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1

This invention pertains to apparatus for lap-
ping flat disks or fiab annular surfaces. While
of more general application it is here illustrated,
by way of example, in its application to the lap-
ping of the seats of pop safety valves. In such
valves the head or feather is urged toward the
seat by a spring and lifts from the seat when the
fluid pressure beneath the head or feather over-
comes the spring force. As the fluid pressure
rises toward the popping point, the effective force
which holds the valve head to the seat diminish-
es, eventually becoming zero.
tion of leakage and consequent injuricus erosion
resultant from wire-drawing ai pressurss near
the popping point depends solely upon the ac-
curacy of the opposed faces of the valve head and
seat. In valves of the better grades, particularly
those intended for high pressure work, the degree
of flatness of the seat surface must ke within
licht band limits, and the only way of obtaining
such fistness mechanically is by a lapping opera-
tion. If it be attempted to lap & flat surface by
the use of laps which turn constantly in the same
direction and about the same axis, the surface
being lapped will be rounded off. Thus when it
is attempted to lap the flat annular seat of a
safety valve by the use of a solid, rotating lap, the
edges of the seat pushing will become rounded
and the lap itself will develop worn spots. Here-
tofore, so far as is known to me, no portable me-
chanical device has been available for lapping the
seats of pop safety valves, installed in the posi-
tion of use, with the desired degree of accuracy,
and prior practice has been to lap them by hand.

In hand-lapping, the lap may be given an ir-
regular combined reciprocating and rotating mo-
tion which does not wear the lap locally or cause
a rounding of the surface being lapped. How-
ever, this hand operation is laborious and expen-
sive and requires experience and skill. The prin-
cipal object of the present invention is to provide
portable mechanical means which may be power
or hand driven, and which is capable, in use, of
so lapping the seat of a pop safety valve (without
removing the valve from its place of use) as to
obtain a flat surface, accurate within light band
limits. A further object is to provide a lapping
appliance which may be operated by unskilled
and inexperienced persons but without sacrifice
of the accuracy of result. A further object is to
provide a lapping appliance so designed that in
lapping a disk or flat annulus no fins are produced
at the edge as & result of the action of the lapping
element. . A further obj ect is to provide a lapping
appliance of such

Thus the preven-.

design that the lapping ele- ¢

10

20

35

40

45

2

ments re-condition themselves during the lapping
operation so that they always remain within light
band limits of accuracy. A further object is to
provide a lapping appliance in which a lap may
readily be replaced whenever it is desired to re-
new it or to change the type of lap or abrasive
to be employed. Other and further objects and
advantages of the invention will be pointed out
in the following more detailed description and by
reference to the accompanying drawings wherein:

fig. 1is a fragmentary, vertical section through
the casing of a safety valve of a well known type
(the honnet of the valve being removed) showing,
in diametrical section, the seat-lapping imple-
ment and accessory parts of the present inven-
tion; .

Tig. 2 is a diametrical, vertical section through
the carrier which forms a part of the improved
seat-lapping implement;

Fig. 3 is a plan view of the part shown in Fig. 2;

Fig. 4 is a plan view of an internal gear annulus
forming an element of the improved lapping im-~
plement, showing some of the pinions assembled
therewith;

Tig. 5 is a section on the line 5—5 of Fig. 4 but
omitting the pinion; . )

Tig. 6 is a plan view of lap-driving pinion form-
ing an element of the appliance;

Fig. 7 is a section on the line 7—1 of Fig. 6;

Fig, 8 is a plan view of a washer forming a de-
sirable element of the appliance;

Fig. 9 is a diametrical section, through a hold-
ing screw employed for connecting certain of the
parts;

Fig. 10 is a plan view of a lap illustrative of the
type of lap which may be employed in the ap-
pliance;

mig. 11 is a diametrical section on the line
{¢—Ii1 of Fig. 10;

Fig. 12 is a diametrical section of a positioning
cylinder forming an accessory to the appliance of
the present invention; and

Pig. 13 is a side elevation of the lap-supporting
assembly, illustrating the possible use of a single
lap.

Referring to the drawings, the numeral 20 desig-
nates a valve casing, usually a casting, of a con-
ventional type having the seat bushing 2{ which
defines the inlet passage 22 and which is shaped
at its upper end to provide the horizontal, annu-
lar, flat valve-seat surface 23. 'The casing is
also shaped to provide the outlet passage 24 and
has a flange portion 25 to which the usual valve
bonnet (not here shown) is attached and which
defines an opening leading into the valve cham-
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ber within the casing. This flange 25 is provided
with an internal, annular, horizontal shoulder
which forms a support for a flange 23 at the up-
per end of a stationary valve-guiding sleeve 27.
This sleeve is in accurate axial alignment with
the axis. of the valve seat.

In accordance with the present invention the
seat-lapping appliance comprises a carrier or
support 28 (Fig. 2) having a disk portion 29
of a maximum external diameter substantially
equal to the internal diameter of the valve-guid-
ing sleeve 27, and provided with a coaxial hub
38 at its upper side and having a substantially
fiat lower surface 3f perpendicular to its axis.
The disk is provided with an annular upstand-
ing flange 32 spaced inwardly from its peripheral
edge 33 so as to provide a horizontal annular
shoulder 34. A short stem 235 (here shown as
integral with the hub 30) extends upwardly from
the hub, the stem being of an external diameter
less than that of the hub so as to provide the
horizontal, annular abutment shoulder 3§. This
stem has a diametrically extending aperture 37
for the reception of a connecting bolt, as here-
after described, and the disk 29 is provided with
a plurality of vertical bores 38, four of these
bores here being illustrated, the axes of these
beres being on a circle which is concentric with
the axis of the disk, the ssveral bores being lo-
cated between the flange 32 and the hub 238.
These bores 38 are designed to receive the shank
portions 39 of shouldered holding serews (Fig.
9) which extend up through the bores 3 and
whose shanks are screw threaded to receive the
retaining nuts 48 (Fig. 1) by which the holding
screws are held rigidly in assembled relation to
the disk 28. Each of the holding screws has an
elongate cylindrical head portion 4i whose pe-
ripheral surface is finished to provide a journal
for a lap-driving pinion 43 (Figs. 6 and 7) the
head portion 4i of the holding screw having
an axial, internally screw threaded bore §2. Pref-
erably a washer W (Fig. 8) of antifriction ma-
terial, for example, hard fibre is interposed be-
tween the lower face of disk 29 and the upper
faces of the pinions. Hach of the pinions 43 is
provided with an axial bore 44 designed to turn
on the head 4i of the holding screw, and is
provided with peripheral teeth 45 which are
hereinafier referred to as “gear teeth” although
they need not be accurately developed gear teeth
such as are used in properly designed gear trains.
As here shown, these teeth are triangular. Teeth
of other shapes may be employed, and accurately
developed gear teeth may be used if desired. On
the other hand, coarse knurling may be sufficient
for the purpose which is to prevent slippage be-
tween the pinion and the complemental element
hereinafter referred to as an “annular gear” with
which the pinion meshes during use. Fach of
these pinions 43 is provided with two diametri-
cally arranged downwardly projecting dowel pins
46 which are designed to enter corresponding
sockets in the upper surface of a lap 471 (Fig.
11). These laps, as here illustrated, are disk-like
in general shape, each Iap having a bore 48 which
. iIs designed to turn on the lower portion of the
head 41 of the corresponding holding screw, the
bore having an enlargement 49 at its lower end
for the reception of the head 50 (Fig. 1) of a
screw whose shank is engaged with the threaded
bore 42 in the holding screw. The length of
the upper, smaller part of the bore 48 is such
that the head 59 of the screw -does not contact
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) 32 of the disk 28,

the shoulder at the junction of the larger and
smaller parts of the bore, so that the lap is
free to move axially to a limited extent, for ex-
ample %4 of an inch. When the parts are as-
sembled, the lap is constrained to turn with
the corresponding pinion 43 by the dowel pins
48. Preferably the axes of the laps are located
on a circle of a radius substantially equal to
that of the valve seat.

Cast iron laps may be used, each lap having
an gccurately smooth lower surface in a plane
perpendicular to the axis of the lap, and it
will be understood that, in use, the lower surfaces
of the laps will be supplied with suitable abrasive
material sueh as is customarily employed for
the purpose of lapping parts which are to be very
accurately finished. While cast iron is g desir-
able material for forming the laps, it is contem-
plated that other materials may be employed
and that if desired, abrasive disks may be substi-
tuted for the iron laps.

The lap-driving pinions 42 all mesh with a sta-
tionary gear annulus 41 (Figs. 1,4 and 5) which is
secured temporarily, during the lapping operation,
to the lower edge of the valve guiding eylinder
27 by means of screws 52. This gear annulus 51
is provided with internal teeth 53 of suitable
shape for cooperation with the teeth 45 of the
binions 43. As here illustrated, these teeth 53
are triangular but as noted in connection with
the teeth 45, they may be of other shapes so
long as they funetion in cooperation with the
teeth 45 of the pinions to insure positive rotation
of the pinions without substantial slippage be-
tween the gear 51 and the binions 43. The rela-
tive arrangement of the several pinions 43 and
the gear 5{ is illustrated in Fig. 4, it being noted

hat there are four pinions having their axes 90°

apart which all mesh at the same time with the
gear Bi. A greater or lesser number of pinions
may be used according to the number of laps
employed.

In order to position the appliance properly
th.en in use, there is provided g hollow cylinder
or journal member 54 (Fig, 12) whose outer sur-
face is aceurately finished for a rotating fit within
a })earing constituted by the stationary valve
guiding sleeve 21. The. lower edge of the cylin-
der or journal member 54 rests upon the shoulder
: with the flange 32 of the disk
fitting snugly, for example with a press fit, within
the .lower end of the cylinder so that the cylinder
or journal member and disk rotate as a unit.
The cylinder and disk are 50 designed that when
th.ey are -assembpled, and the cylinder has been
slid down into the valve guide 271, the lower face
of the disk, which is accurately flat, will be in a
plane berpendicular to the axis of the valve seat.
The cylinder 54 hag an -opening 57 in its wall
at a_point 50 spaced from its lower edge as to
brovide access to a connecting screw g9 by
mean,s_of which the stem 35 ig attached to the
gctuat{ng device. As illustrated in Fig. 1, there
1S provided an inverted cup-like member 59 which
fits over the stem 35 and whose lower end rests
upon the shoulder 38, this cup-like member havy-
ing a diametrically extending opening which,
in assembling the parts, is arranged in axial align-
ment with the opening 37 in the stem 35. When
the part 59, the cylinder 5 and the supporting
me_mber 28 have been assembled, the bolt &9
1s mserted, the bolt having a screw threaded
Pportion which engages serew threads in the wall
of the cup member 5% This cup member is
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connected, preferably by a universal joing 6l,
with an operating shaft 62.

In use, the gear 51 is first secured to the lower
edge of the valve guiding sleeve 21. Then the
appliance, comprising the support 28 and cyl-
inder 54, with the pinions 43 and corresponding
laps assembled therewith, and with the driving
shaft 62 coupled with the stem 35, is pushed
down into the sleeve 27T until the pinions 43 mesh
with the teeth of the gear 51. It being assumed
that the lap members 471 have been provided
with abrasive or that they are of abrasive char-
acter, rotation of the shaft 62 turns the support
28 and thus causes the pinions 43 and the cor-
responding laps to revolve in an orbit about the
axis of the valve seat and while so revolving the
engagement of the pinions with the fixed gear
51 causes the pinions to turn on their own axes
and thus rotate the several laps. Desirably, the
number of teeth 53 in the fixed gear 51 is an
uneven multiple of the number of teeth in the
pinions, and if desired, the number of teeth in
the several pinions may differ as is permissible
when the teeth are not accurately developed gear
teeth, the net result being that during the lap-
ping operation the same point in any given lap
seldom if ever touches the same point on the
valve seat surface while moving in the same
direction. Thus the possibility of scoring the

seat surface is substantially eliminated and fur- 3

thermore, there is no tendency to wear the sur-
faces of the laps unevenly.

As herein above described, four laps, sym-
metrically arranged, are used. However, a lesser

or greater number of laps may be employed. I'or :

specific example, as shown in Fig. 13, but one lap
is used. This is made possible by the use of the
sleeve 58 which holds the carrier 28 so rigidly
and so accurately centered with reference to
the axis of the valve seat that even though the
pressure is applied unsymmetrically, periect
lapping is obtainable.

While the apparatus herein disclosed is par-
ticularly useful, by reason of its portable char-
acter, for resurfacing worh seats of valves al-
ready in use, and without necessitating the re-
moval of the valve from the pipe connection, it
is obviously useful in the lapping of seats of
new valves in the process of manufacture.

While one desirable embodiment of the in- g

vention has been illustrated and described by
way of example, it is to be understood that the
invention is broadly inclusive of any and all
modifications falling within the terms of the
appended claims.

I claim:

1. A lapping appliance comprising a disk-like
support having an under surface which is ac-
curately flat and perpendicular to the axis of
the support, a hollow journal member coaxial
with and fixed to the support, the journal mem-
ber and support being of the same external
diameter, a plurality of annular laps arranged at
the under side of the support, a journal for each
lap on which the lap may turn, the axes of the
several journals being spaced apart circumier-
entially of the support, means for rotating the
support, and means, including a fixed annular
gear coaxial with said journal member operative
as the support turns to turn each of the laps on
its ‘own journal.

2. A portable lapping appliance comprising a
disk-like support having a flat under surface per-
pendicular to its axis, said support having a plu-
rality of bores whose axes are perpendicular to the
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Jower surface of the support and spaced axially
from, the axis of the support, a shoulder screw
fixed in each of said bores, each screw having a
journal portion projecting down below the under
surface of the :support, a lap mounted to turn
upon the journal portion of each of said shoulder
screws, a pinion coaxial with each lap, drive con-
nections between each pinion and its lap, a rigid
hollow cylinder having a finished outer surface
designed to turn in a stationary bearing with
its axis perpendicular to the plane of the surface
to be lapped, the disklike support having an
upstanding annular flange which fits tightly
within the lower end of the cylinder, the edge
of the disk-like support being flush with the
outer surface of the cylinder, an annular internal
gear coaxial with the cylinder and with which
all of said pinions mesh, means whereby said
annular gear may be fixed relatively to the sta-
tionary bearing in which the cylinder turns, and
means for rotating the disk-like support thereby
bodily to revolve the laps about the axis of the
support, the engagement of the pinions of the
annular gear causing the individual laps to rotate
as they revolve.

3. A portable lapping appliance comprising a
disk-like support having a flat under surface per-
pendicular to its axis, a journal member pro-
jeeting down below the under surface of the sup-
port, & lap mounted to turn upon said journal
member, 2 pinion coaxial with said lap, the lap
being free to move axially of its journal member
for a limited distance, a drive pin projecting
from the pinion into a socket in the associated
lap, an internally toothed annular gear coaxial
with the disk-like support and with which all
of said pinions mesh, a rigid hollow cylinder
coaxial with the disk-like support and to one
end of which the latter is secured, the cylinder
having a finished outer surface and being de-
signed to turn in a stationary bearing with its
axis perpendicular to the plane of the surface
to be lapped, means whereby the annular gear
may be fixed relatively to said bearing, the disk~
like support having an axial stem arranged with-
in the cylinder, and means for turning said stem
thereby to rotate the disk-like support and thus
to revolve the lap in a circular orbit while the lap

is rotated about its own axis by engagement of

the pinion with the annular gear.

4, A portable lapping appilance comprising a
disk-like support having a flat under surface per-
pendicular to its axis, a plurality of journal mem-
bers carried by and projecting down from the
support, the axes of the journal members being
equally spaced circumferentially of the support,
a lap and a lap-driving pinion mounted to turn

on each journal member, each lap being free to

move axially to a limited extent, means for trans-
mitting motion from each pinion to its associated

Jap while permitting such axial movement of the

lap, an annular internal gear which simultane-
ously engages fhe several lap-driving pinions, the
support having an upstanding axial stem and
having an upstanding annular flange spaced in-~

‘wardly from its outer edge, a rigid hollow cylin-

der - within whose lower end said upstanding

-flange fits tightly, the outer edge of the disk-like

support being flush with the outer surface of -
the cylinder, the outer surface of the cylinder
being finished and designed to turn within a
stationary bearing whose axis is perpendicular
to the plane of the surface to be lapped, means
whereby the annular gear may be fixed relatively
to said stationary bearing, a drive rod, and a
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‘Universal joint connection between the drive rod
and the stem of the disk-like support.

5. Portable lapping apparatus adapted to be
used in lapping the seat -of a pop safety valve of
that kind wherein a eylindrical guide for the
valve head is fixed reldatively to the valve casing
and in- ccaxial relation to the valve seat, said
appliance comprising a sleeve which fits aceu-
rately within said cylindtieal guide for rotation
relatively to the latter, a carrier fixed to the
sleeve, said ecarrier supporting o plurality of in-
dependently movable rotary laps, a pinion co-
axial with and eonneeted to each lap, an annii-
lar, internal gear which simultanecusly meshes
with all of the pinions, means for fixing said gear
to the lower edge of the cylindrical guide, and
means for rotating said sleeve within the cylin-
drical guide. :

6. Portable Iapping apparatus adapted to be
used in lapping the seat of a pop safety valve
of that kind wherein a cylindrical guide for the
valve head is fixed relatively to the valve casing
and in coaxial relation to the valve seat; said
appliance comprising a eylindrical sleeve so di-
mensioned as to accurately fit and to rotate with-
in the head guiding eylinder, a carrier fixed to
the lower end of said cylindrical sleeve, a plu-
rality of journal members projecting down from
said carrier, the axes of the journal members
being equally spaced circumferentially of the
carrier, an anhulay lap turning on each journal
member, a pinion eoaxial with each lap and hav-
ing driving connection therewith, an internal,
annular gear which simultaneously meshes with
all of the piniens, means for attaching said gear
to the lower edge of the head guiding eylinder
in coaxial relation to the latter, and means for
rotating the sleeve and carrier.

7. Portable lapping apparatus adapted to be

used in lapping the seat of a pop safety valve

of that kind wherein a ¢ylindrieal guide for the
valve head is fixed relatively to the valve casing
and in coaxial relation to the valve seat, said
appliance comprising a cylindrieal sleeve so di-
mensioned as-to fit and rotate within the cylin~-
drieal guide, a carrier fixed to the lower énd of
the cylindrical sleeve, the carrier having a flat
under surface which is perpendicular to the axis
of the sleeve, a stem projecting up from the
upper face of the carrier, an antifriction washer
engaging the under surface of said carrier, a
plurality of pinions supported by the carrier and
arranged below said washer with their axes per~
pendicular to the lewer face of the carrier, an
annular lsp coaxial with each pinion, each lap
being eapable of slight axial movement, means
for transmitting motion of each pinion to its
associated lap, an annular, internal gear which
meshes simultaneously with all of the pinions,
means conneeting the annular gear to the lower
edge of the cylindrical guide, and a shaft con-
nected to the stem for rotating the disk and its
cylindrical sleeve relatively to the cylindrical
guide.

8. Portable lapping apparatus useful in the re-
surfacing of worn seats of used pop safety valves,
of the kind in which there is a stationary valve-
guiding sleeve within the valve casing, without
necessitating the removal of the valve from its
bipe conmections, said apparatus comprising a
hollow journal member designed to fit accurately
and rotatably within the valve-guiding sleeve of
the valve casing, a carrier fixed to the lower end
of the cylinder, an internal annular gear, means
for temporarily attaching said gear in coaxial
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relation to the lower end of the valve-guiding
cylinder, a pinion rotatably supported by the
carrier and which meshes with said internsa] gear,
& lap fixed in codxial relation to the pinion, and
means for rotating the cylinder.

9. A portable Iapping appliance eomprising an
internally toothed gear annulus having provision
for rigidly securing it to a stationary part with
its axis perpendicular to the plane of the siir-
face to be lapped, a hollow cylinder, Laving a
finished outer surface, designed to turn in a sta-
tionary bearing which is coaxial with the gear
annulus, & disk-like suppert eoaxial with the
¢ylinder and gear annulus and which is fixed to
one end of the eylinder, a plurality of journal
members fixed to and projecting downwardly
from the under surface of the support, the axis
of each of said jowrnal members being spaced
from the axis of the support, a lap mounted te
turn on each journal meniber, a pinion associated
with and having driving connection with each
lap, and means for rotating the support, the
several pinions meshing with the teeth of the
gear annulus, whereby, as the support is rotated,
each Iap is turned about the axis of its own jour-
nal member. )

186. A portable lapping appliance comprising a
disk-like support, a journal member fixed to and
projecting dewnwardly from the under surface
of the support, the axis of said journal member
being spaced from the axis of the support, a lap
mounted to turn on said downwardly projecting
journal member, a pinion associated with and
having driving connection with said lap, an an-
nular intermal gear coaxial with the support and
with which said pihion meshes, a hollow cylin-
der having a finished outer surface designed to
turn in a statiohary bearing coaxial with the
annular gear, the disk-like support being fixed
to one end of the eylinder, means whereby the
annular gear may be rigidly secured to a sta-
tionary part with its axis perpendicular to the
plane of tire surface to be lapped, and means for
rotating the disk-like support.

1l. Portable valve seat lapping apparatus com-
prising a hollow journsl member designed to turn
within a stationary eylindrical valve guide co-
axial with but of am internal diameter exceeding
the diameter of the valve szeat, a support fixed
to said journal member, the support carrying a
rotary lap whose axis is parallel but eccentric to
that of the journal member, an annular gear
coaxial with the journal member, a. pinion eon-
nected to the ldp to rotate With the latter and
which constantly meshes with said annular gear,
means for fizing the annular gear relatively to
said valve guide, and means for rotating the jour-
nal member.

12, A portable valve seat lapping apparatus
comprising a hollow journal member designed
to turn within a stationary hollow, cylindrical
valve guide coaxial with the seat to be lapped,
8 support fixed to said hollow journal member,
the support carrying a plurality of annular laps
whose axes are arranged in & circle coaxial with
but of less diameter than that of the hollow jour-
nal member, the axes of the several laps being
parallel to that of the journal member, a pinion
associated with each lap and . having driving
connection with its respective lap, an internal
annular gear with which all of the pinions mesh,

-meaus for temporarily fixing the gear to said

valve guide in coaxial relation to the latter, and
means for rotating the journal member within
the valve guide, the several piniong having differ=
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ent numbers of teeth respectively, whereby their
speeds of rotation are different.

13. A portable lapping device adapted to be
used in lapping an annular surface, said device
comprising a circular, rotatable support which,
in use, is coaxial with the surface to be lapped, a
lap carried by and which is rotatable relatively to
the support, the lap being of a diameter exceeding
the radial width of the annular surface to be
lapped and having its axis parallel to that of the
support but eccentric thereto, the axis of the lap
being at a radial distance from the axis of the
support such that the lap extends beyond both
the inner and outer edges of the annular surface
to be lapped, a hollow journal of an external di-
ameter exceeding the external diameter of the
surface to be lapped, said journal being coaxial
with and rigidly secured to the support and be-
ing designed to turn in a stationary bearing co-
axial with the annular surface to be lapped, and
means for rotating the lap about its own axis
while it is revolved about the axis of the annular
surface to be lapped, including means for rotat-
ing the support and a stationary annulus of an
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internal diameter exceeding that of the annu- 25

lar surface to be lapped.

14. A portable lapping device adapted to be
used in lapping a flat annular surface, said de-
vice comprising a circular, rotating support
which, in use, is coaxial with the surface to be
lapped and which is of a diameter exceeding the
external diameter of said annular surface, a plu-
rality of laps carried by the support, each lap be-
ing of a diameter exceeding the radial width of
the surface to be lapped and turning about an
axis parallel to but eccentric with respect to the
axis of the support, the axes of the several laps
being spaced symmetrically about the axis of the
support and each being located at such a radial
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distance from the axis of the support that each
lap extends beyond both the inner and outer
edges respectively of the annular surface to be
lapped, a toothed annulus coaxial with and fixed
relatively to each lap, a hollow, cylindrical jour-
nal of an cutside diameter exceeding the external
diameter of the annular surface to be lapped, said
journal being coaxial with and fixed at its lower
edge to the support, the journal being designed
to turn in a stationary bearing coaxial with the
annular surface to be lapped, means for rotating
the support about its own axis thereby revolv-
ing the several laps about said axis, and a sta-
tionary, annular, internal gear of an internal
diameter exceeding the external diameter of the
annular surface to be lapped, said gear meshing
simultanecusly with the toothed annuli of the
several laps.

ROBERT A. TOBIS.
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