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ABSTRACT OF THE DISCLOSURE 
A method of forming a tubular structure comprising 

the steps of helically winding at least one metal strip 
which is curved in plan when ?at, in self-overlapping 
fashion so that each lap has a part-conical disposition 
and the thickness of the wall of the structure at any 
point is formed from a plurality of laps, and thereafter 
?attening the laps one against another to substantially 
eliminate any gaps therebetween by expanding the tubu 
lar structure beyond the yield point of the metal strips. 

This invention relates to tubular structures and in par 
ticular to “line pipe,” i.e. large diameter pipe laid in 
very long lengths for overland or underwater transmis 
sion of gas, oil and other ?uids at high pressure. 
The tubular structures of the present invention are made 

by winding thin wide coiled metal strip, particularly steel, 
helically with a plurality of self~overlaps. 

In accordance with the present invention a method of 
forming a tubular structure comprises helically winding 
at least one metal strip in multi self-overlapping fashion, 
so that the thickness of the Wall of the structure at any 
point is formed from a plurality of laps, and causing the 
laps to be ?attened one against the other so that each lap 
has a stepped cross-section and the structure has a bore 
free of steps, said ?attening being caused by stretching 
the strip beyond yield. 
The laps will be held strongly together by friction gen 

erated therebetween by the pressure of the ?uid trans 
mitted with or without reinforcement. This may be ac~ 
complished, for example, by inserts, special surface treat 
ments, sealants, synthetic adhesives or by a solder-type 
bond, applied over part or all of each interface of the 
laps. In general such reinforcement Will be necessary in 
order to ensure twist stability, to obviate leakage, and 
in some cases to increase crushing and unpressurised pull 
strength. 

It has previously ‘been proposed to make pressure vessel 
. cylinders by helically winding, in a self~overlapping 

fashion, straight strip which is both sufficiently thin and 
strong to allow it to be wound with extreme tension onto 
a rotating collapsible mandrel so that the strip accommo 
dates itself to a part-conical disposition by stretching dif 
ferentially within its elastic limit. These demands on the 
properties of the strip and the method of winding render 
its use impracticable for commercial production of large 
diameter “line pipe.” These requirements may be circum 
vented in the present invention by employing curved 
strip, i.e. strip of substantially uniform Width with one 
edge longer than the other so that the strip has a curved 
form when laid ?at. The extent by which one edge is 
longer than the other corresponds to the difference be 
tween the helical paths described by the respective edges 
at the skin and bore of the pipe. The actual skin to bore 
edge length ratio required to permit essentially gapless 
part-conical contact between all laps without signi?cant 
differential elastic deformation is in fact: 
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where D is the outer skin diameter, d is the inner bore 
diameter, and 0 is the helix angle de?ned as the angle 
which the inner bore edge of the strip makes with the 
axis of the tubular structure. 
The curved strip may be obtained by roller stretching 

substantially uniform gauge strip so as to be slightly 
hollow wedge shaped in cross-section across the strip 
width, i.e. straight strip is differentially stretched between 
co-operating rollers so that the stretching action increases 
plastic elongation progressively across the width of the 
strip which thereby becomes curved. The cross-section 
of such strip satis?es the equation: 

TR 

where t is the thickness of the strip at any distance W 
from the inner shorter edge where the thickness is T, 
and R is the radius of curvature of the strip in plan to 
its shorter edge. When such curved strip is coiled, it 
assumes a slightly frusto-conical form with small gaps 
between successive laps at the outer edge. 

Self-overlapping without appreciable winding tension 
allows the pipe to be its own mandrel, a snug wind at a 
constant diameter being ensured by correctly relating the 
speed of winding with the speed at which the tubular1 
structure is withdrawn from the winder. 
The tubular structure may be expanded beyond yield 

after being wound, in order to ?atten the laps and so 
eliminate substantially the helical steps on the bore and 
skin, and to establish autofrettage pressure ensuring tight 
contact between all laps. 
An embodiment of the invention will now be described 

with reference to the drawings which accompany this 
speci?cation and in which: ' 
FIG. 1 shows a section of pipe wall as ‘wound, 
FIG. 2 shows the same wall after expansion. 
FIG. 3 is a plan view of part of a length of curved steel 

strip which is shown ?at, the curvature being much 
exaggerated, and 

FIG. 4 is a cross-section on the line IV—IV of FIG. 3, 
with the thickness greatly exaggerated relative to the 
width. 
The horizontal scale of FIGS. 1 and 2 is reduced in 

relation to the vertical scale by a factor of about 5, thus 
exaggerating the thickness of the strip relative to its width 
in order to improve the clarity of the ?gures. The section 
of 24-inch diameter pipe shown in FIGS. 1 and 2 has a 
0.75" wall thickness, and is wound with a single steel 
strip which is 72" wide and 1/8" thick to give six layers 12 
at a helix angle of 80.6". It will be seen that ?attening has 
the effect of restoring each lap to a uniform thickness. 
A simpli?ed theoretical analysis gives the following 

stability condition for self-overlapping pipe relying ex 
clusively on inter-lap friction: 

Nrrd 2 K\/ W) +3 
” 21r(N~1) 

where 

,u is the effective coe?icient of friction 
K is the number of strips 
N is the number of layers 
7:" is 3.1416 
d is the inner wall diameter and 
W is the strip width. 

Even with a single strip 72” wide, for pipes above about 
12" diameter it is apparent that friction of strip as nor 
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mally rolled is not suf?cient for stability. Reinforcement 
will thus normally be required over part, or in some cases 
all, of the inter-lap area. The pipe can be provided with 
a liner, e.g. of plastic, or of epoxy-type paint. 

Simplicity of the winding equipment favours fabrica 
tion of the pipe on site. When the pipe can be laid in 
one continuous length, as for underwater pipe wound on 
shore or from a lay-barge, or overland pipe wound on a 
travelling platform, it can be fabricated without any girth 
joints. In this case, the pipe can be wound by a rotating 
winding head, drawing the strip from a coaxial uncoiler 
preeessing to feed the winder. The pipe is withdrawn con 
tinuously without rotation and the winding is stopped as 
each coil ‘is exhausted so that a new coil can be spliced 
in by interleaving or butt welding with the end of the 
previous coil. Withdrawal rolls or belts can be used to grip 
the pipe to prevent rotation and to impart axial travel at 
the speed relative to rotation needed to give the required 
helix angle and degree of overlap. Should two or more 
strips be used, they would be drawn from planetary un 
coilers. The strip is tensioned only enough to ensure the 
minimum of gaps between successive laps, any residual 
slack being substantially eliminated by coterminous ex 
pansion ?attening of the pipe. 
When laying conditions require relatively short pipe 

strings, the same type of winder may be used. Alterna 
tively in this case, the pipe can be fabricated by rotating 
the pipe, drawing the strip or strips from an uncoiler or 
uncoilers mounted in a stationary position alongside the 
pipe. Straight strip can be fed into differential roller 
stretching apparatus to render it curved and thereafter im 
mediately wound into pipe if desired, the strip thus still 
being curved in plan before winding. 
When two or more strips are wound simultaneously, 

two strips can be sandwiched together to obtain a thicker 
wall than with a single strip, or strips can be wound 
successively interleaved one lap apart, or two strips can 
be disposed side-by-side, the second having its inner edge 
the same thickness as the outer edge of the ?rst strip if 
wedge-shaped strip is used. 
A pipe can be formed by winding an inner structure 

and winding thereover an outer structure, one part being 
wound clockwise and the other anti-clockwise, both be 
ing; expansion ?attened sequentially and/or together. 
The maximum available strip width (now generally 

about 72") will normally ‘be preferred, since the speed of 
fabrication is proportional to strip width; but narrower 
strip may be preferred if it is cheaper in the thickness 
required. 

The number of layers will generally be three to six, 
depending on the pipe’s dimensions and duty, and cost 
considerations. However, many more layers will in some 
cases be required, e.g. for very large diameter high pres 
sure pipe for gas storage or transport. 
A pipe made by winding strip in accordance with the 

invention is by its nature less prone to fracture than 
welded pipe. Its multi-layer construction gives it strength 
equal to the average properties of the metal, whereas 
solid wall pipe must be designed on guaranteed mini 
mum yield strength. It also imparts a “pseudo-ductility” 
at low temperatures, even if the metal is relatively brittle. 
The marked longitudinal strength and ductility properties 
of rolled strip moreover act essentially in the direction 
of the resultant stresses in the strip. The geometry makes 
castastrophic propogating fractures impossible. Further 
more, since no welding limitations apply, it is possible to 
use very high strength quenched-and-tempered strip to 
decrease weight and cost. 
What is claimed is: 
1. A method of forming a tubular structure compris 

ing the steps of helically winding at least one metal strip 
which has a substantially uniform width and has one edge 
longer than the other, in self-overlapping fashion so that 
each lap has a part-conical disposition and the thickness 
of the wall of the structure at any point is formed from 
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a plurality of laps and thereafter ?attening the laps one 
against another to substantially eliminate any gaps there 
between by expanding the tubular structure beyond the 
yield point of the metal strips. 

2. A method according to claim 1 wherein the strip 
used for winding is formed by differential roller stretch 
ing. 

3. A method according to claim 1 wherein the thick 
ness of the strip used for winding satis?es the equation: 

TR 

in which T represents the thickness of the strip at its 
shorter edge, t represents said thickness at any point spaced 
from said edge, W represents the distance between said 
point and shorter edge, and R represnts the radius of 
curvature of the strip. 

4. A method according to claim 1 wherein the grip be 
tween the laps is reinforced. 

5. A method according to claim 4 wherein the laps are 
held together by interfacial bonding. 

6. A method according to claim 5 wherein the bonding 
is by a synthetic adhesive. 

7. A method according to claim 5 wherein the bonding 
is by a solder-type material. 

8. A method according to claim 1 wherein the laps 
are held together interfacially by friction alone. 

9. A method according to claim 1 in which the tubular 
structure is expanded to ?atten the laps by means of an 
assembly of balls running circularly on a mandrel and 
carried in a cage, said balls being brought to bear against 
the inside surface of the structure which is at the same 
time withdrawn over the balls so that said balls travel in 
a helical path with respect to the structure. 

10. A method according to claim 1 in which the tubu 
lar structure is expanded to ?atten the laps by means of 
annular hydraulic plugs, arranged to travel with the struc 
ture and exert a limited radial expanding force and to 
retract when the pressure is released, in a cyclic opera 
tion. 

11. A method according to claim 1 in which two strips 
are sandwiched together in winding. 

12. A method according to claim 1 in which the strips 
are wound successively interleaved one revolution apart. 

13. A method according to claim 1 in which two strips 
are wound side-by-side. 

14. A method according to claim 1 in which a coil of 
the strip is mounted on an uncoiler, capable of rotating 
coaxially of the tubular structure, and the strip is wound 
by a rotating winding head, the tubular structure being 
continuously removed axially without rotation and the 
rate of withdrawal of the structure is coordinated with the 
rate of rotation of the winding head to give a predeter 
mined helix angle and number of overlaps. 

15. A method according to claim 1 in which two or 
more strips are wound simultaneously from planetary un 
coilers, the tubular structure being continuously removed 
axially without rotation and the rate of withdrawal of the 
structure is coordinated with the rate of rotation of the 
winding head to give a predetermined helix angle and 
number of overlaps. 

16. A method according to claim 1 in which said at 
least one strip is mounted on at least one uncoiler, 
mounted in stationary position alongside the pipe, and 
said at least one strip is wound by rotating the tubular 
structure to draw said at least one strip from said at least 
one uncoiler, the tubular structure being continuously re 
moved axially and the rate of withdrawal of the structure 
being coordinated with the rate of rotation to give a pre 
determined helix angle and number of overlaps. 

17. A method according to claim 1 in which the struc 
ture is formed by winding an inner structure and winding 
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thereover an outer structure, one part being wound clock 
wise and the other counter-clockwise. 

' 18. A method of forming a tubular structure compris~ 
ing helically Winding at least one metal strip in rnulti self 
overlapping fashion, so that the thickness of the Wall of 
the structure at any point is formed from a plurality of 
laps, and causing the laps to be ?attened one against the 
other so that each lap has a stepped cross-section and the 
structure has a bore free of steps, said ?attening being 
caused by stretching the strip beyond yield. 

19. A method of forming a tubular structure according 
to claim 18 in which said laps are bonded together. 

20. A method of forming a tubular structure accord 
ing to claim 18 in which said laps are bonded together by 
solder-type bonds. ' 15 
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