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The present invention relates to control apparatus for 
turrets and in particular to a hydraulically boosted control 
system for azimuth and elevation. 

in the copending application of Gordon T. Gurney, 
entitled Hydraulic Turret Control, Serial No. 458,146, 
?led September 24, 1954, there is described a simple single 
handle turret control for directing a ?re ?ghting nozzle, 
together with an independently operated hydraulic control 
system for the turret. 

It is desirable that the simplicity of this single handle 
manual control be retained. In addition, it is desirable 
the hydraulic actuating means serve to assist the manual 
control. 

It is therefore the object of this invention to provide a 
hydraulically boosted servo control system whereby the 
single handle manual operation is preserved and the hy 
draulic system in addition provides a power boosted 
manual control for the turret. 

In order to achieve this object, the subject invention 
contemplates the use of the single handle control rod for 
manual positioning of the nozzle together with elevation 
and azimuth control valves which are independently op 
erated by motion of the single control handle. A feature 
of this invention is the arrangement of the elevation valve 
and the hydraulic piston controlling elevation, which are > 
combined and are integral with the shaft which controls 
the turret head. A further feature of this invention is 
the construction of the azimuth control valve which is 
concentric about the control shaft, but which operates 
independently of the elevation of the turret. 

In the accompanying drawings, which will be used to ‘ 
describe the invention, 

Fig. 1 is an elevation showing the relationship of the 
control handle, the control column, and the turret head. 

Fig. 2 is an elevation partly in section‘showing the 
arrangement of the servo valves inside the control column. 

Fig. 3 is a detail cutaway perspective drawing showing 
the porting arrangement of the azimuth valve. ‘ 

Fig. 3A is a section through the azimuth valve showing 
the relationship of certain of the ports. 

Fig. 4 is a sectional elevation on an enlarged scale, 
showing the control column in the region of the azimuth 
and elevation valves. 
As illustrated by reference to Figs. 1 and 2, the ?re 

?ghting turret comprises a frame 10 hung from the sup 
porting member 8, which may be the roof of a ?re ?ghting 
truck, and supporting the turret gimbal body 12 which is 
adapted to be rotated about a vertical axis for training 
of the turret in azimuth. The frame has an inlet 13 for 
?re ?ghting liquid, connecting with a central passage 14 
and extending through the body. The upper end of the 
turret body carries the usual ?aring yoke of two arms 16 
having water passages branching from the passage 14. A 
nozzle member 18 is supported by the arms 16 and is 
journaled at 26' in the arms 16 for rotation about a hori 
zontal axis in order that it may be positioned in elevation. 
The nozzle member terminates in a suitable discharge 
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device indicated in Fig. 1 as a foam screen 22, similar to 
that shown in the Freeman Patent 2,604,498. 
As shown in Fig. 2 rotation of the body 12 about the 

vertical axis for training in azimuth is effected by journal 
ing the body on roller bearings 24 in the frame 10. . 
A control rod 26 is pivoted at its upper end to a link 2% 

which in turn is pivotally connected to the nozzle member 
in back of the axis 20, whereby vertical motion of the 
control rod changes the elevation of the nozzle. The 
control rod 26 is also provided with additional parts to 
control the hydraulic boost in. a manner which will be 
later described. 

Secured to the bottom of the frame 10 is a valve‘ body 
30 and below that is a second valve body in the‘form of 
the cylinder 32. As will be presently described, the valve 
body 30 is stationary and serves to contain the valves for 
controlling the azimuth boost, while the cylinder 32 is 
capable of rotation. Secured to the bottom of the cylin 
der 32 is a collar 34 pivoted to a link 36 which is in turn 
pivoted to a clevis 38 forming part of a handle 40. The 
handle 40 is pinned to a collar 42 which is free to rotate 
on the end of a sleeve 44. The sleeve 44 constitutes an 
elevation valve ‘cylinder which will be presently described. 

Referring now to Fig. 2, it will be seen that the station 
ary body 3t) encloses a rotary valve sleeve member indi 
cated generally at 45 which in turn encloses the rotary 
valve spool 47. The parts 45 and 47 are shown in an 
enlarged scale in Fig. 3 and have the valve passages there 
indicated. The sleeve 45 is formed with a. lower supply 
groove 46 and an upper return groove 48 communicating 
with supply and return lines 50 and 52, respectively, re 
gardless of the angular position of the body within the 
cylinder 30. The lower groove 46 has a radial opening 
54 and the upper groove 48 has ‘a radial opening 56 com 
municating with passages of the spool 47 in a manner to 
control the supply of hydraulic ?uid to the hydraulic 
azimuth motor which is shown at 58. The passages in 
the spool will be later described in detail, but it su?ices to 
say at the present that these passages control the ?ow of 
hydraulic ?uid to circumferential grooves 64} and 62 com 
municating with lines 64 and 66 respectively connecting 
with the motor 58 as shown in Fig. 1. The motor 58 is 
connected by suitable gearing‘68 to drive the turret body 
in azimuth. 
The sleeve 44 which has heretofore been mentioned as 

a valve body extends upwardly into the cylinder 32 and 
receives the lower end of a valve rod member 70 which 
is suitably secured to the bottom of the control rod 26. 
As shown in Fig. 4 the bottom portion of the valve rod 
70 is formed as a spool having cavities 72, 74 and 76 sepa 
rated by lands 78 and St). A hydraulic supply line is con 
nected to the sleeve 44 and communicates through a long 
passage 82 with the cavity 74 which is between the lands 
78 and 80. A hydraulic return line 84 is also formed in 
the sleeve 44 and communicates with the upper and lower 
cavities 72 and 76. A hydraulic piston 86 is secured to 
the valve rod 70 and is free to reciprocate within the outer 
cylinder 32. As indicated in Fig. 2, the cylinder 32 forms 
a ?uid chamber 88 above the piston and a second ?uid 
chamber 90 below the piston. The latter chamber is suit 
ably closed by a sealing member 92. 
The sleeve 44 is formed with radial ports 94 and 96 

which in inactive position arecovered by the: lands 78 and 
80 of the spool. The ports 94 and 96 communicate with 
arcuate grooves 98 and 100, respectively, in the piston 86, 
which grooves communicate in turn with ports 102 and 
104 leading to the chambers 88 and 90, respectively. It 
will be readily seen that when the sleeve 44- is moved up 
or down relative to the valve rod 70 the ports 94 and 96 
are uncovered, and the supply and return lines are con 
nected in such a way as to apply a pressure either to the , 
top or bottom of the piston 86, whereby the rod 70, and 
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hence the control rod 26, is moved up or down to depress 
or elevate the nozzle. 

In order to permit manual operation without hydraulic 
boost the sleeve 44 is provided with pins 110 which pro 
trude outwardly therefrom and which are adapted to en 
gage the underside of the piston 86 for upward movement 
of the latter, or the upper side of a collar 112 which is 
secured to the piston 86, for downward movement of the 
latter. The pin 110 has sufficient lost motion between 
the underside of the piston proper and the upper side of 
the collar 112 to permit the above described operations of 
hydraulic control. 
The details of the apparatus for operating the turret in 

azimuth, either manually or hydraulically, will now be 
described. The upper end of the rotating cylinder 32 is 
secured by set screws 116 with the azimuth valve body or 
sleeve member 45 which has been heretofore described. 
Rotation of the handle 40 causes the hub 42 to turn on the 
sleeve 44, thereby rotating the cylinder 32 and also the 
valve sleeve member 45. The valve sleeve member 45 
has at the top a ?ange 118 which overlies a suitable 
shoulder on the stationary cylinder 30. Rotational mo 
tion of the valve sleeve 45 is communicated to the lower 
part of the turret body 12. 
As shown in Fig. 2 this lower part of the turret body 

comprises a hub 119 connected with the main part of the 
turret body by a spider 120. The connection of the valve 
sleeve member 45 with the hub 118 is not direct, but 
through a slip joint 122 which allows a small relative 
movement between the parts in either direction, which 
relative motion is utilized for controlling the operation of 
the valve sleeve 45 and spool 47. The slip joint 122 is 
shown in Figs. 2 and 4 and comprises the parts 124 and 
126 secured respectively to the ?ange 118 and the hub 
119 to cause the rotary movement above described. The 
valve spool 47 is connected directly with the hub 119 
through pins 128. 
As shown in Figures 3 and 3A the spool is provided 

with an upper circumferential groove 130 and a lower 
groove 132 communicating with the radial passages 56 and 
54 respectively of the valve sleeve 45. 
The radial passages 54 and 56 communicate with the 

circumferential grooves 46 and 48 respectively in the 
valve sleeve 45 which are in communication with the sup 
ply and return passages 50 and 52 respectively in the 
azimuth valve body 30. The groove 130 in the valve 
spool 47 is therefore always open to the exhaust line 52 
and groove 132 to the supply line 50. 
The valve sleeve 45 also carries the two above-men 

tioned circumferential grooves 60 and 62 located between 
the supply and return grooves and communicating with 
the ports 61 and 63 leading to the motor lines 64 and 66 
respectively. The sleeve 45 has two radial ports 138 
and 140. The outer end of port 138 is in constant com 
muncation with the groove 60, and its inner end normally 
lies between two longitudinal grooves 134 and 135 in the 
spool. Similarly the outer end of port 146 is in constant 
communication with the groove 62, and its inner end 
normally lies between the two longitudinal grooves 134 
and 137. 

Longitudinal groove 134 opens at all times to the cir 
cumferential channel 132 which in turn is in constant com 
munication with the supply line 50. Therefore groove 134 
is always a supply duct regardless of the azimuth position 
of the turret and the valve spool 47 attached to the turret. 
Similarly longitudinal channels 135 and 137 are constantly 
open to circumferential groove 130 which leads to the re 
turn line 52 regardless of the azimuth position of the 
nozzle. 
The above described valve construction operates as fol 

lows. When the ports 138 and 140 are in the normal 
closed position between the channels 134, 135 and 137 
flow to the motor is blocked. Rotation of the sleeve 45 
in either direction, achieved by rotating the elevation cyl 
inder body 32, places one of the two ports in registration 

15 

20 

25 

30 

40 

45 

60 

65 

4 
with the supply line 50 and other port in registration with 
channel 135 or 137 leading to the return line 52. The 
orientation of the ports is such that excessive rotation of 
the sleeve 45 will result in blocked ?ow, and valving action 
will take place only when the ports are centered between 
the channels. 
Assuming that the valve sleeve 45 as illustrated in Fig 

ures 3 and 3A is rotated, the hydraulic ?uid will flow from " 
the supply line 50 through the case 30 to the circumferen 
tial groove 46 in the sleeve 45 and through the radial 
port 54 to the circumferential groove 132 and the longi 
tudinal channel 134 in the spool. To this point the path 
is the same regardless of the direction of movement or’ 
the sleeve. If the sleeve rotation is clockwise looking 
down on the valve, port 146 will come into registration 
with supply channel 134 and the ?ow will proceed out 
the port 140 in the sleeve to the circumferential channel 
62 and thus through port 63 and line 66 to the motor. 
Simultaneously the line 64 from the motor will return the 
?uid through port 61 to the circumferential channel 60 
and port 138 in the sleeve to the longitudinal return chan 
nel 135 in the spool. The return channel 135 opens to 
the circumferential channel 130 in spool 47 and through 
the radial port 56 in the sleeve 45 to the circumferential 
channel 48 in the sleeve which is constantly in communi 
cation with the return line 52. 
The azimuth motor 58 through the gear train 68 is 

actuated by the hydraulic ?uid to turn the body 12 and the 
attached spool 47 in a clockwise direction until the ports 
138 and 140 are again closed cutting off the hydraulic 
?uid. - 

If the sleeve had been rotated counterclockwise instead 
of clockwise the ?ow pattern would be similar, but the 
direction of ?ow through the motor would be reversed. 
Supply channel 134 would come into registration with 
port 138 and chanel 60 in the sleeve and hence through 
line 64 to the other side of the motor. The return line 
66 from the motor will then feed through channel 62 
and port 140 to longitudinal channel 137 which leads to 
the return line 52 instead of to longitudinal channel 135. 
With the ?ow reversed, the motor will drive the turret in 
the opposite or counterclockwise direction again moving I 
the spool to close the ports 138 and 148. 

In summary the operation of this turret is as follows. 
Hydraulic elevation control is effected by vertical move 
ment of the handle 46 which moves the elevation valve 
sleeve 44 to open the ports 94 and 96 in the elevation 
valve sleeve and permit ?ow of hydraulic ?uid from the 
supply line 82 into one of the chambers 88 and 90. The 
piston 86 will thereby be forced upward or downward 
until the ports are again closed, at which time the control 
rod 70 has been moved vertically. This elevates or de 
presses the nozzle. For emergency operation, manual 
elevation control becomes operative when the excursion 
of the handle is such that the stop 11th riding in a cham 
ber in the piston engages the side of said chamber, acting 
to lift or depress the piston. In addition, effective manual 
control in the absence of hydraulic actuation requires that 
a bypass valve, shown diagrammatically at 150, be opened 
between the hydraulic supply and return lines to avoid 
pressure build-up in the chambers 88 and 90. 

Hydraulic azimuth control is effected by rotary move 
ment of the handle 40, as above described. Manual 
azimuth control operates when rotation of the sleeve 45 
brings the portion of the slip joint 122 which is attached 
to the sleeve into contact with the surface ?xed to the 
turret body. As in the case of the elevation control, a 
bypass valve 152 in the motor lines should then be opened. 

This apparatus has been shown and described in its 
presently preferred embodiment but it is understood that 
the actual construction may be varied substantially by 
those skilled in the art without departing from the scope 
of our invention as stated in the following claims. 
We claim: 
1. In a ?re-?ghting turret having a frame, a body 
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supported by the frame and a nozzle supported by the 
body, means for rotating the body in azimuth and a 
control rod to control nozzle elevation, the elevation con 
trol apparatus comprising a cylinder body coaxial with 
the control rod, a piston ?tted to the cylinder and ?xed 
to the control rod, a valve spool on the axis of the con 
trol rod, a valve sleeve between the spool and the piston, 
supply and return ducts inside the sleeve, means for 
limiting the vertical movement of the sleeve with respect 
to the spool, reversible porting means between the spool 
and the sleeve, and ducts extending through the piston 
whereby movement of the sleeve opens the ports to move 
the piston in a direction tending to close the ports. 

2. A ?re-?ghting turret as in claim 1 wherein the 
elevation cylinder body is suspended from the gimbal 
along the vertical axis and rotation of said body rotates 
the gimbal in azimuth. 

3. A ?re?ghting turret as in claim 1 having in addi— 
tion an azimuth motor, an azimuth valve spool attached 
to the gimbal body, and an azimuth valve sleeve about 
the spool and connecting means from the valve to the 
motor wherein the elevation cylinder body is suspended 
from the azimuth valve sleeve and rotation of the eleva 
tion cylinder body opens to azimuth valve to drive the 
azimuth motor. 

4. A ?re-?ghting turret comprising a frame, a body 
supported by the frame, a nozzle supported by the body, 
a reversible hydraulic motor to rotate the body in azimuth, 
means to control the nozzle elevation, and an azimuth 
valve concentric about the azimuth axis comprising an 
azimuth valve sleeve, an azimuth valve spool fastened 
to the body and ?tted to the sleeve, circumferential sup 
ply and return channels between the sleeve and spool 
surfaces, ports opening through the sleeve, a plurality 
of longitudinal channels in the interface between spool 
and sleeve, means to rotate the sleeve with respect to 
the spool to open the ports to the supply and return 
channels and connecting means from the port to either 
side of the motor. 

5. A ?re-?ghting turret as in claim 4 having in addi 
tion an elevation control rod extending along the azimuth 
axis through the azimuth valve spool. 

6. A ?re-?ghting turret as in claim 4 wherein the 
means to control nozzle elevation comprise an elevation 
control rod extending vertically through the azimuth valve 
spool, an elevation control valve in a case suspended ‘from 
and ?xed to the azimuth valve spool, an elevation control 
piston driven by the elevation control valve, means to 
operate the elevation control valve and means to rotate 
the elevation control valve case to control the azimuth 
valve. 

7. A turret control system comprising a frame, a body 
member, means for mounting the body member for rota 
tion in azimuth, a directed member, a control rod ex 
tending along the azimuth axis and connecting with the 
directed member, a handle connected to the control rod 
through an elevation valve and to the body through an 
azimuth valve for independently turning the body in azi 
muth and controlling the directed member in elevation, 
azimuth valve means responsive to relative rotational 
movement between the handle and the body, hydraulic 
means controlled by the azimuth valve to rotate the body 
in azimuth, elevation valve means responsive to relative 
vertical movement between the handle and the control 
rod and hydraulic means controlled by the elevation valve 
to position the nozzle in elevation. 

8. A turret control system as described in claim 7 where 
in the control rod extends downward through the azi 
muth valve and the elevation valve is suspended from 
the azimuth valve sleeve whereby vertical actuation of 
the handle controls thepelevation valve and rotational 
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movement of the handle rotates the elevation valve and 
the attached azimuth valve sleeve to actuate the azimuth 
valve. 

9. A turret comprising a frame, a body member, means 
for mounting the body member for rotation in azimuth, 
a directed member mounted on the body for adjustment 
in elevation, an elevation control rod extending along 
the azimuth axis and connecting with the directed mem~ 
ber, a reversible azimuth valve sleeve ?tted to the frame, 
means permitting limited relative motion between the 
azimuth valve sleeve and the turret body, an azimuth 
valve spool ?xed to the turret body, a hydraulic azimuth 
control motor, connecting means for the hydraulic fluid 
between the valve and the motor, a cylindrical elevation 
valve body fastened to the azimuth valve sleeve, a hy 
draulic piston within the body fastened to the control 
rod, an elevation valve spool on the control rod and an 
elevation valve sleeve about the spool, reversible port 
ing means actuated by relative motion between the spool 
and sleeve, a handle fastened to the elevation valve sleeve 
and the elevation valve body to effect vertical motion 
of the rod and rotational motion of the turret body and 
hydraulic supply means for the valves, 

10. In a turret having a frame, a body member mount 
ed on the frame for rotation in azimuth, a directed mem 
ber mounted on the body for change of elevation, and 
a single handle actuating a control rod vertically to ad 
just the directed member in elevation and rotating the 
body to control azimuth, a control system comprising 
a motor to rotate the body, a reversible azimuth valve 
to drive the motor in response to a differential between 
handle position and body position, and a combined hy 
draulic servo valve and piston for control of elevation 
comprising a valve member ?xed to the control rod, a 
sleeve for the valve member attached to the handle, a 
piston ?tted around the sleeve and ?xed to the control 
rod, a cylinder to carry the piston, and porting means 
between the valve members and ducting means through 
the piston whereby vertical motion of the sleeve actuates 
the piston tending to close the ports. 

11. A turret comprising a frame, a body rotatably 
carried by the frame, a directed member carried by the 
body, means for adjusting nozzle elevation, an elevation 
control rod extending vertically downward along the body 
axis, an azimuth hydraulic valve ?tted to the frame co 
axially around the control rod and having inter alia, a 
following spool ?xed to the body, a valve sleeve member 
around the spool, means fastening the valve member to 
the body permitting limited relative motion, hydraulic 
supply and return means ?tted to the frame, reversible 
porting means between valve member and spool, a re 
versible hydraulic azimuth motor, means connecting the 
azimuth valve with the motor, an elevation cylinder body 
suspended from the azimuth valve sleeve coaxial with 
the control rod, a hydraulic piston ?tted to the case and 
?xed to the control rod, a valve spool ?xed to the con 
trol rod, a valve sleeve between the spool and the piston 
and projecting downward through the case, means per 
mitting limited relative vertical movement between the 
sleeve and the piston, porting means for the elevation 
valve permitting ?ow of hydraulic ?uid to either side of 
the piston and means for manually moving the eleva 
tion cylinder body in azimuth and the elevation valve 
sleeve in elevation. 
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