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of inois 

Application December 22, 1949, Serial No. 134,483 
(C. 299-3) 6 Claims, 

This invention relates to relay controllers of 
the jet pipe type, comprising a nozzle from which 
a continuous stream of fluid is delivered under 
substantial pressure, and which is pivoted at a 
point spaced axially of the nozzle to the rear of 
its discharge end, to be swung by a mechanical 
signal for varying its degree of registration with 
a receiver port to proportion the pressure gen 
erated. Within the receiver port to the magnitude 
of the applied mechanical signal. 
Such devices present many advantages, such as 

high sensitivity to weak signals and great power 
amplification, extreme simplicity and ruggedness, 
and low cost operation. The present invention 
constitutes a marked improvement in jet pipe 
assemblies, principally by reason of the elimina 
tion of certain characteristics of prior types that 
have required them to be of certain practical 
minimum size. The arrangement comprising the 
present invention permits jet pipe assemblies to 
be made much Smaller and compact than has 
heretofore been possible, without sacrificing any 
of their well known advantageous characteris 
tics. 
A serious problem of jetpipe arrangement here 

tofore has been presented by the conflicting re 
quirements of high sensitivity to weak signals, 
calling for the pivot mounting on which the jet 
nozzle swings to present lowest possible frictional 
resistance, of necessary accuracy of relation of 
the Swing path of the discharge end of the noz 
zle relative to the receiver port or ports, and of 
providing for supply of fluid under pressure to 
the interior of the nozzle for discharge toward 
the receiver. While many proposals have been 
made of various fluid connections arranged to 
Supply fluid to the nozzle, and to not interfere 
with sensitivity or accuracy, the most practical 
Solution has been to mount the nozzle in radial 
disposition on a tubular spindle, one end of which 
is mounted in a rotary bearing that permits the 
Spindle to Swing about its own axis, while the 
opposite end is supported in a hollow bearing 
providing communication between a fluid supply 
and the interior of the Spindle. In order to min 
imize frictional resistance to rotative movement 
of the Spindle as the nozzle is swung, the hollow 
bearing has been arranged to supply a floating 
action between the stationary structure and the 
Spindle, a Small clearance being provided between 
the relatively movable parts, and a thin film of 
the operating fluid escaping through such clear 
ance and tending to minimize lateral displace 
ment between the spindle and the stationary bear 
ing structure. A slight play, however, must exist 
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this play has been minimized to an entirely sat 
isfactory and wholly practical degree by spacing 
the nozzle a substantial distance from the float 
ing, fluid-conducting bearing, and by applying 
the signal to the nozzle at a point Substantially 
spaced from the axis of the spindle. While these 
expedients have resulted in highly satisfactory 
operation, as fully evidenced by the long and suc 
Cessful use of jet pipe controls, they have im 
posed certain minimum length limits for spindle 
and nozzles, and consequently jet pipe assemblies 
heretofore have been characterized by certain 
minimum sizes and weights that have excluded 
them from certain fields of application. 
One object of the present invention is to provide 

a jet pipe controller assembly arrangement that 
eliminates the necessity for a floating bearing 
to conduct pressure fluid to the internal bore of 
the Swinging discharge nozzle. 
Another object is the novel arrangement of a 

jet pipe Spindle providing for conduction of oper 
atting fluid by a substantially friction-free cou pling. 

Still another object is the provision of a novel 
jet pipe assembly arrangement that permits ac 
curate and secure fixing of the spindle axis, to 
provide high accuracy of the discharge nozzle 
Swing path, without impairment of sensitivity by 
resistance to rotative movement of the spindle. 
Another object is the provision of a novel jet 

pipe assembly that may be made very small and 
compact without impairment of accuracy and 
sensitivity characteristics. 
In the accompanying drawings: 
Fig. 1 is a median longitudinal section of a jet 

pipe assembly constructed in accordance with a 
preferred form of the invention, - 

Fig. 2 is a plan of such an assembly. 
Fig. 3 is a transverse section on line. 3-3 of Fig. 1. 
Fig. 4 is a transverse section on line 4-4 of Fig. 1. 
Fig. 5 is an enlarged detail sectional view show 

ing a Spindle bearing assembly at one end of the assembly. 
Fig. 6 is a longitudinal median section of a 

jet pipe assembly arranged according to a modi 
fied form of the invention. 

Fig. 7 is a plan of the assembly of Fig. 6. 
Fig. 8 is a section on line 8-3 of Fig. 6. 
Fig. 9 is a longitudinal median section of a 

jet pipe assembly arranged in accordance with 
another modification of the invention. 

Describing the drawings in detail and first re 
ferring to the form of invention disclosed by Figs. in the floating bearing structure, The effect of 55 1 to 5, the assembly comprises a main body port 
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O that conveniently may be in the form illus 
trated, of a solid block, machined to provide 
the various bores, ports, chambers, etc., to be de 
scribed. The jet pipe unit proper comprises a 
spindle that carries adjacent but Spaced from 
one of its ends the nozzle pipe 2, the latter pro 
jecting radially from the spindle through an open 
ing 3 in the side of the body. The discharge 
bore 4 of the nozzle is in open communication 
With an interior passage 5 of the spindle. AS 
shown, the nozzle may be mounted on the Spindle 
by a block f6 located in a recess fl of the body, 
and having right angularly related bores 8, 9 
in which the spindle and nozzle end respectively 
are engaged, as shown in Fig. 4. To one side of 
the nozzle 2 a cylindrical part of the Spindle 
and its internal passage 5 extend into a cylin 
drical bore 20 in the body fo, with which bore 
the spindle is preferably coaxial. The bore 2 
is sufficiently larger than the spindle to provide : 
a small annular clearance between the spindle 
and bore wall surfaces, such clearance being 
shown greatly exaggerated and designated 2. 
The clearance is sufficiently large to avoid Sull 
face to surface contact throughout the entire 
opposed surface areas of the bore wall and spin 
dile, thereby permitting escape of fluid to recess 3 
but is sufficiently small and of sufficient, length 
relative to its width to provide substantial re 
sistance to Such flow of the particular fluid used 
in the assembly at the pressure under which 
fluid is supplied, thereby limiting the flow rate 
of fluid so escaping. As an example, in a Sys 
tem in which oil of a type commonly employed 
with such devices is used at a pressire of the 
order of one hundred pounds per square inch, a 
clearance of the order of three one-thousandths 
of an inch will avoid frictional contact between 
the spindle and body, but in a quite short reach 
will provide sufficient resistance to oil fiow to 
prevent either substantial volume fiow of oil or 
preSSure drop, 
The ends of the spindle i? are closed, as by 

plugs 22, which provide mountings for anti 
friction bearing assemblies 23 that rotatably 
mount the spindle and accurately fix its axis 
relative to the body 0 and bore 20. In the draw 
ings the bearing assemblies 23 comprise ball bear 
ings, the inner races of which cooperate with 
mounting studs 25 that are fixed relative to the 
body and its bore 20, and with irespect to which 
the Spindle is fixed in coaxial but rotatable rela. 
tion. In all positions of the spindle as it is swung 
With the nozzle, the clearance 2 is maintained 
by the bearing assemblies at the opposite ends 
of the spindle. Conveniently, the studs are 
formed as projections of mounting elements 26 
that are axially adjustable in the main structure. 
The elements 26 include cylindical parts 27, such 
part of one element acting as a plug for the end 
of the bore 20, as shown in Fig. 5, while at the 
opposite end of the spindle the mounting element 
26 is supported by an end structure 28 that is 
secured to the body fo by screws 29. The mount 
ing elements 26 have screw threaded portions 30 
that engage in threaded bores of split clamping 
portions 3 of the body O and end structure 28. 
Screws 32 provide for clamping of the split por 
tions. On the thread parts of the mounting ele 
ments to fix the axial positioning of the spindle 
il, and consequently of the plane in which the 
axis of the nozzle 2 swings, so that the Swing 
path of the nozzle may be correctly located and 
fixed relative to a receiver, such as is shown at 
33 in Fig. 2. The use of anti-friction bearings to 
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4. 
mount the spindle permits rigid location of its 
axis beside providing practically friction-free 
swinging whereby the angular position of the 
nozzle, and consequently its registration. With the 
receiver ports may be accurately controlled by a 
very weak signal force applied to the nozzle. 

Fluid under pressure is introduced to the in 
ternal passage 5 of the spindle for discharge 
through the nozzle by the following arrangement. 
A fluid port 34 enters the body 0 in angular 
relation to the bore 20 and at a point intermediate 
the ends of such bore and spaced from the receSS 
7. A chamber 35, that communicates With port 

34, surrounds the spindle at a location between, 
and spaced from each end of bore 20, Spacing of 
such chamber from recess 7 being sufficient that 
the fluid escape path from the chamber to the 
recess 7, provided by the clearance 20 is long 
enough to afford substantial resistance to flow of 
fluid. Within the chamber 35 the spindle is pro 
vided with entrance ports 36 providing for en 
trance of fluid to the spindle passage 5 regard 
less of the angular position of the Spindle. 
The arrangement described above provides the 

accurate and rigid positioning of the path of the 
nozzle end relative to a receiver, desirable for 
accuracy of translation of a mechanical Signal 
applied to the nozzle into magnitude of fluid 
preSSure in the receiver port, provides for Supply 
of fluid to the nozzle without resort to flexible or 
fluid tight, high friction connections and provides 
the substantial freedom from frictional resistance 
necessary for sensitivity to weak signals. 
The arrangement also permits considerable 

flexibility of direction from which a signal force 
is applied, and of the location of the part of the 
jet pipe unit to which Such signal force is applied. 
in Figs. 1, 2 and 4, a pad 37 is secured to the 
nozzle pipe 2 at a suitable location, spaced axially 
of the nozzle from the spindle. In the prior prac 
tice, briefly described above, it has been usual to 
position a nozzle-supported signal receiving pad, 
Such as 37, at a location relative to the Spindle 
axis, and to the previously used floating bearing, 
chosen to afford optimlini response of the nozzle 
end to the signal and minimum lateral motion 
effect on the floating bearing end of the spindle. 
In the present arrangement, since the axis of the 
spindle is rigidly fixed against lateral deflection 
under a signal force, regardless of the point of 
application of such force, a signal-applying ar 
rangement may be designed purely in accordance 
With characteristics of the signal and type of 

Fig. 1, the pad 37 may be located at any point 
along the lever arm structure provided by the 
nozzle pipe 2, and a location suitable to produce 
a given angular movement of the nozzle per unit 
of signal variation may be selected without any 
limitation or allowance for deflection of the spindle axis. Similarly, a signal may be applied 
from directions other than perpendicular to the 
axis of the nozzle when in its neutral position. 
In Figs. 6 and 7, a side arm 38 is secured to the 
nozzle mounting block 39, and extends radially 
of the spindle, at right angles to the axis of the 
nozzle, through an extension 40 of the block 

ment of this expedient a signal may be applied 
from directions other than at right angles to the 
nozzle axis when the nozzle is in its neutral posi 
tion, without resort to a device for converting the 
direction of signal application to the hitherto 
normal one of such right angular relation. 

Various arrangements may be resorted to in 
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the details for controlling flow and exertion of 
pressure upon the spindle, as permitted by the 
clearance necessary to free operation. Referring 
to Figs. 1 and 6, it will be seen that the clearance 
between spindle if and the bore 20 extends beyond 
the fluid chamber 34 to the adjacent end of the 
body O, as it must to avoid contact between the 
entire relatively movable surfaces of the Spindle 
and the body 9. Additionally, the arrangement 
of stud 25 and the spindle-carried bearing a S 
sembly 23 provides a space 42 between the spindle 
end and the adjacent end of the bore-plugging 
part 27 of the element 26. Evidently fluid will 
be present in the extended clearance and in the 
space 42, and under the supply pressure such 
fluid will tend to force the spindle axially toward 
the other bearing assembly. In Fig. 1, the force 
thus exerted axially on the spindle is reduced by 
providing a relief port 43 to the Space 42. By 
means of an adjustable valve assembly 44 the flow 
of fluid from the space 42 may be regulated to 
minimize pressure within the Space while prevent 
ing too great a loSS of fluid. 

Fig. 9 discloses an arrangement for balancing 
out the effect of pressure within the end space 42. 
In this arrangement the Second plug and bearing 
assembly, designated 45, and the end portion of 
the spindle i? are enclosed by a bore 46 in the 
end structure 28, the arrangement of the bearing 
being such as to provide an enclosed space 4 at 
the end of the spindle. The bore 46 is sufficiently 
large to provide at 48 a clearance space between 
the bore wall and spindle surface, similar to the 
clearance 2 previously described, and similarly 
preventing frictional contact of the spindle with 
stationary structure. A passage 49 provides com 
munication between the space 47 and the fluid 
supply line, being shown as entering the supply 
port 34 within the body 0. By this arrangement, 
pressure is developed in space 46 to oppose pres 
sure exerted axially upon the Spindle by fluid 
present in the Space 42. Pressures in the two 
spaces 42, 47 may be equalized by adjustment of 
the waive assembly 44 that controls area of relief 
port 43 to space 42, thereby permitting compen 
sation for different lengths of fluid escape paths 
at the two ends of the spindle. 
Escape of pressure fluid from the Supply cham 

ber 35 to the nozzle block recess, 7 of Fig. 1 
or 4 of Fig 6, may be reduced if necessary or 
desirable by means designed to increase the 
length of the escape path. One form of such 
means, disclosed by Figs. 6 and 8 comprises. One 
or more cylindrical flanges 49 projecting from 
the surface of the nozzle mounting block 39, 
each Such flange extending into a matching an 
nular recess 50 in the body O. Each such re 
ceSS has a configuration to provide narrow clear 
ance at 5 between opposite cylindrical surfaces 
of the flange and recess Wall. 
From the foregoing it will be evident that the 

mounting of the jet pipe spindle between two 
anti-friction bearings that rigidly fix the axis 
of the spindle, provides great accuracy of loca 
tion of the plane in which the nozzle axis swings 
and prevents deflection of the nozzle axis from 
such plane by signal forces or by extraneous 
forces such as shock or vibration. It also is evi 
dent that this arrangement permits application 
of the signal force at any location, selected solely 
With regard to the signal characteristics and 
without necessity of considering whether signal 
application at a particular location would have 
a disturbing effect on the accuracy of the System. 
The mounting of the spindle between rigid posi 
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6 
tioning bearings is permitted by the introduc 
tion of operating fluid to the interior of the spin 
dle at a point between the bearings, and such 
introduction is in turn made practical by the 
friction free character of the seal provided by 
narrow clearance between the spindle Surface 
and Surrounding bore Wall in the region of Such 
introduction. Consequently the assembly ar 
rangement herein disclosed solves the problem 
of providing a jet pipe control in extremely com 
pact form, without impairment of the extremely 
useful characteristics of such devices that 
hitherto have been practical only in much larger 
assemblies. 

I claim: 
1. A jet pipe assembly comprising body struc 

ture providing an enclosed chamber, an elon 
gate cylindrical bore intercepted between its ends 
by Said chamber, a fluid supply port communi 
Cating with said chamber, and a laterally open 
recess spaced axially of said bore from said 
chamber and into which said bore opens, a spin 
dle having a cylindrical part arranged within 
Said bore in concentric relation thereto and of 
Sufficiently less diameter to provide between their 
opposite surfaces an annular clearance space of 
sufficient width to prevent their contact and of 
Sufficient narrowness to offer material resistance 
to fluid flow, Said spindle part extending past 
Said chamber and into Said recess, a nozzle Sup 
ported at one end within the recess by the spindle 
and projecting in angular relation to said spindle, 
said spindle having an internal passage for Sup 
ply of fluid to said nozzle opening into said 
chamber, and bearing means arranged at op 
posite ends of Said spindle arranged to maintain 
its axis in a fixed position relative to said body 
Structure and for permitting said nozzle and 
Spindle to SWing about said axis. 

2. A jet pipe assembly comprising body struc 
ture providing an enclosed chamber, a fluid sup 
ply port communicating with said chamber, a 
laterally open recess spaced from said chamber, 
and a cylindrical bore opening at its opposite 
ends respectively into said recess and through 
a Surface of the body structure, said bore being 
intercepted between its ends by said chamber, 
a Spindle having a cylindrical part arranged 
Within said bore in concentric relation thereto 
and of a diameter Sufficiently smaller than that 
of the bore to provide between their opposite 
Surfaces an annular clearance space of sufficient 
width to preclude contact of said surfaces and 
Sufficiently narrow to offer material resistance 
to fluid flow therethrough, said spindle portion 
extending past said chamber and having an in 
ternal passage opening into the latter, said spin 
dle and passage projecting into said recess, a 
nozzle Supported at one end within the recess 
by the Spindle, projecting angularly therefrom 
and having a discharge bore communicating with 
Said internal passage, an assembly arranged 
Within the bore beyond the end of the spindle 
including bearing means and means closing said 
bore and bearing means, second bearing means 
arranged to the opposite side of the nozzle and 
receSS, Said bearing means supporting said spin 
dle between them and being arranged to main 
tain its axis in a fixed position relative to said 
body structure and to permit the spindle and 
nozzle to Swing about said axis. 

3. A jet pipe assembly according to claim 2, 
wherein the spindle extends across said recess 
beyond said nozzle, and wherein said second bear 
ing means is supported by the body structure 
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opposite the opening of said bore into said recess. 
4. A jet pipe assembly according to claim 2, 

wherein Said bore-closing means encloses a Space 
between itself and the Spindle end, and including 
means providing a relief passage from Such 
Space. 

5. A jet pipe assembly according to claim 2, 
wherein said body structure is provided on the 
side of the recess opposite said bore with a sec 
ond bore axially aligned with said first bore, the 
spindle extends across said recess beyond the 
nozzle and into such Second bore, Spaces are en 
closed beyond the respective ends of the spindle, 
and said body structure is provided With a pas 
sageway connecting the space beyond the first 
end of the spindle and the enclosed space be 
yonid said second end of the spindle. 

6. In a jet pipe assembly that includes a dis 
charge nozzle and a Spindle Supporting Said noz 
zie in angularly projecting relation to its axis, 
said spindle having an internal passage for Sup 
plying fluid to the nozzle; a body member hav 
ing an internal bore, an opening through a side 
of the body and into Which Said bore OpenS, an 
internal chamber Spaced from Said opening and 
into which said bore opens and a fluid supply 
passage leading into said chamber from an ex 
ternal supply opening in said body member, said 
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spindle having a portion position in Said bore 
and extending between said supply chamber and 
opening and having a cross section sufficiently 
Smaller than the cross section of said bore to 
provide throughout the entire extent of opposi 
tion of bore and lateral Spindle Surfaces and Con 
tinuous between said chamber and opening clear 
ance space of sufficient width to prevent their 
contact and of Sufficient narrowneSS to offer na 
terial resistance to fluid foW, and bearing means 
respectively disposed to opposite sides of said 
Opening and chamber and supporting said spin 
dle for rotation about a fixed axis. 

HERBERT ZIEBOLZ. 
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