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This invention relates to grinding and more particularly to apparatus for grinding 
cylindrical work or work pieces of round Sec 
tion wherein the work is held or supported 
between a grinding wheel and a work regulat 
ing wheel for respective grinding and rotat 
ing action thereon. 

It has been heretofore proposed to grind 
cylindrical work in a grinding machine of 
the above-mentioned general character and 
it has been found that such a machine, hav 
ing a grinding wheel rotated rapidly for performing the grinding operation and a 
work regulating wheel, rotated slowly to con 
trol the rotation of the work while the grind 
ing wheel grinds the work supported there 
between, is characterized by a great many 
very important practical advantages, par 
ticularly where the cylindrical work pieces 
are fed axially past the grinding wheel by. 
the regulating wheel; one of the dominant 
aims of this invention is to provide a grind 
ing apparatus in which such advantages as 
high accuracy and high speed of grinding, 
characteristic of the above-mentioned ap 
paratus, may be dependably achieved where 
the work pieces are of special shape or form, 
for example, such as work pieces of round 
section having two or more sections or por 
tions thereof of different diameters. Another 
object is to provide an apparatus of the above 
mentioned nature whereby high speed and 
substantial continuity of grinding, together 
with a high degree of accuracy may be 
achieved in a thoroughly practical and com 
mercial way, even though the work pieces 
operated upon might necessarily have 
peculiar shape or form. 
Another object is to provide a grinding 

apparatus of the above-mentioned nature in 
which dependability in operation, lugged 
ness of construction and great flexibility of 

45 
control and operation are combined in a 
thoroughly practical manner in order thus 
readily to meet the varying conditions of 
practical use. Another object is to provide 
an apparatus of the above-mentioned nature 
which will be thoroughly automatic in ac 

50 tion and well adapted to safeguard not only 

the work operated upon but also the operative 
handling the apparatus. 
Another object is to provide a rinding 

apparatus in which not only a hig degree 
of accuracy of grinding of the work pieces 
of peculiar or special shape or form may be 
achieved but also a high degree of finish of 
the ground surface. 
Another object of this invention is to pro 

vide a grinding apparatus in which the 
Specially shaped work piece may be ac 
curately and reliably related operatively to 
the grinding wheel and the regulating wheel 
and, moreover, in such a manner as to in 
sure a high and dependable degree of uni 
formity of grinding throughout successive 
Work pieces operated upon. 
Another object is to provide a grinding 

apparatus for carrying out the objects noted 
above and in which, while the apparatus is 
capable of operating fully automatically, a 
reliable and dependable manual control may 
nevertheless be exercised in a thoroughly 
practical way. 
Another object of this invention is to pro 

vide a grinding apparatus for carrying out 
such objects as have just been pointed out 
but in which many additional and thor 
oughly practical advantages may be achieved 
in arranging the work regulating wheel sub 
stantially underneath the grinding wheel. 
Other objects will be in part obvious or 

in part pointed out hereinafter. 8 
The invention accordingly consists in the 

features of construction, combinations of ele 
ments, and arrangements of parts as will be 
exemplified in the structure to be herein 
after descoed and the scope of the applica 
tion of which will be indicated in the fol 
lowing claims. 
In the accompanying drawings, in which 

is shown by way of example an illustrative 
embodiment of my invention, 

Fig. 1 is a side elevational view, with parts 
broken away, of a centerless grinding machine 
embodying the invention; 

Fig. 2 is a diagrammatic plan view show 
ing the various mechanisms and arrange 
ment for feeding a row of workpieces through 
the grinding zone; - 
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Fig. 3 is a diagrammatic elevational view 
of the mechanisms for propelling and guid 
ing the row of workpieces towards and 
away from the grinding Zone; . . 

Fig. 4 is a sectional elevational view taken 
upon the line 4-4 of Fig. 2; 

Fig. 5 is a detail view showing the shape 
and relative positions of the cams controlling 

O 

5 

the movement of the grinding wheel and the 
movement of the reciprocatory mechanism; 

Fig. 6 is a detail view of part of the mech 
anism shown in Fig. 1; 

Fig. 7 is a detail view of a portion of the 
tripper mechanism; . . 

Fig. 8 is a sectional elevational view 
along the line 8-8 of Fig. 1; . . . 

Fig. 9 is a sectional view of part of the 
mechanism shown in Fig.1 along alongitudi 
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and 
Figs. 10 to 12 inclusive are diagrammatic. 

views indicating the relative positions of the 
movable wheel, row of work pieces, and 
plunger mechanism. 
In the drawings I have illustrated a pre 

ferred embodiment of my invention in which, 
as shown, the apparatus is automatic in 
operation throughout but, as will be readily 
made clear hereafter, may be operated in 
a semi-automatic manner. This illustrative 

- embodiment of my invention includes a frame 
10 (Fig. 1) within an upper part of which is 
mounted agrinding wheel spindle 11 carrying 
a grinding wheel 12. The grinding wheel 
spindle is rotated rapidly from any suitable 
source of power by means of a belt 13 pass 
ing over a pulley 14 secured upon the spin 
dle. 11. The grinding wheel 12 may thus 
be given a suitable grinding speed, it being 
further noted that the grinding wheel is ro 
tated or driven in the direction of the arrow 
shown in Figure 1. w 
A column 15 is mounted to be moved ver 

tically within a cylindrical guiding portion 
16 of the frame 10, to which it is splined. 
A hand wheel (not shown) is keyed to the 
shaft of a worm 17 meshing with a worm 
wheel 18 fixed to a screw shaft 19; the latter 
engages threads in a boss 20 integral with 
the frame. Rotation of screw shaft 19 by 
the hand wheel thus brings about a raising 
or lowering of the column 15. A work regu 
lating wheel 23 is mounted, beneath and pe 
ripherally opposed to the grinding wheel, 
upon a spindle 24 supported for rotation in 
suitable bearings (not shown) enclosed with in the bearing casing 25 supported upon the 
block 26 mounted upon the upper portion 
of the column 15. The regulating wheel 23 
may be rotated relatively slowly in the direc 

: tion of the arrow (Fig. 1) from any suit 
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able source of power, such as a motor 27 con 
nected directly to a shaft 28 having a worm 
29 thereon meshing with a worm wheel 30 
upon the wheel spindle 24. 

1,788,097 
An auxiliary frame 31 fixed on the col 

umn 15 extends upwardly in the rear of the 
regulating wheel 23. A work holding mem 
ber or blade 32 (see also Figs. 2 and 4) is 
fastened to a carriage 33 by means of bolts 
34 passing through slots 35 in the blade. The 
carriage 33 is provided with a portion 36 
adapted to move in the vertical slideways 
37 in the support 31. The carriage 33 may 
be moved vertically by means of a pinion 38 
meshing with the rack 39 secured upon the 
carriage. The work holding meinbar 32 ma 
be suitably adjusted and maintained wit 
its work contacting edge.preferably parallel 
to the axis of the griding what i2, such 
as by means of a rair (; pis 4?. (Fig. 4, slid 
ably supported in -e carriage 33 sand engag 
ing the member 22 at one end and a cam 41 
at the other end secured upon a rotatably 
mounted shaft 42,thereby assuring that the 
guiding surface of the work holding mem 
ber 32 is always parallel to the axis of the 
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grinding wheel as it is moved in and out 
when thus adjusted for work of different 
sizes. The cam arrangement just described 
is not per se my invention, but is described 
in detail and claimed in the co-pending ap 
plication Serial No. 91,861 of Fred M. Kern 
and Ernest R. Seward, filed March 3, 1926, 
and to that application reference may be had 
for further details of the construction and 
action thereof. A water pan 43 (Fig. 2) is 
mounted upon the top of the column 15 and 
is secured to the block 26 by means of bolts 44. 
The grinding wheel spindle 11, and the 

Work regulating wheel spindle 24 may bear 
tice to construct the machine so that one of 
the wheels may be moved towards or away 
from the other wheel to facilitate moving 
work in between the wheels and subsequent. 
ly discharging the ground work. Thus, I 
may mount the grinding wheel 12 so that it 
may be moved periodically towards and 
away from the other wheel. Thus, the grind 
ing wheel spindle 11 carried in a tapered 
split bearing 45 (Fig. 8) is adjustably mount 
ed within the trunnion 46 and has its axis 
located eccentric to that of the trunnion. 
The latter is mounted in a cylindrical bear 
ing surface 47 in the frame 10 for rotative 
oscillation about its axis (Figs. 8 and 9) and 
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a fixed relation, but it is my preferred prac- . 
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is provided with a rearwardly extending arm , 
48 (Figs. 1 and 9) having an adjustable 
roller 49 positioned therein adapted to ride 
upon an arm 50. The roller 49 is held by 
a member 53 which is adapted to be moved 
within a slot 54 in the arm 48 by means of 
an adjusting screw 55. The arm 50 is pivot. 
ed at one end to turn about a shaft 56 and 
has a cam roller. 57 at the other end adapted 
to ride upon the peripheral surface of a 

20 
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cam 58 fixed upon the cam shaft 59. The 
inter-relation and coaction of the arm 48 
with the arm 50 and immediately associated 130 
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parts, and the wide variability of action of 
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accordance with the usual practice. 
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the fixed cam 58 that may be achieved by 
varying the position of the roller 49 length 
wise of the arm 48 are not per se my inven 
tion but permit the achievement, in coaction 
with the other parts of the apparatus here 
in described, of many important advantages 
and they are described in detail and claimed 
in the co-pending application Serial No. 
85,790 of Fred M. Kern, filed February 3, 
1926, and to that application reference may 
be had for further details of the construc 
tion and action thereof. A relatively heav 
weight 60 (Fig. 1) is suspended by a rod 
61 from the end of the arm 48 and serves to 
hold the cam follower 57 upon the cam 58. 
The thrust upon the grinding wheel spin 

dle 11 due to the pull of the belt 13 upon 
the pulley. 14 is taken by a roller race or 
bearing 62 (Fig. 8) suitably positioned in 
the trunnion 46 as illustrated. The pulley 
14 is secured upon one tapered end of the 
grinding wheel spindle 11 by means of a 
nut 63, and the grinding wheel 12 is secured 
upon the other end by means of a nut 64 in 
In order that the grinding wheel 12 may be 

moved axially through a slight distance to 
eliminate grain markings on the work, the 
spindle 11 is mounted for reciprocation 
lengthwise through the bearing 45. This 
movement is caused preferably, by a cam con 
nected through a rocking arm and yoke to the 
spindle. As illustrated, the spindle has a 
yoke collar 65 which fits thereon, and this 
collar is provided with a bushing 66 having a 
groove for the insertion of a yoke 67 (Fig.9) 
which is keyed to a shaft 68 and supported 
for rocking movement in a bearing in the 
trunnion 46. A crank arm 70 is keyed to One 
end of the shaft 68 and is provided with a cam 
roller 71 which is adapted to engage the radial 
or side face of a can 72 mounted upon the 
camshaft, 59. The radial face is provided 
with a raised portion 73 suitably placed there 
on to move the grinding wheel spindle axially, 
by way of the arm 70, shaft 68 and yoke 67, during grinding of a workpiece. Preferably, 
I provide but one raised portion 73 and the 
remainder of the cam face is plane so that 
toward the end of the grinding operation the 
wheel will be given a single, quick, short, 
axial movement to smooth over the work Sur 
face. The arm 70 is held by suitable means 
such as a spring (not shown) so that the cam 
roller 71 presses against the cam face and the 
wheel is held in one position except as moved. 
by the raised portion on the cam. 
A row of axially positioned work pieces 

may be moved in any appropriate manner in 
an axial direction in a path through the 
grinding zone to feed successive workpieces 

65 

separately to the same position between the 
wheels for grinding action by the grinding 
wheel 12 and rotation by the regulating wheel 

3. 

23. A preferred mechanism for this purpose 
comprises a horizontally disposed casing 78 
(Figs. 2 and 1) mounted to the water pan 43 
and parallel to the axis of the grinding wheel 
12 by means of bolts 79 (Fig. 1) passing 
through slots 80 in a bracket 81. A sliding 
member 82 (Fig. 3) carrying a plunger 83 
is adapted to move within the casing 78 be 
tween rollers 84, and is moved towards the 
wheels by means of a flexible member, such as 
a rope 85 (Fig. 2), secured at one end to an 
ear 86 on the movable member 82 and passing 

y over a pulley 87 to a rod 88 (Fig. 1) to which 
the other end is secured. The plunger 83 is 
operated against the tension of a spring 91 
(Fig.2) secured at one end to a pin 92 in the 
plunger and at its other end to a pin 93 in the 
casing. The member 82 is preferably hollow 
(see Figs. 2 and 3) and houses therein the 
spring 91. The position of rest of the plunger 
83 may be varied by means of an adjustable 
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stop screw 94 (Fig. 2) threaded in a projec 
tion 95 in the casing and engaging an ear 86 
on the plunger 83. 
The rod 88 and the rope 85 are actuated b 

a cam 97 (Fig. 5) mounted upon the camshaft 
59. An arm 98 is keyed at one end to a shaft 
99 (Fig. 1) and is provided at the other end 
with a cam roller 100 adapted to engage the 
peripheral surface of the cam 97. A second 
arm 103 also is keyed at one end to the shaft 99 
and is provided at the other end with a block 
104 pivoted in the arm 103 to slidably engage 
the rod 88. The rod 88 is threaded at its 
free end for adjustable nuts 105 which hold 
a spring 106 against the block 104 to press 
the latter against an enlargement 107 on the 
rod 88. The spring 91 (Fig. 2) of the recip 
rocable plunger mechanism also serves the 
function of holding the cam roller 100 against 
the peripheral surface of the cam 97. 
The camshaft 59 may be rotated by means 

of a worm 108 (Fig. 1) on a shaft 109 mesh 
ing with a worm wheel 110 fixed upon the 
camshaft 59. The shaft 109 may be rotated 
from any appropriate source of power by 
means of a belt. 111 passing over a clutch 
pulley 112 on the shaft 109. 
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One of the wheels, preferably the grinding 
wheel, as above pointed out, may be moved 
towards and away from the other wheel at 

I5 

any desired rate and in timed relation with 
the movement of the reciprocable plunger 
just described towards and away from the 
wheels. For this purpose suitable means 
may be provided for rotating the drive shaft 
109 and consequently the camshaft 59 at dif 
ferent speeds. Thus, a belt 115, driven from 
any appropriate source of power, passing 
over a pulley 116 may be employed to rotate 
a shaft 117 at any desired speed. The power 
thus applied to the shaft 117 may be trans 
mitted to a shaft 118, and consequently to 
the belt 111, through the instrumentality of a 
belt 119 connecting cone pulleys 120 and 121. 

120 

SO 



10 

15 

20 

S25 

30 

4 

A suitable toothed clutch 122, which is splined 
to the shaft 109, is provided for connecting 
the clutch pulley 112 with the worm 108. 

Clutch 122 may be moved to engage or dis 
engage the pulley 112 by a manually con 
trolled device. Such a mechanism (Figs. 1 
and 7) may include a clutch yoke having 
hubs 125 and 126 piyy mounted upon the 
shaft-99. An arm 127 (Fig. 1) extends rear 
wardly from the hub 125 and is provided 
with a V-shaped projection 128 on its end 
(Fig. 1). The projection 128 is adapted to 
contact with the V-shaped end projection 129 
on a pin 130 slidably mounted in a boss 131 
in the frame of the machine. A spring 132 
maintains a contact between the V. surfaces 
of the end projections 128 and 129. A fork 
133 (Fig. 7) extends downwardly and for 
wardly from the hubs 125 and 126 and car 
ries a pair of pins 134 (Fig. 7) adapted to 
ride in a groove 135 in the clutch 112 (see Fig. 
1). A double link 136 (Fig. 7) projects for 
wardly and is secured at one end to the fork 
133 and supported at the other end by a down 
wardly extending arm 137 of a bell crank 138 
pivotally mounted upon the shaft 56. A ver 
tically extended rod 140 having a slot 141 is 
mounted to slide upon a pin 142 in the for 
ward end of the double link 136. The rod 
140 is secured at its lower end to a link 143 
(Fig. 1) which is keyed to a shaft 144 sus 
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pended in the frame of the machine for ro 
tary movement. A clutch operating lever 145 
is secured upon shaft 144 so that movement 
in counter-clockwise direction, as viewed in 
Fig. 1, will move the rod 140 upward relative 
to the double link 136 to strike against the 
forwardly extending arm 146 of the bell 
crank 138, and thereby turn the bell crank to 
move the double link and the fork 133 for 
ward and bring the clutch 122 into engage 
ment with the pulley 112 to rotate the cam 
shaft 59. The lever 145 is provided. with a 
spring plunger 148 (Fig.1), which may en 
gage openings 149 in a plate 150 secured upon 
the outside of the frame of the machine. The 
plate 150 may be provided also with a pair 
of stops 151 (Fig.1). 
. If it is desired to stop the machine auto 
matically at the end of a single cycle of oper 
ations, the lever 145 may be moved so as to 
bring the rod 140 to a higher position where 
by a projection 153 thereon is positioned in 
an appropriate part of the path circum 
scribed by a projection 154 on a tripper cam 
155 which is secured to and rotated with the 
camshaft 59. With the rod 140 in such a 
position, the projection 154 engages the pro 

60 
jection 153 to move the double link 136 hori 
zontally and thereby disengage the clutch 122 
from the pulley 112. 
A new work piece may be supplied auto 

matically, to the row of work pieces, being 
moved progressively through the grinding 

65 zone when the reciprocable plunger is with 
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drawn. A preferred mechanism for this pur. pose comprises a relatively shallow U-shaped 
feed trough 161 (Fig.1) mounted at one end 
to turn about a pivot 162 in a bracket 163 
which is secured to the water pan 43 by means 
of bolts 164 passing through slots 165. A 
bracket 167 is secured to the water pan 43 by 
means of bolts 168 and is provided with a bolt 
169 which is adapted to pass through a slot 
170 in a depending arcuated brace 171 in 
tegral with or otherwise appropriately se 
cured to the feed trough 161, so that the rear 
end of the feed trough 161 may be adjustably 
supported in a suitable position opposite the 
work holding member 32, (see Fig.2). 

70 

75 

80 A horizontally disposed plate 175 (Fig. 2) . 
having a slot 176 and a slot 177 is formed in 
tegral with or otherwise appropriately se 
cured to the feed trough 161. A front work 
holding member or blade 178 is slidably 85 
mounted in the slot 177 against a spring 179, 
and is limited in its movement by a pin 180 
(see also Fig. 5) secured in the plate 175 and 
extending into a relatively large hole 181 in 
the front work holding member or blade 178. 
The member 178 has its work engaging face 
or edge shaped to conform substantially to 
the contour of the work to be positioned be 
tween the wheels. Afriction device, such as 
a plate 185 (Fig.2) is positioned in the slot 
176 and is actuated by being pressed rear 
wardly by means of the springs 186 to push 
the ground work p 
holding member orblade 32 acts to retard the 
movement of the work pieces between the 
wheels and thereby to cooperate with the re 
ciprocable plunger 83 in preventing any 
slight axial movement of the workpieces dur 
ing the grinding operation. - 
A V-shaped trough 190 (Figs. 3 and 2) is 

disposed horizontally adjacent to the wheels 
and in alignment with the plunger 83, and 
is provided with a cut away portion 191 so 
as to fit beneath and support work pieces in 
their travel between the rear work holding 
member 32 and the friction plate 185 (see 
Fig.2). The trough 190 is supported at one 
end by means of a bracket 193 (Fig. 3) which 
is secured to the water pan 43 by means of 
bolts 194 passing through slots 195. The 
other end of the trough is supported by 

90 

95 

ieces against the work. 
OO 

05 
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15 

means of a bracket 196 secured near its bot 
tom portion to the bearing casing 25 by means 
of bolts 197; the top portion of the bracket 
196 being secured to an ear 198 which is in 
tegral with the trough 190 by means of bolts 
18 passing through a slot 200 in the bracket 

6. 
The grinding wheel 12 and the regulating 

wheel 23 are preferably given such a shape 
at their operative faces as to substantially 

20 

25 

match the contour to which the work pieces 
are to be ground, where the latter are of 
special shape, as has been hereinabove noted; 
by way of illustration, I have shown the two 30 



ent diameters. 
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wheels shaped in such a way as to give the 
finished or ground work piece three differ 

This shaping of the two 
wheels is clearly shown in Figures 3,10, 11 
and 12 of the drawing, and may be achieved 
in any suitable way. In Figures 10, 11 and 
12 I have illustrated a work piece w which 
will be seen in the drawings to have three 
successive portions, each of a different diam 
eter and the two wheels are shaped as will be 
clear from Figure 10 in which the workpiece 
w is shown in operative contact with both 
wheels and practically reduced to the desired 
extent by the grinding wheel 12, to substan 
tially match the contour (in an axial direc 
tion of the work piece w) which it is desired 
that the finished or ground work piece is to 
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have. It is to be understood that the shape 
of the wheels shown in the drawings is merely 
illustrative and may be varied to meet the 
conditions which any other specially formed 
or shaped workpiece may impose. 

Considering now the operation of the ma 
chine, the grinding wheel 12 is rotated to 
give it an appropriate grinding speed, in the 
direction indicated by the arrow in Fig. 1, 
from any appropriate source of power by 
means of a belt 13 passing over the pulley 
14 on the grinding wheel spindle 11. The 
work regulating wheel 23 is rotated rela 
tively slowly in the direction indicated by 
the arrow, through shaft 28, worm 29, and 
worm wheel 30 by means of the motor 27, 
and acts to control the rotation of the work 
piece. With the pulley 112 rotating at a de 
sired speed (determined by the belt 19 and 
cone pulleys 120 and 121), the camshaft 59 
may be set in rotation by pulling the lever 
145 to the left, or in counter-clockwise direc 
tion, as viewed in Fig. 1; this action raises 
the rod 140 to strike against the arm 146 of 
the bell crank 138. The resulting swinging 
of the latter throws the double link 136 for 
ward to the left and brings the clutch 122 
into engagement with the pulley 112. 
With the lever 145 in this position it will 

be noted that the projection 153 on rod 140 is 
above and out of the path circumscribed by 
the projection 154 of the tripper cam 155 So 
that the machine may operate completely au 
tomatic. Thus, the camshaft 59, together 
with the cams 58, 72 and 97 thereon, may ro 
tate uniformly and continuously with the 
cam rollers 57,71, and 100 in contact there 
with respectively to actuate their various 
mechanisms, namely, for moving the grind 
ing wheel 12 towards and away from the 
work regulating wheel 23, for reciprocating 
the grinding wheel axially during the grind 

60 ing of the work, and for reciprocating the 
plunger 83. 

It will be noted that rotation of the cam 
58 raises and lowers the cam roller 57 (Figs. 
9 and 1) to raise and lower the free end 
of the pivoted arm 50 which in turn raises 

and lowers the cam roller 49. The latitude 
of movement of the arm 48 may be reduced or 
increased by adjusting the position of the 
cam roller 49 on the arm 48 by turning the 
adjusting screw 55 to move the member 53 
within the slot 54. The movement of the arm 
48 causes a turning movement of the trun 
nion 46 to change the position of the axis of 
the grinding wheel spindle 11, which is eccen 
trically mounted in the trunnion 46, thereby 
causing the grinding wheel 12 to move cycli 
cally towards and away from the other wheel. 
The cam roller 71, Fig. 9, is maintained in 

contact with the projection 73 and the radial 
face of the cam 72 by means of a spring (not 
shown). The cam 72 controls the recipro 
cation of the arm 70 and the yoke 67, and 
consequently the axial reciprocation of the 
grinding wheel spindle 11 of a character de 
pending upon the shape of the cam face. In 
the preferred form of mechanism illustrated 
in the drawing, the grinding wheel 12 moves 
directly (downwardly as viewed in Fig. 1) 
into the work without axial oscillation. The 
cam which controls the movement of the 
wheel into the work is so shaped as to give 
a continuous feeding motion downwardly to 

5 

70 

75 

80 

85 . 

90 

the wheel 12 and then at the end of the feed 
ing motion to give a dwell to the wheel which 
allows any spring of the machine to be taken 
out, and also allows a sparking out operation 
that tends to produce a better finish. During 
the time that the grinding wheel is held 
against the work, or during this period of 
dwell of the cam, the grinding wheel spindle 
is oscillated by the cam 72. However, there 
is preferably one oscillation; that is, while 
the grinding wheel is dwelling against the 
work it is moved about 1/8' away from the 
shoulder on the work, if grinding shouldered 
work, and again brought back to position. 
This tends to take out any scratches or wheel 
markings on the work. 
At the same time the 'cam 97 (Fig. 5) is 

rotated uniformly with the camroller 100 
in contact there with, thereby causing recip 
rocation of the arm 98, turning the shaft 
99, and reciprocation of the arm 103 to move 
the rod 88 and rope 85, and consequently the 
plunger 83 to move the row of work pieces 
between the wheels and then withdraw to per mit replacement of ground work. 

It will be observed that the center of the 
eccentric trunnion 46 (indicated at the in 
tersection of the lines A and B, Fig. 9) is 
between the center of the grinding wheel 
spindle (indicated by the intersection of the 
line B and C) and the cam 58, and that the 
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parts are so arranged that rocking move 
ment of the trunnion moves the grinding 
wheel in the substantially vertical portion 
of an arc. The cam 58, as shown diagram 
matically in Fig. 5, is so shaped as to cause 
the grinding, wheel to move abruptly into 
an approximate grinding position and there 
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after advanced gradually to grind the work, 
the work being rotated by the regulating 
wheel 23; the grinding wheel 12 is then with 
drawn quickly to its initial position. This. 
cam may be shaped in accordance with the 
type of operation desired, but as illustrated 
in its preferred form it has a spiral face, 
which, when rotated in the direction of the 
arrow (Fig. 5), causes the cam roller 57 to 
move from a point a to a higher point b to 
feed or move the grinding wheel into the 
work and commence the grinding of the lat 
ter. The grinding WR. then dwells upon 
the work while the cam roller 57 contacts 
with the portion between the points b and c 
which are substantially equidistant from the 
camshaft 59. It is during this dwell that 
the reciprocation of the grinding wheel 12 
preferably takes place. From the points c 
to d on the cam 58, cam roller 57 drops away 
rapidly to retract the wheel 12 from the work 
and then climbs the inclined-a thus mov 
ing the grinding wheel rapidly towards the 
work, whence the portion a to b again comes 
into action. - 
The cam 97 (Fig. 5) is so shaped and so 

located upon the camshaft 59 relative to 
the cam 58 that the plunger 83 is actuated 
so as to remain axially immovable against 
the end of the row of work pieces while the 
grinding wheel is in operative contact with 
one work piece w, as indicated in Fig. 12, 
and then to move forward to push the row 
of work pieces axially as the grinding wheel. 
moves away from the other wheel (as indi 
cated in Fig. 11), and then withdraw (as in 
dicated in Fig.12) to permit placing of a 
new workpiece in the row in advance of the 
plunger 83. The plunger 83 then moves for 
ward slightly to the position shown in Fig. 
10 to move the row a slight distance to bring 
the work piece to be ground accurately to 
the proper position between the wheels for 
grinding. w 
As shown in Fig. 5, when the camshaft 59 

with the cam 97 is rotated, the roller 100 is 
affected first by that portion of the peripheral 
surface of the cam from e to f causing the 
plunger 83 to move forward a slight distance 
(from the position shown in Fig. 12 to the 
position shown in Fig. 10). The plunger 
under the control of portion f to g then re 
mains in that position until the roller 100 
is reached by the point g. As the roller 100 
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is acted upon by the portion from the point 
g to pointh, the row of workpieces is moved 
forward axially (Fig.11) to discharge ground 
work piece and move a new work piece be-, 
tween the wheels into approximate position 
for grinding. The plunger 83 is then with 
drawn (Fig. 12) as the roller 100 is acted 
upon by that portion of cam 97 from b to e 
so that another work piece may be placed in 
the row, and in advance of the plunger 83 
and then moves forward a very slight dis 
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tance (about 3/16 of an inch to the position 
indicated in Fig. 10) as the roller 100 is acted 
upon by the portion from the point e to point 
f to accurately position the next work piece 
between the wheels for grinding. 
The speed of the automatic movements 

above described may be increased or de 
creased by adjusting the belt (119 in an ap 
propriate position upon the cone pulleys 120 
and 121. Thus, the work pieces may be 
ground at a suitable rate depending E. the 
character of the work and such variable fac 
tors as will be readily understood by those 
skilled in the art. 
The normal positions of rest of the grind 

ing wheel 12 and the plunger 83, when the 
automatic movements are stopped, are indi 
cated in Fig. 11. If it is desired to operate 
the machine automatically for one complete 
cycle and then stop the automatic movements 
with the plunger 83 withdrawn and the grind 
ing wheel 12 away from the work regulating 
wheel 23, the lever 145 is moved to bring the 
projection 153 on the rod 140 to a predeter 
mined location within the path circumscribed 
by the projection 154 on the tripper cam 155. 
Thus, with the tripper cam 155 in the proper 
position upon the camshaft 59 relative to the 
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cams 58 and 97, the movement of the plunger 
83 and the grinding wheel 12 may be brought 
to a position of rest as the projection 154 
comes in contact with the projection 153 to 
move the double link 136 and the clutch yoke 
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to the right as viewed in Fig. 1 to disengage . 
the clutch 122 from the pulley 112. 
When the machine may be operated auto 

matically or semi-automatically as previously 
described, work pieces are placed in the 
trough 161, as indicated in Figs. 1 and 2, so 
that a new work piece will roll against the 
rear work holding member or blade 32 when 
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105 
the plunger 83 is withdrawn. The plunger 83 V 
then moves forward a very slight distance so 
as to bring one of the workpieces into a cor 
rect position for grinding and into exactly the ll.0 
same position as that occupied by the piece previously ground. The grinding wheel 12 
then moves towards the regulating wheel into 
operative grinding contact with the work . 
piece. The friction plate 185 is held by the 
springs 186 in contact with the work pieces, 
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thereby urging the latter against the work 
forward axial movement; and in thus cooper 
ating with the plunger 83 (see Fig.2) it acts 
to prevent creeping of the work during 
grinding. The grinding wheel then moves 
away from the work and the plunger moves 
forward (to the left as seen in Fig. 2) to dis 
charge the ground work and move another 
work piece into approximate grinding posi 
tion. The plunger is then withdrawn, due 
to the action of the spring 91, so that a new 
work piece is permitted to roll down the 
trough 161 and take its place in the row of 

holding member 32 and tending to retard any 
120 

125 

130, 
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work pieces. The plunger 83 then starts on a 
new cycle and moves forward a slight dis 
tance so as to move the row of Workpieces for 
ward axially so as to bring the new work piece 
into accurate position for grinding, where it 
is held accurately due to the cooperation of 
the plunger 83 and the friction device 185. 

It will thus be seen that there has been pro 
vided in this invention an apparatus in which 
the several objects above noted as well as 
many others, together with a great many 
thoroughly practical advantages are success 
fully achieved. It will be seen that the appa 
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ratus is of rugged construction throughout 
and of thoroughly dependable and reliable 
action, and that, even though fully automatic 
and thus capable of high speed of operation 
and high rate of production of ground arti 
cles, the apparatus is manually controllable 
in a thoroughly practical and dependable 
way. It will furthermore be seen that the ap 
paratus is well adapted to grind to a high 
degree of accuracy work pieces of special 
shape or form, an illustrative shape of work 
piece having been above described and shown 
in the drawings as comprising a cylindrical 
work piece having three portions of different 
diameters, each portion being of a predeter 
mined length in an axial direction; and it 
might further be pointed out that, in making 
certain that each successive work piece to be 
ground is accurately positioned and depend 
ably held in the same position in the grinding 
throat as its predecessor, a dependable and 
commercially practicable uniformity of 
grinding of such specially formed work. 
pieces is brought about. It will furthermore 
be seen that the highly important advantages 
and results flowing from the control of the 
rotation of the work piece by the regulating 
wheel have been dependably achieved even 
though the work piece is of special form or 
shape and has several portions of differing 
diameters and that such work pieces may be 
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effectively ground to a high degree of accu 
racy while at the same time achieving a high 
degree of finish of the ground surfaces. 

It will further be seen that there has been 
provided in this invention a grinding ma 
chine which is readily adaptable for grind 
ing a large variety of cylindrical work pieces, 
particularly workpieces of peculiar or special 
shape or form, in a more economical and satis 
factory manner than has heretofore been pos 
sible. Successive work pieces of the same 
type are brought to the same position between 
the wheels for grinding action thereon by the 
grinding wheel and rotation thereof bv. the 
regulating wheel and are held accurately in 
that position throughout the grinding opera 
tion, thereby assuring that no irregularities 
will be formed upon the work due to move 
ment of the work out of the intended or most 
suitable grinding position. The machine is 
particularly adapted for the grinding and 
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handling of cylindrical work of special form, 
such as cylindrical workpieces each of which 
have two or more portions of slightly differ 
ent diameters. Heretofore it has been im 
possible to grind work of this character on an 
efficient production basis. 
The terms “regulating wheel' and “slowly 

rotated regulating wheel' are to be con 
strued in the now commonly accepted under 
standing of those skilled in the centerless 
grinding art, as the latter is defined and set 
forth in Heim Reissue Patent No. 15.035. 
The speeds of both the grinding wheel and the 
regulating wheel must necessarily be varied 
in accordance with the type and nature of 
the work to be ground as well as the particular 
operation to be performed. The grinding 
wheel is to be rotated at a speed found suitable 
for grinding the work and the regulating 
wheel is to be given such a speed that the work 
will rotate during the grinding operation at 
that rate which is found desirable for the 
particular operation to be performed. With 
out reference to the theory of operation, the 
regulating wheel serves to control the speed 
of the work and the work may be given a 
faster or slower speed by increasing or de 
creasing the speed of the regulating wheel 
respectively; and by “speed' of the work is 
meant the rate of rotation thereof. 
As many possible embodiments may be 

made of the above invention and as many 
changes might be made in the embodiment 
above set forth, it is to be understood that all 
matter hereinbefore set forth or shown in the 
accompanying drawings, is to be interpreted 
as illustrative and not in a limiting sense. 

Having, described my invention, what I 
claim as new and desire to secure by Letters 
Patent is: 

1. A centerless grinding machine compris 
ing a slowly rotated work regulating wheel 
and a rapidly rotated grinding wheel, means 
for holding work therebetween for grinding 
action by said grinding wheel and for rota 
tion by said regulating wheel, means for mov 
ing one of the wheels towards and away from 
the other, a positively actuated mechanism 
operating in timed relation with said wheel 
movement to move a row of axially arranged 
workpieces progressively forward axially in 
a path through the grinding zone while the 
wheels are separated to feed successive work 
pieces separately to the same position be 
tween the wheels for grinding action by said 
grinding wheel and for rotation by said regu 
lating wheel and then withdrawn, and auto 
matically operated means for replacing 
ground work when said mechanism is with 
drawn. 

2. A centerless grinding machine compris 
ing a slowly rotated work regulating wheel 
and a rapidly rotated grinding wheel, means 
mounting one of said wheels to permit its 
movement toward or away from the other, 
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plunger is withdrawn. 
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means for holding work therebetween for 
grinding action by said grinding wheel and 
for rotation by said regulating wheel, a re 
ciprocating plunger adapted to move work 
axially into the grinding zone while the 
wheels are separated and then withdrawn, 
and means to relatively approach the wheels 
to permit the grinding wheel to grind the 
work during rotation of the work by the regu 
lating wheel and then to relatively separate 
said wheels, whereby during each cycle of 
operations a new workpiece is moved into the 
grinding zone and the ground work is pushed axially from the grinding Zone. 

3. A centerless grinding machine compris 
ing a slowly rotated work regulating wheel 
and a rapidly rotated grinding wheel, means 
for holding work therebetween for grinding 
action by said grinding wheel and for rota 
tion by said regulating wheel, means for mov 
ing one of the wheels towards and away from 
the other wheel, and a reciprocating plunger 
adapted to move a row of workpieces progres 
sively forward axially to feed each piece to 
the same grinding E. and move ground 
work axially from the grinding zone when the 
wheels are separated and remain axially im 
movable while the wheels are in operative 
contact with one work piece and then with 
draw. w 

4. A centerless grinding machine compris 
ing a slowly rotated work regulating wheel 
and a rapidly rotated grinding wheel, means 
for holding work therebetween for grind 
ing action by said grinding wheel and for 
rotation by said regulating wheel means for 
moving one of the wheels toward and away 
from the other wheel, and a reciprocating 
plunger adapted to move a row of workpieces 
progressively forward axially to feed each 
piece to the same grinding position when the 
wheels are separated and remain axially im 
movable while the wheels are in operative 
contact with one piece and then withdraw, 
and means operating automatically for plac 
ing a new workpiece in the row when said 

5. A centerless grinding machine compris 
ing a slowly rotated work regulating wheel 
and a rapidly rotated grinding wheel, means 
for holding work therebetween for grinding 
action by said grinding wheel and for rota 
tion by said regulating wheel, means for. 
moving one of the wheels towards and away 
from the other wheel, a reciprocating mecha 
nism adapted to remain axially immovable 
in contact with a row of axially positioned 

C) 

workpieces while the wheels are in operative 
contact with one piece and to move the row 
axially forward to feed another piece to the 
same grinding position when the wheels are 
separated and then withdraw, and means co 
operating with said mechanism to maintain 
said row of work pieces axially immovable 
during grinding. 
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6. A centerless grinding machine compris 
ing a slowly rotated work regulating wheel 
and a rapidly rotated grinding wheel, means 
for holding work therebetween for grinding 
action by said grinding wheel and for rota 
tion by said regulating wheel, means for mov 
ing one of the wheels towards and away from 
the other wheel, a reciprocating plunger 
adapted to remain axially immovable against 
one end of a row of axially positioned work 
pieces while the wheels are in operative con 
tact with one piece and to move the row 
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axially forward to feed another piece to the 
same grinding position and push ground 
work axially from the grinding zone when 
the wheels are separated and then withdraw, 
and a friction device cooperating with said 
row of workpieces and opposed to the action 
of said mechanism to maintain said row of 
workpieces axially immovable during grind 
ling. 

7. A centerless grinding machine compris 
ing a rapidly rotated fing wheel, a slow 
ly rotated work regulating wheel below the 
grinding wheel, an adjustably mounted guide 
blade for holding work therebetween for 
grinding, action by said grinding wheel and 
for rotation by said regulating wheel, means 
for moving one of the wheels towards and 
away from the other and a positively actu 
ated reciprocating mechanism operated in 
timed relation with said wheel movement to 
move a row of workpieces progressively for 
ward axially in a path through the grinding 
zone while the wheels are separated to feed 
the work pieces separately to the same posi 
tion between the wheels for operation there 
on by said wheels and then withdraw. 

8. A centerless grinding machine compris 
ing a rapidly rotated grinding wheel, a slow 
ly rotated work regulating wheel, mounted 
below the grinding wheel, means for holding 
work therebetween for grinding action by said 
grinding wheel and for rotation by said regu 
lating wheel, means for moving one of the 
wheels towards and away from the other, a 
mechanism adapted to be reciprocated and 
operating in timed relation with said wheel 
movement to move a row of work pieces 
progressively forward axially in a path 
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through the grinding zone while the wheels 
are separated to feed successive work pieces 
separately to the same position between the 
wheels for operation thereon by said wheels 
and then withdraw, and automatically op 
erated means for replacing ground work 
when said mechanism is withdrawn. 

9. A centerless grinding machine compris 
ing a rapidly rotated grinding wheel, a slow 
ly rotated work regulating wheel below the 
grinding wheel, means for holding work 
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therebetween for grinding action by said 
grinding wheel and for rotation by said regu 
lating wheel, means for moving one of the 
wheels towards and away from the other 30 
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wheel, a reciprocating plunger adapted to 
remain axially immovable in contact with 
one end of the row of axially positioned work 
pieces while the wheels are in grinding con 
tact with one piece and to move the row 
axially forward to feed another piece in the 
same grinding position and push ground 
work axially from the grinding zone when 
the wheels are separated and then withdraw, 
and means cooperating with said plunger to 
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maintain said row of work pieces axially im 
movable during grinding. 

10. In grinding apparatus, in combination, 
a four-sided grinding threat in which work 
of round section is received for simultaneous 
grinding and rotation, said grinding throat 
including a gig wheel rotatable at a . 

9. relatively high speed, a regulating wheel ro 
tatable at relatively low speed, said wheels 
being adapted to present adjacent operative 
surfaces traveling in opposite directions, a 
member for holding the work in operative 
relation to said two wheels and adapted to 
take up the thrust of the grinding wheel on 
the work, and a member spaced from said 
first-mentioned member for taking up the 
oppositely directed thrust of the regulating 
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wheel on the work, one of said members being 
yieldably urged toward the other; and means 
for moving a workpiece in an axial direction 
relative to said grinding throat and between 
said relatively yieldable members. 

11. In grinding apparatus, in combination, 
a four-sided grinding throat in which work 
of round section is received for simultaneous 
grinding and rotation, said grinding throat 
including a grinding wheel rotatable at rela 
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tively high speed, a regulating wheel rotat 
able at relatively low speed, said wheels being 
adapted to present adjacent operative sur 
faces traveling in opposite directions, a mem 
ber for holding the work in operative rela 
tion to said two wheels and adapted to take 

sitely directed thrust of the regulating wheel 

up the thrust of the grinding wheel on the 
work, and a member spaced from said first 
mentioned member for taking up the oppo 

on the work, one of said members being 
yieldably urged toward the other; means for 
separating and approaching one of Said two 
wheels relative to the other; and means for 
effecting movement of a work piece in an 
axial direction between said relatively yield 
able work holding members and between said 
wheels. . . . . . . 

12. In grinding apparatus, in combination, 
a four-sided grinding throat in which work 
of round section is received for simultaneous 

tively high speed, a regulating wheel rotat 
able at relatively low speed, said wheels being 
adapted to present adjacent operative sur 
faces traveling in opposite directions, a mem 

35 ber for holding the workin operative relation 
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to said two wheels and adapted to take up the 
thrust of the grinding wheel on the work, 
and a member spaced from said first-men 
tioned member for taking up the oppositely 
directed thrust of the regulating wheel on 
the work, one of said members being yield 
ably urged toward the other; means for sepa 
rating and approaching one of said two 
wheels relative to the other; and means oper 
ative when said wheels are relatively sepa 
rated for moving a work piece in an axial 
direction between said relatively yieldable 
members and relative to the grinding throat, 
said means being ineffective when one wheel 
is approached toward the other. 

13. In grinding apparatus, in combination, 
a four-sided grinding throat in which work 
of round section is received for simultaneous 
grinding and rotation, said grinding throat 
including a grinding wheel rotatable at rela 
tively high speed, a regulating wheel rotat 
able at relatively low speed, said wheels being 
adapted to present adjacent operative sur 
faces traveling in opposite directions, a mem 
ber for holding the work in operative rela 
tion to said two wheels and adapted to take 
up the thrust of the grinding wheel on the 
work, and a member spaced from said first 
mentioned member for taking up the oppo 
sitely directed thrust of the regulating wheel 
on the work, one of said members being yield 
ably urged toward the other; power actuated 
means for relatively separating and ap 
proaching said wheels in recurring sequence; 
and means acting in timed relation to said 
last-mentioned means for moving a work 
piece in an axial direction between said rela 
tively yieldable members and relative to the 
grinding throat. 

14. Ingrinding apparatus, in combination, 
a four-sided grinding throat in which work 
of round-section is received for simultaneous 
grinding and rotation, said grinding throat 
including a grinding wheel rotatable at rela 
tively high speed, a regulating wheel rotat 
able at relatively low speed, said wheels being 
adapted to present adjacent operative sur 
faces traveling in opposite directions, a mem 
ber for holding the work in operative rela 
tion to said two wheels and adapted to take 
up the thrust of the grinding wheel on the 
work, and a member spaced from said first 
mentioned member for taking up the oppo 
sitely directed thrust of the regulating wheel 
on the work, said last-mentioned member 
being mounted to be yieldably urged toward 
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said first-mentioned work holding member; 
and means for moving a work piece in an 

grinding and rotation, said grinding throat V axial direction between said two members 
including a grinding wheel rotatable at rela- and said wheels. . . 

15. In grinding apparatus, in combination, 
a four-sided grinding throat in which work 
of round section is received for simultane 
ous grinding and rotation, said grinding 
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throat including a grinding wheel rotatable 130 
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at relatively high speed, a regulating wheel 
rotatable at relatively low speed, said wheels 
being adapted to present adjacent operative 
surfaces traveling in opposite directions, a 
member for holding the work in operative 
relation to said two wheels and adapted to 
take up the thrust of the grinding wheel on 
the work, and a member spaced from said 
first-mentioned member for taking up the 
oppositely directed thrust of the regulating 
wheel on the work; mechanism having an 
operative stroke in the direction of said 
grinding throat equivalent substantially to 
the length of a work piece to be operated 
upon and adapted to move a work piece in 
an axial direction into the grinding throat; 
means operative when said mechanism is 
withdrawn to position a work piece in ad 
vance thereof, said mechanism being adapted 
to move said last-mentioned work piece into 
the grinding throat and to move a ground 
work piece out of the grinding throat; and 
means for holding said ground work piece 
axially immovable after it is moved out of 
operative relation from the grinding wheel. 

16. In grinding apparatus, in combination, 
a four-sided grinding throat in which work 
of round section is received for simultaneous 
grinding and rotation, said grinding throat 
including a grinding wheel rotatable at rel 
atively high speed, a regulating wheel rotat 
able at relatively low speed, said wheels being 
adapted to present adjacent operative sur 
faces traveling in opposite directions, a mem 
ber for holding the work in operative rela 
tion to said two wheels and adapted to take 
up the thrust of the grinding wheel on the 
work, and a member spaced from said first 
mentioned member for taking up the oppo 
sitely directed thrust of the regulating wheel 
on the work; mechanism having an operative 
stroke in the direction of said grinding throat 
equivalent substantially to the length of a 
work piece to be operated upon and adapted 
to move a work piece in an axial direction 
into the grinding throat; means operative 
when said mechanism is withdrawn to posi 
tion a work piece in advance thereof said mechanism being adapted to move said last 
mentioned work piece into the grinding 
throat and to move a ground work piece out 
of the grinding throat; and means for yield 
ably holding said ground work piece axially 
immovable after it is moved out of operative 
relation from the grinding wheel and adapt 
ed to permit its subsequent discharge upon 
the completion of the grinding of said second 
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mentioned work piece. 
17. In grinding apparatus, in combination, 

a four-sided grinding throat in which work 
of round section is received for simultaneous 
grinding and rotation, said grinding throat 
including a grinding wheel rotatable at rel 
atively high speed, a regulating wheel rotat 
able at relatively low speed, said wheels being 
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adapted to present adjacent operative sur 
faces traveling in opposite directions, a mem 
ber for holding the workin operative relation 
to said two wheels and adapted to take up the 
thrust of the grinding wheel on the work, and 
a member spaced from said first-mentioned 
member for taking up the oppositely direct 
ed thust of the regulating wheel on the work; 
mechanism having an operative stroke in the 
direction of said grinding throat equivalent 
substantially to the length of a work piece 
to be operated upon and adapted to move a 
work piece in an axial direction into the 
grinding throat; means operative when said 
mechanism is withdrawn to position a work 
E. in advance thereof, said mechanism eing adapted to move said last-mentioned 
work piece into the grinding throat and to 
move a ground work piece out of the grind 
ing throat, one of said work holding members 
having a portion extended beyond the grind 
ing wheel; and means for gripping a ground 
work piece moved out of the grinding throat 
against said extended portion to hold it ax 
ially immovable. 

18. In grinding apparatus, in combination, 
a work regulating wheel rotatable at rela 
tively low speed, a grinding wheel rotatable 
at relatively high speed, said wheels present 
ing adjacent operative surfaces traveling in 
opposite directions and said regulating wheel 
acting to control the rotation of work of 
round section interposed between said two 
wheels, means for holding work of round sec 
tion between said wheels; power actuated 
mechanism including a clutch for moving a 
Workpiece in an axial direction relatively to 
said grinding and regulating wheels; and 
means for controlling said clutch. 

19. In grinding apparatus, in combination, 
a work regulating wheel rotatable at rela 
tively low speed, a grinding wheel rotatable 
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at relatively high speed, said wheels present 
ing adjacent operative surfaces traveling in 
opposite directions and said regulating wheel 
acting to control the rotation of work of round 
section interposed between said two wheels, 
means for holding work of round section be 
tween said wheels; power actuated mechanism 
for moving a workpiece in an axial direction 
relative to said grinding and regulating 
wheels, and means for controlling at will said 
power actuated mechanism. 

20. In grinding apparatus, in combination, 
a work regulating wheel rotatable at rela 
tively low speed, a grinding wheel rotatable 
at relatively high speed, said wheels present 
ing adjacent operative surfaces traveling in 
opposite directions and said regulating wheel 
acting to control the rotation of work of round 
section interposed between said two wheels, 
means for holding work of round section be 
tween said wheels; power actuated mechanism 
for moving a workpiece in an axial direction. 
relative to said grinding and regulating 
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wheels and means actuated by said mecha 
nism for controlling the operativeness of the 
latter. 

21. In grinding appartus, in combination, 
a work regulating wheel rotatable at rela 
tively low speed, a grinding wheel rotatable 
at relatively high speed, said wheels present 
ing adjacent operative surfaces traveling in 
opposite directions and said regulating wheel 
acting to control the rotation of work of 
round section interposed between said two 
wheels, means for holding work of round 
section between said wheels, said wheels 
having their adjacent operative surfaces 
stepped so that the grinding wheel will re 
duce one portion of the workpiece to a differ 
ent diameter from that of another portion 
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of the work piece, means for relatively sepa 
rating and approaching said wheels and 
means operable when said wheels are relative 
ly separated to move a work piece relative to 
said work holding means and to a predeter 
mined position relative to the stepped adja 
cent surfaces of said wheels. 
Signed at Worcester, Massachusetts, this 

30th day of Jan., 1926. 
HAROLD W. HOLMES. 
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