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The latter are adjusted so as to fit the
without looseness, by bolls 25 p
through ears 26 which project from
per sides of the bearings where the
are divided to permit this adjustment.
the middle of the chuck sleeve is forr
pulley 27 about which a driving belt
passed to rotate the chuck and work
the sleeve adjacent its opposite ends a:
lars or rings 29 which lie outside of
bearings and prevent the chuclk fic
ping out of either bearing. The latie
reason of their connnection with the p
above .degcribed, are epabled to 1
toward and from each other to adjust
position for work of different leng
to enable them to be brought up aghinst the
faces of the collars 29 so that there will be
no looseness and side play of the chuck and
work. Each collar carries three or more set
serews 30 which pass through slots in the
sleeve and bear against the work pieces 31
to hold the latter centrally in the chuck.
In order to center the work quickly and
accurately, I provide the devices showp In
Fig. 6. These consist of conical headed
studs 32 and 33 held in blocks 84 and
which are detachably mounted upon the
bases 14 of the head stocks. The blocks wre
of such a height and the studs so located in
them that the axes of the latter ave at {he
exact height of the bearing axis, while they
are positioned laterally by inverted V-
shaped ribs 36 on the head stock buasks
tering grooves in the under sides of the
«blocks. _When the blocks are moved toward
each oiher, the conical heads enter the opy
site ‘ends of the tubular work picce and [t
it into a central position where it is ve-
tained by screwing Lome the set sevews
The blocks are then remwoved to permit iu-
sertion of the. grinding tool. 1t will |
understood that the use of these 21
studs saves mich time which woguld other-
wise be wasted in turning the chuck with
the pieces in it and adjusting the 5
from time to time until the work o
The grinding tool is represenied
emery ~wheel 37. Where the machi

i

throughout 1t is held by a spindle -
supported at both ends on opposite sii
the work. These supports consist of hox
38 at the left-hand side of the machine, and |
39 at the right! These heads are substan
tially duplicates of each other and ave sey
rate and independent except when ¢
‘nected together by the feeding means he
inafter described. Tach head is mo

PO~

cate transversely of the spindle on &
41. Fach guide is formed upon a b
49 having a base 43 secured by a h
bolt 44 and nut 45 to either of the

mosh nhportant

headg 88

, while that des-
heads 39 at ithe

hand

d b 47

TS S ST
fov the leti-

s bad,
ot the heads is held a beaving
te contaiv the tool spindles whereon
mding wheel ig held.

will be noted thot the grinding-wheel
Lokder or spindle shown in Fig. 3 is formed
in three pavts, the live spindle 50, a sta-
- bar or shatft 51, and an intermediate

[
)

STOE

gs 50 o3 not to rotate, and projects
the heads B8 toward the heads 39,

; ze to pass theough the work.
spindle rofates in ite bearings and
s thevefrom toward the heads 28, In
id it has a tapered socket 53 into which
ved right-hand end of the tool arbor

51

{
The adjacent end of the
ig centrally bored to provide a bear-
the left-hand end of the arbor which
wiindrical except at the extreme end
whers its tapers. Preferably the bearing is
formed in & separate plece 54 which s
serewed into a tapped recess in the body of
bar The urbor has near its tapered
a showider 55 agauinst which the grind-
whesl is held by means of a sleeve 56
aut 57, Bebtween the shoulder 55 and
*apindle 50 is o ant 58 which serves
s the avbor out of the tapeved hole.
will be observed that the grinding
ol 18 as nearly us possible midway be-
ween the hends 38 and 39 so that theve may
e voom on each side of it for the work
o travel entively past, but that the bar 51
5 less than half way between the bear-
yminates some- distance away
froon the grinder. This construction gives
Hie maximum rigidity and is one of the
nt features of iy invention,
nts any deflection of the tool
rdinary conditions of worlk, ex-
hich is almost inappreciable.
ag given is due to the fact
bav can be made 1inch
obary spindle;its diameter
i by the nternal diameter

turn therewith.
bhar 51

]
=

s

ol and
be given thereto, while the rotary
7 Himited in size by the necessity of
condneting away the fricbional heat gener-
teil Dy its rapid rotation. Tt is obvious
- ihe lalter is stiffened by having its
ter ond supported in a stationary hearing,
o the bar 51 being shorter and of greater
neier then the spindie, is necessarily
i of this bar also in-

its length dimin-
ce applied to
pishes in propor-

ving point of the arbor is

The stationary bar is clamped in.

is driven so as to fit frictionally and to

the amount of feed neces-
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and arbor together may be considsre

und prevents water and

tore remote from the grinding whee

is due to the faet that the rolating

2

beam supported at one end by th
and at the other by the bar H1i.

applied at the grinding wheel
pressure age dimst the bt b ewu
work bemg pressed against it.

supported by the end suppoits o
dle, being divided between th\
Propo"é;lou b(yrne bv {he hu y

B DEE

tfer Cons 8qme'1tn,* Wi fmn certain
fhm stiffiiess ‘of the compound s
creases as the stationary member dimin-
ighes in length. However, the i Amtomw of
the arbor to bend is inereased ns it is |
ened, and as this point of suppet grow:
renrote from the grinder. Consequent]
inerease of stiffness in the bar 51 due
ing the point of support away in
wmder. is partially compensated by the ¢
minution 01“ stiffness in the arl bor, ““”Ki ﬂ‘aere—
fore there is a point whe
balanee and where the
obtained. T} he proportions whereby the
maximum stiffness is secured are ﬂlubimred
in Fig. 3; in which the stationars
short enough and its bearing with the arbov
1% remote enough from the “wheel to give o
elatively large stiffness, while the avhor is
ot given so great & length as o bhe weak-
ened. The extended bear ring of the arbo
the stationary member also adds to the s
ness, as does the sleeve 36 which is clax
on the onts 11 bv the nwnt 57, The ‘
has on i3 fa lonary
flange which

o Mends over

tween the bearing surf

The live spi i
beax 1.1g dﬁovo 5 wh:vh
the side of the inner i

Tt will be noted t}mt egch of t
50 and 51 has a long be .imj_{
49. The length
tively great, whi
dle contained in i‘-he two bearings is & ver
large p?,‘()p();'tii)ﬂ of the whole member, L)e
ing as much as, or more than, half, This
enables the spindles to he held without loose-
ness so that the hoe end of the rotating
one will turn accurately about its own axis,
and not about a pomt outside of the a
Fach bearing box is & conical sleeve which js
contained in a tapered recsss in fhe head
and is held securely thercin by nuts 60 and
61, which are threaded upon the ends of the
boxe<‘ and bear against opposite sides of the
heads. Fach box is '*ni,mﬂy bored and is
cut or split on one f itg outer pe-
riphery to the hore )
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which the slides 46 and 47 are shown as ex-
tending toward each other approximately as
far as the members 50 and 51 respectively.
Thus the pressure of the work against. the
grinding tool produces no more leverage on
the slides through the spindles than would

be the case if the tool were directly fastened

to the slides. Consequently there is no op-
portunity of multiplying at the tool any
looseness which may exist between the siides
and the guide 48.

The left-hand slide 46 which carrvies the
stationary spindle member is previded with
a rack 68 with which meshes a pinion 69,
held in a bearing beside the guideway 48
and comnected with a hand wheel 70 by
which it may be turned. By this means the
member 51 may be moved away from the
arbor 52 to permit placing of the work, and
may then be carried through the work until
the arbor is seated in its bearing. The mov-
able slicle is arrested when carried forward
Into correct position by an adjustable stop-
serew T1 set into a lug 72 on a plate 73 which
1g fast to the outer end of slide 46 and over-
hangs the end of the guide. This is so ad-
justed that the slide will be stopped as soon
as the tapered end of the arbor reaches the
tapered portion of the bearing in block 54.
After the machine has been running the ar-
bor is inclined to become heated and to ex-
pand. In some constructions, to take care
of this expansion, I make the bearing block
54 capable of yielding, as shown m Fig.
15. ilere the block is contained in a recess
in the end of the bar 51 in which it is eapa-
ble of sliding endwise, being pressed out-
ward toward the end thereof by a spring 74
which reacts against an adjustable abutment
5. The bearing piece is preventwl from he-
ing expelled from the bar by a ecap 76
threaded outside the latter and having a
central orifice to receive the arbor. In Loth
g, 3 and Fig. 15 the space in the bay 51
in rear of the bearing block is filled with
fibrons absorbent pac.mg 77 which is satu-
rated with oil to lubricate the bearing, The
supply of oil is replenished by a Tiole in the
side of the bar, which is closed by a serew T8,

An important feature of this Invention
which: conduces to the accurate results de-
sived is the construction of the guideway
48. This is made upon two arms 79 and 80
which extend from opposite sides of a
curved head or goose-neck 81 fixed to the
pedestal 1. These arms are made tubular
for stiffness, and the left-hand one which
carries the endwise-movable slide is braced

by a bracket-82 extending laterally from the.
pedestal, and a strut 83." As appears most’
. clearly in Figs. 1,5 and 9, the guide 48 is

formed with the ovdinary flat bearing face
84, and with undercut sides 85 and 86, but

. the novel featurs consists in the fact that the

5 broad face 84 is inclined downward toward

1,086,545

the bed al an angle of approximately forty-
five degrees. The upper edge 87 joining the
face 84 and undercut side 83, is horizontal
and parallel with the bed, and forms the
actual guide for the slides. The latter are
shaped so as to embrace the undercut sides,
and each contains between one of its lips
and the lower surface 86 an adjustable gib
88 which can be clamped against the guide
in the usual mauner to hold the slide sta-
tionary. The weight of the heads causes the
slide to bear against the faces 84 and 85 si-
multaneously, and takes up any looseness
which there might be between the lips of
the slide and the undercut sides of the guide-

way. Thus the adjustment of the slides al-
ways takes place accurately upon a straight

Iine whicli is that of the edge 87, and there-
fore the spindles are always held I exact
alinement, whether the slides are clamped
to the guides or are loose. Thus there is no
possibility of the spindle axes getting out
of line, even by carelessness and lack of at-
tention on the part of the operator.

Instead of having a single tool act through-
oub the whole extent of the work piece, it is
poessible to grind the latter simultaneously at
different points on two different diameters,
as shown in Fig. 7. Ior this purpose the
stationary rigid bar 51 is removed and a live
spindle 89 substituted therefor which is held
rotatively in-a substitute set of boxes. These
substitute boxes beéar the same relation to
the'spindle 89 as the right-hand boxes to the
spindle 50, for the purpose hereinbetfore de-
scribed,  Upon the sphidle 89 is ciamped a
split pulley 90 which is constructed in all
parts the snme as the pulley 64, It is driven
by a belt 91 passing over a long drum 92
(Figs. 1 and 2) that is fixed to a counter-
shaft 93 twrning in bearings in a frame 94
which is pivoted to the column 81, and is
adjusted 50 ag to produce the proper tension
of the belt by a bav 95 passing through the
frame on which are serewed nuts 96, The
drom has o Tength as great as the recipro-

g
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110

cating motion given to the slide 46 and heads .

38 o that the belt may continue to run upon
it when the slide is retracted for insertion
and removal of work., The counter-shaft 93
is driven at the desired speed by a cone pul-
fey 07 to which & belt transmits motion from
a cenvenient source of power. The right-

Land end of spindle 89 which projects so

that it may enter the work, is surrounded,
by a bearing sleeve 98°s0 as to be held rigid.

- This sleeve is the same in constiuction as

the sleeve 59 shown in Fig. 3, except that it
may be threaded upon the end of one of the
boxes, as well as being sccured by ‘bolts 99
to the head, while the bearing slecve 59 has
a cylindrical flange 100 which is slipped out-
side of the left-hand nut 60 and is sccured
to the head 39 only by the bolts 101, On
the end of spindle 8%iis & grinding wheel

120
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102 which is mounted mrectiy upon the
spindle and is held ngainst a shoulder theve-
on by a nut 103. This same arrangement is
provided for bolding the wheel 37 instead o
the arbor shown in 1° ig. 3.

Fach of the grinding tools is fed an
matically afler each cut, and this feed muy
be the same in amount for ench of
or it may be more rapid for one e th
the other, according as conditions
The feed is produced by a feed screw
of which there is one carried between ¢
members of each nair of heads and rotatably
mounted in s bearing 105 in a plate or £
Lox 106 which extends ACTOSS the freat
the heads of each palr, and is connected
them. ~The screw engages with a nut !
formed upon a yoke 108 which extends
across and is fastened to the rigid adjacent
guideways 41. This yoke has two foot
pieces 109, each of which passes throngh a
slot in one of the slides 40 and is screwed
to ti. guidewny 41. The length of
slots throuﬂh which the feet pass is enouuh
greater th‘m the feet to pumit sufficien
movement of the slides to give the ne( eS8y
feeding movement to the tools. Flan nge
110 surround the feet 109 and overlie the

ths

"D .
in

e

slots so that nothing can fall into thew and
obstruct the movement of the slides and
heads.

On the forward end of.each ew s
fixed a ratchet wheel 111, whil facent
thereto is located o pawl 112 mr:' by an

arm 118 pivotally secured abt 114 in the feod
box 106 (see Fig. 10). A sprin g -14: nor

mally holds the arm ,md oawl evated,

while a spring- pressed pin 113 hoids t
toe of the pawl against the ioo*hm periph-
ery of the ra vichet wheel. A bar 116 s
ranged in the feed box belo

wheel so as to veciprocate endwi:‘c 'm o i
tion parallel to the bed, and its euds
trude from the opposite sides of the
sufliciently to be engaged by feed dogs 117
and 118 carried by the upper bed or piz ten
8. Tach dog carries an adjustable stop 119
which are auapteu to engage opoow‘r ends
of the bar 11¢ e"’mtely as the bed reecip-
rocates, this eng avemmt coming only near
the end of the bec’s travel and affer t’m
tool or tools have ﬁmshed a vut Mo
ment of the bar causes a V-shaped cam pw-
tuberance 120 to be moved first to one side
and then the other of a lug 121 attached to
113.  As one of the in.
clined sides of the pr ("ﬂlb“l ancs is always in
contact Wlt}rtnp or an anti-friction ball
192 in the end of ’1 atter, by reason of the
action of s prmg 114, its travel causes the
arin 118 and therewith the pawl to be low-
ered an< raised, turning the ratchet whesel
and feed screw one step In order to regu-

oy

a5

late the distance: through which the feed
screw is. turned, J ;p\:ov:t:ia 2 pomt . seh

=
L

hrended through the
nd beals at one
‘13. CAs
5 FO 9 and 10, o
Ll vanceme ni 01 the set screw
; arm to be
, “Pd thereby
istance through
by dle cam projec-
far seb serew 126 (Figs. 1
ed end snmlarly eng: mmg
pawl 112 {o regwate the
rom the rﬂtchﬂt wheel,
1 of time during
remain in con tact with a tooth
By Qd]uaﬁ?lo these
el may bs fed only one tooth
'on, or &s many teeth as de-
reat a mshnca as the grind-
worlk will stand.
deseription  above given applies
wand _\,eduw mechanism
or operating the former
n& 129 iy provided. It
her feeding mechanism
epeni nii Ly “of the other
be given a closer fit
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ted vertically
will he at e*{acﬂy
0* the work. Thus
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1 : plane ag that in which
t lie, so that me wearing. away of
th ! cutting f the work does not
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- tunity for shifting of
and impairving the o
This is another feat
capacity of the macls

work.
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while adjust
15

the heads, and

]
flanges 400 of the slides -
are so located that when bronght int
same plane, the axes of the bearin
alined. 'The heads are further sec
*.serews 1320 passing through =

flanges 400 and entering tupped !

2

B -

heads.

St
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forming accurate
wheel becom

of abraded wmetal

the wheel. The
30

3h

suaiting 1n 1

4

<

sists of a diamond e
shank 134 which s
iy held
the bearings. roi the w
a clamp screw 136,
ranged that the end
_over one end of

185 adjustabl;

periphery of the

moved so ag to ¢
0 as -

89 therefrom, the

the face of the latt

film from the. ¢

metal particles and

abrasive material

the wheel to be |
space of one or

Les]
oo

against the similarly
faces of the heads.
firmly to the heads, the
axes of the bearings
same vertical plane
od vertical
bearings into the sams
plates 132 bolted to i
f

One of the greatest

evenly all over the wke
tions which are glazed sbhi
without culting ox heing
diametrically opposite on the whee
work and become worn as |
the teol to act unevenly, cubtting
parts of the work more than ofl
mg sprung more ovless '
in producing in

A part of my inventi
ing a troing tool w
the erinder after enc

sharp corners and ed
truing tool is adjp
gence of the grinder :
the latier after each «
. shank 134 Is provides
having teeth whic
movement of the
gagement with asla
ed upon the nearvest

f holder 135, and thereby ad-
diamond point toward the sur-
the grinder. ‘The amount of the
Tjusted g0 as only to take off enough
wrind to keev the grinder truly cylin-
nd clean on its surface. This truing
yrms part of the machine, and is oper-
during the required working move-
¢ therecf without necessitating any ad-
frpent or ve-nvrangement of the tool rela-
+iv to the work, but acting while the same
are in Lheir proper relative positions for
crinding. Where two grinders are em-
loved the truing tools and holders therefor
are duplicated, as shown in Fig. T.
As hefore stated, the work-holding bed is
7 'd to reciprocate on guides 5 and 6.
‘lese latter ave specially constructed for
strength where they project beyond the sides
of the pedestal 1, as shown in Fig. 9. The
inder side of each of the arms on which the
j » formed is cored out so as to pro-
rtical ribs 139 and 140 which are con-
¢fed together by a transverse horizontal
y 141 This maximum stiffness is se-
without saperfluity of metal, and a
ructure is obtained than if the srms
»f solid metal, because there is'no great
kit in the nrms themselves tending to,
¢ defllection.
» lower bed or table has seenred to it a
v one cide of which is a groove
| bv a tongue 144 (see
at the table being lifted
A vinien 145 (Figs. 11
itk the rack and gives the
' it to the bed which
work past the grinder. “This
Iriven alternately in opposite di-
by a shaft 146, which in turn is
iver by o cone pulley 147, and carries a
i8 meshing with a worm. wheel 149
sverse shaft 150. The latter has
i it o hevel gear 151 engaging on
los, of its periphery two comple-
and 152 respectively, which
Thess bevel gears arerigidly
od o clwdeh members 154 and 1565
waly, by being driven upon and
zed with the hubs 156 of the
sr. ’ilese hubs turn loosely about a
- or tubular shaft 157 to which the hub
ior 143 is secured by a pin 168, This
win aiso passes through a rod 159 whichis
sovuble endwise within the tubular shaft

Ko

L 57, A slot 160 in therod permits the end-
wise raovement but prevents any relative

{ion between it and the tubular. shaft.
The endwise movement enables a clutch
mesber 161 which is pinned to the rod and
s eluteh teeth on its opposite faces to be
brounght into engagement either with the

! elateh U5 or 155, As these latter clutches
pre cometantly rotated in opposite dumtlw 5

it will be seen that connection of the sh

Al
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’ ﬁd]11btnli)lu dogs

'IJ&tunt referred to.

V-shaped

L with each in turn will cause
the pinion to 7h ne way and then
the other, reciprocating the bed and worl,

The clute i ¥ e movement of
the bed its forward edge
103 on apposite
of a lever 104 ﬂ"‘)j ecting upwardly
od, and on the arm 164 1s »
roll 165 (Fig. 11) entering a groove in a
lmoml 11\-"@(:51)1'0(1:11)1@ bar 186 pivot-
Ay con*\eded at 167 te o bell-crank lever
]66 that carries a voll 169 between adjustable
stops 170 and 171 on the threaded end of
1t rl 159, From Fig. 14 the action of the
bar 166 in shifling the cluteh will be ob-
vious.

It s pom ible also to shift Uxe clutch
hand. Fov this purpose a bar 172 having
a quick thread, is secured to the lever 168
and projects forward through the frame of
the machine. A stop in the form of a siide
or nut 173 1@ monnted upon the thread -of
the bar 179, being: prowdm with a handle
174 by which 1t may be turned, and having’
a flange 175 with a p]ang bmface adap’cﬁd
1o be fmcc‘d against the flat front face of the
frame. this flange is serewed up
‘&Qdi]nt the frame. as In ;Jia‘ i4, the lever

Jl

Al
134
b 3

7 which ¢

sides
dlese to the b

1

ety

168 is held :in mm woamop with ﬂ‘L elut c’h
161 dlbm; rged from hoth the members

and 155, 'C‘i- easing tlm m’d and s
ing the bar 17¢ iw‘t
lzea may ’!x,

This nut ser
means for stopping
work instant Other types of 5
may f'bvxow b employed in Aead u{

ne .LCLd dogs are piveted to holders

jus uL)].V secured {o the table
he d 1 hol m éntering a grocﬂe 178
in t ¢ edge of the latter. By swinging the
dogs qm\'wd ‘17 heir pivots they may
past the arm 164 without
same and reversing the feed.
“he 3-1*11&; 9 on which the beds
Leld, is mounted similarly to the cross-f
carriage in my prior patent above vefer
te, and ib fod transversely of the bed an
grinder by means of a screw 179 whic h is
arranged and acts similavly Lo ‘l‘at in the
The screw is turned
step by step atter each cut of the grinder so
as to ieed the work up to the lahel. by a
cam projection 180 carue 1 by the
b’rli{‘“able bar 166 (Fig. 11). 1r1'*lme'1
sides of this cam proj jection act apon the end
of a phumu 181 which passes downward
through a sleeve 182 formed upon the sta-
Lon‘ny frame, and is held up against the
camt prmecuon by a spring 183.  The
pmnve acts upon a pawl-carrying arm 184
o as to lower and raise u pawl 1€3 which
bears against ;he periphery of a ratchet
v*hoﬂl 186 on a sleeve 187 carrying a pinion
8 that meshes With a gear wheel 189 fixed

moveme D[ O

the

ul
pa
oper

@
T

ar
es
L

LU

4

ot the feed screw 179. The
parts ave so arranged that a downward
movement of the })lunger causes the pawl
to move the ratchet 186 through a space of
or mo re teeth, according to the adjust-
nient of the feed muhdnbm. “while th pawl
is raised after each downward movement by
a spring 190 engaged with the arm 184 and
with a bracket 191 to which the latter is
pivoted. One adjustment for the feed is
provié ed by the set screw 192 threaded -inte
an arm of the bracket 191 which arrests
‘he upwwd movement of the pawl and so
limits its movement in that direction, while
avother set screw or screw stop 193 on the
end of the arm 184 bears-against the plunger
181 and by adjustment limits the distance
by whch the 1att°r moves the pawl down-
ward A third serew 194 having a pointed
end eﬂgaoes the edge of the pawl nearest
the ratchet, and so reguiates the proportion
of its travel in which it remains in-comtact
with the ratchet, A spring 195 holds the
pawl against this screw and against the
vatchet. The smallest adjustment possible
is one tooth of the ratchet, and the plu:h
of the feed screw and value of the gea
b ain may be made such that each tooth “will
feed the w ork a distance of one ten-thou-
sandth of an inch. The fesding devices
vreviously deseribed for moving the grind-
o may also be designed for a Tike fineness
of (.(!)umnent but a still finer feed may be
dﬂ\lon d 1f desired.

A cenvenient construction for automati-
cally stopping the cross feed when the work
has been ﬁnmhnd approximately to the re-
quired size has been provided in the shield
196 which projects over the ratchet and is

fastened to a disk 197 mounted loosely upon
the sleeve 187 heside the ratchet 186.
clamp nut 198 threaded upon the sleeve
serves to bind the disk in adjusted position
and may itself be held by a set-screw 199.

‘ter  the grinding opmrahon has been
started, and a measurement taken, the shield
may be set at a distance from the toe of the
pawl 185 cerresponding te the e\act num-
ber of ten-thausandths of an inch of stock
still to be removed. This distance is de-
termined by a scale of graduations 200
marked on .the ratchet. It will be under-
stood after the disk has been clamped to the
ratchet, it uunainerewﬁh and: when -the
lower_edge of the shield c')*nes ad]acenb the
lower limit of the pawls movement; the
Iatter w111 simply slide upon the shi eld ﬂnd
will cense to feed the work further.

It wﬂl be seen that the feeding mecha.-
nism last described; and the two feeding de-
vices for the tool or tools, ‘provide sepas
rately-operable means for feeding either the
work or the grinder relatively to the other,

each of which may be used alone, or all’ of
which may be uséd in combinaticn. Where:
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a single tool is mounted as showa in Fig.
3, it is sometimes convenient to bold the
same in one position while the work is fed
toward it, while when two {ools are used,
the work may be held stationary and each
ool separately fed. Or, on the other hand,

_the tool feed and work feed may be used

in combination and in opposite directions
so that the grinder may be fed as fast as
its surface is vemoved by the truing tool
so as to keep the acting point in the same
position while the worl feed produces the
necessary alteration of position of the latter.
Again, by causing the tool to be fed in the
same direction as the work, but at a slower
rate, the difference between the two feeds
may be made to produce a finer feed than
cail be obtained by either that of the work or
tool alone, and thereby work of great accu-
racy may be brought forth.

Cooling water is conducted to the work by
a pipe 201, and discharged from a nozzo
202 mto the bore of the work, Flowing
thence the water falls upon the beds and is
collected in a trough 202 on the rear side
of the latter, whence overflowing it falls
inte a trough 204 and into wide shullow
pans 205 and 206 on the veavr of the cay-
riage 4. The overflow water from these
paus is collected and pumped again through
the supply pipe by constructions and means

" similar to those described in iy prior Pat-
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ent No. 790,099 above seferred to.

I claim— ,

1. A grinder for internal work compris-
ing a work-support adapted to hwold a hol-
low piece, a holder-for a grinding wheel
passing through the work piece and sta-
tionary rigid bearings for said holder, said
bearings being of a dismeter lese than the
wheel, prejecting toward one another and
adapted to enter the work.

‘2. A grinder for internal wourk compris-
ing a work-support adapted to hold a hol-
low piece, and a holder for 4 grinding whee!
passing entivelv through the work and sup-
vorted at each end at a greater distance
irom the grinding wheel than the length of
the work, said holdér incinding a rotury
spindle and a rigid, laterally extending bay
o pass into the work and having o
- For the spindle.
grinding machine comprising a bed,
a work support adapted to hold work
mounted on said bed so as to be movable
thereon, a guide parallel with said bed, a
slide movabiy held on sald guide, a bracket
secured to said stide aud overhanging the
bed laterally, a second bracket also over-
hanging the bed, and a grinder gpindle held
by said brackets, said siide permitting move-
ment of the bracket sapported thereby when

strack by the work support.

4, A grinding machink comy

1,036,543

a work support adapted to hold work
mounted on said Dbed so as to be movable
thereon, brackets mounted beside said bed
and arranged to project laterally over the
same in substantial alinement with the work,
and a grinder spindle supported at its ends
by said brackets and extending perpendicu-
larly to the direction of overhang of the
Iatter,

5. In a grinding machine for internal
work, a bed, bearings separately secured
upen sald bed, a work-holding sleeve having
a central passage gxtending throughout its
entire length, means earried by sald sleeve
for clamping tubular work pieces centrally
therein, and centering devices detachably
mounted upon the foot or base portions of
said bearings and movable axially thereof,
sald ceatering devices having cones located
coaxially with said sleeve adapted to enter
the ends of the work and locate the same
centrally with respect to the sleeve and sald
clamping means.

6. In a grinding machine, separated sup-

ports, and a ‘three-part holder for the

grinder extending between said supports,
said holder consisting-of a spindle rotatably
mounted in one of said supports, a bar
clamped in the other support so as to pro-
ject therefrora toward said spindle, and an
arbor attached to said spindle and having
a bearing in the end of said bar.

7. In a grinding machine, separated sup-
ports, a three part holder for the grinder
extending between said supports and held
thereby, and a grinding wheel carried and
rotated by said holder at a point substan-
tially midway between said supports.

8. In a grinding machine, a grinding
wheel spindle consisting of a stationary
memker free at one end, a rigid holder there-
for, a rotary member abutting against said
stationary member aad held against deflec-
tion thereby, a support in which the Iatter
member is rotatably mounted, and a grind-
ing wheel carried by said rotary member,

9. In a grinding machine, a grinding
wheel spindle consisting of a stationary
member free .at one end, a rigid holder
thevefor, a rotary member having a bearing
within the end of said stationary member,
whereby it is held from deflection, a sup-
port -for the. latter member, wherein the
same is rotatably mounted, and a grinder
carried by said rotary member, said grinder
having a greater amount of lateral projec-
tion from ihe axis of rotation than either
mainber of the spindle.

10. In a grinding machine for internal
work, a spindle consisting of rotary and
non-rotary members in line adapted to pass
through the work, a projection from the
end of one of sald members baving a bear-
ing in the adjacent end of the other mem-
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on which said support is slidably mounted,
sald guide being at an angle to the horizon-

.tal and having one edge, which extends in

the direction of travel of the support, raised
above the rest of the guide, whereby said
tool support is automatically clamped n any
position on the guide by gravity.

23. In a grinding machine, a guide hav-
ing a flat face at an angle with respect to
the horizontal, whereby one of the edges of
said guide, which is horizontal and ex-
tends in the direction of travel of the tool
holder, is located at a higher elevation than
any other part of said face, and a tool
holder slidingly mounted on said guide,
bearing on the flat face thereof and clamped
by gravity against the raised edge.

24, In a grinding machine, a guide hav-
ing a flat face and undercut sides, arranged
at un angle with respect to the horizontal,
whereby one of the edges of the guide is
raised above the other parts thereof, and a
tool holder mounted to slide on said guide
and having portions embracing the under-
eut sides thereof, said tool holder being
caused . by gravity to be automatically
clamped against the raised side of the guide
and teo' be guided with absolute exactuess by
the edge thereof, which edge extends in the
direction of travel of the tool Lolder.

25. In a grinding machine, a bed for sup-
porting the work, a guide having an in-
clined flat face and undercut sides, and a
tool - supporting bracket overhanging the
bed and supported by the.guide so as to slide
thereon in a direction at right angles to the
slant of said inclined face, said bracket hav-
ing portions embracing the sides of the guide
and being held by gravity firmly against
the clined flat face and the upper ide
thereof. . ’
, 26. In a grinding machine, a tool-support-
ing guide having an upper horizontal guid-
ing edge and a bearing face extending
downwardly from said edge.

27, In a grinding machine, a pair of
guides extending in line oppositely from the
central plane of the machine, each having a
downwardly extendipg bearing face and an
upper guiding edge, and a tool-holding sup-
port mounted to slide on each of said guides
and held by gravity against the upper edge
thereof. -

28. In a grinding machine, a pair of
guides extending in line oppositely from the
central plane of the machine, each having a
face angularly disposed with vespect to the
horizontal and an -upper guiding edge, a
tool-holding support mounted to slide on
each of said guides and held by gravity
against the upper edges thereof, and rack
and pinion mechanism for reciprocating one
of said supports on its guide. W

29. In a grinding machine, a bed, work-
supporting means including separable bear-

1,036,548

ings adapted to be clamped on the bed, and
independently movable toward and from
one another. and a sleeve rotatably mounted
in said bearings, having provisions for se-
curing the work co-axially therewith.

- 80. In a grinding machine, a bed, and a
work-support consisting of a.sleeve having a
central passage extending .throughout its
length, adapted to receive the W(l)lfk, means
carried by the sleeve for clamping the work
centrally therein, and a plurality of bear-
ings adapted to be secured to the bed in an
one of a vaviely of positions, and in whic
said sleeve is rotatably held.

41, In o grinding machine; a' bed, and a
work-support, including scparate bearings
adapted to be moved together and apart and
to be independently secured to the bed, a
sleevée contained in said hearings, and col-
lars on the sleeve adjacent the outer sides of
the bearings, said collars having clamps for
securing the work centrally therein.

52. In a grinding machine, a work-hold-
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ing bed, a holder adapted to carry a hollow -

work piece, a head overhanging the bed and
having a bearing, a geinding tool spindle ro-
tatably mounted in said bearing and sup-
ported thereby so as to extend over the bed
and enter the work piece with its axis in the
same horizontal plane as the axis of the
work, and means for feeding the tool holder
and tool horizontally.

38. In a grinding machine, a work-hold-
ing bed, a. head overhanging the bed and
having a bearing, a grinding fool spindle ro-
tatably mounted in said beaving, and a sup-
port of said head on which the same is mov-
ably mounted and arranged to be fed trans-
versely of the spindle in a plane parallel to
that of the axes of the spndle and work,
whereby the point of contact of the tool and
work is at the same height as the fofmer
wears and the latter is cut away.

34. In a grinding machine, a work-sup-
porting bed, a spindle-carrying head over-
hanging said bed, a spindle rotatably held
in said head, and a grinder carried by said
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spindle, the head being adjustable verti-

cally to bring the spindle axis to the level
of the axis of the work, and being hori-
zontally adjustable transversely of said axes
to feed the tool toward the work., -

35. In a grinding machine, a work-sup-
porting bed, a spindle-carrying head over-
hanging said bed, a spindle rotatably held in
gaid head, a grinder carried by said spindle,
a rigid horizontal transverse guide;.and a
slide mounted thereon; said head being e8-
cured with provision for vertical adjusts

“ment to sald slide.

36. In a grinding machine, a work-sup-

poerting bed, a spindle-carrying head-overs -

hanging said bed, a spindle rotatably held
in said head, a grinder carried by said spin-_
dle, a rigid horizontal transverse guide, a-
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slide mounted movably thereon,

said head is secured with provisio

tical adjustment, said slide and hes xd Jm*“*» ng

flat upper surtaces, and o flat plate seeur ol

5 to the Sdmt for alining and maintaining the
head al the required h( ght above th be (‘.

37. ,[1 a grinding uu)w @ bed
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alinement.
38, In a grinding machine, a
5 port mg the work, gmnder mzf
heads overnanging the bed, and
front faces, independent cross I(“d
which smd ieads are connected, a rig
hox having » flat rerr face sscured
20 flat faces for holding the heads in aline .
and merns carvied by the feed box w lwe >by
satd heads and slide 5 may be meved step by
step to feed the grinder.
39, Tn o grinding -machine, the L‘m’mw-
5 tlon with a work-su I)pon :u,ti

=

[
T

ol

1221
&
S

foeding the sume lengitudinally; of & trans-
velse slide, o spine H -enrrying head on %
\nf]u a s yindle vot: "Ui\' contained in

‘d, unr' means ope
30 ndl ‘ceding means
step-ly- shp transver
40. In a gl‘indmn
tion with a worke-s !
foeding tae same longit 2 ‘."v of a fra
35 verse s a_spindic-carrying head on
shide, a Umuii rotatably contained i
Tiead, 2 1 w2 to move

com l‘\ma
means for

wedd gevew for said shic

SINe and  mecaanis
ated ongitudinal feedine me:
40 votating sald screw step-by
41. grinvitng puehii
1 >pur
tudinal

n ,-,.nu‘,r A]Q“‘

olntobly contained

tenet cor “—,
tuated by G leo
Cfar forning mn rate

AN

‘!‘:} n;
fe wmw Srienis

S0RsCrew ”i e

i 'f ne, the combina- @ said out Wi, n voke or
toand means “fov | ' ) ‘
SRHEL l!ﬂl"n”ﬂnl iy of o trans
: -emrrying head on said
atably “condained in szw!
tor moving the shd
conne: od the

the teeth of

with the work-sup-
ing said pawl
serew step-hy-

NITER ) ], ,.

A feen

wachine, the combi
support and means
itudinally of

15 feedinge




. more tapped passag

10.¢

~ above said bed, and a phu‘ahw of

{4

- hollow " work piece, each slide

25

30

40

50

B&.

60

]

iz

“allel to the bed on I

-supported thereby, said guides

-surfaces for tool holdews.

seribed, a support, and

“dove-tail guide pors

' g3 ainst the same.

a bearing, a grinder spindle rotatably i
in said befu'mz,\ a transverse guide on -
said head is enabled to &hde to Teed
grinder, a nut secnred o said guide,
carried by said head in threa ﬂul
ment with the i, ,md b having

threaded 1)010, o quantity of wm metn
said passage, and a sel sevew in s

sage for forcing the soft metal against the

screw to take up backlosh thereof.
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50. In a grinding machine, a W\'O«Ew""l

porting hed, avms having goides beside

mounted to «hdn ]».a
guides,

51. In a_grvinding s dnno
porting bed, aring having guic
above said bed, and s P!
mouuted on said guides
secured to said h{ld(‘a. a
bars or shafts carried by
jecting therefrom to per

ing heads or brackets
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“heads 87

mit entrance "n U

approximately as fay b(“’Un(‘ gaid
as the bar or shaft ~1t'u 3y
being substantially c“ipm\mm,, th
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whereb) the bars or shafis are held vigidly

and looseness at their free ends nvmo‘em
52. In 4 machine of the churacter d
seribed, a base, a curved cohmm yig] i
said base, and guides e
ment on oupomc sides of

ed to hold one, or a
holders.

53. In a machin:
seribed, a suppo
beams extending
support, said azms or

of
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54. In a machine of

beams extending horizos
support, said arms or bes

ward from one edge Lhcr'oi, and
for supporting a tvol mounte il
7onmlh on gl do‘ w-tatl portion
embracing the edgas ;

ried by the brac ‘l{zﬂ
side of sald gunide a

55. In a grinding mac
porting bed, a guide snl
thereto, a ph;rwh* of b
movably held on sald guide, b"
heads, a grinder swn\ﬂ o

’b(‘dl’lhﬂb, and a splib JLJl';-g'

said spindle between said
nub contamed in. b.

nortmo bom o Wmuu
theleto, 2 phxmlﬂv
movably heid on seid s m

gads, o grinder.spindle rotatable in said
IS, and a pulley on said spindle con-
fned between sald heads; either of the
lieads being removable 1rom the guide to
permit of placing or removing a belt. "

{ ln a grind mg machine, a work-su
: i bx,d a guide substantially parall%l
] 0, A plurahty of heads or brackets
OV uulv held on said guide, beaungs in said
heads, a grinder medle rotatable in said
beavings, a connection between said heads
whereby they are held at 2 uniform distance
apart and caused to move together on the
tide, a pulley on the spindle between the
:ads, o belt passing over said pulley, and a
g lm drum parallel to the gui e, over
iich the belt passes, whereby movement of

3
1

s

5, In a grinding machine, a work-sup-\
pun'ng bed, a gm&e a holder mounted on
suid guide movable thereon to permit plac-*
ing of the work, a grinder spmdp le contained
rotatably in said holder, a pulley thereon,
a driving drum panlld to said guide and
uf as great length as the normal range of
iravel (»f the holder thereon, and a belt sur-
rounding said driving drum and pulley.

59. In a grinding machine, a work-sup-
sovting bed, a guide, a holder mounted on
id mndo movable thereon to permit plac-
“of the work, a grinder spindle contained
ably in.said holder, and a stop for
the movement of said holder on
sid gmide toward the work.

50. In a grinding machine, a work-sup-
ing be {, a mndeq a holder mounted on
ide movable thereen to permit plac-
the work, a grinder ,’piuw}hﬁr contained
' id ho] i( ',

ving the end of
iie 3, for hnu.mg dw movement of
{ de7 on said guide toward the work,

Vo grd hirie, comprising in
OnaY” eukmo;t bearings
to said g umon for holding a rotary
- spindle, w spindle adapted to carry
v rol qmlv contained in said bear-

u“mi feeding movement
and the «rrmder, means for -
work-holder transversely to-
inder as stock Is removed from

=

eter.

). A, grinding machine, comprxsm -in
bination a stationary support, a ﬁrmd-
v tool and spindle therefor, a wor,

] port a dapted to be moved gamllel with

> of said tool and spindle, a transv
de on which the Work-snpp(;rt is moulm

i erf’ whereon it is movable to bring the work

» the frm(lor as stock is removed:-trinds
ruides secured to said stationary sum

m'l stop on the ;

holder, means for producm%ea -
: LT
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hends is peruntf«,d without removal of .
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It ft'n

'k, wid means for feeding the spindje
nder as the latter becomes redyced o

o
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said mudes, 4@@(1331 &
sLdes, and devices
support for eperml.
means.

83. A grinding machi
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or brackets moun wd Lo $
SUPPOrts for a grinding i
Sdld Heaox to ,J each

said tool sU}, Do
Lho bed 1‘@%1}‘% 2]

wmoh sud }) 1 is

wr'ﬂe, Cdl”"”d bv LH
of ,'11\ !'

reciprocate,

*crzzm‘f“z'sel 3

tion of the he d

1“"mge, p, vl Lmd rat

turning said screw
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OTJEI' ated

suppo t a r:jL iy
smndl& a bed ada
a carviage :
to reciprocate
trans: vers
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cRrr 1’)‘ PR

ing clutch
driven clutch memb
naftely with the dr

cable rod c nneo‘tf‘c’
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ing a cam protuberance
pawi and T%chet aee”xan s, and dog
rie ating said rod,
Teb? 1ism i
: versec? and the mrvuo'o =~1’ ’1 eoush
66. A grinding m e, COmprising in
cotabination, h;“tionar"f sUp £o0!

(=]
<>

- clutch

65 gz

svindls 1'0&01(11)1\7 held in bear
support, a m;nd‘ﬂcr tool
spindle, a recrpxoc‘;ﬂ“m hed :
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nected for shl{tm

a stop shde on 54
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by the other member having a
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axis of said tool and spindle, a carriage on
which said work-support is held, arranged
to travel transversely of the direction .of re-

_ciprocetion of the worl-support, mechanism
for so reciprocating the worl-support, and

feeding means operated by the same mecha-

‘nism for moving said carviage to bring the

work up to the grinder as stock is vemaoved.

3. A grinding machine; comprising in
combination, a stationary support, a grind-
ing tool and spindle therefor, a work-sup-
port adapted to be moved parallel with the
axis of said tool and spindle, a bed mounted
to reciproeate to which the work-support is
secured, a carriage on which said bed is held,
arranged to travel transversely of the direc-
tion of reciprocation of the bed, mechanism
for so veciprocating the bed, feeding mech-
anism for moving the carriage to advance
the work toward the grinder as stock s ve-
moved, and means carvied by the bed for
actuating said feeiling mechanism,

T4 A grinding machine, comprising in
combination, a stationary support, hearings
thereon, a tool spindle rotatably held in said
bearings, a grinding wheel secured to said
spindle, a work-support. a bed on which said
work-support is adjustably secured, said bed
being mounted to reciprocate, a carringe on
which said bed is held, arranged to travel
transversely of the axiz of ‘
wheel, feeding mechanism for
carringe thus to travel to feéd the worlk
toward the grinder as stock is removed, and
a single actuating mechaniam for recipro-
cating the bed and opevating the carriage
feed. :

75, A grinding machine, comprising in
combination, a support, bearings thereon, a

the grinding
causing the

-tool spindle rotatably held in said bearings,

a grinding wheel secured to said spindle, a
work-support, a bed on which one of said
supports is adjustably secured, said bed be-
ing rounted to reciprocate parallel to the
axis of said tool and spindle, a carriage on
which said bed is held, arranged to trave}
transversely of the direction of reciprocation
of the bed, mechanism for so reciprocating
the bed, feeding mechanism for moving the
carriage to effect a feed movement as stock
is removed from the work, and dogs carried
by the bed for reversing the direction of its
own motion and eperating the'carriage feed.

76. A grinding madchive, comprising in
combination, a support, a tool spindle rota-

tably held in bearings in said support, a

grinding fool attached tosaid spindle, a bed,
a earriage on which said bed is mounted to
reciprocate, said carriage being movable
trangversely of the direction of reciprocation
of the bed and of the tool and spmndle for
sffecting a feed movement as stock is re-
moved from the work, a feed screw for mov-
ing the ¢arriage, pawl and ratchet mecha-
nism for turning said serew intermittently,

independe:

1,086,543

and means operated by the béd for driving
said pawl and ratchet mechanism.

77. A grinding machine, comprising in
combination, a support, a tool spindle rota-
tably held in bearings in said support, a
grinding tool attached to said spindle, a bed,
a earviage on which said bed is mounted to
reciprocate parallel to the axis of the tool
and spindle, said carriage being movable
transvergely of the direction of reciprocation
of the bed, a feed screw for moving the
éarringe, pawl and ratchet mechanism for
turning said screw Intermittently, a movahle
cam member and a spring for operating said
pawl and ratchet mechanism, and dogs car-

vied by the bed for moving said cam member.

78. A grinding machine, .comprising in
combinablon, a stationary support, a- teol
spindle rotatably held in bearings in said
support, a grinding tool attached to said
spindle, a. bed adapted to support the work,
a carriage on which said bed is mounted to
reciprocate parallel to the axis of the tool
and spindle, said carriage being movable
transversely of the direction of reciproca-
tion of the bed, a feed screw for moving the
:arriage, pawl and ratchet mechanism for
turning said screw intermittently, an arm
lyy which said pawl is-carried, a reciprocable
bar having a cam projection whereby to
oscillate said arm, and dogs carried by the
bed for veciprocating said bar.

79..In a grinding machine, a work sup-
port and means for rotating the same, a
grinding wheel spindle, a holder for said
spindle in which the latter is held parallel
with the axis of rotation of said work sup-
port, a slide by which said holder is car-
riéd, and means independent of other mov-
ing parts of the machine for moving said

slide, and therewith the grinder spindle,

longitudinally toward and from the work
support.’ ' —

80. In a grinding machine, a work sup-
port and means for rotating the same, a
grinding wheel spindle, a holder for said
spindle in which the latter is held parallel
with the axis of rotation of said work sup-
port, s slide by which said holder is car-
ried, and a feed wheel having connection
with smid-slide and independently operable
to move the latter, and therewith the
grinder spindle longitudinally toward and
from the work support. :

81. In a grinding machine, a work sup-
port and means for rotating the same, a
grinding wheel spindle, a holder for said
spindle in which the latter is held parallel
with the axis of rotation of said work sup-
port, a slide by which said holder is car-
ried, said slide having a set of rack teeth, a
driving pinion meshing with said teeth, and
- feed "wheel secured to said pinion. and

1ty aperable io rotate the latter
so as to move de and spindle long:
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tudinally toward and from the work sup-
port: |

82. In a grinding machine, a work holder
comprising 4 plurality of independent bear-
ing brackets, a sleeve arranged to rotate
about its own axis in said brackets, means
on said sleeve for holding work pieces, and
a rotary driving element secured to said
sleeve between said bearing brackets.

83. In a grinding machine, a work holder
comprising a sleeve having provisions for
securing ‘work pieces placed within it, a
plurality of separate and independent bear-
ngs in which said sleeve is held in such
manner that it may rotate therein about its
own axis, and a pulley for rotating said
sleeve secured thereto between the bearings.

84. In a grinding machine, a framework,

-consisting of a base or pedestal, a head or
gooseneck secured to said pedestal, rising-

above and extending over the top thereof,
and tubular arms extending in alinement
oppositely from said head apd being pro-
vided with a guideway extending continu-
ously from the extreme end of one arm to
the extreme end of the other.

85. A grinding machine comprising a base
or pedestal, a carriage mounted on said base,
a bed supported and movable in the direc-
tion of its length on said carriage, a hori-
zontsl guideway parallel to, and at a higher
elevation than, said bed, s plurality of slides
mounted on said guideway, and heads for
rotatably supporting grinder spindles
mounted on said slides and overhanging
the bed. '

86. A grinding machine comprising a base
or pedestal, a carviage mounted on said
base, a bed supported and mocvable in the
direction of its length on said carriage, a

R >
horizontal guideway parallel to, and at a
higher efevation than, said bed, a plurality
of slides mounted on said guideway, and
heads for rotatably supporting grinder
spindles mounted on said slides and over-
hanging the bed, said guideway being con-
tinuous from o¢nd to end and of sufficient
length to support one of the slides, and the
supported head thereon, adjacent each end
of the bed.

87. In a grinding machine, a framework,
consisting of a bhase or pedestal; a guide ex-

‘tending horizontally over said pedestal, and

supports for said gnide mounted con the
pedestal and helding-the guide above the
lagter; a carrviage supported on said pedes-
tal beneath the guide, and means for feed-

ing said carriage transversely of the guide.

88. In combination with a grinding ma-
chine for internal worlk, a work holder com-
prising slides having bearngs, a sleeve
mounted to rotate in the bearings of said
slides and centering members secured upon
said slides in axial alinement with said
sleeve adapted to enter the ends of a tubular
work piece to center the latter relatively to
said sleeve.

89. In a grinding machine for internal
work, a tabular, retating work holder,
means for rotating said work holder, and
three equidistantly spaced clamps adjacent
to eacli end. of said holder for supporting
a tubular piece of work therein.

In testimony whereof T have affixed my
signature, in presence of two witnesses.

JOHN BATH.

Witnesses:
Artmor . Brownx,
C. ¥. Browxw.
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