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Reissued Aug. 11, 1925.

UNITED STATES

Re. 16,141

PATENT OFFICE.

JOSEPH G. McDONOUGH, OF NEW ORLEANS, LOUISIANA.

INTERNAL-GRINDING MACHINE,

Original No. 1,497,574, dated June 10, 1924, Serial No. 511,616, filed October 31, 1821. Application for
reissue filed January 21, 1925. Serial No. 3,884.

Lo all whom it may concern:

Be it known that I, Josgpmx (. McDox-
ouctr, a citizen of the United States, resi-
dent of New Orleans, Orleans Purish, State
of Louisiand, have invented certain new
and useful Improvements in Internal-Grind-
ing Machines, of which the following is a
specification. ’

My invention relates to machines for
grinding the internal surfaces of metal cyl-
inders, sleeves, gears, bushings, and the Like
commercial articles and the general object
of the invention is to provide a machine
that is capablé of turning out rapidly and
efficiently products of this class in cylin-
drieal, conical and other forms, ground and
finished uniformly to within the closest
limits of the predetermined finished diame-
ters, and that will automatically cease the
grinding operation when this diameter has
been attained or announce the fact to the
operator, or both, and that will, further-
more, indefiiitely continue this operation
with the same accuracy and uniformity of
output regardless of the wear.of the grind-
ing wheel. '

More specific objects of the invention are:

First: To prevent the usual “bell mouth-

. ing ¥ which consists in a perceptible outward

flarc at the ends of the internal cylindrical
surface being ground, due to the necessity
of repeated withdrawal of the grinding
wheel from the cylindrical bore for the pur-
pose of calibrating the internal diameter
or introducing a gage plug.

Second: To elilninate the usual so-called
“gsagging” rvesulting in inaccuracy of the
work and due to overhanging work-holding
chucks or other fixtures in the ordinary hori-
zontally operating internal grinding ma-
chines. :

Third : To do away with the necessity -of
measuring the work dnring the progress or

at the finish of the grinding, while at the
5 same time automatically obtaining within

close limits extremely accurate results in
{inished measurements. . -

Fourth: To automatically preserve prac-
tically the same high degrec of accuracy

both when grinding dry or wet or when .

grinding..at different or varying tempera-
tures. - In the ordinary practice of gaging

the work, the varying temperature of the
pieces ground when gaged results in inaccu-
rate measures when the work cools off to
normal temperature after grinding.

Fifth: To accelerate the work and reduce
the attendance mecessary by automatically
starting the grinding of a piece at an in-
creased or heavier speed to remove more
stock for each passage of the grinding wheel
through the piece and then automatically
reduce the feed to remove less stock during
the final finishing operations.

Sixth: To make the feeds positive to the
predetermined degree of feed by preventing
the usual lost motion or play in the feed
mechanism.

Seventh: To provide a machine of the
multiple spindle type that will require but

little “attendance and that by its large ca-

pacity and rapidity and accuracy of action
will enable the user of the machine to manu-
facture the finished articles cheaply and eco-
nomically. :

Other objects of the invention will appear
from the following detailed description of
the invention by re%erence to the accompany-
ing drawings. . .

In the accompanying drawings forming
part-of this specification,

Figure 1 is a side elevation, partly in sec-
tion, of a machine embodying my invention,

Figure 2 is a plan and sectional view of
a multiple spindle machine embodying my
invention, and consisting of six spindle units,
four of these units being removed and the
left hand unit being shown in horizontal
section on the line 2* and the right hand
unit section on the line 2 of Figure 1,

Figure 3 is a front elevation of one of the
spindle units, -

Figure 4 is a rear elevation of one of the
spindle units,

Figure 5 is a horizontal sectional view
on the line 5—5 of Figure 4, ,

Figure 6 is a side elevation on a larger
scale of one of the spindle units, showing
the spindle carriage in a lowered position,

Figure 7 is a central vertical section of the
spindle unit as shown in Figure 6,

Figure 8 is a horizontal section on the line
8—8 of Figure 1, showing the feed screw
mechanism,
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Figure 9 is a vertical section on the line
9—9 of Figure 8,

Figure 10 is a vertical section of the feed
screw operating mechanism, the section be-
ing taken on the line 10—10 of It igure 12,

Figure 11 is a vertical section on the line
11—11 of Figure 10,

Figure 12 is a similar section on the line
12—12 of Figure 10, illustrating the elec-
trically controlled feed mechanisi, ]

Figure 13 is a partial section on the line
13—13 of Figure 10, illustrating the adjust-
ing means for the feed, ) _

Figure 14 is a vertical section through
the gage supporting chuck spindle and elec-
tric control housing below the spindle,

Figure 15 is a section on the line 15—15
of Figures 14 and 16,

Figure 16 is an enlarged section on the
line 16—16 of IMigure 14,

Figure 17 is a section on the line 17—17
of Figure 14,

Figure 18 is a section on the line 18—18
of Figure 19, of the spindle chuck for hold-
ing the pieces to be ground and illustrating
the method of gaging the work,

Figure 19 is"a plan view of the chuck,
partly in section, on the line 19—19 of F ig-
ure 18,

Figure 20 is an enlarged vertical section
of the switch box shown in If igure 14 for
controlling the vertical movements of the
grinding wheel and itgs carriage,

Figure 21 is a cross section on the line
21—21 of Figure 20,

Figure 22 is a detail view of the carriage-

- controlling clutch-mechanism, illustratine in

40

45

diagrammatical form the electrical connec-

tions between the clutch mechanism and the
switch box, , :
Figure 23 is a detail of the adjustable trip
locks, .
Figure 24 is a vertical section of the
grinding wheel and stationary guard, illus-
trating the relative position” of the gages

. and ‘work when grinding a tube and auto-

50
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matically changing from a coarse to a fine
feed, the grinding wheel being indicated as
moving upward,

Figure 25 is a plan view of Figure 24,

Figures 26 to 31 inclusive illustrate modi-
fied forms of gage pins and means for secur-
ing said pins in accurate positions in the
gage post,

Figure 312 shows a form of
when grinding short articles,

Figure 32 is a perspective view of the
generally preferred form of gage pin,

Figure 33 is a diagrammatical view, il-
lustrating the gencral automatic control
and operation of the machine,

Figures 34, 35 and 3G are similar views,
Hlustrating the automatic electrical control
of the spindle carriage and showing the
parts in different Ppositions,

gage pin used

18,141

Figure 87 is a sectional view of the chuck
and chuck spindle, illustrating how the
machine may readily be adjusted to grind
internal conical surfaces,

Figure 88 is a detail view,

illustrating
how the gage post fastened in

the hollow

spindle may readily be ground perfectly

concentric to the bearings after fastening,

Figure 39 shows a modified form of gage
post and means for protecting the post from
water when used in a horizontal grinding
position.

The driving and grinding mechanism. _

In Figures 1 and 2 T have illustrated my
invention as comprising a multiple spindle
machine, but it will be understood that the
claims of the invention are not confined to
this construction, as each spindle section in
itself is a complete, self-contained grinding
unit capable of independent operation.

While I have illustrated in the drawings
a multi-spindle grinding machine of a cip-
cular type, it will also be understood that
the grinding spindles may be arranged in
banks or rows or any other convenient form
and that the invention is not confined to
the multi-spindle feature but is mainly em-
bodied in the novel construction and opera-
tion of each of the single grinding units,

Referring first to Figures 1 and 2 for an

-illustration of the construction and opera-

tion of the multiple spindle feature of the
machine, it will be noted that the base frame
20 supporting the structure comprising the
six spindle wnits is rotatable upon the cir-
cular track 21 of the main bed frame 22.
Integral arms 23 project from the base
frame. 20 to which are secured vertical
brackets 24 carrying at their upper ends
flanged rollers 25 adapted to roll on the
track 21 and support the whole operating
structure. A beveled ring gear 26 is rigidly
secured to the vertical brackets 24 and
meshes with a beveled pinion 27 carried by
a shaft 28, that is journaled in suitable bear-
ings in the housing 29 and is also provided
with a friction disc 80. A driving shaft 31,
having a wheel 32 in frictional engagement
with the disc 30 and a driving pulley 39+, is

70
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journaled transversely to the shaft 28 in -

bearings 33 and 84. The friction wheel 82
is splined slidably on the shaft 31 and is
provided with a grooved hub 35, engaged
by a forked member 36 that is supported in
a guide-way 87 and is connected to a rack
bar 38, projecting through the housing 29
outside of which it is provided wi‘h a rack
89. A shaft 40, mounted in bearings 40s
and 40" on the stationary frame of the ma-
chine, carries at one end an operating hand
wheel 41 and at the other a gear 42 in mesh

with the rack 39. Motive power may be.

applied from any suitable
ing pulley 322

! source to the driv-
which will transmit motion

120
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| fhrough the shaft 31 and friction members

10

30 and 32 to the shaft 28. Suitable plane-.
“tary reduction gearings 43 may be arranged

in connection with the shaft 28, but this as

~well as the driving mechanism above' de-

scribed forms no part of the present inven-
tion and it is not thought necessary to il-
lustrate and describe the driving mechanism
more in detail. It will be clear, however,
from the above that as the shaft 28 and

" -beveled pinion 27 rotate, the base frame 20

15

and the superstructure carried by it will be
caused to rotate by means of the ring gear
26 and that the rotating speed of the struc-
ture may be varied as desired by operating

. the hand wheel 41, sliding rack bar 38 and

20

30

35

- 40

45

thereby adjusting the friction wheel 32 on
the friction face of the disc 30 to any de-
sired position. The mechanism’ comprising
each of the grinding units is mounted in the
vertical frames or columns 44, that are at
the bottom secured to the base frame or
plate 20, preferably by bolts or screws 435,
and are rigidly secured together at the top

by the. spider plate 46 and screws 46*. "An"’

intermediate frame or housing 47 is secured
to the vertical frame members 44, preferably
by lugs 47* and screws 48, and a central or

" master shaft 49 is journaled in this frame

below and has bearings 50 above in the
spider plate 46. This shaft 49 may be
driven in any suitable manner, preferably
by an electric motor (not shown) and drives
the entire mechanism of all the grinding
units through suitable speed change gearing
51 in the housing 47. As the construction
and operation of all the grinding units

_operated by this master shaft are identical,

the following description pertains equally
to all the units. T
A vertical shaft 52 provided with speed
change gearing 53, meshing with the gear-
ing 51, 1s mounted in bearings in the hous-
ing 47 and carries at its lower end a pulley
54, the function of which will -hereinafter
appear. The speed change for this shaft is
effected preferably by means of a sliding

-key (mnot shown) in the shaft 52 operated

through a rod 55 by a hand lever 56, but as
this mechanism forms no part of the inven-
tion ‘and any method of effecting speed
changes from the shaft 49 to the shaft 52
may be employed, I have not illustrated the
details of this speed change mechanism.
The column 44 is provided with hori-
zontal V-flanges or tracks 57, accurately fit-
ting . corresponding riders 58 in a lateral
feed block or saddle 59 by means of which
said saddle is supported capable of a hori-
zontal movement relative to the column 44.
A hollow spindle 60 is journaled in bearings
61 arid 62.upon a bearing-head 59 adjust-
ably secured to the saddle 59 in-a circular
slot 61* (Figure 9) by means of slot bolts
59* and carries a pulley 63 on a horizontal

line with the pulley 54. A series of flexible
belts 64 pass from the pulley 63 through a

slot 65 in the column 44 around the pulley

54 by which the spindle 60 is started with-
out shocks from the shaft 52 and rotated
primarily from the master shaft 49.

The spindle 60 carries on its upper end
a cylindrical chuck 66 supported on a flange
67 of the spindle and this chuck is provided
with universal clamping means for accu-
rately centering and holding the tube or
other cylindrical work piece 68 or piece to
be ground (see Figures 18 and 19). The
clamping means preferably consists of three
hardened clamping segments 69 removably

70 by screws 71. The work-piece 68, when
inserted in the clamp ring, rests on a slight-
ly protruding flange 72 at the bottom of
the ring segments and these segments may
be removed and others substituted of a dif-
ferent internal radius to fit different size
tubes to be ground. The wedge blocks 70

70

75

80
fastened to three segmental wedge blocks

85

are formed externally conical, fitting the

internal conical surface 73.of the chuck 66
and when the tube 68 is to be inserted, the
blocks 70 are raised, to spread or expand

20 .

the ring segments 69, these segments being -

under constant spreading tension by means
of coiled springs 74 inserted in the end of
the segments between their separated joints,
(Figure 19).
been inserted, all the segments comprising
the clamp unit are forced downward, there-
by uniformly contracting the ring segments
and centering and securely clamping the
piece in place. The vertical adjustment of
the clamp members is preferably effected
by means of an internally threaded sleeve
75 having a flange 76 engaging a circular
groove 76* in the wedge blocks 70 and be-
ing in threaded connection with the exter-
nal threads of the hub of a gear wheel 77,
loosely mounted upon a central boss 78 of
the chuck 66 for rotation, but held against
vertical displacement by a ball 78* in an
annular groove 78°. -Spindles 79 carrying
pinions 79* in mesh with the gear wheel 77
are arranged in the rim of the chuck and
project to the top thereof where they are
provided with hexagon or equivalent shaped
heads 80. By means of a wrench applied
to any one of the spindle heads, the gear
77 may be rotated in either direction, there-
by forcing the sleeve 75 and wedge blocks
70 up or down to release therefrom, or
clamp the ring segments tightly -around the
work piece 68 (Higures 18 and 19). The

grinding wheel 81, consisting of emery, car- 1'25

borundum, or other suitable material, is
mounted on a vertical arbor 82 (see Fig-
ures 3, 7 and 24) and removably attached
thereto by means of a clamping screw 83
or other equivalent means. The arbor 82
carrying the grinding wheel 81 -is mounted

95

After the work-piece 68 has .

100 .
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vertically in bearings 84 and 85 arranged
within a dust proof'z housing 85* provided
in a frame or carriage 86 that is vertically
slidable in V-slots 87 in the column 44 (see
Figure 2). The arbor 82 is provided at

its upper end with a driving pulley 88 and

10
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an anti-friction thrust bearing 89 and is
driven at high speed from the master shaft
49 by means of a pulley 90 frictionally
engaging a pulley 91 fastened to a vertical
roller pulley 92, said pulley being mounted
upon a shaft 93 having upper bearings 91
and lower adjustable bearings 95, arranged
upon the column 44 (Figure 1). A driv-
ing belt 96 runs from the roller pulley 92
through slots in the column 44 and around
a small pulley 97 carried by a
98 journaled in ball bearings 99 and 100
in a housing 101 integrally connected to
the carriage 86 by a bracket or arm 102
(Figure 7). A larger pulley 103 is pref-
erably cast integral with the small pulley
97 and a belt 104 runs from this pulley
around the arbor pulley 88. Frictional ten.
sion is provided between the friction pul-
leys 90 and 91 by means of a coil spring
105 arranged in a socket 105* in the column
44 and tensioned against the bearing block
95, that is mounted for a slight lateral
movement between the guide lugs 106 (see
Figure 7). I prefer to provide means for
temporarily throwing the friction wheels
out of engagement consisting of a lever 107

ivoted on one of the guide lugs 106 and
5 Eaving a pin 108 normally free of the bear-

ing block 95 but when the lever 107 is
rocked towards the block by means of a
rod 109 having a handle 110 (see Figure
2), the block' 95 may be moved slightly
against the tension of the spring 105 to re-
lease the friction wheel 91 from the driv-
ing wheel 90 and stop rotation of the roller
pulley 92, '

In the operation of grinding a. tube or
cylinder to an exact predetermined inter-
nal diameter, the rotating grinding wheel
is automatically and repeatedly ~passed
downwards and upwards in grinding con-
tact with a small arc of the internal sur-
face of the cylinder until the predetermined
internal diameter is attained. The chuck
66 containing the cylindrical work-piece to

e ground simultaneously rotates in the op-
Pposite direction, driven by the belt 64. At
the conclusion of either the downward or
upward movement of the grinding wheel
81 or at both ends of the movement, as will
be hereinafter described, the saddle 59 car-
rying the chuck 66 is automatically moved
laterally in the direction of the grinding
wheel to again bring the work-piece in ac-
tive grinding contact with the grinding
wheel, )

When the piece hias been finished to the
required internal diameter, the -grinding

short spindle

.gear 134 (Figures 1, 4
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wheel 81 is automatically raised to a higher
plane above the chick 66 and preferably
continues to operate idly at the higher plane
while the finished. piece is being removed
and a fresh one inserted in the chuck 66.
The vertical reciprocating movement in
different planes of the carriage 86, carrying
the arbor for the grinding wheel 81, is ob-
tained preferably by the hereinafier de.
scribed means. Referring to Figures 8. and
7, a screw shaft or worm 111 is slidably
mounted at its lower end in a lug 112 of the
carriage 86 and is provided with a nut 114
below the lug 112. The worm passes
through an internally threaded hub 115, 0f a
bevel gear 116 that is rotatably mounted in
a bearing on the column 44, and is provided
at the lower end of the hub 115 with a thrust
dollar 115°. The carriage is provided at
its upper end with a bracket 113 having a
boss 118 concentric with the bearing. A

sleeve 119 having a forked projection 1201

slidably fits the boss 118 and a pin 121 passes
through holes in the shaft 111 and sleeve

119 and through a slot 122 in the boss 118,

The forked end 123 of the projection 120 em-
braces a lever 124 pivoted at 125 to 4 lug on
the bracket 113 and having on its opposite
end a slot 126 engaging a pin 127 that is car-
ried by a vertical trip bar 128 supported in
bearings 129 and 129= upon the carriage 86
and capable of a limited vertical adjustment.
The screw shaft 111 is prevented from ro-
tating by the pin 121 and it will be seen
that as the bevel gear 116 is rotated in the
bearing 117 the shaft 111 will be moved ver-
tically in the threaded hub of the gear 116
and that the carriage 86 will be moved up or
down, accordingly as the gear is rotated.in
one or the other direction.” Rotation is m-
parted to the gear 116 by the bevel gear 130
secured on a shaft 131 and meshing with the
gear 116 and this rotation is automatically
reversed at the end of each vertical move-
ment of the carriage 86 by the following de-
scribed mechanism. The shaft 131 to which
the bevel gear 130 is secured is preferably ro-
tatably mounted in a bearing 132 carried by
a bracket 46° depending from the spider 46

‘and carries a larger spur gear 133 keyed

thereto. This gear is in mesh with a spur
and 5) keyed or oth-
erwise secured to a shaft 135 that is mounted
in bearings 186 and 137 on the column 44
and carries bevel gears 138 and 139 running
loosely thereon. The bevel gears 138 and
139 are in constant mesh with a small bevel
gear 140 upon a shaft 141 journaled in bear-
ings in the column 44 and provided at its
outer end with another bevel gear 142 in
mesh with a similar gear 143 upon a verti-
cal shaft 144 having
column 44 and provided af its lower end
with a universal coupling 146 (see Figures
4 and 7). A tumbler rod 147 connects this
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cou})tling with a similar coupling 148 uﬁon a
‘shaft 149 mounted in bearings in the hous:
ing 47 (see Figures 1 and 7), and driven by

earing 150 from' gearing 151 arranged on

the speed change shaft 52. Through the .

above described transmission mechanism the

~ bevel gears 138 and 139 are caused to rotate

-10

15

‘in ogposite directions upon the shaft 135.
T

ese gears are provided with clutch
teeth 138* and 139° respectively (see Figures
5, 6, 22, 33, 34 and 36) and a clutch collar

152 having corresponding clutch teeth to in-.
terlock with the teeth 138* and 139® is.ar- -

ranged between the gears 138 and 139 and is
slidingly splined to the shaft 135 to rotate
therewith. It is obvious that if the clutch

-collar 152 is brought in engagement with

_ the clutch teeth of the gear 138, the gear 116

20

will be revolved in a predetermined dired-
tion and if the clutch collar is connected. to

_ the clutch teeth of the gear 139 the gear 116

30

will be revolved in the opposite direction
and that the carriage 86 will be moved in
corresponding opposite vertical directions.

_Clutch connection is shifted alternately be-

tween the gears 138 and 139 caused by the
vertical travel of the carriage 86 by means
of a bell crank lever 153 (see Figure 6) ful-
crumed at 154 on the column 44 and engag-
ing with considerable axial play an annular
slot 155 in the clutch collar. The lateral
arm 153 of the bell crank lever is alternately
struck at the termination of the carriage

._travels, by trip blocks 156 and 157, thereby

35

rocking the lever on its fulerum and moving

- . the clutch collax from connection with one

40

to the other of the gears 138 and 139. The
lever 153 is preferably provided with a de-
pending arm 158 engaged by a spring-

pressed latch 159 slidingly arranged in a.

. bracket 160, the arm and latch having bev-

45

eled interlocking ends for tripping and hold-
ing the lever 153 in either extreme position
with the clutch collar 152 in engagement
witk one of the gears 138 or 139. The trip
blocks 156 and 157 are vertically adjustable

“on the bar 128 (Figure 23) to adjust the

50

travel of the carriage to various lengths of
grinding work. Adjustment.of the travel of
the carriage to close limits may be readily
made by adjusting the actuating screws 163
in the blocks 156 and 157.

 The lateral feed or “setting up” mechanism.

b6

The work-carrying chuck 66 and chuck

. spindle 60, as above described, are mounted

60

on the lateral feed block or saddle 59 and
means aré provided to move this saddle upon
its guideway laterally against the grinding
wheel at the termination of the vertical
travel of the wheel carriage 86. - As some of
these feeding movements, when extreme ac-
curacy is required, are very slight in extent,
at times not exceeding one ten-thousandth

part of an inch to seélire"the”‘required ac-
curacy, means are provided whereby the nat- -

ural slack in the moti
is compensated for.
Referring first to

Figutes 1, 8 and 9, the

feed screw 200 is mounted in ;@bearmg 201

m transmitting screw.

70

in the column 44 and is provided with a
driving bevel gear 202, keyed to the shank

-of the screw and rigidly held against a .-

-shoulder 203 by a threaded ‘nut 204.  The 75

faced back of the gear 202:is held to bear "

against the faced end of the bearing 201 by

a coil spring 205 arranged in a socket in the .

bearing and tensioned. against a collar 206

‘held against longitudinal movement on the

feed screw shank. The threads of the feed
screw 200 fit internal threads in a lug 208
intégral with the feed block 59 and- also
with the internal threads of a.follower nut
209. This nut is free to slide with the feed
block but.is prevented from “turning by

bearing against a face 210 on the feed block.

A coil spring 211 is interposed between the
lug 208 and nut 209 and keeps the threads of
the lug against the driving side of the screw

80

90

threads. The feed screw 200 is rotated by -

means hereinafter described to move the:

feed block 59 in the direction of the arrow

in Figure 8 when feeding the work against

the grinding wheel and it will be seen that

any play in the screw threads or back lash
in the screw 1s effectually prevented by this
construction. A tongue 212 (Figure 1) of
the ring formed bearing block 59* projects
into the circular groove of the feed block
and by reason of this construction, the
chuck-carrying spindle 60 may be readily
adjusted for any desired alinement and se-
cured in place by the clamping bolts 59°
(Figures 8 and 9).. The feed screw 200 is
operated through  a - vertical shaft 213
mounted in bearings on one side of the col-
umn 44 and carrying at its lower end a small
bevel gear 214 in mesh with the feed screw
gear 202 and at-its upper end a bevel gear
215 (see Figures 8, 10 to 13) in mesh with a
bevel gear 216 carried by a shaft 217. This
shaft is mounted in bearings 218 in a bracket
219 that is fastened to the side of the col-
umn 44 (Figure 7). A hand wheel 220 is

keyed to the outer end of the shaft 217 and -

a collar 221 having yoke arms 221¢ is loosely
mounted on said shaft. A finger plate 220*
having locking pins 221 passing loosely
through the hub of the hand wheel 220 and
normally into holes in the yoke collar 221,
is arranged on the end of the shaft 217. By
means of this finger plate the hand wheel
220 and shaft 217 may be brought in or out
of operating connection with the yoke collar

221." -Between the yoke arms 221* and jour- -

naled therein, is a worm 222 provided with
a knurled finger grip 223. A sleeve 224
surrounds the shagt 917 and this sleeve is
provided at its outer end with a worm wheel
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225 in mesh with the worm 2922 and at its
inner end with a ratchet wheel 226, both
worm wheel and ratchet wheel being keyed
to the sleeve to turn therewith (Figures 10
and 11). A short sleeve or hub 227 having

- arms 228, 229 and 230; is loosely mounted
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‘The intermittent rotary
‘ratchet wheel thus

on the sleeve 224, and spring-pressed pawls
231 and 232 are pivoted to the arms 229 and
230 respectively and are in a position to
engage the ratchet 226. 'The pawls 231 and
232 are actuated to turn the ratchet wheel
in the direction of the arrow in Figure 12
by means of a connecting rod 233 pivoted to

‘the arm 228 and to a bell crank lever 234

(see Figures 3 and 4) fulcrumed at 235 on
the column 44. On the opposite side of the
column is fulcrumed at 236 a feed lever 237
and a horizontal rod .238 connects the said
lever with the vertical crank arm of the bell
crank lever 284 (Figure 3). The lever 237
is provided with a depending. arm 287
preferably curved to clear the shaft 135 an

provided with a roller 239 (Figures 3, 6, 33,
35 and 86). The vertical trip bar 128, at-
tached to the carriage 86, as heretofore de-
scribed, is provided with actuating cam
blocks 240 and 241
ing inclined faces 242 and the roller 239 is
in position to be engaged by these - faces,
whereby the lever 287 will be rocked on its

fulerum in the direction of the horizontal-

arrow in Figure 8 at the end of the upward
and downward movement of the spindle car-
riage 86. .

A stop lug 243 is provided on the column
44 and a spring 244 normally keeps the ver-

tical arm of the bell crank lever 237 against .

this stop, as shown in Figure 35, where the
carriage is represented as in its upward
travel, the inclined face of the lower block
240 moving toward the roller 239. A fur-
ther movement of the carriage in the direc-
tion of the vertical arrow will foree the de-
pending arm 237* inward and rock the lever
237, bell crank lever 234 and pawl-carrying
arms 229 and 230, thereby actuating the
ratchet wheel 226 in the direction of the

arrow in Figure 12. During the subsequent

downward travel of the carriage 86, gravity
aided by the spring 244 will return the ac-
tuating parts to the normal position and at
the termination of the downward movement
of the carriage the inclined face 242 of the
upper actuating cam block 241 will likewise
engage the roller 239 and again actuate the
ratchet wheel 226 in the same direction.
motion of the
produced is transmitted
to the feed screw 200 through the worm
wheel 225, yoke 221, horizontal shaft 217 s
vertical shaft 218 and bevel gears 214 and
202. The oscillations of the pawl-carrying
arms 229 and 230, as produced by the ac-
tuating cam blocks 240 and 241, are of a
fixed predetermined degree, but it is desir-

(Figures 8 and 33) hav-
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able that the length of the intermittent ro.
tary movement of the ratchet wheel be ad-
justable and I therefore provide means

whereby the actuating pawls are lifted out.

of contact with the ratchet teeth during any
desired portion of their strokes.

Referring to Figures 10, 12 and 13, I ac-
complish this result by providing slotted
curved shields or covers 245, closely over-
lapping the ratchet teeth and preferably ad-
justably fastened to a stationary disc. 246
by means of clamping bolts 247." The dise
246 is preferably mounted loosely upon the
sleeve 224 or shaft 217 and is shown held
against rotation by a threaded key 248
screwed partly in the hub of the dise 246

-and partly in the bearing 218. * As shown,

the covers 245 are adjusted so that the. up-
per pawl 231 will advance the ratchet wheel
226 four teeth, while the lower pawl 232
will advance the ratchet wheel 226 onl one
tooth, the pawl-carrying arms being shown
at the limit of their movement in the diree-
tion of the arrow in Figure 12. Means are
provided, as will be hereinafter described,
for lifting any one or both pawls out of
working contact with the ratchet wheel, but
when both pawls are in working position,
as shown in Figure 12, the ratchet wheel
will be advanced four teeth for every for-
ward stroke of the pawls, the pawl 232 be-

ing substantially inactive and sliding over

the cover 245 ‘except for the last tooth
length of the stroke. When, however, the
upper pawl 231 is raised, as indicated by
dotted lines in Figure 12, the ratchet wheel
will be advanced a one tooth length only by
the pawl 232 for each working stroke of the
pawls. The feed screw 200 will be turned
in degrees corresponding with the ratchet
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wheel and will move the saddle 59 carrying

the chuck spindle 60, correspondingly,

It will be readily seen, therefore, that
when the upper pawl 231 is in working posi-
tion, the feed will be coarse, when this pawl
s raised the feed will be fine, and when both
pawls are removed ‘from contact with the
ratchet wheel, the feed will entirely cease.
I prefer to provide suitable braking
to prevent- overthrow of the ratchet wheel
226, preferably consisting of a brake drum
249 fastened to the sleeve 224, a brake band
250, encircling the drum 249, a threaded rod
251 fastened to the brake band and passing
through a rib of the bracket 219 and being
provided above the rib with a compression

- spring 252 and an adjusting nut 253. (Fig-

ures 6, 7 and 10.) .

The automatic gaging and oontrolling'
' mechanism.,

Referring first to Figures 14, 15 and 16,
the hollow spindle 60 carrying the chuck

166, not shown in these figures, is provided
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“with an internal concentric post 264 rigidly’
secured to the wall of the spindle,
- ably by means

refer-
of wings 265 embedded in ta-
pered ‘grooves 266 in the post 264 and at-
tached to the inside surface of the spindle
preferably by screws 267. A threaded por-
tion 268 of the post projects below the
wings 265 and a clamping nut 269 on the
threaded portion is tightened to draw the
posts downwards and_force the tapered
wings rigidly against the wall of the spin-
dle 60. A sleeve 270 slidingly fits the post
964 and carries at its upper end preferably

~ two gage pins 271 and 271® secured by set

15

20

. pin 271 is a minute fraction of

30

screws or pins 264 and having hard metal,
glass or diamond gage points 272. The
gage pins are preferably round in cross
section and flat surfaces 271> are milled at
each end to bear on the under side of the
piece to be ground. (See also Figures 25
to 82.) Both ends 272 are preferably round-
ed, as shown in these figures, and the upper
an 1nch
‘shorter than the lower pin 271* A groove
973 is milled in the side of the post 264
opposite the gage points and a serpentine
spring 274 is arranged in the groove 273
and tends to force the sleeve against the post

- 964, thus taking up any play that might

develop between the sleeve and the post and
assuring a positive gage measure at all
times. The post 264 is provided with a lon-
gitudinal aperture 275 and a pin 276, into
which is screwed a rod 277, is slidingg ar-
ranged in the aperture 275 and is held up-
wards against the closed upper end of the
sleeve 2%0 by a long coiled compression

_ spring 277 bearing with its lower end

40
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against the closed end of a pipe 278 that is
screwed or otherwise secured in the post
964. When the rough tube 68 to be ground
is ipserted into the chuck 66 it is under size

_in internal diameter and the gage points 272

will not enter the tube but will bear against
the inner. edge thereof, impelled upwards
by the coiled spring 277 The pipe 278 ex-
tends downward through the spindle 60 and
is secured at its lower end to the cap of an
electrical switch box 279, preferably cylin-
drical in form, and provided at its upper
and lower ends with enclosing caps 2792
Within the switch box are pairs of elec-
trical adjustable contact points 280, 281 and
282 that are adapted to be contacted by a
disc 283 on the rod 277, said rod extending
loosely downwards through the pipe into

. the switch box. The rod 277 passes loosely

60

65

through the contact disc 283 and carries a
collar 284 above and a collar 285 below the
disc and a coiled compression spring 286 is
interposed between the upper collar 284 and
the disc and a buffer spring 287 is prefer-
ably arranged between the lower collar 285
and the disc. The contact points.280, 281
and 282 are insulated from each other by

7

suitable insulating material 288, and the
contact points 281 are yieldingly arranged
in sockets against springs 281* and are ar-
ranged below the points 282 (see Figure
33) for reasons which will hereinafter ap-
pear. : : :
Electric battery wires 289 (see Figures 22
and 33 are connected to the contact points
280 and the disc 283 when in contact with
said points completes a circuit A through
a battery 290 and a magnet 291. Battery
wires 292 run from the contact points 282
and an electric circuit B through the bat-
tery 290 and a magnet 293 is closed when
the disc 283 bridges the points 282. The
armatures 294 and 295 respectively for the
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magnets 291 and 293 are pivoted upon the

clutech arm 153* and form latches for an:

actuating head 296, pivoted at 297 to the
clutch arm, said head having locking shoul-
ders 298 which the armature latches nor-
mally engage. A spring 299 is secured to
the clutch arm at 300 (Figure 22) and the
outer end of the spring 1s engaged in a
slot 301 in the head 296 so disposed that
in a normal neutral position of the spring,
as shown in Figure 33, the actuating head

86

90

is held in a middle position locked by both

‘the latches 294 and 295 which are drawn

against the head by a temsion spring 302.
The head 296 is in the path of the actu-
ating trip blocks 156 and 157 and when
said head is locked against rotation by both
armature latches, as shown in Figures 1 and
33, the clutch lever 153 will be thrown alter-
nately in opposite directions as the screw
heads 163 of the trip blocks alternate in
striking the projecting lug of the head dur-
ing the travel of the carriage 86 and the
carriage will be correspondingly reversed
as heretofore described. When, however,
one of the magnets 291 and 293 is energized
by the closing of one of the circuits A or
B, the corresponding armature latch will be
withdrawn from its locking shoulder on the
actuating head 296 and the head will turn
on its pivot when engaged by the trip block,
permitting said block to pass without mov-
ing the clutch lever to reverse the travel
of the carriage 86 as indicated in Figure 22.
This figure represents the relative position
of the clutch controlling parts just after
a piece of work has been finished and the
carriage is in the act of passing from the
lower grinding to the higher idling plane
which permits of access to the work-holding
chuck and a change of the work.

During the passage of the grmding wheel

‘out of the finished. piece of work to a higher

plane, it is important for obvious reasons
to prevent the feeding of the work-holding
chuck when the wheel is at the feed point
near the top of the piece passing upwards.
As heretofore stated, it is also necessary to
prevent the upper pawl 231 from operating
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the ratchet

wheel 226 during the fine firiish-
ing feed.

I prefer to accomplish both of
these objects” by removin by electrical
means the actuating pawls for the feed out
of engagement with the ratchet wheel 226
at the periods required, (sce Figures 12 and
33 to 86). Upon the bracket 219 and in-
sulated therefrom
and 305, having armatures 306 and 307 re-
spectively pivoted upon brackets 308 at 309.

- The armatures are provided with detents

15

20

310 and springs 311 hold the armatures in
normal position against stops 312. The
pawls 231 and 232 are provided with tail
pieces 313 having pins 314 projecting under
the detents 810." When the magnets are
energized, the detents will engage the pins
814 and raise the pawls away from contact
with the ratchet. wheel, as indicated b
dotted lines in Figure 12 and full lines in

Figure 36 and when the magnets are again

de-energized the springs 311 will raise the
detents and permit tlgme pawls to resume
working contact with the ratchet wheel.
Battery wires 815 are connected to the mag-
net 804 and complete an electrical circuit C

. to'energize the magnet 304 through the bat-

30
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‘tery 290 and contact points 281 when said

points are contacted by the disc 283, Bat-
tery wires 316 are connected to the ‘magnet
305 when the disc 283 contacts the points
282 and an electrical circuit D ig completed
through the battery 290 to energize the
magnet 305, ’ :

In the operation of grinding, the work-
piece to be ground is inserted in the chuck
66 after the grinding wheel has been raised
to a higher level. The opening in the work-
piece being less in diameter than the length
of the gage pins, the gage sleeve 270 and

- rod 277 will be depressed by the insertion

50
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of the piece, thereby opening the electrical
circuits B and C and closing circuit A in
the switch box 279. This initial position is

.illustrated in Figure 34.

Referring now to F igures 14, 24 and 25, a
stationary guard 85° is rigidly fastened to
the grinding wheel arbor housing 85¢, pref-
erably by means of a clamping bolt 85,
The guard partially encircles the wheel and
is provided with a horizontal tongue 85¢
projecting under the wheel 81. When the
grinding wheel 81, during the grinding
reaches its lowest position, as shown in Fig-
ure 14, the tongue 85¢ of the guard 85* will
engage the upper end of the gage post sleeve
270 and further depress the roq 277 against
the spring 277+ and 286. On the upward
movement of the grinding wheel, the upper
gage pin 271 will at first continue to be ar-
rested against the under edge of the work-

‘piece 68 until the internal diameter is large
enough to admit this age, when it will pass
into the opening ang

similarly be

85

the lower gage will
arrested and stop the upward

I arrange magnets 304

y the wheel guard

,and followin
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movements of the
gage pin can also
I have found that
vibratqr

gage post until the lower
pass into the work piece.
a very slight and rapid
action relatively of the gage pins

‘8nd work-piece is a material aid to the free

entering of the gage
iece when the precise
een attained. To illustrate this vibratory
action, I have shown in F igure 24 a slight

Pins into the work-

. angular upper surface 270= of the gage post

270 and a similar
under side of the
gularity of both
greatly exaggerated. When the stationary
guard tongue 85¢ presses down on the rotat-
Ing gage post the desired slight -vibratory
action 1s set up in the post to assist the gage
pins in entering the work-piece freely when
whe, asses upwards. uring
the initial part of the grinding operation,
the dise 283 wil] be depressed to contact the
points 280 of the circuit A, as shown in Fig-
ures 14 and 83. This circuit is provided
with yielding contact points 817 and an in-
sulated circuit closer 318 is arranged prefer-
ably upon the adjustable idling trip block
319 on the lower part of the trip Ear 128
(see Figures 1, 3, 33, 84 and 36). The cir-
cuit B is provided with similar contact
points 320 adapted to be contacted by a cir-
cuit closer 321 upon the trip block 157. .
'During the entire grinding operation, both
circuits A and B are open, the position of
the circuit closers 818 and 321 being adjusted
on the reciprocating trip bar 128 so that they
can not close the circuits at this time by
bridging the contact points 817 and 820.
The actuating head 296 of the clutch lever
153 will therefore be held in a rigid position

angular surface 85° on the
guard tongue 85¢, the an-

~on the lever by latch armatures 294 and 295

and the clutch 152 will be actuated to alter-
nately reverse the spindle carriage 86. Dur-
ing the first part of the rinding, the circuit
C will also he open, as siown in Figures 33
and 34, permitting workin engagement of
the upper pawl 231 with tﬁe ratchet wheel
226 and the feed of the work-holding chuck
will therefore be more rapid or coarse.
When the grinding has roceeded to a point
where the upper and shorter gage pin 271
passes into the work-piece, the contact disc
283 will pass upwards to the contact points
281 closing the circuit C, as illustrated in Fig-
ure 35. The pawl 231 will then be removed
from working contact with the ratchet wheel

surfaces, as shown, being .

gage measurement has -
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226 and this wheel will be rotated in a much

shorter step movement, resuiting in a finer

feed for the final finish grinding. I prefer -

to provide means for retaining the pawl 231
In a raised osition, independently of the
electric circuit during the finish grinding
idling period in order to
lessen the work of the battery 290.
Referring to Figures 33 and 35, a latch
arm 322 is pivoted to the frame of the mag-
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net 304 or other suitable stationary part at
393 and normally rests on the projecting
end of the magnet armature 306, held there-
on by the tension of a spring 324. In the
circuit C of the magnet 304 is interposed
circuit breaking contact points 325 and a
circuit closer 326 is arranged on the trip bar
128, preferably on the trip block 319. Only
at the lower end or grinding positions of the
arbor carriage 86 and trip bar 128 are the
circuit breakers 325 spanned by the closer
396, as indicated in Figure 33, and when the
circuit C is closed, as above described, as
shown in Figures 35 and 36, the latch arm

322 will drop behind the armature lever 306. -

As the spindle carriage ascends, the circuit
will be interrupted but the latch arm 322
will prevent the armature lever from return-

ing and the pawl 231 will be held away from

the ratchet wheel 226. The latch arm 322 is
provided with a crank arm 322* and a cam
397 is carried by the trip bar 128, which in
the idling posifion of the bar engages the
crank arm 322* and raises the latch arm to
permit the armature lever 306 to drop the
pawl 231 to the ratchet wheel when the cir-
cuit C is broken by the contact disc 283, as
shown in Figure 33. It will be seen, there-
fore, that the circuit C is only closed at the
lower end positions of the spindle carriage
during the fine feed finish grinding and open
at all other times. This condition is illus-
trated in Figure 35, where the grinding
wheel is shown moving upwards in the work-

5 piece after leaving the gage post and the

coarse feed pawl 231 is being held away
from the ratchet wheel 226 by the latch arm
399. The fine feed grinding will then auto-
matically proceed until the lower gage pin
971= also passes into the work-piece 68, as
illustrated in Figures 22 and 36. The con-
tact disc 283 will then have passed further
upwards, compressing the springs 281* of
the contact points 281 and make connection
with the contact points 282. This connec-
tion closes the battery circuit D, energizing
the magnet 305 and raises the fine feed pawl
932 from the ratchet wheel 226, preventing
the feed movement when the grinding wheel
comes to the feeding point at the top of the
work-piece. Before this point is reached by
the upward moving carriage 86 and trip bar
128, the electrical circuit B will have been
closed by the circuit closer 321, as illustrated
diagrammatically in Figure 22, and the car-
riage 86 will then pass on to the higher cle-
vation illustrated in Figure 36.

From the above it will be noted that both
the initial or coarse feed and the fine or fin-
ishing feed, as actuated by the cam blocks
210 and 241, will take place at both ends
of the work-piece. When, however, the al-
lowable limits of measurement, within
which the finished work must be produced,
is extremely close and great accuracy is re-

=

quired, it is desirable to omit the fine feed
at the bottom of the work-piece and let the
grinding whe 1 pass upwards in light con-
tact with the internal surface of the work-
piece, which operation is generally toermed
“tarry grinding,” the-wheel barely touch-
ing the ground surface of the work. For
this purpose I provide means for automati-
cally releasing the upper feed actuating block
941 when desired. Various means may be

provided for this purpos*, but I have shown

in Figures 33 and 35 a depending cam arm
241* pivoted to an adjustable block 241° on
the trip bar 128 at 328 and having a lug 329
against which the end of an armature arm
330 of a magnet 331 normally bears when
the feed is desired at both ends, as shown in
Figure 33, the armature arm being held
against a stop 332 by a spring 333. The cam
arm 241* is provided with the beveled cam
surface 242 to engage the roller 239 of th=
feed lever 237 and the spring 244 normally
holds the cam arm against a stop 243. The
circuit wires 336 from the magnet 331 are
connected to the circuit C, forming a circnit
E and a switch 337 is arranged in the circuit
E whereby the circuit may be held open or
closed, as desired. When the switch 337
is open, as shown in Figure 33, tho fine feed
will be operated at both ends of the work-
piece, and when the switch is closed, as in-
dicated in Figure 35, the fine feed will be
tarried and operated at the top of the worl-
piece only. The upward travel of the grind-
ing wheel through the work-piece will then
be transformed into tarry grinding and will
rosult in extremely close gage measurements.
When the work-piece has been finished and
the carriage and grinding wheel has auto-
matically been transferred to a higher level,
as heretofore described, the finished picce is
removed from the chuck 66 and the feed sad-
dle 59 is returned to the initial position by
turning the hand wheel 220. A new piece
is then ins-rted and fastened in the chuck
and when the switch 338 is closed, the grind-
ing wheel will descend into the work-piece.
At the beginning of the grinding, the set up
of the grinding wheel to the work may be
adjusted to a very minute degree by the
operator turning the worm 222 by ‘the
knurled finger grip 223 which operation
turns the shaft 217 and feed scrow 200 in-
dependently of the sleeve 224 to which the
actuating ratchet wheel 226 is secured.

A hand wheel 135 is also preferably ar-
ranged on the shaft 135 whereby the grind-

ing wheel carriage may be moved up or

down and the chuck spindle rotated manu-*

ally by the operator, if desired.

During the elevation of the grinding
wheel to the higher plane, I prefer to stop
the lateral feed of the chuck saddle by mak-
ing the lower actuating cam block 240 of

sufficient length to contact the roller 239
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on the straight face of the cam block con-
stantly in the upper position, as indicated
in Figures 33 to 36.

It may be sometimes drsirable to retain at
will the carriage at the high elevation or
idle position, even after the new work-piece
has been inserted in the chuck 66. For this
purpose, I introduce a suitable switch 338
in the battery circuit A by which the descent
of the carriage to the lower working posi-
tion may be controlled at will by the opera-
tor, if desired.

The electrical control of the grinding
operations of the machine as actuated auto.
matically in the switch or contact hox 279,
and controlled primarily by the gage
mechanism, enables me through flexible wire
connections to the switch box to conven-
iently swing the work-holding chuek and
spindle to any desired angle for the pur-
pose of grinding comical internal surfaces.
This feature of the invention is ilustrated
in Figure 37, where the work-holding chuck
and spindle are shown at an angle of about
thirty degrees to the grinding arbor. The
chuck saddle 59 is then swun o either to the
right or left, according to the direction of
the feed, to bring the grinding wheel in
the proper position and the work piece is
fed against the wheel, as for straight cylin-
drical grinding. ,

The chuck for holding the work-piece 339
may be of any suitable construction, as for
parallel work, as shown, or may be modified
to suit the particular form of the piece to be
ground conically. The gage pin or pins 271
rest against the small hole end of the Piece
and when the hole is enlarged sufficiently,
the gage passes into the work piece and the
automatic electrical control operates exactly
as for straight cylindrical work. It is of
vital importance for accurate work to have
the gage post exactly concentrie to the chuclk.
carrying spindle and I am enabled with this
machine to grind the post to an exact paral-
lel and concentric position relative to the
chuck-carrying spindle. This feature is il-
lustrated in Ifigure 88. The chuck s re-
moved from the spindle, which is mounted in
its bearings 61 and 62, off-set eccentrically in
relation to the grinding arbor and rotated as
for grinding. The rotating post 264 is then
fed against a grinding wheel 81 on the arbor
82, rotating at grinding speed until the up-
per portion of the post 264 is in precise con-
centric alicnment with the spindle 60. Tt
Wwill readily be understood with reference to
the drawings and from the foregoing de-
scription of the construction and operation
of the automatic gage system embodied in
this machine that the gage pins 271 and 271=
being in constant contact with oither the
work-piece or wheel guard, will absorb
through this contact the heat resulting from
the grinding and that therefore substantially
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the same temperature will be maintained in
the gage pins as in the work piece at
temperature resulting either from wet or
dry grinding.

It will also be noted that with the vertical 7

arrangement and novel construction of the
hollow chuck carrying spindle, with the in-
ternally supported gage post, free  and
constant egress for water and dust from the
grinding point is provided without coming
In contact with any of the bearings. The
water used in wet grinding will drop off
from the lower end of the sleeve 270 and can
not enter between the sleeve and gage post.

In case the novel automatic gage system
here illustrated and described is applied to
a grinding machine of the horizontal type
as indicated in Iigure 39, the sleeve 270 is
preferably provided with a stufling nut 342
to prevent water or dust from entering be-
tween' the sleeve and gage post 264. The
construction of the hollow spindle is other-
wise identical, as in the vertical machine,
and water with grinding refuse would es.
cape similarly through the open end 343 of
the spindle,

While I have illustrated the gage pins 271
and 271* of the preferred form, as above de-
scribed, it is evident that various modifica-

tions of the pins may be made within the !

scope of the invention. In Figures 26 to
81 inclusive, I have illustrated some of the
modified gage pin forms and means of ac-
curately holding the pins in position in the
gage post.

In Figures 26 and 27, the pin is shown
provided with a shoulder 344 held against
the post by a set screw 345 bearing against
the forward side of a conical indentation
346 in Figure 26 and by a coil spring 347
tensioned against a collar or nut 348 in Fig-
ure 27. For work where close limits of the
finished measurements are not required, the
fine feed mechanism may be omitted and a
single - gage pin 849 substituted for the
double gage, as shown in Figure 28.

I have shown and described a grinding
device for operating on a tubular piece of
work, but I do not confine myself to such use.
Figure 38 illustrates how the grinding wheel
may be utilized for operating on the surface
of a solid body, such as a rod or shaft. In
that case the lateral feed of the work-holder
will be performed in the same manner, the
meeting surfaces of the work and the grind-
ing wheel being convex instead of concave,
as in the case of a tubular piece of work.
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The gages would, of course, be modified in -

form _or made circular to fit the end of a
round rod or shaft instead of entering the
open end of a tube.

Briefly, the operation of the machine is as
follows: Assuming that the machine has
been started and the grinding wheel is mov-
ing up and down in its idle position above
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work in the holder,

circuit A in the switch box. The plate 296
will be released and the grinder will continue
its down idle stroke to merge into the initial

‘down-stroke of the working position.

‘As shown in Figure 33, the grinder reaches

"the limit of its' downward working stroke
" and the contact 163 ven%ages the

late 206
and throws the clutch, the circuit A having
been broken between the contacts 317.. This
throwing of the clutch 152 starts the grind-

this continues until the lower contact 163
engages the plate 296 and throws the clutch
in the other direction. -This up and down
movement of the grinding wheel in the work
will continue with a coarse lateral feed of
the work until the upper gage pin enters the
work, when the feed will be automatically
shifted from coarse to fine. This will con-
tinue until the lower gauge pin enters the
work; when the circuit D and B will be

" closed and fine feed will be arrested and the

grinder will start on its upstroke and out of
the work. ,

In case tarry-grinding is desired at any
time, the operator will close the switch 357
and fine feed will then only take place at the
upper end of the stroke of the grinder, the

5 feed at the lower end being eliminated.

When the grinder reaches its idle position,
it preferably is reciprocated in that position

‘while the operator removes the finished piece

of work and substitutes another: piece.

By opening the switch 338, the operator
may keep the grinding wheel reciprocating
in its idle position until such time as he de-
sires to resume the grinding operation.

In case the operator should desire a light
cut in the work and render the coarse feed
temporarily inactive, he may remove the up-
per gage pin and perform the grinding op-
eration with the lower pin alone. This will
result in utilizing only the fine lateral feed
of the work and enable the user to make
only a light cut on the internal surface of
the worlk. )
by adjusting the curved shield 245 on the
ratehet wheel 226 so that the pawl 232 can
not contact with the ratchet teeth. Both the
coarse and fine feed may be varied by ad-
justing the shields so that the actuating
pawls will engage more or fewer ratchet
teeth. .0 - . '

To maintain the highest efficiency and
rapidity of the work, it is of special advan-
tage especially where several grinding units
are simultaneously operated, that the oper-
ator be made aware of the precise moment
when the work piece is finished. I therefore

ig,141

gage pin, as shown in Fig-+
-ure. 34. * This will have the effect, as hereto- .
fore described, of bringing the ‘disc 283 in
contact with the pins 280 and closing the-

on its return working stroke and-

Figure . 30,

. ity .

The same result may be obtained

11

_ai‘,r:’s.ijr:xgé‘ an electrically operated-signal 353

Figure 36) which may. be either alight,
a bell or other suitable signal, in the circuit

B, so that when the work piece is finished

and this circuit is closed and the grinding

wheel is about to ascend to a higher plane,
the operator -will be made = immediately
aware of the faet..

safety 1 also prefer.to

arrange a permanent

- and positive stopping place for the carriage

at the lowest extremity of its travel and in-
dependent of the screw shaft 111. For this
purpose the screw threads ave cut away on
the screw 111 for ‘some distance above the
bearing 112 and a lug 854 (Figures 3, 4 and
6) is arranged to project from the frame 44.
An adjustable screw 355 provided with ‘a
check nut is screwed into the lower end of
the carriage 86, the head of which will con-
tact with the lug 354, resting the carriage
thereon when it 1s in its lowest position,
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1n fagure 29 a gage is shown comprising .

“three shouldered pins 350 in the samne plane

and fastened to the gage post in any suit-
able manner, as by a press fit.. Figures 30
and 31 show a circular or disc gage member
351 secured to the gage post preferably by
being pressed on a tapered pin 852 of the
post. This gage is use when grinding
tluted or- grooved surfaces, as indicated in
and holes 351* may be provided
in the disc for the passage of water.” When
grinding short articles, as illustrated in Fig-

090

ure 314, it is expedient to use a gage pin 357 .

having an upwardly offset gage end 358 in
order to make sufficient clearance so that
the grinding wheel will not pass out of the
work-piece when the wheel is at the extrem-
of its upward travel when grinding.
While I have generally shown the gage pins
as gaging the work at both ends of the pins,

it is evident that a single gage point at one.
_end of the pins would accomplish equivalent

results. -
. Many other details of construction of the

evice shown may obviously be modified in

105

110

various particulars without exceeding the .

sgope
fore, confine the claims of the invention to
the particular details shown and described.

While the general wear of the grinding
wheel is seen to be automatically compen-
sated for by the feed mechanism of the ma-
chine, moving both the work-piece and gage
pins toward the grinding wheel, occasion-
ally relatively harder spots or sections exist-
or come to the surface as the grinding wheel
wears off.  The unequal hardness of grind-
ing wheel ordinarily seriously interferes
with the efficiency of the machine and the
accuracy of the work turned out. To ob-
viate this difficulty, I provide means to auto-
matically reduce the high spots or sections
of the grinding surface and preserve the

‘wheel in a perfect circular form. These

of the invention, and I do not, there- -
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means consist of a small diamond or similar
hard substance 360 (sce FFigure 37) arranged
above the chuck 66 in a vertical plane with
the grinding point of the grinding wheel
and’ adjusted to a position so that when the
revolving wheel passes upwards to and in

- the idling position and again downwards
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 When the gage is

50

“grinding wheel is necessarily

to the grinding position, the point of the
diamond will remove any high and hard
spots that may be present upon the grinding
surface of the wheel. The body of the dia-
mond is secured in a threaded pin 361 that
is adjustably mounted in a sleeve 362. F or
reasons of general adaptability the sleeve
362 is supported adjustably in a. bracket
363 and this bracket is secured to the feed
saddle 59 so that the diamond point is con-
stantly kept in the same vertical plane rela-
tive to the grinding point in the work-piece.

During the operation of the machine, it
is at times desirable for the operator to be
able to throw the lateral or setting-up
feed out of action, while the grinding wheel
is in the lower working position. For this
purpose I provide a special electrical circuit

having connections with the magnets 304
and 305 and deriving energy from a battery
864. A circuit breaker provided with a hand
switch 365 is arranged in the circuit F by
which the working of the pawls 231 and 232
may be controlled and thrown in and out of
operation to start and stop the feed at any
time during the operation, as in Figure 36,

In the operation of grinding, particularly
with a coarse feed, and using water or a
grinding fluid, it is desirablé to maintain the
temperature of the gage pin as near as pos-
sible to the temperature of the work. Where
the gage pin contacts at its end with the
work and the water or grinding fluid passes
by the pin rapidly, any heat transmitted
from the work to the pin_would be dissi-
pated and to prevent this, T prefer to insu-

- late the gage pin, as shown, with a suitable

nonheat conductor, so that no heat will be
transmitted from the pin to its support.

will expand -during the wet orifiding com-
mensurate with the expansion of the work,
the two parts maintaining a uniform ratio
of expansion and contraction. Thus I ‘am
able to obtain a more accurate gage of the
work.. Both gage pins may be insulated
from their support by any suitable non-
heat conducting material.

In an internal grinding machine, the
of compara-

tively small diameter and the wear on said

" wheel is quite appreciable, and when 1 fixed

‘80

stop is employed to regulate the completion

- of the grinding operation, such variation in

65

the diameter of the wheel, due to wear, must -

necessarily cause variation and inaccuracies
in the internal diameter of the work and
necessitate hand feeding to complete the

insulated in this way, it

-when ground to the

" 16,141

work. The use of my automatic gage en-
tirely eliminates this objéction, for regard-
less of the wear on the grinding wheel, the
gage will automatically enter the work and
check the grinding operation when the work
has been ground to the predetermined fin-
ished diameter. The gage will also indicate
to the operator that the hole has been ground
to the finished size without repeatedly with-
drawing the grinder from the work, caus-
ing bell-mouthing. This controlling device
eliminates the fit and try processes of hand
plugging, made necessary by wear on the
grindstone, and allows a single operator to
grind a plurality of Ppieces simultaneously
within the minufe limits or requirements of
high class work. :

I claim as my invention : .

1. An internal grinding machine having
means for internally grinding a piece of s
work the finished size automatically com-
prising means revoluble with the work and
governed by the condition of the work as
the grinding progresses for controlling the
grinding operation.

. 2. In an internal grinding machine, a
grinder and means contacting with the work
and revoluble therewith and governed by the
condition of the work as the grinding pro-
gresses for indicating to the operator when
the hole has been ground to the finished size.

3. In an internal grinding machine, a
grinder, a révoluble work-holder, and a gage
pin normally outside the work but mounted
to revolve with and governed by the condi- 100
tion of the work as the grinding progresses
to enter the work and indicate to the oper-
ator the completion of the grinding .opera-
tion to the finished size. o

4. In an internal grinding machine, a 105
revoluble grinder, a revoluble work. holder,
and ‘spring-pressed controlling means nor-
mally outside the work and"mounted to en-
gage the work and enter “tHerein upon the
completion of the grinding operation to the 110
finished size.

5. In ‘an_internal grinding machine, a
grinder and means controlled by the size of
the hole and arran‘gled to_enter the work

nished size for moving 115
the grinder away from the work surface,

6. In an internal grinding machine, a
grinder, a revoluble work holder positioned
to "support the work and receive said
grinder, and a controllin means mounted 120
to revolve outside and with the work -and
adapted to enter the work and separate the
work and the grinder when the hole has
reached the finished size.

7. An internal grinding machine compris- 125
ing a grinder and a work-holder, mecha-
nism- for: relatively reciprocating and feed-
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.ing “said” grinder and work-holder, and
‘means outside the work and

permitted by
the internal grinding operation to enter the 130
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* work for effecting separation of said grinder
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‘grinder

finished, means for centering sal

and the work.’
"'8. An internal grinding machine compris-
ing a grinder and a work-holder, means for
relatively reciprocating and feeding said
. and work holder, and means outside
the work and permitted by the internal
rinding operation to enter the work axially
%or checking said feeding movement.
9. An internal grinding machine compris-
ing a revolving work holder, a revolving
grinder, said work holder and said grinder

-being mounted for relative reciprocation, a
for controlling -the reciprocating

clutch
movement of said grinder, and means

-for

‘holding said grinder in its vetracted posi-

tion when the clutch is in neutral.

10. In an internal grinding machine, a
gage for contact with the work incapable
of entering the work until the gri ding is

respect to the work, a grinder, and mech-
anism automatically made operative when

said gage can enter the work for separating

said grinder and the work. )
11 In an internal grinding machine, a

~grinder, a pair of gages mounted to suc-

30

. 40

cessively enter the work, and mechanism
made operative by the entrance of the for-
ward gage into the work for changing the
feed and for checking the grinding oper-
ation when said second gage enters the
work. s

12. In an internal grinding machine, a
grinder, a pair of transverse gage pins
mounted to successively enter the work, and
mechanism made operative by the entrance
of the forward pin into the work for chang-
ing the feed and by the entrance of the rear
pin into the work for checking the grind-
ing operation. '

13. In an internal
revoluble grinder, a revoluble work

grinding machine, a
holder

- having means for securing the work, a

50
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revolving gage mounted to enter the work
upon completion to the finished size, and
mechanism automatically made operative by
the entrance of said gage into the work for
checking the grinding operation.

14, In an internal grinding machine, a
work holder, a reciprocating grinder hav-
ing an idle and a working position, and
means incapable of entering the work until
the grinding is finished but capable of so

entering when the bore of the work has been.

enlarged to the finished size for checking
the grinding operation. ‘

15. In a grinding machine, a revoluble
vertically arranged work holder, a revoluble
vertically arranged grinder having an idle
and a working position, means for movin,
said grinder vertically in such positions, an
means made operative by the placing of a

piece of work in said holder for continuing’

the down stroke of said grinder in its idle

gage with -

- tric circuits

position to the initial down stroke of its
working position. : : .
16. In a grinding machine, 2 revoluble
work holder, a revoluble grinder having an
idle and a working position, means for re-
ciprocating said grinder in its idle ) sition,
and in its working position within the work
and means for continuing the idle stroke of
the grinder into the initial working stroke
thereof. ' B
17. In a grinding machine, a revoluble
work holder, a revoluble grinder, a gage in
the path of the work placed in said holder
mounted to revolve therewith, an electric
circuit closed by the movement of said gage
through the pressure of the work thereon
and mechanism made operative by the clos-

ing of said circuit for moving said grinder

forward and backward on the surface of the

work. A
18. In-a grinding machine, a revoluble
work holder, a revoluble grinder having idle
and working positions and means for re-
ciprocating said grinder in such positions,
a shifting clutch for said mechanism, elec-
for controlling the operation of
said clutch jn said idle and -working posi-
tions, and means actuated by the placing of

the work in said holder for closing said:

work position circuit and temporarily ren-
dering said clutch inactive to shift sald
grinder from its idle to its working posi-
tion. : ’
19, In a grinding machine, a revoluble
work-holder, a revoluble grinder, mechanism
for relatively feeding said work holder and
said grinder laterally, said grinder having
an idle and a working position, means made
operative by placing of a piece of work in
said holder for shifting the grinder from its
idle to its working position, and means for
changing the degree of feed of said work-
holder when the work has been ground to
a predetermined diameter. '
90. In an internal grinding machine, a
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revoluble work holder, a revoluble grinder: - -

having an idle and working. position and
means for relatively feeding said- work
holder and grinder laterally, a gage posi-
tioned for contact with the work when it is
placed in said holder, means actuated by the
pressure of the work on said gage for shift-

ing said grinder from its idle to its ‘work-

‘ing position, and an electric circuit closed

by the entrance of said gage into the work
when it has been ground to a predetermined

diameter for reducing such relative lateral

feed.

revoluble work holder, a revoluble grinder,
a ratchet feed for relative lateral movement

91. In- an ‘internal grinding machiné, a
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thereof, a revolving grinder, a gage in the -

path of a piece of work placed in said
holder, mechanism having an electric ecir-

cuit closed by the entrance of said gage in-
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to the work for changing the feed from
coarse to fine, a second gage becoming op-

erative when the work has been ground to

the finished size, and a circuit made oper-
ative through the entrance of said second
gage into the work for checking such rela-
tive feed. ‘

22. In_a grinding machine, a revoluble
work holder, and a revoluble grinder hav-
ing a relative forward and baclkward move-
ment, a coarse and fine ratchet feed for rel-
atively shifting said work holder and said
grinder laterally, a coarse feed gage posi-
tioned opposite the work, mechanism made
operative by pressure on said gage for shift-
ing said grinder from its idle to its work-
ing position, a fine feed gage positioned for
operation when a predetermined coarse cut
has been made, and mechanism made op-
erative by the movement of said fine feed
gage into the work for checking the feed.

23. In an internal grinding machine, a
revoluble work-holder, a revoluble inder,
means for relatively feeding saic%r work
holder and grinder laterally, means for rela-
tively moving said holder and grinder for-
ward and backward, and means for tempo-
rarily rendering said lateral feed inactive
when ggid grinder is passing out of engage-
‘ment with the work, '

24. In an internal grinding machine, a
revoluble work holder, a revoluble grinder
mounted to operate forward and backward
in the work, means for relatively feeding
said work holder and grinder laterally at
each end of the stroke of said grinder, and
means for checking said lateral feed at one
end of the work at a predetermined point
in the grinding operation. ‘

25. In a grindin _
work holder, a revoﬁlble, grinder, means for
moving said grinder forward and backward
on the surface of the work, means for relu-
tively imparting a coarse or fine lateral feed
to said holder and grinder at each end of
the stroke of said grinder, means for shift-
ing the feed from coarse to fine at a pre-
determined point in the progress of the worlk,
and means for checking the fine feed at one
end of the work and continuing such fine
feed at the opposite end thereof.

26. In a grinding machine, a revoluble
work-holder, adapted to support a tubular
piece of work, a revoluble grinder, said

holder and grinder being mounted for rela-

tive reciprocation, mechanism for relative-
ly feeding said holder and grinder later-
ally and for changing the degree of said
feed from coarse to fine, gages mounted one
in front of the other for contact successive-
ly with the work, mechanism made operative
by pressure on the forward gage for posi-
tioning said grinder and the piece of work
and operating said feeding mechanism for
a coarse feed, mechanism made operative

16,141

by pressure on the rear gage for changing
the feed from coarse to fine, and mechanism
made operative by the entrance of the rear
%ag(f into the work for checking the fine
Feed.

27. In a grinding machine, a revoluble
work-holder, adapted to support a tubular
Eiece of work, a revoluble grinder, said

older and grinder mounted for relative
movement forward and backward, mecha-
nism for relatively feeding said holder and
grinder laterally and for changing the de-
gree of said feed, gages mounted one in
front of the other for contact successively
with the work, mechanism made operative
by the engagement of the work with the
forward gage for. ositioning said grinder
and the. work, an(lp operating said feeding
mechanism for a coarse feed, and mechanism
made operative by the en agement of the
rear gage with the work E)r changing the
feed from coarse to fine. -

28. In an internal grinding machine,
revoluble work-holder adapted to support
2 tubular piece of work, a revoluble grinder
having an idle position . outside the work
and a working position within the work,
means made operative by the placing of a
piece of work in said holder for shifting
said grinder from its idle to its working
position, and means for automatically re-
turning said grinder to its idle position
when the work has been ground to the
finished size.

29. In a grinding machine, a revoluble
work holder, a revoluble grinder having an
idle and a working position, mechanism for
moving said grinder forward and backward

) . 1n its working position, an electric circuit,
machine, a revolubld -

-and. means associated therewith for con-
trolling the movement of said grinder from
its idle to its working position, mechanism
actuated by the placing of the work in said
holder for closing said circuit, and a switch
in said circuit within control of the opera-
tor for regulating the initial movement of
said grinder from its idle to its working
position. :

30. In an internal grinding machine, a
revoluble work-holder having means for
holding a piece of work, a grinder mount-
ed to revolve within the worly, and means
revoluble with the work, and governed by
the c9_ndition of the work as the grinding
progresses for automatically controlling the
grinding operation. -

*31. In an internal grinding machine, a
revoluble work holder having means for
holding a piece of work, a grinder mount-

ed to revolve within the work, means for !

moving the grinder forward and backward
during its revolving movement, means for
relatively shifting said work holder and
grinder laterally at the termination of the
stroke of said grinder, and means revoluble
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“of the stroke of said
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with the work for automatically controlling{
the grinding operation to the predeterminec

finished diameter.

32. A grinding machine comprising a
revoluble work holder having means for
clamping ‘a piece of work, a revoluble
grinder, means for producing relative trans-
Verse movement between said work holder
for taking up the
slack or lost motion in the transverse mov-
ing means. o
33. A grinding machine comprising a
revoluble work holder having means for
holding a piece of work, a revoluble grind-
er, ineans for producing relative transverse
movement between said work’ holder and
grinder, said means including a feed screw
and means for operating the same,
for taking up the
slack or lost motion in.
thereof. , .

34. An internal grinding machine com-
prising . revoluble work holder having
means
wherein said work holder is supported, &
revoluble grinder, means for producing rela-
tive transverse movement between said sad-
dle and grinder, and means for automati-
cally controlling the grinding operation to
the predetermined finished diameter.

35. An internal grinding machine com-
prising a revolving work holder having
means for holding a piece of work, a re-
volving grinder, means for ‘moving said
grinder lengthwise of the work during its
revolving operation, mechanism for chang-
ing the relative transverse position of the
work holder and grinder at the termination
grinder lengthwise of
the work, and means for automatically con-
trolling the grinding operation to the prede-

termined finished diameter..

. 86. In an internal grinding machine, a
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- the surface has
. ‘size. » .
" g7, Inaninternal grinding machine,a rev- -

oluble work holder and a revoluble grinder

work holder, a-grinder motunted to operate
automatically against the wall of a straight
or tapered hole in the work, mechanism for
automatically imparting an initial. coarse
relative feeding movement
holder and grinder, mechanism for arrest-
ing such movement automatically, mecha-
nism for automatically imparting a subse-
quent finer relative feeding movement, an
mechanism for automatically checking said
finer feeding movement and withdrawing
said grinder from the hole in the work when
been ground the finished

“having a relative ‘reciprocating movement

for _grinding the internal surface of the
work in said holder, a controlling device
opposed in the path _of said grinder ar-
ranged to engage the work and check tha

and said-

the movement’

for holding a piece of work, a saddle

-and means for moving said controlling
to said work

d work-holder,

10
grinding' o
been ground the finished size, and means for
separating said controlling device and the
work to allow freedom of movement of said
grinder over the surface to be ground.
" '88. In an internal grinding machine, a rev-
oluble work holder, a revoluble 'grinder
mounted to operate within the work and
against the inner surface “thereof, means
mounted to enter the work opposed to the
grinder in its path through the work to
indicate to the operator when the surface
has been ground the finished size, and means
for temporarily separating said indicating
means and the WOI‘}I){. o

39. In an internal grinding machine, a
work holder, a revoluble grinder mounted
to grind the internal surface of the piece
of work in said holder in combination with
a controlling device mounted opposingly in
the path of said grinder through the work
to .check the grinding operation when the
work has been ground the finished size, and
means for preventing contact of the grinder
and said controlling device with each other
when said grinder is operating at one end
of the work. _ ‘

40. In an internal grinding machine, a
work holder and a revoluble grinder mount-
ed for reciprocating movement with respect
to each other, in combination with an indi-
cating device opposed in the path of said
grinder through. the work for checking the
grinding operations when the work has been
ground the finished gize, and means for
preventing said indicating device and said
grinder from contacting .with each other
during their reciprocating movement.

41, Inaninternal grinding machine, a rev-
oluble work-holder, a revoluble grinder,
said work holder and grinder being mount-

ed. to reciprocate relatively during the
a controlling device op--

grinding operation,
posed in the path ‘of said grinder arranged
to check the grinding operation when the
surface has been ground the finished size,

i de-
vice away from the work to allow freedom
of longitudinal movement of said revolving
grinder therein. ‘

49, In an internal grinding machine, a
and a revoluble grinder,
mounted for relative reciprocation, said
grinder passing through the work: at one
end, in combination with an indicating device
opposed to the grinder to check the grind-
ing operation when the work has been

-ound -the finished size, and a guard de-
vice for forcing said indicating device back-
ward when said grinder emerges from the
work at one end of their relative move-

~ment. :

43. An internal grinding machine having
in combination a rotary work holder, and a

erations when the surface has.
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plurality of gages arranged to rotate there-
with and to enter the work one behind the
other. .

44. A grinding machine having in com-
bination a rotary work holder and g plu-
rality of gages arranged to rotate therewith
and to move axially into engagement with
the work one behind the other. v

45. A grinding machine having in com-
bination a rotary work holder and a plu-
rality of gages arranged to rotate therewith
and to move parallel to the work surface
which the grinder produces and into en-
gagement with the work one in rear of the
other.
~ 46. An internal grinding machine having
in combination a rotary work holder, a
grinder and a plurality of gages mounted to
enter the work one behind the other when
ground the finished size, and having means
for controlling the grinding operation.

47. A grinding machine having in com-
& rotary work holder and a plu-
rality of gages mounted concentrically one
in the rear of the other for controlling the
grinding operation. :

48. A grinding machine having in com-
bination & rotary work holder, a grinder
mounted for relative movenient with re-
spect to said holder to enter one end of the

-work, and a grinder controlling gage mount-

ed to enter the opposite end of the work..

49. A grinding machine having in com-
bination a rotary work holder, a grinder
having a relative movement with respect to
said work holder to enter one end of the
work, and a
axially enter the opposite end of the work
one in the rear of the other and check said
grinder upon completion of the grinding
operation, : ‘

50. A grinding machine having means for
grinding a piece of work to the finished size
automatically, comprising a grinder con-
trolling gage moving intermittently auto-
matically to abut the work until the reduc-
tion thereof permits movement of the gage
thereon.

51. A grinding machine having, in combi-
nation, a rotary work holder and a gage
movable for gaging the work and arranged
to rotate therewith. »

52. A grinding machine having, in com-

. bination, a rotary work holder, and a gage

a.rrange(i to rotate therewith and to recip-~
rocate relative thereto to gage the work.
53. An internal grinding machine hav-
ing in combination, a work holder and a
gage rotating on a common axis at the same
speed, and means for causing periodic rela-
tive ‘motion between the work holder and
the gage along such axis to cause the gage
to initially abut the work and to finally
cause the entry of the gage into the bore

plurality of gages mounted to’

-ternally ground which

16,141

when the bore has been
size.

b4. A grinding machine having, in com-
bination, a work holder, a gage, means for
causing said holder and gage to rotate on a
common axis at the same speed, and means
for effecting relative approaching and re-
ceding movement between said holder and
gage.

55. An internal
in_combination,

ground to proper

grinding machine, having
a grinding element, a work
holder, a gage adapted to enter the bore of
a piece of work in said holder only when
sald bore has been ground to a predeter-
mined size, and grinder controlling means
set in operation when the gage is inside such
bore.

56. An internal grinding machine having
in combination, a rotary work holder ar-
ranged to hold a piece of work having an

‘internal bore, and means for automatically

gaging the internal diameter of such bare
comprising a gage element having a plu-
rality of cirecumferentially spa.cef gaging
devices arranged to rotate with the work
and to enter one end of said bore only when
the latter has been ground to size.

57. A grinding machine having the com-
bination of a rotary work holder, a gage
rotating at the same speed as and concen-
tric with the work in said holder, and means
for effecting relative reciprocation between
the gage and the work along the axis of ro-
tation of the work. :

&8. That method of,gaging the internal
diameter of a piece of work while being
ground. which consists in rotating the piece
of work and the gage on a.common axis at
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the same speed, and effecting a relative ap- - .

proaching and receding movement along
such axis between the work and the gage
to cause the gage to contact periodically
with the end
the bore of the work when ground to a pre-
determined size. v

59. That method of gaging the internal
diameter of a piece of work while being in-
comprises causing in-
termittent contact between the gage and
the piece of work adjacent to the end of the
bore by relative movement parallel to the
grinding action whereby to effect the entrance
of the gage into the bore of the work when
the bore has been ground to predetermined
size.

60. That method of gaging the internal
diameter of a piece of work while being ro-
tated and ground which comprises effecting
a relative approaching and receding move-
ment between the work on the one hand
and a gage located outside the work on the
other hand along the axis of rotation of the
work, and causing intermittent contact of
the gage with the end of the piece of work
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adjacent to the bore whereby to cause the
entry of the gage into the bore when the
bore has been ground to the desired size.

" 61. In the operation of internally -grind-
ing the bore of a piece of work wherein a
holder for the Woxgi and a grinding wheel
are longitudinally reciprocated and trans-
versely fed with relation to each other, that
method of gaging the internal diameter of
the work which comprises rotating a gage
on the same axis and at the same speed as
the work, and effecting a relative recipro-
cation along the said axis between the work
and a gage in synchronous relation to the
relative reciprocation of the work and the

' grinding wheel, and causing limited initial

. piece of work

20

contact between the gage and the end of the
adjacent to the bore on each
such reciprocation whereby to cause the en-
trance of the gage into the bore when the

bore has been ground to a predetermined

" size.

25

30

35

40

46

60

&5

60

'

62. That method of internal grinding
which consists in rotating the grinder and
the work, causing relative longitudinal re-
ciprocation and relative transverse feeding
movement between the grinder and the work,
and effecting relative reciprocation between
the work on the one hand and a gage ro-
tating at the same speed as the work on
the other hand, along the axis of rotation
of the work, to cause the gage to initially
contact with limited area of the end of the
work in synchronized relation to the rela-
tive reciprocation between the grinder and
the work, whereby to cause the gage to enter
the bore of the work when the bore has been
ground to predetermined diameter.

63. That method of gaging a piece of
work while being ground which comprises
effecting periodic contact of a gage with a
part of the work located along one edge of
the surface being ground, to cause the gage
to slip over such edge and along the ground
surface when said surface has been reduced
the desired amount. ,

64. A grinding machine involving a
grinder, a support for the work, means for
causing relative movement between them,
and a gage movable parallel to the grinding
plane and arranged to engage and be stopped
by a portion of the article to be ground
which is to be removed but capable of mov-
ing over the ground surface when the grind-
ing has progressed to the desired extent.

65. An internal grinding machine having,
in combination, 2 work holder, a grinding
wheel, means for effecting a relative working
stroke reciprocation between said holder and
wheel and also a relative transverse feeding
movement therebetween, a gage arranged to
contact with the work being ground, and
means controlled by said gage and arranged

to control said reciprocation to automati-

cally effect withdrawal of the grinding wheel

17

in the direction of such relative reciproca-
tion from a position within the bore of the

~ work to a position outside of the work and

beyond the range of the working reciproca-
tion when the work is ground to the desired
size.

66. An internal grinding machine having,
in combination, a work holder, a grinding
wheel, means for effecting a relative work-
ing-stroke reciprocation between said holder
and wheel and also a relative transverse

feeding movement therebetween, a gage, an

electric contact device arranged to be oper-
ated by said gage, an electro-magnet the cir-
cuit through which is controlled by said con-
tact device, a dog controlled b said elec-
tro-magnet, and means governe by the po-
sition of said dog under the control of said
gage and arranged to control said recipro-
cation to automatically effect withdrawal of
said grinding wheel longitudinally out of
the bore of the work and beyond the range
of the working reciprocation. R

67. A grinding machine having,
bination, a

in com-
work holder, a gage arranged

to coact with the work in said holder, a -

reciprocating carriage having a grinding
wheel to operate on said work, said carriage
having a working position in which it re-
ciprocates and also an idle position remote
from said working position, means for af-
fecting a relative transverse movement be-
tween said work holder and said grinding
wheel, and means for moving said recipro-
catory carriage from said remote idle posi-
ton to said working position, automatically
yeciprocating said carriage in said last men-
tioned position until the work has been
ground to a predetermined point as deter-
mined by said gage, and then automatically
returning said reciprocatory carriage to said
idle position, said last mentioned movement
being instituted by said gage.

68. A grinding machine having, in com-
bination, a carriage having a work holder,
a carriage having a grinder adapted to
coact with the work in said holder, means
for reciprocating said carriage including re-
versing dogs for reversing the movement of
said last mentioned carriage while sald
grinder engages the work, a gage adapted to
Coact with the work in said holder, and
means controlled by said gage for rendering
said dogs ineffectual to limit the stroke ot
said carriage, so as to permit withdrawal of
said grinder from the work automatically
at the completion of the grinding operation,

69. A grinding machine having, in combi-
nation, a work-holder, a grinder, mechanism
for reciprocating said . workholder and
grinder one relatively to the other in a worlk-
ing stroke, and means automatically oper-
able when the occasion arises to cause the
prolongation of the reciprocatory movement
i1 one direction so as to position the grinder
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‘holder and

is

away from the work a substantial distance
and beyond the range of said working
stroke.

70. An internal grinding machine having,
in combination, a workholder, a 'grinder,
mechanism for reciprocating said workholder
and grinder one relatively to the other while
the grinder is in the bore of the work, and.
means automatically operable when the oc-
casion arises to cause the prolongation of
the reciprocating movement in one direc-
tion to position the
bore of the work an
working reciprocation. _

71. An internal grinding machine having,
in combination, a workholder, a grinder,
mechanism for reciprocating said work-

inder one relatively to the
other while tﬁ; grinder is in the bore of the

beyond the range of

~work, and automatic means operable when

the work has been ground to a predetermined
size for automatically causing the recipro-
cating movement in one direction to be pro-
longed to position the grinder outside of the
bore of the work and beyond the range of
the relative workinﬁ'hreciprocation of the
grinder and the workholder.

72. A grinding machine having, in com-

" bination, a carriage having a work holder,
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a carriage having a grinding wheel, means
for effécting a relative cross feed between
said holder and said wheel, means for ef-
fecting a relative reciprocatory movement
between said holder and said wheel, a gage,
and means controlled by said gage and oper-
able upon completion of the grinding opera-
tion to automatically allow a further move-
ment of one of saidy carriages in the direc-
tion of their relative reciprocation into a re-
mote inoperative position so as to separate
widely the work holder and the grinding
wheel. »

73. A grinding machine having, in combi-
nation, a carriage having a work holder, a
carriage having a grinding wheel coacting
with the work in said holder, said last men-

tioned carriage having an operative position -

and a remote inoperative ition, an op-
erating mechanism for said last mentioned
carriage, a reversing mechanism including a

- set of dogs for reciprocating said last men-
~ tioned carriage in" operative position, an

56

electromagnet for controlling one of said
dogs, and a gage coacting with the work in
said holder and controlling said electro-
magnet, sa'l gage serving through said
electro-magnet to render said dog ineffectual
upon completion of the grinding operation.

74. A machine tool comprising, in combi-
nation, a carriage having a reciprocatory
working position and an idle position re-

- mote therefrom, means for reciprocating

said carriage in its working gosmioq, ini
& pair o

to engage and reverse said device,

cluding a reversing device an
dogs

.n its working position so as to permit with-

‘means for automatically

grinder outside of the

‘ing device controlling said moving means

16,141 \

means automatically operable when the occa-
sion arises to render one of said dogs in-
effectual to limit the stroke of said carriage
drawal of said carriage from said working 70
position to said remote idle position, an
engaging and op-
erating said reversing device when the car-
riage reaches its idle or inoperative position.
75. A machine tool comprising, in combi-
nation, a carriage having a working posi-
tion in which it reciprocates and an idle
Pposition remote from said working positien,
means for moving said carriage, a revers-

75

80
and carrying a movable abutment, a pair of
dogs arranged to engage said abutment to
reverse said device and effect reciprocation
of said carriage in its working position, said
abutment being movable to permit one of
said dogs to pass without operating said
reversinf device so as to allow the carriage
to travel from its working to its idle posi-
tion, and separate means to engage and op-
erate said reversing device when said car-
riage is at its idle position.

76. A machine tool comprising, in combi-
nation, two parts, to-wit, a base and a slid-
ing carriage, means for reciprocating said
carriage including members, two of 95
which are mounted on one of said parts and
the third one of which is mounted on the
other one of said parts and is arra; to
be alternately engaged by the said two mem-
bers to effect reversal of the carriage—recﬁx- 100
rocating means, and means automatica y
operable when the occasion arises for ren-
dering one of said members ineffectual to
cause such reversal so as to permit the car-
riage to continue its movement in the same 105
direction. o :

77. A machine tool comprising, in combi-
nation, two parts, to-wit, a base and a slid- -
Ing carriage, means for reciprocating said .
carriage incfuding three members, two of 110 -
which are mounted on one of said parts and
the third one of which is mounted on the
other one of said parts and is arranged to’
be alternately engaged by the said two mem- ‘
bers to effect reversal ofy the carriage-recip- 115 -
rocating means, a gage to coact with tﬁe S
work, and electro-magnetic means automati-
cally operated by said for rendering
one of said members ineffectual to cause re-
versal of said carriage so as to permit the 120
carriage to continue its movement in one
direction to a position remote from its re- -
ciprocating position.

- 18. A grinding machine comprising, in _
combination, a reciprocatory carriage, means 125
for moving said carriage including a re- '
versing device and control mcans to operate
said reversing device including a set of co-
acting abutments and means automatically L
operable when the occasion arises to render 130
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said abutments ineffectual to limit the move-
ment of said carriage in one direction there-
by permitting a prolongation of travel of

said carriage. -
79. A machine tool having, in combina-

“tion, a support for the work, a tool operable

on the work, a gage supported adjacent to

the work and movable parallel to the sur-

face being reduced, said gage being arranged

to engage and be stopped by a portion of .

the work which is to be removed but capable
of moving over said surface when the latter
has been reduced to the desired extent, and
means insulating said gage from transmit-

15 ting heat through its support. -

10

80. A grinding machine having in combi-
nation a grinder, a support for the work, a
tool operable on the work, and two gages
supported adjacent to the work and movahle
parallel to the grinding plane and arranged
to successively engage and be respectivel
stopped by different portions of the wori
which is to be removed, but capable of suc-
cessively moving over the ground surface
when the grinding away of said portions
has successively progressed to a desired
extent. S

In witness whereof, I have hereunto set
my hand this 30 day of December, 1924.

JOSEPH G. McDONOUGH.
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