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BUCKET SHAN?S 
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field,Vt.,assignorsto Jones & Lamson Machine 
Company,Springfield,Vt.,a corporation of 
Vermont 

Application August14,1948,Serial No.44,296 
(CH?51-84) 15 Claims? 

? 
This invention relates to grinding machines, 

and more particularly to machines for grinding 
the Shanks of turbine impeller blades or buckets 
to desired form forinterlockingengagement with 
the hub members to Which they are to be Se 
CUred. 
One of the objects of this invention isto grind 

0pp0site Side faceS Of the bucket Shanks Simul 
taneously to the desired configuration and to 
ClOSe tolerances. 
A fürther object is to provide means for re 

Ciprocating the bucket shanks laterally between 
a pair of Spaced grinding wheels which are fed 
tOWard each other as the grinding proceeds un 
til the Shank has been reduced to the desired con 
t0ur and dimensionS. 
A further object is to prowide means for hold 

ing the bucket and readily locating and ciamp 
ing it with reference to the grinding wheels for 
the grinding operation, 
Another object is to provide means by which 

the Work holder is Securely clamped in correct 
position before traverse between the work piece 
andthegrinding wheelmaybegin. 

Still another object is to provide means facili 
tating the placing and removal of the buckets 
With relationto the Wheels. 
A further object is to provide for Simultaneous 

Wheel feeds and truing and for c0mpensation for 
Wheel Wear and truing. 

Still another object is to provide forindividual 
Wheel adjustment in Setting up the machine,the 
autOmatic wheel movement being then simul 
taneousforbothwheels. 
Further objects and advantages will appear 3 

frOm a deSCription of an embodiment of the in 
Vention Shown in the accompanying drawings in 
WhiCh 

Figure 1 is a front elevation of a machine em 
b0dyingtheinvention. 

Figures 2 and 3 are perspective back and face 
VieWS,reSpectively,0f a bucket,showing the 
groundshank configuration. 

Figure 4 is a detail Sectional VieW 0n line 4?4 
of Figure i. 
FigureS 5 t0 8,inciusive,8re detail Sectional 

Views on the correSpondingly numbered section 
iines ofFigure4. 

Figure 9 is a fragmentary top plan view of the 
front right hand end portion of the machine, 
Figure 10 iS a diagrammatic view of the work 

Clamping and reciprocating mechanisms. 
Figures ll and 12 are detail Sectional Views on 

Jines 1?1 and #2?12,respectively,of Figure 9. 
FigureS13,14 and 15are fragmentary horizon 
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tal sectional views through the wheels and work 
ShoWing Successive Stages in the operation of the 
maChine. 

Figures 16and 17are fragmentary verticalsec? 
tional Views through the Wheels and Work shOW? 
ing rough and finishgrinding and on lines 16?16 
and lí?}T 0f FigureS 14 and 15,respectively. 
Figure 18 is a fragmentarytop plan View ShoW? 

ing the front and right hand end portions of the 
maChine. 
Figure 19 is a detail Sectional View on line 

?9?19 of Figure 18. 
Figure 20 is a diagrammatic view Showing 

mechaniSm for Stopping the grinding action and 
reversing the Wheel feed at the end of a Cycle of 
0peration. 
The Work for Which the machine of thisinven? 

tion has been particularly designed is illustrated 
in Figures2,3 and 13 to 17,inclusive,Referring 
to Figures 2 and 3,at is shown the bucket or 
blade of a turbine,this being provided with a 
shank portion 2 so formed asto be fitted into a 
mating Socket in the turbinerotorhub,The con 
figurations of these Shanks in Completed form, 
Which a8 ShoWn in Figures 2 and 3,comprise a 
Series of longitudinal ribs 3 on two Sides of the 
Shank portion,which is Substantially triangu 
1ar in Cross Section,This portion of the shank 
of the blade or bucket is commonly referred to 
intheartasthe"Christmastree." 
These bladeS Or buckets are made of a material 

With high heat resistance and are not easiy ma 
Chineable,SO that grinding has been found to 
be the most Satisfactory method of shaping the 
ShankS,but as they have to be held with great 
rigidity in the rotor hubs,it is important that 
they beground to closetolerances. 
In aCCOrdance with this invention,therefore, 

the blade or bucket is arranged to be mounted 
ina Suitable Work holder f0,bestshown in Figures 
5 and 8,which is Suitably clamped upon a car 
riage f mounted for reciprocation between a 
pair Of grinding Wheels 12 Spaced apart and 
provided with opposed Serrated grinding faces 
15a8 Shown best in Figures 7,13,14 and 15,The 
Carriage 11,upOn which the bucket to be ground 
is mOunted,is mounted on a pair ofspaced verti 
cai Cylindrical bars 1G and f7 carried bya bracket 
20 Supported for Slight angular adjustment on a 
piVot 2öd upon the upper face of a bed 2i of the 
grinding machine The bracket 2@ may be fixed 
in adjusted angular position by tightening a 
SCreW 2id which.extends through an arcuate Slot 
in the baSe ofthe bracket 2? and isthreadedinto 
the bed 21. A Screw 22a threaded through a lug 
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onthe bracket20 andengaging a Stop On the bed 
facilitates angular adjustment Of the baSe,AS 
Shown,the end portions of the bar 16 are fixed 
to stationary brackets 25 carried by the bracket 
2@ and the carriage f has a portion 26 provided 
with an internal ball bearing 27 Which rides On 
the bar 16. Thisball bearingis protected against 
the entry of dirt and other foreign matter by 
collapsible bellows 28 poSitioned betWeen the eX? 
tension 26 and the Supporting brackets 25. The 
rod i? passes through a longer Opening through 
the carriage i,and in its Opening it it provided 
witha pair of spaced sets of ball bearings24,and 
the entry of foreign matter into these ball bear? 
ings is prevented by collapsible bellOWS 29 Sur? 
rounding the bar 17 and extending ab0Ve and 
below the carriage 11 into contact With the top 
and bottom Wall members 36 and Si of the 
bracket 2ü. The carriage is thus mounted On 
three sets of ball bearings,two On the bar T and 
one on the bar ié,thus making a three point Sup? 
port for the Carriage. 
Between the bars 16 and iT,a piston rod 35 

is Suitably SeCured at itS lOWer end t0 a CT0SS 
flange 36 of the Carriage,and thiS rOd extendS 
upwardly into a hydraulic Cylinder 3í mounted 
upon the bracket 2? and liaVing Slidable therein 
a piston 36 connected to the piston rod 33. By 
introducing a suitable fuid into the Cylinder 3T 
on opposite Sides of the pistOn 38,the pistOn may 
be driven upwardly and downwardly as desired, 
thusproducinga vertical reciprocatiOn Of the Car? 
riage 14,causing the shanks 2 of the bucket then 
in position to be traversed betWeen the COn 
fronting grinding faces of the Wheels i5, 
Meansare provided by Which the bucket WhOSe 

shank is to be ground is held in proper position 
with relation to the carriage for its Shank to be 
properly presented to the grinding Wheels for 
thegrinding operation,AS ShOWn bestin FigureS 
1,5,and 8,the Work holder Comprises a Suitable 
block having a Siot 4ü therein Shaped t0 reCeive 
the blade of the bucket and With itS Shank pr0? 
jecting OutWardly thereirom. The partiCular 
C0nstruCtion of this holder d0es not form a pOr? 
tion of this invention, except that it is provided 
with a base 4 adapted t0 rest upon a platform 
portion 42 0f a WOrk-holding bracket ?3 Secured 
to the face of the carriage 4 i as by Screws 44. 
The bracket ?3 is als0 prOVided at One edge With 
a retaining Strip 45 Secured thereto aS by SCreWS 
46(See ?igure 8). 
The platform 42 prowide8 One loCating face 

for the Work holder,a pair of angularly related 
1ocating faces being formed by the forWard face 
of the bracket 43,and by the rear face 47 of the 
retaining Strip 45,and the WOrk holder 16 is prO 
Vided With COrreSpOnding faCeS,WhiCh When in 
engagement With these locating faces,preSents 
the Shank Of the bucket into proper relation tO 
the grinding wheels for the grinding operation. 
The WOrk hoider may be prOVided With a handle 
48 by Which it may be graSped thereby to facil 
itate placing the Work holder with the bucket 
held therein in proper pOSition for the grinding 
Operation and for remOVing it from the machine 
after thiS Operation has been Completed, 
In Order t0 faCilitate the placing and removal 

Of the WOrk holder,the machine is provided With 
a table 56 (See Figure 4) mounted forvertical ad 
justment aS On the jacks 51 and 52,this table 
preSenting itS tOp faCe 53 Substantially in hOri 
ZOntal alinement With the top face of the plat 
form 42 When the platform is at its lower limit 
of reciprocation,Whereitis placed at the end of a 
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grinding operation and before the commence 
ment of a new grinding Cycle. This table 56 eX? 
tends substantially to the forward face of the 
machinewhereit is freely acceSSible to the Opera 
tor who may place thereon the work holder with 
the bucket Suitably held thereby and from Which 
he may slide the holder onto the platform 42 
and to the position Shown in Figure 8,prepara? 
tory to starting the grinding Cycle. 
Means are provided for clamping the holder in 

this p0Sition,and SuCh Clamping means iS SO re 
1ated to the Controls of the m8Chine that thiS 
clamping must be efected before the grinding 
cyclecan beinitiated. This Clamping meChanism 
embodies two holder ClampS. One Of theSe 
Clamps6üis fuicrumed at 6 On a bracket 62 Car 
ried bythe bracket 43 and has an inClined Clamp 
ing face 63 forengagement With a mating faCe 3? 
on the Work holder (Figure 8),This faCe 64 iS 
arranged at an angle to b0th the 102ating faceS 
on the bracket 43 and on the retaining Strip ?5SO 
that it presses the Work holder against both of 
these faces. The Clamp 6$ is COnhected through a 
pivoted ink 65 to a forked head 66 at the 10Wer 
end Of a piston rod 6 haVing a pistOn 68 Slidable 
inome 0f a pair of Cylinders in a CaSing 63,S0that 
by introducing fuid preSSure above the piston 68, 
as through the pipe f?,the Clamp 6@ may be 
turned downWardly into Clamping p0Sition,0r by 
introduCing fuid preSSure beheath the pistOn 68 
it may be raised to release the clamp 60. The 
other clamp comprises a plunger 72 VertiCally 
mOVable and Capable Of being brought down 
againSt the top face of the holder,thust0 preSS it 
against the platform ?2. This plunger 12 com 
priseS a piston rod having a piston ?5atitsupper 
end Slidable Within a Sec0nd Cylinderin the Cylin 
der block 69. Fluid Under preSSure to and from 
theSe CylinderS may be Controlled by a hand op 
erated four Way Valve 8? ShOWn diagrammatically 
in Figure 10,which receives fuid under pressure 
thrOugh the pipe 8 from a Suitable Source such 
aS a pump 82. This takes fuid from a ank 83 
and diSCharge from the Cyinders in the caSing 
39 takes place through the pipe 84 back to the 
tank. 
ASSuming that the WOrk hOider With a bucket 

therein is in position Cn the platform,the op 
erat0r turns the Valve 86 to the position shown 
in Figure 10,whereupo Eressure passes from 
the DreSSure pipe 8 through a valve port and a 
pipe 85to the upperend of the casing 69 through 
a pair of paSSages ß and G. from the passage 
79 the pressure immediately reaches the upper 
faCe of the piston $8 Which is therefore driven 
dOWnWardly,bringing the clamp 6?into engage 
ment With the Work holder and pressingit firmly 
against ?he tWO angularly related vertical 10cated 
faces. Check valves 8? and 38 prevent the fuid 
under pressure from immediately reaching the 
top f8Ce of the piston 5,but when the pressure 
above the piston 68 builds up suficiently,the 
check Valve 38 is opened and fluid under pressure 
passes to the upper Side of the piston 75,driving 
this piston downwardiy and ciamping the work 
hOlder againSt the platform,This,as Will Iater 
appear,ClOSeS a Switch at $? Which initiates the 
Vertical traverse of the carriage. Moving the 
Valve 8ü to its other angularposition connects the 
pressureline 8 to thepipe 91,admittingpressure 
beneath both pistOnS 63 and 75While pipes?6 and, 
70 are Opened to discharge through pipe 85,valve 
80 and discharge pipe 84. This unclamps both 
ClampS 60 and f2 and opensthe Switch 90. 
AS Shown beSt in Figure 4,the Carriage 4 has 
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secured thereto the lower end of a rack bar 95, 
theupperrackportion of whichengaggsteeth 9, 
a pinion 96. Thispinion 96 is Garried by a Shaft 
97 (see Figure 6)within a Casing 98 and otit? 
wardly of the casing 98,the shaft 9 has fixed 
thereto a cam drum ?3é,This Cam drum is prO 
vided with a peripheral T slot i?? and a faCe T 
slot #62,and angularly adjustable in these Slots 
are a pair of switch actuating dogs t@3 and 164 movableinparaHelplanes andWhichareadapted 
to close switche8 ??,·??6,respectively. These 
switches,a8 shown best in Figure 10,are COn? 
nected to one side of a power line t@T and are 
adapted to be closed alternately by the Switch 
dogs $3 and !@? as.these dogs are rocked by 
vertical reciprocation of the rack bar 35. The 
closing ofthe syitch 65 closes a Connectionfrom 
the ine 8? through the sWitch l35,1ead i$8, 
solenoid ?6$,back to the line !i@,This Solehoid 
??3 has a reciprocable core i ,a portion of 
which is formed as a raGE bar and engages teeth 
on the stem of a four-way valve i. When So 
energized the core is drawn downwardly,turh 
ing theeontrol Valve ?? to the positiCn ShOWn in 
Figure ?0,where fluid under pressure from the 
1ine 8 passes through the control Valve ?2,p8S 
sage $,the valve 444,and passage H& beneath 
the piston 33,thus lifting the pistOh and With it 
the carriage ?. When the piston 38 reaches its 
upper1imit,earrying With it the rack bar 35,the 
otherswitch dog #34 cioses the Switch 4@3 Which 
energizes the solenoid 5 on the Same Core f?, 
reversing thevalve ?,so that now pressure from 
the ine 8 passes through the Valve and the 
2ipe 6 to the upper end of the Cylinder 3T and 
drives he piston $8 downyardly. The normaly 
closed valve ?? is controlled by the switch 99, 
closing of thisswitch 99 energizing a solenoid 126 
fron the liaes ?6?and 4?9,and moving the Valve 
#?? to its open position,whereupon the Carriage 
reciprocating means is allOWed to funCtiOn. 
Wheneyer the Clamping means are Open,hOW? 
ever,?ne Valve ?42 is Ciosed,and COnSequently no 
reciprocation ofthe carriagemaytake place 
On either Side of the bracket 20 which carries 

the traversing Carriage,the bed2f Carries a Wheel 
carriage 150,these carriages being mounted in 
ways for movement from and toward each Other. 
The wheels 12 are Suitablyjournaled at the adja 
cent inner end portions of these Wheel Carriages 
and they may be rotated by motors 151,belt con 
nected thereto,these motors being mounted On 
the upper faces of the Carriages #50. EaCh Of 
these carriages is provided with a longitudinally 
Cylindrical opening running lengthwise thereof 
and back of the Wheels,that is,0n the Side Of 
the wheels remote from the Work Carriage,and 
within these Cylindrical openings are m0unted 
for lengthwisesliding motion,wheeltruing mech 
anisms 156,These Wheeltruing meChanisms may 
be of any Suitable deSCription,but aS ShOWn are 
similarto thoseillustratedin the Flanders Patent 
No.2.292,874,granted August 11,1942,for Wheel 
Truing Mechanism. EaCh is prOVided With a 
truing diamond 158,and this diamOnd may be 
guided to follow the desired wheel ContOur by a 
Suitable cam 159 in the manner ShoWn in the 
Flanders patent. They are normally preSSed tO 
ward their respective Wheel peripheries as by 
springs 160. Each truing device is provided with 
anadjustable bar 165 which may be moved axial 
1y against the preSSure of the Spring,160 to With 
draw the truing device from operative relation 
to the grinding wheel during the desired por? 
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165 may beas shown in that patent and in the 
Flanders Patent No.2.184.011 for Grinding Ma? 
chines,granted December 19,1939. AS this forms 
no part of the present invention it Will nOt be 
described herein. 
Asshown best in Figure 19,the wheel Carriage 

150 is mounted directly on a second carriage 170 
which directly contacts with the bed 21,both 
carriages being slidable in the same direction. 
Yielding means are provided for holding eaCh 
carriage 110 retractedas far aspermitted by Con 
trolling mechanism,and as shown this yielding 
means may comprise a chain 11t paSSing abOut a 
sprocket wheel 112 journaled in the bed and 
secured at its upper end to a lug 113 depending 
from the carriage 170,A Spring 174 is Secured 
to the lower portion of the chain 11l and to a 
fixed portion of the base and holds the Carriage 
170 backwardly as far as is permitted by a Shaft 
176 journaled in the lug 173 of the carriage 170 
and having an outer end portion 17? in threaded 
engagement with a sleeve 178 slidably mounted 
in a fixed Casing portion f3 and Carrying On itS 
outer end a cam drum 130,In line With the 
shaft 1T6(See Figure 12),a lever 18# bearS 
against the outer face of the cam drum 180 
through a,ball contact 182. This lever #81 iS 
fulcrumed at 183 to a Stationary Side casing 
member 184 within Which is journaled a Shaft 
185,At its rearend this shaft 185 Carries a pin 
ion 186 Which meShes With a gear 18] Carried 
by a sleeve 188 through which the sleeve 178 is 
slidably Keyed,Thus by rotation 0f the Shaft 
185,the gear f8T is rotated,rotating the Sleeve 
178 and thus Changing itS lengthwise position 
With reSpect to the Shaft 116,and this is done 
without changing the axial position of the Sleeve 
178 as determined by the angular position of the 
lever 181,The Shaft 176 is thus adjustable 
lengthwise by rocking the lever 181,and inde 
pendently of this adjustment by turning the 
Sleeve 178. Turning the Sleeve 178 is relied upon 
to provide the axial feed motion for each Wheel 
toward and from the Work,and this feed motion, 
aS Will later appear,is c0nnected to both Wheels 
for simultaneous adjustment. The wheei car 
riage motion produced by rocking the lever 181 
is for adjustment individually of each wheel slide 
independently of the other,and is done by a 
manual OperationasWillaterappear. 
To this end,the Shaft 185,there being one Such 

at eachend of the machine,carries at its forward 
end a bevel pinion 195 with which meshes a Sim 
ilar pinion 191 carried by a hollow Shaft 192. 
The holloW Shaft 192 extendstOWard the Central 
portion of the maChine and Carries On its inner 
end a pinion 193(see Figure 18)with which 
meShes a pinion 194 on a feed Shaft 195,Ex 
tending through the hollow shaft 192,is a second 
Shaft 196(Figure 12),the outer end of Which is 
threaded at 197 through a fixed nut 198 and car 
ries an abutment 199 at its outer end engaging 
a ball abutment,200 On the forWard end Of the 
1ever 181. By rotation of the Shaft 196,it is 
evident that its axial position will be varied by 
reaSOn of its threaded engagement in the fixed 
nut 198,and Consequently the lever 181 Will be 
rocked On its fulcrum,this adjusting the Sleeve 
178 axially and thus producing an adjustment 
of the wheel Carriage independent of its motion 
by the rotation of the threaded sleeve ??3,The 
Shaft 196 extends through the hollow Shaft $2 
and Carries On its inner end means such as a 
hand wheel 203 by which it may be rotated to 
any desiredvariable extent. 
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The shaft 195,by the turning of which the 
feed motion of the wheel carriage is pr0duCed, 
may carry thereon any Suitable form of p0Wer 
ratchet feed mechanism Such aS is Well KnOWn 
in the art and which is intermittently actuated, 
Such a,feed mechanism being Shown generaly 
at 201 and embodying a vertical link 202 which 
is raised and 1owered intermittently. The links 
202 for the two wheels may be connected t0gether 
by crank and link Work 204 and 205 for simul 
taneous operation. 

Anadditional feed of the wheel carriage to pro 
Vide for Wear and truing of the wheel is pro? 
wided by producing an additional motion to the 
carriage 150. This is produced by rotation of a 
Shaft 210,Which is journaled against axial mo 
tion in a bracket portion 211 of the carriage 170, 
ShoWn best in Figure 19,and has threaded con 
nection With a bracket 213 Secured to and de 
pending from the Carriage 150,This Shaft 210 
haS a Splined Or Slip joint Connection at 212 with 
a Shaft 214 positioned above the Shaft 176 and 
journaled in the Stationary Casing 184 above the 
Shaft 176. Within the casing 184,the Shaft 214 
haS fixed thereto a bevel pinion 215 Which meshes 
With a Similar pinion 216 on a Shaft 247 posi 
tioned above the Shaft 185. At its forward end 
the Shaft 21T Carries a bevel pinion 218 Which 
meshes with a Similar pinion 249 carried by a 
horizontal Shaft 220. This Shaft extends part 
Way aCrOSS the front of the machine,as Shown 
best in FigureS ? and 18,and aS ShoWn in Figure 
18,has a bevel pinion 221 at its inner end meSh 
ing with a bevel pinion 222 on a forwardly ex 
tending Shaft 223 haWing an intermittent ratchet 
power feed mechanism 224 of usualtype thereon. 
This intermittent feed mechanism includes a 
vertical 1ink 225 and the two Vertical 1inks 255 
are connected t0gether through lever and link 
mechanism 226,227 So that the feed motions of 
the wheels to CompenSate for Wheel Wear and 
truing are accomplished Simultaneously. 
Power means for actuating the main feed and 

the Supplemental feed comprise the fluid pres 
Sure Cylinders 230 and 231 Suitably connected to 
the actuating linkages for one only of the wheels 
asshown in Figure1. These may be actuatedin 
the well known manner and no further descrip 
tion thereOf is deemed neceSSary. 
Means are provided by Which when the main 

feed of the wheel Carriages has reached a posi 
tion Where the WOrk haS been reduced to the de 
Sired finished Size,the Wheel Carriages are 
automatically retracted preparatory to initiation 
of a Subsequent grinding Cycle,To this end 
there is provided,journaled on each of the feed 
ShaftS 192,the hub of a gear 230 and this hub 
provides for a lost motion driving connection be 
tween it and the Shaft 192 by the provision of a 
pin 23 extending therefrom and in the path of 
motion of which is a Similar pin 232 carried by 
a collar 233 fixed to the shaft 192. These parts 
thus proVide a lost motion or one direction cou 
ping between the gear 230 and the shaft 192. 
Meshing With each of these gears 230 is a ver 
tical rack bar 235 mounted for aXial motion and 
Secured to the upper end of a piston rod 236, 
the fluid preSSure cylinder 23?(see Fig,20)for 
Which haVing a double aCting piston 238 therein. 
These parts are normally in their lowered posi 
tion,Shown in Figure 20,the gear 230 being 
stationary and the pinS231 and 232 being So dis 
posed asto ofer no obstruction to the turning of 
the Shaft 192 in a direction to feed the Wheel 
Carriages t0Ward each other, 
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8 
Assoon,however,asthe feed shaft 116 has ro… 

tated Suficiently for a Stop dog 240 Carried to 
engage the beVeled face of a SWitCh aCtuating 
1ug 2?f and force this lug outWardly,rocking an 
arm 242 carried by a rock Shaft 243 and rocking 
an arm ?44 fixed thereto against a SWitch 245, 
this SWitCh is Closed(See Figure 9),AS ShOWn 
in Figure 20 the ClOSing of this SWitCh energizeS 
a Solenoid 246 from a Source of power 24T,mov 
ing a Valve 248 to the p0Sition ShOWn,allOWing 
fluid under preSSure from a Suitable Source to 
enter through the pressure pipe 8 past the valve 
248 and into the cylinder 237 through the pipe 
25?,this acting t0 lift the pistOn 238 and rotate 
the gear 236 in a direction t0 engage and re 
turn the feed Shaft 192 to its Starting position. 
Retraction of this Shaft alSo retractS the st0p 
Cam 240 and reverses the fluid connections to the 
Cylinder 237,thus returning the gear 230 to its 
former pOSitiOn. 
A positive Stop arm 255?is normally held by 

a Spring 256 in position to be Contacted by the 
st0p dog 2A0 but it may be rocked out of Stop 
ping p0Sition by eXerting a pull On the Cable 25? 
attaChed to the IOWer end of the arm 255. The 
forWard end of the Cable 25? is Connected to One 
arm of a bell Cranklever258,the other arm being 
Connected to a Cable 259 extending to a hand 
1eVer 260 mounted On the front of the maChine. 
While the stop SWitch 245 is actuated at each ro 
tation of the Shaft 176 When the grinding Wheel 
iS advanCed by urning the hand Wheel 263,the 
poWer is of When this is done So that it has no 
efect. ASSuming that the machine has been properly 
set up with the bracket 20 adjusted at the proper 
angular pCSition S0that When the bucket,Carried 
bythe WOrk Support,is in position with its locat 
ing faCes inc0ntact With the locating faces of 
the bracket 20,and with the initial positions 0f 
the grinding wheels properly adjusted,the opera 
tOr places upon the Work table 50 a work holder 
Carrying a buCket,the Shank of Which is t0 be 
Operated upon. The operator then Slides the 
WOrk holder,with the bucket therein,0ver 
against the locating faces 0f the bracket 20,He 
then turns the Valve 80 in Such a manner aS to 
bring the clamping jaw 60 into position to press 
the work holder against the locating faces,after 
Which the top clamp T2 descends to press the 
Work holder firmly against the platform 2,AS 
SOon as this has been efected,the power means 
for reciproCating the platform vertically is 
Started into action automatically,and between 
reCiproCations the grinding Wheels are mOved 
Step by Step tOWard each other to engage the 
Shank of the buCket therebetWeen. The initial 
relative positions of the grinding wheel edges 
and the bucket Shank is Shown in Figure 13,and 
the bucket Shank is m0Ved Up and dOWn betWeen 
the Wheeis aS ShOWn in FigureS 16 and 17,While 
these wheels are intermittently moved toward 
each Other until finaily the bucket Shank is 
ground to the desired COntOur and dimenSiOnS, 
as Shown in Figure 15,During the feed of the 
wheels,at Suitable timeS,the truing deviCes are 
fed against their Outer faces and the Wheels are 
given a C0rreSponding additional feed t0 C0m? 
pensate for the reduced wheel diameter caused 
by Wear and truing. When the bucket Shank 
has been reduced to desired dimensions,the Stop 
Switch 2?5 isenergized by the action of the Wheel 
feed mechanism,Which actS to retract the feed 
mechanism to Separate the wheels So that when 
the work piece has been lowered and unclamped 
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the work piece can be removed and a new one 
inserted in position preparatory to the Start of 
the next Cycle 0f OperatiOnS. 
The final Configurations of the bucket shanKS 

are as shown in Figures 2 and 3,forming what 
is known in the trade as the "Christmas tree.° 
It Will be underst00d that this Shank p0rtion is 
later 0n engaged in a C0rreSpondingly Shaped 
recess in the Wheel or hub portion to form the 
turbine Wheel. 
From the foregoing description of an embodi 

ment of this invention,it should be evident to 
those skilled in the art that various óhanges an@ 
modifications may be made without departing 
from its spirit 0r Scope. 
We Claim: 
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1. A grinding machine comprising a pair of 
grinding wheels arranged with active edge por 
tions spacedapart,a work Supportfor supporting 
work with a portion ir said Space,8aid work 
support having a platform and a pair of angu 
jary related faCes above Said platform,a Work 
hoider having a base and Wall portions and 
íneans for ciamping a work piece therein in 
fixed relation to Said base and wall portions, 
means for Ciamping said WOr? hOlder against 
Said angularly related faces,and means for 
Clamping Said Work holder against Said platform. 
2,A grinding maChine COmprising a pair of 

grinding wheels arranged with active edge por 
tions Spaced apart,a Work Support for Supporting 
Work with a portion in Said Space,Said Work 
8upp0rt haVing a platform and a pair of angu 
}arly related faCes above Said platform,a work 
h0]der having a base and Wall portions and 
means for Clamping a Work piece therein in 
fixed relation to 8aid base and Wall p0rtions, 
means for Clamping Said WOrk holder against 
Said angularly related faces,means for clamping 
Said Wor? holder against Said platform,and 
means for actUating Said Wor? holder clamping 
means in predetermined Sequence. 

3. A grinding maChine Comprising a pair of 
grinding Wheels arranged with active edge por 
tions spaced apart,means for rotating Said 
wheels,a WOrk Support having a platform for 
Supporting work with a,portion in Said Space, 
means for reciprocating Said Support to Cause 
Said Work portion to traverse Said space,a work 
holder having a face for engagement on Said 
platform and having means for locating a work 
piece in predetermined relation to said face, 
means for clamping Said Work holder in prede 
termined relation on Said platform,and a table 
Carried by Said machine adjacent to the line of 
reciprocation of Said Work Support and having 
a t0p face Substantially at the level of Said plat 
form WhPn Said platform is in 1oading position, 
Said table being in position to initially Support 
Said Work holder and from Which it may be Slid 
ont0 Said platform into position for the grinding Operation, 

4. A grinding machine comprising a pair of 
grinding Wheels arranged with active edge por 
?ons sp2Ced 8Dart,means for rotating Said 
wheels,a Work support for Supporting work with 
8 portion extending ino 8aid Space,means for 
m0Ving Said support in a direction perpendicular 
to a jine joining the Centers of Said Wheels,means 
for actuating Said moving means alternately in 
Opp0site dire3tions to reciproCate Said Support, 
means independent of Said moving means for 
feeding Said wheels simultaneously and equally 
tOWard each other to narrow Said Space,a truing 
device for each wheel on the opposite side of 
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10 
eachwheelfrom Saidspace,and meansforsimul 
taneously feeding Said truing devices equally 
toward the axis of the CorreSp0nding Wheel. 

5. A grinding machine comprising a pair of 
grinding wheels arranged With active edge pOr? 
tions spaced apart,means for rotBting Said 
wheels,a work Support for Supporting Work with 
a portion extending into said space,means for 
moving Said support in a direction gergendicular 
to a line joining the centerS 0f Said Wheels,meanS 
for actuating Said moving means alternately in 
opposite directions to reciprocate said Support, 
means independent of said moving means for 
feeding said wheels simultaneously and equally 
toward each other to narrow said Space,a truing 
device foreach wheel on the opposte side 9f 
each wheel from said space,means for simul 
taneously feeding said truing devices equally to? 
ward the axis of the correSponding wheel,and 
means for adjusting each truing device inde 
pendently ofthe other. 

6. A machine of the class described compris 
ing a reciprocable table,means for reCipr0Cating 
said table,a work holder,means for clamping 
said work holder to Said table,a tool With refer 
ence to which work carried by Said holder when 
said holderis insaid Clamped p0SitiOn is recipr0? 
cated bythe reciprocation of said table,Operator 
actuable means for actuating Said Clamping 
means to clamp or release the WOrk,and meanS 
actuated by the clamping of the Work piece to 
initiatesaid reciprocating means. - 

7. A machine of the class described Compris 
ing a reciprocable table,means for reciproCating 
said table,a work holder,means for clamping 
Said work holder to said table,a tool with refer 
ence to which work Carried by Said holder When 
8aid holderisin Said Clamped positi0n is recipr0 
cated by the recinrocation of Said table,meanS 
for actuating said clamping means to Clamp Or 
release the work,and means preventing actuation 
of said reciprocating means until said clamping 
means has been placed in work-clamping condi 
tion actuated by the clamping of the work piece 
t0initiatesaid reciprocating means. 

8. A machine of the class described COmpris? 
ing a reciprocable work holder,a tool movable 
toward and from Said work holder,means for 
so moving said tool including a shaft rotatable 
in ohe direction to move said tool tOWard the 
work and in the opposite direction to retract the 
tool from the work,a gear on Said shaft,a One 
way clutch connection between Said gear and 
shaft rotating saidshaft in tool retracting direc? 
tion on corresponding rotation of Said gear,and 
means actuated on feed of Said tool to a pre 
determined point to rotate Said gear in Said di? 
rection to retract Said tool from the WOrk. 
9,A machine of the class described compris? 

ing a reciprocable work holder,a tool movable 
toward and from Said work holder,means for 
so moving said tool including a shaft rotatable 
in one direotion to move Said t001 tOWard the 
work and in the opposite direction to retract the 
tool from the work,8,gear on Said Shaft,a One 
way clutch connection between Said gear and 
shaft rotating said shaft in tool retracting direC? 
tion on corresponding rotation of Said gear,a 
reciprocable rack engaging Said gear,pOWer 
rneans for moving said rack in a direction to 
retract said tool from the WOrk,and means aC? 
tuated bythe rotation of Saidshaft to a predeter? 
mined angular position in tool feed direction to 
actuate Said power meamS. 

10. In a machine of the class deSCribed,8 re? 




