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(54) Title: FORMING THREADED HOLES
(57) Abstract

A threaded hole may be formed in a lid of an underground petrol tank
without emptying the tank or removing the lid, using a tool (Figure 3) having
a taper tap section (61), an intermediate tap section (62) and a final tap
section (63). At the leading end of the tool, there is a reamer section (60)
and supported on the free end of the tool is a centreless hole cutter (50). A
resilient mounting transmits drive from the main part of the tool to the cutter
(50), but allows the cutter to float. A sleeve (23) surrounds the tool, so that
a column of inert gas may be caused to lie in the cutting region. A magnet
(57) mounted within the cutter (50) catches and holds a released disk of the
cover. Also described is a rig (Figure 1), for operating the tool (Figure 3),
and a method (Figure 5) of securing a collar threaded into a hole formed by
the tool.
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FORMING THREADED HOLES

This invention relates to a method of forming a
threaded hole, for example in a tank or tank 1lid, and
to tools and rigs for forming such threaded holes. The
invention further relates to a method of securing an
internally-threaded collar in such a threaded hole.

Though various aspects of this invention may find
applicability in diverse areas of industry, the
invention is especially suitable for forming threaded
holes in a tank, and particularly in an underground
tank for containing a flammable and volatile liquid

such as petrol. 1In view of this, the invention will

hereinafter expressly be described with reference to

underground petrol tanks, though it will be appreciated
that the invention is not to be regarded as being
limited thereto.

A common form of underground petrol tank comprises
a steel (but sometimes reinforced plastic) vessel

buried below ground level and having a neck upstanding

from an upper part thereof, the neck having at its

upper end an outwardly directed flange. The tank is
closed by means of a 1lid which fits over the neck
opening and is bolted to the flange in a liquid and
gas-tight manner. Pipes for filling and drawing liquid
from the tank, along with other services such as a
level indicator, pass through the lid and are connected
to appropriate pipe-work and so on within a chamber in
the ground above the 1id, which chamber 1is
conventionally closed by a man-hole cover.

In one common arrangement for such a tank, the 1lid
closing the neck is made of steel and has one or more
circular openings therethrough, in each of which is
welded a steel sleeve having upper and lower internal
threads. The sleeves allow the connection of the
required pipes to the tank, from above the 1lid, and of



WO 94/21409 PCT/GB94/00544 .

further pipes exteﬁding down into the tank.

Recent legislation and regulations based mainly on
environmental grounds may require the provision of
further services within an underground petrol tank.

5 For example, in order to reduce the risk of over-
filling a tank, certain authorities require an alarm
system to be fitted to a tank, to give an alarm when
the level within the tank rises above some
predetermined level. In order to do this, and

10 presuming there is no unused opening through the tank
lid, a further opening must be formed in the tank 1lid,
through which the required service may be fitted.
Generally speaking, the further opening may be formed
oﬁly by removing the tank 1lid, drilling and tapping the

15  new opening and then replacing the tank lid.

In the case of a below-ground garage forecourt
tank intended to hold petrol, the opening of the tank
by removing the tank 1id has to be performed with great
caution and special measures have to be taken in order

20 to avoid the risk of fire and explosion. Generally
speaking, this may be performed only once appropriate
notice has been given to the local government
authority. The tank must be emptied of all petrol, and
is then filled with water to displace all petrol fumes

25 and vapours. The above-1lid pipe-work and other
services have to be disconnected from the 1id, and then
the ring of bolts around the lid may be removed. Once
done, the lid may be lifted together with the fill-pipe
and other equipment projecting downwardly from the 1lid.

30 After the 1id has been drilled and tapped, it is
refitted to the tank and the tank then has to be
subjected to a pressure test, in order to ensure that a
perfect seal has been formed between the tank 1lid and
the neck flange. Once tested, the pipe-work and

35 services are re-made to the tank 1lid, and then the tank

has to be completely drained of water, before it can be
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placed back in service. Moreover, the water will Dbe
contaminated and so has to be disposed of with
considerable care.

It will be appreciated that the above procedures
take a most considerable time and may be performed only
by skilled personnel; a tank typically is out of
service for one to three days if the 1id has to be
removed, for any reason. The effective cost to the
garage proprietor is thus relatively high.

It is a principal aim of the present invention to
provide both a method of and apparatus for forming a
tapped hole through a metai plate, which method and
apparatus are particularly suitable for use on an
underground petrol tank, and which allow the drilling

and tapping of the hole through, for example, the tank

lid without the need to remove the 1id from the tank
itself.

According to a first aspect of the present
invention, there is provided a method of forming a
threaded hole through a platé such as a tank wall,
comprising advancing a rotary centre-less hole-cutter
into the plate to form a circular hole therethrough,
continuing to advance the hole-cutter beyond the plate
and following the hole-cutter into the cut hole with a
tapered tap having a required thread form whilst
rotating the tap to form a thread in the hole, and
maintaining an inert atmosphere on the side of the
plate, from which the cutting commenced, in the region
of the hole being cut through the plate both during the
cutting and subsequent tapping thereof.

In the method of this invention, safety in
operation is assured by the provision of an inert
atmosphere in the region in which the hole is firstly
being cut and secondly being tapped. By excluding all
oxygen, the risk of an explosive mixture of petrol

vapour and air is obviated and so the cutting and
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tapping operation'may proceed safely. Moreover, by
consecutively cutting the hole and immediately
following the hole cutter with a tap, the hole formed
in the plate (such as the tank lid) remains effectively
plugged, again reducing the risk of the formation of an
explosive mixture of petrol vapour and air.

Most preferably, the inert atmosphere is
maintained by surrounding the hole-cutter and the tap
with a sleeve which also bears on the plate, and
supplying an inert gas, such as nitrogen or carbon
dioxide, to the interior of the sleeve.

Once a tapped hole has been formed, it may be
necessary to mount on the tank lid an extermnally
thfeaded collar engaged with the hole, in order to

allow appropriate equipment to be fitted to the tank

lid. For instance, if a coarse thread is required and
yet the tank lid is not particularly thick, tapping the
coarse thread in the 1lid will result in too few threads
in the 1lid to give a secure mounting. As such, a fine
thread may be tapped in the 1id, the collar having a
corresponding external thread for engaging the 1lid, and
also having a bore tapped with the required coarse
thread. The collar may be made sufficiently long to
ensure a sufficient number of the coarse threads are
present, for strength requirements.

A collar fitted into a threaded hold in a tank lid
must make a fluid and gas-tight seal to the 1lid and,
once fitted, should be resistant to ready removal. A
second aspect of the present invention aims at
providing a novel technique for securing in position
such a threaded collar, in a rapid and simple manner.

Accordingly, a second aspect of the present
invention provides a method of securing an internally-
threaded collar in a threaded hole formed in a plate,
which collar has an externally-threaded boss, an
outwardly-directed flange at one end of the boss, and
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an internally—threéd bore through the boss the internal
diameter of which tapers inwardly towards the free end
of the boss remote from the flange, comprising
threading the boss of the collar into the threaded hole
in the plate and tightening the flange down on to the
plate, and then running a parallel threaded bolt or
plug through the internally-threaded bore from the
flanged end thereof so as to deform radially outwardly
the material of the boss in the region of the taper of
the internal thread, thereby locking the collar in
place. .

The method of furnishing a collar in a threaded
hole, in accordance with this aspect of the invention,
deforms the threaded boss of the collar radially

outwardly so as to resist loosening and subsequent

removal of the collar from the tapped hole. The amount
of deformation required positively to lock the collar
is not that great, and typically the internal threads
in the boss taper by an amount of not more than the
internal thread depth, over the length of the tapered
region. Moreover, in order to ensure that loosening of
the collar is resisted, it is preferred for the length
of the externally-threaded boss to be no greater than
approximately twice the plate thickness, though which
the boss is threaded.

According to yet another aspect of the present
invention, there is provided a tool for cutting a
threaded hole through a plate such as a tank 1lid,
comprising: a tapered tap; a centre-less rotary hole-
cutter; and means mounting the hole-cutter
substantially co-axially on the leading end of the tap,
which means transfers rotary drive from the tap to the
hole-cutter and permits the axis of the hole-cutter to
move resiliently out of alignment with the axis of the
tap.

A conventional design of a rotary hole cutter has
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a cylindrical wall formed with cutting teeth at its
leading circular edge, the cylindrical wall being
mounted on or integrally-formed with a circular end
wall through which a drill co-axially extends, the
5 cutting end of the drill being ahead of the teeth of
the hole cutter. In this way, the drill forms a pilot
hole through the plate to be cut and then serves to
centre the hole cutter itself. However, penetration of
the plate by the drill opens the tank even before the
10 hole cutter has started to cut the plate. By using a
centre-less hole cutter (that is, a hole cutter not
having a drill for forming a pilot hole), this early
opening of the tank is obviated.
It is very difficult to prevent a conventional
15 'design of hole cutter but not provided with a pilot
drill from wandering during the early stage of rotary
cutting, unless rigid support can be provided for, and
immediately adjacent, the hole cutter. However, it has
now been determined that by furnishing a resilient
20 mounting arrangement for the hole cutter, as defined
above, the tendency for the’hole cutter to wander is
greatly reduced and it is possible to cut a hole using
the tool of this invention more or less exactly where
required, even when the hole cutter is mounted on the
25 leading end of a tapered tap, and with the nearest
bearing giving radial location for the hole cutter
being above the tap itself.
In the tool of this invention, it is preferred for
the tapered tap to include a reamer section between the
30 leading end of the tap, on which is mounted the rotary
centre-less hole-cutter, and the threaded portion of
the tap. Such a reamer may clean-up the hole formed by
the hole cutter to an exact size, prior to the
threading thereof.
35 This invention further provides a rig for forming
a threaded hole through a wall of a tank, such as an
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underground petrol tank, which rig comprises a tool of
this invention as defined above, in combination with
supporting means to support the tool and to impart
rotary drive thereto, said supporting means including
means to advance the tool at a controlled rate as
cutting of the hole advances and during threading of
the hole, and isolating means to maintain an inert
atmosphere on the outside of the tank in the region of
the hole being cut through the tank wall and during the
tapping thereof by said tool.

The isolating means may comprise a sleeve which
surrounds the tool and is arranged to bear on the
outéide wall of the tank, and means to supply an inert
gas such as nitrogen or carbon dioxide to the interior
of the sleeve. The tool preferably is mounted on a
drive shaft and there is provided a bearing on the
drive shaft in the region of the mounting of the tool
on the drive shaft, which bearing has a plurality or
outwardly projecting arms arranged to engage fixed
surfaces in the vicinity of the tank wall being cut,
such as the sides of the chamber immediately above the
tank, so as to stabilise the tool during the operation
of the hole-cutter. In this case, said sleeve may be
mounted at its upper end on the bearing, so as to form
a substantially closed-space surrounding the tool.

By way of example only, the various aspects of
this invention will be described in further detail
referring to the accompanying drawings in which:-

Figure 1 is a diagrammatic side view of a rig for
forming a hole through a 1id of an underground petrol
tank;

Figure 2 is a front view of the slide head
assembly forming a part of the rig of Figure 1;

Figure 3 shows a hole cutting and tapping tool,
employed by the rig of Figure 1;

Figure 4 is an enlarged view on the upper portion
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of the isolating.arrangement used with the tool of
Figure 3; and

Figure 5 is a part-sectional view through a collar
fitted into a tapped hole.

5 Referring initially to Figures 1 and 2, there is
shown a rig 10 arranged to form a threaded hole through
the 1lid 11 of an underground petrol tank 12, without
the need to remove the 1lid from the tank. Access is
gained to the 1id 11 through a chamber 13 which is

10 normally closed by a man-hole cover (not shown) and in
which chamber extends appropriate pipe-work connecting
the tank to a filling point and to petrol pumps for
drawing petrol from the tank.

The rig is in the form of a wheeled framework

15  which may be towed from place to place as required, and
then up-ended to the position shown in Figure 1, over
the 1lid to be drilled. When up-ended, the rig provides
a mast 14 having, at its upper end, a support arm 15
and a pair of guides 16 extending generally vertically.

20 A cable 17 from a winch 18 extends over a pair of
pulleys 19 provided on the support arm 15 and suspends
a slide head assembly 20, shown in greater detail in
Figure 2. The slide head assembly is constrained to
run along the fixed guides 16 and may be raised and

25 lowered by means of the winch 18.

An hydraulic motor 21 (Figure 2) is mounted on the
slide head assembly 20 and rotatably supports a drive
tube 22, extending down into the chamber 13. The lower
end of the drive tube carries a hole cutting and

30 tapping tool (Figure 3) surrounded by a flexible
convoluted sleeve 23, the lower end of which bears on
the 1id 11. The upper end of the sleeve 23 is
supported by a ring 24 having telescopically-adjustable
radially-extending arms 25, the outer ends of which

35 terminate in pads 26. The arms are adjusted so that
the pads 26 engage the sides of the chamber 13, in
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order to give 1oca£ion for the tool at the lower end of
the drive tube 22.

Referring to Figure 2, it can be seen that the
slide head assembly comprises a top plate 30 suspended
from the cable 17, and overlying the guides 16. The
ends of the top plate 30 may be pinned to the guides by
inserting pegs through aligned holes in the plate and a
chosen pair of a series of holes 31 in the two guides
16.

A pressure plate 32 is disposed below the top
plate 30 and has a pair of upstanding location rods 33
extending through bushes 34 mounted on the top plate
30. These serve to maintain the two plates parallel
whilst allowing the pressure plate to move vertically
With respect to the top plate. Four suspension rods 35
project upwardly from the pressure plate 32, through
respective apertures in the top plate 30 and into
housings 36 in each of which is disposed a respective
compression spring 37, acting between the top plate 30
and the upper ends of the respective rod 35.

Extending through a central bore in the pressure
plate 32 is a shaft 38, pinned against movement with
respect to the pressure plate, the shaft also passing
through an opening in the top plate 30 and having an
aperture 40 above that plate, though which extends a
control lever 41. Below the pressure plate 32, the
shaft 39 is threaded, a nut 42 being engaged therewith.
The nut is rotatably received in a lower section 43 of
the slide head assembly, and is provided with a hand-
wheel 44 to effect rotation thereof. The hydraulic
motor 21 is mounted on the lower section 43, which also
provides an upper bearing 45 for the drive tube 22.
The lower section 43 has two brackets 46 engaging
behind the guides 16, so as to maintain the sections in
sliding contact with those guides.

Referring now to Figure 3, there is shown the tool
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for firstly cutting a hole through the tank lid 11 and
then for tapping that hole. The tool comprises a
centre-less hole cutter 50 having a cylindrical wall
formed with cutting teeth 51 at its lower end, the wall
5 projecting downwardly from a mounting plate 52 at the
upper end of the cutter. The plate 52 has a square
central opening through which extends a square drive
spigot 53 having an enlarged head 54 within the hole
cutter 50. The spigot 53 is screw-threaded into a
10 complex tap 55, with a resilient pad 56, for example of
hard rubber, being provided between the lower end face
of the tap 55 and the plate 52 of the hole cutter 50.
A magnet 57 is located within the hole cutter 50
and is suspended for example by means of a chain 58
15 from the head 54, at such a position that the magnet
will engage and hold a disc cut from the 1lid 11, by the
teeth 51 of the hole cutter 50.
The complex tap 55 has coarse spiral flutes 59 and
is divided into four consecutive sections. From the
20 lower end of the tap, these comprise:

- a reamer section 60 adapted to finish the hole cut
by the hole cutter 50 to a precise diameter suitable
for threading;

- a first, or starting, tap section 61 adapted to

25 commence cutting the thread of the required form in the
hole cleaned by the reamer section 60;

- a second, or intermediate tap section 62 adapted
to cut the required thread profile commenced by the
first tap séction 61; and

30 - a final tap section 63 of an essentially parallel
form, adapted to clean-up and finish the thread profile
in the hole through the tank lid.
The upper end of the complex tap 55 has a mounting
and drive boss 64, by means of which the tap is mounted
35 on the drive tube 22.

Referring now to Figures 3 and 4, it can be seen
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the convoluted and resiliently deformable sleeve 23
surrounds the cutting and tapping tool, and terminates

‘at its lower end in a ring 65, lightly to seal against

the tank 1lid 11. This seal is not intended to be gas
tight and should allow the leakage of supplied inert
gas out of the sleeve. A port 66 is provided through
the ring 65, to permit the ingress of an inert gas,
such as carbon dioxide or nitrogen, to the interior of
the sleeve. That gas is directed to the cutting region
of the cutter 50, so as to assist in blowing away swarf
produced by the cutting operation.

The upper end of the sleeve 23 is held in the ring

.24 which carries the telescopic arms 25, the ring 24

surrounding, but being rotatable with respect to, the
drive tube 22. A circlip 66 is mounted on the drive
tube below the ring 24, such that raising of the drive
tube, by lifting the slide head assembly 20, will 1lift
the sleeve 23, but such that the drive tube may move
downwardly from the position shown in Figure 4, within
the sleeve. 1In an alternative arrangement, the upper
end of the sleeve 23 simply bears on the ring 24: in
this case, the sleeve will be left in position on
withdrawing the tool from a cut hole.

The rig and tool described above is used by
carefully positioning the rig over the tank 1lid 11 so
that the hole cutter 50 is positioned co-axially over
the point at which the hole is to be formed. The arms
25 are adjusted firmly to engage the internal walls of

‘the chamber 11 and so to locate the drive tube 22

vertically over that point. The lower section 43 of
the slide head assembly 20 is raised fully the on
threaded part of shaft 38, by turning the hand wheel
44, and the slide head is lowered by means of winch 18
until the cutter 50 engages the tank lid; the top plate
30 is then pegged to the guides 16. When so
positioned, the ring 65 at the lower end of the sleeve
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23 bears on the tank 1lid and inert gas is supplied to-
the interior of the sleeve through port 66 to drive out
all air. By using an inert gas of a greater density
than air, the chamber 13 will gradually fill with that
gas, so displacing air therefrom, as well.

Rotation of the cutter 40 may then be commenced,
by powering the hydraulic motor 21, which rotates the
drive tube 22. Pressure is maintained on the cutter by
turning the hand-wheel 44 to thread nut 42 along shaft
38, as the cutting proceedé.

, In the above way, a hole is cut through the tank
1id 11, in the presence of an inert atmosphere which
effectively removes the risk of an explosion. The tank
lid is opened only at the moment the hole cutter
penetrates the lid, and the cut disk of the 1id is held
by the magnet 57, so preventing the disk (which may be
at least warm) falling into the tank. After the
cutting of the hole, rotation of the drive tube 22 is
continued whilst the tube is lowered relatively quickly
by means of lever 41, so as successively to move into
the cut hole the reamer section 60, and then the first,
intermediate and final tap sections 61 to 64. When the
tapping has been completed, the direction of rotation
of the tube 22 is reversed, and the lever 41 raised to
1lift the drive tube and pull the cutting tool clear of
the 1lid. During the tapping operation, the weight of
the drive tube, cutter and tap are largely balanced by
springs 37, so greatly reducing the force which has to
be applied to the lever 41.

Referring now to Figure 5, there is shown a
threaded collar suitable for fitting into a tapped hole
formed for example by means of the rig and tool
described above. This collar comprises a sleeve 70
threaded internally with a relatively coarse threaded,
and from which depends a boss 71, threaded both
internally and externally. The external threads 72 are
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of a parallel form, and correspond with the threads
formed in the hole cut through the tank lid 11; these
threads may be relatively fine. The internal threads
73 formed in the boss 61 are parallel for the first
part of the length of the boss, where the boss extends
through the 1lid 11, and then taper inwardly, typically
by approximately the depth of the thread itself, as
shown by dimension t. A groove for a sealing washer 74
is formed in the shoulder between the external surface
of sleeve 70 and the external threads 72.

The collar of Figure 5 is used by being threaded

‘into the tapped hole in the 1lid 11, and being tightened

down so that the shoulder at the lower end of the
sleeve 70 tightly engages the tank lid 11, compressing
washer 74. Then, a parallel threaded plug of the same
thread form as the first part of the internal thread 72
is threaded from above into the boss 71. After passing
through the parallel part of the internal threads 72,
the plug then deforms radially outwardly the tapered
part of the boss 71 and this has the effect of flaring
the external threads 72 outwardly, from immediately
below the tank 1lid 11. 1In this way, the collar is
tightly locked in position and is restrained against
loosening.
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CLAIMS

1. A method of forming a threaded hole through a
plate such as a tank lid, comprising advancing a rotary
centre-less hole-cutter into the plate to form a
circular hole therethrough, continuing to advance the
hole-cutter beyond the plate and following the hole-
cutter into the cut hole with a tapered tap having a
required thread form whilst rotating the tap to form a
thread in the hole, and maintaining an inert atmosphere
on the side of the tank plate from which the cutting

commenced, in the region of the hole being cut through

the plate both during the cutting and subsequent
tapping thereof.

2. A method according to Claim 1, in which the
inert atmosphere is maintained by surrounding the hole-
cutter and the tap with a sleeve which also bears on
the plate, and supplying an inert gas to the interior
of the sleeve.

3. A method according to Claim 2, in which the
direction of advancement of the hole-cutter and the tap
is generally vertically downwardly and the sleeve bears
on the plate at its lower end, and the inert atmosphere
is maintained by supplying a gas of a density greater
than that of air to the upper end of the sleeve.

4. A method according to any of the preceding
Claims, in which the inert atmosphere maintained in the
region of the hole being cut is one of nitrogen or
carbon-dioxide.

5. A method according to any of the preceding
Claims, in which the plate through which the tapped
hole is to be formed is the lid of a subterranean
petrol storage tank.

6. A method of securing an internally-threaded
collar in a threaded hole formed in a plate, which
collar has an externally-threaded boss, an outwardly-
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directed flange at one end of the boss, and an
internally-thread bore through the boss the internal
diameter of which tapers inwardly towards the free end
of the boss remote from the flange, comprising
threading the boss of the collar into the threaded hole
in the plate and tightening the flange down on to the
plate, and then running a parallel threaded bolt or
plug through the internally-threaded bore from the
flanged end thereof so as to deform radially outwardly
the material of the boss in the region of the taper of
the internal thread, thereby locking the collar in
pléce.
7. A method according to Claim 6, in which the
internal threads in the boss taper by an amount of less
than the thread-depth, over the length of the tapered
region.
8. A method according to Claim 6 or Claim 7, in
which the externally-threaded boss has a length of
approximately twice the plate thickness through which
the boss is threaded.
9. A method according to any of Claims 6 to 8, in
which the threaded hole is formed in a plate by the
amethod of any one of Claims 1 to 6.
10. A tool for cutting a threaded hole through a
plate such as a tank 1lid, comprising:

a tapered tap;

a centre-less rotary hole-cutter; and

means mounting the hole-cutter substantially co-
axially on the leading end of the tap, which means
transfers rotary drive from the tap to the hole-cutter
and permits the axis of the hole-cutter to move
resiliently out of alignment with the axis of the tap.
11. A tool as claimed in Claim 10, wherein said
mounting means includes a resilient pad disposed
between the leading end face of the tap and a rear face
of the hole-cutter.
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12. A tool as claimed in Claim 10 or Claim 11,
wherein the tap is provided with a reamer section
between the leading end thereof and the threaded
portion of the tap.

13. A tool as claimed in any of Claims 10 to 12,
wherein the tap includes, in order from the leading end
thereof, a taper section, an intermediate section and a
parallel section so as fully to form a finished thread
on being fully threaded into a hole cut by the hole-
cutter. |

14. A rig for forming a threaded hole through a tank
wéll or lid, comprising a tool as claimed in any of

claims 10 to 13 in combination with supporting means to

support the tool and to impart rotary drive thereto,
sald supporting means including means to advance the
tool at a controlled rate as cutting of the hole
advances and during threading of the hole, and
isolating means to maintain an inert atmosphere on the
outside of the tank in the region of the hole being cut
through the tank wall or lid and during the tapping
thereof by said tool.

15. A rig as claimed in Claim 14, wherein the
isolating means comprises a sleeve which surrounds the
tool and is arranged to bear on the outside wall or lie
of the tank, and means to supply an inert gas to the
interior of the sleeve.

16. A rig as claimed in Claim 14 or Claim 15,
wherein the tool is mounted on a drive shaft and there
is provided a bearing on the drive shaft in the region
of the mounting of the tool on the drive shaft, which
bearing has a plurality or outwardly projecting arms
arranged to engage fixed surfaces in the vicinity of
the tank wall or 1lid being cut so as to stabilise the
tool during the operation of the hole-cutter.

17. A rig as claimed in Claim 16, wherein each of
said arms is telescopically-adjustable, to allow
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positioning of the tool to cut a hole at the desired
site.
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