- 1 - APPARATUS AND METHOD FOR FLANGE- Pl PE ALI GNVENT TECHNI CAL FI ELD 5

The present invention relates to an apparatus and nethod for alignnment of a
flange to a pipe and in particular, the present invention relates to an
apparatus and nethod for aligning flange to pipe for welding the flange to
a correct position of a pipe. 10BACK ND Vel di ng flanges onto pipes
is a typical process for pipeline construction. To ensure that quality
standards are net, alignnment of flange with the pipe is required prior to

having it hei 1 15ovt P ERRER RSP BT EUR A R B EI BT ot on ¢ hat
fl ange has an inner dianeter the sane as the outer dianeter of a pipe, in

reality and due to manufacturing errors, flanges with a slightly |arger
i nner dianeter are used for welding to pipes. There is therefore a need to

make prOp?EdﬁNﬁﬁk pﬁzﬁ?r the flange and pipe prior to welding. 20Current
al i gnnent "process orIT anges and pipes are manually operated. Alignnent is

donesby the sight of the operator. Labor has been used to |ift pipes into

place, followi ng that, flanges will be brought in line with the pipes. This
al i gnment et h@ge Pgseny W@P‘é‘l’n Eﬁlaéma@vasappw% €ng meghodiipraiignmenhgea Sangenner

di amet er oaef]ﬁgé ah DA PGl &3 e ?%grrnﬁhge%ﬂﬁtoﬁ Telffes & & e&g»ara.ftdsaé?ﬁ‘?ﬁet%d forhave to

be held wt resting on an e pl pe, In a spaced

25r el at i onlgdning flartge ta pipieder welding; thgﬂﬁmmgea&onﬂcttmsmomrﬁ a@ipe. s t herefore
unstable. This is particularly cases for flanges used in heavy industries.
Secondly, line of sight is vulnerable to human error, hence it is deened

not 18ppr opAICKREROWNINEe | ong run and not reliable, due to inconsistency in
judgnents anong different operators. Wl ding performed based on incorrect
fl ange-pipe alignment will result in unacceptable parts fabricated and

Welding flanges onto pipes is a typical process for pipeline construction. To
ensure that quality standards are met, alignment of flange with the pipe is required prior to
welding. Flanges and pipes are manufactured by separate processes and each having their

15 own dimensional tolerances. While under ideal situation that flange has an inner diameter
the same as the outer diameter of a pipe, in reality and due to manufacturing errors,
flanges with a slightly larger inner diameter are used for welding to pipes. There is

therefore a need to make proper alignment for the flange and pipe prior to welding.

20 Current alignment process for flanges and pipes are manually operated. Alignment
is done by the sight of the operator. Labor has been used to lift pipes into place, following
that, flanges will be brought in line with the pipes. This alignment method has several
drawbacks. Firstly, as flanges have an inner diameter larger than the external diameter of
a pipe, flanges will have to be held without resting on any part of the pipe, i.e. in a spaced

25 relationship with a pipe. Holding flanges in this manner is therefore unstable. This is
particularly cases for flanges used in heavy industries. Secondly, line of sight is
vulnerable to human error, hence it is deemed not appropriate in the long run and not
reliable, due to inconsistency in judgments among different operators. Welding performed
based on incorrect flange-pipe alignment will result in unacceptable parts fabricated and

30 reworks on the pipe flanges become necessary during which, flange removal and further
hot work may damage the intended pipe and flange, rendering them unfit for use in

addition to the extra time, efforts and costs needed for the rework.



30rewor ks on the pipe flanges becone necessary during which, flange renoval
and further hot work may damage the intended pipe and flange, rendering
themunfit for use in addition to the extra time, efforts and costs needed
for the rework. - 2 - It is therefore a need to provide a solution
for accurate and reliable alignnment between flanges and pipes to neet the
pi pel i ne construction requirenents. 5SUVMARY OF THE | NVENTI ON

Enbodi ments of the present invention provide an apparatus and a net hod for
aligning a flange to a pipe. The apparatus includes a base, a jig noveably
supported on the base and a detector attached to the base and di sposed

adj acent to the i tigreférefld mrdeo povidenmishitied fooadchetyd drgl ralighl¢ aliginesit f ol | owi ng
t he rotatlon of the j by which, a profile of an inner surface of the
flange i s RE4ESY iﬂé%g@éﬁmg RWey i wesidhe plaekm%%ét%@ptr?fbweﬁw@r ence is

determ ned based on the neasurenment. The jig then noves relative to the
base, according to the flange position reference, to align the flange to

t he pi pe aUMMARY edtTidh INMENEION ng. 15Qt her aspects and advant ages of the
present invention will becone apparent fromthe follow ng detailed
description, illustrating by way of exanple the inventive concept of the
present invent Egibodimends of tRERpisEedobnieli b hiMidefan bpbarkideWhdNEsethod for These and
ot her aspects of the present invention wll be described in detail wth

r ef er encealigningeflargedmpaning. nthedipamiatgancliideswiiagh a ji moveably supported on

the base and a detector attached to the base and disposed adjacent to the jig. A flange is
10 mounted to the jig and rotates following the rotation of the jig by which, a profile of an

inner surface of the flange is measured by the detector. A flange position reference is

determined based on the measurement. The jig then moves relative to the base, according

to the flange position reference, to align the flange to the pipe at a correction for welding.

15 Other aspects and advantages of the present invention will become apparent from
the following detailed description, illustrating by way of example the inventive concept of

the present invention.



Fig. 1 is an exaggerated perspective view showing a flange to be welded to
a pipe; Fig. 2is a front viewof Fig. 1; 10Fig. 3 is a perspective view of
an apparatus for aligning flanges to pipes for welding according to one

enbodi nent of the present invention; Fig. 4 is a perspective view
show ng the apparatus of Fig. 3 when car3ryi ng out flange-pipe alignnent;
Fig. 51is an enlarged partial view of Fig. 4, Fig. 6 is a schematic

di agram showi ng an inner surface profile of a flange and data sanpling

Ilnes use%ﬁ@@_}%ﬁk ﬁxﬁﬁ?@ﬁ'ﬁ%f%ﬁ%m@@ fl ange by the apparatus of Fig.

iS a perspective view of an apparatus for aligning flanges
to pi pes for wel di ng according to another enbodi ment of the present
invention; Fig, 8 is a schematic diagram show ng _an inner surface profile

of a flange, ardhosscapdathesiasnagisiofdhe pressmt invepfiongwidi fredeapribedan dewdmpth ng
i nes use%ff?gécé){oq[}é g&oﬁﬁgﬁéﬁggﬁg‘;mg A Qgick) ange and the pipe by the

appar at us a perspective view show ng the
apparsatus of Fig. 3 and Fig. 8 when the fl ange and the pipe are aligned and

I | LED SCRI PTI OF PREFERRED
ER/%%HVE:\I’?’%H h%lg f1 G ar\lNgxa%IgeI%ted perspectlve view slf(\)v&%ing a flange to be welded to a pipe;

Fig. 2 is a front view of Fig. 1;

10 Fig. 3 is a perspective view of an apparatus for aligning flanges to pipes for

welding according to one embodiment of the present invention;

Fig. 4 is a perspective view showing the apparatus of Fig. 3 when carrying out
flange-pipe alignment;
15

Fig. 5 is an enlarged partial view of Fig. 4;

Fig. 6 is a schematic diagram showing an inner surface profile of a flange and data
sampling lines used for profile measurement of the flange by the apparatus of Fig. 3;
20
Fig. 7 is a perspective view of an apparatus for aligning flanges to pipes for

welding according to another embodiment of the present invention;

Fig. 8 is a schematic diagram showing an inner surface profile of a flange, an
25 external surface profile of a pipe and data sampling lines used for profile measurement of

the flange and the pipe by the apparatus of Fig. 7;

Fig. 9 is a perspective view showing the apparatus of Fig. 3 and Fig. 8 when the
flange and the pipe are aligned and brought together for welding.
30
Fig. 10 is a flow chart showing a method for flange-pipe alignment according to

one embodiment of the present invention.



Figs. 1 and 2 show a flange 10 to be aligned and wel ded to a pipe 20. Due
to Smanufacturing errors, the external surface 24 of pipe 20 and the inner
surface 14 of flange 14 may have inpreci se di nensions and/or irregul ar
shapes. Under such situation, when flange 20 is rested on pipe 10, the
position reference points, e.g. an alignnent center 12 of flange 10 becones
m saligned fromthe alignment center 227of pipe 20. Method and apparat us
according to enbodi nents of the present invention are provided for

al i gnment 10of flange 10 to pipe 20 for welding, as illustrated in detai

bel ow. As shown in Fig. 3, according to one enbodi nent of the present
i nvent i on DETAIRBPADESIRIFODON OF PREEFR REDENBOIYRIENTS pi pe includes a base
110, a first supporting plate 120 and a second supporting plate 130 nounted
to base 110. Sliding tracks 112, 122 are 15 provided on base 110 and first
supporting pla i 2 §oS! i dable
relative to aggﬁlggnd?gﬁﬁgé%%¥g%§%rg%ga R%yggg%%@gggg% %gzéggb ate 130 is
sl i dabl e mlnafanmemg@rrbrsc e extopped stufag 28 ftpgpelAandahe gesudfacedd iobflangs i g,

e.g. a ch 0 s nDunt d to seco d,su ort|n q&g{e 130, and rotatable
relative A RISV o) ?Wﬁmﬁpé? T@ﬁf BhiaP e s sityatiqn. gyhen 42 of
chuck 140 ﬂaﬂlgﬂ: Zd"ﬂs $e§\‘.@yon Hek tﬂé1 odifor RYSBLR pdfHt8leat by &l ?xﬂﬁ&t %glgcelaib

and Z directions. i on, uck 140 is rotatable refative to base 110

about axi angel0 becomes mlsﬂlélgee:d fr@m thkeali gnenehbCenitey 22 o paret 260 Methbdsed 110.

Det ecti on V|ce 150 h tector head 15. unt.ed thereon
and dis pos‘gejD B %chlfﬁln% %Hn‘irﬁﬁ)o“&g pgef%ntéﬂ‘é%ﬁop ATHTgYae %P(’ér‘? EBMCRY, use,
a fliange aPflargermouaipi@ m%ﬂw@mbkﬁé( ad ARistr@edin dXail BMGW144 of chuck 140.

Foll owi ng the rotation of chuck 140, flange 10 rotates relative to canera

head 152 and a profile of the inner surface or bore 14 of flange 10 can be

neasured by Cag§gﬁngﬁﬂﬁg%5?acgﬁﬁ q&@ e8Bb5@§mﬁi#ﬂﬁgﬁﬁ%mﬂﬁﬁ%ﬁﬁﬁyﬁﬁe fl ange

requirenents, nén5|on positiona erances o
and the pamlaratmd’lH)OnfBaslug‘rﬂﬂi@mﬂaﬂi@/toh@l}@ﬁ&llhb]udés obdsednd, Sfidatwppohingipied al ong

one, o LG RS e datc, <orpline LLDgs 18y Shaboun (1719, o Based
0385 o ok SR AR, b s pdFiohle,

t he presehil ieshdablenstative & baperid Ataldng Zdiredtied, andtsecandssuppdrtiag pbre Viieise a
position slidable relative to first supporting plate 120, along Y direction. A jig, e.g. a chuck 140 is
mounted to second supporting plate 130, and rotatable relative to second supporting plate
130 about the axis of rotation 142 of chuck 140. In this way, chuck 140 is movable

20 relative base 110 along Y and Z directions. In addition, chuck 140 is rotatable relative to

base 110 about axis 142.

A detection device 150 is supported on base 110. Detection device 150 has a
detector, e.g. camera head 152 mounted thereon and disposed adjacent to chuck 140. As
25 shown in Figs. 4 and 5, in use, a flange 10 is mounted onto chuck 140, e.g. by jaws 144 of
chuck 140. Following the rotation of chuck 140, flange 10 rotates relative to camera head
152 and a profile of the inner surface or bore 14 of flange 10 can be measured by camera
head 152. Depending on the alignment accuracy requirements, e.g. the dimensional and
positional tolerances of the flange and the pipe, the measurement may be carried out and
30 data obtained along one or more predetermined data sampling lines 16, as shown in Fig. 6.

Based on the orientation and the length of chords 16a (only one is indicated in Fig. 6 for



5 reference point 22 of pipe 20 is known, e.g. with reference to the given
di aneter of the pipe, the positions of the support racks 170 and its
positional relationship with respect to base 110 of the apparatus 100. Upon
determ nation of the position reference point 12 of flange 10, the distance
and orientation between position reference point 12 of flange 10 and
position reference point 22 of pipe 20 can be derived and thereafter, chuck
140 is 10noved, through the novenent of first supporting plate 120 and/ or

second su I ] Lor Y di tion by the
determ ne ﬁﬁ%%lgﬁcﬁéﬁﬁcéﬁ%ﬁgs%ﬁ@g%ﬁeggiﬂgenaliggﬂﬁ%ﬁ%ogs lt? nfar%ﬁ%‘%lgago%lgﬂf o]
al i gnnent flangd1@ ben i@ qeeer@nedel di ng can then be carried out to fix the

flange to the pipe to conplete the fabrication work. 15Referring again to
Fig. 3, first and second supporting plates 120, 130 may be driven by a

respective step, RUREschNEbSIAWR) ali TRY: o), 061 o
controller 102 coupyl?esg to detle%@f %1}1 e\llq?%%% q%ﬁﬁp%ﬁgﬁé?gg%ﬁ%%%lt&n first

suppdr t i ngetpteatepdig2aofhipe®isknsuwppogt witly rgiérabe th3kk giveadianene ot theesul t s

fromdata sanmpling.lines, 16 may be transmitted.to cqgntro]ler. 102 and

processed Pty ?@18 8 %Hf”ﬁseoéfp? mﬁtragﬁsli75 iABdh 1tF ppfionad _ég{?t@ﬁé#lﬁtmi}?reé?ecf foange

10. Cont r @hdeerr1 0132nd Agﬁaraﬁgrltoop Ipoh R tFRURIBAbf Bk pbbifish raRdn&EGARA 2 of

supporti n% pl ates 120, 130, based on the position reference point 12 of
&

f1ange 10Tlarge thihadjsiandeeand wsignigben beweemporticn whuecice poiit 4R ofiadgeatt/ or Y

direction : i fl 10 in al Lgnnent, wi,th pipe 20. n anot her
enbodi men% ﬁa %%Stltg%ngl\r?m%e?igﬂr? © ﬁ?{g}g% ,0 931 etz%gﬁ%? ggagrl‘f&(?nfiﬁlﬁr%& Ci’uﬁléi@ 210, first
and 18econghostdphiotigintheph@tean2@0lirs23Ppainihg plad UBK e Lecid %E&@ing Plae
manner Si rﬂ(La[ tgo the previous enbodi nment.. %ar atus 200 further 1 _nc! udes
racks 270!4bRlagpEd oY dgegiones) by dhedierminedidisiancs andmdong the giseqsionitei on

ref er enceyf; ¢ e | f ti | ce 250
< rount o T HaABTRTI AW Mt bibe 30, NAHGE b HEhBE LS LR oo
i s novabl thedlahgetoattie pipertetampleestht ifabnicafiorcaods a head 252 is therefore

adjustable to nmeasure, in addition to the inner surface profile of flange
10, the external surface profile of a pipe 20'. Apparatus according to the

pregent enbodi RE@kring aghintoFRY. 30 Eird 388 sdBnd Eﬁﬁfig%r%ﬁat\é@?ﬁ@ 1@6%@?}% tion
p

reference point, e.g. alignment center of pi 'S unknown. "I n such
si t uat i ondriearerarespegdvegdp motqdsotishowel ahdeppagatth E0(inpe iRideanmnmwbtlér t he

rotation i 0, relative tqQ.racks 270, e.qg. ith the assi nce of
rollers 2@% ér%r)lll)lﬁﬁefl é% d?tgghroerllc(i?g 1% 71§0 aﬁ% iﬁbexs?eé}rﬁgﬁorggﬁﬁr\é\ggpggfmngﬁ%§ E%(? i's
neasur ed sochdiaippooingpldie d30. SMehRRen et eskats i@ %@inﬁﬁ%kﬁ@%a:yi%es 26
together with the neasurenents made to the inner surface 14 of flange 10",

as shown FFsmited tg confgalley 18 apdiprogessedhtodateming aligasmentipesitiouiefirensg i ne 26,
t he,4 ength:afi- ' f 0 ang ; he | ength of
chords 28b of ‘t eagg% g@ﬁg?ﬁ%ddfr}?ggzeﬁ% Cgiﬁtg%&glba 8{'40ng §£’§101“8% *8 c(r?rpl i ng

[ i ne 26 esslppm”_tih_g aktdasHE0d1 3(X, bas&d_coe tREpodddinve e poiis 1264 flang: Hﬁ&hd_ t he

al i gnrrenttplgoicl)@?tl on reference point 1 iLOof frlgggrg‘z 10" .and the alignnent

posi tion BEenyBPioLs. spmoys Clﬂ)‘f“ﬂﬁe‘%%" ONgefn {gerHanéy), to bring flange

10 into alignment with pipe 20.

25 In another embodiment, as shown in Fig. 7, an apparatus 200 includes a base 210,
first and second supporting plates 220, 230 and a chuck 240 configured in a manner
similar to the previous embodiment. Apparatus 200 further includes racks 270 for
supporting a pipe thereon for determining a pipe position reference for alignment and
welding with a flange. A detection device 250 is mounted to base 210. Detection device

30 250 has a camera head 252 which is movably attached thereto. Position of camera head
252 is therefore adjustable to measure, in addition to the inner surface profile of flange 10,

the external surface profile of a pipe 20°. Apparatus according to the present embodiment



Based on the alignment position reference point 12' of flange 10', the
alignment position reference point 22' of pipe 20, the pps!tlonal .

rel ati onship between the flange 10, 10' and pipe 20 or 20" is determ ned.
The chuck 240 can then be noved accordingly to 15 bring the flange into
alignment with the pipe. Wien flange 10_ks in correct alignnment ynth_plpe
20 (Fig. 3), and flange 10" is in correct alignment with pipe 20" (Fig. 7),
the flange 10, 10' and pipe 20 or 20' can be noved together, e. al ong X

g.
di recti on, mag bensdd ia swettbnd Svhefe th@ﬁoglﬁé’rpﬂﬁe&ﬁ’ce pﬂ(’) Fé gea n%hm%ﬁtr de Fe& gh}é}gnmsnt

position, as shown in Fig. 9. 20In a flange-p nt net
shown in FFY.1s weknoy |Ip seeh sitation mam@raﬂ@a@m & rositiookd Gt thd\p]ﬁ)é am hel of an

f asure ock 520 According to the
measur od 1 AanARCol R ot B0 BIRRHERGS Sh i BT MerStidiue LanBe2r?
det er m nedmptmtod ko a8k 270T heegteifhal Surfab& D4 TOT\HRSE im%%ﬁ&héd%%dfda%”&ﬁalﬂé’é' tion

f to bri the flange into alignment with the pipe.
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conj unct i gRndM shffadds SEEH! fwy ghoq{;tﬁWﬂ 3. aﬁlgegﬁat e't(%ge%ﬁa;;lg)gg) ga({ Of,¢901 ng

detail ed description, it e appre Tate tlon

is not |i rdamgting bing a@ thmgttmfmherdduzsa bbmaer suffae €4 of BandeN®’ RhERAPHH

i nvention % %g rstoo e 30capabl e of nunerous rearran enents
i ORE™ Pt

modi fi cat i Al sy 6‘3‘3 (PaRs 1 g sach das samplesdine Jogpsiv }rﬁSt he
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conp si n@f flgngey K3 and shq alignmeutibisiticsupfroertce ghommn 2B’h@f mpesm cah@e abtlarrhfmedj ig
is to nmount the flange
Based on the alignment position reference point 12’ of flange 10°, the alignment
position reference point 22 of pipe 20°, the positional relationship between the flange 10,
10” and pipe 20 or 20° is determined. The chuck 240 can then be moved accordingly to
15 bring the flange into alignment with the pipe. When flange 10 is in correct alignment with
pipe 20 (Fig. 3), and flange 10’ is in correct alignment with pipe 20 (Fig. 7), the flange 10,
10” and pipe 20 or 20 can be moved together, e.g. along X direction, to enable welding of

the flange to the pipe at correct alignment position, as shown in Fig. 9.

20 In a flange-pipe alignment method 500 as shown in Fig. 10, a flange is mounted to
a jig (block 510). A profile of an inner surface of the flange is measured (block 520).
According to the measured inner surface profile, a flange position reference can be
determined (block 530). The jig is then moved based on the flange position reference to

bring the flange into alignment with the pipe.

25
Although embodiments of the present invention have been illustrated in
conjunction with the accompanying drawings and described in the foregoing detailed
description, it should be appreciated that the present invention is not limited to the
embodiments disclosed. Therefore, the present invention should be understood to be
30 capable of numerous rearrangements, modifications, alternatives and substitutions without

departing from the spirit of the invention as set forth and recited by the following claims.



thereon; a rack for supporting the pipe; a detector attached to the base
and di sposed adjacent to the jig, wherein the detector is to determne a
flange position reference; 10wherein the jig is to nove the flange based on
the flange position reference to align the flange to the pipe. The
apparatus of claim1, further conprising a first supporting plate slidably
nmounted to the base and a second supporting plate slidably nounted to the
first supporting plate, wherein the jig is rotatably nounted to the second
supporti ng %@E The apparatus of claim2, wherein the jig is rotatable

rel ative tg“ detector by which the detector neasures a profile of an

i nner surface of the flange to determ ne the flange position reference.

The apparatus of claim2, wherein the detector is novable relative to the
base to nasur An@ppiratus fer adignig aoilange &4 pipacihic gppariies petperiting:det er mi ne a

pi pe position refaetgaﬁ@ce. The apparatus of claim4, wherein the rack is to
rot atably support € pipe by which the pipe is rotatable relative to the
detestor for the ajgasuvabiesippofied be tiztiass, vlierdiade jof isth mophP@e flanget er m ne
t he pipe position reference. The apparatus of claim2, further conprising a
control I er coupl ed ¥™HAe detection device and the first and second
supporting plates, I 3 oller is to nove the jig based on the
fl ange position ?‘gﬁ%@ﬁ%&(’g&’gﬁ‘?gﬁh{ehe flange to the pipe. -8- 7. A nethod
for aligning a flaalststarattached pethetbase aret disgbsedbadjadest wghe ipuwbdraig thhie f 1 ange
toajig detector is to determine a flange position reference;

10 wherein the jig is to move the flange based on the flange position reference to

align the flange to the pipe.

2. The apparatus of claim 1, further comprising a first supporting plate slidably
mounted to the base and a second supporting plate slidably mounted to the first
15 supporting plate, wherein the jig is rotatably mounted to the second supporting
plate.
3. The apparatus of claim 2, wherein the jig is rotatable relative to the detector by

which the detector measures a profile of an inner surface of the flange to determine

20 the flange position reference.

4. The apparatus of claim 2, wherein the detector is movable relative to the base to

measure a profile of an outer surface of the pipe to determine a pipe position

reference.
25
5. The apparatus of claim 4, wherein the rack is to rotatably support the pipe by
which the pipe is rotatable relative to the detector for the measurement of the outer
surface of the pipe to determine the pipe position reference.
30 6. The apparatus of claim 2, further comprising a controller coupled to the detection

device and the first and second supporting plates, wherein the controller is to move

the jig based on the flange position reference to align the flange to the pipe.



measuring an inner surface profile of the flange; 5determ ning a flange
position reference according to the inner surface profile; noving the jig
based on the flange position reference to align the flange to the Pipe. 8.
The nethod of claim 7, wherein neasuring an inner surface profile of the

fl ange 10i ncluding positioning a detector adjacent to the jig, rotating the
jig wth respect to the detector and capfuring chord | engths of the inner
surface of the flange al ong predeternm ned data sanpling lines. 9. The

met hod of claim7, further conprising neasuring an external surface profile
of 15the pipe, determning a pipe position reference according to the

external sgurfagean@hed fdr@liging aMMie 4 fige) thdmRawadorpriking: f | ange position
ref erence and the pipe position reference to align the flange to the pipe.

10. The met hod ofmeungingntle: flagigetep igheasuri ng an external surface profile of
the pipe 20 inceré%iSnI%é)gnsgn}l&osq\lifg{ge[ﬁmg?t efc[fl?ha j acent to the pipe,
A 6 e 'det ect of

rotating the pipe W espect hd capturing chord | engths
of tbe external skfeh@ttn®i bl Psh@natergcpuadealies m thethmdatafmampdilag

l i nes.
moving the jig based on the flange position reference to align the flange to the

pipe.

8. The method of claim 7, wherein measuring an inner surface profile of the flange
10 including positioning a detector adjacent to the jig, rotating the jig with respect to
the detector and capturing chord lengths of the inner surface of the flange along

predetermined data sampling lines.

9. The method of claim 7, further comprising measuring an external surface profile of
15 the pipe, determining a pipe position reference according to the external surface
profile, and moving the jig based on the flange position reference and the pipe

position reference to align the flange to the pipe.

10.  The method of claim 9, wherein measuring an external surface profile of the pipe
20 including positioning a detector adjacent to the pipe, rotating the pipe with respect
to the detector and capturing chord lengths of the external surface of the pipe along

predetermined data sampling lines.



