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This invention relates tointernal sizing mech-
anism and has for an cobject-to provide a mecha-
nism which will facilitate ‘the internal sizing of
work to very great accuracy.

A sizing gage capable of measuring internal
sizes with very great accuracy comprises a hol-
low stem having orifices along its sides, this
stem when supplied with air under pressure and
inserted within the work showing on a suitable
indicator operatively connected thereto size vari-
ations much magnified to the millionth part of
an inch. ‘

Tn accordance with the present invention the
hole in the work'is gaged by such an instrument
somewhat before the hole reaches: the desired
final size.  The gage-is then placed in a variable
size orifice which is so mounted as to be grad-
ually opened as the tool, -such - as a grinding
wheel, is fed into the work, the size of the orifice
being first adjusted relative to the feeding mech-
anism until the indicator registers the same as it
did when gaging the work. This indication will
show the extent of feed necessary to bring the
work to the desired. size, and as the feed: con-
tinues up . to that point, the gage, remaining in
the Vvarisble orifice which continues to open as
the feed continues, registers nearer and nearer to
the desired- indication. ~ The indicator and the
feed miechanism may. be:checked against each
other, and when close.to the desired point, the
actual size of the hole may be checked again with
the gage, and-if necessary the feed and orifice
may be further adjusted until the work is brought
to final size. S

For a more complete understanding of this in-
vention, reference may be had to the accompany-
ing drawings in which

Pigure 1 is a fragmentary front elevation of
an internal grinding machine equipped in accord-
ance with this invention.

Figure 2 is-a detail sectional view to a larger

scale on line 2-—2 of Figure 1. ‘

Tigure 8 Is a detail sectional view on line 2--3
of Figure 2.

PFigure 4 is a detail sectional view
scale on line 4—4 of Figure 1.

Figures 5 and 6 are detail sectional views on
lines 5—5 and 6—8, respectively, of Figure 4,

Figures 7 and 8 are diagrammatic views shqw-
ing the work piece and orifice in correspondu;g
conditions, the gage being shown in full lines in
the work and in dotted lines in the orifice, Figure
8 showing the work nearer-to final size than
Pigure -7, the difference, however, being much

exaggerated,
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This invention is shown as embodied in an in-
ternal grinding -machine of the .type shown in
the Arms. Patent No. 2,310,338, granted Febru-
ary 9, 1943, for Metal working machine.

This machine comprises a bed | having a hol-
low axially- movable bar -2 to which is secured a
carriage 3’ which supports an internal grinding
wheel 8. This wheel 5 is mounted on a spindle
§ journsaled in a grinding head 7 on a cross slide
&, but for the purpose of this invention the head
7 is given no lateral motion, but is merely moved
axially with the bar 2. The work to be ground
at 10 is carried by a suitable chuck 11 on a rotary
spindle {2, this spindle being carried by a work
head on a carriage 15 supported for motion trans-
verse to the bar 2; and a feed motion between the
wheel and the work is produced by this motion
of the carriage {5.. As shown in the Arms pat-
ent, to which reference has been made, and. as
shown in Figure 2, this feeding motion is pro-
duced by rotation of a nut 20 on a screw 21, the
screw being held against rotation by a stationary
clamping collar: 21a. : The nut 20 has & worm
wheel portion 22 with which meshes a worm 23
on a feed shaft'24. The forward end of the screw
21 has a head 25 which bears’ against an abut-
ment screw 26 threaded in a plug 28 carried by
an ‘apron 29 depending from the front edge: of
the carriage 15, suitable means being provided, -
such as a spring (not: shown), for holding the
gbutment 26 .into contact with the forward end
of the screw .21, Thus .as the nut 20 is rotated,
the screw is moved axially and the carriage 15
moves correspondingly. ~The right hand end of
the worm shaft 24.is provided with a feed wheel 35
to which is connected the automatic feed includ-
ing an hydraulically ‘operated rock lever 3§ as
shown in the Patent No. 2,310,338 to which refer-
ence has been made. However, it is desirable, at
least for the final portion of-the grinding; that a
finer feed be produced with the close tolerances
sought for in'accordance with this invention, so
that - the feed is accomplished by hand  and
through rotation of a hand wheel 87 journaled on
a shaft 38 and connected:to the gear 35 through
the small gear 40 keyed- to the hand wheel 37,
and an idler 41 journaled on the stub shaft 42,
and meshing with:the large gear 85.. The auto-
matic feed may be used, if desired, for the rough
sizing. : ‘

‘For -the purpose of measuring the hole in the
work” when the grinding wheel is retracted, an
air gage may be employed, this air gage com-
prising a hollow stem 60 shown in Figure 7 pro-
vided with lateral orifices .51, This stem is in-
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serted into the work as shown in the upper por-
tion of Figure 7, and air -under pressure is
directed to the interior of the stem to escape
between it and the inner wall of the work., The
change in pressure of the air, due to variations
of the space between the stem and the interior
of the work, is registered on an indicator shown
generally at 52 in Figure 1 and Which may be
mounted on any suitable part of the machine.
The particular gage shown is one made by Shef-
field Corporation, of Dayton, Ohio, and per se
is not my invention. - A pointer 93 takes a posi-
tion along a scale 54 corresponding to the size
of the hole in the work when the gage stein is

placed therein and the indicatiohs sre graduated j

in very small fractions of an incH; such as
millionths.

In order to employ the gage in acoordance with
this invention, a variable orifice, the size of which
varies in accordance With the feed position of
the carridge 15, is employed, as shown in Figure
2.  This orifice is formed between a fixed or sta-
tionary member 63 secured to the bed of the ma-
chine as by strews §1 carried by a fixed bracket
62 and a movable member §4 fulcrumed. as on
a leaf spring 63 to the fixed member €8. This
member 64 extends adjacent to the member 69
dind the confronting. faces of the members §3 and
64 remote frem the fulcrum spring 63 are formed

to have secutred thereto opposed elements €5 and g

55 recessed opposite to each other to form an ori-
fice §7 variable in width ih accotrdance with the
relative positions between the members 69 and
64 These elements 65 gnd 66 are adjustably
clamped in positien by the clamping blocks 68,
and screws 69; and are arrgnged to be removable
§o that other elements defining orifices of dif-
ferent basic sizes may be applied thereto as de-
siréd. © The movable member 64 carries a screw
70 which extends fireely through a hole Ti in the
fixed member.60 midway between the axis of the
orifice. and the fulerum . spring 63 and abuts
apainst the end of a shaft 72 journaled in the
plug 28 and having its inner end, as at 75,
threaded thereinto, . This shaft, 12 with its
threaded connection in the block 28 provides an
extensible connecting link of. adjustable length
between the movable member 64 and the carriage
{5. Keyed on the shaft 72.is a worm wheel 16
with which meshes 8 worm 17 carried by a shaft
87 (see Pigure 3) ‘journaled in a casing 8§ which
hotuses the outer end of the plug 28. OCne end of
the worm shaft 87 carries.a knurled head 86 by
whlch it may be rotated, thus to adjust the an=
gular posxtlon of thie shaft. 12 and through its
threaded connectron wrth the plug 28, the an-
to the fiked member 60 and the lateral dimen-
sion of the Var1abIe orifice for any given position
of the work carriage 13.

With elements 65 and 66 chosen. in accordance

“with the desu'ed 1nternal Size of the work piece
and placed in pomtlon, Yhen the work piece has
been brought to near finished size, its internal
dlameter is ‘gaged by mser’cing the gaging ele-~
ment 59 into the work while the wheel is re-
tracted and the 1ndrcat1on ‘of the pointer 53 is
noted. The gage stem 50 is then removed from
the Work and a ‘gage stem, preferably the same
stem 50, though a second similar stem associated
wmh the 1ndlcator mrght ‘e used, is placed within

‘ _ ifi ed by tHe parts 65 and
66 w1th the air escape penings therein posi-
tioned laterally. The k urled wheel 90 is then
adjusted to vary the 'spacing of the upper ends

10

of the members 64 and 60 until the reading of
the indicator pointer 93 is the same as that
shown by the indicator when the gage stem was
in the work,

Grinding. then proceeds while the work is fed
slowly, this feeding action not only feeding the
work relative to the grinding wheel, but also
causing the orifice between thie parts 65 and 68
to increass in size double the extent of feed just
as the hole in the work increases in size by double
the amount of feed since this grinding wheel re-
moves stock in all radial directions. As the gage
‘stenmi is left in the orifice during further grind-
ing, the indicator pointer 53 shows progressively
the amount by which the width of the orifice is
increasing as thé grinding proceeds, this corre-
sponding to the increasing diameter of the hole
in theé work, the feed of the carriage 15 not only
feeding the work and wheel relatively but also
widening the orifice.

The feed mechanism as shown has fine mi-
crometer - graduations thereon Wwhich can be
checked against the indications of the pointer 53
of the gage as the glindmg proceeds If desired,
when the work has been brought further toward
final size, ifs mternal Size may be tésted agam
by 1nse1tmg the gage stem therein. This néw
gage reading may thén be checked against the
indications on the feed wheel, a,nd the indications
of the size of the variable orifice after the stem
has been returned thereto, additiotial adjustment
of the knurled wheel 90 béing then made, if de-
sired, until finally the work piece is reducea to
the desired dimension within the very close
tolerance limits requlred
- Prom the foregomg descrlption of an embodl-
ment of this invention, it should be evident to

" those skilled in the art that varjous changes and

40
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modifications might he made without departing
from the spirit or scope of this invention.

I claim:

1. In  combination Wif:h a griﬂdmg maehme
having a support for_ internal work, a grinding
wheel, and means for feeding the wheel and sup-
rort relatively, of a gage including g gaging ele-
ment constructed to be inserted into an orifice
and an indicator for indicating the size of such -
orifice whent such element is plaged therein, such
a gaging clement being arranged for insertion in

5 & hole to be ;ground in the work, mechanism de-

fining ‘an orifice of variable size, means operative-
1y connecting said mechanism and feeding means
to increase the size 'of said orifice in accordance
with the feeding relation between the work sup-
port and wheel ‘in the samie relation as the size
of the hole in ‘the work increases as the grinding
operation proceeds, and means for adjusting the
size of said variable orifice independently of said
feed mechanism to permit -said ‘orifics to be-ad-
justed to give the same reading on-said mdlca,tor
when said element is therein as when-such an. ele-
ment associated with said indidator is \vxthm the
hole in the work. :

2. In combination with & grindmwr m_a"hme
having a support for internal work, a <fr1nciin'y
wheel, ineans for rotatmg said “whesl, mieaids for
relatively ‘moving said Wheel and Work ‘to caiise
said wheel to grlnd a cyhndrical hole in the work,
said relative moving means ‘including meche.msm
for-feeding the -wheel and “work: re}atively, of a
stationary - ‘member, ‘s membér fiovable relative
to said statrona,ry member, ‘dnd operative - con-
nections -from 'said -feeding mechamsm to sald
movable meémber te cause the feeding ‘actuation
of said mechanism to move sald movable: member
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away from said stationary member, said members
having confronting face portions oppesitely; re-
cessed to form together an orifice variable in
width' in accordance with the:feed position of
said mechanism, whereby said orifice ihcreases in
size a5 the size of the hole in the work increases,;
the measurement of such orifice size thus giving
an. indication of the hole size without requiring
access ‘to said hole. .

3. In combination with a grinding machine
having & support for internal work, a grinding
wheel, means for rotating said wheel, means for
relatively moving said wheel and work to cause
said wheel to grind a.cylindrical hole in the work,
said relative moving means including mechanism
for feeding the wheel and work relatively, of a
stationary member, a member movable relative to
said stationary member, operative connections
from said feeding mechanism to said. movable

_member- to cause the feeding actuation .of said o

mechanism to move said movahle member away
from said stationary member, said members hav-
ing confronting face portions oppositely recessed
to form together an orifice variable in width in

accordance with the feed position of said -mecha- ¢

nism, -and ‘means for adjusting sald operative
connections to adjust the spacing of said mem-
bers corresponding to any specific feed condition
of :said mechanism, whereby said orifice increases

in° width as the size of the hele in the work in-"

creases, the measurement of such. orifice width
giving an indication of the hole size without re-
quiring access to said hole.

4. In combination with a grinding machine
having a support. for internal work, g grinding
wheel, means for rotating. said wheel, means for
relatively moving said wheel and work to cause
said wheel to grind a cylindrical hole in the work;
said relative moving means including mechanism
for feeding the wheel and the work relatively, of
a stationary member, a movable element hinged
to. said stationary member, opposed, elements se-
cured to said members-and spaced from said hinge
defining an orifice of variable width depending
on the angular relationship: between said mem-
bers, said movable member being biased toward
said stationary member, and operative connec-
tions between said movable member and feed
mechanism causing the spacing of said members
t0 be controlled by the position of said feed mech-
anism, whereby measuring of such spacing pro-
vides a measurement of the size of the hole in
the work.

5. In combination with & grinding machine
having a support. for infernal work, g grinding
wheel, means for rotating said wheel, means for
relatively moving said wheel and work to cause
said wheel to grind a cylindrieal hole in the work,
said relative moving means including mechanism
for feeding the wheel and work relatively, of g
stationary member, a movable member, a leaf
spring hinging said movable member to said sta-
tionary member, opposed elements secured to
said members spaced from said spring and to-
gether defining ‘an orifice of variable width de-
pending on the angular relationship between said
members, said movable member being biased to-

ward said stationary member by said leaf spring, .

operative connections including an extensible link
engaging said movable member connecting said
movable member and feed mechanism and caus-
ing the spacing of said elements-to be controlled
by the position of said feed mechanism, and means
for adjusting the length of said link to thereby

o
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adjust the relation between the spacing of said
members ‘and: the position of said feed mecha~
nism, measuring of the spacing of -said member
providing a measurement of the size of sald hole.

8. In combination with a grinding machine
having a support for internal work, a grinding
wheel, means for rotating said wheel, means for
relatively moving said wheel and work to cause
said wheel to grind a cylindrical hole in the work,
said relative moving means including mechanism
for feeding thée wheel and work relatively, of ‘a
stationary member, a movable member adjacent
to'said stationary. member, a leaf spring hinging
said: movakle member to said stationary member
at one end of each, opposed elements secured to
said members spaced from said spring and to-
gether defining an orifice of variable width de-
pending on the angular relationship between said
members, said movable member being biased to-
ward said stationary member by said spring, said
stationary member: having a. hole therethrough
midway between said spring and the axis of said
orifice’ and transverse to.the pivotal axis of said
spring, a link exbtending loosely through said hole
and engaging said movable member, means ad-
justably securing said.link to said feed. mech-
anism, said link causing the spacing. of said ele-
ments to be controlled by the position of said feed
mechanism, and means for adjusting said secur-
ing means to adjust the spacing of said elements
corresponding to a position of said mechanism
whereby measurement of such spacing provides a
measurement of the size of said hole.

7. In combination with a grinding machine
having a support for internal work, a grinding
wheel, and means for feeding the wheel and sup-
port relatively; of a gage including a gaging ele-
ment constructed to be inserted into an orifice
and an indicator-for indicating the size of said
orifice when said element is positioned therein,
such a gaging element being arranged for inser-
tion in .a hole to be ground in the work, mech-
anism comprising a pair of members relatively
movable from and toward each other and defining
between them an orifice of variable size, means
for so relatively moving said members connected
to said feeding means for simultaneous actuation
therewith to-increase the size of said orifice be-
tween said members at the same rate as the size
of the hole in the work increases as the grinding
operation proceeds, and means for adjusting said
relative moving means: independently of “said
feeding means to permit said orifice to ke adjust-
ed to give the same reading on said .indicator
when: said element is' therein as when such -an
element associated with said indicator is within
thehole in the work. :

MERTON H. ARMS.
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