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9 Clalms
_ This invention relates.to the cutting or finish-
ing of threaded or.gauging mémbers and the like,
_ One object of the invention resides in the meth-
od. of making or finishing a tapered thread, in
which the workpiece. is rotated about its own axis
while in engagement at one side thereof with a
rotatable serrated. ool which produces a pro-
gressive cutting action in an annular direction
around the workpiece.. . .

Another.object. resides in the methad of lapping
a.tapered thread, in: which. the thread is engaged
along its.axial length but at only one side.of the
workpiece with a rotatable threaded lapping. tool,
one of these parts having a movement eccentric
"of the.work axis.so as to progressively lap the
work.iih an annular direction around the. work.

Another obJect is. the provision of apparatus
for carrying out these methods,

Another object. is. the provision of apparatus
for’ finishing. a threaded. workpiece,. embodying
a rotatable work holder and a serrated flnishing
tool which.is.arranged. eccentric of the work axis
and. having .provision for movement in a prede-
termined direction angularly related to the work
axis,

. Another object is the provision. of apparatus
embodying a rotatable work holder, and a rotat-
able tool holder which is mounted in a support
capable of movement. substantially transversely
of the work axis and movable also at an angle
to the work. axis corresponding to the taper angle
of .the surface to-be finished.on the work piece.

Other objects and advantages of the.invention
will. be apparent from. the following description,
the appended claims and the accompanying draw-
ings, in which,

Fig. 1is a plan view of.an appara.tus embodymg
or for carrying out the present invention;

_Fig.. 2 is a longitudinal vertical section of the
appalatus shown in Fig. 1.

Fig. 3 is.an enlarged view correspondmg to. the
left hand portion of Fig. 2, with the tool holder
in a retracted position;

Fig. 4 is & section-on. the. lme 4—4 of Fxg 1

Fig. 5 is a section on the line 55 of Fig. 2

Pig. 6. is.an end view showing the relatlve en-
gagement of the workpiece and.the lapping. tool;

Fig. 7 is a section on the line 7—T of Fig. 2;

Fig. 8 is a section corresponding to Fig. 7 but
showing.the. Japping tool at the opposite end of
its limit of travel;. .

Fig. 9is a dlagrammatm showmg of the dnve
connectlons, .

. Fig, 10.is.a vertical sectxon on the line 10—I0
of Fig. 1;.and
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Fig, 11.is.a. d1agrammatic showmg of the elec-
trical connections. .

Reférring more particularly to the drawings, in
which the same reference numerals have been ap-
plied to corresponding parts in the several views,
10 designates the mounting base or frame, below
which the. drivé motor and gears are arranged,
and on which is carried a work holder {1, d tool
support 12.and a. drive shaft bearing 3. The
tool support 12 carriés a rotatable finishing tool
herein shown as a threaded tapered lapping.plug,
as. the invention. has been. described herein as
particularly applicable for theé lapping of tapered
thread rings such. as ring gauges or the like, In
lapping .a threaded plug the lapping tool would
be. a. threadéd. ring, it being apparent that other
forms of lapping tool may. of course be substituted
for the particular thread lap which has been
shown.

The workplece whlch may be an. 1nterna,11y
threaded rihg having tapered threads. is carried
for rotation about.its own axis.in the work holder
11, .and is.rotated at.a suitable speed, as by a
drive.belt 15 operating atround pulleys 6.and 17
(see. Figs. 2 and. 9).  The.pulley i1 is driven by
pulley I8 fiom a drive motor 19. The shaft 20
which. carriés one of the gears I8 also operates
a. gear 21 through a speed reducing gear box
22. . Pulley. 2{. is connected. by belt 23 to a pulley
24 which is connected to the lapping tool as will .
be. presefitly described. The relative speeds of
the pulleys.i6.and 24 is-preferably such -that
the workpiece is driven substantially faster than
the lapping tool, the workpiece and the lapping
tool turning in. opposite directions. It has been
found. quite .satisfactory to have the workpiece
turned at a speed of.about 180 R. P. M. with the
lapping tool turned at.a speed of about 20 R. P. M,

The workplece designated by numeral 26, which
is shown. as a threaded ring gauge a,dapted for
gatiging. pipe threads, is held in a centered rela-
tion. with respect.to the work carrying arbor 27
by.means.of .clamps 28. The arbor 27 is rofat-
ably mounted by suitable bearings 29 in the work
holder 11, the pulley 16 being secured to one end
of the arbor The work holder i is fastened as
by means of suitable securing screws.to the plate
(0. The work carrying arbor 271 is preferably
hollow, having. a. cylindrical chamber 34.. Nor-
mally the piston 33 is in its retracted or.outer
position. as illustrated in Fig. 2, and it may be

“moved to that position by the stem or handle 35.

When the workpiece is being mounted on the end
of the arbor 27T, the stem 35 is. pushed. inwardly
to moye the piston into the pos’it‘i‘on shown in
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Fig. 3, and with the workpiece 26 held loosely by
the clamps 28, an exact centered position of the
workpiece is obfained by applying a centering piug
37 info the workpiece, one portion of the cen-
tering plug 387 having a conical surface that fits
into the tapered threads of this workpiece, and
having another cylindrical portion which fits into
the chamber 34 of the piston. - Since the chamber
34 is exactly concentric with the axis of rotation
of the work carrying arbor, the workpiece will be

adjusted. into a centered relationship on the:

arbor, and the clamps 28 are then tightened, and
the centering plug 37 removed.

5
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The pulley 24 is secured by means of a pin 3§ -

to a hollow shait 40 which is rotatably journaled

15

in the drive shaft bearing {3. Shaft 46 is pro-~

.vided with slots or grooves 41 which form guide-

ways for rollers 82 rotatably carried on a pin 43

which is secured to a drive rod 44. This rod.is
_connected by a flexible coupling 45 to the shaft
section 46 which is fixed to tool holder or spindle
49 in which the lapping plug 48 is fixed, as by a
suitable set screw, not shown. The shaft section
46 "is removably fixed in tool holder &8, which is
supported by means of anti-friction bearmgs 58
for free rotation in the support 12.

The support {2 is arranged for shdmg move-
ment on a carrier 82 so as to move'in a direction
towards and from the workpiece. - The carrier,
which’ is preferably an elongated- plate, is. pro-
vided with guideways 83 which guide the base
portion 54 of the support 2, Suitable anti-fric-
tion rolls or balls 55 are interposed between the
parts 53 and 54. The plate 52 is rotatably adjust-
able on but fixed to a plate 568, which is secured
to a transversely extending plate 57. 'This plate
57 is guided for movement transversely of the
axis of the work, in a mounting base §8,
suitable anti-friction balls or rollers 59 inter-
posed between the parts 57 and 58. The arrange-
- ment.of the carrier 52 on the mounting base 58
- thus permits transverse movement of the tool,
and the arrangement of the tool support {2 on

the carrier permifs movement of the tool in a-

direction generally towards and from the work-
piece: The direction of movement of the tool
.depends on the adjustment of the carrying plate
52 on the plate 56, this adjustment permitting

the location of the guideways 53 so they extend-

- parallel to the desired taper angle of the threads
on the workpiece, and by taper angle of the
threads on the workpiece is meant the angle be-
tween the work axis and a plane touching the
ends of all the threads at one side of the work.
The adjustment of the carrier plate 52 on the
plate 56 is accomplished by loosening the fasten-
ing screws 60 which are threaded in the carrier
plate 52 and which are arranged in arcuate slots
‘in the plate §6 concentric with the vertical axis
of this plate. The carrier plate 52 can then be
turned relatively to plate 56 to align the guide
ways 53 with the desired taper angle of the threads
on the workpiece. The screws 68 are then tight-
~ened to rigidly hold. the par’cs 52 and 5'5 agamst
relative displacement.

Arranged preferably at the top of the tool sup-
port 12 is & handle 62 which the operator may
grasp in order to move the tool support, and con-
-sequently move the tool, into a desired working

- position with respect to the workpiece. Move-
ment of the tool, éither in a direction transverse
of the work piece axis or’'in a direction towards

or from the workpiece, is effected without inter- -

fering with the rotational drive of the tool, since
the flexible connection 45 permits misalignment
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of the axes of the tool and the rod 44, and the
connection between the rod 44 and the shaft 40
permits, in effect, a telescopic movement of the
rod 44 along the shaft 40 while maintaining a
rotational drive connection. The operator is thus
enabled, by grasping and moving the handle §2,
to retract the tool to the right from the position
shown in Fig. 2 to the position shown in Fig. 3.
As shown: in Fig, 1, the bearing housing 13 is
laterally displaced from the axis of the work-

-‘piece, and the drive shaft 40 is at a slight angle

to the work axis, corresponding preferably to the
average taper angle of workpieces to be finished,

50 that when the tool is operating the axis of the
rod 44 will be approximately in alignment with

the axis of the shaft 48, . The axis of the rod 44,
however, will be at & slight angle to the axis of the

‘shaft section 48, since the latter is positioned by

the tool holder with the axis of the tool parallel
to but displaced from the axis of the workpiece,
. The plate 58 is normally substantially below the
tool support {2. Inasmuch as the carrier plate
52 is rather long, it is preferably supported at its
overhanging end by means of a.foot 82 which is
adjustably ‘screwed into the plate 52 and bears
against a flat thrust surface 83 on the base 0.
This foot slides over the smooth thrust surface
as the plate moves transversely. »
The threaded lapping tool 48 shown in Figs. 6,
7, and 8 is made preferably of cast iron or cother
suitable material adapted for satisfactory lap-
ping operation. It is considerably longer than the

length of the thread to be lapped on the work-

piece and is of substantially smaller diameter
than the threads in the workpiece. The threads
on the-lapping tool have the same pitch distance
as the threads to be lapped on the workpiece. As
shown, the larger end of the threaded lapping
tool is small enough in diameéter so that the lap-
ping tool can move through the workpiece with-
out jamming against it.  In use, the operator
by srasping the handle 62, can move the lapping
tool intoc the workpiece and then, as the lapping
tool is moved laterally with respect to the axis
of the workpiece, the threads of the lapping tcol
are brought into contact with the threads on the
workpiece. . Before these threads engage, the
drive motor is started so that the workpiece and
the lapping tool are turned, each on its own axis,
these axes being parallel to one another but rela-
tively spaced during the lapping operation. - Since
the tool support 12 is free to move towards and
from the workpiece, the lapping tool will be drawn
along .the workpiece by reason of the threaded
engagement that takes place at one side of ‘the

- lapping tool with one side of the workp1ece The

lapping tool is thus caused to travel along the
workpiece in .one direction or the other, so that

- the ‘thread on the workpiece is progressively
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lapped in an annular direction around the work-
piece. . As ‘the line of: contact varies annularly
around the workpiece, the threads on the work-
piece are lapped until the desired size and finish

is obtained. A reversal in the direction of rota-
tion of both thé lapping tool and the workpiece

takes place automatically when these parts are in

the relative positions approximately as shown in
Figs, 7 and 8, causing the lapping tool to move -

first in one direction and then the other with a
‘considerable axial travel during the lapping op-

eration. .This automatic reversal is effected by

- limit switches and a reversible motor, or an equiv-

w

alent construction, as will be presently described.
It will be apparent that as the axial movement
of the lapping tool takes place, the axis of the _
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tool is simultaneously displaced: laterally the ex-
act amount required to maintain the lapping tool
in threaded engagement and effective- lapping
contact with the work, since the guides §3 of car-
rier 52 are arranged in exact parallelism with the
taper-angle of the threads on the-workpiece, . To
provide a yielding engagement with a predeter-
mined pressure between the lapping tool and the
workpiece, the tool support 12 is- spring pressed
in-a& transverse direction.preferably towards the
operator.- The spring, shown in Fig, 10 and des-
ignated 63 is arranged in the plate §7 which is
movable transversely of the workpiece axis as pre-
viously deéscribed. One end of -the spring en-
gages against an adjustable stop 64 which is. ad-
-justably threaded in a-lug 65 and held in adjusted
position by a lock nut §6. ~'The lug 85.is fixed on
the'plate 10-as shownin Figs. 1 and 10. The spring
-§3 -thus yieldingly urges the carrying means §2

and-the tool support 12 in a direction to engage 2

the lapping tocl with the work, and with a pres-
‘sure determined by the setting of the screw 64.
The oper‘ator can readily move the tool against
-the pressure of the spring 63 by pushing on the
handle 62 before he moves the tool into the work
and the tool is then moved laterally and engaged
with a yielding pressure when he releases the
push ‘on the handle. The plate 57, as shown in
Pigs. 1 and 10 has a side surface 68 parallel to
the axis of the workpiece, This surface 68 is en-
gaged by an adjustable stop §9 ‘which prevents
continued lapping on the-work after the proper

size is- obtained, the stop 69 being previously set’

intoe-a desired position, as by adjusting the handle
70 fo move the threaded stem Tl along the lug
12. When the lapping tool is first brought into
engagement with the workpiece there is a sub-
stantial space between the end of the stop 69
and the side surface 68, but-as the lapping oper-
ation proceeds, and the workpiece is lapped, the
surface 88 is moved over by the spring and finally
contacéts the stop 69 which locates the lapping
tool in final lapping position. If there are-some
portlons of the workpiece, due to a very slight
eccentricity or uneven lapping, which require fur-
ther lapping, those portions of the workpiece will
continue to be lapped while the other portions of
the workpiece, which have been lapped to final
size, will be held out of pressure contact with the
lapping tool by means of the stop 69. With this
stop properly set, excessive lapping such as would
wear down the workpiece to an undesired extent,
_is prevented. The operator is therefore relieved
of the responsibility of determining exactly when
the lapping operation is completed.

Limit switches which control the reversing of
the motor after the predetermined amount of
travel of the lapping tool takes place are con-
trolled by switch operating dises T3 adjustably
mounted so they can be set at predetermined po-
sitions on a stationary shaft 14 which is carried
by a bracket 15. The bracket is fixed to the tool
holder 12. These discs 13 operate.switch con-
trols 76. The closing of these switches operates
reversing relays 11 to control reversing switches
18. The reversing switches 78 change the phase
relationship of the current supplied from a three
phase source 19 to the motor 19. Start and stop
switches 80 and 81 in a starting circuit are man-

ually moved by the operator at the start and stop 7

of any lapping operation. The starting circuit
also includes a limit switch 82, operated by a stop
83 on the support 12, which insures stopping of
the motor if the switch 16 should fail to do so,
While the form of apparatus and the method
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of ‘operation herein described constitutes. & pre-
ferred embodiment of the invention, it.is to be
understood that the invention is not limited to
this precise form of apparatus and method, and
tHat changes may be made therein without de-
parting from the scope of the invention which is
defined in the appended claims.

“What is claimed is:

L. Apparatus for lapping taper threads of an
1nterna]1y threaded workpiece comprising a ‘work
holder, a threaded lapping tool having tapered
threads and having an effective lapping portion
longer than the thread lengih to-be lapped and
substantially smallerin diameter than the threads
lapped, means for rotating the work holder, means
for rotating the tool, means for maintaining the
axis of the tool parallel tothe work axis, means for
periodically reversing the direction of rotation of
the tool, and means for mounting the tool for free
rectﬂmear movement in a predetermined direc-
tion at anangle to the axis of the workpiece corre-~
sponding to the taper angle of the threads on the
workpicce, so that motion in such predetermined
direction is dependent entirely upon engagement
of- the workpiece with the tool.

2. Apparatus of the character described com-
prising a work holder for holding & threaded
workpiece, means for rotating said holder about
the work axis, a rotatable tool holder having a
threaded lapping tool of an effective length longer
than the thread to be lapped, means for rotating
the tool holder about an axis parallel to the work
axis, a support for said tool holder, means guid-
ing said support for rectilinear movement sub-
stantially transversely of the work axis and for
free rectilinear movement towards and from the
work: position but in a direction angularly re-
lated to the work axis, the motion of the support
in the latter direction being unrestrained so that
movement in such direction takes place merely by
action of the tool on the work, means for revers-
ing the direction of rotation of the tool, & stop for °
limiting transverse movement of the tool holder,
and spring means for yieldingly urging sald sup-
port against said stop.

3. Apparatus of the character described com-
prising a work ‘holder, means for. rotating the
holder about the work axis, a rotatable tool holder,
means for rotating the tool holder, a support for
said tool holder, a plurality of slides mounted one
on the other with one of said slides carrying said
support for mounting said tool holder for move-
ment in a plurality of predetermined directions
one of which is substantially transversely of the
work axis and the other of which is substantially
towards and from the work position but in a,
direction angularly related to the work axis, yield-
ing means operable on said support to maintain
yielding engagement of the tool with the work,
and means for automatically reversing the direc-
tion of rotation of both the work holder and the
tool holder as predetermined positions of the tool
holder are attained.

4, Apparatus for lapping taper threads of an
internally threaded workpiece comprising a work
holder, a threaded lapping tool having tapered
threads and having an effective lapping portion
longer ‘than the thread length to be lapped and
substantially smaller in diameter than the threads
lapped, a support for the lapping tool, carrying
means for said support and providing for free
endwise movement of the support in a direction
angularly related to the work axis in accordance
with the taper angle of the threads, the movement
of the support in such angularly related direction
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being unrestrained so that motion of the sup-

port is meérely ¢aused by the inter engagement of ‘

the work and the tool, means for guiding the car-
rying means for movement of the carrying means
in a direction transverse of the work axis, and
means for rotating the tool and the work at dif-
ferent speeds of rotation.

5. Apparatus for lapping taper threads of an
internally threaded workpiece comprising a work
holder, a. threaded lapping tool having tapered
threads and having an effective lapping portion
jonger than the thread length to be lapped and
substantially smaller in diameter than the threads
lapped, a support for the lapping tool, carrying
means for said support and guiding the support
for free endwise movement of the support in a
direction: angularly related to the work axis in
accordance with the taper angle of the threads,
means for guiding the carrying means for move-
ment of the carrying means in a direction trans-
verse of the work axis, and means for rotating the
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.the tool axis parallel to the work axis and extend-
ing into the work, and guide means for mounting
said work holder and tool for horizontal free rela-
tive rectilinear movement towards and from one
another in a predetermined direction correspond-
-ing to the taper angle of the work, and means for
.yieldingly urging the tool laterally of the work
axis to maintain yielding engagement With one
‘side. of the work,

8. Apparatus for lapping an internal threa.d on
a. workpiece comprising a work holder, a threaded
lapping tool, means for rotating said Work holder
about. an axis corresponding to the work axis,
means for rotating said tool about its own axis at
a speed differing from that of the work holder,
slides carrying said tool for movement in two di-
rections one of which is generally transverse of
the work axis and the other of which is generally
in a direction towards and from the workpiece,
said tool being substantially free and unrestrained

' in its movements in the latter direction, means

tool and the work at different relative speeds and

in timed relation with one another, a stop for lim-
iting transverse movement of the carrying means,
and spring means for yieldingly urging said carry-
ing means against said stop.

6. Apparatus for lapping tapered workpieces
" comprising a first holder and a second holder, one
- of said holders having means for supporfing a
tapered threaded workpiece, a tapered threaded
lapping tool carried by the other holder, means for
rotating said holders at relatively different speeds,
means for maintaining the axes of said holders in

parallelism -and supporting said holders for free

relative movement towards and from one another
so that one of the holders may be propelied by the
_ threaded engagement of the workpiece and the
lapping tool at one side of the workpiece, means
yieldingly urging one of said holders laterally of
the work axis to hold the tool and the workpiece in
yvielding engagement during the lapping opera-
tion, and stop means for limiting lateral move-

- ment of the yieldingly urged holder.
. ‘Apparatus for taper-threading compmsing a

work holder, a threaded tapered tool. having -

-threads of smaller diameter but the same pitch as
the threaded portion of the workpiece, means for
rotating said work holder and said threaded tool
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at relatively different speeds, means for holding -

yieldingly urging the tool in said transverse direc-
tion so that the threaded portions of the tool and
the workpiece produce relative movement general-
1y in the direction of the workpiece axis, adjusta-~
ble means for limiting the lateral motion of
the tool, and means for automatically changing
the relative speeds of rotation after a predeter-
mined relative movement of the tool along the
workpiece to reverse the direction of travel.

9. Apparatus for lapping taper threads of an
internally threaded workpiece comprising a work
holder, a threaded tapered lapping tool tapered in
accordance with the taper of the workpiece, means
for rotating the work holder concentric with the
work axis, a tool head for the lapping tool, means
for rotating the foolin said head at a speed dif-
fering from that of the workpiece, and means for

_mounting.the tool head for free rectilinear move--
ment in a predetermined direction inclined to the
work axis at an angle corresponding to the taper

~angle of the work, a carrier supporting said

mounting means for movement at right angles to
the work -axis,- and means for yieldingly urging
the mounting means on said carrier to: yieldingly
-hold the tool against the work.

MAX F. BOECK.
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