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This invention relates to hydraulic appa 
ratus and more particularly to certain im 
provements especially useful in hydraulic 
steering gear systems-one object of said 
invention being to provide a relatively 
simple, substantial and reliable combination 
of elements for automatically reducing the 
amount of liquid delivered by a continu 
ously driven, variable capacity pump or 
pumps when the pressure in the system in 
creases above a predetermined point, with 
a view to protecting the pump motor or 
motors from injury or objectionable over 
load. 
Another object of the invention is to pro 

vide a hydraulic steering gear including a 
pump for propelling the liquid required for 
operating the system, with novel means for 
automatically reducing the capacity of the 
pump whenever the pressure of liquid 
reaches a predetermined high point, and the 
invention more especially contemplates a 
relatively simple form of pressure respon 
sive device for changing the stroke of a con 
tinuously driven, variable capacity pump 
when predetermined conditions exist in the 

These objects and other advantageous 
ends I attain as hereinafter set forth, refer 

5-5. Fig 3; 
45 

ence being had to the accompanying draw 
ings, in which, - - 

Fig. 1 is a plans to some extent diagram 
matic, illustrating one form of the apparatus 
constituting my invention; 

Fig. 2 is a plan on a larger scale than 
Fig. 1, illustrating the detail construction of 
certain of the mechanism of the system: 

TFig. 3 is a plan on a larger scale than Fig. 
2, further illustrating the detail construction 
of certain parts of my invention; 

Fig. 4 is a side elevation of the apparatus 
shown in Fig. 3; 

Fig. 5 is a vertical section on the line 
Fig. 6 is a transverse section on the line 

6-6, Fig. 5; and, - 
the line Fig. 7 is a horizontal section on 

7-7. Fig. 6. - 
In the above drawings, 1-2 and 3-4 

represent the two pairs of opposed single 
acting cylinders of a hydraulic steering gear 
including rams 5 and 6 which are fixed to 
cross heads 7 and 8, respectively. Through 
links 9 and 10, these cross heads, respec 
tively are connected to the arms 11-11 of 
a head fixed to a rudder post 12. 

For supplying the above cylinders with 
fluid under pressure, I provide a continu 
ously operating electric motor 13 shown in 
the present instance, as connected to two 
variable capacity fluid pumps i4 and 15. 
Obviously, either or both of these may be 
used at will without departing from my in 
vention. These pumps, in the present in 
stance, are of the variable stroke type and 
they may, obviously be of any desired or 
suitable construction permitting of the re 
versal of the direction of the liquid circu 
lated by them while the driving motor al 
ways operates in the same direction. In the 

50 
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present instance. I provide a pair of mani 
folds, 16 and 1 of which the first is con 
nected to the two pumps by conduits 18 
and 19 respectively, while the second is 
similarly connected to said pumps by con 
duits 20 and 21 respectively. The manifold 
16 through the conduits 22 and 23 is con 
nected to the two cylinders 3 and 2 while 
the manifold 17 through the conduits 24 
and 25 is similarly connected to the two 
cylinders 1 and 4, respectively. 

For altering the stroke of the pumps and 

5 
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hence the amount and direction of flow of 
liquid delivered from them. I connect the 
stroke adjusting elements indicated at 26 
and 27, through links and bell crank levers, 
to an operating rod 28, one end of which 
is connected to one end of a lever 29. The 
opposite end of said lever is connected to a 
floating lever 30 by a link 31 and said float 
ing lever is fulcrumed on one end of a yield 
ingly mounted rod 32. Said rod is so mount 
ed as to be free to move longitudinally in 
either direction from a neutral or central 
position in which it is normally held by the 
spring 33. For actuating the floating lever 
30 to cause operation of the steering ge 8. 
I provide two electric motors, 34 and 3. 

  



A. 

respectively, provided with pinions 35 and 
35° either of which may be engaged by a 
gear 36 splined to and slidable upon a shaft. 
37 having a threaded portion 38. This shaft 

30 is pivoted. It will be understood that 
O 
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der predetermined conditions from a pilot 
25 

30 

ever, are held from moving toward each 

40 

is connected to the rudder arms 11 so as 
to be moved longitudinally by movement of 
the rudder post 12 and has on its threaded 
portion a nut 39 to which the floating lever 
either of said electric motors may be adjust 
ed to operate the gear, while the other is 
kept as a reserve; it being merely neces 
sary to adjust the pinions 35 and 35° to put 
either motor into service while throwing 
out the other. 

In accordance with my invention, said 
floating lever 30 extends between or is other 
wise operatively connected to a pair of rams 
40 and 41, respectively operative in a pair of. 
opposed single acting cylinders 42 and 43 
suitably mounted upon a supporting base 
and supplied with fluid under pressure un 

valve 44. Said rams 40 and 41 are respec 
tively connected to cross heads 45 and 47 
normally maintained in and at all times 
tending to return to definite positions on 
guide rods 54 under the action of two pairs 
of centering springs 46-46 so that the ad 
jacentend of the floating lever 30 likewise 
is held in or moved to a definite. position 
by one or the other of said rams which, how 
other from the positions shown in Fig. 3 
by enlarged portions 54 of the guide rods 
54 
The pilot valve 44 is preferably construct 

ed as shown in Figs. 4 to inclusive, and 
comprises a cylinder 50 in which is slidably 
mounted a piston valve 51 having attached 
to it a rod 52. 
One end of this rod, which projects out 

side of the cylinder 50 has a shouldered en 
45 

50 

55 

largement 53 slidably guided in a bearing 
55 connected by tension rods 56 Fig. 2 with 
a second bearing 57. A sleeve 58 is slidable 
in this latter bearing and has one end en 
gaged by a head 59 in the form of a pair 
of fixed or adjustable nuts on the end of the 
rod 52. Two flanged collars 60 and 61 are 
mounted on said rod so as to lie respectively 
adjacent the bearings 55 and 57 and between 
these collars coaxial with said rod is a coil 
spring 62. The shouldered enlargement 53 
normally engages the collar 60 while the 
sleeve 58 likewise engages the collar 61, and 
the whole is so adjusted that the spring 62 
tends to hold the valve 51 in and returnit to a neutral position preferably in the 
middle of the cylinder 50. Within the 
spring. 62 upon the rod 52 is a loose sleeve or equivalent device 63 of such a length as 
to limit the longitudinal movement of said 
rod within predetermined bounds. 
The opposite ends of the cylinder 50 are 

mid position. 
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connected through two conduits 64 and 65 
with the two manifolds 17 and 16 respec 
itively, so that fluid flowing between the 
pumps and the main cylinders 1, 2, 3 and 
4 is operative in said cylinder 50 and tends 70 
to move the piston 51 in one direction or the 
other from its mid position. Also connect 
ed to the cylinder 50, in the case shown in 
its central transverse plane, are two other 
conduits 66 and 67 of which the first leads 
to a replenishing or over-flow tank 68 shown 
in the present instance as constituting the 
base or supporting frame for the driving 
motor 13 and pumps 14 and 15. The pipe 
67 has two branches 69 and 70 respectively, 
connected to the two single acting cylinders 
42 and 43 and as shown in Figs. 5, 6 and 
7, the piston valve 51 has an annular port 
71 which when said valve is in its mid posi 
tion in the cylinder 50 establishes communi 
cation between the pipes 66 and 67 and hence 
connects the two cylinders 42 and 43 with 
the replenishing tank 68. In addition to the 
port 71, the piston valve 51 has at its oppo 
site ends two other ports 72 and 73 in the 
form of elongated slots which when said 
valve occupies certain positions on opposite 
sides of its mid position, permits communi 
cation between the interior of the cylinder 
50 and the pipe or port 67. Thus when 
said piston valve 51 has moved to the left 
against the action of the spring 62 from 

75 

SO 
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the position shown in Fig. 5 that side of 
the system including manifold 17 is con 
nected through the pipes 67,69 and 70 to 
the opposite ends of the cylinders 42 and 
43. Similarly, the manifold 16 is connected 
to said cylinders through the port (3 when 
the piston valve 51 has been moved a pre 
determined distance to the right from its 
In the above described arrangement of 

parts, if by means of suitable electrical ap 
paratus well known to the art, the motor 34 
is supplied with electric current, the thread 
ed portion 38 of the shaft 37 is turned so. 
that the position of the nut 39 is shifted, 

100 
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for example, toward the right. As a result, 
the floating lever 30 fulcrums on the rod 32 
and its opposite end acting on the ram 41 5 
forces it into the cylinder 43 against the 
action of the springs 46. This action is 
possible by reason of the fact that pilot 
valve 51 is normally in its mid position and 
the fluid which customarily fills both cyl 
inders 42 and 43 is forced out of said cyl 

20 

inder 42 through pipes 69; and 67 through 
the annular port 71 of the pilot valve and 
the conduit 66 into the replenishing tank. 
This displacement of the floating lever 
through the link31, lever 29 and link 28 so 
moves the shiftable elements 26 and 27 and 
the pumps 14 and 15 as to cause them to de 

125. 

liver fluid under pressure through the pipes 
18 and 19 into the manifold 16, from whence 

w 
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it flows through the pipes 22 and 23 through 
the cylinders 3 and 2. The rams 5 and 6 
are thereupon moved in opposite directions 
so that the rudder post 12 and hence the rud 
der is turned in a counterclockwise direction. 
The resulting movement of the rudder head 
and arms 11 moves the shaft 3 toward the 
left thus likewise moving toward the left 
the nut 39 and shifting the floating lever 30 
with its attached parts back to their normal 
positions. The shiftable' elements 26 and 27 
of the two pumps are thus returned to a po 
sition in which no liquid is delivered from 
the pumps so that the rudder is held in its 
displaced position. . 

If, however, some abnormal opposition is 
offered to the movement of the rudder or if 
it be brought to its hard-over position in 
either direction, it will be appreciated that. 
the motor 13 would be subjected to an over 
load and abnormal fluid pressures would be 
present in the system. While the spring 62 
and the pilot valve rod 52 is so designed that 
the ordinary working pressures of fluid in the 
system do not materially displace the pilot 
valve 51 from its mid position, under the 
abnormal pressure conditions above indi 
cated, said spring 62 will yield in one direc 
tion or the other depending upon which end 
of the cylinder 50 received the high pres 
sure fluid and the piston valve 51 will there 
upon be displaced for example, toward the 
left, thereupon bringing the port 72 into 
communication with the pipe 67. As a re 
sult, the high pressure fluid supplied to the 
cylinder 50 through the pipe 64 
through said port 72 into the pipe 67 and 
thence into both of the pipes 69 and 70, so 
that whichever ran 40 or 41 has been moved 
by the floating lever 30 into its cylinder 42 
or 43 will shortly be returned toward the 
position shown in Figs 2 and 3. Since 
the force applied to the floating lever 3 
cannot move the shaft 37, said lever will 
fulcrum on said shaft and compress the 
spring 33 thus through the link 31, lever 
29 and link 28 returning the shiftable pump 
elements 26 and 27 to their neutral positions 
in which the pumps 14 and 15 become inop 
erative. The over-loading of the motor 13 
and the excessive pressure in the system thus 
will be effectually prevented, although the 
parts occupy the positions ready for further 
operation whenever the abnormal force op 
posing the movement of the rudder is less 
ened or when it is operated away from its 
hard-over position. en current is again 
supplied to the motor 34 to operate the rud 
der, in the reverse position, the rotation of 
the screw 38 allows the spring 33 to return 
to its normal position and thereafter permits 
the floating lever 30 to actuate the link and 
vary the capacity of the pumps, at the same 
time forcing one of the rams 40 and 41 into 

passes 

its cylinder, if the fluid pressure of the sys 
tem is below the objectionable high point at 
which the pilot valve spring 62 is designed 
to yield. 
From the above description, it will be ap 

preciated that the device will function as 
above described regardless of which side of 
the system has produced in it the abnormal 
pressure, since the spring 62 and hence the 
pilot valve 51 is free to move in either direc 
tion from the mid or normal position, and 
the fulcrum spring 33 and the floating lever 
is likewise designed to yield in either direc 
tion. w 

I claim: - 

1. The combination of an hydraulic sys 
tem of a pump; an hydraulic motor actuated 
by fluid propelled by said pump; floating 
gear connected between the motor and the pump; and means operative on said floating 
gear to prevent over-load on the pump when 
the fluid pressure in the system exceeds a 
predetermined maximum. 

2. The combination in an hydraulic sys 
ten; of a variable stroke pump; an hydraul 
lic motor: a bodily movable floating lever 
connected to said motor; and means opera 
tive on said lever to reduce automatically 
the quantity of liquid delivered by the pump 
when the pressure in the system exceeds a 
predetermined maximum. . 

3. The combination in an hydraulic sys 
tem: of a pump; an hydraulic motor; a de 
vice for controlling said pump; an auxil 
iary motor operative on said device; and a 
pressure responsive pilot valve for control 
ling the device to automatically reduce the 
pressure in the system when it exceeds a 
predetermined amount. 

4. The combination in an hydraulic sys 
tem; of a pump : an hydraulic motor, means 
for controlling said pump including floating 
gear; an auxiliary motor for independently 
actuating said floating gear: and a pressure 
responsive pilot valve for causing operation 
of said auxiliary motor when the pressure 
in the system exceeds a predetermined maxi 

. 

5. The combination in an hydraulic sys 
tem: of a continuously operative variable 
stroke pump having a stroke adjusting ele 
ment; an hydraulic motor actuated by flui 
from said pump; floating gear connected 
between the motor and the stroke adjusting 
element; an auxiliary motor operatively 
connected to said floating gear; and a pres 
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sure responsive pilot valve for controlling 
said auxiliary motor. 

6. An apparatus for preventing over-load 
in an hydraulic system comprising an hy 
draulic motor for controlling the pump of 25 
said system; and a pressure responsive pilot 
valve for controlling said motor. 

7. Means for preventing over-load of an 



4. 
hydraulic system comprising a normally cen 
tered hydraulic motor; and a pressure re 
sponsive pilot valve governing operation of 
said motor. . . . . . 

8. Means for preventing over-load of an 
hydraulic system comprising an hydraulic 
motor operative to cause reduction of pres 

l0 
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sure in said system; and a pilot valve for 
controlling said motor, responsive to ab 
normal fluid pressure in the system for de 
livering fluid under pressure to said motor 
when pressure of said fluid exceeds a pre 
determined maximum. 

9. A device for preventing over-load in 
an hydraulic system comprising an hy 
draulic motor; a replenishing tank; and a 
pilot valve normally connecting said motor 
to a replenishing tank but responsive to ab 
normal pressures in the system to supply 
said motor with fluid under pressure when 
the pressure in the system exceeds a pre 
determined maximum. . 

10. The combination of an hydraulic motor; a continuously operating variable ca 
pacity pump for supplying fluid under pres, 
sure to said motor; floating gear for con trolling the pump; an independent motor 
for actuating said floating gear; and an au 
tomatic pilot valve for supplying fiuld un 
der pressure to said, latter motor to operate 
the floating gear to reduce the capacity of 
the pump when the pressure in the system 
rises abnormally. . , 

11. The combination in an hydraulic sys 
tem; of a floating lever; a bodily movable 
hand-controlled operating member for said 
lever; a connection from the lever to a de 
vice to be controlled thereby; a yieldably 
mounted fulcrum member connected to the 
lever; and an hydraulic motor for actuating 
the lever independently of the hand con 
trolled member. 

12. The combination in an hydraulic sys 
- tem; of a floating lever; a bodily movable 

5) 

5 hand-controlled operating member for said 
lever; a connection from the lever to a de 
vice to be controlled thereby; a yieldably. 
mounted fulcrum member connected to the 
lever; an hydraulic motor for actuating the 
lever with a pressure responsive pilot valve 
for said hydraulic motor. 

13. The combination in an hydraulic sys 
tem, of a floating lever; a bodily movable 
hand controlled operating element for said 

Ps 

60 

lever; a connection from the lever to a de 
vice to be controlled thereby; a yieldably 
mounted fulcrum member connected to the 
lever; two opposed rams positioned to co-act 
with said lever; cylinders for said rams; and 
a pilot valve connected to admit fluid under 
pressure to said cylinders under predeter 
mined conditions. 

14. The combination in an hydraulic sys 
ten; of a floating lever; a yieldably mounted 
fulcrum member for said lever; a hand con 

an hydraulic system. 

replenis 

fluid pressure in the 
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trolled element connected to said lever; a 
member to be controlled also connected to 
the lever; an hydraulic motor connected to 
the lever, including a plunger, normally 
moved by the lever under operative condi- 70 
tions; and a pressure responsive pilot valve 
for admitting fluid under pressure to said . 
motor to positively operate, said lever when 
predetermined pressure conditions exist in 

5 
15. The combination in an hydraulic sys 

tem; of a floating lever; a yieldably mounted 
fulcrum member for said lever; a hand con 
trolled element connected to said lever; a 
member to be controlled also connected to 80 
the lever; two opposed spring actuated rams 
operative on the lever; cylinders for said 
rams; a replenishing tank; and a pilot valve 
E. said cylinders with the ing tank but responsive to abnormal 
pressures in the system to connect said cyl 
ides to the latter to positively operate the 
ever. - 

16. An hydraulic system comprising a 
floating lever; a bodily movable operating 90 
member therefor; means constituting a full 
crum for one end of said lever; and an hy 
draulic motor operative on the other end of 
said lever. . 

17. An hydraulic system comprising a 95 
floating leyer; a bodily movable operating 
member therefor; means constituting a full 
crum for one end of said lever; an hydraulic 
motor operative on the other end of said 
lever; and a pressure responsive pilot valve 
for governing said motor. 

18. An hydraulic system comprising a . 
pump; an hydraulic motor actuated by fluid 
from said pump; a member actuated by said . 
motor provided with a relatively movable 105 
section; a lever so mounted as to be actuated 
upon a movement of said member or the 
section thereof; and means operative on said 
floating lever to prevent overload on the 
pump when the fluid pressure in the system 
exceeds a predetermined maximum. 

19. An hydraulic system comprising a 
pump; an hydraulic motor actuated by fluid 
from said pump; a member, actuated by said 
motor provided with a relatively movable 
section; a lever so mounted as to be actuated 
upon a movement of said member or the 
section thereof; means constituting a full 
crum for one end of said lever; and means 
operative on the other end of said lever to 
prevent overload on the pump when the 

system exceeds a prede 

5 

termined maximum. 
20. An hydraulic system comprising a 
ump; an hydraulic motor actuated by fluid 
rom said pump; a member actuated by said 
motor provided with a relatively movable 
section; a lever so mounted as to be actuated 
upon a movement of said member or the sec 
tion thereof; an hydraulic motor operatively 130 
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associated with said lever; and a pressure ment of said rotary section as well as the 
responsive pilot valve for controlling said rod as a whole; a yieldable fulcrum for one 10 
last-mentioned motor. end of said lever; an hydraulic motor oper 

21. In an hydraulic system; a pump; an ative on the other end of said lever; and a 
5 hydraulic motor actuated by fluid from said pressure responsive pilot valve for governing 
pump; arod having a rotary section actuated the operation of said last-mentioned motor. 
bodily by said motor; a lever so fulcrumed X 
on said rod as to be actuated upon a move- GEORGE E. SMITH, 


