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"UNITED "STATES PATENT ' OFFICE

HYDPAULIC MARINE STEERING GEAR-FOR
OPERATING THE RUDDERS OF. SHIPS

“Wilmot T, Pritchiard, Seattle’ Wash.,: -asigrior
© to “StétseniRoss Machine Gompa‘ny, Seittle,
UWash.:a ¢orporation (of Washington

- Application-June. 8, 1944, Serial No. 589,342
(CL:60252)

v -5"Claims,
1
"My invention relates to hydraulic marine steer-
ing gear for operating the riidder of a ship.

More particularly my invention rélates to pro-
viding .in g hydraulic marine. steering” megha-
nism, for.varying the speed of resporse of a ship’s
rudder to the pilot wheel,"stich varying being of
a eontrolled, adjustable, and continuous charac-
ter throughout a predetermined range of capaci-
ties of the pump as between 60%-to .100%, and
such-varying Being rendered possible without-re-
leasing the force. operating. at a given momeént
to maintain the rudder either in a given pdsition
or.in. motion. . Also, my invention provides-for
varying . of - the character .above deseribed, the
capacity of not only-one pump but two pumps in
combined operation when the rudder is in metion
or without in any wise interfering with the steer-
ing.

~In a ship having a.hydraulic- steering.gear
(sometimes called an engine). for operating the
rudder, it will be understood the operation of-the
pilot wheel in the pilot house actually .operates
to.pump oil in a cylinder assembly called the for-
ward telemotor, .which. may be located -close to
the wheel or.just beneath the.wheel.. 'This tele-
motor is hydraulically. connected to an after tele-
motor. The plungers of the after telemotor. are
connected to.gear mechanism. called “differen-
tial,” which. in.turn functions as control means
for the swash plate in a-variable delivery. type of
pump thereby .determining . the -capacity. of:.the
yariable .delivery type.of pump..” From.the fore-
going, it will be understood that due to hydraulic
connection from. the forward. to .the. after tele-
motor, any movemént of the steering wheel will
produce a proportional movement.of the pump
control. and therefore. movement- of | the . rudder.
At the same time connected means is set. in-mo-
tion to stop the rudder at.the position determined
by the wheel and to restore .the swash plate to
neutral position.

Such hydraulic steering gear for operating.the
rudder. has the tiller mounted upon.the rudder
stock and has each end of the tiller connected to
the center of a ram disposed to move in and.out
of cylinders, one cylinder for each end of-the
ram. Thus, as there are two rams, there. would
be four. cylinders. To pump the oil into ' the. four
cylinders to actuate the ram, ordlnarxly there are
-two pumps, often referred to as the two-pump
units.

Due to the necessity .at. times of maneuvermg
‘the ship while adhering closely to a. given eourse
and to the necessity of operating under routine
conditions, and dueé to the necessity of prov1dmg
for wear of parts; lost motion, leskage ‘of hy-
‘draulic fluid, and due to the ﬁecessn;y atthe'same
time for providing for emergency situations ag
naval engagements, storms, failure for mechani~
cal reasons, maneuvering in. tortuous - narrow
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chaniels; or {ranster of oil‘or‘any" ‘transfer at sea
4o ancther ship-Where: operatlon in ‘tinison’is re-

‘guired, there® develops 4 wide- range ‘of fetiuire-

‘ments-ag respects ’Val‘.VlIl" speeds\ of résporise of
the yiidder to the pﬂot wheel ™ Expressed in ‘othey
words, this"meansvarying the amdunt of ‘power
tbbe a,txphed 16 the rildder or vafymg the cdbacity
of the l'iydrauhc puiips. Aprimary- obJect -ofiny
‘invention i§ to providé for'such ¥afige: of reqmre—
ments ghd partmulaz 1y°tHat such: varying shall ke

of a controlled ‘adjustable, dnd contidtious’ char-

‘geter! throughout a’ préde‘bermnied range; as‘be-
tweenl’60 % 161009 iticiusive, ‘of capscities of a
‘varidble ¢apacity type pump. “The’ object of ™"y
invention is-to“provide: mechamsm-whmh shall
‘Tender -possible’ such: varying ‘of ‘th ap‘a,mty of
the- pump-or pumps gven’ While'the rildder is'mov-
ing. Be it partlcularly‘ noted that the- successful
carrying-out of operatlons ‘at’*sea” and in"*the
‘emergency situationsabove’ sét forth, niay:depend

‘wholly or'in’ *large part upon the stéering-mecha-

Tismbeing capable i’ changmg the speed’ ‘of rud-
‘der: thoverneént ‘at all’times.”“In short, T propose

'providmg 9 -‘steévihg “meéchanism: Having o rudder
‘conhected to a''plurality” of ‘rams and’ cylinders

hydraulically opera;ted"by a plurahty of -virigdble
outbut plinps Which rieetatiism: is'characterized

by Betng capable ‘of Ghefating wnder a - sélectable

predetermined maximum output of “the "pumps
singly or Jomtly ‘whd'at the saime time’ having'such

‘output: ca.pablé of ‘change évei “while ‘thé ridder
A§-moving,”’ ’Thus “hen-the'ship“is being steered

inih Zigzag cotivse iy dodging torpedoes not 4 sec-
ond of time would be-lost in” Causing vesponse of
‘the'ship to"the-desfred capitity of ‘the pumips in
aPplying the desired Power to'the rtidder. I pur-
'pose providing for slich varying of capacity of a
continuous character not only of .one pump oper-
ating singly but dlso ‘of the two ‘pumps of & dual
1nsta,llat10n ‘operating i corbingtion.

"'Sirice” the~ ‘utility of a Ship depdénds: in lar ze
meastre-upon its maneiiverability and thi§ in turn
‘depends’ upon thé ‘proper” and efficient. opération
‘of the riidder with respect to'the speed.of theship,
a "primary object” of 'my’ invenition is*Ca) to pro-
‘vide “for ‘adjusting the ‘capacity of the pump to
mlmmum ‘réquirements,” (b) 'to vrovide Tor in-
creasing“the ‘power apphed to the ruddes by:in-
creasing ‘the- capacity of the pumiy i eémeérgency
‘Wwhenr ‘high detivity ‘of'the rudder is Thecessary,-and
ey’ to ‘Provideé secutity obtained by havmg a‘wide
range of se]ect1V1ty of 'dfferation ‘of parts‘of & difal
it riechanism.

“AY illugtrating « situation ‘Wheré my 'invention

solves g ‘particularly dificult problem of maneu-

‘Yéring’ requiring, in an’ “exceptionally high degree,
exdctness’of ‘steering, let' it be rioted in the trans-
fer of oil at.sea to. anofher shlp, known. as oil-
ing: the” 0111ng *ship™Which it Will ‘be’ assiinied is
‘equipped’ w1th my"invéstion and.theé ship réceiy-




8,455,090

3
ing the oil are required to run parallel while the
oil is being pumpe:l from. the oiler to the other
vessel with a plurality of heavy lines extending
from one ship to the other. The ships are secured
in spaced relation by heavy hausers but they
must be close enough to permit the booms to
swing the oil lines to the ship to be supplied with
oi'. The ships are then steering slightly apart to
‘ma'ntain the distance. Under such circum-
stances, the moving of the rudder at an exceed-
ingly fast rate when in a rough sea and the ships
are moving, there is required a particularly active
rudder for successful carrying out of the trans-
fer. The ship being supplied with the oil may
have a very slow steering mechanism and there-

10

15

fore the steering mechanism of the oiler must .

provide the safety for both vessels. It will be
undcrsteed that the vessels are proceeding at a
re’atively slow rate and this also is a feature
which inereases the requirement for an active
rudder on the»part'of the oiler. My invention has
been found successfully to solve this situation.

Also, a primary object of my invention is to
provide in effect an adjustable cam which is sub-
ject to being moved by the pilot wheel.

Another primary..object of my invention is to
provide means for varying the discharge volume
of a cam controlled pump to cbtain greater or less
speed of response of the rudder to the pi’ot wheel
and at the same time not interrupt the operation
of the pump or the force applied to the rudder
which may be operating to hold it in a given po-
sition to which it has been or is being moved.

The above mentioned general objects of my in~
vention. together with others inherent in the
same, are attained by the mechanism illustrated
in the following drawings, the same being a pre-
ferred exemplary form of embodiment of my in-
vention, throughout which drawings like refer-
ence numerals indicate like parts:

Figure 1 is a somewhat. diagrammatic view
showing an hydraulic steering gear embodying
my invention;

Fig. 2 is a side e‘evatlon of the same;

Fig. 3 is a vertical sectional view with parts
in elevation and parts broken away, taken
through the pump stroke adJuJ;mg means, d1f-
ferential control, and pump;

Fig. 4 is a view in longitudinal section w1th parts
in plan through the pump stroke adjusting means
taken substantially on broken line 4—4 of Fig. 3;
and

Fig. 5 is a dlavrammatm view showing plpes
valves and differential control means.

The most important units of mechanism that
go to make up this steering gear are designated in
a general way in the drawings by the following
numerals: 10 is o hydraulic ram means connected
with a ship’s rudder; (I is a sfeering control
means or forward telemotor—such control means
is usually manual'y operated as by a pilot wheel
in the pilet house but may be oberated automati-
cally by a Sperry unit; 12'is a hydraulically op-
erated after telemotor; {8 is a constantly driven
variable vo'ume pump, two of which are used to
provide alternate or combined operating means;
14 is a differential gear and cam unit forming
part of the pump controlling means which means
is connected to and is common to each pump; {5
is a pump volume adjusting unit herein referred
to as a “stroke adjusting device,” one being pro-
vided for each pump.

Preferably a pump unit {3, a differential gear
and cam unit {4 and a stroke adjustment unit 1§
are assembled into one piéce of mechanism ‘as
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shown in Fig. 3, and two of these assemblies afe
used in each steering gear as shown in Figs. 1
and 5.

The hydraulic ram unit i10 comprises two re-
ciprocable para'lel plungers or ram members 16
and {7 having their end portions disposed re-
spectively in four hydraulic cylinders 18, (9, 20
and 21. A tiller 22 extends crosswise of the ram
members 13 and (T and is operatively pivotally
connected therewith for angular movement
thereby. An upright rudder post or stock 23 is
keyved to the tiller 22 intermediate the length of
said tiller. A rudder 9, shown fragmentarily in
Figs. 1 and 5, is secured to the stock 23. When
either of the two ram members 46 or {17 is longi-
tudinally moved the tiller 22 and the rudder 9
connected therewith will be angu’arly moved to
steer the ship. Power may be applied to either or
both ram members 16 and [T and when one ram
member is moved in one direction the other ram
member will necessarily be moved in the oppo-
site direction. Fluid under pressure is supplied
to the cylinders 18, 18, 20 and 21 through suitable
pipes hereinafter described. To provide two-way
rudder actuating means, the cylinders 18, 19, 28
and 2{ are operated in pairs and opposed rela-
tion.

Angu'ar movement of the tiller 22 also trans-
mits a follow up motion to two horizontal gear
racks 24 in order to stop the movement of the
rudder 8 at the position predetermined by the
movement of a pilot wheel 30. Said gear racks
are moved by means such as rods 25, upright
levers 26, shafts 27, upright levers 28, and links
29. The rods 25 are pivotally connected with the
end portions of the tiller 22 and the links 29 are
pivotally connected with the gear racks 24.

The gear racks 24 transmit follow up movement
to the differential gear and cam unit 14 through
which the pump is confrolled as hereinafter de~
scribed. In order to provide for simultaneous
movement of the racks 24 in the sams direction,
gear segments 8 shown diagrammatically in Fig.
2, are provided in the means connecting one of
said racks 24 with the tiller 22,

The steering control unit or forward telemotor
{¢ is of standard construction, is usually located
in the pilot house of the ship and is provided with
the usual manually operated pilot wheel 30. This
steering control unit {{ has a hydraulic connec-
tion through pipes 3{ with the after telemotor {2.

The after telemotor {2 may comprise two hy-
dralic cylinders 32 and 323 operatively receiving
the end portions of a ram or plunger 34. The
plunger 34 has an operating connection with two
upright gear racks 35 by means, such as a forked
member 36, lever arm 37, shaft 38, lever arms
39, and links 48. The gear racks 35 transmit
movement to the differential gear and eam unit
14 through which the pump is controlled as here-
inafter described.

Fach pump unit {3 is of a rotary, variable de-
livery or displacement type with axially disposed
reciprocable pistons operated by swash plate
means. In the drawings 41, Fig. 3, is a pump hous-
ing and 42 is a front valve or manifold plate con-
nected with inlet and discharge conduits means 43.
44 is a cylinder block having cylinders 45 for the
reception of pistons 46. A suitable number of
pistons 46 and cylinders 45 may be provided and
said pistons and cylinders are arranged at spaced
intervals around the axis of the pump and sub-
stantially parallel with said axis. 47 is. a motor
driven main shaft that is connected by key means

75 48 with the cylinder barrel or block and by uni-
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-drérgal typeioint méansi4g with'swash platemeans
%50, 5{-is-an‘angularly ‘ddjustable-receptacie..or
~tilting-box' withiny which-the swash: plate. means
“58-is- rotatively -supported by -bearing means 53,
*5% are:connecting ‘rods'that connect: the pistons
“48-with the-swash-'plate’ means 50. :Each pump
“shaft 47-is: connected: with- an.-electric ‘motor:§4,
“Pig! 1Tand 2; by which!the pump-is ‘driven con-
~stantly when in-use. _

' When the tilting bo%'5i:ahdiswash plate means
~B8G-are positioned-at:right angles.to the.shaffia?,
~ag'shown in-¥ig. 3;-fotary:motion-of :the: swash
viplate: 50 -and- the cylindrical: barreli-84. will -not
sproduceany longitudinal movement:of the pistons
Z48::gnd- no-liquid: wilk-berpumped... I the. tilting
vhoxBtand swashplate means5 areinclined rela~-
~tiveto the-axis-ofsHaft'4¥ . then retary- movement
voftthieseparts and:the barrel:44 will . xeciproeate

the pistons 46. The amount.of inclination im-
+parted tothe tilting box 5.1 .and -swash.plate means
#50will=determine. the:stroke of.:the. pistons.:46.
“The:direction of inclination of these.parts 54 .and
&58- will-determine which of the:conduits 43 is an
vinlet ‘and-which is an: outlet conduit. .. Thus: the
“idireetion of sflow.-of:the liquid: that is being cir-
<eulated: by a pump unit.«42 may be varied, neu-
Ztralized;or:reversed by angular: adjustment of
=the tilting box 51 and.swash plate means 59. 'The
~above mode 'of operation: of the pump is .that
uwhichicharacterizes this:type of variable delivery
-pump.

~Let it be noted: that instead of the:axially dis-

bosed piston type of variable delivery pump above
zdeseribed, . the radially..disposed piston type of
zvariable:delivery pump may:be substituted or em-
sployed.

. The means for tilting the box .Bf. comprises a
‘rearwardly -extending .stub 'shaft 55 rigidly con-
tnected with:said box §i-to one side.of the center

thereof (i..e., shaft: b5 lies behind main shaft 47 in.

»Fig.-3~main shaft 47 being broken away to reveal
cshaft<55) . Stub shaft 55 is connected by ball
cand:socket-joint: means §6 with & longitudinally
Tmovable pump adjusting rod 51.

«Theirod §T-extends upwardly out of the pump

.housing through bearing and packing means.53.
~The upper end portion of said rod 57 is positionsd
“within the:housing 58 of the-pump istroke ad-
sjustment unib: 8] Figs, 3 and 4, and. is provided
with & forked ~portion :68 that is connected by
slinks § -with-one end portion of g lever arm 2.

. The lever arni 62 is-fulecrumed on -adjustable
-pivot -means-comprising a block 63 ‘movable in a
:slot84iin:said lever arm 82. The block 63 is ful-
serumed:on:an adjustable pivot pin -85 that is.car-
«ried: by-two -spaced .apart parallel pivot carrying
thars 86. - The respective end portions of the pivot
scarrying:bars -66 ‘are secured to two head slides
61 and:§8 that are supported formovement in tub-

~ular-extensions €8 at the two'ends of the housing .

-58.: A cover plate 19:is secured to the tubular ex-
.tension 8§98 that houses the head slide 67 .and said
~head slide 87 is preferably provided with an ad-
Justable stop bolt T4 adapted to engage with the

~cover plate 70 to limit adjustment in one direction

- ofthe pivot-carrying means.

-1 Another-cover plate 72 is secured to the tubular
~extension 69 that houses the head slide §8. An ad-
Justing screw 73-has a-base portion 74 that is se-

cured as by cap screws 75 to the head slide:§8.

: The‘adjusting:screw 73 is threaded-through a nut
<member 78 that is rofatively held in a-hub IT.in
-the ‘cover: plate:12. .-An: adjusting wheel ‘18 is ‘se-
- cured:to:the nut member -16-by:cap serew:79. A

16 .

80\ isvearried: bysithei: adjusting-wheel 18 and
~adapted to leckiinto arrecess 81 in-the cover plate
12 to. prevent-smybutl desived movement of the
wheel* 18, vAni adjustdble:stop serew 82 is pro-
5 - vided iy theradiusting wheel 18 for limiting move-
“ment t8theright! Fig..2, ofithe adjusting serew 13.
“Iurningtheiddjusting wheel 78 will turn the'nut
“membercT6andsadiust: the poesition of the pivot

ol ¥ longitudinatly: as:respectsthedever$2.
10 'Thesend portion :ofi the leveri62,.shown at the
rightin Bigs. 3:and.4;/is pivotally. connected with
« & forkedivod 83.Therodi83.extends downwardly
- andiis fizedly:secured. to a plate or crosshead 84
«that:is vertically-movable: in:the housing:85 of
15- thegifferential ‘dearuand:cam unit 14, '+ Means
- such ag :guidermembers 86 slidably support the
edgeportions of theplate:or crosshead 84. The
-plate 84 -carries tworcam: rollers 87'that are po-
- sitioned dnengagement with a.cam 88 fixedly se-
20: cured for ‘purposestof :operation on a sleeve: 88.
“ Retary: movement: of .the:cam 88 will :slidably
move the plate or crosshead:84:and this will move
“the:forked rod:88:and angularly move the lever
arm62. aboutthe: adjustable Fulerum pivot::63.
25 “Angular movement:-of :the lever:62 will ‘vertically
:move:the pump adjusting: rod:- 7 and change the
‘angular ‘position’ of :the:tilting box-51-and- swash
-“plate 88 in:therpumpiunit 13 thus adjusting or
svarying.the:piston istroke: of: the pump. . Mani-
50 festly, shifting of.thefulerum:pivot 65 varies the
lengthiof:the lever: arms on-each:side of .said
2pivot whereby the amount-of: throw of pump ad-
rjusting rod B¥iisvvaried..Obviously. such shift-
-ing ‘oradiustingrof: shéfulcrum pivot 65 may be
057 done” whilé:the: mechanism .is. in ‘operation and

~force is being:applied to the rudder 9.

< Avshafb:80;] Figs: 3uand 5, is: disposed within
‘ithe sleeve:89, ‘that carries the: cam $8. - Each
shaft 90 has afixedly secured-gear wheel 81, Fig.
40:.8, thereon that is engaged by ione .of the upright
-racks 35 whereby each shaft: 90 may be:rotatively
-moved:'in>response” to: movement: of ‘the ‘after
telemotor 12 through forked link 36:.and-eonnect-~
zingimeans. @ Each 'shaft+99: and. the sleeve 29
45::thereon 'arerconnected with: eachiiother by 'differ-
~ebfial gear meansrcomprising abevel gear.82: that
is fixedly secured to thé shaft 90:and meshes with
- other: bevel :gears 93 “whichoaresearried by and
~fized to'thersleever88:~ ‘The:bevel gears 93 also

60 mesh with anictherbevel gear 94 thatig rotatively

smounted ‘on ithe isleeve 89. 7 The bevel gear 94 is
secured to a:gear wheel:85:that meshes. with 'an-
c'other:gear wheel 96 ion 2 counter=shaft 97, The
eountersshaft:87:hias ‘a-gear-wheel:98 - that is en-
555gagedi by one: ‘'of=the- horizontal  gear: racks’ 24
~which=ismconneeted with :the” hydraulic ram
Caditdg, o o :
fv'Duertorsaidudifferential mechanism ‘and tiller
-connéctiony through:rodsi25:theicam 88 will al-
60-ways berrestoredito itsineutral: position: shown in
Fig. 3 after movement of:the:pilot 'wheel 30 has
{béenrbrotught*to rést at any desired *position.
-When the afteritelemotor»12 moves the upright
-racks:38 in.responsesto force.communicated from
65-+the pilot:wheels38 eachishaft 90 will ‘be rotatively
anovedthereby.! Thisiwill*transmit rotary ‘mo-
s tionin onetdirection: to thercany 88 through:sleeve
88 randrbevel: gearsi92::andie3, -~ This motion of
the cam 88 will be communicsted: tothe pump
70 units:43- througheparts:87; 84;:83;62; 61, and 57
rand>willianguldrly imove tthe~ swash plates: 50
- thereof-into desized oil=delivery: position. ~ Either
rionenor-hothiof . therpumps:will ‘be:affected; ‘de-
rpending: on whether:one wor: botl ;pumps are -in

oyeadily-retractable:spring pressed lockingiplungers 75.use, I, Usuallysin. siorrhal;loperation; iof the:ship
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only one pump will be in use, The delivery of
oii or hydraulic fluid under pressure to the ram
{0 operates said ram. Movement of said ram,
communicated through tiller 22, rods 25, and as-
sociated connecting means, will move gear racks
24. Gear racks 24 will actuate gear wheels §8,
counter-shaft 97, gear wheels 96 and 85, bevel
gears 84 and 93, and sleeve 89 back to the cam 88.
Thus movement of the ram means {0 automati-
cally functions to return the cam 88 to its origi-
nal neutral position. ‘When the ram has trav-
¢led a predetermined distance proportional to
the distance the pilot wheel 30 has been moved,
the cam 88 will be brought back to the neutral
or inoperative position. Usually an indicator (not
shown) is provided in connection with the pilot
wheel 39 and the hereinabove described mecha-
nism operates so that the ship’s rudder 9 will
always be angularly moved the number of de-

grees indicated on this indicator in the direction

indicated by said indicator, and thus the rudder
position is determined.

Two pumping assemblies capable of separate
and independent operation as well as combined

operation are used in connection with each ram. :

Each of these assemblies comprises a pump 13, a
differential gear and cam unit (4 and a stroke
adjustment unit 15. A control valve 99 of stand-
ard construction is connected with each pump
unit 13 by the two conduits 43.

The control valve 89 that is connected with
the uppermost pump unit {3 shown in Fig. 5 is
connected by main supply pipes (00 and {01 with
the outer end portions of the respective ram cyl-
inders 18 and 19. Similarly, the control valve 89
that is connected with the lowermost pump unit
13, shown in Fig. 5, is connected by main supply
pipes 102 and 103 with the oufer end portions of

. the respective ram cylinders 20 and 21.

Valves {04, 105, 106 and (07 are provided in
the respective pipes 100, 104, 102 and {03 pref-
erably near the locations where these pipes con-
nect with their respective cylinders.

A cross pipe {1{ provided with a valve 108 is
connected between-the pipes 100 and 103 and a
similar eross pipe 109 with valve {10 is provided
between pipes 104 and 102.

Four by-pass pipes {2, 113, 114 and 115 are
also connected with the outer end portions of the
hydraulic cylinders 18, {9, 20 and 21 and are re-
spectively provided with valves (16, 117, {18 and
{ 19 preferably positioned near the cylinders.

The by-pass pipes (12, {13, {14, and 115 are
interconnected as shown in the lower portion of

" Fig. 5 and provided with valves 120, 121, 122, and
{23 by which by-passing of liquid between dif-
ferent cylinders may be selectively controlled.
Any suitable arrangement of liquid supply tanks
and reservoirs may be connected with the by-
pass pipes 112, 113, 114 and {5 by pipes 124 hav-
ing valves 125 therein.

The conduits 100, 101, 102, 103, 109 and {11,
Fig. 5, are high -pressure conduits. Al of the re-
maining conduits shown ih Fig. 5 are low pres-
sure conduits. As Fig. 5 is a diagrammatic view
the low pressure conduits are therein shown by
dot and dash lines to distinguish them, in this
figure, from the high pressure conduits which are
shown by full lines.

In the operation of this ship’s steering gear,
movement of the wheel 30 of steering control
unit. I'1 will produce movement of the ram mem-
ber 24 of the after telemotor 12. This movement
of ram member 34 will be fransmitted through

- parts. 36, 317, 38,.39, 40, 35, 91, 80, 93, and 89 to

1)

L3

43

50

60
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the cam 88. Rotary movement of cam 88, Fig.
3, will act through rollers 87 to vertically move
the crosshead 84. This will vertically move the
forked member 83 and angularly move lever arm
62. The angular movement of lever arm 62 will
vertically move pump adjusting rod 57 and thus
adjust the position of the swash plate $8. The
pump 13 is driven continuously while in use and
the position of the swash plate 56 determines the
stroke of the pump pistons 56 as hereinbefore
fully explained. The cam 88 is designed to pro-
vide for relatively rapid movement of the cross-
head 84 between the position shown in Fig. 3, in
which the pump unit 13 is neutral and the piston
stroke is zero, and & position of full or maximum
pump stroke in which one cam roller 87 will ride
the larger diameter of the cam 88. Cam 88 and
stroke adjusting means 15 move swash plate 58
or tilting box 5l.

The mode of operation of my invention is set
forth in part in giving the technical description
above. The following will supplement the above.

Recoghnized specification covering steering gears
provide that such must be designed to move the
rudder from hard over to hard over through 70°
within 30 seconds when the ship is traveling at
full speed ahead at the maximum designed ship
horse power without the hydraulic pressure of the
steering mechanism exceeding the rated pounds
per square inch when a single pump is operating
at not over 90% of full stroke and without exceed-
ing the rated horse power of the pump motor
specified.

The mode of operation of my invention is
characterized by providing an infinite number of
pump volume or capacity adjustments as between
609% and 100% inclusive, thus rendering the
varying of the pump capacity continuous in
character within said range. The magnitude of
the throw of the cam 88 is designed to move the
swash plate 58 of the pump from neutral position
or zero capacity of delivery to the desired specified
maximum, 90%, capacity of the pump to which it
is connected when the performance of said pump
is as above specified. By providing the shiffable
fulcrum pump stroke adjusting mechanism 15,
Fig. 3, my invention provides for the swash plate
58 or tilting box 51 to be caused to move and
respond to the movement of the cam 88 through
an infinite number of adjustments, that Iis,
through a continuously varying capacity of each
pump with its cam acting singly in the range of
609 to 100% inclusive or the combined capacities
of said pumps and their cams when said pumps
are operated in combination. For example, when
it is desired to have the power of both pumbs
available to insure desired rudder activity, both
pumps may be put under load by employing the
desired combined capacities of said pumps rang-
ing from their combined minimum output fo their
combined maximum output. My invention pro-
vides this continuous varying adjustment of capa-
city of each pump or the combined pumps while
at the same time without releasing the force which
at the moment may be operating to maintain the
rudder in a given position or in motion. This
adjustment is accomplished in my invention by
shifting the fulcrum 65 through the screw 713 and
associated mechanism connected to hand wheel
18.

This adjustment provides the infinite number of
adjustments because it may continuously vary the
fulerum 65 of the pivotally mounted pump adjust-
ing means by reason of its slidably mounted ful-

75 crum 65—said fulcrum 65 being thus mounted o
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pass-through -all-points. within. the.range:of.its..
movement byz-scnew—w-andaass,ociated.-,pa,nts.._« This:
“continuously’.varying is subject at all times fo. -
control-by the wheei-18,:s0. that.we have a “con-.

trollable: continuously increasing .and.decreasing. .

meanssas-respects pump capacity. -

Inthe-event that the magnitude.of the: throw.
ofthe cam.§8 is .designed.to-move the.swash plate -
80 of-the pump Irom.neutral .or Zere capacity. of .

delivery: tcless- orimore: than..the-90% .stroke

10

capacity,. then- obviously my-invention may.be. .
employed to.increase.or.decrease. respectively-the..
effective throw of the cam 88 by suitable. shifting .

of-the fulerum-68.hy-operation-of. adjusting wheel

18:> Where parts-become. worn:or there is.minor.
leakage: of hydraulic fuid-from normal wear, - my. -
invention: provides forcorrecting these situations.

and-providing for full steering gear-efficiency.even
when-the ship'is at-sea-by merely turning wheel 18. -

to-adjust-the capacity above:that-at-which.it has

20:

beenworking.: As an iexample;-while:the PUmMD- -
initially may be designed-to-give a required degree- -
ofsgervice at:90% of its'capacity, when -parts be-. -
comeiwormr or smallleakages -develop-it may.. be., -

necessary -to . adjust the pump:-above said. 90%....

28

It.awill-be-understood that the:cylinders.i 8,19,
20;7and 21 .with: their’connecting -pipes, both: high-

pressure-and:hypassing: pipes,-are filled- with: hy-

draulic fuid.-as-oil. - When oil-ig pumped under. -

pressure to cylinders:{§-and 20 as one-pair, cylin-
ders {8-and.2{ 'gsancther “pair;-the- oil- under
pressure;therein will-exert-pressure ‘on-both rams
f6-and 4T
use:and tworcylinders; as 20 and 24;are bypassed:

10
to exhaust. or discharge fluid, at the same time....
Thus opposed cylinders would. be cylinders-i8 and. .
£8, or 20.and 21; or {8 and 20,.0r 18'and. 21 . .
The rams. 16 and {7 always move in..opposite -

~directions due to their interconnection by the.

tiller 22 and irrespective of whether. force is.-
applied to one or both of said rams. Also, when- .
ever these rams are.moving, two -eylinders will: .
always be exhausting or. by-passing: fluld either

back to a pump or from .one cylinder o another.

When any two:cylinders are idling, i. e.; are not-
communicatively. .connected- with a pump. thap .
is in operation, then it becomes necessary-to in---
terconnect. said cylinders through -the by-pass-:
conduits 12,118, {14 and-115. One way to use
both pumps to supnly. fluid under pressure -to
both rams is to open valves 104; 105,105 and 107.
and. close all. other valves.- When this-is done--
the: two pump units will .be independently. con---

.

1

nected one with the two cylinders {8 and 49 and-»

the other with the two:cylinders 22 and (.. If.:
valves 108.and.- 118 are opened along-with valves .
184, 105, 106- and. 187 then the, circulation “sys~--
tems formed by conduits {06, 104, 182 and 163 will..

<be -communicatively. connected -with each. other

and the two pump-units: can be: used- jointly to:
supply fluid under pressure in both rams.- If the -«
use of one of the adjustable pump units:is discon-::-
tinued while valves 104, 185;::106, 197, 468 ang. -

'30.:410 are open:and all-by-pass valves: are. closed.

by the oil;thensthe:oil.under-pressure-in, cylinder

18:0rd8 will be exerted.onram-16... Similaropera--

Whens a ram={6-or-1, as 4T, is notin- -

35.

tion-occursias to ram {7-when-cylinders:20 -or 21
are: subjected to-cil:under pressure and ‘eylinders. ..

{6-and 19 are:bypassed; Each:pump. has:a capa-

city to:operate both rams 16 and 4T - By pro--

.40

viding: for-a continuing: varying :capacity -of -the -

pumps and:this while:the: foreesds sbeing main~-

tained:'on the rudder-8 to-hold it in-whatever posi=t
tiomit may be thenscccupying, through-the -stroke 45
the'swash plate 58;it is obviousthat, greatrange:
of:selectivity ol the number of cylinders. as ‘well a5
the capacity under 'which said cylinders are to Je- -
operated:is ‘provided by:my' invention: without in -

adjusting unit 45 interposed: between: cam:88-and

any wise interfering: withr the:normal:operation 50

of the pilot wheel- or:other:parts of-the steering: -

mechanism,

The stroke adiusting unit {5 operates between:

the cam 88 and the:tilting- bog 5! or swash plate
50 to vary the effective stroke of the cam, i. e, to
vary the amount of angular movement that a, pre-
determined constant throw of the cam 88 will
impartito'the swash plate 5070 Asisuch adjustment

4
i

55

is made by moving the pivot or fulerum 656f lever:

62 toward and away from-the pivot-member that
connects the forked arm 83 with the lever 62 the
pump -adiusting rod 57 andtilting box 5{“and
swash plate 50'will always beretur
neutral position -irrespective of how much’they
have been moved by-a full stroke of the cam 88.

The arrangerent-of conduits and valves'shown
in Fig. 5 makes-it possible to use-either- one or
both:of “the’ adjustable pump- units 43 to supply
fluid under-pressure to predeterminad rarn: cylin-
ders.

to one ram’cylinder then fluid-is always exbaust--
THE term-

ing from- an-cpposed ram eylirder.
oprosed cylinders refers to any two ram cylinders
in which ram members are moving in opposed
relation, i. e., one to admit fluid and the other

ned to the same:
. 65.

When fluid under-pressure is being supplied:

80

70

75

then the other -adjustable pump unit alone can -
be used to supply- fluid under -pressure; +o--both -
rams.. Thus, when a pump. unit, with. its- asso~

ciated piping, -is: operating; . it. will always: take -

care of the .exhaust fluid from the cylinders: op~--

posed to those-to which it is‘supplying fluid. un-;+
der pressure, ‘ C e .

Also, both adjustable pump units or eitherad-
justable pump unit-may be used o supply fAuid

‘under pressure to only one -cylinder ata-time. ..

Thus, by epening high pressure valves 404,185,

188,110, and. low pressure -valves H8,, 119 ang--
122 - and closing all other valves both adjustable: -
bump units may be used jointly.to apply power-.-
through the ram member {6 while the ram mem- -
ber 17 idles. Also with the same valve arrange~ -
ment. just .described .either- bump -unit may be..
stopped or rendered. inoperative and the other ,
bump unit used alone:to apply power.to the ram .

‘member- 16.  Similarly if high pressure valves,

106, 107, 108 and 119 and low bressure valves: 18§, .
{17 and 120 are opened and all other..valves
closed, .then  both adjustable..pump. units may
be.used: jointly, -to.apply. power. through . ram .

~member 1T-while:ram member. {5.idles or either. .

of said-adjustable pump units may be so.used if .
the other. pump unit is not. operating. .. o

It.is also possible.to use -the two .opposed. ¢yl-.-
inders, 19.and, 2!. as .operating cylinders. in. COn=i -
nection- with both. or. either. :of -the -adjustable,
pump-units by:opening high pressure valves : 185,

101;-108.and-110 and low Pressure.valves £ {6, 118 -
and. 123 and. closing -all other valves. ,

_In a similar:manner it is. possible.to use.the -
two opposed cylinders I8 and 28 as operating .-
cylinders in-connection-with both or either-of the -
adjustable pump- units. by opening ‘high pres-. -
sure:'valves 108,/ 106,- 108 .and. {10 and low: pres-- -
sure valves {7, 118-and {21 and closing-all other::
valves.- -

Obviously s when - :the :: Uppermost . adjustable. -
pump.unit:shown in Fig. 5 is being used:to: apply-.
bower only to the ram member 16 then the valves
188 and 110 may be closed. Similarly these valves
188 and (10 may be closed when power is being
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applied to the ram member 17 only by the lower-
most adjustable pumyp unit shown in Fig. 5.

From the foregoing description if will be seen
that the two adjustable pump units can be used
jointly in connection with all of the ram cylin-
ders or in connection with any two opposed ram
cylinders or either of said pump units can be used
singly in connection with all of the ram cylinders
or in connection with any two opposed ram cyl-
inders.. Thus, in the event parts of the steer-
ing geéar are damaged or become inoperafive it
will always be’ possible to operate the steering
gear successfully as long as one pump unit and
two opposed cylinders and the connections there-
between remain in condition for operation. '

The use of the various above combinations of
cylinders is possible with my invention without
even momentarily interrupting the steering op-
eration or normal operation of the rudder due
to the fact that change in pump capacities may
be made without interrupting the force bheing ap-

plied to the rudder and thereby no loss of con-

trol of the maneuvering of the ship at any time
results. v ‘ i
Tn the use of the two pump units independ-

ently, i. e., with both pumps operating and ‘the

two valves 108 and 189 closed, the pump adjusting
unit 15 provide a means for quickly and accu-
rately adjusting either or both of said pumps
while the steering gear is in operation so fthat
each pump will do its share of the work and
neither pump will be a drag on'the other.

Obviously, changes may be made in the forms,
dimensions, and arrangement of the parts of my
invention, without departing from the principle
thereof, the above setting forth only a preferred
form of embodiment. ‘ e

I claim: : .

1. In a hydraulically operated marine steering
gear mechanism for selectively varying the rate
of angular movement of a ship’s rudder in re-

10

15

20

25

30°
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sponse to a ship’s pilot wheel, the combination '

of a motion transfer cam-like-means movable in
response to a ship’s pilot wheel; and adjustable
control means for varying the effective throw
of said cam-like-means comprising a lever, a
slidably mounted fulerum for said lever, and
means for controllably sliding said fulerum rela-
tive to the end portions of said lever, whereby the
length of the lever arms of said lever may be
varied; and adjustable power means for moving
a ship’s rudder controlled by said cam-like-means.

2. A hydraulically operated marine steering

gear mechanism for selectively varying the rate
of angular movement of a ship’s rudder in re-
sponse to a ship’s pilot wheel comprising, a mo-
tion transfer cam-like-means movable in response
t0 & ship’s pilot wheel; rollers to engage said cam-
like-means; slidable cross head mounting means
for said rollers; hydraulic operating means con-
nectable to a ship’s rudder; a variable output
pump for hydraulically operating said hydraulic
operating means; a lever having one end portion
connected to said cross head and the other end
portion connected to said pump; a “slidably
mounted fulcrum for said lever; and controliable
means for sliding said fulcrum toward and away
from the respective ends of said lever to adjust
the effective throw of said cam-like-means.

3. A hydraulically operated marine steering
gear mechanism for selectively varying the rate
of angular movement of a ship's rudder in re-

12

sponse to a ship’s pilot wheel comprising, a mo-
tion transfer cam-like-means movable in response
to a ship’s pilot wheel; hydraulically operated
ram means connectable to a ship’s rudder; a
variable output pump for hydraulically operating
said hydraulic ram means; a lever having one
end portion operatively connected to said cam-
like-means and the other end portion to said
pump; a slidably mounted fulcrum for said lever;
and controllable means for sliding said fulcrum
toward and away from the respective ends of
said lever to adjust the effective throw of said
cam-like-means.

4. A hydraulically operated marine steering
‘gear mechanism for selectively varying the rate
of angular movement of a ship’s rudder in re-
sponse to a ship’s pilot wheel comprising a mo-
tion transfer cam-like-means movable in response
to a ship’s pilot wheel; hydraulically operated
ram means connectable to a ship’s rudder; a
variable output pump delivering liquid under
pressure to said ram means; a cam-like-means
operable by a ship’s pilot wheel; follow-up means
connecting said ram means with said cam-like-
means; & lever having one end portion opera-
tively connected with said cam-like-means and
the other end portion with said pump; slidably
mounted fulcrum for said lever; and controllable
means for sliding said fulerum toward and away

From the respective ends of said lever to adjust

the effective throw of said cam-like-means.

5. A hydraulically operated marine steering
gear mechanism for selectively varying the rate
of angular movement of a ship’s rudder in re-
sponse to g ship’s pilot wheel comprising, a mo-
tion transfer cam-like-means movable in response
to a ship’s pilot wheel; two ram members con-
nectable with a ship’s rudder; cylinders in which
the ram members respectively operate; two vari-
able output pumps; conduit and valve means Op-
eratively connecting said pumps to said cylinders;
two cam-like-means operable by a ship’s pilot
wheel; two differential means each connected

_ with one of said cam-like-means and connectable

45

“with a ship’s rudder; two levers, each having one

end portion operatively connected with one of
said cam-like-means and the other end portion
with one of said pumps; a slidably mounted ful-
crum for each of said levers; and controllable

50

means for sliding each of said fulerums toward
and away from the respective ends of said lever
to adjust the effective throw of said cam-like-

means.
WILMOT T. PRITCHARD.
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