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1
METHOD OF LINING METAL PIPES .
BACKGROUND OF THE INVENTION .

1. Field of the Invention -
This invention relates to a- method for lining metal

pipes. In partlcular the method involves the explosive
forming or expansion of a liner against the internal sur-

face of a pipe to form a tight mechanical bond between

the outer surface of the liner dnd the mternal surface
of the pipe. |
2. Descrlptlen of the Prior Art

Explosive forming. techmques have beenused to form
shaped metallic articles and-in- the-cladding of metal

pipes. In the known, stand-off explosive forming tech-
nique the shock wave produced by the detonation of
explosive can be transmitted for some distance through
water to a workpiece in a period of a few microseconds

. '?3', 863,327

3, 3 14,139 in which a thll‘d element as a trans:tton layer -

~is inserted between the two metal Iayers to be bonded.

- However in practice this method also requrres the evac-

3
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tages.

thus deformmg the workplece The velocity of the

shock wave is dependent on the amount of explosive
used. This initial energy impulse was responsible for the
majority of the deformation but the low-amplitude tail
of the shock wave only contributed sltghtly to the final
deformation of the workpiece.

In British Patent Specification No. 925,422 there is
disclosed a method of forming a metallic article by
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placing a metal blank over the contoured surface of a'

mould, the mould and blank being completely im-
mersed in a fluid, positioning an-explosive charge in the
fluid and detonating the explosive charge so that the
shock wave produced causes the metal to conform to
the shape of the mould. This specrﬁcatlon also indi-
cates that a cylindrical member may be trued: by using
a split die, a fluid transmission' medium and-an axially
disposed line of explosive charges. These techniques
had the disadvantages that heavy equipment in' the
form of dies and evacuation apparatus were necessary

British Patent Specification: No. 1,020,912 is con-
cerned with a method of fabricating multi-layer vessels
from a plurality of srngle layer'shells which:may be ap-

plied to the expansion of an inner liner into tight en-

gagement with an outer cylindrical vessel by means of

“uation of the space between the surface to be bonded
and are remforemg die.. - |
~ None of the prior art: methods therefore are dble to

provide an effective expleswe forming method for the

Immg of metal pipes without the necessity for reinforc-

ing dies and heavy equipment. Furthermore it has been

found necessary to remove the air from the space be-
tween the liner and the pipe before the firing operation
is carried out. This has usually involved evacuation of
the space and required a consrderable amount of extra
equipment. _ | | |
The present invention evereomes these disadvan-

SUMMARY OF THE INVENTION

The invention: provides a. method for lnternally Itmn g
a metal pipe said method comprrsrng (i) positioning a
metallic liner inside a pipe in a gaseous atmosphere, (i1)

maintaining the volume within the liner full of a hqmd

(11i) setting up at least three’ expleswe charges in the

liquid along the central axis of the pipe and (iv) simul-

taneously firing the explosive charges, the explosive
charges being located such that mtttally the liner forms

~a tight mechamcal bond wnth the ptpe m the central re-

. gion of the pipe.

30 mechantcal bond with: the plpe approximately half—way

“After the initial firing the liner usually forms a tlght

along its length. - |
Subsequent ﬁrmgs may be camed out to drive the gas

from between the liner and the pipe so that the liner
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40

a shock wave produced by an axially-situated explosive

charge. However this'-method does not solve the prob-

lem of removing the air from the space between the
liner and the cylinder. Further the explosive charge 1s
situated such that a uniform shock wave is directed

against the shell which is subjected to the same pres-
sure at every point. There is a real danger therefore of
air pockets betng trapped between the liner-and the cyl-
inder resulting in undesirable weak places in the lined
cylinder.

U.S. Pat. No. 3,036, 374 discloses an:explosive form-

ing method by which a liner may be expanded against

the inside wall of a hollow metal cylinder. This tech-
nique requires a restraining die to prevent distortion of

the cylinder due to the firing of the single explosive

charge. However this method’ does not appear- to be

controllable to any desired extent and as can be seen:
from FIG. 9 the result of the method is the formation:

of a “seml-metallurgtcal” bond:between the two met-
als. There appears to be some degree of diffusion of

one metal into the other metal and it seems- unlikely

that a metal lining bonded in-such a way could be re-

moved easily and without damage to the outer tube as

is often required.

The interdiffusion of the two metal layers -may be
prevented by the method disclosed in' U.S. Pat. No.
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forms a tight mechantcal bend wrth the pipe along the
length of the pipe.

An advantage of the present invention is that the gas
between the liner and the pipe 1s pregresswely driven
out as the firing proceeds so that no gas is traped.

- The tight mechanical bond which is formed between
the liner and the pipe is not a fusion or welding of the
two metals at the interface nor an entry of one metal

‘into the other. The mechanical tightness of the bond is

such that the lined pipe behaves as a unitary body

“under working conditions such as thermal expansion
and other mechanical treatments. Under certain condi-

tions the mechanical bond may result in’ greater ther-
mal or . electral conductance from one metal to the
other.

The liquid in which the explosive charge or charges
is'set and fired is a liquid which must be physically and
chemically relatively stable to the firing of explosive
charges. Water is the preferred liquid.

Conveniently, the preparation steps include pre-

fabricating a liner, for example by welding, the liner
535
" having generally the internal contours of the structural

component or complex shape to be lined, cleaning and
brightening the internal surface of the structural com-.
ponent or complex shape, and cleaning and brightening

¢ the outer surface of the liner. The liner is normally of

a metallic material, for example, copper and copper al-
loys, titanium, tantalum; aluminum and alloy steels.

- Good results have been obtained in the method of the
present. invention when three explosive charges were .
used at each firing. The three explosive charges are po-

sitioned along the central axis of the pipe and are deto-

nated simultaneously. The tail waves of the shock
waves produced by the detonations are caused to inter-



3

r'ii’liﬁgle or interact with one another so that they re-

. bound from one another and by doing so remain pow-
erful for a longer duration. than if a single central
-charge were used. The charges at each end of the line

of explosive charges course a buffer effect of the shock
waves. The resulting turbulence produced drives the air
in the space between the liner and the pipe outwards so
that none is trapped between the bonded liner and
pipe. After several firings, during which all the air be-
tween the liner and pipe is driven outwards, the liner is
bonded to the pipe along the whole length.

When three explosive charges are used in the initial
firing operation, it is preferred that the charges posi-
tioned at each end are of equal power. The centrally-
positioned charge may be of greater or less power. In
the former case, the ratio of the power of the explosive
charges may be, for example, 1:2%:1. However, in the
case when there is a larger central charge, the reflec-
~ tion or buffering effect of the central charge by the two
smaller charges is less than that in the alternative em-
bodiment wherein the central charge is the smallest. In
general, when the end charges are larger than the cen-
tral charge, more power is directed into the central re-
gion of the pipe and less power is lost by being directed
outwardly from each end of the pipe. Thus generally,
less firing operations will be needed to complete the
lining operation if the end charges have greater power
than the central charge. | | |

Conveniently the metallic liner is initially longer than
the pipe to be lined and is positioned inside the pipe
such that it protrudes from the pipe at each end. Liquid
may be maintained inside the liner during the firing op-
~eration by a flexible, liquid-proot bag, conveniently
made from a plastics material, for example polyethyl-
ene. Another method of maintaining water inside the
liner is to seal the end-openings of the liner with bungs,
for example, wooden bungs, through which means for

supplying more liquid may be fixed.

These two methods may conveniently be used when
the lining operation is carried out in air. The former
method may be used for internally lining a metal pipe
not more than 8 feet in length. The latter method may
be used to line pipes greater than 8 feet in length and
in this case the pipe and liner are conveniently sup-
ported at an angle to the horizontal. "

Although the present invention described herein
does not usually utilise an external die or clamp, if extra
reinforcement is necessary in a particular case then a
split die or clamp can be set up to surround and support
the pipe and liner during the lining operation. If the
pipe to be lined is of such material and adequate thick-
ness to withstand the shock waves produced during the
firing operations then no further reinforcement should
be necessary. |

The type of explosive used is not critical. Various
high explosives may be used allowance being made in
the weight of explosive used to compensate for varia-
tions i power. | .

Good results have been obtained in the method of the
present invention by using “Cordtex™ detonating fuse
as the explosive charges. Cordtex fuse consists of a core

of P.E.T.N. (pentaerythritoltetranitrate) encased in a

plastics material and can be cut easily to required
lengths. It offers an easily measurable method of calcu-
lating the power of the explosive charges. Cordtex det-
onates at 22,000 ft/sec. and has a calorific value of
13,500 ft.lb. In the method of lining pipes lengths of

. 3,863,327
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- pulse.

Cordtex may be detonated'simultaneously.using 1.C.1.
No. 6 electric detonators activated by an electrical im-

The method of thepresent'inveﬁtian may be used to

provide a pipe with, for example, an inner corrosion-
resistant lining and in many industrial situations there

is a need for metal tubes, pipelines or vessels to be lined
with metals which possess very different properties to
those possessed by the pipe or tube itself. For example,
it is often required that the inner surface of a pipe be
resistant to corrosion from chemicals, water etc,
whereas the pipe itself must have considerable strength
properties. Metal pipes, therefore, which need to be
strong and also corosion-resistant internally are often
provided with a corrosion-resistant inner lining. The
strength-bearing outer pipe is usually manufactured
from inexpensive metal having sufficient thickness to
provide the rigidity and strength required for the par-
ticular use of the pipe. The corrosion-resistant lining 1s
usually manufactured from more expensive metal and
need only be of a thickness sufficient to withstand the
corrosion agents with which it will come into contact
during use. | -

The liners which are fitted by the method of the pres-
ent invention can be removed and replaced by a new
liner in a short time. This is useful when the inner liner
has worn out and it is inconvenient or uneconomic to
replace the whole component. BRIEF DESCRIPTION
OF THE DRAWINGS = | |

The present invention will now be described by way
of example with reference to the accompanying draw-
ings in which: - S |
" FIG. 1 is a longitudinal, sectional view of the compo-
nents assembled for the initial firing in the lining of a
short pipe,

FIG. 2 is a longitudinal, sectional diagram of the pipe
and liner. of FIG. 1 after the first firing, .

FIG. 3 is a similar view to FIG. 2 and shows the pipe
and liner after the third firing, =~

FIG. 4 is a similar view to FIGS. 2 and 3 and shows
the pipe and liner prior to the last firing, B

FIG. 5 is a longitudinal, sectional view of components-
assembled for the initial firing in the lining of a long
pipe, and |

FIG. 6 is a plan end view of the upper bung of the as-
sembled components of FIG. 5. = -

FIGS. 1 to 4 illustrate the preferred procedure in-

volved for lining a short length of pipe, that is less than
8 feet long. This procedure is described in detail below -

as method A. FIGS. § and 6 relate to an alternative pro-

cedure useful in lining longer lengths of pipe, that Is
longer than 8 teet. | ”

DESCRIPTION OF THE PREFERRED
. EMBODIMENTS

Method A | |

‘In this method a metal pipe is lined with a metal liner
which may be a drawn tube or may be prefabricated
from sheet by seam welding to follow the internal con-
tours of the pipe. The internal surface of the pipe and
the outer surface of the liner are cleaned so that the -

metal is bright. |
The pipe 1 to be lined is mounted on wooden blocks

2 on a concrete base 3 as shown in FIG.1. A liner 4 is

inserted into the pipe 1. The liner 4 is longer than the
pipe 1 so that it protrudes a short distance, usually .
about 2 inches, from the pipe at each end. Generally
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the liner 4 has its outside diameter dimensions slightly
less than the internal dimensions of the pipe 1 so that
the liner 4 may be inserted easily within the pipe 1. A
large polyethylene bag 5 is inserted inside the liner 4
and then filled to the top of the liner with water as the

transmission medium. A long cane 6 supporting three

explosive charges 7 is located in the water along the
central axis of the liner 4. The ratio of the power of the
explosive charges 7 and the locations of the charges 7
ensures that after the first firing the liner 4 bonds with

the plpe 1" approximately -half-way along its length as
shown in FIG. 2.

' '3_;86.3,32,7;

6.
The location of the lower exploswe charge depends
upon the length of pipe bemg lined. For a pipe of 8 feet

“in Jength the lower charge can. be located approxi-

10

The cane 6 supportmg the explosive charges 7 may

be replaced by a chain or rope or other sultable sup-
porting means. o | -

Suitable detonators 8 are attached to each of the ex-
plosive charges 7. Ignition wiring 9 connects the deto-
nators 8 to a central control, not shown. As shown In
FI1G. 1 the detonators attached to the central and upper
charges face downwards so that the exploswe force iIs
directed towards the middle region of the pipe 1 and
liner 4. The detonator attached to the lower charge
faces upwards for the same reason. The explosive
charges are detonated simultaneously.

After the first firmg has been carried out the liner 4_'
is bonded to the pipe 1 in the middle as shown in FIG.

2. The arrows in FIGS. 2, 3 and 4 show the region over

which the liner is bonded to the pipe. subsequent fir-
ings, usuaﬂy five or six firings in all, areé carried out to

drive the air out from between the liner 4 and the pipe
1.

FIG. 3 shows the posntlon after the thlrd fmng The
liner 4 is forced into a mechanical bond with the inner
wall of the pipe 1. As each firing takes place the air be-

out so that so air remains trapped.

FIG. 4 shows the position of the liner and pipe prior
to the last firing which has more explosive at each end
of the pipe to seal the ends of the liner and. pipe with
a bond of greater strength. The last firing may be re-
peated as necessary until the lining operation 1s com-
pleted. |

The preferred ratios of the three exp]oswe charges
are listed below:

Upﬁer charge  Middle charge Lower charge.

Ist Firing 4 22 4
2nd Firing 4% 3 4%
3rd Firing | 5 3% 5
4th Firing . 5% 3% 5%
5th Firing 6 5 6
6th Firing 6 5 6

When Cordtex explosive is used, the length measure-
ments of Cordtex which are suitable for lining a pipe of
] inches diameter are listed below:

Upper charge Middle charge: Lower charge

Ist Firing 14" 15/16" I Wk

2nd Firing 1 11/16" | Y’ 1 11/16'"
3rd Firing 1 %' I 5/16"" 1 %'’

4th Firing 2 1/16" 1 5/16" 2 1/16"
5th Firing 2% | %' 2 W%

6th Firing 2 KB | %'’ 2 W'

For a plpe which is more than one inch in diameter,
the values in the above table may be taken as a suitable
value for each inch of diameter of the pipe being lined.

5
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mately 18 inches from the lower end of the liner, with

- the upper charge 18 inches from the top of the liner.

The middle charge is usually located equidistant from
the upper and lower ends of the liner. The upper and
lower charges can be moved to within 6 inches of the
upper and lower ends of the liner respectively depend-
ing on the length of the pipe being lined. Generally, the
upper and lower charges are located within 30 inches
of the centrally located charge and each of these
charges is equidistant from the mlddle charge

Method B.

- This alternative embodiment of the method is useful
for lining longer lengths of pipe e.g. abave 8 feet in

length.

The pipe and liner are prepared as previously de-
scribed. The liner 4 is inserted into the pipe 1 and
placed on a sloping trestle 20 as shown in FIG. S5.A wa-

~ter- tlght wooden bung 10 for holding water inside the

25

liner is forced into the lower end 11 of the liner 4. Rub-
ber bungs or bungs of plastic material may also be used.
A chain 6 carrying the explosive charges 7 is inserted
inside the liner 4 and is attached to the wooden bung
10 at a centrally located ring 12. The explosives are

- thus located axially inside the liner. For a very long

30

tween the liner and the inner wall of the pipe is driven 33

40

pipe more than three exploswe charges may be neces-
sary. The liner 4 is filled with water and a second
wooden bung 13 is placed in the upper end 14 of the -
liner 4. The second bung 13 has three holes, one in the
centre, one near the edge, and one located a short dis-
tance from the centre. The central hole 15 is provided
so that the chain or cable 6 supportmg the explosive
charges 7 and the associated firing wiring can be passed
through the bung 13. A water-tight seal should be pro-
vided at hole 15. The second hole 16 is provided so that
more water may be supplied to top-up the water level.
The hole 17 is provided for a water level bleed value
18. The positions of these holes 135, 16 and 17 are indi-
cated on a plan of bung 13 shown in FIG. 6. A hose 19
is attached to the water entry hole 16 and the liner 4

~ completely filled with water. The air present in the liner

45

50
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~ pipe, the ﬁrmgs being repeated with the ratio of 6:5:6 .

e

635

between the two bungs is'driven out via the bleed valve
18. When water exits via the valve 18, no air remains
in the liner and the water level 1s flush with the inside

faces of each bung.

The explosive charges are detonated in the same
manner as described in Method A, the ratios of the ex-

‘plosive charges also being the same as in Method A.

However for these longer lengths of pipe after the first
four firings have been carried out and the central sec-
tion of the pipe has been lined, the next three charges
are moved along towards one end and subsequent fir-
ings are carried out with the ratio 6:5:6. The charges
are progressively moved along towards the end and the
firings are repeated until the pipe is lined from the cen-

60 tral section to that end. Further explosive charges are

then located on the other side of the central section and
thereafter progressively towards the other end of the

until the lining is completed. -

The following Examples give further details of pipes
and tubes that have been lined using the preferred pro-
cedures of Methods A and B described above. '
Example |
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The procedure of Method A was used to line inter-
~nally a 15inches long mild steel tube having an outside
diameter of 43%inches and a thickness of one-fourth
inches with 18 S.W.G aluminium N.S.3 tube having an

outside diameter of 4 inches and being 19 mches in

‘length. - L
Six. firings were carried out; three explosive charges

of Cordtex being used at each firing. The measure-
ments of Cordtex used are detatled in Table 1. |

Table 1
Firing ‘  Upper charge . Middle‘chu_rge Lower charge
I st 5% 33" 54"
2nd 5% 4"’ 5%
3rd The" 5%"' T’
4th 84’ 5% - B
5th 9 T 9"
6th I IR - 9"

~ After the firing procedure the aluminium liner was
found to have a 3percent reduetlon n thlckness
Example 2.

The procedure of Method A was used to line a 5
inches long mild steel tube having an outside diameter
of 4%, inches a wall thickness of one-fourth inches and
a 2 inches flange at one end with 18 S.W.G. aluminium
N.S.3 tube havmg an outside diameter of 4 inches and
being 9 inches in length.

Again six firings were carried out with three explo-
~ sive charges of Cordtex at each firing. The measure-

ments of Cordtex used are the same as those given In

Table 1. | |

The finished tube and the flange at one end of the
tube were clad internally with aluminum, there being a
3 percent reduction in thickness of the aluminum liner
on the tube wall and a 5 percent reductlon of thlckness

~on the flange.

Example 3 |
A 71/zmches long Admirality brass tube having an

3.863,327
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outside diameter of 3 %inches and a wall thickness of 40 .

one-eighth ‘inch was internally lined using the proce-
dure of Method A. The liner was a 20 S.W.G. alumi-
num tube having an outside diameter of 3 inches and
being 10 inches in length. Six firings were carried out
as before; three explosive charges of Cordtex being
used at each firing. The measurements of Cordtex used

are given in Table 2.

" Table 2
Firing Upper charge Middlecharge Lower charge

15t 4" 2 13/16"" 4"

2nd 5 1/16" 3 3/8" 5 1/16'f
3rd 5%’ 3 15/16" 5 8"

4th 6 3/16" 3 15/16" ‘6 3/16"
5th 6 34’ 5 %' 6 %"

6th 5 %' 6 %'’

6%

The finished eluminum—li'ned brass tube was found to

have a reduction in thickness of the liner of 2 percent. .,

Example 4
A length of mild steel tubmg bemg 5 inches long, and

having 4% inches outside diameter and Y4 inches wall
thickness had a 2 inches flange at one end similar to

45
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parent tube used in Example 2. The procedure of .

Method A was again used to line the mild steel tube

with 18 S.W.G. copper tube having an outside diameter

of 4 inches and being approximately 9 inches in length.

_ 8
six firings were used; three explosive charges of
Cordtex being used at each firing. The Cordtex meas-

urements which were used are detdI]Ed in Table 1.
On the finished copper-lead steel tube and flange, a

‘reduction in thickness of the liner of 3 percent in the

tube wall and 4 percent on the flange was noted
Example 5 | ' - |

- Using the procedure of method A a'30 inches length
of % inches thick mild steel tube spirally welded and of
30 inches outside diameter was lined with a liner of
phosphorous-deoxydised copper. The liner was one-
eighth inch thick and was welded into a tube using
B.S.2901, C21 filler alloy, the outside diameter of the

tube being 24% inches. six firings were carried out so

that the steel pipe became internally clad with copper.

'As before three charges of Cordtex were used at each

firing. The Cordtex measurements are given in Table3.

Table 3
Firing | ‘Upper charge  Middle charge l.ower charge
Ist. - 31.85" 22.9" 31.85"
2nd 41.3" 27.56'" 41.3"
3rd 45.9" 32.1'" 45.9"
4th 50.50"" 32.1" 50.50"’
Sth 55.125" 45.9" 55.125"
6th 55.125"" 45.9" 55.125""

On examining the finished lined steel pipe it was
found that there was a 12 percent elongation of the
liner and also there had been a reduction of the thick-
ness of the liner of 6 percent to 0.118 mches

Example 6
The procedure of Method A was used to line 12

inches length of mild steel pipeline, having an outside
diameter of 12 inches and a wall thickness of one-

‘fourth inch, with an 14 inches length of 20 S.W.G. tan-

talum seam-welded tube. Six firings were used accord-
ing to the procedure of Method A, using three explo-
sive charges of Cordtex at each firing. The measure-
ments of the three Cordtex charges are given in Table
' Table 4-

Firing Upper charge | Middle charge Lower charge
I st 15.39"" 10.75"" 15.39"
2nd 19.4" 12.94" 19.4"
rd 21.56"" 15.10" 21.56"
4th - 23.72" | 15.10°" 23.72"
5th 25.87" 21.56" 25.87"
6th 25.87 21.56"" 25.87"
Example 7

Using the procedure of Method B, which is particu-
larly convenient for longer lengths of pipe, a length of
mild steel pipeline, 10 feet long and having an outside
diameter of 6 inches and a wall thickness of one-fourth
inch, was lined with copper. The copper liner was in the
form of a copper tube, 3/16 inch thick, 1 1feet long and
having an outside diameter of 5% inches.

Three charges of Cordtex were used at each firing as

in the previous examples, however the fifth firing was |

repeated several times, firstly towards one end of the
pipe and then towards the opposite end until cladding
had been completed. The Cordtex measurements are

given in Table 3.
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Table 5
Firing Uppcr chargc Middle charge  Lower charge
| st 7.33"" 5.15" 7.33"" g
BND 9.27" 6.19" 9.27"
3rd 10.06"’ 7.22" 10.06"’
4th 11.34" 7.22"" 11.34"
S5th 12.37" 10.06" 12.37"

5th firing repeated until clad.

| 10

The copper-lined steel pipeline was found on inspec-
tion to have a reduction in thickness of the c0pper liner
of 4 percent.

Example & -

A 6 inch length of stainless steel tubing was internally
lined by the procedure of Method A with titanium. The
stainless steel tubing had an outside diameter of 2
inches and a wall thickness of one-eighth inch. The
liner was a 26 S.W.G. titanium tube 8 inches long As
in Examples | to 6, six firings were used to internally
clad the stainless steel tubing, each of the firings con-
sisting of a simultaneous explosion of three explosive
charges of Cordtex located axially inside the liner. The
Cordtex measurements are detailed in Table 6.

Table 6

15

20

25

Firing Upper charge Middle charge Lower charge

2.16" 1.42"
2.40" 82"
3.05" 2.13"
3.35" 2.13"
3.65" 3.05"
3.65" 3.05"

2.16"
2.40"
3.05"
3.35"
3.65"
3.65"

[ st
2nd
3ird
4th
5th
6th

30

Example 9 - 33

The procedure of Method A was again used to line
‘a mild steel pipe, 14 inches long, with cupra-nickel.
The mild steel pipe has an outside diameter of 6 inches
and a wall thickness of one-fourth inch. The cupra-
nickel 17 liner was a 16 inches long seam-welded tube
having an outside diameter of 5% inches and a wall -
thickness of one-eighth inch. Six firings were carried
out to complete the lining operation, there being three
explosive charges of Cordtex at each firing. The Cord-
tex measurements are detailed in Table 7.

Table 7

I i - bl i

40

45

Lower charge
7.33"
927"
10.06"
11.34" 1.22" 11.34'
2.37" 10.06" 12.37"
2.37" 10.06"’ 12.37"

e L - i il il

33

Firing Upper chargc Middle charge

7.33" 50

9.27"
10.06"

5.15"
6.19"
7.227

I st
2nd
ird
dth
5th
61h

Example 10

A mild steel pipe similar to that in Example 9 but
only 12 inches long was lined internally with a cupra-
nickel liner which was also similar to that in Exampie
9 but 14 inches long. The procedure of Method A was
again used, six firings being used. The Cordtex meas-

60

65

3,863,327

‘urements were the same as those used in Example 9
‘and detailed 1n Table 7. - |

Example 11 |
A mild steel sea-value vessel, 24 inches in length and
having a wall thickness of one-half inch was internally
lined with a cupra-nickel liner. The cupra-nickel liner
was a conical, seam-welded fabrication, one-eighth
inch thick and 26 inches high. The procedure of
Method B was used although the sea-value vessel was
only 24 inches long and the Method B procedure is
considered to be of ‘particular benefit in the lining of

larger lengths of pipe.

we claim: - |

1. A method for mterndlly lining a metal pipe said
method comprising (i) positioning a metallic liner in-
side a pipe in a gaseous: atmosphere, (ii) maintaining
the volume within the liner full of a liquid, (1) setting
up at least three explosive charges in the liquid along
the central axis of the pipe, (iv) simultaneously firing
the explosive charges, the explosive charges being lo-
cated such that mltlally the liner forms a tight mechant-
cal bond with the pipe in the central region of the pipe,
and carrying out subsequent ﬁrmgs to drive the gas
from between the liner and the pipe so that the liner
forms a tight mechamcal bond ‘with the pipe along the
length of the pipe.

2. A method according to claim 1 wherein prior to
positioning the liner inside the pipe, the internal sur-
face of the pipe and the outer surface of the liner are
cleaned and brightened.

3. A method according to Cldlm 1 wherein the metal-
lic liner is initially Ionger than the pipe to be lined and
1S posmoned inside the pipe such that it protrudes from
the pipe at each end. |

4. A method according to claim 1 wherein the liquid
is maintained .inside the liner during the firing opera-
tions by a flexible, liquid-proof bag. =~

5. A method according to claim 1 wherein the liquid
is maintained inside the liner by sealing the end-
openings of the liner with bungs.

6. A method according to claim 1 wherein the liner
is made from a metal selected from the group consist-
ing of copper, one or more copper alloys, titanium, tan-
talum, aluminium or one or more alloy steels. |

7. A method according to claim 1 wherein two of the
initial explosive charges are of equal power and the
third initial explosive charge is greater in power than
the other. two charges and is positioned centrally with
respect to the two smaller charges.

8. A method according to claim 7 wherein the power
of the three initial explosive charges is approximately
in the ratio 1:2%:1]. |

9. A method according to claim 1 wherein two of the
initial explosive charges are of equal power and the

third initial explosive 'charge is less in power than the

other two charges and is pos:troned centrally with re-
spect to the two larger charges.
10. A method according to claim 9 wherein the

power of the three initial explosive charges i1s in the
ratio 4:2%2:4.

% % % X K
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