors are coupled by a first communication hydrau-
fic line.

By providing a small communication hydraulic line
between the downstream hydraulic paths of the two
compensator valve assemblies domination of one
over the other is reduced or avoided. In the case of
a crawler an arrangement is as follows. A source of
hydraulic fluid supplies hydraulic fluid to two direc-
tional control valves each of which direct pressu-
rized hydraulic fluid to a pair of downsiream com-
pensator valve assemblies. Each pair of compensa-
tor valve assemblies is provided with a forward
compenstor valve assembly for conirolling forward
movement of the crawler and a backward compensa-
for valve assembly for controlling the backward
movement of the crawler. The position of the direc-
tional control valve determines which one of the
compensator valve assemblies in each pair of com-
pensator valves the hyraulic fluid is directed to,
thereby controlling the movement of the crawler.
Two small communication hydraulic lines are provid-
ed for transmitting hydraulic fluid between the two
forward compensator valve assemblies and be-
tween the two backward compensator valve assem-
blies.

An embodiment of the invention will now be de-
scribed with reference to the accompanying dia-
grammatic drawings in which:

Fig. 1 is a side view of a crawler excavator;

Fig. 2 is a schematic of a hydraulic propuision
system for an excavator crawler without the small
communication line referred to above; and

Fig. 3 is a schematic of a hydraulic propulsion
system for an excavator crawler with the small com-
munication line.

Fig. 1 illustrates an excavator crawler to which
the present hydraulic propuision is particularly well
suited. Excavator 10 is provided with a movable
boom 12, dipper 14 and bucket 16. The boom, dipper
and bucket are controlled by linear hydraulic motors
18, 20 and 22, respectively. Excavator crawler 10 is
a self-propelled excavator being supported on two
ground engaging tracks 24 (only one shown) which
are used to drive and position the excavator at a
work site.

The tracks are independently driven by rotary
hydraulic motors 26 and 28 which are coupled
through compensator valve assemblies 30, 32, 34
and 36 to directional control valves 38 and 40.
Hydraulic fluid is pumped to the directional control
valves 38 and 40 from sump 42 by hydraulic pump
44. The hydraulic pump is driven by an internal
combustion engine mounted in the excavator. The
operator in cab 46 can move or position the excava-
tor by manipulating the directional contro! valves to
propel the excavator forward or backward, or turn-
ing the excavator by operating hydraulic motors 26
and 28 in different directions and at different
speeds.
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It should be noted that although the invention is
being described with regard to an excavator crawl-
er propulsion system, the present invention could
be utilized in a number of hydraulic applications
wherein two independently controlled hydraulic mo-
tors drive a common load from a single source of
pressurized hydraulic fluid.

Fig. 2 is the hydraulic schematic of the hydraulic
propulsion system without the small balancing
communication line between the downstream output
of the compensator valve assemblies. Each
compensator valve assembly is provided with a
metering compensator spool 48, 50, 52 and 54, a
shuttle spool 56, 58, 60 and 62, and a return flow
check valve 64, 66, 68 and 70. For forwardly driv-
ing motor 26 hydraulic pump 44 pumps hydraulic flu-
id into hydraulic pumping line 72 to directional con-
trol valve 38. The directional control valve 38 di-
rects the fluid to forward compensator valve
assembly 30 and specifically to metering two-posi-
tion compensator spool 48 having a restricted ori-
fice position and a checked position. Spool 48 is
spring biased into a closed position by spring 74
which is overcome by hydraulic pressure in sensing
line 76 which pushes the valve into the open posi-
tion. Hydraulic pressure from line 72 is also direct-
ed through hydraulic line 77 to shuttle spool 56 and
into compensation communication line 78. Shuitle
spool 56 is hydraulically balanced by the hydraulic
pressure in line 78 and the pressure downstream of
compensator spool 48 as transmitted through line
80. The hydraulic fluid in line 80 is used both for bal-
ancing spool 56 and for flowing through spool 56 to
line 82 to balance spool 48 by adding to the biasing
force of spring 74.

Hydraulic fluid passing through valve 48 info line
84 is directed to motor 26 driving one of the crawler
tracks of the excavator. The exhausted hydraulic
fluid then passes into line 86 where it is directed to
backward compensator valve assembly 32. As
shuttle spool 58 is shifted into the closed position by
the hydraulic pressure in compensator communica-
tion line 78, and spool 50 is closed by the biasing
force of spring 88 and the hydraulic pressure in line
90 which is fluidically coupled to compensator com-
munication line 78 by the closed position of spool 58,
the exhausted fluid passes through check vailve 66
and into exhaust hydraulic line 92 wherein it is di-
rected into sump 42. Hydaulic fluid does not pass
through check valve 64 of compensator valve as-
sembly 30 because of the pressure drop across the
restricted orifice of spool 48.

in Fig. 2, both motors are being driven in the
same forward direction as determined by directional
control valves 38 and 40. However, compensator
valve assembly 30 has become dominant, either be-
cause it was triggered first by the operator or be-
cause of shorter hydraulic line connections when
compared with compensator valve assembly 34.
Compensator valve assembly 34 works in an identi-
cal manner to that of compensator valve assembly
30 except that because of the hydraulic pressure in
compensation communication line 78 shuttle spool 60
tends to be biased into a closed position which in
turn directs hydraulic pressure from line 78 through
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shutile spool 60 and hydraulic line 94 to aid spring
96 in biasing compensator spool 52 closed.

It should be noted that the shuttle and compensat-
ing spools are two-position metering spools which
are hydraulically balanced. As such, the spools are
reciprocated between each of the two positions dur-
ing operation and they do not normally maintain a
fixed position. Therefore, in viewing Fig. 2, it should
be noted that dominating compensating spool 48 in
compensating valve assembly 30 is opened and
fransmits more hydraulic fluid because of its higher
pressure, if it is the dominating valve assembly, and
compensating spool 52, of compensating valve as-
sembly 34 transmits less hydraulic fluid because of
its lower hydraulic pressure when compared to domi-
nating compensating valve assembly 30.

As with compensating valve assemblies 30 and
32, hydraulic fluid from pump 44 flows through
pumping line 72 to directional control valve 40
where it is transmitted to compensating spool 52.
Hydraulic fluid passes through the restricted ori-
fice in compensating spool 52 and is directed to mo-
tor 28 from which it is exhausted to compensating
valve assembly 36. As with compensating valve as-
sembly 32, hydraulic fluid is prevented from pass-
ing through compensating spool 54 and instead
passes through check valve 70 and back to sump
42. The balancing hydraulic lines for all of the com-
pensating spools and shuttle spools of compensat-
ing valve assemblies 32, 34 and 36 are identical to
those explained with regards to compensating valve
assembly 30 and function in the same manner.

If the excavator crawler is to be reversed, direc-
tional control valves 38 and 40 are moved to the
left to direct pumping fluid to backward compensat-
ing valve assemblies 32 and 36. In this situation, the
mortors exhaust hydraulic fluid through check
valves 64 and 68, respectively. To pivot the ma-
chine, one hydraulic motor is operated in the for-
ward direction and the other in a reverse direction.
The excavator itself can be pivoted on the tracks
which means that since the hydraulic motors are ad-
jacent to the tracks, the hydraulic lines leading from
the pump to the motors must pass through a hydrau-
lic line swivel (not shown) which is well known in the
art.

Fig. 3 illustrates the small communication hydrau-
lic lines used for overcoming the problem arising in
Fig. 2. Hydraulic lines 98 and 100 fluidically couple
hydraulic line 84 to line 102, and line 86 to line 104,
respectively. When the excavator crawler is mov-
ing forward, line 98 tends to equalize the hydraulic
pressure between compensating valve assembly 30
and compensating valve assembly 34. As compen-
sating valve assembly 30 tries to dominate valve
assembly 34, hydraulic fluid pressure increases in
line 84 increasing the pressure in line 98 and line
102 which in turn increases pressure in line 106
causing metering shuttle spool 60 to remain open for
transmitting pressure through line 108 to help bias
compensating spool 52 open, and better equalizing
the hydraulic flow to both motors. During forward
movement, exhaust lines 86 and 104 are joined by
line 100, but this does not affect the operation of the
system because the hydraulic pressure in compen-
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sating line 78 serves to maintain compensating
valve assemblies 32 and 36 closed except for the
normal exhaust flow through check valves 66 and
70.

In reversing the excavator crawler, communica-
tion line 100 would prevent either compensating
valve assembly 32 or 36 from dominating one anoth-
er. As with the forward operation, exhaust lines 84
and 102, even though coupled through line 98, would
not affect operation of the compensating valve as-
semblies.

To prevent inexact operations, lines 98 and 100
must be quite small when compared to hydraulic lines
84, 86, 102 and 104 which are used to transfer hy-
draulic fluid to the motors. For example, lines 84,
86, 102 and 104 can be 0.75 inches in diameter and in
accordance therewith communication lines 98 and
100 should be 0.25 inches in diameter. In addition,
lines 98 and 100 should be provided with an orifice
further restricting flow. This orifice should be
0.004 inches in diameter to reduce further the
cross flow between the pumping lines.

Compensating communication line 78 serves an
additional function as indicated by arrow 110 and
that is fo provide a pressure sensing circuit with a
hydraulic feedback to better control the operation
of the hydraulic pump.

Claims

1. An hydraulic system comprising first and sec-
ond hydraufic motors (26, 28), a pump (44) supply-
ing pressurised hydraulic fluid to the motors (26,
28), a first compensating valve assembly (30) be-
tween one side of the first motor (26) and the pump
{44), and a second compensating valve assembly
(34) between the corresponding one side of the
second motor (28) and the pump (44), characterised
in that the connections (84, 86) between the first
and second assemblies (30, 34) and motors (26, 28)
are coupled by a first communication hydraulic line
(98).

2. A system according to claim 1 in which the sys-
tem includes a third compensating valve assembly
(32) between the other side of the first motor (26)
and the pump (44), and a fourth compensating
valve assembly (36) between the corresponding
other side of the second motor (28) and the pump
(44) characterised in that the connections between
the third and fourth assemblies (32, 36) and the mo-
tors (26, 28) are coupled by a second communica-
tion hydraulic line (100).

3. A system according to claim 1 or 2 in which the
first, second, third and fourth compensating valve
assemblies (30, 34, 32, 36) are provided respec-
tively with first, second, third and fourth bypass hy-

draulic lines from the associated motors (26, 28) to -

the pump (44), each line having a check valve (64,
68, 66, 70) therein permitting flow only in the direc-
tion of the pump (44).

4. A system according to any preceding claim in-
cluding first and second three-position control
valves (38, 40) between the pump (44) and the first
and third (30, 32), and second and fourth, compen-
sating valve assemblies (34, 36).
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5. A system according to any preceding claim in
which the compensator valve assemblies (30, 32,
34, 36) are fluidically coupled to one another by a
compensating hydraulic line (78).

6. A systen according to claim 5 in which each
compensator valve assembly (30, 32, 34, 36) has a
metering two-position compensator spool (48, 50,
52, 54) and a metering two-position shuttle spool
(56, 58, 60, 62).

7. A system according to any preceding claim
characterised in that the diameter of the first, or
first and second, communication hydraulic line or
lines (98, 100) is smaller than the diameter of the
connections (84, 102) between the first and second
assemblies (30, 34) and motors (26, 28).

8. A system according to claim 7 characterised in
that the diameter of the said line or lines (98, 100) is
substantially one third of that of the said connec-
tions (84, 102).

9. A propulsion unit for an industrial machine
characterised in that the unit includes a system ac-
cording to any preceding claim, the hydraulic motors
(26, 28) being drivingly connected to ground-engag-
ing means for moving the machine.

10. A propulsion unit according to claim 9 in which
the means for moving the machine are tracks (24).

11. An industrial machine characterised in that it
has a propulsion unit according to claim 9 or 10.

12. An industrial machine according fo claim 11 in
which the machine is an excavator (10).

Patentanspriiche

1. Hydraulisches System mit ersten und zweiten
hydraulischen Motoren (26, 28); einer Pumpe (44)
zum liefern eines unter Druck stehenden hydrauli-
schen Fluids zu den Motoren (26, 28), einer ersten,
zur Kompensation dienenden Ventilanordnung (30)
zwischen der einen Seite des ersten Motors (26)
und der Pumpe (44) und einer zweiten, zur Kompen-
sation dienenden Ventilanordnung (34) zwischen
der korrespondierenden einen Seite des zweiten
Motors (28) und der Pumpe (44), dadurch gekenn-
zeichnet, daB die Verbindungen (84, 86) zwischen
den ersten und zweiten Anordnungen (30, 34) und
den Motoren (26, 28) durch eine erste hydraulische
Verbindungsleitung (98) miteinander gekuppelt sind.

2. System nach Anspruch 1, bei dem dieses Sy-
stem eine dritte, zur Kompensation dienende Ven-
filanordnung (32) zwischen der anderen Seite des
ersten Motors (26) und der Pumpe (44) und eine
vierte, zur Kompensation dienende Ventilanord-
nung (36) zwischen der korrespondierenden ande-
ren Seite des zweiten Motors (28) und der Pumpe
(44) aufweist, dadurch gekennzeichnet, daB die
Verbindungen zwischen der dritten und der vierten
Anordnung (32, 36) und den Motoren (26, 28) durch
eine zweite hydraulische Verbindungsleitung (100)
miteinander gekuppelt sind.

3. System nach Anspruch 1 oder 2, bei dem die er-
sten, zweiten, dritten und vierten, zur Kompensati-
on dienenden Ventilanordnungen (30, 34, 32, 36) je-
weils mit ersten, zweiten, dritten und vierten hy-
draulischen BypasslLeitungen von den zugehdrigen
Motoren (26, 28) zur Pumpe (44) versehen sind,



7 EP 0 279 362 B1 8

wobei jede Leitung ein Rickschlagventil (64, 68, 66,
70) aufweist, das eine Stromung nur in der Richtung
der Pumpe (44) gestattet.

4. System nach irgendeinem der voranstehenden
Anspriiche mit ersten und zweiten Dreistellungs-
Steuerventilen (38, 40) zwischen der Pumpe (44)
und der ersten und dritten (30, 32) und der zweiten
und vierten, zur Kompensation dienenden Ventilan-
ordnungen (34, 36).

5. System nach irgendeinem der voranstehenden
Anspriiche, bei dem die zur Kompensation dienen-
den Ventilanordnungen (30, 32, 34, 36) beziiglich
des Fluids miteinander durch eine zur Kompensation
dienende Hydraulikleitung (78) gekuppelt sind.

6. System nach Anspruch 5, bei dem jede zur
Kompensation dienende Ventilanordnung (30, 32,
34, 36) einen zur Zumessung dienenden Zweistel-
lungs-Kompensatorschieber (48, 50, 52, 54) und ei-
nen zum Zumessen dienenden Zweistellungs-Wech-
selschieber (56, 58, 60, 62) aufweist.

7. System nach irgendeinem der voranstehenden
Anspriiche, dadurch gekennzeichnet, daB der
Durchmesser der ersten, oder der ersten und der
zweiten, zur Kommunikation dienenden Hydrauliklei-
tung bzw.Leitungen (98, 100) kieiner ist als der
Durchmesser der Verbindungen (84, 102) zwischen
der ersten und der zweiten Anordnung (30, 34) und
den Motoren (26, 28).

8. System nach Anspruch 7, dadurch gekenn-
zeichnet, daB der Durchmesser der genannten Lei-
tung oder Leitungen (98, 100) im wesentlichen ein
Drittel des Durchmessers der genannten Verbin-
dungen (84, 102) betragt.

9. Vortriebseinheit fir eine industrielle Maschi-
ne, dadurch gekennzeichnet, daB die Einheit ein Sy-
stem nach einem der voranstehenden Anspriiche
umfaBt, wahrend die Hydraulikmotoren (26, 28) an-
triebsmagBig mit den am Boden angreifenden Mitteln
zum Bewegen der Maschine verbunden sind.

10. Vortriebseinheit nach Anspruch 9, bei der die
Mittel zum Bewegen der Maschine Gleisketten (24)
sind.

11. Industrielle Maschine, dadurch gekennzeich-
net, daB sie eine Vertriebseinheit nach Anspruch 9
oder 10 aufweist.

12. Industrielle Maschine nach Anspruch 11 in wel-
cher die Maschine ein Bagger (10) ist.

Revendications

1. Systéme hydraulique comprenant un premier et
un deuxiéme moteurs hydrauliques (26, 28), une
pompe (44) fournissant un fluide hydraulique sous
pression aux moteurs (26, 28), un premier distribu-
teur de compensation (30) raccordé entre un coté
du premier moteur (26) et la pompe (44), et un
deuxiéme distributeur de compensation (34) entre le
coté correspondant du deuxieme moteur (28) et la
pompe (44), caractérisé en ce que les connexions
(84, 86) enire les premier et deuxiéme distributeurs
(30, 34) et les moteurs (26, 28) sont reliées par un
premier conduit hydraulique de communication (98).

2. Systéme suivant la revendication 1, dans le-
quel le systéme comprend un troisiéme distributeur
de compensation (32) raccordé entre I'autre cdté du
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premier moteur (26) et la pompe (44), et un quatrie-
me distributeur de compensation (36) raccordé en-
tre autre cbté correspondant du deuxiéme moteur
(28) et la pompe (44), caractérisé en ce que les con-
nexions entre les troisieme et quatriéme distribu-
teurs (32, 36) et les moteurs (26, 28) sont reliées
par un deuxiéme conduit hydrauiique de communica-
tion (100).

3. Systéme suivant la revendication 1 ou 2, dans
lequel les premier, deuxiéme, troisiéme et quatriéme
distributeurs de compensation (30, 34, 32, 36) com-
portent respectivement un premier, un deuxiéme, un
troisieme et un quatriéme conduits hydrauliques de
contournement allant des moteurs associés (26, 28)
a la pompe (44), chaque conduit comportant un cla-
pet anti-retour(64, 68, 66, 70), permettant 'écoule-
ment seulement en direction de ia pompe (44).

4. Systeme suivant 'une quelconque des reven-
dications précédentes, comprenant une premiére et
une deuxiéme vannes de commande & trois positions
(38, 40) entre la pompe (44) et les premier et troisié-
me (30, 32), et les deuxieme et quatriéme (34, 36),
distributeurs de compensation.

5. Systéme suivant 'une quelconque des revendi-
cations précédentes, dans lequel les distributeurs
de compensation (30, 32, 34, 36) sont fluidiquement
reliés les uns aux autres par un conduit hydraulique
de compensation (78).

6. Systéme suivant la revendication 5, dans le-
quel chaque distributeur- de compensation (30, 32,
34, 36) comprend un tiroir compensateur & deux po-
sitions & orifice calibré (48, 50, 52, 54} et un firoir
de navette a deux positions a orifice calibré (56, 58,
60, 62).

7. Systeme suivant 'une quelconque des revendi-
cations précédentes, caractérisé en ce que le dia-
métre du premier conduit hydraulique de communica-
tion ou des premier et deuxieme conduits hydrauli-
ques de communication (98, 100} est plus petit que le
diametre des connexions (84, 102) entre les premier
et deuxiéme distributeurs (30, 34) et les moteurs
(26, 28).

8. Systéme suivant la revendication 7, caractéri-
sé en ce que le diamétre dudit conduit ou des con-
duits (98, 100 ) est sensiblement le tiers de celui des-
dites connexions (84, 102). .

9. Unité de propulsion pour une machine indus-
trielle, caractérisée en ce que l'unité comprend un
systéme suivant I'une quelconque des revendica-
tions précédentes, les moteurs hydrauliques (26,
28) étant accouplés en entrainement aux moyens de
contact avec le sol, pour déplacer la machine.

10. Unité de propulsion suivant la revendication
9, dans laquelle les moyens pour déplacer la machi-
ne sont des chenilles (24).

11. Machine industrielle, caractérisée en ce qu'el-
le comporte une unité de propulsion suivant fa re-
vendication 9 ou 10.

12. Machine industrielle suivant la revendication
11, dans laguelle la machine est une excavatrice (10).
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