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To all when i: nagy cong 
Be it, known thai. 

burg, in the county, 
of lyassachusetts, have in 

chines, of which the 
cation. 
The present inveni 

ing inachines, particu 
perfortin internal wo; 
general object is to e. 
work witi a higher de 
las hitherto been possibic, 

Stabsidiary objects vs 

; S38 

which would lead to inaccil 
vide fine adjusting inea. 
and feeding the tool of 
and for measuring the 
justment or fe 

3. 
ed. 

The vilious 
which a 
are desc 
and a: 
a part 

side elevisi 
preferred 
ventioi. 
tion of the 
the over pa 
left-haid enti o 
'ikea away. 

Ilal 
and work holder 

Fig. 5 represents a cross 
acting icoi e-Ci Superi: 

{3 represe:) is 
Section of this work-hold 
centering devices for 
position. Y 

slid longitidi- 10) 
"ie lead sit):ks 

if a diastinent, 
which einej" 

in the pittei. 

Fig. represents 
to Fig. 3, lost showing : ) 
for grinding internal voti 
ters simultaneously. It 
plan view of the machine. stocks are in 
a cross-section of one of the tit ities as it it is is 'cci tui is provide bearings 22 
the bed, tabie and carriag i?iting chuck 24. This 

e which is certially 
at to ent: : it is a cylindrical 

ich tirns in the bearings. 210 

5 

Fig. 10 represents a fro: 
of the tool-feeding nech 3. 
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blocks. When the blocks are moved towar 
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lars or rings 29 which lie outside of the 

exact height of the bearing axis, while they 

nected together by the feeding means here 

s 

The latter are adjusted so as to fit the st 
without looseness, by bolts 25 
through ears 26 which project from the lii 
per sides of the bearings where tile it it 
are divided to permit this adjustment. 
the middle of the chuck sleeve is for ae 
pulley 27 about which a driving belt 28 is 
passed to rotate the chuck and voik. 
the sleeve adjacent its opposite ends ar 

{ 

bearings and prevent the chuck fro12. 
ping out of either bearing. The laki 
reason of their connnection with the ; 
above described, are enabied to ) 
toward and from each other to a dils 
position for work of different lengths 
to enable them to be brought up again W. 
faces of the collars 29 so that there will be 
no looseness and side play of the chuck aid 
work. Each collar carries three or more set 
screws 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 shown it: 
Fig. 6. These consist of conical headed 
studs 32 and 33 held in blocks 34 and 33 
which are detachably mounted poi, the 
bases 14 of the head stocks. The blocks & 
of such a height and the studs so locatec; ; 
them that the axes of the latter are at the 

are positioned laterally by inverted W. 
shaped ribs 36 on the head stock bases & 
tering grooves in the under sides of t 

C: 

each other, the conical headsenter the oppe 
site ends of the tubular work piece and iii. 
it into a central position where it is 'e- 
tained by screwing home the set Sc' 
The blocks are then renuoved to permit iii 
sertion of the grinding tool. It will he 
understood that the use of these cente. 
studs saves much time which Wotic otier 
wise be wasted in turning the chuck witi, 
the pieces in it and adjusting the S 
from time to time until the work rans 'a. 
The grinding tool is represented by the 

emery wheel 37. Where the Blachine 
adapted to grind work of the salie liai: 
throughout it is held by a spindle whic: i: 
supported at both ends on opposite sites of 
the work. These supports consist of heads 
38 at the left-hand side of the machine, ladi 
39 at the right. These heads are sibstai 
tially duplicates of each other and are sepa 
rate and independent except when coa 

s 
, , i. 3. 

inafter described. Each head is motiated 
upon a slide 40 which is adapted to re. 
cate transversely of the spindle on : 
41. Each guide is formed upon a 
42 having a base 43 secured by a 
bolt 44 and nut 45 to either of the slid 
or 47, The slide46 support: the by 

, left-hand heads 3S, while that des ... . E. : 
ignated by 4, Stij}orts the heads 39 at the 

Both of the sides are mounted upon 
a 33 which is parallel to the spindle 

Eli it) he had. 
exci (f the heads is held a bearing 

43 to contairs the tool spindles whereon 
!e grinding wheel is held. 
it will be noted that the grinding-wheel 

livitier or spindle shown in Fig. 3 is formed 
ii, iii'ee a 'is, the live spindle 50, a sta 
tionary i: ; o' sat 54, id an intermediate 

its ne; iiigs so is not to retite, and projects 
i.e: ; the heads 3S to ward tile heads 39, 
{ing of a size to ass through the work. 

ive spindle rotates in its bearings and 
&cts tieref; on toward the heads 38. In 
ead it has a tapered socket 53 into which 
(apered right-hand end of the tool arbor 

... 

firm there with. The adjacent end of the 
bar 51 is centrally bored to provide a bear 
ing for the left-hand end of the arbor which 
is cylindical except at the extreme end 
where its tale's, Preferably the bearing is 

'let in a separate piece 54 which is 
3C'essect is to a tapped recess in the body of 
the bar 5}, The arbor has near its tapered 
end a shoulder 55 against which the grind 
ing winee is held by means of a sleeve 56 
and it, 5". Between the shoulder 55 and 
Gad of spindie 50 is a nut 5S which serves 
to drys the arrior out of the tapered hole. 

; : Yi (; ; ge that the grinding 
el is is nearly as possible midway be 
i) tile heads 38 and 39 so that there may 

'' 

.. 

lie Foot) in each side of it for the work 
to travel entirely past, but that the bar 51 
2xtends less than half way between the bear 
iiigs and terminates soline distance away 
from the grinder. This construction gives 
tie layin: 2n rigidity and is one of the 
i}ost important features of Iny invention, 
since it revents any detection of the tool 
in ser the ordinary conditions of work, ex 

at which is a lost inappreciable. 
2 rigidity tihas give is dile to the fact 
t the stationary bar can be made ch 

the rotary spindle, its diameter 
it: 
ticks; t) 

City iii! ited y tie interial diameter 
Ci the work aid tie amount of feed neces 
sity is be give thereto, while the rotary 
sidie is inited in size by the necessity of 
contacting away the frictional heat gener 
itsa iy its rapid rotation. It is obvious 
that the latter is stiffered by having its 
olife! E:nd supported in : stationary bearing, 

, the bar 51 being shorter and of greater 
eit tiil. iie spindie, is necessarily 

!er. :) is stiffness of this bar also in 
'... - ...'. Oil as its ength dimin 
isios, and also the lateral force applied to 

bar y the ario; dini:ishes in propor 
1 25; the beating point of the arbor is 

Stil 

'i'he stationally lar is clamped in 

is driven so as to fit frictionally and to 
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more remote from the grinding wheel. This 
is due to the fact that the rotati 
and arbor together may be considered as & 
beam stipported at one end by the bei: eithg 38 
and at the other by the bar 5i. 
applied at the grinding wheel and is the 
pressure against the atter caused by the 
work being pressed against it. This lead is 
supported by the end stipports of the spir:- 
die, being divided between theil, and ti 
proportion borne by the bar 51 is less whe 
its point of support of the arbor is renote 
from the grinder than when it is near the 
atter. Consequently within certain limits, 
the stiffness of the compound spindle in 
creases as the stationary member dinia 
ishes in length. However, the tendency of 
the arbor to bend is increased as it is eroth 
ened, and as this point of support grows in 
remote from the grinder. Consequently the 
increase of stiffness in the bar 51 due to iggy 
ing the point of sport away from he 
grinder, is partially compeiisited iy the di 
minution of stiffness in the arbor, and there 
fore there is a point, where these teclencies 
balanec and where the maximum stiffness is 
obtained. The proportions whereby the 
in aximum stiffness is secured are illustrated 
in Fig. 3; in which the stationary bar i 
short enough and its bearing with the arboi 
is remote enough from the wheel to give a 
relatively iarge stiffness, while the air}}or is 
not given. So great it length as t he weak 
(Fed. The exterided bearing of ig tribe) 

e 

he stationary meinbei also adds to the si: 
less, as does the sleeve 56 which 
on the outside by the 
has oil its face next 

r 

is claimed 
, The after 

stationary ba; a 
an annia ri: 

and prevents water and grit working he 
tween the bearing surf 
The live spindle is 

bearing sleeve 39 win 
the side of the inner instad 

It will be noted that exici if the neitey’s 

! stiffened by a 
(ited to 

50 and 5i has a iotag bearing in the boxes 
49. i)0N. is Compara The length of each 
tively great, while the total eigh of spin 
dile contained in the t \i' () bearings is a very 
large proportion of the whicle member, ipe 
ing as much as, or more than, half. This 
enables the spindles to be held without loose 
ness so that the free end of the rotating 
one will turn accurately about its own axis. 
and not about a point outside of the axis. 
Each bearing box is a conical sleeve which is 
contained in a tape'ed recess in he held 
and is held securely therein by nuts 60 and 
61, which are threaded upon the ends of the 
boxes and bear against opposite sides (if the 
heads. Each box is centially bore? and is 
cut or split on one side from its oriter pe 
riphery to the bore so titat it can be com 
pressed about the spindle by screwing up 
on the but 60, and thus looseness may be S 

g spindle 

the icaci is 

: or the 9i 
y 32 c as {{ ic 
it::::fe. 
passes throl 

tic)(asy their 
tainer i itaxes 

y greater dialeier 
& in?t is cit imped 

lightly thereby so as to be incariable of foss 
de, how 

The C3s are 

(, cats& ti 
is a iro bear 

s: indie couid 
gh speed as is 

gement above de 
ags were adjusted so 

fy a RR, SC 

ve able back-asia, and 
tle cy witi, which he 

e. Its. E. coi: 
(); its 7:23 it 

y & ind rapi 
which is a tiss 
is::iiig i.i. 

spindies 
a. Rigi: ; 

er this feature of 

woitix, i.ec:) ise the li:ii 
2:34:8 ave 
large and 

(iii) e iick 
P defection 

at the point 
iiiriitii, 

aid Itay be 
. . . . ii.33. 

i.e. 

isi 

. . . . . . y 3 &ti 
it. M is kine sex 

assairy exie?t si is to coini in the two 
S as great ; i.engii inslie is is 
for rigidity and stre 
EgS is a 3. 

is ... -- w ... ii. 

34 which is ped to the ii iy sciey's 35 
(shown it is. 9. with 
harbs 86 which tirin i W'-- fiel 
in the adjacei's at fict 6:.. "siese 
hit is enable the piles to be retained 
it place while one spindle is reno yet and 
another substituted, this substilition being 

he 
'etroved 
Yii: eit ki, 

elliitted by looseling the Screw's (55. 
eiter box inay iso be ei, 
from the side sky as to enable 
67 to be slipped over tile pulley. 

A nother coistriction which (iii)inates 
ioose, 88s &nd back-tash is shayya is fig. 8 in 

sing tie chiects of 

- t 

she rised, and ic, i.e. 'tii). 

.. 
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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 sites 
and the guide 48. 
The left-hand slide 46 which carries the 

stationary spindle member is provided with 
a rack 68 with which meshes a pinion (39. 
held in a bearing beside the guideway 48 
and connected 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 slide is arrested when carried forward 
into correct position by an adjustable stop 
Screw 71 set into a lug 72 on a plate 73 which 
is 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 lock 
54 capable of yielding, as shown in Fig. 
15. Iere the block is contained in a recess 
in the end of the bar 51 in which it is capa 
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 prevented from be 

ing expelled from the bar by a cap 73 
threaded outside the latter and having a 
central orifice to receive the arbor. In oth 
Fig. 3 and Fig. 15 the space in the bar 51 
in rear of the bearing block is filled with 
fibrous absorbent pacing 77 which is satu 
rated with oil to lubricate the bearing. The 
supply of oil is replenished by a hole in the 
side of the bar, which is closed by a screw 7 S. 
An important feature of this invention 

which conduces to the accurate results de 
sired is the construction of the guideway 
48. This is made upon two arms 9 and SO 
which extend from opposite sides of a 
Carved head or goose-neck Si 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 

rS most 
glearly in Figs. 1, is and 9, the guide 48 is 
pedestal, and a strut 83. As appea 
formed with the ordinary flat bearing face 
84, and with undercut sides 85 and 86, but 
the novel feature consists in the fact that the 

is broad face 84 is inclined downward toward 

1,036,543 

the bed at an angle of approximately forty 
five degrees. The upper edge 87 joining the 
face S4 and undercut side 85, is horizontal 
and parallel with the bed, and forms the 
actual guide for the slides. The latter are 
shaped so as to embrace the undercat 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 manner to hold the slide sta 
tionary. The weight of the heads causes the 
slide to bear against the face; 84 and S5 si 
multaneously, and takes up any looseness 
which there might be between the lips of 
the side and the indercut sides of the guide 
way. Thus the adjustment of the slides al 
ways takes place accurately upon a straight 
line whicl is that of the edge 87, and there 
fore the spindles are always held in 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 

out the whole extent of the work piece, it is 
possible to grind the latter simultaneously at 
different points on two different diameters, 
as shown in Fig. 7. For this purpose the 
stationary rigid bar 51 is reinoved and a live 
spindle 89 substituted therefor which is heid 
I'(tatively in a substitute set of boxes. These 
sistitute boxes bear the same relation to 
the spindle S9 as the right-hand boxes to the 
spindle 50, for the purpose hereinbefore de 
Scribed. Upon the spindle S9 is ciamped a 
split pulley 90 which is constructed in all 
parts the staine as the pulley (34. 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 turning in bearings in a frame 94 
which is pivoted to the column. S1, and is 
adjusted so as to produce the proper tension 
of the belt lay a bar 95 passing through the 
franje (n which are screwed nuts 96. The 
drill) has : length as great as the recipro 

70 

5 

80 

85 

O 

OO 

5 

10 

cating liotic given to the slide 46 and heads . 
SS so that the belt may continue to run upon 
it when the slide is retracted for insertion 
and 'el) ovat (of work. The counter-shaft 93 
is this ell at the desired speed by a cone pull 
ley 9 to which a belt transmits motion from 
a convenient source of power. The right 
land end of spindie S9 which projects so 
that it Jalily enter the work, is surrounded, 
by a bearing sleeve 98 so as to be held rigid. 
This sleeve is the same in construction 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 secured by bolts 99 
to the head, while the bearing sleeve 59 has 
a cylindrical flange 100 which is slipped out 
side of the left-hand nut 60 and is secured 
to the head 39 only by the bolts 101. On 
the end of Spindle 89 is a grinding wheel 

15 

20 

25 

  



and then the other of a lug 

65 

35 arm 113 pivotally secured at : 

40 ery of the ratchet wheel. 

102 which is mounted directly upon the 
spindle and is held against a shoulder there 
on by a nut 103. This Sanhe arrangeleiit is 
provided for olding the wheel 37 instead of 

5 the arbor shown in Fig. 3. 
Each of the grinding tools is fed a lit (- 

natically after each cut, and this feed inlay 
be the same in amount for each of the tools 
or it may be more rapid fol' one than fill 

10 the other, according as conditions l'equire. 
The feed is produced by a feed screw 104 
of which there is one carried between the 
members of each pair of heads and rotatably 
nuounted in a bearing i05 in a piate or feed 

15 box :06 which extends across the front of 
the heads of each pair, and is connected to 
them. The screw engages with a nut 107 
formed upon a yoke 108 which extends 
across and is fasterned to the rigid adjacent 

R. 

20 guideways 41. This yoke has two foot 
pieces 109, each of which passes through a 
slot in one of the slides 40 and is screwed 
to tis guideway 41. The length of the 
slots through which the feet pass is enough 

25 greater than the feet to permit sufficient 
movement of the slides to give the necessay 
feeding movement to the tools. Flaiages 
110 surround the feet, 109 and overiie tic 
slots so that nothing can fail into thea and 

30 obstruct, the movement of the slides anti 
heads. 
On the forward end of each serey is 

fixed a ratchet wheel 111, while adjacent. 
thereto is located a pawl ií2 carried by a2. 

- 

box. 106 (see Fig. i0). A sprin 
mally holds the arm and paw tel, 
while a spring-pressed pin 115 holds it: 
toe of the pawl against the toothed pei'iph 

... bar ii (5 is 
ranged in the feed box below the 
wheel so as to reciprocate endwise in cit 
tion parallel to the bed, and its (ilds pro 
trude from the posite sides of he box 

S. 

45 sufficiently to be engaged by feed digs it? 
and 118 carried by the upper bed or plate 
8. Each dog carries an adjustable stop 119 
which are adapted to engage opposite ends 
of the bar 116 alternately as the bed recip 
rocates, this engagement coming only near 
the end of the bed's travel and after the 
tool or tools have finished a cut. Aove 
ment of the bar causes a W-shaped cam pro 
tuberance 120 to be moved first to one side 

21 attached to 
the pay carrier 113. As one of the is 
clined sides of the protuberance is always in 
contact with the lag praa anti-friction ball 
122 in the end of the iaiter, by reason of the 
action of Spring iii, its travel causes the 
arm il3 and therewith the pawl to be low 
ered and raised, turning the ratchet wheel 
and feed screw one step. In order to regul 
late the distance through which the feed 
screw is turned, provide a pointed Sei, 

as 

gar 

SCCW whici is threaded through the 
e feed box and bears at one 
led end upon a beveled por 

w . - * - ge 03. the as: 18 S -----' s 
W. 

box viil case the arm to be 
i' i'aised "espectively, and thereby 

dilinish Ol' increase the distance through 
which it may be a oved by the cam projec 
tion is:0. A similiar set screw 126 (Figs. 1 
and 2) has a pointed end similarly engaging 

in the payil 132 to rega}ate the 
tier from the ratchet wheel, 

( to gove': he jength of time during 
which it will remain in contact with a tooth 
wltile being in oved. By adjusting these 
Screws, the wheel hay be fed only one tooth 
at &ach or gration, or as many teeth as de 

2d up to as great a distance as the grind 
iiig wheel &nd work will stand. 
The description above given applies 

ily to the left-hand feeding mechanism 
the right. For operating the former 

a pair of dogs 128 and 29 is provided. It 
vii be is either feeding mechanism 
can be a independentiy of the other 
so that Oile too :)ay be given a closer fit 
than the other if d 

- - - - in ?ists r EG eliminate looseness and back 
Sciety, and so make the 

tly sect: rise as possible, i. 
ied a niinaber of holes in the nuts 

i of wirich is forced a plug 130 
Such as babbitt, while set screws 

'eaded into the holes and bear 
theia. By screwing down 
tie Baibit metal may be 

threads of the feed screw 
ite lattei' and the nut, so that arc betwee; 

thei'e (; lie 
The g 

of the to 
Zoltai, anti i 
st the 
the saine iesel a 
the feeding 
place in 
their axes 

3. 

e - e 3. C. al's located vertically 
e tools will lie at exactly 
the axis of the work. Thus 

in Ovenient of the tools takes 
s: the plane as that in which 

lie, so that the wearing away of 
iiad cutting of the work does not 

at of contact with relation to 
if the too were either above or this plane. - 

below the 
horizontally, the point of contact at which 
the cutting takes place would not be in the 
plane of the axes and would shift to a still 
greater distance fro; this plane as the work 
and tool became worn and cut away. This 
shifting of the poi: ; of contact causes the 
work to be inaccurate, making the finished 
bore of the VGilk oval or elliptical, instead 
of truly circulai. By having the tool fed 
directly to Yard the point at which the cut 
ting takes is wear remains always 
in the i ti, asid so there is no oppor i.e. 
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tunity for shifting of 
and impairing the accuracy 
This is another feature willic: ; - - - , , 

capacity of the hachite for doing ic::::::ite 
work. 
The heads of each pair are Blineci Sri. 

zontally by the feed box 
faced of fiat on their rear sid 
against the similarly faced 
faces of the heads. When firmly to the heads, t 
axes of the bearii 
same vertical plane, 

to lie exile 
The heads are 

while adjusted vertically so as to by : 
bearings into the satile horizontal plane hy 
plates 132 bolted to the upper flat, aces of 
the heads, and of the it; SVardy-project 
flanges 400 of the slides 49. These si 
are so located that when brought into the 
same plane, the Xes of the bearings are 
alined. The heads are further secured 3 
screws 1320 passing through slits i33 in the 
flanges 400 and enterits g ::pped holes it: iii. 
heads. 

25 One of the greatest 
forming accurate work is 
wheel becomes glazed by the Srial 
of abraded metal ?tiling a 
the wheel. The glazing does not 
evenly all over the wiec, 2, in: so iOSc. (Gr 

'tions which are glazed slip over the 'ork 

work and become work away, 
the tool to act unevenly, guitting 
parts of the work more tha: 
ing sprung in ore (1' less :::. 
suiting in producing inaccur: 
A part of Iny in Veiition cor 

ing a triling taoi which cleans: 
i he grinder after each eit. 
isis of a diamond exile tied 
shank 134 which is threads:iiite it, i. 

5 

. 

40 

. . . :-(?ding crici: ; 
" 

the bearings for the we 
is : a clamp screw 136. 

ranged that the exci if 
over one end of the "Y. 
periphery of the grin 
moyed so as to cat 
therefrom, the d 
the face of the latter. 
film from the cutti 
metal particles 
abrasive matel 
sharp corners and ed 
truling tool is adjust 
gence of the grinder SC 
the latter after et 
'shank 13t is provided 
having teeth which : 
movement of the Yi 
-gagement with a stilt 
ed upon the Tea’e 
the wheel to be it space of one or mol: 

50. 

55 

60 i}rought it exict: 
older tip, ir to 2: - 
pawl 138 reini. 
'this pawi (; 

'oingh he '' 
th, accortiag 

i 

i 

vii. 14) 

i 

135 adjustabily held Gr: i.e. top i Oile 3 or: 

r ( ); if holder 135, and thereby ad 
*::::ces the diamond point toward the sur 
::ces of the grinder. The amount of the 
feed is adjusted so as only to take of enough 
it iterial to keep the grinder truly cylin 

and clean on its surface. This truing 
too forms part of the machine, and is oper 

: during the required working move 
therec f without necessitating any ad 
ent or re-arrangement of the tool rela 

ively to the work, but acting while the same 
are in their proper relative positions for 
grinding. Where two grinders are em 
bioy Ed the truling tools and holders therefor 

diplicated, as shown in Fig. 7. 
s before stated, the work-holding bed is 

:ed to reciprocate on guides 5 and 6. 
'hese atter are 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 
glides are formed is cored out so as to pro 

ertical ribs 239 and 140 which are con 
iai together by a transverse horizontal 

This maximum stiffness is se 
d without superfluity of metal, and a 

stiffer structure is obtained than if the arms 

: 

were of solid metal, because there is no great 
weight in the arms themselves tending to 
calise deflection. 

'i he lower bed or table has secured to it a 
3'-tek 42 in cine side of which is a groove 
si 3 that is er 

}) to pr 
: the guitas. 

ed hy a tongue 144 (see 
yet, the table being lifted 

A pinion 45 (Figs. 1 
the rack and gives the 

sing gig, gynent to the bed which 
its he work past the grinder. This 
Gr, is driven alternately in opposite di 
ons by a shift 46, which in turn is 

- es: yik 

riri, is mesting with a worm wheel 149 
, transverse shaft 150. The latter has 
d to it, it bevel gear 151 engaging on 

2 sides of its periphery two comple 
52 and 53 respectively, which 
These he . . . . . 2) gears are rigidly 

e's 33 and 155 
by being driven upon and 

gi} with he hubs 156 of the 
i.ese hubs turn loosely about a 

or tubular shaft 157 to which the hub 
ity: 145 is secured by a pin 158. This 

also passes through a rod 159 wbiehis 

sai 

r: 

: 3. ovable endwise within the tubular shaft 
A slot 160 in the rod permits the end 
rovement but prevents, any relative 

it joi between it and the tubular shaft, 
The endwise movement enables a clutch 
thern'er 61 which is pinned to the rod and 
its clutch teeth on its opposite faces to be is fight into engagement either with the 
giftsh; 15- or 155. As these t clutches 
are constantly rotated in opposite directions 
it will be seen that connection of the shift 
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: a pie clutch 62 with each in turn will cause 
the pinion to drive first one way and then 
the other, recipi'Gesting the bed and work. 
The eaÉch is shifted by the movement of 

the bed, which calities on its forward edge 

---. 

adjustable dogs iG3 and i(33 on opposite. 
sides of a lever 164 projecting upwardly 
close to the bed, and on the arm 164 is : 
(iii 165 (Fig. 1) entering a groove in a 

lingitudinally-reciprocable bar 166 pivot 
aily connected at 16 to a beli-cranklever 
168 that carries a roll 169 between adjustable 
stops 70 and 7: Gin the threaded and of 
rod 159. Frois Fig. 34 the action of the 
bar 166 in shifting the clutch will be ob 
vious. - 

it is possible also to shift the clutch by 
hand. For this purpose a bar 72 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 side 
or nut 73 is ling inted upon the thread of 
the bar 172, being provided with a handle 
174 by which it may be turred, and having 
a flange i75 with a plane surface adapted 
to be forced against the fiat front face of the 
fraine, her: this fiange is screwed up 
against the rai.e. as in Fig. 34, the level 
i68 is held in mid-position with the clutch 
161 disengaged front both the members 154 
and 15.5. C. releasing the irit and sy 
ing the bai' 12 toy eft. Elsa 
bed Bay be driver 
This hut serves 

in 
as a conve::iest and ready 

tnay obviously be employed instead of the 
illi. The feed dogs are pivoted to holders 
376 and 177 adjustably secured to the table 
7 by headed bolts entering a groove 178 
in the edge of the latter. By Swinging the 
dogs upward allot their pivots they may 

ast the airlin 64 witholt 
operating the staine and reversing the feed. 
The carriage 2 on which the beds are 

held, is nicu ited similarly to the cross-feeti 
carriage in my prior patent above referred 

be caused to tra 

te, a tad is fed transversely of the bed and 

5 5 

80 

patent referred to. 

-shaped can protection 180 W.'s i cain tion 80 

grindet by means of a screw 179 which is 
arranged and acts similarly to that in the 

The screw is tilined 
step by step after each cut of the grinder so 
as to feed the work up to the latter, by a 

carried by the 
shiftable bar 166 (Fig. 11). The inclined 
sides of this calin projection act upon the end 
of a plunger 181 which passes downward 
through a sleeve 182 formed upon the sta 
tionary frame, and is held up against the 
cam projection by a spring 183. The 
plunger acts upon a pawl-carrying arm S4 

65 

so as to lower and raise it pavl 185 which 
ears against the periphery of a ratchet 

wheel 186 on a sleeve 187 carrying a pinion 
188 that Ineshes with a gear wheel 189 fixed 

- 3,353.3 

to the shank of the feed screw 179. The 
parts are so arranged that a downward 
movement of the plunger causes the pawl 
to move the ratchet, 1 S6 through a space of 
Gile Ol' ingre teeth, according to the adjust- to 
nient of the feed mehanism, while the 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 
provided by the set screw 192 threaded into 
an arian of the bracket, i. 91 which arrests 
the upward movement of the pawl and so 
limits its movement in that direction, while 
al, other set screw or screw stop 193 on the 
end of the arm S4 bear's against the plunger 
18i and by adjustment limits the distance 
by which the latter moves the pawl down 
ward. A third screw 194 having a pointed 
end engages the edge of the pawi nearest 
the ratchet, and so regulates the proportion 
of its travel in which it remains in contact 
with the ratchet. A spring 195 holds the 
pawi against this screw and against the 
ratchet. The smallest adjustment possible 
is one tooth of the ratchet, and the pitch 
of the feed screw and value of the gear 
train may be made such that each tooth will 
feed the work a distance of one ten-thou 
sandth of an inch. The feeding devices 
reviously described for moving the grind 

ei's may also be designed for a like fineness 
of adjustinent, but a still finer feed may be 
designed if desired. 
A convenient construction for automati- 100 

cally stopping the cross feed when the work 
has been finished 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 105 
the sleeve 187 beside the ratchet 186. A 
clamp nut, i98 threaded upon the sleeve 
serves to bind the disk in adjusted position 
and may itself be held by a set-screw 199. 
After the grinding operation has been 110 
started, and a measurement taken, the shield 
may be set at a distance from the toe of the 
pawl lS5 corresponding to the exact num 
ber of ten-thousandths of an inch of stock 
still to be rethoved. This distance is de- ill.5 
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 turns there with, and when the 
lower edge of the shield connes adjacent, the 120 
lower limit of the pawl's movement, the 
iatter will simply side upon the shield, and 
will cease to feed the work further. - 

It will be seen that the feeding mecha 
nism last described, and the two feeding de- 25 
vices for the tool or tools, provide sepa 
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 used in combination. Where i8 
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a single tool is mounted as shown in Fig. 
3, it is sometimes convenient to hold the 
same in one position while the work is fed 
toward it, while when two tools are used, 
the work may be held stationary and each 
tool 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 removed by the truing tool 
so as to keep the acting point in the Sane 
position while the work feed produces the 
necessary alteration of position of the latter. 
Again, by callsing the tool to he 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 
'an be obtained by either that of the work or 
tool alone, and thereby work of great accu 
racy may be brought forth. 

ooling water is conducted to the work by 
a pipe 201, and discharged from a nozzle 
202 into the bore of the work, Flowing 
thence the water falls upon the beds and is 
collected in a trough 203 on the rear side 
of the latter, whence overflowing it falls 
into a trough 204 and into wide shallow 
pans 205 and 206 on the rear of the car. 
riage 4. The overflow water from these 
paris is collected and pumped again through 
the supply RE by constructions and means 
similar to those described in my prior Pat 
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ent No. 790,099 above referred to. 
I claim :- A 
1. A grinder for internal work compris 

ing a work-support adapted to hold a hol 
low piece, a holder for a grinding wheel 
passing through the work piece and sta 
tionary rigid hearings for said holder, said 
bearings being of a diameter less than the 
wheel, projecting toward one another and 
adapted to enter the work. 

2. A grinder for internai work compris 
ing a work-support adapted to hold a hol 
ow piece, and a holder for a gritnding wheel 
passing entirely through the Work and slip 
R}orted at each &nd at a greater distance 
iron the grinding wheel than the length of 
the work, said holder including a rotary 
spindle and a rigid, laterally extending bar 
adapted to pass into the Work and having : 
bearing for the spindle. 

3. A grinding machine comprising a bed, 
a work stria; t adapted to hold work 
mounted on said ibed so as to be movable 
thereola, a guide parallel with said bed, a 
slide movably held on said guide, a bracket 
secured to said slide and overhanging the 
bed laterally, a second bracket also over 
hanging the bed, and a grinder spindle held 
iny s: 'ackets, said side periliiting move 
ment of the bracket supported thereby when 
struck by the work support. 

4. A grinding machine coin}}risi:ig 3 bed, 
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a work support adapted to hold work 
mounted on said bed 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 
latter. 
5. In a grinding machine for internal 

work, a bed, bearings separately secured 
upon said bed, a work-holding sleeve having 
a central passage extending throughout its 
sentire length, means carried by said sleeve 
for clamping tubular work pieces centrally 
therein, and centering devices detachably 
Imounted upon the foot or base portions of 
said bearings and movable axially thereof, 
said centering 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 said 
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 
nnoulted in one of Said supports, a bar 
clamped in the other support so as to pro 
ject therefrom 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 Inidway between said supports. 

S. In it grinding machine, a grinding 
wheel spindle consisting of a stationary 
member free at one end, a rigid holder there. for, a rotary member abutting against said 
stationary member and held against deflec 
tion thereby, a support in which the latter 
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 
therefor, 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 the axis of rotation than either 
member of the spindle. 

i0. 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 Said members having a bear 
ing in tie isliacent end of the other men 
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the spindle, and ; Sippo, 

ber, a grinding wheel carried by 
member, and means for rotating saici in 
ber. 

li. In a 
work, a spindie 
non-rotary their bei's in 
through the work, a 
ing in the adjacent end G 
a grinding wheel car 
member, means for rotating 5: 
and means for sepa 
perlnit pla f: ng Of the 

2. in a grinding in 
internal work, a plurality of separa 
ports, a Spindle rot: iably 
of said supports, a bir 
by the other of 
and bar eNie 
each adapted it, asstia!'g 
an arbor held in the end 
as to rotate there with and having 
in the end of the bai'. 

13. In a grinding in: chille ada 
internal work, a plurality of separ 
ports, a spindle iota tably rail ite 

- - of said supports, it bai' or shaft, held iigidly 
by the other of said supports, said 
and bar extending toward each ot: 
éac adapted to pass ti'ough the wo 
an arbor held in the end of the S. 
as to rotate there with and iiaving a 
in the end of the bar, said airbor having 
provisions for holding a grinder dial 
the spindie and relatively reticle it "Otis. 
bar. 

14. In a grilling in 
internal work, a lui'aits 
ports, a spindie rotata 
(i said support 
ly the other { -- 
ing relatively thick. and of a length 
half the ti 
an arbi' at a clied to the si 
rotate tiere with and having i'Q'i 
seriring a grinder closely a dia: it 
tler'e 1, and learing at its of her eiti i Jia 
tively in the 2nd of the hai'. 

i5. In a grinding a chille, : 
spindle, a supporting bearing thei'; 
grinding tool carried by Saii spici 
list ace fron said learing, and a statioi:a:'y 
support extending to Yard said : 
wherein the latter has a bearing at 
remote from the tool. 

16. in a grinding machi 18, a 
spindle, a supporting learing the 
tool-holding abor secred to the 
said spindle so as to rotate there with - - - - - - - - - ... 

2 a (, i.e.: ) is fine iiie initiained in said bearings being ing provisions for securir 
Yoint of attacle heit to the 
ing a bearing portion reinot: f'(t): 
and on the opposite side oil the litt: 

}I said supports, said : 

ance between the supports, and 

other eact 
ti stipport, and 

tioning a grind is 

i3Ci against said 
l, extending toward 

bearing for said 
he airbor. 

inachine for intern 
pporting beari E. 

bar secured to 

bearing portion re 
- and Oil the opposite side 
a tie the spiracle, a nut threaded 

said ai'i or adjacent the tapered eid 
i fol' discollecting the same from the 

spii ille, aid a support eXtending toward the 
hiri:lie, provic 8, bearing for the airbor. 

: Iniachie or interial 
sittle, & supporting bear 

idle 
ii) 
athi 

id spindle so as to rotate 
ins fo!" Securing & 

hi, Oi attachment to the 
ing a bearing portion re 

and on the opposite side 
for the spindie, a sleev 

on the airbor to clan 
iro to secure said sleeve 

ter fa fiange ollier race a range to g ... and & Support extead 
ldie, providing a bear 

is 

iding in achine, a spidle 
grinding tool, means fo: 
at a high velocity and 

wiich the spindle is rota 
ei, each independently adjust 

{{}series, said spinelle ex 
le from said bearings and 

ing the tool at 

exist: 
G 2 

Y ri : 

it... - 

grinding tool at one end, 
the spidle at a high ve 

is ii wh ci tile other ed 

proportion to the entire 
iicit ding a 
ind a glide 

provisions, a hilt 

inding achie, a spindie. 

a tably heid, the part of 
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on which said support is slidably mounted, 
said guide being at an angle to the horizot 
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 in 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 an 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 to be guided with absolute exactness by 
the edge thereof, which edge extends in the 
direction of travel of the tool holder. 

25. In a grinding machine, a bed for sp 
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 has 
ing portions embracing the sides of the glide 
and being held by gravity firmly against 
the inclined flat face and the upper side 
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 E; machie, a pair of guides extending in line oppositely from the 
central plane of the machine, each having a 
downwardly extending 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 respect 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. ' ' 

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

curing the work co-axially therewith. 

central passage extending thro 

1,036,648 

ings adapted to be camped on the bed, and 
independently movable toward and from 
one another, and a sleeve rotatably mounted 
in said bearings, having provisions for se 

30. In a grinding machine, a bed, and a 
work-Support consisting of a sleeve having a 

hout its 
length, adapted to receive the work, 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 variety of positions, and in whic 
said sleeve is rotatably held. . 

31. In a grinding machine, a bed, and a 
work-Support, including separate bearings 
adapted to be moved together and apart and 
to be independently secured to the bed, a 
sleeve contained in said bearings, and col 
lal's on the sleeve adjacent the outer sides of 
the bearings. Said collar's having clamps for 
securing the work centrally therein. 

32. In a grinding nachine. 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 grinding tool spindle ro 
tatably mounted in said bearing and Sup 
ported thereby so as to extend over the bed 
and enter the Wock 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. 

83. In a grinding machine, a work-hold 
ing bed, a head overhanging the bed and 
having a bearing, a grinding tool spindle ro 
tatably mounted in said bearing, and a sup 
port of said head on which the same is nov 
ably mounted and arranged to be fed trans 
versely of the spindle in a plane parallel to 
that of the axes of the spindle and work, 
whereby the point of contact of the tool and 
work is at the same height as the former 
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 
said head, agrinder carried by said spindle, 
a rigid horizontal transverse guide, and a 
slide mounted thereon; said head being se 

36. In a grinding machine, a work-sup 
porting bed, a playing head over . hanging said bed, a spindle rotatably held 
in said head, a grinder carried by said spin 
dle, a rigid horizontal transverse guide, a 

5 

20 

cured with provision for vertical adjust 
ment to said slide. 

  



slide mounted no vally thereon, to wh; 
said head is secured with provisions for ; 
tical adjustment, said slide and head havins 
fiat tipper surfaces, and a flat plate Secured 

is to the Saine for a lining and maintaining the 
head at the required height above the 

37. in a grinding Facilije, a bed 

bed, inde 
ch saic heads are 

ei'ilang 
ice; stice 

tet, an : 

a line:ent. 
3S. in a 

5 porting the work, grinder-spind 
heads Overhanging the bed, and ha. 
front faces, i s, independent cross-feed sli 

box having flat fear face Seca'ed to said 
20 fiat faces for holding the heads in airleijent. 

and nea is arried by the feed box whereby 
said heads and slides may be moved step by 
step to feed the grinder. 

39, in a grin ig-machine, the collina 
25 tier with a Yi'k-Sport : 1 ( )(ins 

feeding the 5: The Ingit in: lily; if a s 

vel'sse slice, a spindle-crying head on s 
site, a spindle roi; tally contained in 
head, and means operated b. 

30 nal feeding in ears for if 
Sten-y-step transve Sely. 

40. In a grinding an 
tion vitli, a work-s 
- , , , i. the Sanje origii, (iina;v (;f : 

si?ie. a spindle-carrying head 
slide, a sindie i'oi:it: by ('infined 
lead, a feed screw far said slic, 
S: :ely, and mecha list): 

gift clinal feecisig me: as 
'i'ew step-by 

2 in ling it clai 

- feediisg. Said slide 

S 

3 s 

; : ly {{}}tained 
sciew fei )() ying the 

issiy, a ritchet co: , 'ted . 
: ; ; ; ; pawl at lated by it... long 
'teetiiig Jie: is tilising the ratic 
sette write"; ii ity. - 

- Q in actile, the cert hi: - 
sp.); and hears; ii)i' 

; :: S: , ; ; ; ; it ngii (litially of a fi : is 
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allel to the bed on S; 

supported thereby, saic gitias 

Scribed, a Sappo 

surfaces for tool holdie's. 

Scribed, a Support, at 

against the sane, 

bearings, and a split bulley 

a bearing, a grinder spindie rotatably hel. a grinder spindle rotatable in said 
in said bearing, a transverse guide on gs, 3.Iad a pulley on said spindle con 
said head is enabled to slide to ?ee: between said heads; either of the 

heads being removable from the guide to 
seriit of placing or removing a belt, 70 

. In a grinding machine, a work-Sup 
ing bed, a guide substantially 

carried by said head in threaded arg 
ment with the nut, said it it having 

S opening into 
threaded bore, it quantity of soft retai in 
Said passage, and a set screw in 3) 

grinder, a nut Secured to said guide, 

o, 3, plurality of heads or brackets 
jlovably held on Said guide, bearings in said 

Sage for forcing the soft metal agai: 2 heads, a grinder Spindle rotatable in said is 
Screw to take up backlash thereof, learings, a connection between said heads 

50. In a grinding machine, a work-Sup- whereiy they are held at a uniform distance 
porting bed, arms having tides be part, and caused to move together on the 

tide, a pulley on the spindle between the 
2ds, a belt passing over said pulley, and a so 

ng drum parallel to the guide, over 
ch the belt passes, whereby movement of 

a heads is permitted without removal of . 

is mounted to slide pai. 
girles, - 

5t. In a grinding. Eachine, a work-8 
porting bed, arias he in 
above Said bed, and a 
mounted on said guides 
secured to said slides, a 
bars or shafts carried by 
jecting therefrom to 

ing heads or blacke 

SEE. 

lity of slic 
i.eads or 'acke 58. In a grinding machine, a work-sup 85 

grindie-hoisting porting bed, a guide, a holder mounted on 
i heads and pro- is:id guide movable thereon to permit plac 

armit entrance it; a ling if the work, a grinder Edie contained 
i ting rotatably in Said holder, a pulley thereon, 

approximately as fai beyond said is a driving drum parallel to said guide and 90 
as the bar or shaft attached thereto and of as great length as the normal range of 
being substantially codeininets th iii., ii'a, Yei of the holder thereon, and a belt sur 
whereby the bars or shafts are held rigidly rounding said driving drum and pulley. 
and looseness at their free ends avoided 59. In a grinding machine, a work-sup 

52. In a machine of E. 4:Quig bed, a guide, a holder mounted on 95 
scribed, a base, a curved column risi said guide moyable thereon to permit plac: 
Said base, and guides extendi of the work, a grinder spindle contained 
ment on opposite sides of ably ii), said holder, and a stop for 

the movement of said holder on 
ed to hold one, or a pittality, of £6.3 saic guide toward the work. 0. 
holders. 3. it a grinding machie, a work-sup 

53. In a machi; 3 ing bed, a guide, a holder mounted on 
guide movable the real to permit plac 
the York, a grinder spiritle contained 

rotatially in said holder, tint a stop on the 1. 
liter ed (if the holder overlying the end of 
the guide, for limiting the movement of 

hoider on said guide toward the work. 
\grinding machine, comprising in 
in a stationally support, bearings 
EC said Slipport for holding a rotary 
spindle... spindly adapted to carry 

tarily contained in said bear 
holder, means for East itélinai feeding movement be-, 

and the grinder, means for , 
Work-holdier transversely to 
ider as stock is removed from 
d Ileans for feeding the spindle 

in fier as the latter becomes reduced geo 
efer'. 

2. A grinding machine, comprising in 
iii)ation a stationary support, a grind 

ing tool and Spindle therefor, a E. 
port, adapted to be moved parallel with the 2. 
axis of Said tool and Sist, a transv 
side (), which the work-support is 
and whereon it is movable to bring the work 

the E. as stock is removedstrati, verse guides secured to said stationary ap) 

beams extending higi 
Support, Said a "ns o' sha 

54. In a machine of 

beams extending hori 
Support, Said : "ins or bea, 
dove-tail guide portion e 
ward from one edge thereot 
for supporting a tool in Olante 
Zontally on said doye-tai : por 
embracing the edges, 
ried by the bracket iase 
side of saic guide adapted 

55. In a grinding inac 
porting bed, a guide sini 
thereto, a plurality of 
movably held on Said guide, be: Filgs i 
heads, a grinder Spindle 'otai allis in 

SR 

ls, having is said spindle between said 
hub contained in bearings 

56. In a grinding lilaeiline, 
porting bed, a guide st: 
thereto, a plurality 
imovably held on said ir 
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I clutch nember if 

ing bed motiated to 

port, Separate heads for 
porting said spiadie lic: 
said guides, feeding mean 
slides, and devices carried 
Support for operating each 
88S. 

83. A grinding machine, ... 
combination 2, stationary 
fixed thereto, separated too i.io. 
or brackets mounted to slide of 
supports for a grinding iao 
said heads toward each 

Firas's, ion 
said tool supports, mecha 
the bed reciprocaily, a 
which said bed is heid, inde 

64. A grinding achine, Comprisis in 
combination, a station 
spindle rotatably heli 
Support, a grinding to Qi att 
spindle, a bed adapted to st: 
a carriage on vici: 
reciprocate, said ca 
transversely of tie 
tion of the bed, a feed scle, 
carriage, pawl and rati, 
turning said screw 
operated by the bed - Y - 
and ratchet, mechanism, aid a s 
ed to overlie part of the 
for initing the anoiant, 

85. A grinding nacii: 18, 
combination, a stationary Sii 
spindle rotatably held it; hear 
support, a grindig tool at 
spindle, a bed adapte 
a carriage on Shi 
to reciprocai.e. said 
transversely of the 
tion of the bed, a 
arriage, pawl and he laseehanish: 
turning said screw interinittentis 
driving the bed, including a 
ing clitch. Inenbers and 
drive) citch reine 
nately 

i 

: ". 2.8. 

- - - - (ii 
a t 

S: 34 
ing a cam protuberance 
pawi and ratchet mechani 
ried by the bed for reciprocat 
whereby the bed-driving mec: 

the carriage sinuit 
66. A grinding machine, coin prising in 

combination, a stationary support, a too: 
soindle rotatably held in bearings in said 
Support, a grinding tool at £ached to said 
spindle, a reciprocable bed and iiits 

F driving the bed 
nately in cpposite directions, a lie 
nected for shifting said clutch in 
a stop slide on said isyer . 

ng said 'Od. 
alism i 

a dias. 'ist, 

die 
og of which is 
by which the 

'e supported, 2, wheel-carrying arborse 
2d to the rotating member, and a bearing 

poiting ris be 

ar: a s? 1.35 

- - - - - - - position with ti 

. ...G. & gridis inachine having & 
fraine, a reciprocalie ibex, oppositely mov 
ig irising citikei is tibei's aid a shiftable to 

re: ct lich incinier fo! driving the bed 
r rections, a lever 

'C:::::CC (i. clutch heater, 
fraine, and , 

3. 

inding lichiiie ihaving a 
ccable bed. oppositely mor 

and a shift able 
ing the be?i 

a directions, a lieve 
citateh remier 

r:line, and a 
ot). Said nut, 

)e cisingeti against 
2 and driven 

3, X 

. 5 

C. S. 

V. 

ediate and in- go 
pied to operate said 
civet 3:heinber with 

ei' (iiiving nei) bei. 
i59. in a griding in achi.e. a standard, 2. 

ca:riage monited thereon with provision 95 
2 ess-feeding ille serett, ways formed 

ding transversely of 
{f the carriage 
ends thereof, 

i 
it." 00 

h provision 105 
having arms 
direction of 

;ated vertical 
arms cast in. 

the lody of the 
guideways. 

-i-, -, -, -r i. e. g. i 3.1. 8: O 

ind preventing de 
g of separate spin 
toward cach other, , rotary, separated supports 

ends of said members 120 

meinbers 

block carried by the other member having a 
bearing for the end of said arbor, said block 
being nounted to yield so as to permit elon- 125 
gation of the arbor. 

2. A grinding machine, comprising in 
ilation, a stationary support, a grind 
Cogi and spindle therefor, a work-Sup 

i &dapted to be moved pai allel with the 130 
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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 
ciproction of the work-Support, mechanism 
for so reciprocating the work-support, and 
feeding means operated by the Same mecha 
nism for moving said carriage to bring the 
work up to the grinder as stock is removed. 

73. 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 reciprocate 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 reciprocating the bed, feeding mech 
anism for moving the carriage to advance 
the work toward the grinder as stock is re 
moved, and means carried by the bed for 
actuating said feeling mechanism. 

74. A grinding machine, comprising in 
combination, a stationary support, bearings 
thereon, a tool spindle rotatably held in said 
bearings, a grinding wheel secured to said 
spindie, a work-support, a bed on which said 
work-support is adjustably Secured, said bed 
being mounted to reciprocate, a carriage on 
which said bed is held, at d to trive 
transversely of the axis of the grinding 
wheel, feeding mechanism for calising the 
carriage this to travel feet the syri. 
toward the grinder as stock is removed. and 
a single actuating mechanism for reciplo 
cating the bed and operating the carriage 
feed. 

5. A grinding machine, comprising in 
combination, a support, learings thereon, a 
-tool spindle rotatably held in said bearings, 
a grinding wheei secured to said spindle, a 
work-support, a bed on which one of said 
supports is adjustably secured, said bed be 
ing laouited to reciprocate parallel to the 
axis of said tool and spindle, a carriage on 
which said best is held, arranged to travel 
transversely of the direction of reciprocation 
of the bed, mechanisri) for so reciprocating 
the bed, feeding mechanism for moving the 
carriage to effect a feed thovement is stock 
is removed from the work, and dogs carried 
by the bed for reversing the direction of its 
own motion and operating the 'carriage feed. 

76. 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 carriage on which said bed is mounted to 
reciprocite, said carriage being movable 
transversely of the direction of reciprocation 
of the bed and of the tool and spindie for 
effecting a feed novement as stock, is re 
moved from the work, a feed screw for mov. 
ing the carriage, pawl and ratchet niecha 
rism for turning said screw intermittently, 

1,036,543 

and means operated by the bed 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 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 reciprocation 
of the bed, a feed screw for moving the 
carriage, pawl and ratchet mechanism for 
arming said screw intermittently, a movable 
can member and a spring for operating said 
pawl and ratchet mechanism, and dogs car 
ried by the bed for moving said can member. 

78. A grinding machine, comprising in 
combination, a stationary support, a tool 
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 
by which Said pawl is carried, a reciprocable 
ba' having a cam projection whereby to 
oscillate said arm, and dogs carried by the 
bed for reciprocating said bar. 

79. in a grinding machine, a work sup 
port and leans for rotating the same, a 
griding 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 
lied, 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 
Stipport. 
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S0. 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 
Iried, and a feed wheel having connection 
with said 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 
a feed wheel secured to said pinion and 
independently operable to rotate the latter 
So as to love said side and spindle long 
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manner that it may rotate therein about its 

consisting of a base or pedestal, a head or 
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tudinally toward and from the work Sup 
port. i 

82. In a grinding machine, a work holder 
comprising a 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 
ings in which said sleeve is held in such 

own axis, and a pulley for rotating said 
sleeye secured thereto between the bearings. 

84. In a grinding machine, a framework, 

gooseneck secured to said pedestal, rising 
above and extending over the top thereof, 
and tubular arms extending in alinement 
oppositely from said head and 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 pedestai, a carriage mounted on said base, 
a bed supported and movable in the direc 
tion of its length on said carriage, a hori 
Zontal guideway parallel to, and at a higher 
elevation than, said bed, a 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 carriage mounted on said 
base, a bed Supported and movable in the 
direction of its length on said carriage, a 

s 

horizontal guideway parallel to, and at a 
higher elevation 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 end 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 base or pedestal, a guide ex 
tending horizontally over said pedestal, and 
Supports for said guide mounted on the 
pedestal and holding the guide above the 
latter; a carriage 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 work, a work holder com 
prising slides having bearings, a sleeve 
mounted to rotate in the beatings 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 tubular, rotating work holder, 
imeans for rotating said work holder, and 
three equidistantly spaced claiaps adjacent 
to each end of said holder for supporting 
a tubular piece of work therein. 

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

JOHN BATH. 
Witnesses: 

ARTHUR H. BRow N, 
C. F. BROWN, 
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