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SLIP COM'PENSATOR FOR HYDRAULIC DRIVES

Application filed August 6, 1927. Serial No. 211,083.

This invention relates to pumps and more
particularly to slip compensating mecha-
nisms therefor. '

In hydraulic transmissions, involving a

g variable displacement pump and hydraulic
motor driven thereby, the phenomenon com-
monly known as slip, which results largely
from leakage past the pump pintle and past
the pump and motor pistons, produces a varl-

10 able influence upon the speed of the motor.
The effect of the slip is more apparent when
~ pump displacement is relatively small and

: Whehn the hydraulic pressures are relatively
high. . . o

15 %‘he general aim of the present invention
is to-eliminate the effect of slip by automat-
ically varying pump displacement in such
manner as to make full compensation there-
for under various conditions of operation.

20 This ‘I have accomplished by the use of
mechanism’ designed to automatically vary
pump displacement in accordance with vari-
ations in working pressures, this accomplish-
ment being pregicated upon my discovery

25 that the degree of slip at any instant is actu-
ally substantially proportional to the hy-
draulic pressures involved.

'A more specific object of the present in-

vention is the provision in a variable dis--

* 30 placement pump of mechanism automatically
operable to vary pump displacement in ac-
cordance with® variations in pump delivery
pressures. '

Another object is the provision of a slip
compensator for the purpose mentioned
which may be readily adjustable to adapt the
same to the slip characteristics peculiar to
the particular pump or hydraulic transmis-
sion to which it is applied.

Other objects and advantages will appear
from the following description of an illus-
trative embodiment of the present invention.

.In the drawings:— C

Figure 1 is a conventional illustration of
46 a variable displacement pump embodying a
 slip compensator constructed in accordance
with the present invention.

Fig. 2 is a view in side elevation of the slip
compensator as it would appear looking from
left to right in Figure 1. '
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Fig. 3 is a detail sectional view taken sub-
stantially along the line 3—38 of Figure 1.

The variable displacement pump conven-
tionally illustrated in Figure 1 is fully de-
scribed in the copending application of John
P. Ferris, Serial No. 199,925, filed June 20,
1927, which has matured into Patent No.

1,753,562 and to which reference is made for.

a complete understanding of the construc-
tion and operation thereof. It will suffice
herein to state that this pump comprises a
series of pistons 10 coacting with and be-
tween a circular driver 11 and a cylinder
barrel 12, which are rotated at constant
speed. The cylinder barrel 12 is supported
upon a pendulum 18, rockably supported at

its upper end upon a horizontally fizxed hol-

low shaft 14, so that the cylinder barrel may
be shifted laterally with respect to the driver
to vary pump displacement. The pendulum
13 is adjusted and controlled in this instance
by a cam 15, rotatably fixed thereon and co-
acting with a roller 16, supported by a fixed
locating arm 17. The arm 17 is supported
by a split bracket 18 clamped to the end of
the shaft 14 by an appropriate screw 19. A
spring loaded tension bolt 20, anchored in
the pendulum 13 and projected loosely
through a lug 21 on the arm 17, urges the
pendulum 13 toward the left so as to main-
tain the cam 15 against the roller 16. The
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cam 15 is rotated and controlled from a

rotary control stem 22 through an appro-
priate gear train 23. The pump receives
liquid through communicating pipes 24 and
25, associated with the bracket 18, and dis-
charges through similar pipes 26 and 27 at
a rate depending upon the degree of eccen-

"tricity between the cylinder barrel 12 and

driver 11. :

As above pointed out provision is made for
automatically increasing pump displacement
in accordance with increases in pump deliv-
ery pressures to thereby compensate for slip.
This is accomplished in the pump shown by
providing an adjustable mounting means for
the roller 16 which responds automatically

-to variations in pressure within the delivery

pipe 27 to shift the roller 16 with respect to
the locating arm 17. In this instance the
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. lug 43, formed on
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roller 16 is mounted upon a'circular head 28,
carried by eccentric trunnions 29, rockably
supportecf within spaced legs 30, depending
from the locating arm '1%. Anti-friction
bearings 81 permit a free rocking action of
the head and trunnions within the legs 30,
and an anti-friction bearing 32 permits free
rotation of the roller 16 upon the head. -
The rotative position of the head and
trunnions within the legs 30 is controlled by
a yoke 33 removably secured thereto. Omno
arm 34 of the yoke is perforated, as at 35, to
snugly receive one of the trunnions, while
the other arm 36 thereof is formed with an
opening 37 to receive a circular head 38,
formed as an integral part of the other trun-
nion and concentric therewith. Arm 36 is

split, as indicated- at 39, so that it may be

firmly claped to the head 88 by an appro-
priate screw 40, A lug 41, formed on the
arm 34 and coacting with the lower face 49 of
the locating arm 17, limits the upward move-
ment of the yoke 33 (Figs. 1 and 2), and a
one of the legs 30 and co-
acting with the lower face 44 on g projection
45 on the yoke, limits the downward move-
ment of the yoke, so that the yoke 33, trun-
nions 29 and eccentric head 28 are rockable
as a unit through a limited angle. The ec-
centric relation between the head 28 and
trunnions 29 is such that, as the yoke 83 is

swung downwardly from the upper extreme

* position shown in
-actually shifted toward the right, and, acting
- 85,

.~ toward the right to
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Figure 1, the roller 16 is

against the cam 15, forces the pendulum 13

: thereby increase pump
displacement. /

A spring 46, preferably such as will be later
described, serves to resiliently retain the yoke
33 in the upper position shown. A plunger
47, seated ‘within a Projection 48 on the yoke,
responds to pressures within the pump deliv-
ery pipe 27 to force the yoke downwardly
against the action of the spring 46. In this
upper end of the plunger 47 is
seated within a hollow piston 49 closely fitted
for reciprocation within a bote 50 formed in

.the locating arm 17. The upper end of the

bore 50 communicates through a pipe 51 with
the pump delivery pipe 27 so that the pres-
sure within the bore 50 corresponds at all
times with that in the delivery pipe.

The spring 46 is constructed and arranged
so that under all conditions of operation the

‘extent of movement of the yoke 33 from the

upper. position shown will be substantially
proportional to the degree of Pressure within
the bore 50, and so as to permit a ready ad-
justment of the spring to thereby vary the
ratio of pressure to the extent of movement
and thus render the mechanism readily
adaptable to the slip characteristics of the
particular pump and hydraulie transmission
to which the pump is applied. The spring

' stem are of the same
ing may thus be screwed down into its seat’

1,706,086

shown is of double helical form and termi-
nates in a loop 52, which is anchored within
the projection 46 of the yoke 33 by appro-
priate means such as a screw 53. The spring
is also éngaged by an internal plug 54, formed
with helical grooves 55 for snugly receiving
the convolutions of the spring. The plug 54
is fixed to the lower end of a control stem 56,
adjustably supported upon the locating arm
17. By rotation of the stem 56 and plug 54
the plug may be adjusted lengthwise of the
spring to thereby vary the effective length
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and consequently the stiffness thereof. The .

stem 56 is in this instance threaded in a split
tapered bushing 57, which is threaded within
a tapered seat 58 formed in a lug 59 project-
ing from the arm 17. The stem 56 is ro-
vided with an appropriate operating head 60
and the bushing 57 with an operating head 61,

The arrangement is such that, after with-
drawing the bushing 57 from its seat 58, the
plug 54, may be adjusted into any desired po-
sition lengthwise of the spring 46 by rotation
of the stem and plug therein, Then, while
the stem 56 is held under light tension, suffi-
cient to retain the yoke 33 in its upper posi-
tion’ without imposing any material initial
tension in the spring, the bushing 57 is
screwed downwardly along the stem until it
is engaged in its seat 58 with sufficient force
to collapse the same against the stem and
thereby securely lock the stem in that position
of adjustment. It will be understood of
course that the threads between the bushing
and its seat and between the bushing and the
pitch so that the bush-

without producing any relative movement be-
tween the stem and lug 59. Thus in all posi-
tions of adjustment the initial tension in the
spring 46 is practically negligible so that the
extent of downward movement of the yoke 33

will be directlj proportional to the pressure

within the bore 50. By varying the effective
length of the spring in the manner above
described the relation between the extent of
movement of the yoke and the degree of pres-
sure in the bore 50 may be varied to suit the
characteristics of the pump. For a pump in
which the average slip is relatively high the
plug 54 is elevated to increase the effective
length of the spring and thereby permit a
greater depression of the yoke 33 under a
given pressure in the bore 50, and for a pum

in which the average slip is relatively low the
plug 54 is lowered to decrease the effective
length of the spring and thereby reduce the
extent of depression of the yoke 33 under
the given pressure in the bore 50. In each
position of the plug 54 within the spring how-
ever the extent of movement of the yoke, and
consequently the extent of adjustment of the
roller 16 is proportional to the pressure with-
in the bore 50, so that pump displacement is
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automatically increased in accordance with
increases in pump delivery pressures, which
increase is substantially equal to and thus
compensates for increases in slip correspond-
ing to those increases in pump pressures. .
Various changes may be made in the em-
bodiment of the invention hereinabove speci-
fically described without departing from or

_ sacrificing the advantages of the invention as
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§ placement pump of

defined in the appended claims.

I claim:— S

1. The combination with a variable dis-
placement pump of a member movable to
vary pump displacement, and mechanism co-
acting with said member to automatically
increase pump displacement in accordance
‘with increases in pump delivery pressures to
thereby compensate for slip. ’

9. The combination with a variable -dis-
means actuated by pump
-pressure for increasing pump displacement,
and means for yieldably resisting said means
to thereby maintain a predetermined rela-
tion between variations in pump pressure

and the resulting variations in pump dis-

placement. :

3. The combination with a variable dis-
placement pump of means actuated by pump
pressure for increasing pump displacement,
yieldable means coacting with ‘said first
named means for controlling the action there-
of, and means for adjusting said yieldable
means to vary the action of said first named
means. <

4. The ‘combination with a variable dis-

placement pump of means actuated by pump

pressure for increasing pump displacement,
‘means including a-spring for yieldably resist-
ing the action of said pamed means, and
means for varying
said spring to vary
named means.

5. The combination with a variable dis-
placement pump of means actuated by pump
pressure for varying pump displacement,
raeans including a coil spring for resisting
the action of said means, and a member en-
gaged with the convolutions of said spring
and adjustable thereon to vary the effective
length. thereof to thereby vary the action of
said first named means. '

6. The combination of a variable displace-
ment pump; a member movable to vary pump
displacement, a
ment adjustably
member and coacting with said movable
thember to control the position thereof, means
actuated by pump pressure for adjusting said
element to thereby increase pump -displace-
ment and resilient means for resisting and

the action of said first

controlling the action of said first named

means. ' . ,

7. The combination of a variable displace-
ment pump, a member movable to vary pump
displacement, a stationary member, a roller

the effective capacity of

stationary member, an ele- -
mounted on said stationary .

38

on one of said members, a cam on the other

of said members coacting with said roller to

control the position of said movable member,
means for adjusting said cam to regulate

pump displacement, an adjustable support.

for said roller, and means actuated by pump
pressure for adjusting said roller to vary
pump displacement in response to variations
in pump pressure. _

8 The combination of a variable displace-
ment pump, means including a cam and co-
acting roller for controlling pump displace-
ment, means for adjusting said cam to reg-
ulate pump displacement, an adjustable sup-
port for said roller, and means ior adjusting
said support to vary pump displacement.

9. The combination of a variable displace-
ment, pump, means including a cam and co-
acting roller for controlling pump displace-
ment, means for adjusting said cam to vary
pump displacement, and means responsive to
pump pressure for adjusting said roller to
vary pump displacement irrespective of the
position of said cam.

10. The combination of a variable displace-
‘ment pump, means including two coacting
elements for controlling pump displacement,
means for adjusting one of said elements to
regulate pump displacement, and means ac-
tuated by pump pressure for adjusting the
other of said elements to increase pump
placement with increases in pump pressure.
“In witness whereof, I hereunto subscribe
my name this 29th dav of July, 1927.
WALTER FERRIS.
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