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Smith Company,York, Pa.,a corporation of 
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Application September 12,1936,SerialNo,101,32? 
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This invention relates to hydraulic machines, 
Such as hydraulic turbines,pumps and the like, 
and m0re particularly to the type of hydraulic 
maChines having runners with movable or ad 
justable blades. The blades of the runners of 
the abOVe type of hydraulic machines are formed 
with trunnions Which are rotatably mounted 
Within the hub of the runner. Mechanism is 
prOVided Within the runner hub and operatively 
COnnected to the trunnions for simultaneously, 
Operating the blades to alter the relative posi 
tions thereof. The present invention relates 
mOre partiCularly to the Specific manner of 
mOUnting the blades in the runner hub. 
An object of the invention is to provide im 

proved means for journaling the blades in the 
runner hub of an adjustable blade hydraulic ma 
Chine SO that the blades can be easily and quickly 
aSSembled and disassembled. 
Another object of the invention is to provide 

detaChable main bearings for the runner blades 
Of an adjustable blade hydraulic machine, 
AnOther object of the invention is to provide 

an improved hydraulic machine of the character 
mentioned,Which is simple in construction,and 
reliable and exaCt in function under all condi 
tions of Service. - The inVention also Comprises Certain new and 
USeful improvements in the construction,ar 
rangement and combination of the several parts 
of Which it is Composed,as Will be hereinafter 
more fully described and Claimed. 
In the aCCompanying draWings:? 
Figure l is a view partly in section of an ad? 

justable blade hydraulic turbine embodying the 
preSent invention; - Fig,2 is an enlarged Vertical Section of the 
runner hub; - - Fig,3 is a Vertical Section taken-on the line 
3?3 of Fig,2; - - 
Fig.4 is an elevation of the outer Wall of the 

runner hub showing one of the openings for a 
blade,the blade and parts associated with the 
trunnion thereof being omitted; , , 
Fig.5 is a section of a portion of the hub 

Shown in Fig. 2,ShoWing the manner Of aSSem 
bling or disassembling 0ne of the runner blades; 
and - Fig.6 is a transverse Section taken on the line 
6?6 of Fig.2. Referring tothe drawings,wherein the turbine 
is shown connected to an electric generatorfor 
the purpose of operating the same,the complete 
generating unit may comprise a hydraulicturbine 

(C??253?l48) 11,an electrical generator 12,and a governor 
mechanism 13. Asiswel1 known in the art,the governor 13 is 
adapted to automatically control the Operation 
of the turbine,so that the turbine Will operate 
at a substantially uniform Speed,irreSpective of 
the Variations of the load, 
The turbine has a runner Which iS made 

With adjustable blades,the angular p0sitions of 
which are adapted to be varied according to the 
10ad,So that the turbine Will Operate at its high 
est eficiency at all times. 
In meChaniSmS falling Within the SCOpe Of the 

preSent invention,the operating fluid iS gener? 
ally Oil,means being prOVided for Controlling the 
oilinsuch a manner that when the governor 13 operatesto adjust the angles of the wicket gates 
of theturbine,the runner blades Will be Caused to 
r0tate in a Similar direction SO as to efect a Cor 
reSp0nding adjustment in the angles or p0sitions 
thereof In this way the parts of the turbine 
Will be SimultaneOUsly adjusted So that all of the 
parts will at all times retain their Correct rela 
tionShip With,each Other and the turbine Will 
Operate With maximum effiCiency and Smooth? 
neSS and With minimum Vibration. 
For the purpose of controlling the actuation of 

the runner bladeoperating mechanism,a control 
device 15 may be employed. This control de 
wice may be operatively Connected With the gov 
ernor 13 and function in the manner shown and 
described in McCormack Patent No,1,937772, 
granted December 5,1933 for Hydraulic turbine. 
The turbine 11 may comprise a casing 16 which 

forms a peripheral Water inlet in which are 
mounted an annular Series of WicKet gates 1T and 
guide vanes 18. The wicket gates 17 are rotatably mountedin 
the Casing 16 and Said gates are operatively 
Connected to a gate adjusting ring 19 connected 
by link means 20 to a Shaft 21 of the governor 
mechanism 13,So that the Wicket gates 17 will 
be Simultaneously rotated into diferent angu 
1ar positions to control the flow of Water into 
theturbine ? - The lower portion of the turbine casing forms 
an axially directed chamber 22 in Which the 
runner23 operates. As shown in Fig,2,the hub of the runner 23 
is fixed to the lower end of a hollow or tubular 
shaft 24. The upperend of shaft 24is connected 
to the generator shaft,as ShoWn in Fig. 1. 
A suitable number of blades 25 are rotatably 

supported in the hub of the runner 23 and pro 
ject radially therefrom? - 
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The inner end of each blade 25 is formed with 
a trünnion 26,COmp0Sed of an Outer portion 2T, 
intermediate portions28,29,and 3B,and an inner portion 3?. 
The outer trunnion portion 27 is formed with 

an annular recess or groove 32 for the reception 
0f a band 33,the purp0Se of Which Will be here 
inafter more fully deSCribed. 
The trunnion portion 28 is mounted in a bush 

ing 34 carried by a removable bearing 35 to be 
hereinafter more fully described. 
Mounted on the trunnion portion 29 is an arm 

or 1eVer 36 of the blade Operating meChanism. 
The inner end portion 3 of the trunnion is 

mounted in a bearing 37 carried by the hub of 
the runner 23,and encircling the portion 30 0f 
the trunnion is a thrust Collar 38. 
Means are provided for simultaneously rotat 

ing all of the blades 25and for maintaining them 
in equal angular relationship,such means com 
priSing an Operating rod 4@ mounted Within the 
hollow Shaft 2? of the turbine and extending 
downWardly of the hub of the runner 23. 
Fixed to the 10Wer end of the rod @ is a CrOSS 

head ?4,Which is connected by links ?2 to the 
arms Or levers 3? heretofore referred to. 
The upper end of the operating rod 49 is fixed 

to the piston of,a Servomotor 43 which is 
mounted in the-runner Shaft 24 adjacent to the 
point Where the runner Shaft is Connected to the 
shaft of the generator 12(see Fig. 1). 
Operation of the Servomotor 43 reciprocates 

the operating rod 40 downwardly and upwardly 
and Such movements of the operating rod are 
tranSmitted by CroSS head 41 through the links 
62 to the levers 36,thereby rotating the runner 
blades 25 in the manner fuly deSCribed in the 
McCormack Patent No. 1,937,772 heretofore re ferred t0. 

?n SOme inStances it is desirable to mount the 
runner blades 25 in the hub of the runner 23 
so that the blades can be readily disassembled 
Without the neCeSSity of removing the arms or 
1evers 36 therefrom. Insome priorinstallations 
the arms or levers 36 have been made in sec 
tions,That is to Say,the hubs of the arms or 
1evers 36 which encircle the trunnions 26 of 
the runner blades have been Split,so that after 
the blades have been m0unted in the hub,the 
ievers 36 couid be assembled on to the trunnions 
Of the bladeS. Where the head is very high the 
Split lever is not Strong enough and a Solid Or 
one piece lever must be used. 
ACCording to the present invention,when the 

parts of eaCh blade are being assembled,the 
portions 2? and 28 Of,the trunnion 28 have 
mounted thereon the bushing 34 and the bear? 
ing 35,respectively,While the blade is disas 
Sembled from the hub of the runner 23, 
The arm or Iever 36 is next mounted On the 

portion 29 of the trunnion 26,said 1ever being 
rigidly connected to the trunnion by means of 
a key ?5,as ShoWn in Fig,3. - 
The thrust colar 38 is next mounted on the 

portion 39 of the trunnion 26. Since the in 
ternal diameter of collar 38 is less then the di 
ameters of the portions29 and 31 of the trunnion, 
said collar may be formed of tWo SemicirCular 
sections,as shown in Fig,6,Which Sections are 
bolted together. * - 

The bearing 35 is formed of an annular Cast? 
ing having a main or central portion made com? 
paratively thick in cross Section,as.shown in Figs.2and5,forthereceptionof the bushing34. 

2,086,633 
The bushing 34 is coextensive With the thick 

central portion of the bearing 35,and the inner 
end of Said bushing is formed With an OutWardly 
extending flange 46 which is disposed betWeen 
the inner Wall of the bearing 35 and the front 
Wall 0f the lever 36. 
During the operation of the machine,rotation 

of the runner 23 causes Considerable end thrustS 
to be imparted to the trunnions of the blades 25. 
These end thrusts are taken Up by the coilars 
38 and the flanged portions 46 of the bushings34. 
Since the hub of the runner 23 is hollow and 

is filed with a Suitable 1ubricating oil,friction 
Wili be reduced to a minimum between the outer 
Walls of the levers 36 and the flanges @6,so 
that the levers 36 will operate freely. 
The inner face of the outer portion of the 

bearing 35 is formed with an annular rib or 
bead 4T which is mounted in a correspondingly 
formed groove 48 formed in the inner vertical 
Wall 49 of an annular recess or depression,59 
On the exterior of the runner hub. The recess 
50 Surrounds an opening 51 in the hub for each 
trunnion 26. - - 

As Shown in Fig,4,therib or bead 47,groove 
48 and opening 5 are formed concentricaly 
With respect to the axis of the trunnion 26, 
? the Wall 49 is eccentricaly disposed there With. 

The Outer periphery 52 of the bearing 35, 
around the rib or bead 47,is also made eccen 
tric with the axis of the trunnion 26,as shown in Fig·2,so that the bearing 35 wil1 ft snugly Within the recess,50. ,,, 
The bearing 35 is detachably fixed in the 

?nner hub by means of a plurality of tap bolts 
53 Whichare mounted in alined openings54and 
55,formed respectively in said bearing and Said 
hub (See Figs.2 and 4). - 
As ShoWn in Fig,3,1ever36 projectsoutwardly 

from the trunnion 26 a distance greaterthanthe 
diameter of the opening 51. Therefore,in order 
to permit theinsertion or removal ofthetrunnion 
26 with the lever 36 thereon through the open 
ing 51,a notch or slot 56 is formedin the edge Of the opening 51. 
The notch or Slot 56 is diSpOSed at an angle 

from a horizontal plane through the center1ine 
0f the trunnion 26. In the present instance, 
Slot 56 is Shown as being disposed beiow the 
normalintermediate or horizontal position of the 
1ever 36(see Fig?3). , - 
In order that the slot 56 will be covered by 

the bearing 35 When the parts are assembied, 
the eCCentriCally disposed recess 50 heretofore 
referred to is formed so as to enclose the slot 
56 So.that when the bearing 35 is mounted in 
the hubthe outer peripheral portion thereof will 
OVerlie the Slot 56(see Figs.3 and 4). . 
EnClOSing the outer portion of the periphery 

of the bearing 35,that is to Say,that portion 
of Said bearing which extends beyond the por 
tion 2i of the trunnion 26,is a sealing ring 5T. 
A Suitable packing 58 is interposed between the 

Sealing ring 5T and the band 33,so as to pre 
vent 1eakage of oil outwardlyfromthe hub of the 
runner 23, as Well.as Seepage of Water into the 
hub,thrOugh the j0int betWeen the trunnion-26 
and the hub. - - - 

The sealing ring 5T is detachably connected to 
the bearing.35 by means of tap bolts 59,as 
Shown in Fig.2. - 
From the foregoing description it Will be noted 

that the blades 25 Can be readily aSSembled or 

10 

15 

20 

25 

30 

40 

45 

50 

60 

65 

70 

76? 



5 

2.086633 
disaSSembled with the arms or 1eVers 36 mounted 
on the trunnions 26,In pri0r Constructions 
wherethe levers Were first plaCed Withinthe hub 
and then mounted on the trunni0ns,it Was neC? 
eSSary to heat the levers and then insert the 
trunnions and 1et the levers COOl in place. In 
the event it Was necessaryto dismantlethe blades 
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from the runner,it Was neceSSary to Split the 
1evers So as to remove the Same frOm the trun? 
nions before the blades Could be dismounted. 
With the runners Constructed With the remov? 
able bearings 35,the blades Can be eaSily dis 
mounted with the levers attaChed theretO. 
AS Shown in Fig,3,the normal intermediate 

position of the levers 36 is in a Substantially 
horizontal plane With reSpect to the axis of rO 
tation of the bladeS. 
When it is desired to either insert or with 

draw the trunnions 26 through the openings 51, 
the blades 25 are turned to the position in Which 
the arm of 1ever36registers with the slot 56(see 
dotted lines Fig,3). 
In the Case When a blade is being mounted in 

the hub after the trunnion with the bearing 
35and Iever 36thereon has beeninserted through 
the opening 51,the blade is turned to move the 
1ever36 upwardly to a substantially horizontal 
position,(see Fig,3),After which the lever 36 
can be connected to the upper ends of the links 
?2,by pin 60,The other ends of the links 42 
are connected by a pin 61 to an eye bolt 62 
carried by the CroSS head 41. 
Due to the pivotal connection between the 

1ower ends of the links 42 and the bolt 62 af? 
forded by pin 6?,when it is desired to remove 
a biade 25,the upper ends of the links 42 can be 
detached from the lever 36 by removing pin 60, 
and then the blade will be free to SWing SO that 
the lever 36 Can be positioned t0 paSS freely 
through the slot 56 when the trunnion 26 is 
withdrawn through opening 51. 
In this way the runner blades Can be quickly 

and easily assembled or disassembled With the 
1ever36 mounted thereon,anda sturdy ConstruC? 
tion is provided by the large removable bear 
ing 35, - 
Having thus described my invention,what T 

Claim iS:? - 
1. A hydraulic machine COmprising a runner 

having a hollow hub,a plurality of rotatable 
blades,each of said blades having a trunnion 
extending into the hub; means for Simultane 
ously operating the blades comprising a rod 
and means for reciprocating the Same,a CroSS 

* head connected to Said rod,a lever mounted On 

3 
an intermediate portion of the trunnion of each 
blade and projecting laterally therefrom, and 
a link Connecting the lever of eaCh blade With 
Said CroSS head; an opening formed in the Outer 
wali of Said hub through which the trunnion of 
each blade extends,Said lever projecting out 
wardy from Said trunnion a distance greater 
than the diameter of Said opening,a Slot formed 
in Said Opening to permit the insertion or with 
draWal of the trunnion through Said opening 
when Said lever is mounted on the trunnion,a 
bearing mounted on a portion of said trunnion 
Outwardly with reSpect to Said lever, a recess 
formed in the outer Wall of the hub around the 
trunnion opening therein,Said bearing having 
an Outer peripheral portion mounted in Said 
reCeSS and enclosing Said Slot,means for detach 
ably Connecting Said bearing with the hub of 
the runner,and a packingencircling the bear 
ing for Sealing the joint between said bearing 
and the hub. 

2. A hydraulic machine comprising a runner 
haVing a hollow hub, a plurality of rotatable 
bladeS,eaCh of Said blades having a trunnion 
extending into the hub,means within,the hub : 
for SimultaneouSly operating the blades and in 
cluding a lever fixed to the trunnion of each 
blade and projecting,1aterally therefrom,an 
0pening formed in the outer Wall of the runner 
hub thrOugh Which each blade trunnion with a 
leWer mOunted thereon Can be inSerted and with 
drawn,a bearing also mounted on the outer 
portion of the trunnion between the lever and 
the blade proper,a recess formed in the outer 
Wall of the hub for said bearing,and means for 
detachably connecting Said bearingwith the hub 
0f the runner? - 

3. A hydraulic machine comprising a runner 
haVing a hollOW hub,a plurality of rotatable 
bladeS,each of Said blades having a trunnion 
extending into the hub through an opening 
formed in the Outer Wall of the hub,mechanisms 
Within the hub for Simultaneously opera?ing 
the blades,said mechanism including a 1ever 
fixed to the intermediate portion of the trun 
nion of each blade,a bearing mounted on the 
portion of the trunnion betWeen the 1eVer and 
the blade proper,means for preventing move 
ment of the bearing 1ongitudinally of the trun 
ni0n,and means for detaChably Connecting the ; 
bearing With the hub of the runner,So that a 
blade Can be aSSembled or diSassembled with a 
bearing and lever mounted on itstrunnion, 
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