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MEANS (71)   We, CATERPILLAR  TRAC-  minimum  discharge rate positions, the
TOR COMPANY, a corporation organized  control assembly comprising a first
means and existing under the laws of the State of  having a movable first
actuating means for California, United States of America, of 100  biasing
the swash plate in one direction that  50 5  N.E. Adams Street, Peoria,
State of Illinois  is towards either the maximum  or the 61629, United
States of America, do hereby  minimum discharge rate positions and a
declare the invention for which we pray  second means having a movable
second that a patent may be granted to us and the  actuating means for
biasing the swash plate method by which it is to be. performed, to  in an
opposite direction, the second means  55 10  be particularly described in
and by the  including a spool and a sleeve which are following statement:-
movable within a housing and are arranged In the operation of variable
displacement  to be acted upon by a pump discharge fluid pumps of the type
which have a' movable  pressure signal which provides part of the swash
plate, a biasing means is generally  biasing of the second actuating means,
a  60 15  used to place a predetermined biasing force  first biasing means
for biasing the sleeve in on a spool of a servo valve and the servo  a
first axial direction, and a second biasing valve controls the movement of
the swash  means for biasing the spool in the first axial 



plate. It has been discovered, however, that direction, wherein a third
biasing the pump can be more effectively operated  means is provided in the
path of move-  65 20  if the predetermined biasing force on the  ment of
the spool for biasing the spool servo valve can be varied under different
in the first direction, the third biasing load conditions and requirements
of the  means having means by which the position pump. United States Patent
Specification  of the spool along its path of movement at No. 3,864,063
shows a servo valve having a  which the third biassing means becomes  70 25
plurality of biasing means to provide  effective upon the spool is
adjustable. biasing force changes.                   An example of a pump
in accordance However, since the load characteristics  with the invention
is illustrated in the and requirements of a hydraulic system  accompanying
drawings, in which:- such as may be supplied by the pump are so    Figure I
is a diagrammatic view of a  75 30  extremely  variable  between  different
portion of a hydraulic system incorporating hydraulic systems, it is
desirable to provide  the control assembly; means for "fine tuning" a servo
valve to    Figure 2 is a diagrammatic view to a match more exactly a
preselected plurality  much larger scale of a portion of the of biasing
forces on a servo valve to the  assembly shown in Figure 1; and    80 35
load characteristics and requirements of a    Figure 3 is a diagrammatic
view of particular system upon which the variable  another embodiment of a
portion of the displacement pump and its' associated  apparatus. controls
are to be used. This invention provides a variable    Detailed Description
of the Invention    85 40  displacement pump of the movable swash
Referring to Figure 1, a variable plate type having a pump control assembly
displacement pump 10 has a swash plate 12 which has an adjustable biasing
means for that is movable between first and second providing improved
control of the pump.  positions for varying the discharge rate of According
to this invention, such a pump  the pump. 10 between maximum  and  go 45
has a control assembly for moving a swash  minimum. The pump control
assembly 13 plate of the pump between maximum and  has a first means 14
associated with a first   



2                                   1,501,530
2 actuating means 16 for biasing the swash  coial withthe axis of the spool
22 in the  65 plate 12 toward one of a maximum or  installed position.
minimum  discharge rate position,  ' The position changing means 36
preferably a maximum  discharge rate  comprises an element having threads:
39 5  position and a second means 18 associated  mateable with threads of
the housing 26 and. with a second actuating means 20 for  'is oriented for
linear movement along the  7.0 biasing the swash plate 12 toward the other
pathway of the spool 22 in direction toward discharge rate position,
preferably the - and from the spool 22. Lock nuts 38 can be minimum
discharge position.     .       associated with the element for releasably
10    Referring to Figure 2, the second means  maintaining the position
changing means 36 18 of the. pump control assembly 13 is a  at preselected
positions.            75 servo valve which has a movable spool    The third
biasing means 34 has a guide valve 22 positioned within a movable sleeve
element 40 connected to either the spool 22 24 which in turn is positioned
within a  (Figure 3) or the position changing means 15  housing 26. The
spool 22 and sleeve 24 are  36 and extending into the third biasing
communicable with a pump discharge  means 34 in the installed position. A
flange  80 pressure signal passing from the pump 10 to 42 extends outwardly
from  the guide the servo valve 18 via line 28 (Figure 1).  element 40 and
into the third biasing Such variable displacement pumps 10  means 34 in the
installed position 20  and pump control systems 13 having a  for connecting
the third biasing means to swash plate controlled by a servo valve 18,  the
guideelement 40. It should be understood,  85 and which have a movable
spool valve 22 however, that other means can be used to and sleeve 24 are
known in the art, as for  connect  the third biasing means to the example
that shown in U.S. Patent No.  position adjusting means 36 or to spool 22.
25  3,834,836 which issued September 10, 1974    In the operation of the
apparatus, fluid to Hein et al from an application filed in  pressure urges
the spool against the second  90 March 1, 1973 and whic  is assigned to
biasing means 32 via the line 28 in a manner Caterpillar Tractor Co.
analogous to that explained in U.S. Patent These servo valves 18 have a
first biasing  No. 3,834,836. This force increases and 



30  means 30 for biasing the sleeve in a first  overcomes the biasing force
exerted by the direction and a second biasing means 32 for  second biasing
means 32 and the spool 22  95 biasing the spool 22 in the first direction.
continues to move. At a preselected The control assembly 13 of this
invention  distance of movement of the spool 22, while has a third biasing
means 34, for example a  compressing the second biasing means 32, 35
spring, positioned within the housing 26 in  the spool starts compressing
the third the pathway of the moveable spool 22. The  biasing means 34 which
increase the biasing 100 means 34 is compressed by movement of force on the
spool 22 as the spool 22 moves the spool in a direction opposite to the
first further. direction and this biases the spool in the    By so
constructing the apparatus of this 40  first direction when it is
compressed. The  invention the location of the spool 22 upon third biasing
means: 34 is associated with  initial biasing of the third biasing means
can 105 means 36 for controllably changing the  be adjusted'to match the
operation of the position of the third biasing means 34 in the  servo valve
18 to the forces of the hydraulic pathway of the spool 22.
system. The means 36 can be turned one 45    The third biasing means 34 can
be  direction for applying this additional connected to the position
changing means  biasing force to the spool at a first 110 36 or connected
to and movable with the  preselected location of the spool during its spool
22.                              travel in a direction toward the biasing
The third biasing means 34 is of a length  means and toward the other
direction for 50  sufficient for requiring contact and  applying this
additional biasing force to the compression of the second biasing means
spool at a second, later location in the 115 32 by the spool 22 prior to
contact and  pathway of said travel of the spool 22. compression of the
third biasing means 34 during movement of the spool toward the    WHAT WE
CLAIM IS:- 55  biasing means 32, 34.        .           1. A variable
displacement pump of the swash plate type having a control assembly The
biasing properties of the second and    for moving a swash plate of the
pump 120 third biasing means are different relative   between  maximum and
minimum discharge one to the other. After the other elements of the servo
valve 18 are constructed and  rate  positions, the control assembly 



60 the load characteristics  are determined,  comprising a first means
having a movable one skilled in the art can readily match the biasing
capabilities that are desirable.   plate in one direction that is towards
either 125 the maximum or the minimum discharge 'The third biasing means 34
is preferably a  rate' position and a second means having a helical spring
having an axis substantially  movable second actuating means for    2
1,501,530                                     2 actuating means 16 for
biasing the swash  coaxial with the axis of the spool 22 in the  65 plate
12 toward one of a maximum  or  installed position. minimum  discharge rate
position,    The position changing means 36 preferably a maximum  discharge
rate  comprises an element having threads 39 5   position and a second
means 18 associated   mateable with threads of the housing 26 and with a
second actuating means 20 for  is oriented for linear movement along the
70 biasing the swash plate 12 toward the other  pathway of the spool 22 in
direction toward discharge rate position, preferably the   and from the
spool 22. Lock nuts 38 can be minimum discharge position.
associated with the element for releasably 10    Referring to Figure 2, the
second means  maintaining the position changing means 36 18 of the pump
control assembly 13 is a  at preselected positions.                  75
servo valve which has a movable spool    The third biasing means 34 has a
guide valve 22 positioned within a movable sleeve  element 40 connected to
either the spool 22 24 which in turn is positioned within a  (Figure 3) or
the position changing means 15  housing 26. The spool 22 and sleeve 24 are
36 and extending into the third biasing communicable with  a pump
discharge    means 34 in the installed position. A flange  80 pressure
signal passing from the pump l0 to  42 extends outwardly from  the guide
the servo valve 18 via line 28 (Figure 1).   element 40 and into the third
biasing Such variable displacement pumps 10  means 34 in the installed
position 20  and pump control systems 13 having a  for connecting the third
biasing means to swash plate controlled by a servo valve 18,  the guide
element 40. It should be understood,  85 



and which have a movable spool valve 22  however, that other means can be
used to and sleeve 24 are known in the art, as for  connect the third
biasing means to the example that shown in U.S. Patent No.  position
adjusting means 36 or to spool 22. 25  3,834,836 which issued September 10,
1974    In the operation of the apparatus, fluid to Hein et al from an
application filed in  pressure urges the spool against the second  90 March
1, 1973 and which is assigned to  biasing means 32 via the line 28 in a
manner Caterpillar Tractor Co.                   analogous to that
explained in U.S. Patent These servo valves 18 have a first biasing  No.
3,834,836. This force increases and 30  means 30 for biasing the sleeve in
a first  overcomes the biasing force exerted by the direction and a second
biasing means 32 for  second biasing means 32 and the spool 22  95 biasing
the spool 22 in the first direction.  continues to move. At a preselected
The control assembly 13 of this invention  distance of movement of the
spool 22, while has a third biasing means 34, for example a  compressing
the second biasing means 32, 35  spring, positioned within the housing 26
in  the spool starts compressing the third the pathway of the moveable
spool 22. The  biasing means 34 which increase the biasing 100 means 34 is
compressed by movement of  force on the spool 22 as the spool 22 moves the
spool in a direction opposite to the first  further. direction and this
biases the spool in the    By so constructing the apparatus of this 40
first direction when it is compressed. The  invention the location of the
spool 22 upon third biasing means 34 is associated with  initial biasing of
the third biasing means can 105 means 36 for controllably changing the  be
adjusted to match the operation of the position of the third biasing means
34 in the. servo valve 18 to the forces of the hydraulic pathway of the
spool 22.                 system. The means 36 can be turned one 45    The
third biasing means 34 can be  direction  for applying this additional
connected to the position changing means  biasing force to the spool at a
first 110 36 or connected to and movable with the  preselected location of
the spool during its spool 22.                                travel in a
direction toward the biasing The third biasing means 34 is of a length
means and toward the other direction for 50  sufficient for requiring
contact and  applying this additional biasing force to the compression of
the second biasing means  spool at a second, later location in the 115 32
by the spool 22 prior to contact and  pathway of said travel of the spool
22. 



compression of the third biasing means 34 during movement of the spool
toward the    WHAT WE CLAIM  IS:- 55  biasing means 32, 34.
1. A variable displacement pump of the The biasing properties of the second
and  swash plate type having a control assembly third biasing means are
different relative  for moving a swash plate of the pump 120 one to the
other. After the other elements  between maximum and minimum discharge of
the servo valve 18 are constructed and  rate positions, the control
assembly 60  the load characteristics are determined,  comprising a first
means having a movable one skilled in the art can readily match the  first
actuating means for biasing the swash biasing capabilities that are
desirable.  plate in one direction that is towards either 125 the maximum
or the minimum discharge The third biasing means 34 is preferably a  rate
position and a second means having a helical spring having an axis
substantially  movable second  actuating means for    3
1,501,530                                   3 biasing the swash plate in an
opposite  spool or the position maintaining means direction, the second
means including a  and extending into the third biasing means  40 spool and
a sleeve which are movable  and a flange extending outwardly from the
within a housing and are arranged to be  guide element and into the third
biasing 5  acted upon by a pump discharge fluid  means for connecting the
third biasing pressure signal which provides part of the  means to either
the position maintaining biasing of the second actuating means, a  means or
the spool.             -    45 first biasing means for biasing the sleeve
in    7. A pump according to any one of the a first axial direction, and a
second biasing  preceding claims, wherein the third biasing 10  means for
biasing the spool in the first axial  means is of such -a length and is so
direction, wherein third biasing means is  positioned as to require
movement of the provided in the path of movement of the  spool against the
action of the second  50 spool for biasing the spool in the first  biasing
means before the spool is acted direction, the third biasing means having
upon by the third biasing means or the 



15  means by which the position of the spool  spool. along its path of
movement at which the    8. A pump according to any one of the third
biasing means becomes effective  preceding claims, in which the third
biasing  55 upon the spool is adjustable.          means is a spring. 2. A
pump according to Claim 1, in which    9. A  pump according to Claim  8, 20
the third biasing means is connected to  in which the second biasing means
the adjusting means.                   is a spring having different pre- 3.
A pump according to Claim 1, in which  selected biasing properties from
the  60 the third biasing means is connected to  spring forming the third
biasing means. and movable with the spool.               10. A pump
according to Claim 8 or 25   4. A pump according to any one of the  Claim
9, in which the spring or each spring preceding claims, including means for
is a helical compression spring having its releasably  maintaining  the
position  axis substantially coaxial with the axis of  65 adjusting means
at preselected positions.   the spool. 5. A pump according to Claim 4, in
which    11. A pump according to Claim  1, 30  the releasable position
maintaining means  constructed substantially as described with comprises a
screw threaded element which  reference to the accompanying drawings. is
screwed into a screw threaded opening in the housing to enable it to be
adjusted in   Agents for the Applicants:- position along the path of the
spool in     GILL, JENNINGS & EVERY, 35  direction towards and away from
the spool.     Chartered Patent Agents, 6. A pump according to Claim 4 or
Claim      53 to 64 Chancery Lane, 5, in which the third biasing means
includes    London, WC2A IHN. a guide element connected to either the
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