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UNITED STATES PATENT OFFICE. 
CHARLES F. ROPER, OF HOPEDALE, MASSACHUSETTS, ASSIGNOR TO 

DRAPER COMPANY, OF HOPEDALE, MASSACHUSETTS, A CORPO 
RATION OF MAINE. 

G R N DING MACH NE. 

3ECIFICATION forming part of Letters Patent No. 714,036, dated November 18, 1902. 
Application filed June 19, 1902, Serial No. 112,315, (No model.) 

Zo all, whom, it may concern: 
Be it known that I, CHARLES F. ROPER, a 

citizen of the United States, and a resident of 
Hopedale, county of Worcester, State of Mas 
sachusetts, have invented an Improvement in 
Grinding-Machines, of which the following 
description, in connection with the accompa 
nying drawings, is a specification, like charac 
ters on the drawings representing like parts. 
This invention relates to grinding-machines 

adapted to grind the cylindrical end or ends 
of an article to a conical or tapered shape, 
and in the present embodiment of my inven 
tion I have shown a machine particularly 
adapted for grinding the ends of a spinning 
spindle-blade. 

It is customary to point the ends of the 
spindle-blade, the tip thereof being permitted 
to retain its conical shape; but the opposite 
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end of the blade is usually flattened after 
pointing to present a frusto-conical shape, 
sueh end being supported by a suitable step 
when the spindle is in use. Such pointing of 
the ends of the spindle-blade has heretofore 
been accomplished by hollow mills; but cer 
tain objections pertain to such practice, and I 
have invented a grinding-machine for shap 
ing or pointing the ends of the spindle-blade 
by grinding, and in the machine to be here 
inafter described the movement of the blank 
during the grinding is automatically con 
trolled, so that as the grinding progresses the 
desired taper is effected. I have also in the 
present embodiment of my invention pro 
vided for simultaneously grinding the oppo 
site ends of the blank, (generically designated 
the “work,') and when a predetermined 
grinding has been effected the work is auto 
matically moved out of the field of action of 
the grinding-surface. 
As will appear fully hereinafter, the inser 

tion of the work into the work-holder and the 
movement of the latter to present the work 
to the grinder are the only manual operations 
in the process until the grinding is com 
pleted, the work-holder automatically return 
ing thereafter into position for the finished 
work to be removed and a new piece to be in 
serted. 

Various adjustments are provided to ac 

commodate the machine to spindle-blades of 
different sizes and means are provided for 
automatically equalizing the Wear upon the 
grinding-surfaces. 
These and other novel features of my inven 

tion will be hereinafter described in the sub 
joined specification, and particularly pointed 
out in the following claims. 

Figure 1 is a top or plan view of a grind 
ing-machine embodying one form of my in 
vention, the work-holder being shown in po 
sition to receive the work. Fig. 2 is a front 
elevation thereof. Fig. 3 is a right-hand end 
elevation of the machine illustrated in Figs. 1 
and 2, the power-transmitting belts being 
omitted for the sake of clearness of illustra 
tion. Fig. 4 is a longitudinal vertical section 
of the work-holder, taken on the line acac, Fig. 
1, the work being indicated by dotted lines. 
Fig. 5 is an enlarged detail, in plan and partly 
broken out, of the device for effecting the open 
ing of the clamping means of the work-holder. 
Fig. 6 is a longitudinal sectional detail on the 
line ac' ac', Fig. 1, of one of the grinders and 
the supporting means therefor. Fig. 7 is an 
enlarged front elevation of the means for 
automatically controlling the bodily move 
ment of the work-holder, the movable pattern 
and the actuating mechanism therefor being 
clearly shown. Fig. 8 is a sectional view 
thereof on the line aca, Fig. 7, looking to 
ward the left. Fig. 9 is a side elevation of a 
spindle-blank ready to be ground at its ends, 
and Fig. 10 is a similar view of the blank 
after its ends have been pointed by grinding 
by the machine herein illustrated. Figs. 11 
and 12 are enlarged sectional details of one 
of the chuck-bodies and its corresponding 
collet or work-clamp, respectively. 
The frame of the machine is of suitable 

shape and size to properly support the oper 
atting parts and comprises, essentially, a heavy 
bed A, having a central longitudinally-ex 
tended and raised portion A", on which the 
work-holder is mounted, and oppositely ex 
tended, but non-alined parallel wings AA. 
At its rear end the bed has erected upon it 
two like standards A", provided with bearings 
for a shaft B, provided with a pulley B', 
adapted to be driven from any suitable 
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source of power by a belt, (not shown,) said 
shaft having fast upon it two like eccentrics 
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to coöperate with corresponding recesses in 
the inner end of the journal-box C, the re B'B', provided, respectively, with straps b°b°, duced part g' of the shaft rotating in the jour 

said shaft being shown in Fig. 1 as parallel 
to the wings A A', the eccentrics being 
mounted on the shaft outside the standards 
and near its ends. The said wings are of like 
construction and each one supports a grinder, 
and inasmuch as the latter and their sup 
ports are alike it will only be necessary to 
describe in detail one of said wings and the 
parts mounted thereupon, the two grinders, 
however, being indicated by the letters G* G8 
for convenience. Each wing has on its top 
two parallel undercut ribs a, extending the 
length thereof and forming a guideway or 
track for a cradle C, its foot resting on and be 
ing slidable upon the top of the wing and 
having a longitudinal mortise c to embrace 
the ribs a. (See dotted lines, Fig. 3.) The 
ends of the cradle are upturned at c to form 
bearings for a fulcrum shaft or pin CX, which 
is extended through a hole in the lower end 
of a rocking head C, inserted between the 
ends c of the cradle and made rigid with the 
fulcrum member by a set-screw c', Fig. 2. A 
washer c, surrounding the reduced outer end 
c of the fulcrum member, is held against the 
outer face of the adjacent upturned end c of 
the cradle by check-nuts c, screwed upon the 
reduced end, which is threaded, so that wear 
can be compensated for between the con 
tracting portions of the cradle and head. A 
bracket c, secured to the outer end of the 
wing, is upturned to provide a bearing c", Fig. 
6, for an adjusting-screw c, a collar c and 
head c', fast thereon on opposite sides of the 
bearing, preventing longitudinal movement 
of the screw, the inner end of which extends 
between the ribs a, and engages a threaded 
nut c, secured to the bottom of the cradle 
and depending between the ribs. By rotat 
ing the screw the cradle and the parts sup 
ported thereon can be moved in or out longi 
tudinally, of the wing to move the grinding 
surfaces toward or from each other, accord 
ing to the length of the work and the angle 
to be ground. 

Referring more particularly now to Fig. 6, 
each of the rocking heads C' is upturned at 
its ends, as at co, to receive journal-boxes 
C'C', respectively held in place by suitable 
caps 12 and 13, and in these boxes the grinder 
shaft is rotatably mounted. This grinder 
shaft G is provided at its end nearest the 
grinder with two annular enlarged shoulders 
15 and 16 to coöperate with corresponding 
annular recesses in the adjacent end of the 
journal-box C, and said shaft is reduced in 
thickness at g to leave an annular shoulder 
17, and a pulley G* is splined onto the shaft 
and butted against the shoulder 17, the hub 
of the pulley at the end adjacent the jour 
nal-box C being shouldered, as shown in Fig. 
6, to correspond with the recessed end of the 
journal-box. Beyond the pulley the shaft G 
is provided with annular shoulders 18 and 19 

nal-box. An annular collar g is screwed 
onto the extremity of the part g' of the 
grinder-shaft, which is threaded for the pur 
pose, and check-nuts ghold said collar in 
place against the outer end of the journal 
box C. 
The arrangement of parts is such that the 

entrance of grit or dust and dirt into the bear 
ing for the grinder-shaft is made very diffi 
cult and practically prevented, so that the 
wear is reduced to a minimum. It is neces 
sary to protect the bearings of the grinder 
shaft, inasmuch as they are so close to the grinding-surface. 

Each grinder is shaped, as shown in Figs. 
3 and 6, to present an annular flat grinding 
surface g, and the grinder is secured to the 
shaft by a screw-stud g, which is screwed 
into the larger end of the grinder-shaft, pass 
ing through a central hole in the grinder, and 
a washergis interposed between the bottom 
of the circular recess g in the grinder and a 
check-nutg", which is screwed onto the thread 
ed outer end of the screw-studg. The grinder 
is thus rigidly secured to the grinder-shaft, 
but can be readily removed therefrom when 
worn or otherwise and a new grinder substi 
tuted. 

Referring to Figs. 1 and 2, it will be seen 
that the grinding-surfaces of the two grind 
ers G G are located in parallel planes and 
that the axes of rotation of the two grinders 
are in parallelism, but non-alined. The rock 
ing head C", which is mounted on the wing 
A, has one of its upturned portions c pro 
vided with ears c, between which is pivot 
ally connected by a stud b a link b”, the free 
end thereof being adjustably connected by a 
turnbuckle b0 with the arm b of the eccen 
tric-strap b, so that by means of the eccen 
tric B* the grinder G will be reciprocated by 
or through the rotation of the shaft B. The 
upturned portion c of the rocking head C, 
which is mounted on the wing A, is provided 
with ears c' (see Fig. 1) to receive between 
them a link b, pivotally connected with the 
ears by a stud band adjustably connected 
by a turnbuckle b with an arm b, secured 
to and forming a part of the eccentric-strap 
b8. The turnbuckles bibare alike, and so, 
too, are the eccentric-straps and the eccen 
trics B° B°; but owing to the nearness of the 
wing A to the shaft B the link b is much 
shorter than the link b, connected with the 
other grinder. 
By the connections described the grinders 

are continuously reciprocated during the op 
eration of the machine, while their grinding 
surfaces are maintained in parallel vertical planes. 
By means of the turnbuckles the paths of 

movement of the grinders can be adjusted or 
changed to accommodate the work, the re 
ciprocation of the grinding-surface while the 

75 

9o 

95. 

do 

Io5 

IIo 

II5 

2 

I25 



o 

25 

35 

40 

45 

55 

714,036 

grinder is rotated serving to equalize the 
wear upon the acting or grinding surface, and 
thereby prevents scoring or ridging thereof. 
If the grinders are bodily adjusted in or out 
on the supporting-wings of the frame, the ec 
centrics B B will be correspondingly ad 
justed on the actuating-shaft B. 
The raised and longitudinally - extended 

central portion A' of the bed has mounted 
upon it the work-holder, which is adapted to 
swing bodily on a vertical fulcrum or pivot 
between the grinding-surfaces to present the 
ends of the work simultaneously to the lat 
ter or to withdraw them there from, and, as 
will hereinafter appear, means are provided 
for automatically clamping the work in the 
work-holder by or through its movement from 
normal or work receiving and discharging 
position into position to present the work to 
the grinding-surfaces and to effect automat 
ically the unclamping of the work when the 
work-holder is swung back into work receiv 
ing or discharging position. 

Referring more particularly to the vertical 
longitudinal sectional view of the work-holder 
in Fig. 4, a turn-table W, having a longitu 
dinally - extended top W* rigidly secured 
thereto, is pivotally connected by a vertical 
turret-bolt W' with the part A of the bed, 
the turn-table being recessed to receive the 
head v' of the turret-bolt, which latter is 
shouldered at w and threaded at its lower 
end to receive set-nuts v', which act upon a 
washer v^, the turret - bolt being thereby 
clamped to the top of the part A'. The head 
W* of the turn-table is provided with paral 
lel longitudinal undercut guideways w, (see 
Figs. 1, 2, and 4,) said guideways being in 
terrupted midway between their ends to re 
ceive between them a transverse block up', 
having a recess in its top for a purpose to be 
described, the block U' being secured to the 
head of the turn-table by suitable screws, as 
6. Upright chuck-brackets Ware mounted 
to slide on the guideways w, and by refer 
ring to Fig. 4 it will be seen that these chuck 
brackets are alike in their general shape and 
construction, the foot of each bracket being 
mortised to embrace the guideways, and a 
right and left hand threaded adjusting-screw 
v engages threaded nuts w', secured to the 
foot of each bracket and depending between 
the guideways v. The adjusting-screw is 
provided with fixed collars wif on each side 
of the transverse block v', the recess in the 
top of the latter serving as a seat for the cy 
lindrical part of the adjusting-screw between 
the two collars, the block coöperating with 
the collars to prevent longitudinal movement 
of the screw. By rotating the latter in one 
direction or the other the chuck-brackets W* 
will be moved toward or from each other to 
adjust the work-holder to the length of the 
work, and I have herein shown the adjusting 
screw as nicked at its ends, as at v, whereby 
by means of a screw-driver the screw may be 

the chuck-brackets. Each chuck-bracket at 
its upper end is provided with a bearing w 
for the body of the chuck to be described, a 
cap w completing the bearing or seat for the 
said chuck-body, the longitudinal axes of the 
two chuck-bodies being in a linement and in 
a longitudinal plane intersecting the longitu 
dinal center of the turret-bolt W'. Each 
chuck-body comprises a sleeve v', Figs. 4 
and 11, having at its inner end a broad an 
nular flange vand near its outer end a nar 
rower annular flange v', and between the 
flanges a bushing of bronze or other suitable 
metal nu surrounds the chuck-body inter 
posed between it and the bearing and cap of 
each chuck-bracket. An annularly-grooved 
pulley at is rigidly secured upon the inner 
flange v18 to rotate there with, and beyond 
the outer flange withe chuck-body is extend 
ed, as at v, to receive a chuck-cap up, rig 
idly secured in any suitable manner thereto. 
Longitudinal movement of the chuck in the 
bracket W is prevented by means of the pull 
ley vu and the inner end of the chuck-cap 
wi, as will be manifest by an inspection of 
Fig. 4. A collet or work-clamp v is mount 
ed in each chuck-body, the collet or clamp 
being shaped interiorly to accommodate the 
work, in this instance a spindle blade or 
blank, and it is longitudinally split, so that 
when the clamp or collet is moved outward 
the elasticity of the metal thereof will cause 
it to spring out or open to release or unclamp 
the work. Each collet or clamp at its inner 
end has rigidly secured to it a sieeve v, (see 
Fig. 12,) concentric there with and extending 
into the interior of the chuck-body v, which 
latter is of sufficiently large internal diame 
ter to receive a strong coiled spring S sur 
rounding the collet, the outer end of the spring 
bearing against an internal shoulder U', 
formed on the chuck-body, the opposite end 
of the spring bearing against the inner end 
of the sleeve U" and normally tending to re 
tract the collet or clamp v' into the position 
shown in Fig. 4 to contract the same and 
clamp the work. Manifestly if the collets or 
clamps are moved outwardly in opposition to 
the stress of their springs s the resiliency of 
the metal of Which the clamps are composed 
will operate to open them to release the work. 
Each chuck-bracket W° has secured to it on 
its inner upright side an ear u', on which is 
fulcrumed at van upright lever u', hav 
ing its upper end bifurcated or forked, as at 
w", to straddle or loosely surround the work 
when the latter is in position, the bifurcated 
part of the lever bearing against the inner 
end of the adjacent collet or clamp, and the 
lower or depending end of each lever engages 
the inner headed end of a plunger u', mount 
ed to slide longitudinally in the lower part of 
each chuck-bracket, the outer ends of the 
two plungers projecting beyond the brackets, 
as clearly shown in Fig. 4. I have provided 
means for automatically engaging and push 

rotated to effect the desired adjustment of ing the plungers v inward when the work 

3. 

75 

95 

ICO 

Io5 

O 

IIS 

I25 

  



o 

25 

35 

40 

50 

55 

4. 

holder is bodily swung upon its fulcrum W 
into position to receive or discharge the work, 
and an enlarged detail in plan of one of these 
devices is shown in Fig. 5. An upright post 
D is rigidly secured to the part A’ of the bed 
at each end thereof, and upon the top of each 
of these stands is pivotally mounted at d a 
horizontally-swinging arm d, the free end of 
each arm having pivotally connected to it at 
d a short arm d, cut away at its inner end 
at d to leave a projecting end or shoulder d", 
and a spring s (see Fig. 5) is interposed be 
tween the pivoted end of the short arm dand 
a socket in the arm d", the spring acting to 
normally swing the short arm into the posi 
tion shown in Fig. 5. The short arms d are 
located in the horizontal paths of movement 
of the outer ends of the plungers U, one arm 
for and to coöperate at times with each plun 
ger, and an adjustable stop-screw d is hori 
Zontally mounted in an upturned standard 
D*, forming a part of the bracket or casting 
D°, which carries the post D and so located 
that the inner end of the stop-screw will be 
behind and closely adjacent the pivoted end 
of the short arm d". (See Fig. 3.) Now when 
the work-holder is swung from its operative 
position, which is at an angle to the position 
shown in Fig. 1, toward the position shown 
in Fig. 1 the projecting ends up of the plun 
gers will be moved into engagement with the 
cut-away ends d of the two short arms d, and 
the latter will be swung on their fulcra. d. 
against the stress of their springs s as the 
work-holder approaches the position shown 
in Fig. 1, the stop-screws d preventing any 
swinging movement of the arms d, and when 
the work-holder assumes the position shown 
in Fig. 1 the arms d' will be substantially in 
alinement with the two plungers v, and by 
such movement of the arms d° from the posi 
tion shown in Fig. 5 they will act with the 
plungers as a species of toggle-joint and will 
gradually force the plungers inward, to there 
by rock the upturned levers U on their full 
cra and move the collets or work-clamps v 
outwardly relatively to the chuck-bodies to re 
lease or unclamp the Work, and the completed 
work can then be removed from the chucks and 
another piece of work inserted. Supposing a 
blank, such as shown in Fig. 9, having been 
inserted in the Work-holder, such insertion 
being effected by pushing it longitudinally 
through the open clamps rearwardly until the 
inner end of the blank engages a stop-gage, 
to be described, so that the blank will assume 
the dotted-line position shown in Fig. 4, the 
operator by means to be described swings the 
work-holder bodily to present the work to the 
grinding-surfaces, and as the work-holder is 
thus swung the plungers v' pass from en 
gagement with the arms d of the releasing 
devices, herein before described, and the 
strong springs S, Fig. 4, immediately operate 
to retract the collets or clamps into the chuck 
bodies and firmly clamp the work in the 
chucks to be rotated bodily there with, the 
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clamping of the work being effected before 
the work is presented to the grinding-surfaces 
G° G8. The head W* is secured by bolts 8, 
Fig. 1, to the turn-table, and the latter has 
rigidly secured to it a handle W8, which is 
moved in the direction of the arrow 10 by the 
operator to swing the work-holder to present 
the work to the grinding-surfaces, such swing 
ing movement of the work-holder being re 
sisted by a strong spring S, attached at one 
end to the base of the handle and at its other 
end to a fixed pin 100. (See Fig. 1.) A size 
gage H is adjustably secured by a set-screw 

75 

h to the top of the part D* of the front bracket 
D in the horizontal path of movement of the 
outer end of the work when the work-holder 
is swung to prevent such swinging movement 
if a blank of improper length is inserted in 
the work-holder, and on the part D* of the 
rear bracket D* a stop-gage H* is adjustably 
mounted by means of a set-screw h’ and in 
the path of movement of the inner or rear 
end of the work when inserted in the work 
holder. This stop-gage indicates to the oper 
ator when the blank or spindle-blade is prop 
erly positioned in the work-holder, the acting 
end of the gage being concaved, as at h’, on 
a circle having as its center the center of the 
turret-bolt W. 

Referring to Fig. 1, it will be noticed that 
the size-gage His offset from the longitudinal 
center of the chucks when the work-holder is 
in position to receive or discharge the work 
in order to permit the operator to handle the 
work, and the acting end of the gage is also 
concave, as at h, to permit the outer end of 
the work to swing clear of the same when the 
work-holder is swung. 
When the work has been presented to the 

grinding-surfaces by the described manual 
movement of the work-holder, the grinding 
operation begins, and as the work is ground 
away the work-holder must be moved to keep 
the work up to the grinding-surface until the 
desired shape or taper of the ends of the work 
has been attained, and I have herein devised 
means for automatically controlling the 
swinging movement of the work-holder for 
this purpose, the construction being such that 
the movement of the work-holder to opera 
tively position the work enables the auto 
matic means to automatically assume control 
of the work-holder. 
As will appear hereinafter, when the grind 

ing has been completed-that is, when the 
predetermined taper has been imparted to 
the ends of the work-the work-holder is a u 
tomatically released from the automatic con 
trolling means, and such work - holder is 
swung back to receiving or discharging po 
sition (shown in Fig. 1) by or through the ac 
tion of the strong spring S. - 

Referring to Figs. 1, 3, 7, and 8, the shaft 
B has secured to it between the pillars or 
standards A a tappet-cam B, (see Fig. 8,) 
which coöperates with a follower-roll f*, ro 
tatably mounted on a pin f, extended trans 
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versely through a box-like portion or hood 
F* of a link F, the hood extending over the 
tappet and protecting the same from dust 
and dirt, the sides of the hood being longitu 

5 dinally slotted, as at f", Fig. 8, to embrace 
the shaft B and permit longitudinal move 
ment of the link F by or through the coöpera 
tion of the follower-roll with the tappet B. 
The link is bifurcated at f° to receive be 

Io tween such bifurcated portions or sides a boss 
f, Fig. 7, on the upper end of a pawl-carrier 
F', a pin f' pivotally connecting the link and 
pawl-carrier. The lower end of the latter is 
provided with a hub f, through which is ex 

I5 tended a short shaft F, rotatably mounted 
in bearings F, secured to or forming part of 
a cam-bracket F, mounted on the bed of the 
machine between the pillars A and the raised 
part A thereof, as shown in Fig. 1. The 

20 hub f is provided with a depending hook f', 
(see Fig. 7,) to which one end of a strong 
spring S is attached, the other end of the 
spring being fixedly secured to a part of the 
bed, the spring acting to keep the follower 

25 f* in engagement with the tappet-cam B' and 
to effect the retractive stroke of the pawl 
carrier. A toothed disk or ratchet f is se 
cured to the shaft Fadjacent the hub f, the 
hub f of the ratchet being extended to the 

3o left, viewing Fig. 7, and into the hub f of 
the pawl-carrier, forming a bearing for the 
latter and upon which the pawl-carrier rocks. 
A pawlf is pivotally mounted at f on the 
pawl-carrier to coöperate with the ratchet, 

35 the free end of the pawl having projecting 
laterally there from a pin or stud f', said pin 
extending over the upper convexed end 75 of 
a controlling device or detent, shown as a 
longitudinally-slotted barf, embracing the 

4o shaft F and having a depending stem f", 
adapted to enter a socket f (see dotted lines, 
Figs. 7 and 8) in a depending enlargement 
F of the bracket F. The lower end of the 
stem f is reduced in diameter, as at f", and 

45 extends loosely through a hole in the bot 
tom of the socket, a suitable spiral spring, as 
s, surrounding such reduced portion in the 
socket f between the bottom thereof and the 
lower end of the stem f', said spring normally 

5o acting to elevate the barf and maintain it 
in the position shown in Figs. 7 and 8 to act 
through the pin f° to lift the pawl f' from 
engagement with the ratchet. The shaft B 
is rotated continuously, it will be remem 

55 bered, and thus the pawl-carrier F is rocked 
or swung about the shaft F as a center; but 
so long as the controlling device is in the po 
sition shown in said Figs. 7 and 8 the pin F 
will ride over the convex surface 75 and will 

6o not engage the ratchet. The barf has ex 
tended there from a lug f, having a cam-face 
f for a purpose to be described, and a suit 
able spring - controlled detent-pawl f" pre 
vents retrograde movement of the ratchet, 

6; the detent-pawlf being made as a plunger 
pawl and controlled by a suitable spring s. 
(See dotted lines, Fig. 7.) A circular disk 

P, having an elongated hub p’, is rigidly se 
cured to the shaft F between the slotted bar 
f' and the right-hand bearing F, viewing 
Fig. 7, Said disk having a reéntrant portion 
or notch p in its periphery and a lateral pin 
p' projecting from the disk above the notch. 
The inner face of the disk is cam-shaped to 
constitute a pattern, the lowest portion there 
of being at the point 200 at the top of the 
notch p, and the high point is located at 300 
at the bottom of the notch, the face of the 
disk gradually rising in an annular direction 
from 200 to 300. 

Referring now more particularly to Figs. 1 
and 3, the turn-table W has extended later 
ally therefrom and toward the rear of the 
machine a rigid arm W, provided at its ex 
treunity with an extension v' of such dimen 
sions that it can readily enter or leave the 
notch p of the pattern-disk, said notch being 
in the lateral path of movement of the exten 
sion when the work-holder is swung. 
The rear one of the brackets D, which is 

the one shown in detail, Fig. 5, has a socket 
d8 therein to receive a coiled springs, which 
surrounds and controls a headed plunger-bolt 
d', which is longitudinally movable in the 
socketed part of the bracket, the head d of 
the bolt being in the path of movement of the 
outer end of the arm W0 when swung in the 
direction of arrow 11, Fig. 1. 

Referring to Fig.1, the arm W0has mounted 
on its side a stop v', fulcrumed on a stud 
'u', and a springs is coiled around the stud 
in a socket in the arm, one end of the spring 
being fixed and its other end being secured 
to the stop up', the winding of the spring be 
ing such that normally it maintains a lug U" 
thereon against a stop-pin uy on the arm. 
When the operator swings the work-table to 
present the work to the grinding-surfaces, the 
extension Upasses through the notch p, and 
the stop vengages the lateral pin p' on the 
disk P at the instant the lower edge of the 
extension U has traveled over the beveled 
face f of the projection f on the pawl con 
troller or detentif' and onto the top of said 
projection, depressing the latter as the stop 
U’ brings up against the pin p'. Any addi 
tional manual movement of the Work-holder 
is thereby prevented, and the operator can 
not by inadvertence press the work against 
the grinding-surface. The depression of the 
detent f" releases the pawl f', and the lat 
ter engages the ratchet f", and through the 
rotation of the ratchet the disk P is turned 
in the direction of the arrow, Fig. 8, far 
enough to move the upper edge of the notch 
p below the top of the extension v. Con 
sequently when the operator releases the han 
die W the spring S will act to hold the ex 
tension against the pattern Or can -face of 
the disk Pat its low point; but the extension 
will continue to depress the detent f, so that 
the pawl and ratchet will remain in coöpera 
tion. The continued rotation of the disk P 
thus effected causes its pattern or cam-sur 
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face to act upon the extension U', which 
then serves as a follower to gradually swing 
tho work-holder in the direction of arrow 11, 
keeping the work up to the grinding-sur 
faces, it being manifest that the pin p' will 
pass beneath the lower edge of the stop w' 
just after rotation of the disk P is begun. 
The movement of the work-holder to oper 
atively position the work is thus made effect 
ive to start the movement of the pattern au 
tomatically, so that the work-holder is placed 
under the control of the means for automat 
ically governing its movement during the 
grinding. The shape or contour of the pat 
tern is such that as the grinding progresses 
the work will be advanced to the grinding 
surface to give to the work the desired shape. 
Just before the stop U encounters the pin p' 
the arm Wengages the plunger-bolt d", the 
latter acting to cushion the blow and prevent 
the stop from sticking with improper force 
against the pin p', and as the pattern moves 
the arm W. during the grinding the spring 
S0 of the plunger-bolt will permit the latter 
to yield to such movement. 

It will be manifest that the action of the 
pattern will move the stop up' close to the 
outer face of the disk P as the high part of 
the pattern is approached and into the path 
of the pin p' but owing to the pivotal mount 
ing of said stop it will be depressed by the 
pin against the stress of its springs until 
the notch p comes into position opposite the 
extension v0 at the completion of the grind 
ing. Immediately the spring S is free to act 
to swing the work-holder into the position 
shown in Fig. 1 and as the arm W40 swings 
oppositely to arrow 11 the extension releases 
the detent f8 and moves out through the 
notchp. The lifting-springs, Figs, 7 and 8, 
at once elevates the detent, and the pawl and 
ratchet are disengaged, the pattern-disk P 
coming to a stop in its original starting posi 
tion. During the movement of the work 
holder, due to the spring S, the work-clamps 
will be released or opened, as described, and 
the projections d on the short arms d'act to 
finally stop the work-holder in the position 
shown in Fig. 1, with the piece of work un 
clamped and ready to be removed. 
The grinders are rotated by means of suit 

able belts (not shown) coöperating with the 
pulleys G* and run from any suitable over 
head shaft, and in like manner the front and 
rear chucks of the work-holder are rotated 
by belting engaging the pulleys w, the lat 
ter being grooved to prevent the belting from 
slipping off when the work-holder is swung 
on its fulcrum W'. 
In actual practice the belting driving the 

chucks will preferably be so arranged as to 
effect their rotation only while the work is 
clamped; but that may be accomplished in 
any convenient manner and is not shown, as 
it forms no part of my present invention. 
By using different patterns the shape to be 

given the ends of the work will be varied ac 
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cordingly, and by reference to Figs. 9 and 10 
it will be seen that the square ends of the 
blank M are by the grinding reduced to ta 
pered or conical extremities ma' m”, the angle 
of the side of the cone depending upon the 
pattern and the adjustment of the Working 
parts. 
Not only may the grinders be adjusted to 

ward and from each other, but the work 
holder can be adjusted for work of different 
lengths, and by means of the stops d the 
clamp-releasing devices can be adjusted cor 
respondingly. 
The control of the work is a tutomatically 

assumed just as soon as the workman swings 
the work-holder far enough to start the auto 
matic controlling means, and thereafter the 
control is automatic until the grinding is com 
pleted, so that no carelessness, in attention, or 
lack of skill on the part of the workman can 
injure the grinders or the work. 

I have shown one practical embodiment of 
my invention without attempting to show or 
describe the various changes or modifica 
tions which may be made therein by those 
skilled in the art without departing from the 
spirit and scope of my invention. 
Having described my invention, what I 

claim as new, and desire to secure by Letters 
Patent, is 

1. In a grinding-machine, a grinding-sur 
face and a work-holder, means to effect their 
relative movement to place the work in op 
erative position, and independent means to 
thereupon automatically assume control of 
and govern the relative movement of said 
grinding-surface and the work-holder during 
the completion of the grinding operation. 

2. In a grinding-machine, a grinding-Sur 
face and a work-holder, manually-operated 
means to effect their relative movement and 
place the work-holder in operative position, 
and means to thereupon automatically as 
sume control of and govern the relative move 
ment of the grinding-surface and work-holder 
during the completion of the grinding opera 
tion. 

3. In a grinding-machine, a rotatable grind 
ing - surface and a rotatable work-holder, 
means to move one relatively to the other to 
present the work to the grinding-surface, and 
independent automatic means to thereupon 
assume control of and govern such relative 
movement of the parts during the completion 
of the grinding operation. 

4. In a grinding-machine, a rotatable grind 
ing-surface, means to automatically recipro 
cate it bodily, a Work-holder, means to move 
it to present the work to the grinding-surface, 
and automatic means to thereupon assume 
control of and govern subsequent movement 
of the work-holder during the grinding op 
eration. 

5. In a grinding-machine, a rotatable grind 
ing-surface, means to automatically recipro 
cate it bodily, a rotatable, bodily-movable 
work-holder, manually-operated means to 
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move it to present the work to the grinding 
surface, and means to automatically assume 
control of the work-holder after such move 
ment and to control the subsequent hodily 
movement thereof during the completion of 
the grinding operation. 

6. In a grinding-machine, a rotatable grind 
ing-surface, means to automatically recipro 
cate it bodily, a work-holder, means to move 
it to present the work to the grinding-surface, 
means to thereupon automatically assume 
control of and govern subsequent movement 
of the work-holder during the grinding op 
eration, and a device to automatically release 
the work-holder from the control of said a u 
tomatic means when a predetermined move 
ment of the work-holder has been effected 
thereby. 

7. In a grinding-machine, a grinding-sur 
face, and a work-holder, means to effect their 
relative movement to present the work to the 
grinding-surface, automatic means to there 
upon assume control of and govern such rela 
tive movement during the grinding operation, 
and a device to automatically render said lat 
ter means inoperative when a predetermined 
relative movement of the grinding-surface 
and work-holder has been effected by said all 
tomatic means. 

8. In a grinding-machine, a rotatable grind 
ing-surface, means to reciprocate it bodily, a 
work-holder, manually-operated means to 
move it to present the work to the grinding 
surface, automatic means to thereupon as 
sume control of and govern subsequent nove 
ment of the work-holder, to give the requisite 
shape to the work, and a device to automatic 
ally release the work-holder from the control 
of said automatic means when by a predeter 
mined movement of the work-holder the de 
sired grinding has been effected. 

9. In a grinding-machine, a rotatable grind 
ing-surface, means to bodily reciprocate the 
same, a rotatable work-holder bodily movable 
about a fulcrum at right angles to its axis of 
rotation, means to move it a bolt such full 
crum to present the work to the grinding-sur 
face, automatic means to thereupon assume 
control of and govern subsequent bodily 
movement of the work-holder to complete the 
grinding, a device to automatically release 
the work-holder from the control of said a u 
tomatic means, and a spring to return the 
work-holder to inoperative position when so 
released. 

10. In a grinding - machine, a rotatable 
grinder having a flat grinding-surface, means 
to bodily reciprocate the grinder, a work 
holder, manually-operated means to move it 
in a lateral path to present the work to the 
grinding-surface at an angle thereto, auto 
matic means to thereupon assume control of 
the work-holder and change the angle of pres 
entation of the work during grinding, to give 
the requisite shape to the work, and a device 
to automatically release the work-holder from 
such control when a predetermined automatic 
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movement of the work-holder has been ef 
fected. 

11. In a grinding - machine, a rotatable 
grinder having a flat, annular grinding-sur 
face, means to reciprocate the grinder, a ro 
tatable work-holder having its axis of rota 
tion in a plane at right angles to the grind 
ing-surface, a pivot upon which the work 
holder is bodily movable, to vary the angle 
between the intersecting axes of rotation of 
the grinder and work-holder, means to move 
the work-holder upon its pivot to present the 
work to the grinding-surface, and automatic 
means to thereupon assume control of and 
govern subsequent bodily movement of the 
work-holder during the grinding, to advance 
the work and change the angle of presenta 
tion thereof to the grinding-surface, thereby 
giving the work the requisite shape. 

12. In a grinding - machine, a rotatable 
grinder having a flat, annular grinding-sur 
face, a work-holder to present the work to the 
grinding-surface, and means to bodily recip 
rocate the grinder at right angles to its axis 
of rotation and thereby equalize the wear upon 
its grinding-surface. 

13. In a grinding - machine, a rotatable 
grinder having a flat grinding-surface, a sup 
port therefor, adapted to rock on a fulcrum 
parallel to the axis of rotation of the grinder, 
means to rock the support, and a work-holder 
to present the work to the grinding-surface, 
the reciprocation of the grinder by or through 
its rocking support, equalizing the wear upon 
the grinding-surface. 

14. In a grinding-machine, a rotatable shaft, 
a support therefor adapted to rock on a full 
crum parallel to the shaft, a grinder secured 
to the latter and having a flat, annular grind 
ing-Surface, means to rock the support on its 
fulcrum, a work-holder, and means to move 
it in a lateral path to present the work to the 
grinding-surface, the wear upon the latter be 
ing equalized by the reciprocation imparted 
to the grinder by rocking its support. 

15. In a grinding - machine, a rotatable 
grinder having a flat grinding-surface, a sup 
ort therefor, adapted to rock on a fulcrum 

parallel to the axis of rotation of the grinder, 
means to rock the support, a work-holder 
adapted to be swung in a lateral plane, to 
present the work to the grinding-surface, a 
fixed fulcrum on which the work-holder is 
movable, and means to adjust the grinder 
support in the direction of the length of its 
fulcrum. - 

16. in a grinding - machine, a rotatable 
grinding - surface, a work-holder, including 
means to clamp the work, means to effect rela 
tive movement of the grinding-surface and 
the Work-holder, to present the work to the 
former, and means actuated automatically by 
or through such relative movement to set the 
clamping means. 

17. In a grinding-machine, a rotatable 
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ment of the grinding-surface and the work 
holder, to move the work into and out of po 
sition to be ground, and means actuated a tuto 
matically by or through such relative move 
ment to set the clamping means when the work 
is presented to the grinding-surface, and to 
release the clamping means when the work is 
withdrawn from operative position. 

18. In a grinding-machine, a grinding-sur 
face, a Work-holder, means to mantially effect 
relative movement of said parts to operatively 
position the work, means to automatically con 
trol the position of the work relative to the 
grinding-surface during grinding, and a de 
vice to automatically place the work-holder 
under the control of said controlling means 
when the work is operatively positioned, and 
to release the work-holder from such control 
when grinding has been completed. 

19. In a grinding-machine, a grinding-sur 
face, a work-holder, means to manually effect 
relative movement of said parts to operatively 
position the work, a pattern to control the po 
sition of the latter relatively to the grinding 
surface during the grinding operation, inter 
mittingly-operative means to move the pat 
tern, and a starting device for said means, 
actuated by manual movement of the work 
holder to operatively position the work. 

20. In a grinding-machine, a grinding-sur 
face, a work-holder, means to manually effect 
relative movement of said parts to operatively 
position the work, a pattern to control the po 
sition of the latter relatively to the grinding 
surface during the grinding operation, inter 
mittingly-operative means to move the pat 
tern, a starting device for said means actuated 
by operative positioning of the work, and a 
device to render said means inoperative when 
a predetermined grinding has been effected. 

21. In a grinding-machine, a grinding-sur 
face, a work-holder, means to effect relative 
movement of said parts to operatively posi 
tion the work, a rotatable pattern to control 
the position of the latter relatively to the 
grinding-surface during grinding, intermit 
tingly-operative means to rotate the pattern, 
a starting device for said means, actuated by 
or through operative positioning of the work, 
and means actuated by a predetermined rota 
tion of the pattern to effect the stoppage of 
the means for rotating it. 

22. In a grinding - machine, a rotatable 
grinding-surface, a work-holder movable in 
a lateral path to move the work into and out of 
operative position relatively to the grinding 
surface, an intermittingly-rotatable pattern 
to control the position of the work during 
grinding, said pattern having a notch in its 
periphery, means bodily movable with the 
work-holder to pass through the notch and 
effect the starting of the pattern, the latter 
acting through said means to control the work 
holder during grinding, and a spring to re 
turn the latter to inoperative position when 
rotation of the pattern has brought the notch 
therein opposite the said means. 
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23. In a grinding machine, a rotatable 
grinding-surface, a work-holder movable in 
a lateral path to move the workinto and out of 
operative position, relatively to the grinding 
surface, an intermittingly-rotatable pattern 
to control the position of the work during 
grinding, means to rotate the pattern, a de 
vice-operated by or through movement of the 
work-holder to operatively position the work 
to effect the rotation of the pattern by said 
means, the position of the work relatively to 
the grinding - surface being thereafter con 
trolled by said pattern during grinding, and 
a stop to limit the movement of the work into 
operative position and thereby prevent in 
jury of the grinding-surface. 

24. In a grinding - machine, a rotatable 
grinding-surface, a work-holder, means to 
move it manually to place the work in opera 
tive relation with the grinding-surface, an in 
termittingly-rotatable pattern to control the 
position of the work relatively to the grind 
ing-surface during grinding, means operated 
by or through such manual movement of 
the work-holder to effect control thereof by 
the pattern and start the rotation of the lat 
ter, and independent means to automatically 
withdraw the work from the grinding-surface 
and effect stoppage of the pattern when the 
latter has made a predetermined movement. 

25. In a grinding - machine, a rotatable 
grinding-surface, a work-holder, means to 
move it to operatively position the work rela 
tively to the grinding-surface, a follower mov 
able with the work - holder, a pattern with 
which the follower coöperates during the 
grinding, means to actuate the pattern, and 
a starting device for said means, operated by 
or through movement of the work-holder, to 
operatively position the work, such movement 
also bringing the follower into coöperation 
with the pattern, the latter thereafter control 
ling the position of the work with relation to 
the grinding-surface. 

26. In a grinding-machine, a grinding-sur 
face, a work-holder, means to move the latter 
manually to operatively position the work, 
means, including a rotatable pattern, to auto 
matically control the movement of the work 
holder during grinding, mechanism to rotate 
the pattern, comprising a ratchet rotatable 
there with, a constantly-reciprocating pawl 
carrier, and a pawl thereon, and a device to 
maintain the pawl inoperative, the manually 
actuated movement of the work-holder caus 
ing said device to release the pawl and per 
mit its cooperation with the ratchet. 

27. In a grinding-machine, a grinding-sur 
face, a work-holder, means to move the lat 
termanually to operatively position the work, 
means, including a rotatable pattern, to auto 
matically control the movement of the work 
holder during grinding, a pawl and ratchet to 
effect rotation of the pattern, a pawl-controller 
to normally maintain it inoperative, and a 
dog movable with the work-holder, to retract 
the pawl-controller when the work is opera 
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tively positioned, disengagement of the dog 
and pawl-controller upon completion of the 
grinding permitting the latter to disengage 
the pawl and ratchet. 

28. In a grinding-machine, a turn-table, a 
work-holder mounted thereon, including a 
Work-clamp, a spring to set the clamp, and a 
releasing device to act in opposition to said 
spring and effect the opening of the clamp, 
and means to automatically operate the re 
leasing device when the work-holder is in po 
sition to receive or discharge the work. 

29. In a grinding-machine, a turn-table, a 
work-holder mounted thereon, including a 
work-clamp, a spring to set the clamp, and a 
releasing device to act in opposition to said 
spring and effect the opening of the clamp, 
said device including a sliding plunger, and 
means to engage and move the plunger to ef 
fect the operation of the releasing device 
when the work-holder is moved into position 
to receive or discharge the work. 

30. In a grinding-machine, a turn-table, a 
work-holder mounted thereon, including a 
Work-clamp, a spring to set the clamp, and a 
releasing device to act in opposition to said 
spring and effect the opening of the clamp, 
said device including a sliding plunger, and 
means to engage and move the plunger to ef 
fect the operation of the releasing device 
when the work-holder is moved into position to 
receive or discharge the work, said means in 
cluding a spring-controlled, swinging actua 
tor to coöperate with and move the plunger. 

31. In a grinding-machine, a turn-table, a 
work-holder mounted thereon, including a 
Work-Clamp, a spring to set the clamp, and a 
releasing device to act in opposition to said 
spring and effect the opening of the clamp, 
said device including a sliding plunger, and 
means to engage and move the plunger to ef 
fect the operation of the releasing device 
when the work-holder is moved into position 
to receive or discharge the work, said means 
including a spring-controlled, swinging ac 
tuator to coöperate with and move the plun 
ger, and an adjustable stop to engage the ac 
tuator and limit the movement imparted 
thereby to the plunger. 

32. In a grinding-machine, a work-holder 
mounted to turn on a vertical pivot, and in 
cluding rotatable front and rear chucks, a 
work-clamp in each, and means to automat 
ically close the work-clamps when the work 
holder is moved into operative position, and 
to open said clamps when moved into posi 
tion to receive or discharge the Work. 

33. In a grinding-machine, a Work-holder 
mounted to turn on a vertical pivot, and in 
cluding rotatable front and rear chucks, a 
work-clamp in each, means to move the chucks 
toward and from each other in accordance 
with the length of the work, springs to close 
the clamps, and means to automatically ef 
fect the opening thereof by or through move 
ment of the work-holder into position to re 
ceive or discharge the Work. 

34. In a grinding-machine, a work-holder 
mounted to turn on a vertical pivot, and in 
cluding rotatable front and rear chucks, a 
work-clamp in each, means to automatically 
close the work-clamps when the work-holder 
is moved into operative position, clamp-open 
ing means to automatically effect the open 
ing of the clamps when the work-holder is in 
position to receive or discharge the work, and 
a device to stop the work-holder in such po 
sition. 

35. In a grinding-machine, two rotatable, 
oppositely-facing grinding-surfaces having 
their axes of rotation in parallelism and non 
alined, a work-holder mounted between the 
grinding-surfaces and adapted to turn bodily 
on a vertical pivot, means to turn said work 
holder to present the opposite ends of the 
work to the respective grinding-surfaces, and 
automatic means to thereupon assume con 
trol of and govern the movement of the work 
holder thereafter during the grinding. 

36. In a grinding-machine, two rotatable, 
oppositely-facing grinding-surfaces having 
their axes of rotation in parallelism and non 
alined, means to bodily reciprocate the grind 
ing-surfaces with their acting faces in par 
allelism, a work-holder mounted between the 
grinding-surfaces and adapted to turn bodily 
on a vertical pivot, means to turn said work 
holder to present the opposite ends of the 
work to the respective grinding-surfaces, and 
automatic means to thereupon assume con 
trol of and govern the movement of the work 
holder thereafter during the grinding. 

37. In a grinding-machine, two rotatable, 
Oppositely-facing grinding-surfaces having 
their axes of rotation in parallelism and non 
alined, means to bodily reciprocate the grind 
ing-surfaces with their acting faces in par 
allelism, a rotatable work-holder mounted 
between the grinding-surfaces and adapted 
to turn bodily on a vertical pivot, manually 
operated means to swing the Work-holder to 
present opposite ends of the work to the re 
spective grinding - surfaces, and means to 
thereupon automatically assume control of 
and govern the swinging movement of the 
work-holder during the grinding. 

38. In a grinding-machine, two rotatable, 
oppositely-facing grinding-surfaces having 
their axes of rotation in parallelism and non 
alined, a work-holder mounted between the 
grinding-surfaces and adapted to turn bodily 
on a vertical pivot, means to turn said work 
holder to present the opposite ends of the 
work to the respective grinding-surfaces, 
means to thereupon automatically assume 
control of and govern the swinging movement 
of the work-holder during the grinding, and 
an adjustable, fixedly-mounted size-gage to 
prevent swinging movement of the work 
holder if the work is overlength. 

39. In a grinding-machine, two rotatable, 
oppositely-facing grinding-surfaces having 
their axes of rotation in parallelism and non 
alined, means to adjust the grinding-surfaces 
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toward and from each other, for work of dif 
ferent lengths, a work-holder mounted be 
tween the grinding-surfaces and adapted to 
turn bodily on a vertical pivot, means to turn 
said work-holder to present the opposite ends 
of the work to the respective grinding-sur 
faces, and automatic means to thereupon as 
sume control of and govern the movement of 
the work-holder thereafter during the grind 
ling. 

40. In a grinding-machine, two rotatable, 
oppositely-facing grinding-surfaces having 
their axes of rotation in parallelism and non 
alined, a work-holder mounted between the 
grinding-surfaces and adapted to turn bodily 
on a vertical pivot, means to turn said work 
holder to present the opposite ends of the 
work to the respective grinding-surfaces, a u 
tomatic means to thereupon assume control 
of and govern the movement of the work 
holder thereafter during grinding, a rotata 
ble controlling-shaft, connections between it 
and the grinding-surfaces, to reciprocate them 
with their acting faces in parallelism, and 
mechanism driven by said shaft to operate 
said automatic means. 
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41. In a grinding-machine, two annular, ro 
tatable grinders having parallel, inwardly 
facing, flat grinding-surfaces, the axes of ro 
tation of the grinders being in parallelism 
and non-alined, means to continuously recip 
rocate the grinders with their grinding-sur 
faces in parallelism, a rotatable work-holder 
mounted between the grinders to swing on a 
vertical pivot, means to manually swing the 
work-holder to present the opposite ends of 
the work to the respective grinders, a spring 
to return the work-holder to inoperative po 
sition, in termittingly-operating means to au 
tomatically govern the swinging movement of 
the work-holder during grinding, actuating 
mechanism for said means, and a device to 
automatically effect the actuation of the gov 
erning means by said mechanism by or through 
the operative positioning of the work. 
In testimony whereof I have signed my 

name to this specification in the presence of 
two subscribing witnesses. 

CHARLES F. ROPER. 
Witnesses: 

GEORGE. OTIS DRAPER, 
ERNEST W., WOOD. 
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