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1

The invention herein described comprehends
a system and mechanism for controlling the
velocity and movement of a driven object. While
the invention as thus considered has numerous
applications, the embodiment described, in its

-entirety, is particularly wuseful in the control
of ordnance.

Large ordnance pieces are commonly mounted
for movement about two axes at right angles to
each other, one, the train axis, perpendicular to
the foundation on which the gun is mounted
and the other, the elevation axis, at right angles
thereto. The aiming of a gun for firing upon a
target involves a problem the solution of which
gives -the necessary movement of the gun in
elevation and train.. The problem varies with
the character of the foundation of the gun and
the target, the most exacting conditions being
encountered- in directing, at a moving target, a
gun mounted on an unstable platform such as,
for example, the deck of a ship. For the solu-
tion of these problems, there is now employed
director gun fire control mechanism which from
certain observed and generated data related to
the line of sight to the target constantly deter-
mines and transmits the correct setting of the
gun in frain and elevation. The inherent char-

acteristics of these gun fire controls and  the-

(CL. 60—53)
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transmission systems used are such. that the

power available. is little more than enough to

_operate a signal, such as a dial. Consequently,
the gun elevation and train are usually expressed
as angular quantities which are transmitted as
.signals to the. gun turret. where operators,
through manually operative controls,
movement of the gun to direct it in accordance
with the. signals.

Several attempts have been made to provide
_automatic mechanisms and systems in which the

- gun is made to follow the signals in elevation and,

train without the intervention of a human
.agency. There has not been, heretofore, how-
-ever, an automatic system or mechanism avail-
~able which is satisfactory, particularly for: large
.guns, and it is one of the objects of this inven-
‘tion to produce a satisfactory system for this
purpose. In a complete system for synchroniz-
ing the movements of a gun with a signal there
: should be provisions for moving the gun out of

synchronism and returning the gun to synchro-.

nism. This is necessary, for example, in order
.that the gun may assume loading position, or in
order that the gun may be prevented from mov-
ing beyond the limits of the turret or into posi-
.tions ‘where if fired it would strike some: part.of

effect ..
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the vessel itself. The accomplishment of these
functions in such a system'is another objéct of
this invention. A further object of the inven-
tion is to provide an automatic system of this

type which may, if found deésirable, be operated

manually and independently of the automatuc
control.

.These .and other objects are realized in the
embodlment of the invention illustrated in the
accompanying drawings in which:

Fig. 1 is a side elevation of the system con-
nected for moving a gun mount in elevation;

Fig. 2 is a plan taken on the line 2—2 of Fig: 1;

Fig. 3 is a fragmentary sectional elevation' of
the mechanism for operating the tilting box of
a hydraulic gear, taken along the irregular line
3—3 of Fig. 2;

Fig. 4 is an end, sectional elevation of the hand
control mechanism taken along the 1rregular line
4—4§ of Fig. 2;

Fig. b is a side elevation of the same, partly
in section taken along the line 5—5 of Fig. 4;

Fig. 6 is an enlarged, fragmentary section
taken along the line 6—6 of Fig. 2;

Fig. 7 is a sectional elevation of the mtermit-
tent gear taken along the line 7-—T of Fig.'9;

Fig. 8 is an end elevation of the same taken
along the line 8—8 of Fig. 7, the gear shift lever
being omitted;

Fig. 9 is an enlarged plan of the automatm
control mechanism for controlling movemeng of
the tilting box of the hydraulic gear; '

Fig. 10 is a side elevation of the same taken
along the line 18-—i0 of Fig. 9;

Fig. 11 is a diagrammatic layout of the hy-
draulic connections;

Fig. 12 is a section of a relief and’ by—pass
valve;

Fig. 13 is a sectional layout. of the valve block

Pig. 14 is a sectional elevation on enlarged
scale of a part of the hydraulic control mecha-
nism taken along the line 14—i4 of Fig. 9;.

Fig. 15 is a sectional side elevation of the same,
taken along the line 15—15 of Fig. 14; :

Fig. 16 is an end elevation of the hydraulic
gear; and

Fig. 1T isa W1r1ng diagram of the signal txans-
mission system.

The general construction and operatlon of the
system as it:'is used in moving a gun in eleva-
tion will first be described.  Thereafter, the de—
tails of the construction .of the several. parts
will be described and their particular functlons
and the manner of operation explained:

The system includes a constant speed. electrlc
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motor i of sufficient capacity to readily move the
gun mount 2 about its elevation axis 3. The
motor is connected to the gun mount through a

variable velocity hydraulic transmission or gear .

4 of a type well known and illustrated in United
States Letters Patent No. 925,148 granted June
15, 1909 ° “to H. D, Williams for Varmble Speed
Gear. Essentially, the ‘hydraiilic geat 4 ‘inclidés

a hydraulic pump and a hydraulic motor known. .
10
motor - are identical in construction 'with one

respectively as the A and B enids. The pump and
exception. Each consists of a series‘of‘Cylitiders
about and parallel to the longitudinal or shaft
axis of the gear, the cyhnders ‘of ‘tHe ‘pump “Bd
the. motor extending in oppos1te directions ° and
separated by a stationary valve Dlate through
which they communicate. The -rotdry :motfon
applied to the pump is converted to reciprocatory

motion of the pump pistons, and the ‘Hydrailic -

-pressure created by - the reciprocation of the
: p "’auses reclprocatory movement 'of
1 ted

plates or boxes iticlinied
ft. The‘inclmatmn ‘of

' "the Motor plate is ﬁxed bt the pla.te 5, "or ‘tilt-
Jof-the

; P

“may be Va ed to
1stons and o th t"'its d1rect1on of inch—
) iy be. r

tiltlng‘bo “that tHe Speed’ and diréctioh’of ‘angu-
i ‘ the motor may be varied
connec to the puinp ¢

“gear thiough a colpling 6 “dnd ‘the motor ‘or B
‘end of -the, hydrauhc gear is connected throtigh
‘A coupling T'to a 'shaft'8 whlch carries‘a ‘worm
“9'petieen bearidss 10°ahd 1. ‘A"worm ‘gear ‘2

.meshes with the worm 9 and carries’a plnidn (3’

“that: meshes w1th ‘an aréudte ra.ck 14° on’ the‘gun
mount 2, Through this train’of géars, the B end
"of “the hydfaulic ‘géar moves the gih moutit in
eleva.tion it bei understood tha.t through ‘suit-
aring e nidveérent of the Bend’ ca,n also
"to tram the gun.

is ‘thus “eotittolled by
“inoving the tiltitiz Yok of the Hiydraulic gear, the
dire ion of'movemenrt of the gun’ bemg depend-

“i{s"moved Trem its i tial’or vertica, positmn ‘and

_the speed of “tH
*ipoh the ‘maghita extent the tilting ‘box is
““““ ‘In this systém,

moved from its teu ral positmn
“He “tiltitig “box “may be ‘moved manually or “hy-
draulically, the latter being ‘iséd’ ‘for “the: Bito-
“tatic’ control ‘of the “movémént-of the gun in
_accordance with a signal. The manual: wiove-
“fierit, Of the’ tiltin: “box is‘effected’ thfough Hand-
' whéels (5 ‘and’ 6 ‘Which’ operate through afrain
"of* gears pon a’ ‘rack’ IT mounted iipon & rod: 18
which ¢ extends from ‘g, 'piston 19 mechamcally
“¢onnected ' to-the “tilting box *(see Fig. - 33). The
piston 19°is- mounted in‘a’ ‘¢ylinder ©20-‘having‘a
Hthreaded -éxtension’2 I which-is threaded ifito an:
opening in the case of the hydraulic g ear, ~The
“piston-is' provided with'a’ ‘skirt 22 0f:165y didnieter

~ than the piston which extends- “d ough
“{he‘extension ‘of ‘the cylil & the tilt-
g~box ca,smg “Phe'§kift of ‘the plston sis‘hollow’
eives<a’ connectmg ‘rod 523 ‘Which Hstpiv-
clired to the piston:atione ‘end ‘and ‘fo’a
zthe other end 'I'he bracket 1s an

15

2'30 :

énd ‘of tie’ hydrauhc E

'40

45

on“in Wwhichthe ‘tiltirig“box - 50

jvemient bemg “dépéndent -

55"

: 4
on a shaft 25 which extends through and is jour-
naled in the casing of the hydraulic gear.
The hydraulic operation of the tilting box is
effected by controlling the flow of oil under pres-
5 sure to the cylinder 20 and thereby controlling
the actuation of the piston #9. This control is
‘exercised thiough a valve’block 26:cortaining an
‘hydraulic power “amplifier ‘which Is-‘obérated by
a pair of Selsyn receivers 21 and 28 (Figs. 9 and
10), the angular movement of which represents
the- szgnal Whether the manual or the hydraulic
opera.tlon is used, the effect is the same. A force
is applied through the piston and the connect-
‘inig"rod ‘to the Wracket 24. . The force is in a ver-
‘tical: diréction and- effects movement of the tilt-
- ing box about its “horizontal axis perpendicular
40 -the longitudinal axis of the tilting box. In
either case, there is also a mechanical reference
‘Pack ‘from the output shaft of the hydraulic gear
which acts in opposition to the movement which
‘originated:through-the control mechanism. “This
‘reference "back is a restoring.mechanism  acting
‘in’ opposition to ithe movement -of :the -control
‘mechanism . initiating the .movement-of ;the ‘tilt-
ing box, and-its effect:is to-return’ the:tilting-box
to'the neutral: position after:a:definite movement
proportioned to the initiating movement:of the
‘control ' mechanism. In this'way:the:total'move-
-ment ‘of -the :gun :is :proportional tothe:move-
-inent‘acting ‘to displace ‘the ifilting. box from its
‘neutral ‘position. In ‘the :hydraulic -control
‘mechahism, ‘there : is ;provided ‘mearis >for relim-
inating lag by dccelerating ‘the: moveément:of:the
Jgun -to bring it \into positional agréemént iwith
‘the signal  durirg ‘movement of ‘the’signal.
-Both the ‘hydraulic “dhd .the ‘manual ‘éoéntrols
are subservient to limit controls. The:limit con-
-trols act ‘through- ah-interiittentigedr:29 {(PFigs.
2, 7 -and :8) “and ‘when :thezgun reaches g ipre-
-detérmined ‘position :the :limit “control :mechan-
iti:a.lly returns the tilting box to:tHe. neutralﬁposi-
on

20

25

35

Hand control

The hand-wheels "5 gnd ‘16 prov1ded “for the
“mgnual ¢ontrol of ‘the ‘moveirient ‘of the- gun-gare
“moutited ‘on ‘the ‘erids “0f @ 'shaft 30"e'xtend1ng
“through’and" Journaled in g frame 3(. “On egc¢h
hand-wheel there is'g gr1p, ‘I15a-and (6, which
‘18 rotatably "thoitited “on ~the “hand=wheel - ‘a1d
through which the-wheels may be rotated. “The
hand-wheels are-sécured to’ the ‘shaft 30°so’ ‘thdt
“the'shaft rotates therewith. ‘On'the shaft'30-and
between the vertlca.l frame members 3 la and 3lb
with a ‘beveled gear-33- secured on‘the end-6f" ‘8
“shaft “34 ‘extendirig through and - Journaled n
transverse frame elements 38lc-and‘31d. - Adja-

’{cent'-the frame element-31d, there'is'mounted on
'the'shaft"34 A worm'35 'The’ worm’35'is ‘in

“and secured to a shaft 31 Also mou’nted onthe
shaft 37 but rotatable thereon there is7a Spur

‘and, when the hand “eotitrol -is. b ing L8 ;

iked, ds
‘65 - gonnected for rotation’with: the-shaft 31: thfough
ia cliutch 39, " The 'gear:38 meshes ‘with aGedr 40
-¥otatably “motlinted -upon’a ‘shaft 41 which zex-
“ténds between the frame members-3.1a and 3tb.

_Formed:integral:with'the gear40:theredsiabevel
70-gear:40a which meshes with:two: bevel:geais42a
vand 42b (Fig.'5) which are mounted upon:the
«spider. of a -differential which:spider :is:secured
-to -the.:shaft - 41 for: fotation :therewith, - :Also -
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41 and formed integral with a helical gear 43d.

The shaft 41 extends through the side:31b of the
frame ‘and on-the: end: of: the .shaft there .is
mounted for rotation therewith: a spur:gear 44:
This latter gear meshes with a gear 45 mounted
upon the end of a shaft 46:which extends through
a frame 47 mounted on.the end of the hydraulic
gear. -Intermediate the ends.of the.frame,; there
is:mounted on the shaft 46 for rotation there-
with a_pinion 48 which meshes w1th the rack 11
on'the rod 18.

Assuming that the clutch 139 is engaged rota-
tion of the hand-wheels' 15 and 16 will effect. ro-
tation of the shaft 34 through the bevel gears 32
and 83. Through the:worm and worm gear, con-
nection 35 and 36, the clutch and. the spur gear
38 are rotated with the shaft 37. The worm and
worm. gear- form a non-reversible connection,
that:is, the hand-wheels: could not.be. rotated
through the .gear 38.. Rotation of: the: gear 38
effects, through its connection with the gear 40,
rotation of the gear 40¢ forming one end of the
differential. . The helical.-gear £3a meshes with
a. gear 4% which forms.a non-reversible gear
train, that is, movement of the gear 43 can only
be effected by movement of the gear 48. Thus,
upon the initial movement of the hand-wheels
and rotation of the gear 49q¢ one side of the

differential is stationary and rotation of the gear -

40a effects a_rotational movement of the spider
of the differential and consequently of the shaft

-41. Rotation of the shaft 4§, through the gears

44, 45, 48 and the rack 17, causes verfical move-
ment of the rod 18 and, consequently, a displace-
ment of the tilting box 5 of the hydraulic gear.
Upon the displacement of the tilting box from its
neutral position, the-shaft 50 of the B end of
the hydraulic gear will be rotated in a-direction

and at g speed corresponding to the. extent of

the movement of the tilting box-and through its
connection with the shaft 8 will cause the gun to
move in elevation.

On the shaft 50, there is mounted g gear &t
which meshes with a gear 52 secured on the end
of a shaft 53 running alongside of, and journaled
in bearings secured fo the hydraulic gear: The
shaft 53 extends parallel to the axis of the hy-
draulic gear and through the frame member 31b.
On that end of the shaft ‘53 which extends
through the frame member 31ib, there is mounted
a bevel gear 54 (Fig. 5) which meshes with a
bevel gear 5% mounted on, and adjacent the
lower end of a vertical shaft 56. The vertical
shaft 56 is mounted in two thrust bearings §7 and
58 extending from the frame member 3ib. The

‘helical gear 49 is mounted on the upper end of

the shaft 56.. Through this train of shafts and
gears, the gear 49 is rotated in accordance with
the rotation of the shaft of the B end of the
hydraulic gear. Rotation of the gear 49 effects
rotational movement of the gear 43a, and, con-

‘sequently, of -the bevel gear 43 forming one end

of the differential. If the hand-wheels are ro-
tated a certain amount and stopped, the gear 48a

will rotate the spider a corresponding amount.
Upon rotation of the shaft §0 of the hydraulic

gear, the gear 43 of the differential will be ro-
tated so as to rotate the spider in a. direction
oppoesite to that in which it was rotated by move-
ment of the gear 40a. This will continue until
the tilting bhox of the hydraulic gear is returned
to its neutral position in which position move-
ment of the gun ceases.. Thus, the total amount
of movement of the gun is proportional to- the

amount  of -movement of the hand-wheels, If

10
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the hand-wheels.gnd the gun gre-moving:at the
same speed, the tilting box will remain in a:par-
ticular position-and the gun will, be elevated .or
depressed at a speed corresponding to the move~
ment of the hand~wheels. In order for the B end
of .the hydraulic'gear to attain. a particular ve-
locity in:accordance with the movement of ~the
hand-wheels, /it -is necessary that the gun-lag
behind the -movement of the hand-wheels. - If the -
hand-wheels are rotated beyond a certain amount
in either direction, the operation-of. the. tilting
box will be effected by the hydraullc gear. through
the limit. stops.

The lzmzt stops

The 11m1t stops. act mechamca.lly upon ; the
shaft (8. .'As shown in Fig. 6, the shaft: {8 is

. reduced in"diameter: just below the rack:so that

two shoulders {8a¢ and 18b are formed thereon.
The reduced portion of the shaft extends through
a movable  block 59 having .an opening of a
diameter sufficient to- receive the reduced ;por-
tion.of the shaft and which is adapted to en-
gage the shoulders. i8¢ and 18b. The block 58
is moved vertically through a pair of screw shafts
60 and 61 journaled.in the upper and lower ele-
ments ‘of the frame 47 and nuts 62 and 63- se-

eured to the block 58 and engaging the threads

of the screw shafts 60.and 61 respectively.  Ad-
jacent the upper.end of the screw shaft 60 there
is-a spur gear.64 secured to:the shaft.for rota-
tion* therewith: A similar gear 65 'is secured’
to the shaft 61: These two gears both mesh
with .a. gear: 66 mounted ‘on. a. vertical: shaft 61
which is also journaled in the frame 47. The
gear. 66 also:meshes with a gear 68 secured-on
the end of & vertical shaft 69 journaled at its
upper end in an extension:of the upper member
of the frame 41..- The lower end of the vertical
shaft 69 carries a bevel gear 10 (see Fig. 8) which
is secured . thereto for rotation . therewith and
which meshes with a bevel gear 71 secured on
the end of a shaft 12 which éxtends throngh and
is journaled in the sides 13-and 74 of thne casmg
of the-intermittent gear 29.

The intermittent 'gear 29 is.an instrumentahty
by which a constant input -effects an’ intermit-
tent output at a speed equal to-the input. That
is, if ‘the input. shaft is rotated continuously,
the output shaft will commence rotating only
after a definite predetermined number of: revo-

- lutions 'of the input - shaft from-any given rela-

56

60

85

70

75.

tioniship of: the ‘parts, and at a speed: equal to
the speed of the input shaft. In the intermit-
tent gear 29 the input is taken off fromthe shaft
53 which as heretofore explained is connected
to the shaft. 50 of the B end of the. hydraulic
gear. 'After the shaft 53 has rotated a definite
predetermined ‘number . of revolutions from a
given starting: position, the shaft 12 rotates and
through the beveled gears 70 and: T rotates the
shaft . 69.. Rotation. of. the shaft 69 causes,
through the gears 68, 66, 65 and 64, rotation of
the screw shafts 60.and 61. Upon rotation, these
shafts cause .the block 59 -to' move, vertically
along.the shaft 18 and engage one or the other
of the shoulders 18« or 18b. The direction-of
movement of the block is such .as to move the
rod 18 in such direction as to return the tilting
box of the hydraulic gear to the neutral position.
‘Whern this has:been done, the B end of the
hydraulic 'gear can not be rotated further in this
direction. = Suitable provision'is. made to-allow
of the backward rotation of the gear 48. and
connected :parts. when the .rack .11 is operated




-, <of {thetgroove.

: '»—Iever 93 whichis

by the Jlimtt:stop So restore:the tilting thox 1o

meutral :and :the: élutch>39 isiengaged. Foriex-

ample :the clutch may :be constructed to :slip
when thus:reversely driven.: o
#fThe:intermittent gear: a,ccomplishes its func-
tion ‘through the mechanism:illustrated. in Pigs.
2.07::and-8. "On ‘the -shaft *53 'which ‘extends
through the sides 73:and 14 of the {intermittent
gear- frame, therei ounted a-spur-gear-15. "This
spur-gear ‘meshes-with a larger -gear>16 ‘formed
on-‘the~end-of :a*druim’ 7T motinted -omn -a ‘shaft
I8-extending between and journaled:in-the-sides
‘13 and 14 of the intermittent ‘gear ‘housing.

_The drum 11 is_reduced .in diameter adjacent

the gear 16 and ‘the" “§houlder formed by this
reduction in dianteter s notched asiindicated at
9 ifor: wipurpose :whiéh will :hereinafter: appear.

IFHe shaft 18 alsocarries:aigear 80 :which-meshes .

with zaJ gear 8¢ mounted upon and isesured sto
azshaft 82extending between:and. journsled:iin
the frame members ‘13 :and T4. -iOn:the sshaft
82;there:ista gear 83:which.meshes:with:iadarger
gear 84 mounted iuponthe:shaft:18 for rotation
relative thereto. ‘ The gear.i84.:is':connected
throughsa hub ‘85 Wwith:a disk 86:having a:single
toothsreceivingssloticuttherein;: JA plate 81.com-
prisingtwo ..gear “teeth is securedizagainst.:the

‘inneriface of .thie:disk 86 -with:the: spacenbetWeen ‘

‘the teethsaligned: with:theislotinithe:disk: - The

slotof ‘thecdisk 86 andithe ‘teeth:zof ithelplate:81
_-are’positioned:torengagera gear88 mounted: upon

a-shaft 89 extending sbetween - theiisides 718 sand
114 THe teeth ~onthe- gear 88 “ares alternately
widerandinarrow.:. ..~

JAs the «disk: 186 rotates a‘nd the plate 87 8p-
’proaches sthe:gears88, teéth ofithe:greater: width
iengape ‘the :periphery: of theidisk’:and ‘prevent
‘theigear 88 from rotating iin either :direction.
iBetween:the :two “teeth «of ;greater width of ithe
gear’88 whichvengage:the periphery :of the:disk
186,:artoothiof :lesser syidthsextends:into ithe:space
Aformed betweensthe ;gear 84 and the:disk 86:and
isurrounding the.chub :85.. As:the:plate:81 ap-
iproachesthe gear;:theforward:tooththereonen~

gages the narrow tacth<of the.;gear :88 swhich ;,

extendsbetween rthe {disk sand:the rgear: 84 -and
thertooth :of greater width :enters:the slot:in the
idisk-and: thegeariis:rotated:quntil: the:arext wsue-

-ceeding itooth ‘ofigreater width engages:theedse .
50 w1th1n ‘the -desired. 11m1ts

ofithezdisk: - Inthistway, the gear: 88 isirotatéd
‘two : teeth :for seach revolution of :the: geari84,

‘theispeedr of rotation of:which:has been reduced -

cconsiderably:from sthe:speedof :rxotation of:the
+$haft:B3: through the:reduction:gearing. A gear
vof ithissgenerdlitype: is shown in Jord Pzttent *No
4.14811 1624

JThe-shaft89also: 'ca-rnes_a _cam 90.: Thls ca.m
ds7formed by seutting: a: eircumferential ;slotdn:a
seylindrical»piece rof metal,zthe :slof or :groove
‘having-one axidl:offsetito:form ‘the:camzrise, :as
sshown ;in: Fig.}8. Into-this-groove ia camyfol-
Jower: 8i ;exténds and cooperates -withithe:sides
“The cam follower:91{:is mounted
wupon.-the-end of-a.vertical :pin382 which:extends
Sranisve¥selyothrough’and:is secured-in -&:shift
c:pivotally ‘mounted: st oneend
rverticdliipin . 94: which iextends:througha
¥ the end ‘of‘the’lever:93:andsspaced;arms
rorlugsi95 and'$6 ‘extending from:the: side: of-the
“nterniittent-<gear “housing. “The rother’ end 7of:
¢the shift-lever 93:isbifurcated and:therarmsi83a

- egnd F93b-théreof ~embrace -and are received :be-

ween the sides:of accollar'9T-whichiis antintégral
spart+of ‘asgear 798 “mounted: upon-thedshaft 72.
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free tomove- longitiidinally sof ithe ;shaftbut
constrained ito rotational movement :with sthe
shaft::"The: gear:is so>mounted;as:to be.movable
longitudinally <of the :shaft -12:into -and wout:of
engagement with the:gear:16,:its movement heing
dependent upon rthe :cam190: .. Like the:gear:88,
the igear 98 has :successive :teeth of : different
widths: . Two teeth of greater-width on-the gear
88, swhen that:gear is positioned so; as:to herout
of ‘engagement "with:the:gear 16, :as (dllustrated
in-Pig. 8, engage the periphery of (thesdrum k1
so‘that the:gear is:hxéld:in a-particular:position.
‘A'tooth-ofilesser .width betweenthe twoiteethiaf -
‘greater width swhich : :engage ithe : drum: 1T.iex~
tends :radidlly  into :the eircumferential. grmve
‘formed by-reducing:the diameter:of ‘the drum::

‘For-a’ portion of the:circumference: of sthe:gear
16, -the -gear ‘teeth - are “widened :as indicatedat
18d. ~These: teeth:of:greater ‘width are so:angu-
larly-:disposed that:the end tooth ‘engagessthe
-tooth<of “the ‘gear :98-:extending -irito ‘the..groove
formed -by ‘the reduction 'of ‘the. diameter-of:the
drum-T1,when the:gear:98-is moved slightly dlohg
‘the ' shaft 2 'in-a-direction-towards the gear: 16,
that is,-to~the-right as indicated-in Fig.:8. “The
drum 17'is rotched at’>19:s0-as to provide o clear~
" -ance ‘for the tooth-of:greater width on’the gear -
‘88:engaging the drum when'that:gear'is first'en-
gaged by ‘the -gear 16... It *will ‘be‘apparefit.<that
‘if-the shaft’63-is-rotated-in-one direction-g suf-
‘ficient -number ‘of 'revolutions for‘the cam-shatt
‘89 ‘to ‘be’rotated-into a-position where the- -offset
portion of ‘the cam-engagesthe-cam-follower 9t,
‘the :gear ~98 ~will ' be “moved ‘into-mesh~ with ‘the
jgear 16. "The offset-of the eam‘90”is sharp-so
itha;t the-gear ‘98 ‘moves irito mesh -with: the- -gear
‘16 rapidly. “Upon-meshing ‘with'the gear 76,-the
-gear-98 -and-the-shaft T2 are rotated-at:the-sime
‘speed -as the shaft*53. "The limit-stops:are thus -
‘brought:into-action and:eoritinue to operate uritil
‘the -tilting ‘box of ‘the hydralic-gear is “in-*the
neutral position, in which positionithehydrailic
‘gear ‘can not-rotate further.in the-direction in
-which ‘it-was’ rotating whenthe limit-stops:came
5 ‘into-action. "The hydraiilic gearthusmeasures its
own limits :of movemerit,:the irdtermittent gear
-operating’in-both-directions.-- The rélation of the
-gears-in+the intermittent-gear is:sucéhthat the
‘movement-of ‘the gunin ‘€levation is restncted

Hydraulzc ‘control -

“The piston 19 in“thecylinder '20; through which
“the hydraulic control acts, is-operated by a’ suit-
. : { “The oil
'unAd'er~ pressure-is supplted by a-pump-99 (Figs:'9
‘and *10) “mournted in-a-box ‘100 'which contdins a
“reserve “supply vof - ¢il, ‘the box ‘being filled ‘with
-0il to a level ‘indicated *by the ‘dotted “line ‘401.

160 “The-box f00°is secured-on“to-a plate 102 “which

“is'mounted - upon-‘the-side of“the hydratlic-gear.
Phe-pump is of ‘the rotary type and the-shaft - 103
“thereof extends through the side-ofthe ‘box’100.
‘On ‘the: end -of ‘the-shaft ‘03~ there is ‘mounted-a

765 “gear {04 -which meshes-with a gear {05 ‘tFig.>1)

‘mounted upon-and secured-to the-shaft-of :the-A
‘end of-the ‘hydraulic-gear. -““Thus,"whenever-the
‘motor -l is ‘operating, “the: ‘pumptis ‘functioning.
“It is-usually‘satisfactory “for the-pimp’ to- -supply

770 *oil ‘under-a-pressure‘of 600°1bs. per- square’inéh.

“The-oil is- delivered ‘through-a pipe ‘1 08-commu-
nicating with:the -pump dt-its ‘upper-end.

"The hydraulic--control -6f -the tilting > box is
“dependent upon a. duplex relief walve 507, “The

Trhe-gearias is ‘splinéd -upon theishaft T2 and is ‘775 -construction «of :this' vélve 'is :Shown : “4n g, —12
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‘The valve consists of a casing which is divided
Anto' three: chambers.a,:d and ¢ by a horizontal
‘partition 188 and.a vertical partition 189, Each
‘ofthe .chambers ¢ and b communicates with the
-chambeér ‘¢ through ‘openings -in the wall - 108.
‘The openmg ibetween  the chamber. ¢ and. the
- -chamber ¢ is normally closed by a poppet-valve
140.. The valve is resiliently urged to the closed
. position by a spring. 111 which abuts against the
valve:at ‘one-end -and. against the plate 112 at
the other end. The plate 112 is mounted upon
@& rod 113 which extends through the bottom of

10

“the casing and is slidable therein, and through -

a plate 114. . On the rod i13 there is a collar.i{5
which: abuts::against. the upper surface of the
‘plate 114. . A similar valve with a similar ar-~
rangement is provided for normally closing coni-
munication between the chambers b and ¢. 'This
valve and the corresponding :parts ‘thereof are
numbered. similarly to the valve {18 with the
numbers primed. With the parts-in the position
shown.in Fig. 12, the force exerted by the springs
T Jand- 111" is very great, being sufficient to
resist a pressure in the chambers ¢ and b of 600
- 1bs. per.square-inch, for example, the total pres-

sure of the pump. If, however, the pressure ex-
~:ceeds this, the valves will open.” This is'the posi-
tion of the valves when the. hydraulic control is
in-operation:

The force exerted by the springs - i {1 ang 111"

may be lessened considerably and is lessened for
the ‘purpose of hand cperation. - This is acecom-
plished by shifting a lever { {§ mounted adjacent
the hand-wheels 15:and '16. The lever 11§ is
secured to.a shaft {7 journaled in transverse
members 3lc and 3id extending between the side
frame members 31a and 3ib (Fig. 4).
‘also carries secured thereto a pair of spaced arms
118 and {19 forming a dog.for operating the
clutch 39. The clutch has therein s cireumferen-
tial ‘groove 'in which engage pins 120 and 121,
extending inwardly from the arms 1{8 and 119
respectively. The clutch is splined upon the shaft
37 for longitudinal movement with respect thereto
but restrained against relative rotational move-
ment. A spring 122 (Fig. 2) urges the cluteh into
the engaged -position.

When the hydraulic: control is being used, the
clutch- is ‘restrained-from moving into the en-
gaged position under the action of the spring [22
by a pin- 123 which engages the lever {{6.  The
pin 123 extends through a cylindrical housing 124
mounted upon the transverse frame member 3ic:
Adjacent the end of the pin {23 which engages
the lever' {18, there is a collar 125 which forms
an-abutment for.one end of & spring 128 mounted
in the housing 124 ’and abutting at its other end
against ‘a shoulder therein. " The pin 122 is slid-
ablé within the housing 124 longitudinally thereos
and at its opposite end 'is provided with a cross
bar 1271 by means of which it may be moved out
of engagement with the lever 1[6- against:the
action of the spring 126.  When this'is done; the
lever 118 moves to the right as seen in Fig. 2
under the influence of spring 122 and the clutch.
38 becomes engaged.

A lever 128 secured on to the shaft T ex-
tends radially therefrom. 'This lever cairies at
its ‘'end a block {28 through which the end of
a rod 130 extends. .The rod {38 has g -collar
131 thereon which-abuts against the: block “129.
The: opposite: end.of the rod 130 is plvotally se-
cured to-one end of a lever-i32 whlch is’ pivotal~
ly ‘mounted between -its ‘ends in’ g -transverse
frame member: 3ie.: The other-end of:the lever
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182 .is pivotally ‘secured 'to a-link 133 to which
is-secured the, plate i{4:through which the valve
rods 113 and 113’ extend. A link 134:is: -pivotal-.
ly. secured at one end to-the transverse frame
member in which the lever 132 s p1v0ta11y
mounted and at . ‘the “other end ik, is. pivotally
secured to- the hnk 33, This a,ddltmnal link
Pprovides - a straight line movement ‘of the, link
133.- It will be observed that. When the:lever. IIG
is. released and.the  clutch 39.is ‘permitted to
engage, the ‘pressure -on. the collar, {31 by the
block 129 will be released and the plate 4. may
move. downwardly thus relieving. the tensmn of
the:springs 111 and 111’..The holes in the plate

“t-H4-for the valve rods 1'l3 and 113’ will provide the

necessary looseness. to allow of: the slight rela-
tive lateral movement of the.plate.due to the
arcuate movement of its pivots.

‘The hydraulic connections to the- cylmder 20
are illustrated dlacrammatlcally in Fig. 11, 'I'he
upper -chamber - of the' eylinder: is connected
through' a pipe-line 135 to the valve block 26
in which there is includeqd a piston valve for con-
trolling the supply- of oil under pressure to the
upper chamber of the cylinder. :'The valve block
is mounted.in the box 100 in which the pump is
mounted: ‘The upper end of the cylinder is also .
connected through a T-fitting 136 and by. a. pipe
137 ‘to the chamber - of the valve. {01. The
lower - chamber . of .the cylinder-is connected
through a. pipe 128 to the high pressure side of
the pump and through a T-ﬁttlng and a pipe
139 to fthe chamber b of the valve (071.. The
high pressure side of the pump is.also connected
through'a pipe 140 to the valve box. 'The cham-
ber ¢ of the valve 107 is connected through a
pipe {41 to.the intake side rof -the pump . to
which there is also a connection through a pipe
142 to the valve block. : It will be apparent: from
the connections illustrated dlagrammatmally in
Pig. 11 that both the upper and lower chambers

sure- side ‘of -the pump through the. valve -box

-101." The pressure relief -valves in the valve box

have a-dual function.  ‘When the hydrauli¢ gear
is  operating and controlled hydraulically, .the
relief” valves -are under-a heavy spring. tension.
However, if the -hydraulic gear runs aga,mst 2
limit “stop and. the tilting: box.and piston {9
are moved by the force of the hydraulic gear .
to a neutral position, a high -pressure would. be
created in the cylinder 26, This pressure is. re-
lieved by the pressure relief valves.in the valve
box 107. On' the other hand, when the ‘hand -
control is effective, the, light tension on the
springs provides a ready escape of -the.oil to the
low pressure side of the pump, thus, in effect,
short-eircuiting the: pressure and rendenng the
hydraulic control ineffective. .

The operation of the piston {9:in the cyhn-
der 20 is accomplished by.: mamtammg pres-
sure-on both sides  of the. piston.: It will e
noted thai the. high pressure .side of :the
pump is - directly .connected..to -the. lower
‘chamber of the cylinder. : The surface area of
the piston upon which this pressure acts is, how-
ever, approximately one-half.of the surface area
of. the opposite face of the piston.. Consequently,
the same pressure in the upper chamber would
create a force twice as great as the erce created
by ‘the .pressure. in ‘the -lower chamber. When,
however, the pressure-in the upper: chamber is
relieved, the pressure in the lower chamber ca.uses
the piston to rise in the eylinder,, With-this’ ar-

rangement, the movement.of the t11_t1n_g boxcan
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st contro}-_is "’eﬁectlve- tHrough the prston
e 1#3 ‘in the valve block: 26 (see Fig: 13).
o unﬂe pressure i§’ supplied to the valve:box
: 'he*pipe- 140 which’communicates:with
i rse passage-14&ih the valve bloeki- The
passag! |§8- cotimunicates with the passage: 145
‘Whtcir xténds‘between:an’ annular ‘port-146 sur-

constant, pressure va,lve
pmssure’ ‘gt a constant pressure ‘of; for exam-

&>"approximately 600'1bs: per square ifich:. The
- pivet 1 42 communiéates: with: a passage 143" in

piigh thHetvalve block:and” ‘communicates: with
#*port: 150" surréundihg: the piston: ‘valve: The
. paston-valve (4318 of the usual: type:inm that
it e & rediiced’ central’ portion- {43a which: is
wdapted ‘upon movementof thevalve:to:lap:either
tﬁe Righ* pressure or: the-exhaust:port: ’
o THe> circumferentialt ‘chamber formed: by re=
ducing‘ the valve  diameter: communicates: with
&P hichtthroﬁgh o). passage - 152, ‘com-
municates~‘with the: pipe ' 1357 connected’ to: the
upper chamiber: of’ the cylifider: 20: ~“As viewed
511 and*13}-it'will'be dpparent’ that when
the plston valve' 143 1§ mioved to: the left: the
up er* ciamber+of- the cylinder will be placed
yommunicatlon .with the high -pressure; and
‘the’ valve istmoved’ to: the rightthe: upper
hel e cylmder will-be-placed into:com=~
[~ Eh g ust. The length of

“e duced ortion
' nédiate’ tHese - two positions and in: the
N pdsmon iiistrated’ in Fig: 13 ‘both the: high
-éxhaust ports are cut off/from.com=
: with the> upper chamber: of the

ler:

e’ valve- {484 is sh1fted to coritrol the: com-=

c'atlon:wmh the:upper' chamber of the cylin-

-20-and-the high pressuré:or exhaust'by what
't U pe- termed’ an- hydiaulic: amplifier.

'I‘hi Kydraulic amplifier is: operated through- a

4lve" 153 which: i§ provided with: & rod,

“gnid 1557 exténding from - each- end’ thereof

yugh*thie valve“block: The pilot valve: 153 is

' mounted in- a° plunger- 156 which' acts: upon' oil

in substant1a11y closed system: connecting: a
chamber formed at one-end of the plunger: with
rmed at one end of the valve 143.
The. P Ve controls: the movement: of’ the
plunger whiéh upon- movinv Varies the . pressure
m‘the closed system:

A Tow pressure-supply-of-oil, 100 1bs. per-square
inch, is provided for: the: purpose of operating
th‘e“ “plunger- 1886." ol at: this pressure is'sup-
plled by a redicing valve 1§71, having & port i58
communicating” with the- passage 144. The re-
ducing valve ‘consists-of a-piston-having a spring
l59 actmg on'one-end’thereof; the force:of which
is regulated so" thiat the: valve supplies the: req-
uislte pressure A- longitudinal - passage: (60" in
the piston communicates: withi-a transverse.pas=
sage 161 When the pressure of “the: oil: in the
passage 160" is-rediiced below 100 1bs:.per-square
iricH,. the spring 158° causes: the: piston {51 to
move: to the left, as shown- in: Fig: 13. Upon
movement in” this direction; the: transverse. pas=>
's‘azg'e 181 slaced” into: communication with the
Tort: 188 and, offt st~ 600 Tos: per' square-inch:is
permitted to-eriter the- passage’ (60 which-com=

in -’the~piston valve: 143tand sn annular

i ﬁlﬁe valve block. ‘This passage’ extends vertically

10
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municates Aithiaiport 162, An: exha,ust'port' 133
ls provided ‘sothattihithe: event that:tHe: presSure

inch:the piéton: 157718 moved:to the: right against

the. aetion-of the spring:189- afid: the:tkansverse .
passage: 1617 i§: placed” intéx ‘communication with -
the: exhaust port: 163¢ until: thie. pressure” ih: the»
passage: 1605is-reduced so-that: theispring” moves_
the pistors 158¢ to: the: left: and: the: passage 181
i§ cut' off from:communication with'the port:163. .

" THe:port162 ‘communicatés:with s passage: 168
which: communicates with'a: ciamber: 165iformed
143.
The'passage:l 64:also:communieates with: aicham=

ber 166 formed at:the left-hHandiend:of ‘aiplunger:

(67 ‘and: supplies: oil” to- tHe pilot-valve: 153 for

whieH: purpose -it:communicates:with a-port: {68. -

Port 168 iss normally in: communication: withisa
transverse:passage :169- throughi: the: pluniger 156,
tHe plinger- 156 having a:reduced’ ‘portion . 156a
with: which the: port: 188 and -the: passage: 169
communicate: . Iiittie position ofthe:parts:shown
in Fig: 13ithe:passage: 169 iv the plunger:156+is
£ By the -pilot: valve: 158 - Thie:pilot:valve

exhaust: passage: extends: from: the:port: I49 to-a

port 170 surrounding the piston {48-of: the con--

stant:pressure-valve:

. The:constant: pressure: valve: is: similar to:the
reducing: valve in: that:it: contains a piston hav=

ing: €. longitudinal central passage: 111 and”a
transverse: passage - 172 and g -spring” ITs’acting

upon:the: piston with: g4 constant pressure; - One -

end of:the:passage: 1747 in the piston communi=-

cates with the port {47 through: a- passage: [T4.

The: passage: 112: is: adjacent: the- exhaust port
{70 and: when-the:pressure: im. the: passage |71
exceeds: 600: 1bs:. per~square-inch: the piston: 48
is:moved to:the right against:the:action of the
spring: 1713 and: the :passage: 1 122and: the port: {10
are:placed” in: communication: until the- pressure
iszrediiced- to: 600.1bs: per:squaresinch:.

The exhaust passage:extends through:the: block

and communicates with the port: 150:and a:port
115 surrounding s reduced: portion.i58b:of the
pliinger: 156.. A transverse: passage. 176 extends
through the plunger’ andenormally communicates
with: the: exhaust: port: 175, This: passage;: like
tHe: passage: 169; is cut. off: by thHe pilot:valve in
the position: showmn in:the: drawihgs:. THe re=
duced: section: 1538a of’ the: pilot:valve 153 forms
a- chamber whiéh: communicatés: with: a;. passage
11Ta whiéh-is a branch of :a passage:IT1 extend=-
ingrlongitudinally-of: the plunger-and:opening:at
the: end’of: the:plunger: to a:chamber 178 formed
between: the end. of ‘the: plunger: and: a: cap: 179
The: passdge 1 TT also. has & branch: passage 111
which: communicates: with' the: chamber: formed
by-the: reduced: portiorn: 153b -of’ the . pilot “valve:
Through- these - several - ports: and. passages; the
chamber- 118 may be: placed into:communication
witheitlier the intermediate pressure:or ‘the ex-
Haust:  For-example; if:the pilot- valve-is: moved
to the left from the position: shown imn Fig: 13;
the passage: (69-will communicate with:the pas-
sage='11b through: the. chamber: formed: by the
rediced : portiom: 153b- of- the-pilot: valve: Oil at
the: intermediate pressure will™ therefore: pass
through: the: passage” 177" into: the:chamber 178.
If-the:pilot valve; on.the:other-hand; is:moved
toztheiright: from: tHe: position: shown in Fig: 13;
the: passage- 18 which: communicates. with: the
exhaustiwill be:placed into communication: with

he- passa.ge 180 exceeds 10071bs.. per-sqiiare -

(53 has’ two: reduced: portions: 1534 :and’ (53b. ‘A .
commpon: exhaust. passage similar:to tlie passage .
{64 is: also: provided: in: the: valve: block: - This
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the chamber formed by the reduced portion i53¢
of the pilot valve and through the chamber and
the passages {TTe and 171, the chamber {18 will
be placed into communication with the exhaust.

Movement of the plunger 156 in response to
movement of the pilot valve acts upon and
affects the pressure of the oil contained in a
closed system of chambers and passages.. This
system includes a’'chamber 180 formed between
the -left-hand end of ‘the plunger and a ecap
181, a port 182 communicating with the cham-
ber 180, a passage 183 communicating: with the
port 182, a chamber {84 formed between the
right-hand end of the plunger (671 and a cap
or end-piece 185, and a passage 186 which com-
municates with a chamber 187 formed between
the right-hand end of the piston valve 143 and
an end cap 188. The pressure in this system
is, in the neutral position of the plunger, that
is, the position shown in Fig. 13, approximately
one-half of the low pressure or 50 1bs. per square
inch. In the position shown, the pressures in
the chambers 178 and 189 are balanced.. Upon
movement of the pilot valve to the left, how-
ever, the chamber {18 is placed into communi-
cation with the low pressure and the pressure
in the chamber 178 is: increased. The plunger
thereupon moves to -the left and thus decreases
the volume of the chamber {80. The necessary
consequence of such'a movement of the plunger
is an increase in pressure in the chamber 189
and the passages and chambers to which it is
connected, principally in the chamber 187. It
will be noted that the surface area of the end
of the piston valve {43 forming one end of the
expansible chamber (65 is approximately one-
half ‘of the surface area of the end of the piston
forming one end of the expansible chamber (87.
Consequently, an increase in pressure in the
chamber (87 will cause the piston valve to move
tothe .left and thus place the upper chamber
of ‘the cylinder 28 1nto commumcatlon Wlth the
high pressure.

If it be assumed that the pilot valve is moved
to the right from the position shown.in Fig. 13,
and ‘the chamber 118 placed into communica-
tion with the exhaust in the manner heretofore
explained, the pressure in the chamber {78 will
be reduced and due to the pressure in the cham-
ber 180 it will move:to the-right :following the
movement of the pilot valve. Thus, the volume
of the chamber {80 will be decreased and the
pressure “in‘ the ‘closed - system of which the
chamber forins a part will be . correspondingly
reduced. The result of. this reduction in pres-
sure, in so far as the piston valve {43 is con-
cerned, ~is- that the total force exerted: by the
oilin the chamber {65 will exceed the total force
.exerted by -the oil in the chamber {87 and the
piston:valve (43 will be moved to the. right.
‘Thus, the upper chamber of the cylinder-28 - will
be:placed into communication with the exhaust
‘passage 150. It-is to be noted that the: plunger
186 " follows ‘the movement of. the pilot valve.
In practice the difference in movement of these
two. elements is imperceptible. . -In view.of this
-action, the valve and plunger tend to retain the
same relation as that illustrated in Fig. 13.-

» The valve mechanism just:described, if un-
‘modified;, would operate so ‘as to cause a move-
‘ment.of the piston {9 in the:c¢cylinder. 20 which
‘would not be:definitely related to the movement
‘of the pilot - valve “153 since the piston. .valve
‘143 would remain”open-when. the pressures  in
thechambers 187 ‘and 165 were equalized by
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movement of thevalve 1438. 'The action is, there~
fore, modified so that the piston 19 is returned
to the off-position -on the completion of a defi-
nite movement of the pilot valve, and, conse~
quently, the movement of the tilting box is pro-
portional to the moveémeént of the pilot valve.
This is accomplished through the. action of:the
plunger 187 which forms with the plunger 156
and the valve {43, acting in the closed system,
a hydraulic differential inh ‘which the movement
of the valve 143 is the algebraic sum:of the
movements, of the: plungers 156 and 167.  Like
the piston valve 143, the plunger {67 has end
faces of different-areas. The end face forming
one side of the chamber 166 is approximately
half the area of the surface extending :into the
chamber i84.  Thus, in the normal condition
the resultant force on this plunsger is equalized.
The surface area of the end of the plunger and
the chamber 166 is cut down by a rod 189 which
is integra] with the plunger and which: extends
through the cap 190 forming one ‘end  of ‘the
chamber (66,  The end of the rod 189 is pivot-
ally secured to one end of a link {8( (Fig. 3);

the other end of which link is pivotally secured
to one end of a lever: {92 which is mounted upon
and secured to the shaft 25 extending through
the  casing of the hydraulic géar and which ro-
tates with the movement of the tilting box.

Thus, the plunger 167 is 'moved to the right:or
to the left depending upon-whether the piston
19 is moved upwardly or downwardly. Since the
piston {9 moves downwardly when: the piston
valve 143 is moved fo the left, the plunger 157
will also be moved to the left and conversely;
that' is, the plunger 167 is moved through the
action of the filting box in the same direction
as the piston valve 143. Movement of the plunger
167 changes the volumetric space of .the: closed
system. - The result of its movement in the same
direction as the piston valve:is that it inereases
the volume of the closed system whenthe plunger
156 acts in a direction to decrease the:volume,
and when the plunger {36 moves in a‘direction
to increase the volume, the plunger (87 is moved
in a direction to decrease the volume.  That is,
its tendency is.to coffset .the effect of-the move~
ment of the plunger {56. Therefore the plunger
167 responds to the movement of the tilting box
and restores the balance on the piston valve
143. The plunger (87 is therefore: denominated
a response-plunger. It will be -apparent, how-
ever, that movement of the plunger 187 is de-
pendent upon mecevement. of the tilting box .so
that upon. movement of the .plunger . {56 the
pressure. in the closed system is increased or
decreased-and this increase or decrease remains
constant for a space of time. In .other words,

the movement of the plunger (87 -lags: behind
the movement of the plunger (3§, the ldg being
occasioned: by the fact that:the:plunger {67 is
moved by the tilting box. However, upon move-
ment, the plunger tends to and does ultimately
reestablish equilibrium with the: valve 143 in
the position shown in: Fig. 13. 'The result .is
that if the pilot valve is moved in either direc-
tion a definite amount and then held in the po-
sition to which it is moved, the tilting box will
be moved through an angle proportional to the
movement cf the pilot valve and held in that
position. This would be equivalent to a re- -

" sponse-t0 a signal requiring movement of the‘
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‘gun at a constant veloeity.

With the . arrangement described there: is
necessarily a phase difference.or:velocity lag of




the: movement. of . the' gun: behind the: signal: as
represented by the: movement: of: the: pilot: valve:
This: lag;, in: the: system: so: far; as. it. has- been:
deseribed;; is necessary: in: order: to: secure- a
veloeity - in . the: movement. of. the: gun:. In
practice; when.the signal. demands:a high. ac~
esleration: of: the: gun: or- movement: of: the gumr
ati a constant:velocity, this lag between the:sig-
nal: and; the: guns is: undesirable as. the: ideal
desired: is: a: synchronous: movement of the gun
and signal:without:any phase: difference. There.
* isyprovided; therefore,, in: the. system. a- means
for:removing the:lag: This: consists of a:com=
munication: between: the: intermediate: pressure
ar:exhaust-and the:closed: system: acting between
the: plunger: 56, and:the:piston 143: . This:com~
municatien: is: through .a port: 193, a passage
194;;, ‘2. needle: valve - 185 -and. a. passage: .96
The:. port:: 193: is: placed: in’ communication. withr
- therexhaust. port: {15 or: the. intermediate: pres=
sure: port: 168 depending: upon the- movement
of:the:plunger;186.. If the:plunger 156:is:moved
ta:the left:from: the: position:illustrated. in.Pig:
13;, the: port 193; is placed in. communication
- with:the.intermediate -pressure port. {68: and oil
flows: from:.the: intermediate: pressure- port 168
through: the: passage: 184;, the needle- valve 135
and the:passage 196 so:as: to increase the: pres=
sure in:the passage 183: Omn- the other. hand,
if.. the: plunger:moves. to; the right, the:passage
183 is: placed. into communication,. through:the
needle:valve, with: the: exhaust. port: I175. Thus,
the communication.with: the passage: 183 through
thie needle: valve: is: such. as. to- augment. the
effect: of the: movement of the: plunger: The
needle: valve is:adjustable and.is: set: in: such
position: as; gives: the: best results. The result
isy that the:; pressure:in.the; passage 183 and the
closed system is:augmented: or;decreased: gradu-
ally... The: piston: valve: 143 is thus: moved. be-
yond:. the: point: to. which. it would. otherwise
be: moved: upon: movement. of the: pilot. valve.
This: additional: movement: causes the: hydraulic
gear: to: assume: a velocity in: addition: to. that
which: is proportional: to the: movement. of: the
pilot: valve: 'This advences: the:. gun: into: syn-
chronism:.with: the:signal;. Oil. passing-through
* ‘therneedlé ivalve also mainfains the: oill in the
closed:system.at: the.proper:volume. The needle
valve must: be:adjusted empirically in each par=
ticulax: systenm:.
. Under; extreme: conditions-of “acceleration. the
pilot: valve. and: consequently: the: plungér. {956
may: be moved: rapidly from: one: extreme. po-
sitionr. to the:other: To guard against:any: of
the :parts. assuming a positior: from which they
could: mot: be: moved,. there: is: provided. certain
limiting: ports: and. passages: In the plunger
{86 two. such ' passages. are: provided. 191 and
198: . The . passage: 197 extends between. the
passage: 169, and: a. transverse. branch: passage
197a; the:branch passage extending between: the
passage: 1971 and the: circumferential surface: of
the: plunger: 156. The passage: 198 communi-
cates: with: the chamber: {80- through the end
of: the: plunger- and: a. branch passage.
whiclr. extends: between. the. passage 188:and: the
surface: of: the plunger: The. passage
so-located: that: if the plunger- 196. is moved to
the left from the posmon illustrated in. Fig. 13,
until: the end. thereof is adjacent. the cap: 181,

198a-
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“the passage. 19Ta: will be in. communication

- with the port 182 and:also.the low pressure port
168 Ty, this: condition;. oil undexr- the: low: pres~
sure:willi besgdmitted: to: the:port: 182: dnd: move

£

.indicated: at.. 161a..

‘16

the:piston. ta. the: right: until. the: passage: 18T

is- eovered.. On:the.other hand,.if the:pressure
in.the:chamber: 180. becomes such. as, to, force:
the: plunger: to- the: right. against. the cap:- 119;
the. passage 198a. will. communicate: with. the
exhaust. port.- 115. and thus exhaust. ail. from
the. chamber:. 188: The oil. from. the. chamber
180~ will. be. exhausted. until the; pressure. in. the
chamber 118. is. sufficient: to. move. the. plunger
to. the left a distance. sufficient. to. cut.off the
communication. between. the. passageA 188a. and
the exhaust. port. {185..

Similar ports. and passages.- are prowded in
the. plunger (67 and.the valve.143.. In.the.sur=
face. of the plunger 16T there is: formed. a cut

the. plunger; is moved a.sufficient distance. to the
right. from: the position shown.in Fig, 13;, the
chamber. 184. will be placed: in. communication
with. the. chamber 166 so that. oil. under. pres=
sure. will. pass from. the. chamber. 166 through
the cut.161a and into..the chamber [84. When
the.plunger. 161. is. moved to. the: left: a.sufficient
distance: it uncovers. a. portf. 161> which. places
the. chamber. 184.into communieation with.the
exhaust. The. piston valve has. a. lengitudinal
central. passage. {43b. which: communicates: ab
one. end with. the.chamber 165 and at the. other
end. with. a. radial passage-143c. Upon. mover
ment. of the: piston. valve. a: sufficient. distance
to the, right, the.passage. 43¢ communicates
through:a.groove or port I87a with-the chamber
187 and thus. connects. the:chamber {81 to. the
chamber 165.. Upon movement  of the .pisten
valve. to..the extreme. left.an. L-shaped. passage
143d connects the.chamber: (81 to. the.exhaust
port- 181 These limiting. ports. and. passages
also establish.. the. volume: of the oil" in. the
closed system..

The. various. ports and passages: are. related
to.the. oil pressures. existing therein. as. indicated
by the: legend. at. the lower. end of the drawing
containing Fig. 13. In this legend the. following
abbreviations. are. used:.

EXT.—Exhaust

H.. P.—High pressure;or. the: -pressure; 0f2600.1bs: -

per-square inch

H. P. and: EXH.—High pressure and exhaust or
cylinder pressure:

L.. P—Low pressure:or the:pressure of 100 lbs.
per square:inch

L. P.and EXH.—Low pressure and.exhaust:

L. P.—One-half: of the.low pressnm or- 50: lbs.
per: square inch.

Automatic’ operatzon

The: amplification of” the hydraulic: arrange=
ment in the valve block is such that: the hydrau=-

lic: gear is’ responsive to the least force:on:the

valve rod. 154 or155. Because of: this. sensitives
ness: the:system- may:be operated: directly. from
receivers: of a.Selsyn. system. - In the sautomatic
operation: of the system, the: pilot valve is:under
the. joint: control of. the: two Selsyn  receivers

21 and 28 of a. Selsyn: system:. The: receivers.

operate synchronously: with: the: combined: out+
put of transmitters and. transformers. . The:man=
ner in. which: these: receivers: are: connected: to: a
Selsyn system.including transmitterscand trans-
formers: is: illustrated. irx- Fig: 17.  In ®g. 17
a.shaft. 199:represents, when.rotated,.the: necess
sary: angular: movement of-the: gun. as.a result
of’ certain: conditions;. This: shaft. is: directly
connected-to the rotor:of:a:transmitter 260.. The
stator:af.the transmifter-200 is:connected:to the

This. cut. is. such. that. when_
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winding of the rotor of g transformer 201, The
stator of the transformer 201 is connected to
the stator of the Selsyn receiver 21. 'The rotor

of the transformer 201 is rotated by a shaft 202

which represents the angular amount by which
the rotation of the shaft 199 must be modified
because of - other conditions, and the trans-
former in effect adds or subtracts the rotational
movement of the shaft 202 to or from the rota-
tional movement of the shaft 199. The output
of the receiver 21 is therefore the exact movement
required of the gun in elevation.

The rotor of a transmitter 203 is connected
to a shaft 204 which is geared to the shaft 199.
The gearing arrangement including gears 205,
206 and 287 between the shafts (99 ‘and 204
is such that the shaft 204 turns thirty-six revolu-
tions for each revolution of the shaft 199. 'The
stator of the transmitter 203 is connected to the
rotor of .o transformer 208, the shaft 209 of

which is connected through gearing 210 to the’

shaft 292 which operates the rofor of the trans-
former 201. The ratio of the gears 2i{0 is such
that the shaft 209 rotates thirty-six revolutions
for each revolution of the:shaft 202. 'The. stator

of the transformer is connecfed to the stator of"

the receiver 28 so that the output of the stator
28 is related to the output ‘of ‘the receiver 27
as thirty-six is to one. The receiver 28 acts in
the nature of a vernier to provide a fine adjust-
.ment of the pilot valve in accordance with the
signal as represented by the receiver 27.
Rotational movement of the rotor of the re-
ceiver 28, relative to the movement of the gun,
is translated into longitudinal movement of the

pilot valve through:a cam and lever arrange-

ment. The receiver is secured to the plate 102
in the position shown in Figs. 9 and 10. On the
shaft of the rotor ‘of this receiver there is
mounted an L-shaped bracket 211. One arm of
the bracket 21la, is seécured- to the end of -the
shaft and extends perpendicular thereto, and the
other arm 2{1b of the bracket extends parallel
to the shaft, offset from the axis thereof, as
best shown in Figures 14 and 15. The arm 2i1b

is bifurcated and between the arms thereof there.

is pivotally mounted a lever 212 which carries'on
one end a ball cam follower 213 and at the other
end a cam 21(4. Pivotally mounted on the same
pin on which the lever 212 is mounted there
are a pair-of levers 215'and 216 which act con-

jointly.  The free end of the levers 215 and 216

are secured together by a pin 217 and they act
as a single lever. ‘A-lever 218 is pivotally mounted
on the pin-2{T at one end-and at its opposite
end ~carries a . rotatably ‘mounted cam follower
219 which engages the cam 214 on the lever 212.
The cam 214 is'in the nature of a constant rise

cam. At its cénter it is provided with a notch.

2t4¢ in which the c¢am follower: 219 normally
rests.
against the cam face 214 by a spring 220 which
acts between a bar 221 extending across the levers
215 and 2(6 and a flange formed on the.end of
a branch arm 218a of the lever 218, the branch
arm 218a¢ extending at right angles to the arm
218. As this lever 212 is-swung about its pivot,
the engagement of the cam follower 219 and the
notch of the cam 214 will cause-the levers 215
and 216 to follow ‘the movement of the lever
212. 'The valve-.rod :155 ‘of- the pilot-valve is
sectred to the pin 217,'and it is reciprocated in
accordance with the movement of the levers
215 and 2186.

The valve rod 155 extends through a hollow:

The cam follower 219 is normally urged:

2,614,390

18
extension 156c-(Fig. 13) extending from the end. .
of the plunger 156 gnd through the cap 119, The -

- valve rod also extends through the. side of the.
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box 100 in which the valve block is mounted and’
through a: ¢ylindrical -mounting 222 (RFig. 15)

secured to the side of the box 180 and upon which
a-cam 223 is rotatably ounted. The cam 223
is ‘provided with a circular.groove 224 which is
eccentric to the axis of 'the cam 223-and the rotor
shaft of the receiveér 28 and which receives the-
ball cam follower 243 on the lever 212, The cam
and a gear 225 to -which it is secured are rotat-
ably mounted on'a ¢éircular flange 222a. of the
mounting 222, ball bearings 228. being interposed
between the ‘flange ‘and the cam. If the cam
223 is-held stationary and.the shaft of the rotor
of the receiver 28 is'rotated, the arm 212 will'be’
moved about its pivotal connectwn to the bracket
211 an-amount proportlonal to the relative move-
ment of the rotor shaft.. This movement of the:
arm 212, through the links and levers previously
deseribed, will ‘effect longitudinal movement of
the pilot-valve- 183, A spring 227 surrounds.the -
rod 185 and abuts against the pin 217 and against’
the-end- of the extension 560 This spring is
for the purpose of takmg up any. slack in the

assembly. o

The gear 225 is in mesh with a gear 228 (Fig.
10) mounted upon a shaft 229 journaled in bear-
ings secured to’the plate 102, - On the end of the
shaff 229, there is:secured' a gear 230 -which:
meshes with g gear 231 mounted upon a stub shaft
232 (Fig.2).. The'gear 231 is also in mesh with
3 gear 233 secured'on the shaft of the B end of the
hydraulic- gear’ (see Fig. 16). The gear 225 is
thus rotated in accordance with the ‘rotational
movement of the hydraulic gear. The gear train
connecting the gear 225 to the shaft of the hy-
draulic gear is such that the gear 225, and, con-
sequently, the cam 223, is rotated at a speed which
is commensurate with a ratio of thirty-six to one
to the gun. ' It is also ‘rotated in the same direc-~
tion as the rotor shaft of the receiver 28.  Thus;
it is the relatlve movement between ‘the gun and
the rotor shaft of the receiver 28 which effects
movement of the lever 2!2 and consequently of
the valve {53..

It will be noted thaf‘ the cam groove 224 in the
cam 223 is continuous and consequently the gun
and signal may-get out of positional agreement
or synchronous operation. If, however, the cam
and the rotor shaft of the receiver 28 are out of
positional dgreement by an angle of 90°, which
represents a few minutes of ‘angular difference
hetween the gun.and the signal, the receiver 27
takes over control of the pilot valve. This is
accomplished through a solenoid 234 (Figs. 9-and
10) - which is- mounted upon an extension {56d
extending from the end of the plunger 56 a.nd‘
through the cap 181. The solenoid acts upon the
valve rod 154 to operate the valve. "The solenoid
has directional characteristics and is energlzed
through statlonary electrical contacts 235 and
236,.and a movable contact 237 which is mounted
between and cooperates with the statlonary con-
tacts 235 and.235 (Fig. 9). . The stationary con-
tacts 235 and- 236 are- mounted ‘upon brackets
extending from a plate 238 secured-to.the plate
102 * The movable-contact is brought into and

out of engagement with the stationary contacts
by the relative movement of the rotor of the re-
ceiver.2T with respect to the gun.

The movable contact «is -secured to & bracket
239 which is rotatably mounted upon the rotor,
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shaft of the: receiver 21 for "ﬁela}tive% movement.
“with' respect: to: the: rotor shaft. The: bracket.

- limit; stops: come: into -opera;

carries:a-pivotally. mounted;section 239¢ on-which. .

there: is: rotatably mounted a: cam: follower-240..
“The cam follower240:rides upon: a.cam 24f; se--

cured: to. the rotor:shaft. of the: receiver:. The
cam follower: is held. against:the:cam surface.by:
aspring-242..
this: relief cam. are- illustrated and described.in
our’ copending-application: Serial:No. 14,814, filed:

April 5, 1935, now Patent. No. 2;134,488. As.seen.
in; Fig; 16; the: cam: surface: has: & low: point: at.
which: the: cam: follower: is normally- located..
"From this:low point: the:cam:rises to-a high:poeint.
diametrically opposite: to:the low: point: As-the:
rotor of the reeeiver 21 moves; the:cam 241 is:
rotated therewith.. Since:the.spring 242 offers a.

. resistance: to the: movement; of. the: cam.follower
240 relative: tos the cam- 241, ;

follower- 240 will remain- stationary: and -ascend:
the: rising: cam. surface;. Upon: the-release. of the
pressure exerted by the continued movement. of
the cam 244, the.cam.: follower will again.assume
its position at the-low point.of the cam.

The movenient of the rotor of the:receiver 21
is’an expression of the relative-mevement between

the -signal and: the- gun:: - The- receiver- 27 is. in.

effect -an. electrical: "differential, - ‘The stator is:

rotatably: mounted -‘in‘the- bracket 238 and a.
A worm gear- 244 is secured. on: to:

-~ bracket 243.
_ the. stator .of. the - receiver. This worm . gear
meshes with-g:worm 245 secured on- a shaft 246
‘mounted ‘and Journaled in bearing brackets. se-
cured to the plate 102. . The. shaft 246 is con~
nected to- the shaft 229 through. gears 247 and

248.. Through the- gears 247 and. 248 the shaft

246 is rotated in accordance with the movement.
of the gun. The relation.of the gear train from.
- the.gun to the stator.of the. receiver 27 is. such.
that the stator of the.receiver is rotated exactly
the same angular amount.as the gun and in the
opposite direction to the signal as indicated by
the: rotation of the rotor.. Thus it is that the
rotor expresses the difference in. angular move-
ment.between the. gun and the signal.

When this -difference is such, in the system
shown, that the cam 223 is one quarter revolu-
tion out of phase with the shaft of the receiver
28, which répresents a few minutes of angular
movement between the signal:and gun. the mov-
able contact éngages one of the stationary con-
tacts -and energizes the ‘solenoid. The solenoid
acts upon the valve rod 154 and moves the valve
{53 with great rapidity and provides-a rapid
movement of the tilting box to advance the gun.
In order that the solenoid may ta-e control of

The-details-of the.construction of:

. the-bracket 239 will.
- move with the rotor’ until the movable contact,
231 is: brought into-engagement with either of the:
‘stationary: contacts 235 or 236 depending. upon:
“‘thet direction of rotation of the: receiver roter..
If the cam- rotates beyond: this. point, the: cam.
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115 operating; the.

control: of: the: tilting: box: manner- previ-.
ausly: deseribed.. However; the 51gna,1 will. con-»

. tinue: to: operate: and. the: cam; follower- 240 will

ascend: the: constant; rise: of the cam. 24{ thus:
maintaining the: solenoid: energized; When, the
signal ig reversed.and: the limit:stops drop out-of
action, the: pilot: valve: is: in: such: relation; either-

- under: the: control of:- the- receiver: 21 or the re-.

ceiver- 28, that: the: gun: will be: moved into- posi-
tional agreement with ignal,

From:the gbove deseription of the system illus-
trated:in_ the: drawings it: will:. be: apparent that:
there .is: provided: a. system: which may be. oper-
ated manually:-on- automatically: and when the
automatic operation;: is: functioning; the gun will
be-in positional agreement: with: the: signal, the
effect of. the signal: being-advanced by:the action.
of: the needle:valve 185 s0: that; the gun has a ve-.
locity: of: movement commensurate. with the.
change -in; s*xgnal bu; w1thout a lag: behind the
signal..:

It will be obvious: that. varmus changes - may be.

" made by:those:skilled: in the art-in the details of

the -embodiment Hllustrated in the drawings. and
deseribed’ above within-the. principle and scope.
of the:.invention "as expressed in. the appended
claims; -

We:claim:: ’

1 mia: mechamsm ior driving an object in

. accordance. with: the-movement of another ob-

ject, the combination ‘comprising a movable ob-
ject, a.driven ohbject; and. means for controlling
the> movementr of: the driven object including a
in.a one:to: o_ne ratio: W,ith respes:t. to the driven
and movable objects. to. produce the difference in
movement thereof, another-differential connected
in: g-higher-ratio with respect to the movable and
driven: objects, a. plunger- operative upon a hy- .
draulic medium, a: eonfrol valve for effecting
moyemendt: of the plunger,.a cam and lever. con-.
nection- between the output of the second men-.
tioned: differential and the control valve for mov-
ing -the contrel-valve, additional means acting,
on:the eontrol valve and operative to effect move-

. ment. thereof, and control means therefor actu- -
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the pilot valve, the flexible connection of the cam = -

214 and the cam roller 219 permits the valve to
move in response to the force exerted by the sole-
noid; - "This action is permitted by the cam roller

219 moving from the central groove 214a¢ of the

cam 214 and along the constantly rising surface
of the cam. When the solenoid: is deenergized
by the breaking of the electrical contact, the cam
follower rides back into the notch 214a and the

valve rod is operated through the lever 212, The

65
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receiver 27 thus maintains the gun and the sig- -

nal in approximate positional agreement and the
receiver 28 provides a vernier or some’ sensitive
-adjustment.

75

ated by the first mentioned differential.

2. In; a-mechanism for driving an object in ac-
cordance with the movements of another object,
the combination comprising -a movable object, @

‘driven.object, variable-speed, power-driven oper-

ating: means for the driven- gbject, a control for

the-driving means-comprising a movable element

adapted upon movement  to effect changes in

spéed: of:the operating means, contrel means for

said movable element; actuating means operable

in.accordance with the difference in movement

between. the: mavahle-and driven objects, means

actuated by said movable element, and means -
under the differential control of the actuating:

means and of the means actuated by the movable
element.for effecting the operation of said mov- -
able-element control ineans.

3. In a mechanism for: driving an object in ac-.
cordance  with: the movements of another object,
the combination comprising a movable object, a
driven: object, ‘variable-speed, power-driven, op-
erating :means for-the driven cbject, a control
for the-operating means comprising a hyd1au11-
cally- operated . moyable -element adapted upon
movemen}’ to effect changes in the speed of the
operating means, and means for controlhng the
movement.of the movable element comprising a
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hydraulically operated valve for controlling” the
application of a hydraulic medium to the hydrau-
lically operated element, and. actuating means
for the valve comprising a closed volume hydrau-
lic system formed in part by one end of the valve,
a plunger operable to displace the hydraulic me-
dium in the system in accordance with differences
in movement between the movable and driven ob-
jects, and another plunger operable to displace
the hydraulic medium in the system and actuated
by movement of said movable element, the dis-
placement of the hydraulic medium in the system
being effective to actuate the valve. -

4. In g control system ' for  variable-speed,
power-driven driving means having a movable
control element adapted upon movement to effect
changes in the speed of the dr1V1ng means; the
combination comprising means for moving said
control- element, control means for said control
element moving means, actuating means for
effecting the actuation of the control means, and
a hydraulic differential intérconnecting the con-
trol element of the driving means, the actuating
means and said control means.

5. In a control system. for variable-speed,
power~driven driving means having a movable
control element adapted upon movement to effect
changes in the speed of the driving means, the
combination comprising means for moving said
control element, control means for said control
element moving means, actuating means for
effecting the actuation of the control means, and
a hydraulic differential interconnecting the con-
trol element of the driving means, the actuating
means and said control means including a closed,
variable-volume hydraulic system. containing a
hydraulic medium under substantially constant
bressure, means for varying the volume of ‘the
closed system in accordance with the movements
of the actuating means, and additional means
for varying the volume of the closed system in
accordance with movements of the control ele-
ment of the driving means.

‘6. In a control system for wvariable-speed,
power-driven driving means having a movable
' control element adapted upon movement to effect
changes in the speed of the driving means, the
combination comprising means for-moving said
control element, control means for said control
element moving  means, actuating means- for
effecting the actuation of the control means, a
hydraulic differential interconnecting the control
.-element of the driving means, the actuating

means and said control means including g closed,
variable-volume hydraulic system- containing a
hydraulic medium under substantially constant
pressure, means for varying the volume of the
closed system in accordance with-the movements
of the actuating means, and additional means
for varying the volume of the closed system in
accordance with movements of the control ele-
ment of the driving means, and means for aug-
. menting the effect of movement of the actuatm"
means.

- 7. A-control for a varlable—speed power-driven

driving means; comprising a movable element
adapted upon movement to effect changes in the

speed of the driving means, manually operative

means directly connected for effecting movement
of said movable element, a motion receiving ele-
ment, power amplifying means responsive to said

motion receiving element and adapted to operate -

the movable element, means for selectively ren-

dering said manually operative means and, said.

motion receiving element effective for' effecting
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_movement of the movable element, and means

controlled by the movement of the driving means
and operative upon a predetermined movementg
of the driving means in’ejther direction to inca-
pacitate the driving means for further movement
in the same direction. ‘

8. A control for a variable-speed, power-driven
driving means. comprising a movable element
adapted upon movemernt to effect changes in the
speed ‘of the driving means, manually operative
means for effecting movement of szid movable
element, two motion receiving elements, power
ampLLymﬂ means’ responsive fo either of said
motion receiving eleménts and adapted to oper-
ate the movable element, means for selectively
connecting said manually operative means and
sald motion receiving elements.to effect: move-
ment of the movable €iement, and means con-
trolled by the movement of the driving means
and operatlive upon a predetermmed movement
of the driving means in either direction to inca-
pacitate the driving. means for urther movement
in the same direction:’

9. A control for.a variable= -speed, powex’-—dnven
driving means comprising o movable  element
adapted upon movement to effect changes in the
speed of the driving means, manually operative
means for -éffecting. movement of said movable
element, two. motion receiving - elements, power
amplifying . means. responsive. to.either of said
motion receiving elements and adapted to oper-
ate the movable element, means for selectively
connecting : said manually operative means and
said motion receiving elements to' effect move-
ment of the movable element, means for render-
ing one of said motion.receiving elements ineffec-
tive upon the operation of the cther, and means
controlled by the movement of the driving means
and operative upon a predetermined movement
of the driving means in either direction to inca-
pacitate the driving means for further movement.
in the same direction.

18.In a. mechamsm for 'hlvlng an object in
accordance. with. the movemeﬂts of another
chject, the combination. comprisinig .o movable
object, a driven. object, power-driven operating
means for the driven object, a variabie velocity,
transmissicn connecting the power-driven oper-
ating means and -the driveq object, means for
regulating . the. 'variable velocity .transmission
including .a member differentially connected to
the movable and driven obiects, and means con-
trolled by the movement of the driving means
and operative upon a predetermined movement
of the driving means in.either direction fo.inca-
pacitate the driving means for further movement
in the same direction.

11. In a mechanism for drlvmg an obJect in
aeeordance with  the movements of another
object, the combination comprising a. movable
object, a -driven obJec’c power- -driven operating
means for .the drivén ob biect, a.variable velomty*
transmission connecting the power-driven oper-
ating means and the driven’ obiject, mesns for
regulating the variable. velocity ~transmission
including a member differentially connected to
the movable aiid driven objects, mantally opera-
tive means for tégulating the variable velomtv
transmission, .means for selectively conne cting
said differentially operated member and said
manually operative means for. rvegulating the
variable ¥elocity, transmission, and means. con-
trolled by the movement of the driving means

and opelatwe upon a . bredetermined movément
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of the driving means in either direction to inca-
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€, a ﬁrst chamber of Vi able
means for a1ter1ng the volu-

. cHatiber. of vanable volumetnc capamty, means
S " agetive to alter the volumetric capacity of said sec-
plunger, a hydrauhc linkage interconnecting the ond.chamber conformably with ard responsive to
plunger and the piston valve including a closed operation of the econtrolled device, a third cham-
Hydraulic system containing a hydraulic medium ber. of. variable. volumetric capacity, the volu-
unider a predetermined pressure, means for main-" 10, metrlc capac1ty of said third chamber being al-

taxning said predetermined pressure, and means tered upon change in volumetric capacity of said
for applying "a. balaneing force on said. piston first and second chambers, a control element ar-
valve in opp051t1on to sa.1d predetermmed pres- ranged to move respon51ve to change in volu_
sure, whereby movement. of the plunger displaces metric capacity of said third chamber and active
d! 3 to regulate the. operat1on of said: controlled de- .
L vice, means. connectmg said chambers with one
13.In a control system for variable-speed, another. to form a, closed hydraulic. circuit and
power -driven driving means having a movable means arranged to maintain a substantially con-
control elément adapted upon movement to effect . stant predetermined. pressure in said circuit dur-.

changes in speed of the driving means, the com- 20 ing the time that the volumetric capacities.of all
bination of a control plunger, a control piston of said chambers remain constant, departure
valve and a response plunger, 4 closed hydraulic from said-predetermined pressure in said circuit.
system the chamber of which includes one end being. accompanied by change in the volumetric
of each of the said plungers ‘and piston valve, capacity of said third chamber and said control
means for maintaining a normal pressure in the 2 element. being responsively moved in a direction
closed system, means ‘for ‘exerting a balancing to cause operation of the controlled device in a
force on the oppos1te end of the control piston direction and to an. extent to effect corrective
change in the volumetric capacity of said sec-
ond. chamber to thereby restore the predeter-
--mined pressure in said circuit.

17. In control means for a power-operated de-
vice, g closed hydraulic, control circuit comprising
at least two chambers of variable volumetric ca-
pamty, means establishing a predetermined pres-
sure value to exist in all parts of said circuit in-
cluding:both of said chambers when the capaci-
ties of all chambers thereof remain constant, an

element. movable to eontrol the operation of said

‘14, In 'a ‘mechanism for driving an object in power-operated device, said - element having a
»accordance with the’ movement of another ob- 40 neutral. position in which said power-operated
ject, the combination of a movable object, a device is rendered inoperative and: being movable
driven object, var1able—speed driving means for £ e :

ble trol el from said neutral position responsive to pressure
the driven object having a movable control ele- in said circuit above said predetermined value to
ment, a control plunger, a piston valve and a re-

cause operation of said power-operated device in
sponse plunger, a closed hydraulic system the 45 one direciion and movable responsive to pressure
chamber of which includes one end of each of in said circuit below said predetermined value to
said plungers and piston valve, means for main- cause operation of said power-operated device in.
taining a normal pressure in the closed system, the opposme direction, means for altering the
means for producing balancing hydraulic pres- pressure in said cireult relative to said predeter-
sures on the opposite ends of both the control 50 mined pressure value and means responsive to
plunger and piston valve, hydraulic means under. operation of said power-operated device and ac-
the control of the piston valve. for actuatmg the tive to correctively alter the capacity of one of
control element, means operatively connecting said chambers to restore said predetermined pres-
the control element with the response plunger, z

sure valuein said circuit.
pilot valve responsive to the relative movement 55 ""18. In control means for an hydraulic-power-

movable control element “with ‘the response
plunger, and means “for. operatmg ‘the control
plunger to cause a dlsplacement of the medium
in'the elosed system, whereby a movement of the 35
control 'plunger d1sturbs the balance on the pis-
ton vaIve and the resultant movement of the re-
sponse plunger restores said balance.

of the movable and driven objects operative to operated device, a closed hydraulic control circuit
aliter the pressure on the said opposite end of the comprising. at. least two chambers of variable
control plunger and thereby cause the plunger volumettic capacity, means establishing a prede-

to move and displace the medium in the closedv termined pressure value -to exist in all parts of

0 said circuit 1nc1ud1ng both of said chambers dur-
ing the tlme that the capaeltles of all chambers
thereof rémain constant, g valve element movable
to control the flow of operatlng pressure fAuid to

operating means for the driven object, a control  and the exhaust of fluid from said device to there-
for the operating means. comprising a movable 65 by. control its operation, said valve element hav-
element adapted to ‘effect changes in the speed ing "a” neutral'pos1tldn in which said device is
of the operating means, and means for con- rendered inoperative and being movable. from
trolling the movable element comprising a valve said neutral position Tresponsive to pressuré in
controlling the apphcation of a medium to the <sa1d c1rcu1t above said predetermined value fo

element and actuatlng means for the valve com- 70 ¢ause’ opération of said dev1ce in one direction
and movable responsive to pressure in said cireuit
_below sa1d predetermmed value to cause opera-
t1on of ‘said “device 'in “the 0pp0$lte ‘direction,

Iteting the pressure in said circuit
[ termlned pressure value and
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means responsive to operation of said device and
active to correctively alter the capacity of one of
said chambers to restore said predetermined pres-
sure value in said circuit.

- '19. In power operated means for regulating the
output of a variable capacity pump, said pump
having an element movable in one direction to
increase its capacity and movable in the opposite
direction to decrease its capacity and & fluid
pressure operated motor for moving said element,
in combination, a first chamber of variable volu-~
metric capacity, means for altering the volumet-
ric capacity of said first chamber, a second cham-
ber of variable volumetric capacity, means active
to alter the volumetric capacity of said second
chamber conformably with and responsive to
operation of said fluld pressure operated motor,
a third chamber of variable volumetric capacity,
the volumetric capacity of sald third chamber
being altered upon change in volumetric capacity
of said first and second chambers, control valve
means arranged to move responsive to change in
volumetric capacity of said third chamber and
active to regulate the operation of said fluid pres-
sure operated motor, means connecting said
chambers with one another to form a closed hy-
draulic circuit and .spring means arranged to
maintain g substantially constant predetermined
pressure in said circuit during the time that the
volumetric capacities of all of said chambers re-
mains constant, departure from'said predeter-
mined pressure in said circuit being accompanied
by change in the volumetric capacity of said third
chamber and said control valve means being re-
sponsively moved in a direction to cause operation
of the fluid pressure operated motor in a direc-
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tion and to an extent to effect corrective change

_in the volumetric capacity of said second cham-
“ber to thereby restore the predetermined pressure

in said circuit.
EDWARD J. POITRAS.
JAMES D, TEAR.
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