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| nprovenents in or rel tlng to pipe-Iaying This invention relates

t-o—the—ayi-rg—ef—pipelines ~-underwat er—and especially to a nethod and

an appar at us for controlling the stress and strain experienced by a 5
pipe while it is being |aid. One nethod of installing submarine

pi pel i nago dépigges uUse, for exanple, in the oil indUStrdeﬂbiﬁhél m t he

pi peline on the deck of a vessel known as a | aybarge, by wel di ng
together lengths of previously prepared pipe. The 10- | aybarge noves forward
continuously, and as it does so T He T pipeline is fed into the sea from
the rear of the | aybarge. As the pipeline is fed into the sea, further

| engt hs of pipe ajipﬁsﬂéﬁyﬁﬁyﬂyh berabdt thg L4 pipechaping that remains on
t he | aybarge. The pipeline say be up to . :

This invention relates to the laying of pipelines
under water, and especially to a method and an apparatus
for controlling the stress and strain experienced by a

S pipe while it is bein§ laid.

One method of installing submarine pipelines for
use, for example, in the oil industry, is to form the
pipeline on the deck of a vessel known as a laybarge, by
welding together lengths of previously p:epared pipe. The

10 laybarge moves forward continuously, and as it does so
the pipeline is fed into the sea from the rear of the
laybarge. As the pipeline is fed into the sea, further
lengths of pipe are welded onto the end of the pipeline
that remains on the laybarge. The pipeline nay be up to

15 about 1.8 metres in diameter, and typically consists of
steel pipe clad in concrete. At the "field joints" where
two lengths of 'pipe are welded together on board the
laybarge, there is of course a gap between the concrete
claddings, which is usually filled with pitch or the like

20 flush with the surface of the concrete.

The pipeline is supported on the laybarge by a
number of pipe support rollers, which allow the pipeline
to run freely as it is fed into the sea. The pipellne
descends from the laybarge down to the seabed in a curve

25 that is determined by the stiffness of the pipe, the
tension on the pipe (which is controlled by tensioners
acting as brakes near the front end of the series of
rollers), the depth of the sea, and the angle at which
the pipe leaves the laybarge. -

30 The steeper the angle at which the pipeline leaves
the laybarge, the more dirgctly it descends to the
seabed, and the smaller the tension ﬁecessary to maintain
a satisfactory path without, in particular, an abrupt

- downward curve where the pipelinq,leaves the laybarge.

35 ' There are practicdl limits on the steepness of the

- path of the pipeline as it extends along the laybarge,



15 about 1.8 netres in dianeter, and typically consists of steel pipe
cl,ad in concrete. At the "field joints" where two lengths of pipe are
wel ded together on board the | aybarge, there is of course a gap between
t he concrete cl addings, which is usually filled. wth pitch or the Iike

20 flush withvwédesssggs’ ace of the concrete. " The pi peli '
supported on the | aybarge by a nunber of pipe support roll g?%ld%%ﬁz

al l'ow the pipeline torun freely as it-ig £ed into the sea. The pipeline
descends fromthe | aybarge down to the seabed in a curve 25 that is
determ ned by the stiffness of the pipe, the tension on the pipe (which
is controll ed b@ndeht| b ctherefone known,binkerder ko tincrease: thadangle he

ser i els of rﬁl herﬁhichhﬁnéle‘m;&bﬁf%# h@ta%ea, tﬁ@ﬁbéf@a,ﬁ%ﬁi\%ﬁ \eﬁtﬁﬂ the
o1 e | eaves e haHRE nafion gl 1513RERAED bA aALctathy! Huthhl
seabed, and the snal Thisteurvatngieoresudsssinystoession dihe pipeiinesfactory
path without, si ghRagibatéR théllbuivatiire ofOrHEEHIpELINGE, WhR' grelgeri Pel i ne
| eaves the Iayb%ége. 35 Thereg&;p grgctlcal #é;:ts on thlena nggfess of
the path of thaSpPEEPFHic AR aNY SHreRs capsRy Theain inhe
that reduces the quality and lifetime of a pipeline,
pipelayers have recently been required to ensure that the
stress on the pipeline does not rise above a specified
10 maximum level. It has been proposed to calculate the
optimum curvature for a particular pipe-laying operation
so as to minimise the stress and strain on the pipe, and
to ddjustﬂthe exact vertical positions of the pipe-
support rollers, before pipe-laying begins, in order to
15 give the calculated path. '
The calculated stress and strain analysis assumes
that the pipeline has a smooth surface and a uniform
cross-section and stiffness. In practice, however, the
pipeline is not uniform. For example, irregularities as
20 high as several cm on a 1 metre diameter pipe may occur
in the surface of the concrete cladding of the pipeline,
field joints may not be perfectly flush, integral
cylinder buckle arresters or anodes may project from the
surface of the pipe, or the pipe may be out of roundness.
25 When such a local imperfection passes over a pipe
support roller, it results in a sudden alteration in the
load distribution.on the pipe support rollers, and
consequently may result in a sudden increase in the
stress and strain on the pipe at the point of the
30 imperfection. For example, when a section of pipeline
having a greater diameter than that used when calculating
the optimum heights of the pipe support rollers passes
over a pipe support roller, it will result in a sharp
increase in the stress on the pipe at the point where it
35 passes over that roller, and a sharp decrease in the
stress at the rollers adjacent to that roller.
Even if the pipe is in fact uniform, the movement of
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and it is therefore known, in order to increase the angl e at which the
prpeltmne teaves t e parge, for—Tts—path -aterg—the seres—ef—rollers. to ’
be appreciably curved. This curvature results in stress on the '
pipeline; 5 the greater the curvature of the pipeline, the greater t he
stress. WAE96/8E0Sst r ess causes strain in the materi al roirimesetisres t he
quality and lifetime of a pipeline, pi pel ayers have recently been
required to ensure that the stress; @1 the pipeline does not rise above a
specified 10 maxi mum | evel. It has been proposed to cal cul ate the

opti mum curvature for a particul ar pi pe-l.ayi ng operation so as to

m ni M se tthe daybargendndér atie aictivn PEORindndnd wivesidiaysicauBe exact

verti cal n h ,ﬁlﬁq I pe-1ayi ng
begi ns, i %Q%P grg t§3 %ge F‘\’/%atp‘ﬁg ca’] cu 0 eé 9{'%%'&’8- %gpcal cul at ed
stress andodierenaifal §r§| Che WoRfs “%aﬁhﬁheiaﬁb@# rﬂ?mé&t&aé%'ot h surface
and a uni ldem of€r the- Test i xul ke ot ithengdast féw WFolldrs andowtuar, the

Pi pel i NG is3uRChgHTh G16h fosth%s'sr E.saULémA %h the pipe
resulting.

. Such sharp increases in the load on any one pipe
support roller, and thus in the stress and strain on the
pipeline, have traditionally been accounted for by

10 introducing a "design factor®, limiting the radius of
curvature such that the maximum calculated bsnding stress
in the pipeline is only a proportion of the msxinmm '
stress that is actually acceptable for the pipeline in

. guestion. :

15 The invention is based on the realisation that it is
possible to absorb at least part of the transient .
stresses on the pipe, by constructing the pipe-support
rollers so that the height of an individual roller or
group of rollers can change while the pipeline is being

20 laid. - _

Ths.invention.provides s;pipe-support roller
assembly for a pipe-laying vessel, conprising: one or
more rollers arranged in use. to support a pipe being .
laid; and a suspension system for mounting the roller or

25 rollers on the vessel; which suspension systenm is
arranged in use to cause or permit movement of the
roller, or npvenent in the same direction of all of the
rollers, mounted on it so as to tend to reduce changes in
the total locad on all of the rollers mounted on that

30 suspension system. :

The invention also provides a. pipe-laylng vessel
comprising at least one roller assembly accqrdzng to the
invention for supporting a pipe that is being laid.

The invention also provides a method of layxng

35 pipelines from a vessel, in which the pipeline is fed
over one Or more rollers mountsd on a suspension system,
and in which that suspension system causes or permits
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By reducing the transient stresses on the pipe as
it is laid, it is possible to lay a pipeline that has
been less strained, and consequently is of better quality
and has a longer service life. Instead, because the
design factor that allowed for transient stresses can be
decreased, a pipe of the same guality as previously may
be laid while allowing other sources of stress and strain
to be higher than was previously possible. For example,
by increasing either the curvature of the pipe (and thus
the angle at which it leaves the laybarge) or the '
longitudinal tension, the same pipe can be laid by the
same laybarge in deeper water than was previously
possible, or a heavier pipe can be laid in the same depth
of water. Instead, because the effect of weather on the
pipeline has been reduced, the same pipeline can be laid
in worse weather than was previously possible, increasing
the number of days in the year when the laybarge can be
at work in any given water. It will be appreciated that

" two or more of those possibilities may be combined as

25

30

35

appropriate.

‘The invention also makes possible a more accurate
prediction of the stress on the pipe, and more accurate
monitoring of the actual stress.

'The suspension system advantageously comprises means
responsive to changes in the load on the one or more
rollers. That means preferably comprises resilient means,
but an actively driven suspension may be used instead.

By way of example, an embodiment of the invention
will now be described with reference to the accompsnying
drawings, in which:

Fig. 1 shows a side view of a laybarge installing a
submarine pipeline:; -
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3 - t he | aybarge under the action of wind and waves may cause
ehanges—#n—%he—#eed—d#sLLLbuthan—en_Lhe_pre-cnnnnLr rollers and_in the’
wor st case, the pipeline may actually lift off the last roller or the .
| ast fewrollers and slam 5 down again with a sudden stress and strain on
the pi pwossesssul ting. Such sharp increases in pog/gposihiftn any one
pi pe support roller, and thus in the stress.and strain on the
pi pel i ne, have tradltlonally been actdunted for by 10 i ntroducing a "deS|gn
factor”, limting the radius of curvature such that the maxi num .
calculat engi € t | S rtJ on of the
maxi num i Qt ?"‘ejsés?ﬂ"%I ?%hgg fl%f%éc)c ehf %?9*’%:& IOé“&ﬁpnate"é in

question. 15 thatl’lﬁé’qwﬁvéﬁt Féﬁ i 5 e e Wgﬁh'es%h?l%l&ﬂ (ﬁf-‘i-hét it is
- possi bl e to ake lshowingatheprolled systdmansi ent stresses on the pipe,

by constrad] fh Whwll R°a4BMOidw of 'l Fota"S tpsh%e?éhq@el& of an

i ndi vi du can c ange pipeline is

bei ng. 2% | ai d. according 'Fﬁethﬂv%i\‘{m‘m &#@e& B 5!'93‘ troller
assenbly for medndaeveli agdvppéset HNeight Wt @infién OFalue;

Fig. 3b shows a rear view of the roller assembly
according to Fig. 3a; - _

Fig. 4 shows a side view of the roller assembly according

10 to Fig. 3a with air suspension at maximum level and
preset height at maximum value; :

Fig. 5 shows a side view of the roller assembly according
to Fig. 3a with air suspension at mean level and
preset height at maximum value; and : _

15 Fig. 6 shows a side view of- the apparatus according to_
Fig. 3a with air suspension at minimum level and
. preset height at maximum vn;ue,

Referring to the acconpanying drawinqs, and :
1nitia11y to. Figs. 1 and 2, one form of seni-subnersible
20 laybarge 1 has two internal ramps 2,3, arranged end-to-
end within the length of the laybarge, and one external
ramp 4 extending beyond-tna_rea:'epd of ﬁhe.laybarge. The
first internal ramp 2 is fixed to the laybargé, at an
angle of, for axample, 9° to the horizontal (assuming
25 that the laybarge is:floating level in the water). The
second internal ramp 3 is pivoted to the rear end of the
first internal ramp 2, and the external ramp 4 is pivoted
to the rear end of the second iﬂtgtnal ramp 3, and each
of the latter two ramps is so supported by means not
30 shown that its angle can be adjusted to a desired angle
for the laying of a1part1cular pipe._upunted on the ramps
2,3,4 are a series of pipe support roller units 5 which
support a pipeline 6 that is being installed on a .
seabed 7. Pour roller units 5 are fixed to the first
35 internal ramp 2, four more roller units 5 are fixed to
| the second internal ramp 3, and a final five roller




4
nore rollers arranged.in uSe to support a pipe being | aid; and a
syspensi on system for nounting the roller or. 25 rollers on the vessel;
whi ch suspensi on systemis arranged in use to cause or pernit novenent
of the roller, or nmovenment in the same direction of all of the

rollers, nmounwasleigegst SO as to tend to reduce changes in POICHIb4: | 0ad
‘on all of the rollers nounted on that 30 suspension system The

i nvention al so provides a pype-laying vess€l = conprising at |east one
roller assenbly according to the i nvention for supporting a pipe that is

bei laid he i i . _ q | avi
p?lpglgi ngls from gn\;g-grsgl #PIXﬁP%e?é;ﬁ hig'eglre%élﬁgﬁgllars%gp Ag%gr Q)éhgao?énore

rol I ers nount edtbe §izstpintexnakramprare ghyee tepsionens,# ¥hisBnsi on
system causes OappeyNalbraking fordd ¥ ¢heOpipeline 6. The tensioners 8

PCT/ GB95/ 02152 may be of a sort known per se. Tﬁéj consist essentially
5 of friction brake shoes and means for pressing the brake
shoes against the surface of the pipe with a controlled
pressure. At the front end of the first internal ramp 2
is a region 9 at which the pipeline is assaubleb, by
welding onto the end of it sections of pipe that are
10 carried on the laybarge for the purpose. The assembly
region and the assembly operation may be of a nature
known per se, and in the interests of conciseness are not
further described here.
Referring now to Figs. 3a to 6, the pipe support
15 rollers on the second internal ramp 3 and on the external
ramp 4 are mounted in pipe support roller units 5 each of
which comprises two pipe support bogies 10 arranged one
in front of the other. Each bogie 10 has two pairs of
freely rotatable pipe support rollers 11 arranged one in
20 front of the other. The rollers 11 of each pair are
arranged in a V, with their axes inclining downwards
towards each other, so that they not only support the
pipeline 6 but also guide it laterally. The two bogies 10
of each unit are mounted by means of respective pairs of
25 pivots 12 on a frame 13. The pivot axes of the pivots 12
are perpendicular to the length of the pipe and are
horizontal relative to the laybarge 1. The frame 13 is
mounted on a second frame 14 by means of an air
suspension system 15. The air suspension system 15
30 comprises six pairs of air bag springs 16 sandwiched
" between the two frames 13;14. The air bag springs 16 are
pressurised by means (not shown) which may be
conventional to support the weight of a pipeline lying on
the two bogies 10. The first frame 13 and the second
35 frame 14 extend in planes that are parallel to one
another and to the pipeline 6 and are horizontal from
side to side relative to the laybarge 1. The second



novenent of the roller, or novenent in the sanme direction of all of the . ®
rollers, nounted on that suspension system so as to tend to reduce

changes in the total load in all of the rol |l ers nounted on tiat

suspensi on system 5 By reducing the transient stresses on the pipe as ?
it is | audeghdsed S POSSible to lay a pipeline that has egen | ess

strai ned, and consequently is of better quality and er service
life. Instead, because the design#actor that allowed for transient
stresses can be 10 decreased, a pipe of the sane quality as previously may
be laid while allow ng, other. sources of stress and strain to be higher

than was Fr@meod4| }5p85‘§9ﬂ’% by-# hingeyld at ig§ reay and t9 &hener the
cur vat ur e refart eadpopea (enikd Ntrame 181€ Axnghe fiondidrd ide hkdaves the

| aybar ge) tfﬁg.rhh?réﬁel £8916 14 dimue 0By 2dae b A Pl &@sg%gfbe aid by the

sanme | aybarge or a heavi er

pi pe can BOYER &nﬁn°gh@%W4Y'emnﬁéﬂﬁrli¢hs§%é@ because the effect
of weat leconnetked toptmlfm&1%&wnthedlﬁedndtfﬁﬁa’ilm pyPal i ne can be

nanber of SHUE 20" FRR Eindeliiibe Wl ol BetalER 4R Y & BERRRL (1 L)' GFven
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a mre 2cgii3 n end" S8 Uhi¥ 5, 9 hbGRZed o e diimudBda R © accurate
10 extending limb 19 of the third ‘frame 18. The apparatus is
supported by a pivot 24 at the centre of the third
‘frame 18 on a mounting 25 (shown only schematically) that
is fixed to the ramp 3 or 4. The axis of pivoting of the
pivot 24 is parallel“tOLthosq'éf the_pivotsflz;'As may be
15 best seen from Figs. 3a-and ‘4 of the drawinqs. if the '
length of the strut 20 is cnanged by means of the screw
adjuster 21, noving the front ends of the second and
third frames 14 and 18 closer together or further apart,
the third frame 18 can pivot abotit the pivot 24, so that
20 the second frame 14 can remain parallel to the pipeline 6
while being'raised'or lowéréd’by”an amount equal to
approxinately half of the change in length of the
strut 20. As ‘shown in Fig. 3a, ‘when the strut 20 is at
its shortest length, the second frame 14 lies flat on top
25 of the th;rd frame 18. By virtue of the - ‘three pivots
12,12,24, the roller unit is eftectxvely self-levelling,
adjusting itself so that each of the four pairs of
rollers 11 carries substantially the same load. .
In use, the optimum path for the pipeline along the
30 ramps is calculated, and the positions of the adjustable
‘ramps 3,4 and the lengths of the struts 20 of the roller
units 5 are set so that the pipeline 6 will follow the
desired path with the air bag springs 16 of the roller
units S apptbxinﬂtéiy'half-wiy'hetwéen'a fully-compressed
35 and a tully-expanded condition. The load on each roller
unit 5 is calculated, and the pressure in each set of air
bag springs 16 is set’ accordingly.



noni'toring of the actual stress. The suspension system

advant ageousl y conpri ses neans responsive t.0 changes in the [oad on the
one or nore 30 rollers. That neans preferably conprises resilient nmeans,
but an actively driven suspension may be used i nstead. By way of
exanpl e, an evwogéosses of the invention wi || now be descr igcarcpyshiis2
reference to the acconpanyi ng drawi ngs, in which: - 35 Fig. 1 shows a
side view of a |aybarge |nstali|ng a = ® T“submatine pipeline;
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slowly forwards, and allowing the pipel;ne to run along
the rollers 11 and off the end of the external ramp 4
with a tension controlled by the tensioners 8. While the
5 pipeline 6 is being laid, if, for example, a projection
on the surface of the pipeline reaches one of the roller
“units 5, the pipeline will tend to lift as the projection
rides over one of the rollers 11. That will cause an
immediate increase in the stress on the pipeline 6 and
10 the load on the roller unit 5 in question. The increased
load will be transmitted to the air bag springs 16, which
will compress, as shown in Fig. 6, absorbing part of the
height of the projection and correspondingly reducing the
increase in stress. Conversely, if a narrowing of the
15 pipeline 6 encounters the rollers 11, the load on the
roller unit 5 in question will drop, and the air bag -
springs 16 will expand, as shown in Fig. 4, to take up
part of the change. In each case, the adjacent roller
units will experience a change in load of opposite szgn
20 and, if they are also roller units 5 with airbag
springs 16, they will respond accordingly, tending to
provide a further degree of compensation.
The load cell 23 may be used to monitor the load on
the roller unit 5, either to alert the crew so that they
25 can take remedial action if a permitted maximum load is
exceeded, or to record the loads experienced so that the
effect on the quality of the pipeline 6 can be reviewed
later, or both.
As an example of suitable dimensions, for a semi-
30 submersible laybarge 1 that is approximately 150 metres
long and is capable of laying pipelines up to 1.8 metres
(60") in diameter in water up to 130 metres deep, the
roller units 5 may be about 8 metres apart along the
external ramp 4, the pairs of rollers 11 on each unit
35 may be about 0.8 metres apart, the strut 20 may be
adjustable by about 0.5 metres, and the travel between
the fully-extended and fully-compressed positions of the
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and showing the roller system Fig. 3a shows a side view of one form of:

roller assenbly .5 according to the invention with air suspension at

hei ght—at—mmum—vatte-  Fg—3b—shows—a—rear view,
of the roller assenbly " according to Fig. 3a; Fig. 4 shows a si de®
view of the roller assenbly according 10 to Fig. 3a with air suspension
at maxi MOR608EPS| and preset height at nmaxi mum PEF/GES021S2- g 5
shows a side view of the roller asgegbLy_according to Fig. 3a with
air suspension at nmean | evel and preset height at maxi mum val ue;
and 15 Fig. 6 shows a side view of the apparatus according to Fi g.

3a Wth ahlﬁrsuaeeaﬁi-mgatw BeMabbouty 6l 5amdtres. Eachpiredderhei ght a'é

maxi num val ue. o _. - Referring {0 e 2L C, Ny G Wi ngs, an
initiall y“f‘ggF?g’g’f‘Yl'?%‘ﬁ%- ?’I?ﬁé'%g% 8¥ps2§§-%si&%| gg%;n | aybarge 1 has
two i nt er Withr anpated xapagitny&f ongonpes, Jivwingthe rolder| uAdkh of the

| aybar ge, aghd @WH616X4 &¥d€dd capadity’ofxabodt ppdaemmést.he rear end of the

| aybarge. The first internal ranp 2 is fixed to the l'aybarge, at an
angle of, for exanple, 9 to the horizontal (assum ng 25 that the |aybarge
is floating level in the water). The second internal ranp 3 is pivoted to
the rear end of the first internal ranp 2, and the external ranp 4 is

pi vot ed . ' - :



to the rear end of the second internal ranp 3, and each of the latter two
ranps is so supported by means not 30 shown that its angle_can be adj ust ed

tqQ a desired angle for the Iayihg of a part'ngghEgﬂggsagpugted on the

ranps 2,3,4 are a series of pipe support ro hEed Whi support a
pi pel i ne 6 t hIMO 9698695 ng installed on a seabed 7 Fnur e ICBYSNI2I525 ar e
fixed to the first 35 internal ranp 2, Eg nore roller units 5 are fixed
to the second internal ranp 3, and a f| 3 Five roller WO

96/ 08605 o PCT/ GB95/ 02152

- 6 - unitscﬁaaﬁg-fixed to the external ramp 4. Also fixed to - the
first internal ranp are thyree tenS|Sge5§é8 whi ch a hrakjng, force to

the pipeline 6. The tandiBHRSSUPPO eﬁf‘ﬁ?i??*y papestaying.,

consi st essent i ¥yespel, Scompr ksind :0@nier gkemokectoklrrsreananged pneeséng the

brake  shoes agal Bappére & 'Pipk belhg 1818; PEnd & Neubpenalion! s§Stem for

5 mounting the roller or rollers on the vessel; which
suspension system is arranged in use to cause or permit
movement of the roller, or movement in the same direction
of all of the rollers, mounted on it so as to tend to
reduce changes in the total load on all of the rollers

10 mounted on that suspension system.

2. A roller assembly as claimed in claim 1, wherein
the suspension system comprises means responsive to
changes in the load on the one or more rollers.

3. A roller assembly as claimed in claim 2, wherein

15 the means responsive to changes in the load on the one
or more rollers comprises resilient means.

4. A roller assembly as claimed in claim 3, wherein
the resilience is provided by compression and expansion
of a gas.

20 5. A roller assembly as claxned in claim 4, wherein
the suspension system comprises at least one airbag
spring.

6. A roller assembly as claimed in any one of claims
3 to 5, comprising means for adjusting the force exerted

25 by the resilient means to support the pipe.

7. A roller assembly as claimed in claim 6 when
dependent upon claim 4 or claim 5, wherein the pressure
or volume of gas in the resilient means is adjustable.

8. A roller assembly as claimed in any one of claims

30 1 to 7, comprising means for presetting the height of the
one or more pipe support rollers.

9. A roller assembly as claimed in claim 8, wherein
the height adjusting means comprises means for adjusting

~ the height between a first member arranged to be fixed to

35 the vessel and a second member, and the said means that
is arranged in use to cause or permit movement of the
roller or rollers acts between the second member and the

__;‘“_*‘———————____

mmwmm

heet Has Been Reﬂlaced




pressure. At the front end of the first internal ranp 2 Is a region 9 at
which the pipeline is assenbled by meldlng onto the end of it sections

of —pipe—that—are Tis %aﬂ&ﬁ f.or—t-hepurpose—Fheassenbl y )
regi on and t he ass f a nature known per se and in °
the interests of: c rung fugther described here.

Ref er r i wo 9808608 0 Fi gs 3a to 6, support 15 roPCHGBISMRIR2he second

internal ranp 3 and on thq,exkernal ranp 4 are nmounted in pipe support
roller units 5 each of whi ch camgni ses two pi pe support bogies 10
arranged one in front of the other. Each bogie 10 has two pairs of

freely rotatable pipe support rollers 11 arranged one in 20 front of the .
ot her. Theo}let m rpllerseach pair are  arranged in a V, with their axes

i nclini ng dovwww.r .3 rollfe(iW&Bd&mﬁii?haQtéHiméiD inhefatiney, nettermily support

t he ne, but. B"e) [ 0 of each
uni t are rﬁ%itp aﬁ’éﬁ?‘ ggﬂ ﬁ@é‘e{%‘lr? gpigg ¥/'§€P % on a frane
13. The pism@ivotally attachedoto the firgt Wnﬂﬂ@u?’-arﬂﬁ) the |l ength of

the pipg 28cbrd nembeto sk mahnkCEaE | & ustirey theyangye f the frame 13 is
nmount ed qag egﬂﬁg frame 14 by neans. of an air  suspension system 15.
The air {kﬁ sten115 30 conprises six pairs of air bag springs 16
sandwi ched k! degroliler amsenblyeas |Glaimedriia. glai®adOsprings 16 are

pressuri Sgglay 1ﬂ“¥ﬁ55dﬂaﬂé 889uBLiNG | Aéan@)cdifprisesoneans onal to support
the MEIghérgkeraéi eI| tongaggustable length, for adjusting

10 the distance between portions of the second and third
members remote from their point of pivotal attachment.

12. A roller assembly as claimed in any one of
claims 1 to 11, ‘comprising two said suspension systens
spaced-apart-in-theilongitudinal direction of the pipe

15 and mounted on a common supporting member that is
pivotably mounted to permit eqnalisation of the loads on
the rollers mounted thereon. : ' :

13. A roller assembly as claimed in any one of
claims 1 to 12, wherein at least one said suspension

20 system comprises two rollers or groups of rollers spaced
apart in the longitudinal direction of the pipe and

. mounted on a common supporting member that is pivotally
mounted to.permit equalisation of the loads on the two
rollers or groups of rollers.

25 '14. A roller assembly substantially as hereinbefore
described with reference to, and as shown in, the
accompanying drawings. '

15. A vessel for laying pipelines that comprises at
'least one roller assembly as claimed in any one of claims

30 1 to 14 for supporting a pipeline being laid.

16. A vessel for laying pipelines, substantially as
hereinbefore described with reference to, and as shown
in, the accompanying drawings. '

. 17. A method of laying pipelines from a vessel, in

35 which the pipeline is fed over one Or more rollers
mounted on a suspension system, and in which that

suspens:.on systen causes or permits movement of the
-

g



the 't wo bogi es 10. The first frame 13 and the second 35 frane 14 extend in

pl.anes that are parallel +o one  another ‘and to the pipeline 6 and are
herizontal from - side to side relative to the |aybarge 1. The second

WD 96/ 08605 .. PCT/ GB95/ 02152

-7- f r ameVQ 9698605 vot ed by a hinge 17 at its rear end tedmeBIsozISEar
end of a third frane 18. At the front end of the third frame 18 is a
downwar dl y-extending |linb 19. The | oneryend of the downwardl y- ext endi ng

limb 19 is -5 connected to thé front end of the second frame 14 by a
strut 20 the length of which can be altered by a screw adj uster 21
operat ed by a h¥eiier; coxnaevensnt Anl the samecdir&shiam ofeaidrefttkel oad on

the second franpoifers( mourtud on thie EGkbEhsith lsybtems sEPHB! € €&nd e
downvardliy- 10 gxt 20gi0g ddiyek’ 19 ¢hlCebfal 1088 T K1 SRCeARPELRISSs 'S
mounted on that suspensioh system. '

5 18. A method of laying pipelines, sﬁbstantially as
hereinbefore described with reference to the accompanying
drawings.

19. A pipeline when laid by a method as claimed in
claim 17 or claim 18, and/or using a vessel as claimed in
10 claim 15 or claim 1s.
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- 8- The pipeline 6 is laid by nmpving the |aybarge 1 slowy

forwards, and allow ng the pipeline to run al ong the rollers 11 and off

the end of the external ranp 4 with a tension controlled by the

t ensi oner sw.9¢Mgos € t he 5 pipeline 6 is being laid, if, pboicaotini® e, a

proj ection on the surface of the pipeline reaches one of the roller

units 5, the pipeline will tend to lift as the projection ri des over one

of the rollers 11. That will cause i medi ate increase in the stress on

the pipeline 6 and 10 the | oad on uEﬂ ﬁsller unit 5 in question. The

I ncr eased |l oad w Il be t X tted toythe air bag springs 16, which

will conpress, as 'shown in absora ¥g;part of the hei ght of the
|

i ncrease in stress.
i "ng 6 encounters the rollers 11,

proj ection and correspondif
Conversely, if a narrow P
the | oad on the :

Fig.2
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rolber unit 5 in question will drop, and the air bag springs 16 w ||
expand,—as—shown in Fig 4 to_take up _part of .
t he adj acent roller units will experience a change in load of opposite
sign 20 and, if they are also roller units 5 with airbag springs 16,
they will wo9soesas accordingly, tending to provi de a f upCiveBosh2ss2ee of
conpensati on. The load cell 23 nay be used to nonitor the | oad on
“the roller unit 5, either to alert the crew so that they 25 can take
remedi al action if a permtted nBX|222gggad S exceeded, or to record
the | oads experienced SO that t he ct on the quality of the pipeline
6 can be revig - seanpl e of suitable
di mensi ons, f } & J—8&s approxi mately 150
netres h—ene '.~&nnnn<iw\ L\ St y 0 1.8 netres (60")
i =~ Y |l er units 5 may be

the pairs of rollers 11
éostrut 20 may be
een t he

mm

on each unit
adj ust abl e by about
full y-extended and
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- 9- = air bag-springs nmay he about Q5 netres —Each rgoller — unit S Ay
have six pairs of air bag springs 16 each with a rated capacity of 9
tonnes, giving the roller unit as a whole a rated capacity of about 100
tonnes. wo 96/08605 -10- Cl apOB/GB9S/02152 1. A
pi pe-support roller assenbly for a pipe-Iaying vessel , conprising: one or
nore rollers arranged in use to support directly a pipe being laid; and a
suspension 5 system for nounting t /&I |l er or rollers on the vessel;

To) toimiog Lo
T*M.-'A- :‘h.-.rv".l n” ’»-w'% Py s"al
= N . ey |
il e
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whi ch suspension systemis arranged in use to cause or permt novenent of
the roller, or 'novenent in the sane direction of all of the rollers,
mpunted on it so as to tend to reduce changes in the total load on all .of-
the 10 rollers nmounted on that suspensi on_syste 2.-. Aroller-
assenbly as clained in claiml1, wherein %@ suspensi on system conprises **
nmeans responsive to changes in the load on the one or nore rollers.

3. Aroller asseqhliysas claimed in claim2, wherein 15 the nmeans responsive

to changes in the 'oad on the one or nore rollers conprises resilient
means. " 4. A Pol PePiRessiprpris rolldicFe@ssendlyi Foy, avRdpsdayinghe
resilience is preysdad %m@m&%& %ea@@ W%qners Qfrranged i20use 5.
A roller assenbly as ¢l aimed i whe t he suspensi on system

conpri ses at Ie&QtSHﬁ@°§tr9&§e°t1§pP| dpe being’ LngAlﬁﬂq & SHSPERSNY as

claimed in anyp gysten Codi Mduntidgt @he, rodlex surng.-amms forr thd wedsised ;t he
force exerted 25 t he resil.i ent

b .1 t 7.
rol I er assenbly 5@' B SOFRETSACN EP{%%%%?(; a?:"i'%@:% t;L‘etu%Ilﬁ:'"Bg'r? SPRER £or
claimb5, wherei lpeirlmqomsr:emeext ofortheo nodd eqf, g:ecsmdvetnte@tresl [thentsam@ans i s
adj ust abl e. reclioh b i ST LALLA! Wit ABh A Y o6 AT 30

1to 7, conpr|5|ng means presetting the one or _nore
pi pe support roltesds to reduce. changes| & thes 551 dead aned L efcithen s,

wher ei n 10 rollers mounted on that suspension system.

2. A roller assembly as claimed in claim 1, wherein
the suspension system comprises means responsive to
changes in the load on the one or more rollers.

3. A roller assembly as claimed in claim 2, wherein

15 the means responsive to changes in the locad on the one.
or more rollers comprises resilient means.

4. A roller assembiy as claimed in claim 3, wherein
the resilience is provided by compression and expansion
of a gas.

20 5. A roller assembly as claimed in claim 4, whereln
the suspension system comprises at least one airbag
spring.

6. A roller assembly as claimed in any one of claims
3 to 5, comprising means for adjusting the force exerted

25 by the resilient means to support the pipe.

7. A roller assembly as claimed in claim 6 when
dependent upon claim 4 of claim 5, wherein the pressure
or volume of gas in the resilient means is adjustable.

8. A roller assembly as claimed in any one of claims

30 1 to 7, comprising means for presetting the height of the
one or more pipe support rollers.

9. A roller assembly as claimed in claim 8, wherein
the height adjusting means comprises means for adjusting
the height between a first member arranged to be fixed to

35 the vessel and a second member, and the said means that
is arranged in use to cause or pérmit movement of the
roller or rollers acts between the second member and the

-

I
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'the hei ght adj usting nmeans conprises neans for adjusting t he hei ght
between a first nenber arranged to be fixed to 35 the vessel and a second

menber, and the said nmeans that is arranged in use to cause or permt. .
novenent of the roller or rollers acts betmeen t he second nenber~and t@a
AVENDED SHEET 11 = 11 - o relller oras” '’
roll ers. 10. Aroller assenbly as claimed in claim9, wherein

t he hei ght adj ises a third nenber that is pivotally
attached to thgéé}?§¥ngp egfggé to the 5 second nenber, and neans for

adj usting the angle ®?- therollenjassembbyras claimed 1in ¢laih| %y wissent y
T are ™oy e RSLane cBasel iy ibeRio g ek DO SP SRR
di stance bet weelt P YSPEALIBratFRCRRR ohAl Wl E4FSH member 4nd to the
5 second member, and means for adjusting the angle of the
third member. _

11. A roller assembly as claimed in claim 10;
wherein the angle adjusting means comprises means,
preferably a strut of adjustable length, for adjusting

10 the distance between portions of the second and third
members remote from their point of pivotal attachment.

12. A roller assembly as claimed in any one of
claims 1 to 11, comprising two said suspension systenms
spaced apart in the longitudinal direction of the pipe

15 and mounted on a common supporting member that is
pivotably mounted to permit equalisation of the loads on
the rollers mounted thereon.

13. A roller assembly as claimed in any one of
claims 1 to 12, wherein at least one said suspension

20 system comprises two rollers or groups of rollers spaced
apart in the lonqitudinai direction of the pipe and
mounted on a common supporting member that is pivotally
mounted to permit equalisation of the loads on the two
rollers or groups of rollers.

25 14. A roller assembly substantially as hereinbefore
described with reference to, and as shown in, the
accompanying drawings. | '

15. A vessel for laying pipelines that comprises at
least one roller assembly as claimed in any one of claims

30 1 to 14 for supporting a pipeline being laid.

16. A vessel for laying pipelines, substantially as
hereinbefore described with reference to, and as shown
in, the accompanying drawings.

17. A method of laying pipelines from a vessel, in

35 which the pipeline is fed diredtly over one Or more
rollers mounted on a suspension system, and in which that
suspension system causes or permits movement of the
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(54) Title: A DIGITAL RADIO SYSTEM, A DIGITAL RADIO DEVICE, AND A QUADRATURE DEMODULATOR
(57) Abstract

Known is a digital radio system comprising a digital radio
device for phase or frequency modulated digital signals with a
substantial amplitude roll-off at the relevant operating range. A
digital radio device i3 provided with a quadrature demodulator
not having such an amplitude roll-off. This is obtained by a
phase shifting network in a quadrature branch of the demodulator
having a series arrangement of 2 resistor and a capacitor coupled
to an inductor coupled to ground. A junction between the
series arrangement and the inductor forms the output of the
quadratare branch. Alternative embodiments are provided. The
demodulator avoids asymmetric digital signal distortion which can
have deteriorating effects, in perticular to GFSK-signals or x/4-
DQPSK signals, or the like, and further noise shift of data which
is of particular impoxtatce in low [S/N]-systems such as paging
systemns,
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PCT/ GB95/ 02152 - 12 - roller, or novenent
in the sane direction of all of the rollers, nounted on that suspension
systemso as to tend to reduce changes in the total load in all of the
rollers nmount ed on that suspension system 5 18. A nethod of |aying
pi-pel i nes, substantially as hereinbefore described with reference to the
acconpanyi ng draw ngs. 19. A pipeline when laid by a nethod as

claimed in claim 17 or claim 18, and/or using a vessel as clained in 10
claim 15 or claim16.
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