E. V. FLANDERS ETAL 2,578,531

MACHINE FOR GRINDING IMPELLER BUCKET SHANKS

Dec. 11, 1951

5 Sheets-Sheet 1

Filed Aug. 14, 1948

Z

/ \Wﬁiﬁff
W Ol
Brss sty

y

V.7,
L0170 A D,

Ay
Wigtk

e



E. V. FLANDERS ET AL 2,578,531

MACHINE FOR GRINDING IMPELLER BUCKET SHANKS

Dec. 11, 1951

5 Sheets-Sheet 2

Filed Aug. 14, 1948

LXK Y

idlyy

/
vy
7

i
7 7

Lo

lones?

7

LIT0 H, I)%

14

’




531

2,578,

E. V. FLANDERS ETAL
MACHINE FOR GRiNDING IMPELLER BUCKET SHANKS

Dec. 11, 1951

5 Sheets-Sheet 3

Filed Aug. 14, 1948

Z8

0%
VAR,

Wi

W/7/7,
i

S
S

2,
b

S

Y
<X




Dec. 11, 1951 E. V. FLANDERS ET AL 2,578,531

MACHINE FOR GRINDING IMPELLER BUCKET SHANKS
Filed Aug. 14, 1948

5 Sheets-Sheet 4

% ™
D
X
S Y
§§ S o §3~ \ D N
Q b /\ - — ﬁ,
7 s [, LTS
N a : D00 Fignelry
N < %

= = 5 4{&77%/1//’/;/’1

N AN ¢£&§&4K2Lmuu¢1;%%%;¥ﬁ



2,578,531

E. V. FLANDERS ETAL
MACHINE FOR GRINDING IMPELLER BUCKET SHANKS

Dec. 11, 1951

Filed Aug. 14, 1948

5 Sheets-Sheet 5

'_

=
T

—_—

oy V2

£52
== iz
/52 [

| ) L/ L

#9037 172

i

,

7708




Patented Dec. 11, 1951

2,578,531

UNITED STATES PATENT OFFICE

2,578,531

MACEINE FOR GRINDING IMPELLER
BUCKET SHANKS

Ernest V. Flanders and Carroll H. Drury, Spring-
field, Vt., assignors to Jones & Lamson Machine
Company, Springfield, Vt., a corporaticn of

Vermont

Application August 14, 1948, Serial No. 44,296
(CL 51—84)

15 Claims,

1

This invention relates to grinding machines,
and more particularly to machines for grinding
the shanks of turbine impeller blades or buckets
to desired form for interlocking engagement with
the hub members to which they are to be se-
cured.

One of the objects of this invention is to grind
opposite side faces of the bucket shanks simul-
taneously to the desired configuration and to
close tolerances.

A further 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-
tour and dimensions.

A further object is to provide means for hold-
ing the bucket and readily locating and clamp-
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
and the grinding wheel may begin.

Still another object is to provide means facili-
tating the placing and removal of the buckets
with relation to the wheels.

A further object is to provide for simultaneous
wheel feeds and truing and for compensation for
wheel wear and truing.

Still another object is to provide for individual
wheel adjustment in setting up the machine, the
automatic wheel movement being then simul-
taneous for both wheels.

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 5 machine em-
bodying the invention.

Figures 2 and 3 are perspective baeck and face
views, respectively, of a bucket, showing the
ground shank configuration.

Figure 4 is a detail sectional view on line 4—4
of Figure 1.

Figures 5 to 8, inclusive, are detail sectional
views on the correspondingly numbered section
lines of Figure 4.

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 11 and 12 are detail sectional views on
lines ¢ I-—1{ and §2-—12, respectively, of Figure 9.

Figures 13, 14 and 15 are fragmentary horizon-~
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2
tal sectional views through the wheels and work
showing successive stages in the operation of the
machine.

Figures 16 and 17 are fragmentary vertical sec-
tional views through the wheels and work show-
ing rough and finish grinding and on lines 16—16
and T—I7 of Figures 14 and 15, respectively.

Figure 18 is a fragmentary top plan view show-
ing the front and right hand end portions of the
machine.

Figure 19 is a detail sectional view on line
i9—19 of Figure 18.

Pigure 20 is a diagrammatic view showing
mechanism for stopping the grinding action and
reversing the wheel feed at the end of a cycle of
operation.

The work for which the machine of this inven-
tion has been particularly designed is illustrated
in Figures 2, 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 as to be fitted into a
mating socket in the turbine rotor hub. ‘The con-
figurations of these shanks in completed form,
which as shown in Figures 2 and 3, comprise a
series of longitudinal ribs 8 on two sides of the
shank portion, which is substantially triangu-
Iar in cross section. This portion of the shank
of the blade or bucket is commonly referred to
in the art as the “Christmas tree.”

These blades or buckets are made of a material
with high heat resistance and are not easily 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 be ground to close tolerances.

In accordance with this invention, therefore,
the blade or bucket is arranged to be mounted
in a suitable work holder 19, hest shown in Figures
5 and 8, which is suitably clamped upon & car-
riage i mounted for reciprocation between a
bair of grinding wheels 12 spaced apart and
provided with opposed serrated grinding faces
I3 as shown best in Figures 7,13, 14 and 15. The
carriage {1, upon which the bucket to be ground
is mounted, is mounted on a pair of spaced verti-
cal cylindrical bars 1§ and {7 carried by a bracket
20 supported for slight angular adjustment on a
pivot 28¢ upon the upper face of a bed 21 of the
grinding machine. The bracket 28 may be fixed
in adjusted angular position by tightening a
screw 21 which extends through an arcuate slot
in the base of the bracket 20 and is threaded into
the bed 21. A screw 22a threaded through a lug
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on the bracket 20 and engaging a stop on the bed
facilitates angular adjustment of the base. AS

shown, the end portions of the bar 16 are fixed
o stationary brackets 25 carried by the bracket
20 and the carriage fi has a portion 2§ provided
with an internal ball bearing 21 which rides on
the bar 16. This ball bearing is 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 i7 passes through a longer opening through
the carriage i, and in its opening it it provided
with a pair of spaced sets of ball bearings 24, and
the entry of foreign matter into these ball bear-
ings is prevented by collapsible bellows 2§ sur-
rounding. the bar (7 and extending above and
pelow the carriage 11 into contact with the top
and bottom wall members 86 and 31 of the
bracket 26. The carriage is thus mounted on
three sets of ball bearings, two on the bar {1 and
one on the bar 8, thus making a three point sup-
port for the carriage.

Between the bars 186 and 11, a piston rod 3%
is suitably secured at its lower end to a cross
flange 36 of the carriage, and this rod extends
ypwardly into a hydraulic cylinder 31 mounted
upon the bracket 26 and Liaving slidable therein
a piston 38 connected to the piston rod 36. By
introducing a suitable fluid into the cylinder 317
on opposite sides of the piston 38, the piston may
be driven upwardly and downwardly as desired,
thus producing a vertical reciprocation of the car-
riage {1, causing the shanks 2 of the bucket then
in position to be traversed between the con-
fronting grinding faces of the wheels i5.

Means are 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
the grinding operation. As shown best in Figures
1, 5, and 8, the work holder comprises a suitable
block having a slot 40 therein shaped to receive
the blade of the bucket and with its shank pro-
jecting outwardly therefrom. The particular
construction of this holder does not form a por-
tion of this invention, except that it is provided
with a base 4} adapted to rest upon a platform
‘portion 42 of a work-holding bracket 43 secured
to the face of the carriage {i as by screws a4.
The bracket 43 is also provided at one edge with
a retaining strip 45 secured thereto as by SCIews
4% (see Figure 8).

The platform 42 provides one locating face
for the work holder, a pair of angularly related
locating 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 I§ 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 holder 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 to facilitate the placing and removal
of the work holder, the machine is provided with
a table 50 (see Figure 4) mounted for vertical ad-
justment as on the jacks 51 and 52, this table
presenting its top face 33 substantially in hori-
zontal alinement with the top face of the plat-
form 42 when the platform is at its lower limit
of reciprocation, where it is placed at the end of &
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grinding operation and before the commence-
ment of a new grinding cycle. This table 50 ex-~
tends substantially to the forward face of the
machine where it 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 platfcrm 42
and to the position shown in Figure 8, prepara-
tory to starting the grinding cycle.

Means are provided for clamping the hoelder in
this position, and such clamping means is so rée-
lated to the controls of the machine that this
clamping must be effected before the grinding
cycle can be initiated. This clamping mechanism
embodies two holder clamps. One of these
clamps 68 is fulcrumed at 6f on a bracket 62 car-
ried by the bracket 43 and has an inelined clamp-
ing face 68 for engagement with a mating face 54
on the work holder (Figure 8). This face 84 is
arranged at an aungle to both the locating faces
on the bracket 43 and on the retaining strip £5 so
that it presses the work holder against both of
these faces. The clamp &8 is connected through a
pivoted link 65 to a forked head 66 at the lower
end of a piston rod 87 having a piston 68 slidable
in one of a pair of cylinders in a casing 88, so that
by introducing fluid pressure above the piston 66,
as through the pipe 79, the clamp 85 may be
turned downwardly into clamping position, or by
introducing fluid pressure beneath the piston 88
it may be raised to release the clamp §0. The
other clamp comprises a plunger 72 vertically
movable and capable of being brought down
against the top face of the holder, thus to press it
against the platform 42, This plunger 12 com-
prises a piston rod having a piston 15 at its upper
end slidahle within a second cylinder in the cylin-
der block 89. Fluid under pressure to and from
these cylinders may be controlled by & hand op-
erated four way valve 88 shown diagrammatically
in Figure 10, which receives fluid under pressure
through the pipe 8! from a suitable scurce such
as a pump 82. This takes fluid from a tank 83
and discharge from the cylinders in the casing
28 takes place through the pipe 8% back to the
tank.

Assuming that the work holder with a bucket
therein is in position cn the platform, the op-
erator turns the valve 88 to the position shown
in Figure 10, whereupon pressure Dasses from
the pressure pipe 81 through a valve port and a
pipe 85 to the upper end of the casing 59 through
a pair of passages 7@ and 6. ¥rom the passage
18 the pressure immediately reaches the upper
face of the piston 88 which is therefore driven
downwardly, bringing the clamp 83 into engage-
ment with the work holder and pressing it firmly
against the two angularly related vertical located
faces. Check valves 87 and 28 prevent the fluid
under pressure from immediately reaching the
top face of the piston 15, but when the pressure
above the piston 68 builds up sufficiently, the
check valve 88 is opened and fluid under pressure
passes to the upper side of the piston 75, driving
this piston downwardly and clamping the WOTK
holder against the platform. This, as will later
appear, closes a switch at 88 which initiates the
vertical traverse of the carriage. Moving the
valve 86 to its other angular position conneets the
pressure line 81 o the pipe 91, admitting pressure

beneath both pistons 88 and 15 while pipes 76 and -

10 are opened to discharge through pipe 85, valve
80 and discharge pipe 84. This unclamps hoth
clamps 69 and 72 and opens the switch 840.

As shown best in Figure 4, the carriage {1 has
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Secured therete the lower end of a rack bar 95,
the upper rack portion of which engages teeth of
2 pinion 88. This pinion 85 is earried by a shaft
87 (see Figure 6) within a casing 98 and out-
wardly of the casing 98, the shaft 97 hag fixed
thereto a cam drum 18¢. This cam drum is pro-
vided with a peripheral T slot i8¢ and a face T
slot 162, ang angularly adjustable in these slots
are a pair of switeh actuating dogs 182 and 164
movable ir parallel planes, and which are adapted
to close switches 28, .185, respectively. These
switches, as shown best in Figure 10, are con-
neeted to one side of & power line 107 and are
adapted to be eclosed alternately by the switch
dogs {83 and {64 as these dogs are rocked by
vertical reciprocation of the rack bar 5. The
* closing of the switch 165 closes g connection from
the line 487 through the switch | 85, lead 163,
solenoid 183, back te the line !1§. This selenoid
{88 has a reciprocable core f4%, & portion of
which is formed ag a rack bar and engages teeth
cn the stem of g four-way valve 1{{. When so
energized the core is drawn downwardly, turn-
ing the control valve #i} to the positien shown in

Figure 10, where fluid under pressure from the o5

line 81 passes through the control valve {12, pas~
sage L2, the valve §{}, ang passage 114 beneath
the piston 88, thus lifting the piston ang with it
the carriage {{. When the piston 3§ reaches its
upper limit, earrying with it the rack har 295, the
other switch dog 84 closes the switeh {88 which
energizes the solenocid $i5 on the same core £i7,
reversing the valve {#{, so that now rressure from
the line 81 passes through the valve I 1} and the
bipe 116 to the upper end of the cylinder 27 and
drives the piston &8 downwardly. The normally
closed valve {12 is controlled by the switch 98,
closing of this switech §8 energizing a solenoid 130
from the lines £07 and 110, ang moving the valve
1i2 to its open position, whereupon the carriage
reciprocating means is allowed to function.
Whenever the clamping means are open, how-
ever, the valve 112 is closed, and consequently no
reciprocation of the carriage may take place.

On either side of the bracket 20 which carries
the traversing carriage, the bed 21 carries a wheel
carriage 150, these carriages being mounted in
ways for movement from and toward each other.
The wheels 12 are suitably journaled 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 158. Each of
these carriages is provided with a longitudinally
cylindrical opening running lengthwise thereof
and back of the wheels, that is, on the side of
the wheels remote from the work carriage, and
within these cylindrical openings are mounted
for lengthwise sliding motion, wheel truing mech-~
anisms 156. These wheel truing mechanisms may
be of any suitable description, but as shown are
similar to those illustrated in 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 {59 in the manner shown in the
Flanders patent. They are normally pressed to-
ward their respective wheel beripheries as by
springs 160. Each truing device is provided with
an adjustable bar 165 which may be moved axial-
ly against the pressure of the spring 160 to with-
draw the truing device from operative relation
to the grinding wheel during the desired por-
tions of the eycle and the actuation. of these bars
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6
165 may be as 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 he
described herein.

As shown best in Figure 19, the wheel carriage
150 is mounted directly on a second carriage {70
which directly contacts with the bed 21, both
carriages being slidable in the same direction.
Yielding means are provided for holding each
carriage 110 retracted as far as permitied by con-
trelling: mechanism, and as shown this yielding
means may comprise g chain 171 bassing about g
sprocket wheel 112 journaled in the bed and
secured ab its upper end to a lug 113 depending
from the carriage {70. A spring 174 is secured
to the lower portion of the chain 171 and to a
fixed portion of the base and holds the earriage
110 backwardly as far as is permitted by a shaft
116 journaled in the lug 173 of the carriage 170
and having an outer end portion {17 in threaded
engagement with a sleeve 173 slidably mounted
in a fixed casing portion 179 and carrying on its
outer end a cam drum 86. In line with the
shaft 1716 (see Figure 12), a lever 18! bears
against the outer face of the cam drum 180
through a ball contact (82, This lever {81 is
fulerumed at 183 to g stationary side casing
member 184 within which is Journaled a shaft
185. At its rear end this shaft 185 carries a pin-
ion 186 which meshes with g gear [87 carried
by a sleeve 188 through which the sleeve 178 is
slidably keyed. Thus by rotation of the shaft
(85, the gear 187 is rotated, rotating the sleeve
178 and thus changing its lengthwise position
with respect to the shaft 176, and this is done
without changing the axial position of the sleeve
178 as determined by the angular position of the
lever i81. The shaft 118 is thus adjustable
lengthwise by rocking the lever i81, 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 connected to both wheels
for simultaneous adjustment. The wheel car-
riage motion produced by rocking the lever 18t
is for adjustment individually of each wheel slide
independently of the other, and is done by a
manual operation ag will later appear.

To this end, the shaft { 85, there being one such
at each end of the machine, carries at its forward
end a bevel pinion 196 with which meshes a sim-
ilar pinion 191 carried by a hollow shaft §82.
The hollow shaft 192 extends toward 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
lever 181. By rotation of the shaft 186, 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 18§ will be
rocked on its fulcrum, this adjusting the sleeve
118 axially and thus producing an adjustment
of the wheel carriage independent of its motion
by the rotation of the threaded sleeve 178. The
shaft 196 extends through the hollow shaft i52
and carries on its inner end means such as g
hand wheel 203 by which it may be rotated to
any desired variable extent.
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The shaft (95, by the turning of which the
feed motion of the wheel carriage is produced,
may carry thereon any suitable form of power
ratchet feed mechanism such as is well known
in the art and which is intermittently actuated,
such a feed mechanism being shown generally
at 201 and embodying a vertical link 202 which
is raised and lowered intermittently. The links
202 for the two wheels may be connected together
by crank and link work 204 and 205 for simul-
taneous operation.

An additional feed of the wheel carriage to pro-
vide for wear and truing of the wheel is pro-
vided 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 {10,
shown best in Figure 19, and has threaded con-
nection with a bracket 213 secured to and de-
pending from the carriage {50. This shaft 210
has a splined or slip joint connection at 212 with
a shaft 214 positioned above the shaft 116 and
journaled in the stationary casing 184 above the
shaft 116. Within the casing 184, the shaft 214
has fixed thereto a bevel pinion 215 which meshes
with s similar pinion 216 on a shaft 247 posi~
tioned above the shaft 185. At its forward end
the shaft 2171 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 1 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 & forwardly ex-
tending shaft 223 having an intermittent ratchet
power feed mechanism 924 of usual type thereon.
This intermittent feed mechanism includes a
vertical link 225 and the two vertical links 285
are connected together 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
as shown in Figure 1. These may be actuated in

the well known manner and no further deserip-

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-
gired 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 thereirom and in the path of
motion of which is a similar pin 232 carried by
2 collar 233 fixed to the shaft 192. These parts
thus provide a lost motion or one direction cou~-
pling between the gear 230 and the shaft 192.
Meshing with each of these gears 238 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 237 (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 pins 231 and 232 being so dis-
posed as to offer no obstruction to the turning of
the shaft 192 in a direction to feed the wheel
carriages toward each other, .
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As soon, however, as the feed shaft 116 has ro=
tated sufficiently for a stop dog 240 carried to
engage the heveled face of a switeh actuating
lug 241 and force this lug outwardly, rocking an
arm 242 carried by a rock shaft 243 and rocking
an arm 244 fixed thereto against a switch 245,
this switch is closed (see Figure 9). As shown
in Figure 20 the closing of this switch energizes
o solenoid 245 from a source of power 241, mov-
ing a valve 248 to the position shown, allowing
fiuid under pressure from a suitable source to
enter through the pressure pipe 8i past the valve
248 and into the cylinder 237 through the pipe
256, this acting to lift the piston 238 and rotate
the gear 230 in a direction to engage and re-
turn the feed shaft 192 to its starting position.
Retraction of this shaft also retracts the stop
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
stop dog 248 but it may be rocked out of stop-
ping position by exerting a pull on the cable 251
attached to the lower end of the arm 288. The
forward end of the cable 257 is connected to one
arm of a bell crank lever 258, the other arm being
connected to a cable 259 extending to a hand
lever 268 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 turning the hand wheel 263, the
power is off when this is done so that it has no
effect.

Assuming that the machine has been properly
get up with the bracket 20 adjusted at the proper
angular position so that when the bucket, carried
by the work support, is in position with its locat-
ing faces incontact with the locating faces of
the bracket 20, and with the initial positions of
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 to be
operated upon. The cperator then slides the
work holder, with the bucket therein, over
against the locating faces of the bracket 20." He
then turns the valve 80 in such a manner as to
pring the clamping jaw 60 into position to press
the work holder against the locating faces, after
which the top clamp 72 descends to press the
work holder firmly against the platform 2. As
soon as this has been effected, 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 buckst shank is moved up and down hetween
the wheels as shown in Figures 16 and 17, while
{hese wheels are intermittently moved toward
each other until finally the bucket shank is
ground to the desired contour and dimensions,
as shown in Figure 156. During the feed of the
wheels, at suitable times, the truing devices are
fed against their outer faces and the wheels are
given a corresponding additional feed to com-
pensate for the reduced wheel diameter caused
by wear and truing. When the bucket shank
has been reduced to desired dimensions, the stop
switch 245 is energized by the action of the wheel
feed mechanism, which acts to refract the feed
mechanism to separate the wheels so that when
the work piece has been lowered and unclamped
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the work piecé ean be removed and a new one
inserted in position preparatory to the start of
the next cycle of 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 “Christimas tree.”
It will be understood that this shank portion is
later on engaged in g correspondingly shaped
recess in the wheel or hub portion to form the
turbine wheel.

From the foregoing description of an embodi-
ment of this ihvention, it should be evident to
those skilled in the art that various changes and
modifications may be made without departing
from its spirit or scope.

We claim:

1. A grinding machine comprising a pair of
grinding wheels arrangsd with active edge por-
tiohs spaced apart, a work support for supporting
work with a portion in said space, said work
support having a platform and a pair of angu-
larly related faces above said platform, a work
holder having a base and wall portions and
means for clamping a work piece therein in
fixed relation to said base and wall portions,
means for clamping said work holder against
said angularly related faces, and means for
clamping said work holder against said platform.

2. A grinding machine comprising g pair of
grinding wheels arranged with active edge por-
tions spaced apart, 5 work suppert for supporting
work with a portion in said space, said work
support having a platform and gz pair of angu-
larly related faces above said platform, a work
holder having a base and wall portions and
means for clainping a work piece therein in
fixed relation to said base and wall portions,
means for clamping said work holder against
said angularly related faces, means for clamping
said work holder against said platform, and
means for actuating said work 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, a3 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 g 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 top face substantially at the level of said plat-
form when said platform is in loading position,
said table being in position to initially support
said work holder and from which it may be slid
onto said platform into bosition for the grinding
operation.

4. A grinding machine comprising a pair of
grinding wheels arranged with active edge por-
tions spaced apart, means for rotating said
wheels; a work supnort for supporting work with
a vortion extending into said space, means for
moving said supnort in a direction perpendicular
to a line joining the centers of 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 wheslg 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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each wheel from said space, and means for simul-
taneously feeding said truing devices equally
toward the axis of the corresponding wheel.

5. A grinding machine comprising a pair of
grinding wheels arranged with active edge por-
tions spaced apart, means for rotating said
wheels, & work support for supbporting work with
a portion extending into said space, means for
moving said support in a direction verpendicular
to a line joining the centers of 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 whesls simultaneously and equally
toward each other to narrow said space, a truing
device for each wheel on the opposite side of
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 of the other.

6. 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 ecarried by said holder when
said holder is in said clamped position is recipro-
cated by the 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
initiate said reciprocating means. .

7. A machine of the class deseribed compris-
ing a reciprocable tahle, 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
said holder is in said clamped position is recipro-
cated by the recinrgeation of said table, means
for actuating said clainping 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 hy the clamping of the work piece
to initiate said reciprocating means.

8. A machine of the class deseribed 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 direction to move said tool toward the
work and in the opuosite direction to retract the
tool from the work, a gear on said shaft, 5 one
way cluteh connection between said gear and
shaft rotating said shaft in tool retracting direcw
tion on corresponding rotation of said gear, and
means actuated on feed of said tool to g 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
S0 moving said tool including a shaft rotatable
in one direction to move said tool toward the
work and in the opposite direction to retract the
tool from the work, o 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, o,
reciprocable rack engaging said gear, power
means for moving said rack in a direction to
retract said tool from the work, and means ac-
tuated by the rotation of said shaft to a predeter-
mined angular position in tool feed direction to
actuate said power means.

10. In a machine of the class described, a re-
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ciprocable tool carriage, means for reciprocating
said carriage including parts comprising a lead
screw and nut one of said parts being rotatable,
means for rotating said rotatable part, the other
_of said parts being connected to said carriage,
a member bearing coaxially on said rotary part,
said rotary part being mounted for axial motion,
“and means for variably moving said member to
adjust said rotary part axially to thereby adjust
the position of said carriage corresponding to
any specific angular position of rotation of said
rotary part.

11. In a machine of the class described, a re-
ciprocable tool carriage, means for reciprocating
said carriage including parts comprising a lead
screw and nut one of said parts being rotatable,
means for rotating said rotatable part, the other
of said parts being connected to said carriage,
a lever bearing at one end coaxially on said
rotary part, a hollow rotary shaft substantially
parallel to the direction of reciprocation of said
carriage, driving connections from said hollow
shaft to said rotary part, an adjusting rotary and
axially movable shaft within said hollow shaft
_and having a threaded portion, a fixed nut engag-
ing said threaded portion, said adjusting shaft
bearing against said lever, means for rotating said
hollow shaft to thereby move said carriage, and
means for rotating said adjusting shaft to
thereby adjust said rotary part axially and there-
by adjust the relation between said carriage posi-
tion and the angular position of said hollow shaft.

12. A machine of the class described, compris-
ing a work support having a platform and a pair
of angularly related faces above sald platform, a
work holder having a base and wall portions and
means for clamping a work piece therein in pre-
determined relation to said base and wall por-
tions, means for clamping said work holder with
its base against said platform and said wall por-
tions against said angularly related faces, and
means for performing a tooling operation on the
work piece in predetermined relation to said plat-
form and to said angularly related faces.

13. Tn a machine of the class described, a re-
ciprocable tool carriage, means for reciprocating
said carriage including parts comprising a lead
screw and nut one of said parts being rotatable,
means for rotating said rotatable part, the other
of said parts being connected to said carriage, &
member bearing coaxially on said rotary part,
said rotary part being mounted for axial motion,
and screw and nut means for adjusting said mem-
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ber to adjust said rotary part axially to thereby
adjust the position of said carriage corresponding
to any specific angular position of rotation of said
rotary part.

14. A machine of the class described comprising
a work support having a platform and a pair of
angularly related faces above said platform, a
work holder having a base and wall portions and
means for clamping a work piece therein in pre-
determined relation to said base and wall por-
tions, a tool, means for clamping said work holder
against said platform and against said angularly
related faces and in predetermined relation to
said tool, and means for relatively moving said
work support and tool to cause said tool to per-
form a tooling operation on a work piece clamped
in said holder.

15. A machine of the class described comprising
a work support having a platform for supporting
a2 work holder, a tool, means for reciprocating said
support relative to said tool, a work holder hav-
ing a face for engagement on said platform and
having means for locating a work piece in pre-
determined relation to said face, means for
clamping said work holder in predetermined re-
lation on said platform, and a table carried by
said machine adjacent to the line of reciprocation
of said work support and having a top face sub-
stantially at the level of said platform when said
platform is in loading position, said table being
in position to initially support said work holder
and from which it may be slid onto said platform
into position for the tooling operation by said
tool.
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