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Ai)plica’cion filed Janwary 24, 1918. Serial Mo. 272,837,

To allwhom it may concern:

Bs it known that I, Epwazp Riverr, a citi-
zen of the United States, residing at Hull,
county of Plymouth, State of Massachusetts,
have 1nvented an Improvement in Vertical-
Cylinder Grinders, of which the following
description, in connection with the accom-
panying drawing, is a specification, like
characters on the drawing representing like
parts. -

This invention relates to grinding ma-
chines or to any other machines for doing
similar work such as abrading, polishing
or buffing, and the object of the invention 1s

5 to provide a vertical cylinder machine of

this class, that is, a machine employing a
tool on a vertical spindle mounted eccentri-
cally in, or out of alinement with the axis
of, a carvier having a vertical and rotary
movement to carry the tool over a cylindri-
-cal surface such as the interior of an engine
cylinder.

The invention has for its cbject to pro-
vide a machine of this character in which
the carrier for the tool shall have the parts
carried, thereby so located and arranged
that ‘they shall be balanced with respect to

" the axis of rotation thus insuring ease of
movement and accuracy of the work. -

The invéntion has for its further object
to provide for mounting the actuating mo-
tor for rotating the tool directly upon the
vertically movable and rotary carrier and
preferably for ‘transmitting rotary move-
ment to the tool spindle from this motor
through an endless belt so arranged as to
give a balanced pull upon the tool spindle.

‘The invention has for its further object to
provide means preferably governed by the
number of rotations of the carrier for pro-
gressively feeding the tool radially against
the work and preferably also for simul-
taneously feeding a counterbalance in the
opposite direction. '

The invention has for its further object to
provide a machine of this character in which
the tool may be run at very high speed while
carried over the surface of the work and fed
thereto at such a rate as will secure the most
effective action on the work.

The invention presents a machine in which
the parts are compactly arranged, one in

which the construction is of simple and ef--

ficient design, one in which the wear of
the parts is reduced to the minimum, and

- .one in which accuracy of the operation is

assured. :
~ These and other features of the invention
will appear more fully from the accompany-
ing ‘description and drawings and will be
particularly pointed cut in the claims.

The invention is more particularly adapt-
ed for grinding the interior of cylinders
where extreme accuracy is essential and a
machine designed for that purpose is there-
fore illustrated and described as the pre-
ferred form of the invention, but it is to be
‘understood that the invention in its broader
aspect is not to be restricted other than as
defined by the claims.

In the drawings, :

¥igure 1 is a'view in side elevation par-
tially” broken away and with some of the
parts removed of a construction of vertical
grinder embodying the invention; o

Fig. 2 is a view in front elevation par-
tially in vertical cross section of the main
%[)ortlon of the vertical grinder shown in

Fig. 1; : : :

Kig. 3 is a detail on a larger scale in verti-
cal cross section ¢f a portion of the carrier
showing the drive for the grinder spindle;

Fig. 4 is a detail on the same scale as Fig.

-3 1n vertical section taken at right angles

to Fig. 3; . :

Fig. 5 is a view in side elevation and par-
tially in vertical cross section of a portion
of the vertical grinder showing the means

for centering the work with respect to the
grinder; '

.
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‘Fig. 6 is a view in horizontal cross section

“taken on the line 6—86, Fig. 4;

Fig. 7 is a side elevation of the carrier
base showing the means for feeding the
grinder spindle radially of the carrier;

Fig. 8 is a view in rear elevation of the
means adapted to be detachably secured to’
the carrier for centering the work with re-
spect to the grinder. - :
~_ The machine of this invention is primarily
designed for grinding the interior periphery

.of cylindrical articles such as engine cyl-

inders when supported with the axis of the
cylinder arranged vertically. - T

The machine in which the invention is
shown embodied in a preferred form com-
prises essentially a bed 1 which may. be
mounted on a bench or other suitable sup-
port. This bed is preferably hollow and
presents a horizontal bed plate 2 recessed’
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to permit the work supported on the bed
plate to project into or hang in the hollow
wmterior of the bed. In the drawings a piece
of work is illustrated as a gasolene engine
cylinder 3. Such apiece of work may
be conveniently supported in the bed by
having its flange 4 secured by the bolts or
screws b to a recessed plate 8 which plate is
in turn secured by the clamping serews 7 to
the bed plate 2 so that the work hangs in
the hollow interior of the bed. The bolts or
screws 7 pass through washers 8 and
through holes in the plate 6 much larger
than the shanks of the bolts or screws so
that the work may be shifted about on the
bed plate 2 before being clamped in place to
center it beneath the grinder.

A head extends over or is mounted above
the bed and may conveniently be formed as

‘ilustrated of a pair of vertical flanged side

plates 9, 10 secured by screws 11 directly to
the bed. These side plates are secured to-
gether at various points as required to pro-
vide a suitable support for the various por-
tions of the mechanism. At or near the front
a skeleton guide 11 extends horizontally be-
tween the plates and is secured thereby by
screws 12.

‘At the top the plates are again shown as
secured togsther by a top plate 13 provided
with a depending cylindrical socket 14 which
is verticaily alined with a cylindrical socket
15 formed in the guide 11.

The grinder 16 is carried by a carrier
which is mounted for vertical and rotary
movement in the head so that the grinder
may move up and down over the surface of
the work to be ground and may be carried
in a circular direction around the surface
of the work to be ground. In the construe-
tion illustrated this carrier comprises a ver-
tically arranged hollow shaft 17 flanged at

.18 and having secured thereto a hollow rec-

tangular carrier base 19 and a spindle sup-
port 20 radially mevable on the carrier base

1 in which the grinder spindle is mounted.
arrier shaft 17 has a bearing fit in the
ical socket 15 of the guide 11 and is
£ a bevel gear
in the cylin-
2te 15, The
-2l pinion 24
d on the side

‘tical movement of the carrier.

24 from a i
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carrier will be given s vertical movement

in the head and that when the pulley 26 is
driven the carrier will be given a rotary
movement in the head.

Suitable means are provided for rocking

the bell crank lever to give the required ver-
For that
purpose a horizontal worm shaft 32 is shown
journaled in a bracket 33 extending rear-
wardly from the side plate 10 of the head.
This shaft is driven by a pulley 34 from any
suitable source of power. The worm 385 of
the shaft engages a worm wheel 36 on a
shaft 37 extending horizontally between the
side plates 9 and 10 of the head. This shaft
37 in turn carries a heart-shaped cam 38,
A follower 39 rests upon the cam 38 and is

pivoted on a vertical slide 40. This slide is -

bifurcated and forked at its lower end to
strgddle the shaft 37 and at its upper end
presents a rod sliding in a bracket 41 pro-
jecting rearwardly from the head. A pair
of links 42 are pivoted at their lower ends
on the pivot 43 and at the upper ends to a
collar 44. This collar is adjustably secured
at points along the arcuate arm 45 of the bell
c¢rank lever whose shorter arm has already
been described. The end of this lever is
weighted to more than' counterbalance the
grinder, its carrier and parts supporied
thereby. It will thus be seen that as the
puliey 34 is driven the cam 38 is revolved
and acting against the follower 39 rocks the
bell crank lever on its fulcrum 31 thus ver-
tically reciprocating- the carrier.

The grinder 16 is mounted upon the
lower end of a tapered grinder spindle 46
which has bearings at its upper and lower
ends in bushings 47 and 48 set intc a two-
part vertical spindle casing 49, 50. The
spindle at its lower end above the grinder
is provided with an annular shoulder 51
and near its upper end is screw-threaded
and provided with a nut 52
swesy takes piace the shoulder !

ning £t in the bushings.

spindle casing at ifs upper
threaded at 53 into the spindle
swhich is mounted for a Iat
the cavrier base
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feeding movement. It is very important ¢o
accurate work that the mass. of the revolv-
ing carrier and the parts supported by it
shall be balanced with respect to the axis of
rotation.. Consequently, a counterbalance
is provided for the spindle support and the
.parts carried thereby and this counterbal-
ance is so arranged that as the spindle sup-
port is fed in one direction the counterbal-

ance is fed in the opposite direction. Such a
counterbalance which may be of ‘such size

and weight as necessary is indicated as a
mass of metal 54 provided with guide pios
55 extending into guideways in the carrier
base and with a hollow internally screw-
threaded guide pin 56 extending into the
spindle support 20. A reversely screw-
threadéd shaft 57 has one set of its screw-
threads fitting the guide pin 56 and the
other set a screw-threaded portion 58 of the

spindle support while at one end it is jour-.

naled against longitudinal movement in the
side plate 59 of the carrier base. It will thus
be seen that as this shaft 57 is rotated the
spindie support will be fed in one direction
and the counterbalance in the opposite di-
rection. , c

The radial feeding movement of the
spindle support and consequently of - the
grinder is preferably governed by the num-
ber of rotations-of the earrier so that for
each pedetermined number of rotations.of
the carrier the spindle support -is progres-
sively fed a predetermined distance radial-
ly. As a simple and efficient means for se-
curing this progressively radial feeding
movement of the spindle support the shaft
57 is shown as provided at its end with &

disk 60 having a plurality of removable and -

replaceable pins 61. Adjacent on the plate
59 of the carrier base is pivotaily mounted
a ratchet wheel 62 also provided with a
plurality of removable and replaceable pins
63.. The pins on the ratchet wheel 62 and

the pins on the disk 60 contact after the

manner of gear testh and by varying the
number of pins the number of rotations
given to the shaft 57 by rotation of the
ratchet wheel may be varied. The ratchet
wheel is preferably rotated by a pawl 64
and a pawl carrier 65 pivoted on the axis
of the ratchet wheel 62, limited as to its
movement in one direction by the stud 66
and moved in the opposite direction by
striling against a fin 67 on the side plate
10 of the head. Thus during each rotation

of the carrier when at-or mear its upper

limit of vertical movement the pawl carrier
striking the fin moves the ratchet wheel 62
a predetermined distance and consequently
depending upon the number and position of
the pins rotates the shaft 57 to move the
spindle support a predetermined amount.
The spindle support is flanged at each
side and these flanges rest upon roller bear-

S
ings 68 in turn resting upon the bottom
plate 89 of the carrier base. A roller bear-
ing 70 is arranged above the flange of the
spindle support at one side and a ball bear-
ing 71 is arranged in a groove in the oppo-
site flange of the spindie support and a

groove in the carrier base. This employ-
ment of roller bearings and a single ball

‘bearing insures the accurate movement of

the spindle support rectilinearly and pre-

-vents any sidewise shifting which is essen-

tial to secure accurate work.

The rotation of the grinder spindle and
grinder with respect to the carrier is pref-
erably secured in this invention by an end-

“less belt drive extending down through the

hollow carrier and actuated by an actuat-

_ing pulley at the top of the carrier whick

actuating pulley in turn is preferably driven

by a motor mounted directly upon the car-

rier. An electric metor may preferably be
employed for this purpose and the endless
belt drive may preferably be of the charac-
ter disclosed in my Patent 1,302,222 granted
April 29, 1919. ‘

As a preferred form of construction for
thus rotating the grinder spindle and
grinder an electric motor 72 of suitable

type is rigidly secured to the upper énd of

the hollow carrier 17 and preferably has its
pulley 73 mounted on @ vertical axis in line
with the axis of the carrier. Since this
motor has a vertical and rotary movement
with the carrier means are provided for
transmitting the current to the motor under

these conditions. ,As a simple means for

this purpose the current supplying wires
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74 and 75 of the circuit are shown as con-

nected to uprights 76 and 77 mounted on

the side plates 9 and 10 of the head. A 1
“carriage 78 formed of or containing insulat-

ing material 79 is mounted to slide vertically
on these uprights and receives its sliding
movement through & ball bearing connection
80 with a collar 81 secured to the carrier.
The wires 82 and 83 from the motor termi-
rate in brushes 84 and 85 respectively, and
these brushes slide upon annular contacts in
the insulated carriage 78. The contact for
the brush 84 is connected in turn to a con-
tact 86 sliding -on the upright 76 and the
contact for the brush 85 is connected in turn
to a contact 87 sliding.on the upright 77.

110

115

Hence the current will be properly trans-

mitted to the motor notwithstanding the
bodily vertical and rotary movement of the
motor with the carrier.

126

" The endless cord or belt 88 extends about

the actuating pulley 78 down over a pair
of idlers 89 and 90. These idlers are piv-

oted in slotted brackets 91 secured by screws

92 to'the motor casing so that they may be
adjusted in and out in a general radial di-

‘rection to take up slack in the belt. From

these idlers the endless belt extends down

125
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0 another pair of idlers 93 and 94 mounied
on brackets 95 secured to the bottom of the
motor casing. From thess idlers the belt

* gxiends radially into the center of the car-

R
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rier and about idlers 96 mounted in the up-
er end of the carrier which serve to diver:
belt down the bors of the carrier. A
vair of idlers 97 and 98 mounted in the car-
~ier base serve to direct the two vertical
runs of the belt horizontally into the. car-
-isr base and about double grooved idlers
99 and 100 mounted on vertical axzes at op-
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spindle 46 at its upper end is provided with
o double grooved pulley 101 sbout which
the endless belt extends and the arrangement
such that the strain of the belt on the
indle ig balanced so that there is no
ndency by reason of the drive to bind the
indle in its bearing. This result is se-
d by leading one run of the endless
88, as for example the right hand run
ig. 3, down around the idler 98, thence
around the upper groove in the idler 100,
thence around the upper groove in the pul-
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sy 101 on the spindle, thence back around
the lower groove of the idler 100, thence
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oss to the upper groove of the idler 99,
nce around the lower groove of the pul-
101 on the spindle, thence back around
the lower groove of the idler 99, thence
under the idler 97, and thence back up the
ollow carrier shaft. Thus, not only is the
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sivain of the belt on the spindle balanced
bus the drive provides for the lateral or ra-
dial shifting of the spindle to secure the

)

proper eccentric adjustinent and as ib is fed
up to and from the work because it is irm-
material to this arrangement of drive just
what position the spindle pulley 101 oceccu-
vies between the idlers 99 and 100.

With the electric motor mounted on the
carrier. and with the endless belt drive it
ig possible to run the grinder at a very high
speed which is highly desirable in this class

o% work. 'The mechanism described for ro-

tating and vertically reciprocating the car-
rier are easily timed o give the required

movements to carry the grinder over the

surface of the work and the mechanism de-
seribed for feeding the grinder up against
the work is readily adjusted to secure the

‘removal of the requisite amount of metal.

The whole machine is so arranged that the
parts carried by the rotating carrier are

" symmetrically balanced with respect to the

axis of rotation. The counterbalance 54
balances the spindle support and the parts
carried by it, the idlers 89, 90, 93 and 94 are
counterbalanced by the brushes 84, 85 and
their connected parts and if necessary fur-
ther weight is added in the structure of the
motor casing or otherwise to insure this
counterbalancing effect. This insures a
steady and even rotary and vertical move-

1,447,152

ment and reduces the wear of the carrier in
its bearings to the minijum thus in furn
insuring extreme accuracy in the grinding
operation. ' o
In order properly. to center the work be-
neath the grinder simple and efficient means
detachably secured to the carrier are pro-
vided and a preferred form of such means
is illustrated in Figs. 5 and 8. The center-
ing device comprises a conical foot 102 and
an ofiset shank 103 extending up from the
foot at one side thereof. This shank is pro-
vided with clamping means shown as made
up of the semi-circular arms 104 rigid with
the shank 103 and the semi-circular arms

105 hinged to the arms 104 at 106 and .

clamped thereto by the set screws 107. The
construction is such that when the device is
clamped upon the carrier 17 the vertical axis
of the conical foot 102 will be in alinement

the grinder is in its central position with
respect to the carrier. The work is now
placed on the bed plate 2 beneath the grind-
er.and the carrier brought down to bring
the comnical foot 102 into the cylindrical

70

80

86

with the axis of the grinder spindle when

20

opening to be ground. The work is then -

adjusted until it fits snugly against the
conical surface and then locked in piace on
the bed plate. The centering device is then
removed and the spindle support adjusted
radially in the carrier to bring the tool into
contact with the work and the machine is-
then ready for operation. :

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

i. A machine of the character described
comprising a bed, a head above the bed, a
carrier rotarily and vertically movsble in
said head, a tool and a vertical tool spin-
die rotatably mounted in the carrier out of
alinement with the axis of the carrier and
bodily movable radially upon and with re-
spect to the carrier, means for rotating said
carrier and for moving said carrier ver-
tically to carry the tool over the surface of
the work, means for giving radial movement
to the spindle and tool o feed the tool pro-
gressively against the work and means for
rotating said tool spindle with respect to
said carrier.

2. A machine of the character described

‘comprising a bed, a head above the bed, a

carrier rotarily and vertically movable in
said head, a tool and a vertical tool spindle
rotatably mounted in the carrier, means for
rotating said carrier and moving said car-
rier vertically to carry the tool over the sur-
face of the work, a motor mounted on said
carrier, and driving connections from said
motor to said spindle for rotating the spin-
dle with respect to the carrier,

3. A machine of the character described
comprising a bed, a head above the bed, a
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‘Hollow carrier

rotarily and verticaily mov-
able in =2 id head, & tool and a vertical tool
spindle rotatably mounted in the carrier, out

of alinement with the axis of the carrier,

. means for rotating said carrier and moving

said cerrisr vertically to carry the tool over
i‘,he surisce of the work, a motor mounted
on said cazrier, an acﬁuatmo pulley driven
by said motor, a pulley on the tool spindle,
and an endiess belt leading from said actu-
shing puiley through seid “hollow carrier to
said smrg‘e pulley to rotate the teol with
~C’ES’J@C’&J o u-'ib carmen

4 A ma chine of the character described

compriging the construction defined in claim
3 :@g ethe with means for edecting the bal-
ax cmg of the strain of said belt on said spin-
dle p ey

5. A ms hine of the character described
comprising a bed, 2 head above the bed, &
holiow carrier x’oﬁ,atabi v and vertically mov-
able in s2id head and terminating in a base,

8 spmde support radially movable in szid
'quu a.

teol and a ve”'“cai tool spindie ro-
g two‘y mounted in-said spmdle suppor,

‘means for Mmtmo“ swd earrier and mov-

said carrier vertica Hy to carry the tool
0\7@? the surface of
@umad o the ﬂ\,amlcr snd prowded with

ctueting ‘)uﬂey driven thereby, a pul-

= nz
it

Iey,on i 001 splncﬁe an endless belt tead-
1ng PG i uuaﬁlaun itley through said
hollow carrier to said apndle puﬁey to ro-

L7 :
[53 S5

fxal

d.@ with respect to the cﬂmer,
or progressively feeding said
0.'\.‘11 ‘muaﬂv of the carrier.
ne of the character described
sing 2 bed, & head above the bed, 2
ﬁohow cam“iel rotatably and vertlcaﬂy mov-
able in said head and terminating in a base,
j t radiaily movable in said
veirtical tool spindle ro-
méed in said spindle support,
otating said carrier and moving
vertically to carry the tool over
of the work, & motor mounted
Proy: vided with an actuat-
iven mereoy, a pulley on the
an endle% belt ieamng from
“ney through said holiow
s2id spmmie puHey to rotate Lhe
spindle respect ic the carrier, and
means governed by the number of rotations
of the carrier for progressively feeding the
spindle support radzai_y of the carrier.

. A machine of the character descmbecl
comprmn & bed, a head above the bed,
hollow  carrier rotqhbiy and vertmaﬂv
movable in sz2id head and terminating in a
base, a spindle support radially movable in
said b@se7 2 tool and a vermcal tool spindle
rotatably mounted in said spindle support,
means ‘-"’oj. rotating said earrier and moving
said carrier vertically to carry the tool over
the surfzce of the worlk, & moter mounted on

b
gaid &C’L etin
carrier to

i

\m’

the work, a motor:

&

the carrier and provided wwh an actusting
pulley driven thereby, = pulley on the $o0l

spindle, an endless belt leading from said -

actuating pulley through said bollow carier
to said spmdle pulley to rotate the spindle
with respect to the carrier, & counterbalance
for the tool spindle supporh 1 wamﬁy movable
on said carrier base, and means for simul-
taneously feeding the spindle su pnorio and
the counterbalance in opposite radial direc-
tions on the carrier.

8. A machine of the character described
comprising a bed, a head above the bed, a
hollow carrier m@mmbly and Vertlca,dy mov-
able in said head and ferminating in & base,
a fool spindle support radially movable in
said base, a tool and 2 venlcal tool apmdie
rotatably mounted in said spindle support,
means for rofating said carrier and moving
said carrier vertlcaliy to carry the tool over
the surface of the work, 2 motor mounted on
the carrier and pmmdm with an actuating
pulley driven thereby,
spindle, an endless l;fr leading from said
actuating pulley ihrougﬁ said hollew carrier

to said spindle pulley to rotate the spindle
mm respect to the carrier, a counterbalance

for the spindle support “admﬂy movable on’

said earmer base, and means governed by the

number of rotations of the carrier for pro-
gles<=1‘7eiy feeding the spindle support radi-
ally and for smnalmﬂe@usly feeding the
counterbalance radially in the oppesite di-
rection,

8. A machine of the character cﬂescrmed
comprising a bed, a head zbove the bed, a
hollow carrier rotatabiv and verﬁ,lcahy mov-
abie in said head and Lermmmmg in & bass,

2 tool spindie Su.pp@rt radially movab_e in
smd base, a tool and & vc*'stw@l tool °p1‘1dle
rotatably mounted in said spindle support,
medns for rotating said carrier and moving
said carrier vertically tc carry the tool over
the surface of the work, & motor mounted
on the carmer and provmed with an actuat-
ing pulley driven thereby, a pulley con the
tool spindle, a pair of idler pulleys mounted
in the carrier base at opposne sides of the
spindle, and an endless belt leading from the

actuating pulley through the hollow carrier
around one idler, thence around the spindle
puliey, thence back around said idler, thence
around the second idler, thence around the
spindle pulley, thence back around the sec-

ond idler, thence through the hollow carrier:

to the actuating pulley, whereby the strain
of the belt on the spindle pulley is balanced
and wherebv a radial bodily feedimg move-

a pulley on the tool ,
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ment of the tool spindle is permitted while -

maintaining the drive.
10. A machine of the character described
comprising the construction defined in claim

9 together with means for progressively

feeding the tool spindle support radially
with respect to the cerrier.
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11. A machine of the character described,
comprising: the construction defined in claim
9 together with means governed by the num-
ber of rotations of the carrier for progres-
sively feeding the tool spindle support ra-
dially with respect to the carrier.

12. A machine of the character described
comprising a bed, a head above the bed, a
carrier rotarily and vertically movable in
said head, a tool and a vertical tool spindle
rotatably mounted on the carrier, means for
rotating said carrier and moving said carrier
vertically to carry the tool over the surface
of the work, an electric motor mounted on
said carrier, electric contacts vertically mov-
able with said carrier and held against ro-
tary movement therewith, and brushes on
said motor in rotary sliding engagement
with said contacts, and driving connections
from said motor to said spindle for rotating
the tool with respect to the carrier.

18. A machine of the character described
comprising a bed, a head above the bed, a
carrier rotarily and vertically movable in
said head, a tool and a vertical tool spindle
rotatably mounted on the carrier, means for
rotating said carrier and moving said carrier
vertically to carry the tool over the surface
of the work, an electric motor mounted on
sald carrier, uprights extending vertically
from said head alongside the carrier and
adapted to be electrically connected to the
terminals of an electric cireuit, electric con-
tacts vertically movable with said carrier,
sald contacts being insulated from but slid-
able along and held by said uprights against
rotary movement with the carrier, sliding
contacts connecting said contacts respec-
tively with said uprights, lead wire brushes
on said moter in rotary slidable engagement
with said contacts, and driving connections
irom said motor to said spindle for rotating
the spindle with respect to the carrier.

14, In- a machine of the character de-
scribed a rotarily and vertically movable
carrier provided with a carrier base, a spin-
dle support radially movable in said base, a

" teol and a vertical tool spindle carried by
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said support, anti-friction béarings between
s2id support and said base including a sin-
gle row of balls fitting in opposed grooves
mn said base and support whereby accurate
rectilinear movement of the support on the
base is secured. »

15. In a machine of the character de-
scribed a rotarily and vertically movable
carrier provided with a carrier base, a spin-
dle support radially movable in said base, a
tool and a vertical tool spindle carried by
said support, a counterbalance for the sup-
port and parts carried thereby mounted for
radial movement on said base, a reversely
threaded screw extending through said sup-
port and through said counterbalance where-
by when the screw is rotated the support

1,447,152

and the counterbalance will be fed in op-
posite radial directions. A

16: In a machine of the character de-
scribed the construction defined in claim
15 together with pawl and ratchet mecha-
nism mounted on said base and adjustable
driving connections between said pawl and
ratchet mechanism and said screw whereby
as the pawl is actuated the screw will be
turned to produce the  guired feeding
movement.

17. A machine of the character described
comprising a bed, 2 head above the bed, a
carrier rotarily and vertically movable in
said head, a tool and a vertical tool spindle
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rotatably mounted in the carrier and bodily

movable radially upon and with respect to
the carrier, means for rotating said carrier,
means for moving said carrier vertically,
means for giving the bodily radial move-
ment to the spindle and tool to feed the tool
progressively toward the work during the
grinding operation and means for rotating
said spindie with respect to said carrier.

18. A machine of the character described

comprising a bed, 2 head above the bed, 2

carrier rotarily and vertically movable in
said head, a tool and a vertical ool spindle
rotatably mounted in the carrier, means for
rotating said carrier, means for moving said
carrier vertically, a motor mounted on said
carrier, and driving connections from said
motor to said spindle for rotating the tool
with respect to the carrier.

19. A machine of the character described
comprising a bed, a head above the bed, 5
carrier rotarily and vertically movable in
said head, a tool and a vertical tool spindle
rotatably mounted in the carrier, means for
rotating said carrier and for moving said
carrier vertically to carry the tool over the
surface of the work, means for rotating said
spindle with respect to said carrier, and ad-
justable means for progressively feeding the
spindle bodily and radially of the carrier.

20. A machine of the character described
comprising a bed, a head above the bed, a
carrier rotarily and vertically movable in
said head, a tool and a vertical tool spindle
rotatably mounted in said carrier, means for
rotating said carrier and for moving said
carrier vertically to carry the tool over the
surface of the work, means for rotating said
spindle with respect to said carrier, and
means governed by the number of rotations
of the carrier for progressively feeding the
spindle bodily and radially of the carrier.

21. A machine of the character deseribed
comprising a bed, a head above the bed, a
carrier rotarily and vertically movable in
said head, a tool and a vertical tool spindle
rotatably mounted in the carrier, means for
rotating said carrier and for moving said
carrier vertically to carry the tool over the
surface of the work, means for rotating said

50

95

100

i10

115

120

125

130



10

20

25

30

1,447,152

spindle with respect to said carrier, means
for progressively feeding the spindle bodily
and radially of the carrier, a counterbalance,
and means for simultaneously feeding the

counterbalance in a direction opposite to that.

in which the spindle is fed whereby the tool
is fed progressively toward the work and
the balance of the carrier is maintained.
22. A machine of the character described
comprising a bed, a head above the bed, a
carrier rotarily and ‘vertically movable in
said head, a tool and a vertical tool spindle

rotatably mounted on the carrier, means for

rotating said carrier and moving said car-
rier vertically to carry the tool over the sur-
face of the work, an electric motor mounted
on said <carrier, driving connections from
said motor to said spindle for rotating the
tool with respect to the carrier, and means
for transmitting the electric current to said

motor during its bodily vertical and rotary

movements.

23. A machine of the character described
comprising a bed, a head above the bed, a
carrier rotarily and vertically movable in
the head, a tool and a vertical tool spindle
rotatably mounted in the carrier, means for
rotating said carrier, means for rotating
said spindle with respect to said carrier, a
lever mounted in said head and at one end

engaging the carrier, and meéans engaging
the lever at the opposite end and acting to
rock the said lever and thus transmit verti-
cal movement to the carrier.

24. A machine of the character described
comprising a bed, a head above the bed, a
carrier rotarily and vertically movable in
the head, a vertical tool spindle rotatably
mounted in the carrier, means for rotating
said carrier, means for rotating said tool
spindle with respect to said carrier, a lever
mounted on said head and at one end engag-
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ing the carrier, a counterbalance at the other -

end of the lever, and means engaging the le-
ver and acting to oscillate the same. ;

25. A machine of the character described
having a rotatable tool spindle, a rotatable
carrier for said tool spindle, means for ro-
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tating said carrier, means for rotating the -

tool spindle carried by and reciprocating
with the carrier, means for adjusting the
said tool spindle out of axial alinement with
the axis of rotation of the said carrier, and
means for reciprocating the said rotatable
carrier and the rotatable spindle carried
thereby. v -

In testimony whereof, I have signed my
name to this specification. :

" EDWARD RIVETT.

50

55



