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16 conduct integrity tests on pipes to identify any cracks or other such openings through which
17 the fluid being conveyed may leak. These cracks may result from defective welds on the
18  pipe or from a defect in the tube manufacturing process. Pipe integrity testing is particularly
19 important in situations where the pipe is used to convey flammable or toxic substances or

20  when the pipe is conveying fluids under high pressure.

21 [0004] Various apparatus and methods are known in the art for testing pipes. In some of
22 these known methods, a pipe section is simply filled with a typically incompressible fluid and
23  pressurized while monitoring the pressure within the pipe. Any pressure drop is indicative of
24 aleak in the pipe wall. Although effective, these known methods are inefficient since they
25  require the entire volume of the pipe to be filled and pressurized, which is problematic when
26 the pipe volume is large due to either a large diameter or a long length.

27  [0005] The prior art provides various types of pipe testing devices such as those taught
28  in the following US patents: 6,463,791; 6,131,441; and, 5,844,127 (all of which share a

29 common inventor with the present invention). Although these devices have proven effective
30  in conducting tests on sections of pipe, there exists a need for an apparatus that efficiently
31  tests lengths of pipe. Such a device is taught in US patent number 4,067,228. This

32  reference provides an apparatus having a mandrel for insertion within a pipe segment to
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17  [0009] In another aspect, the invention provides an apparatus including a frame, a

18  mandrel attached to the frame and adapted to coaxially receive pipe segments there-over,
19 and at least two sealing devices for sealing the ends of the pipe. The apparatus includes a
20  welding device for joining the ends of adjacent pipe segments to form the pipe. The

21  apparatus further includes a pressurizing apparatus for testing the integrity of the pipe.

22 [0010] Thus, in one aspect, the present invention provides an apparatus for testing the
23  integrity of a pipe, the pipe having a first end with a first opening and a second end with a
24  second opening, the pipe being formed of two or more segments, the apparatus comprising:
25 - a frame having a first end and a second end;

26 - an elongate mandrel having first and second ends and a length corresponding at
27  least to the length of the pipe and an outer diameter less than the inner diameter of the pipe
28  wherein, when in use, the mandrel is adapted to be received within the pipe;

29 - the mandrel being supported on the frame and with the first end of the mandrel

30  being secured to the first end of the frame;

31 - the first end of the mandrel including a first sealing device for sealing the first

32 opening of the pipe and the second end of the mandrel including a second sealing device for



- the first end of the mandrel including a first sealing device for sealing
the first opening of the pipe and the second end of the nmandrel including a
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16 annular space between the mandrel and the pipe;

17 - sealing the opposed ends of the annular space;

18 - welding the joints between the pipe segments;

19 - filling the annular space with a pressurized fluid; and,

20 - testing the integrity of the pipe by monitoring the pressure formed within the annular
21  space.

22 [0013] In another aspect, the method of the invention includes the step of axially rotating
23  the mandrel and pipe assembly.

24  BRIEF DESCRIPTION OF THE DRAWINGS

25 [0014] These and other features of the preferred embodiments of the invention will
26  become more apparent in the following detailed description in which reference is made to
27  the appended drawings wherein:

28 [0015] Figure 1 is a side elevation of a testing apparatus according to an embodiment of
29  the invention.

30 [0016] Figure 2 is a top view of the apparatus of Figure 1.

31 [0017] Figure 3 is an end elevation of a first end of the apparatus of Figure 1.



[0017] Figure 3 is an end elevation of a first end of the apparatus of
Figure 1. Doc #. 21840853.1 [0018] Figure 4 is an end el evation of the
appar at uswof2o#gesie 1 t hrough section A-A. [0019] Fi gur ecy/dazom/mexie
el evation of the testing apparatus of Figure 1 in conbi nat ! OBocwzigiosss Pi pe
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devi ce. Igure 11 is a side cross sectional view of another

enbodi nent of the invention. (50026] Figure 12 is an expl oded perspective
vi eft of [082Q) heFigr6 i arpartiakside ¢levationgietdilef Figuen27] Figure 13 is a side
cross sectional view of another enbodi nent of the invention. [0028] Figure
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mandrel . [0032] Figure 17a is a partial side el evation of an enbodi ment of
t he 8apdAP&llus &igurs §is @ pariali sideiyew sf thegecord sealiny devied ottheinyentargnment ont o
a mandrel including exterior skid pads. [0033] Figure 17b is a partial side
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enbodi nent of the apparatus of Figure 14 illustrating a mandrel including
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13 [0027] Figure 13 is a side cross sectional view of another embodiment of the invention.

14 [0028] Figure 14 is a side elevation of a testing apparatus according to another

15  embodiment of the invention.

16 [0029] Figure 15 is a partial side elevation of the apparatus of Figure 14 illustrating the
17  loading of a pipe segment.

18  [0030] Figure 16a is a cross sectional elevation of the apparatus of Figure 14 illustrating
19  the pipe without the mandrel.

20 [0031] Figure 16b is a cross sectional elevation of the apparatus of Figure 14 illustrating
21 the pipe and mandrel.

22 [0032] Figure 17a is a partial side elevation of an embodiment of the apparatus of Figure
23 14 illustrating the loading of a pipe segment onto a mandrel including exterior skid pads.

24  [0033] Figure 17b is a partial side elevation of the apparatus of Figure 17b after loading
25  of the pipe segments.



[0037] Figure 20b is a partial side elevation of the apparat us of Figure
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nowduerO088), JoFRirg 77 s difidiie Bow IR atrath SPGB (Fel’ Ul car ances

are possi bI e after considering the follow ng description. The mandrel 24 is

pr oy delS'Eé‘éRﬂ"fleSéF A IW\I‘EPIT?OIQ' rst sealing device 26, which, in one

enbodl ment, conprises a sealing plate, as described further beI OW. In one
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rel'dasdbeprtat t ached thereto. For exarrpl e, in one enbodi ment, the sealing

device 26 can be provided in a slot provided by support nenbers 2 1 and 22
ardsal | M, O B e P LA U e Brah DS BBl dhA TR B b7 o,
sudi® vdrame 42 having apas of herizontal s@spoltimerhiberssd anti 16heeranpedined parallel and

17  laterally spaced apart manner. The support members are connected by a base 18 and a

18  support platform 20, secured, respectively, to the bottoms and tops of the horizontal support

19 members 14 and 16. The frame 12 also includes a pair of vertical support members 21 and

20  22. The support members 14, 16, 20, and 22 may comprise, for example, structural “|”

21 beams. Where necessary, the base 18 may include wheels (not shown) or other such

22  means to facilitate movement or transportation of the apparatus.

23 [0041] The testing apparatus 10 includes a generally cylindrical, and preferably hollow,

24 mandrel 24, which preferably has a length that is greater than the length of the pipe being

25 tested. In operation, as discussed below, the mandrel is designed to be inserted into the

26 lumen of the pipe being tested. Preferably, the mandrel has a diameter that is slightly

27  smaller than that of the pipe being tested and is at least 18" longer than the pipe length;

28  however, persons skilled in the art will understand that other clearances are possible after

29  considering the following description. The mandrel 24 is provided at a first end with a first

30  sealing device 26, which, in one embodiment, comprises a sealing plate, as described

31 further below. In one embodiment, the first sealing device 26 is permanently secured to the

32 mandrel 24 by, for example, welding. In another embodiment, as described further below,
5



[0042] The support plate 20 is provided with a plurality of support rollers
28.arranged in pairs and designed to support the mandrel 24. As noted in
Fi gure 4,woheowspfiort rollers are designed to support treTH2068M01 g{l

y
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22  diameter to guide or align the pipe end. Further alignment rollers can be provided as

23  necessary.

24  [0043] In Figures 1 to 4, the pipe to be tested is indicated at 32. As shown, the pipe 32
25 s supported on a hoist or sling 34 or other similar mechanism. In the example shown in the
26 figures, the sling simply comprises one or more belts 36 that are used to support the pipe,

27  with the belts being connected to a raising and lowering mechanism, such as a crane. It will
28  be understood that the purpose of the hoist or sling is to raise and/or support the pipe 32 and
29  that various mechanisms can equally be used.

30 [0044] As shown in Figures 1 and 2, in use, the pipe 32 is brought into axial alignment
31 with the mandrel 24. As indicated above, the mandrel 24 is sized so as to be able to fit

32 within the lumen of the pipe 32. In one example, for a pipe that is fifty four inches in

33 diameter, the mandrel is preferably fifty inches in diameter. The pipe 32 is urged over the
34  mandrel 24 in the direction indicated by the arrow. This is further illustrated in Figures 5 and

35 6. As shown in Figure 5, as the pipe 32 is moved towards the mandrel 24, the mandrel is
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of the mandrel 24 into the pipe 32. Skid pads 38 nmay be nade of any
material that would serve to reduce the friction between the nmandrel 24 and
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tetrafluorethlyene material, such as that mar ket ed under the trade na[(red
TfI In.a.preferred i n nd as ski
p:dsog( "ﬁgv rgésesragﬁ t'&%ﬁ"’ﬁﬁ?r‘?%%&n@g‘ﬁ n4®etnbaqd @Hg ?%Hﬂppﬂ QEés g%en’s‘medi ng
of the anmgjuraantbefemml?epmmddﬁ}ith%lmmytolnekuslpaa@sa td@buht@téthé&asehWSL In
t he ,abo LSc ef erence S be made to,t nove
over tho\g R mapdte %ﬁmtq ©&'R9 SH@B@&%?%B‘&Y%? %ﬁé’eé'%?? aiﬂ‘%? He art
t hat4 t I“&erwmredwhé frivtion betmh Pltlﬁé/mdndwl 34 arﬁhl ﬁltge Bﬁﬁl &?ﬁﬁlétﬁhal%v!{n@@oﬁhe

e {ter arelative | Xe osition
PP B cosicient STHENeT) Lt e SrssRibiatep. { R NG ARR S SUEHAMSPIAL MY d9ERBS &
t owar dSte@@ﬂinréthlb@rﬁe mbwaéﬁlsuérmgs PP arketedf \thdeRiHdtRlde #hnf FefPh@®UIME t 0get her
unt|I a f#rst en pi pe 32 contacts the first sealing device 26. As

ment’i orRS8ieHEEwab Oémﬂrﬁ y ar@tass%ﬂewmrg Figiia € dhe skid pade3@may bginreviged witha
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[0047] Figure 7 i|llustrates the mandrel 24 of the invention after insertion
int & a $iPpertsdiefs?®he tested. Al so shown is the first sealing device 26 as
described previously. As nentioned above, in one embodinent, the sealing

devigce [964510MPIAH %%b@vé’ﬂ@&@ssfb% Fé?é\fenééhésfbéénlrﬁé&% tHé aiisetaérbeﬁ oldd Pi pe

32 belngtested The plate 42 is provided with a circular grodve 44 which

i s 1di zever 3‘%’@3@5159'&453& will bg LF‘FP@EW@M ressase skiled i the agahatahe same resuit seal
48 123UCébnao°e ahievet by 'sf'cﬂng th% rﬁérﬂ:ﬁéldﬁtqnf@t@éz‘ birbet3lﬁvl'ﬁlfe99é’ﬁta4ﬁugstﬂ?o tgf'tﬁ jorma

seal with the flrst end %4 be un hat t he
sedld béﬂﬁé‘@iy fixed B@dennJUﬂhalt 8 lsclasgn@lssubl@fqmbpm tbe thangrekiahd pipe t6 bened upon

forgin e together. This step is discussed further bel ow.
Al tﬁougna\gé?ctglﬂ%fo%gé%?gog{ﬁg enbodi ment of the invention, the first sealing

device includes a solid sealing plate, it will be pnd_erstood that an
anri@ ar[0848lc, Whe oipei 32 anspandsel?4 aretoreught WQE&lleaumtdaflrsj eRd ghithe Mies 32y al so

be e lo&0 s descri bed
08 {85 BB 4 8alRelicB80 ARl BooyecRid i Vepiphart 8o Coocr D
toir snre@mblmllow sepet Ventinadicledranes walrndesasctsheuppomsmganséN?and 22 afne
GWQ%dIWﬁ#% ﬁhe mandrel 24 is sized to be | onger than the pipe 32 being
tested | s arrangenent provides sufficient nandrel surface to secure a

second sealing device 50 to the mandrel 24 and, subsequently, to the.
19  [0047] Figure 7 illustrates the mandrel 24 of the invention after insertion into a pipe 32 to

20  be tested. Also shown is the first sealing device 26 as described previously. As mentioned
21  above, in one embodiment, the sealing device 26 comprises a plate 42 that is of a larger

22  diameter than the pipe 32 being tested. The plate 42 is provided with a circular groove 44
23  which is sized to be covered by a first end 46 of the pipe 32. A resilient seal 48, such as an
24 “O’ring, is provided within the groove 44 so as to form a seal with the first end 46 of the pipe
25  32. It will be understood that the seal between the sealing plate 42 and the pipe end 46 will
26 be formed upon forcing the plate and pipe together. This step is discussed further below.
27  Although according to one embodiment of the invention, the first sealing device includes a
28  solid sealing plate, it will be understood that an annular disc, which is described further in
29  relation to Figure 10, may also be used. Such a disc would also include the resilient seal 48
30 as described above.

31  [0048] Figure 7 also shows the second end of the pipe 32, opposite to first end 46. As
32  mentioned above, and as shown in Figure 7, in one embodiment, the mandrel 24 is sized to
33  be longer than the pipe 32 being tested. This arrangement provides sufficient mandrel

34  surface to secure a second sealing device 50 to the mandrel 24 and, subsequently, to the
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Doc #: 21840853.1 pipe 32. The second sealing device 50 includes a sealing
collar 52, a conpression plate 54 and a force applying ring 56, each
arranged wo 2n@gesatti ve order fromthe second end of theppil 2&2;/Oeme§1d| ng

1L RE1. 0/000/V

axially away fromthe pipe 32. The sealing collar 52, conDr&sekoldasat e 54
and force applying ring 56 are each generally annul ar bodi es, each arranged

t he. . 4 shown .in. u nd
i fror SR, THE SNy 8loa gaFick B8 Welaek 4 noellly Pl 52 X il et B o
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above %ér%d&e %’a Ad’%ﬂ%%’f'qwla)w%rfro&ﬁjﬁrp“gerg%vih? ﬂ%ﬁ%“$§°'iﬁf§gd°%9r8?%{?%i"8 of the
secand 5dremhddbree hnppplngem@% a'Féeaa'l genesalyl anpulaoedies each arrdegkdihtahcosaxial
resblrent seal (?é% é I?Aﬁ "O' ring, and fornms a seal with the second
end’of MHECEPHE MRARE tHe two are forced together. The mandrel seal
groove 60, as shown nore clearly in Figure 9, conprises a bevelled edge on
t he6seq0049) coAs shovrRin Frmerrraardrrieincseaétamromgere% arel Psexlindedlias2 he i nner

di apeter _of. the ann r and on the side o osrtethat adj acent
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def ormation o he resilient seal 64 and trghtenr ng of _the seal 64 around

t hd1ci Mithrihe seerng end of the piadd érhenzrhe twocse foreerbtogainen uthesmandrelseat us sed

abaye r6o\2@Y), ayeﬂowrpmaré asarw.al ré&b, e&ﬁ;sreb@arsevaerdsedge%tth@&ear will now
be described, all seals can be ac | eved one urging step. SpecifTically,

n18ne KRR rihetmangiel seal GROVNOS is m\g@ﬁde@h thedmner diametercof thg arnulgssollarg
“ Hg SG) a%dFHrPtKé‘éﬁr@ derg%érteathsd aj&ten %e? eciff CA'PQs%ﬁf‘éé hysugg%g%ﬁ fydraulic
rams or are co \P abl e K's serve to apply
pr d8su rf@gtodi othee su@ma@s@i erprprlmfbmsnarmelweal grbevmﬁ%emgeues torprendde del ow.
Per18°”§e§f<tlféh\lg§é’q Wg c{g@ﬁra‘?{dtthe Bagt @%u@ﬁér‘é@&?ﬁ@ e"n%del 93e Rk sﬂgﬁﬁﬁrPﬁpﬂFe wil |

recogni ze aul'ic Jjac I nvention can be repfaced with
var17ou§ sechsedl isadreated by arginghthe comprasgiontpiaie |5écmurgedtdv¢ardethe‘§eelujgam 66

pr | pi pe 32

Tge" 82, WEEreBlL T o R BuRt B tiir PREHLGH sk Aol 8 5P e
out19r cieacsharound the aut:umfmfemmmirt}m mﬁndrahZﬂ.serve to brace the force appl ying
ring 56. In one enbodi nent, the stops 68 conprise bolts that are provided

t h Bugftoﬁéd]‘:“”frﬁé GRS is SRAEES: LREVb B achovel upB PG of cdfidin ST OPS 68
21 members together. As will now be described, all seals can be achieved by one urging step.
22  Specifically, in one embodiment, and as shown in Figures 8 and 9, the force applying ring 56
23  is provided with a plurality of circumferentially spaced hydraulic rams or jacks 66, which are
24  commonly available. The jacks 66 serve to apply pressure to the compression plate 54 as
25  will be discussed further below. Persons skilled in the art, having referenced the present
26  disclosure, will recognize that the hydraulic jacks 66 of the invention can be replaced with
27  various mechanical devices that provide the required force. The jacks 66 are provided on a
28  surface of the force applying ring 56 facing the pipe 32 to be tested. Finally, a plurality of
29  “jack stops” 68 are provided on the outer circumference of the mandrel 24 and serve to
30  brace the force applying ring 56. In one embodiment, the stops 68 comprise bolts that are
31 provided through circumferentially spaced openings 70 in the mandrel. The stops 68 may
32 include threaded portions 72 that extend through openings 70 whereby the bolts are secured
33  to the mandrel 24 with nuts 74 that cooperate with the threaded portions of the stops 68. It
34  will be apparent to persons skilled in the art that various alternatives to the jack stops are

35 possible as well as various other means of securing the stops to the mandrel. For example,



I nclude threaded portions 72 that extend through openings 70 whereby the
bolts are secured to the mandrel 24 with nuts 74 that cooperate with the
t hr eaded worbosmsssiof the stops 68. It will be apparent roTmRs@®2Aki4l | ed
in the art that various alternatives to the jack stops are possptsroessas wel |
as various other neans of securing the stops to the nmandrel. For exanple,”
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9, 2he7@andrel 24 may be provided with a nunber of series of openings 70,
each series being located in different axial positions along the mandrel,

to qcc ate | | i pe 32 is
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br ogght,. ] ; | I and, nore specifically, the
endgof Hrtx%@tagg%g@@g&.&;ﬂﬂﬂb&l@%@%@%ﬁ%éy? t eg 3gzizaal 48. Followi ng this, yt he
second sealing device 50 is slid over the mandrel's second end, opposite
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68 ,50 " pre- " : . : T |l ed and,
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actilv atfeltbwelddy34é cdinpreissiok sing 64 sed Viealtydyftbe farce hpplyioppng§6i dhe sealpg54 and

t he ,seal ring 52 axially t . n | . he
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t hel4pi pme%%coﬂmeéaﬁhgﬁevigasgw ﬂrr:bvélietowadisrtm pi]?d any, fratlg.dhe smbt] 68 ?cb int heI
art, since the first t he pipe 32 i or.ce rds the fi eal i ng
deviPce pZ%‘,"d%ﬂ?’E:%ei ’Ea’l‘g‘%&t&f ?Q?r?;ﬁ'@{)%q{ms&?o %’,'nqs%e&' ﬁg,Y‘a'wg)eaarPﬁf‘?cé%&%g}]aﬁhe

j acles GR ohé%lﬂb’b&in}eﬂ\t,%@ﬁh fsﬁégiémd@pﬁliee tcﬂhﬁtealedorﬁﬂsdadind]?ee\iicnlf s&pri@dai nst dt he
respect.ive, ends t he pi pe . 32. to t resence S S .4 0 and 62,
thild iinsaripghe staog §°Pa}§pt9h@ef'8%§?‘? ShPafuE cBpce ﬁ&%ﬁ%%&%()e "Esﬁ@'e irst end
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pi pe and the second sealing device 50; and, c) the nmandrel 24 and the
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20 axially towards the second end of the pipe 32. The stops 68 prevent the force applying ring
21 56 from moving axially away from the pipe 32. Therefore, as will be understood by persons
22  skilled in the art, since the first end of the pipe 32 is forced towards the first sealing device
23 26, which is secured to the mandrel 24, the force applied by the jacks 66 results in each
24  sealing device 26 and 50 to be forced against the respective ends of the pipe 32. Due to the
25 presence of seals 48, 60 and 62, this, in turn, results in the formation of seals between: a)
26 the first end of the pipe 32 and the first sealing device 26; b) the second end of the pipe and
27 the second sealing device 50; and, c) the mandrel 24 and the second sealing device 50.

28  The result of these seals is the creation of an annular sealed space bounded by the outer
29 surface of the mandrel 24, the inner surface of the pipe 32, and the first and second sealing
30 device 26 and 50. This annular space is partially shown at 76 in Figure 9.

31  [0055] Once the sealed annular space 76 is created by attaching the two sealing
32 devices 26 and 50, the integrity test on the pipe may be started. The test comprises filling

33 the annular space 76 with a fluid, which is generally an incompressible fluid, and



surface of the mandrel 24, the inner surface of the pipe 32, and the first
and second sealing device 26 and 50. This annul ar space is partially shown
at 76 i n Wogoeswnss11[ 0055] Once the seal ed annul ar spaceP@@/(]@swcmam by
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attaching the two sealing devices 26 and 50, the integrity’tesk 2080863ve pi pe
may be started. The test conprises filling the annular space 76 with a

{1 uid, LS SHBNRIAYNG ARoRISRITRS BRAL et anAldPSack 767 10853, 1

pressurl Z1'ng-s the pressure within the annul ar
spale 7bethddhnitentirigwit befunuelstong)yvpelrsonlseskluedimrtbeadd by persons skilled in
the art. [0056] To fill the annul ar space 76, the apparatus of the
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thegfir
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menti oned above, it wll be understood by persons skilled in the art that
it 2tay [005Tr ef Ergauie &1 Hlostratesa durthepembodiment efithefillieg/8énting systemwenareioa | y

hi %er 6% itsrb?ov%eraecgn the mandrel 24. In this embodiment, the port 82 provides an opening
23 84 into the annular space 76 which is created between the mandrel 24 and the pipe 32 and
24  the sealing devices (only one of which is shown for the purposes of clarity). As shown in
25 Figure 11, in another embodiment, both ports 80 and 82 may be provided on the same
26  apparatus. As mentioned above, it will be understood by persons skilled in the art that it
27  may be preferable to have one port, for example 80, to be vertically higher than the other
28  port 82 to facilitate the filling and venting process.

29 [0058] As mentioned above, a pressure gauge, not shown, is also provided on the

30 apparatus so as to enable monitoring of the pressure within the annular space 76. In one
31 embodiment, a further port 79 can be provided to which a pressure gauge 81 is permanently
32  attached. In another embodiment, the source of the pressurized fluid may be provided with
33  apressure gauge as known in the art. Persons skilled in the art will appreciate that any

34  means of monitoring the pressure in the annular space can be used in the invention.
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port 82 to facilitate the filling and venting process. [0058] As nentioned
above, a pressure gauge, not shown, is also provided on the apparatus so as
to enabl ewoanégosesing of the pressure within the annul ar PEEa0BAE0231M4 ONE
enbodi nent, a further port 79 can be provided to which a pre@ssuriesgauge 8 1
IS permanently attached. In another enbodi nent, the source of the
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enbodi me second seal i ng devi ce 50 be renpveably attached to the

frame 12 of the apparatus. This aspect is |IIustrated in Fi re 2 wherein
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attach hi s enbodi mrent, when the second sealin
dewirce sealingsdeviaschilis shewr a8 ostlmlyawmg swmgoarrfb%1| t Thsrsvengasn Pé@dgd as
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eh€
separately an secu as descri bed above. [0061] I'n the
abd@e dersnrthe second seafing device F{his needed, itecan sineply be swyng y@awsntg) i ce, 26 or

o By erotechéi, i BehBe abdher UFlatlc e SCRrBR AN (AR AL BRve

us @d orselpatdtelpads stur setchfequmsemodﬁeaboget est ed.

22 [0061] In the above description, reference has been made to a first sealing device, 26 or
23 264, that is different in structure to the second sealing device 50. However, it will be

24  understood that the second sealing device 50 can be used on both ends of the pipe 32 being
25 tested.

26 [0062] Further, the above description has referred to the apparatus of the invention as
27 used in a generally horizontal orientation. However, it will be understood that the apparatus
28 can also be arranged in any orientation, for example vertical, and be equally functional. For
29  example, referring to Figure 1, the first sealing device 26 can form the base of the apparatus
30 and the pipe 32 to be tested slid over the vertically extending mandrel. This type of vertical
31  orientation may not be efficient for larger diameter pipes.

32 [0063] A further embodiment of the invention is illustrated in Figure 12 wherein like
33 elements are indicated with the suffix “b” for clarity. In Figure 12, the pipe 32b to be tested is
34 not linear and includes a bend. Such pipes may comprise, for example, elbows, “T" pieces,
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[0062] Further, the above description has referred to the apparatus of the
I nventi.on as used in a generally horizontal orientation. However, it wll
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wi t118. [aﬂ_é%peamcwd \elﬂbodl ment of the invention is illustrated in Figure
13 wherein elenents that are simlar but not the sane as those descri bed
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21  end of the mandrel 24 can be inserted. The flange 88 may be attached to the mandrel 24 by
22  means of welds 90 or other means as known in the art. The flange 88 includes at least a
23 pair and preferably a plurality of bolt holes through which bolts 92 are extended. The first
24  sealing device may comprise an annular disc, or plate, 42¢, which includes a complementary
25  set of openings to accommodate the bolts 92. Nuts 94, cooperating with the bolts 92, are
26  provided to secure and tighten the annular disc 42c¢ to the flange 88. It will be understood
27  that the bolts 92 may be permanently attached to the disc 42¢c and/or the flange 88, thereby
28  requiring only one end of the bolt 92 to require nuts 94. In this embodiment, the mandrel 24
29  of the invention can be replaced as needed without replacing the first sealing device. It will
30 be appreciated that this functionality allows the apparatus of the invention to be quickly
31  adapted to any diameter of pipe 32 being tested. In the embodiment of Figure 13, the
32  ventffill ports 80 and 82 are shown to be similar to those of Figure 11.

33 [0066] Further aspects of the invention are illustrated in Figures 14 to 21 wherein an
34 apparatus similar to that described above is adapted for testing a length of pipe comprised of
35  various tubular sections that are connected together. As is known in the art, a common form
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seal ing device may conprise an annul ar disc, or plate, 42c, which includes
a conpl.enentary set of openings to accompdate the bolts 92. Nuts 94,
cooper at iwg 20a%ds281the bolts 92, are provided to secure amrdTi(Aghisen2iine
annul ar disc 42c to the flange 88. It will be understood thabc# tiesobsalits 92
may be permanently attached to the disc 42c and/or the flange 88, thereby
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22  may be used. As will be apparent from the discussion herein, it is preferred that the seams

23 between the mandrel sections be sealed so as to allow the testing procedure to be

24 conducted. Thus, in one embodiment, the seam 114 may include a resilient seal that forms

25  the required seal between adjacent mandrel sections once the sections are forced together.

26  As will be understood, the only requirement is that an annular space is created between the

27  mandrel and the pipe whereby the pipe testing method can be conducted. Thus, various

28  possible sealing methods may be employed for sealing the seams 114 between the mandrel

29  sections.

30 [0069] The length of each mandrel section can optionally correspond with the length of
31 each pipe segment. This allows the overall length of the mandrel to be easily matched to the
32 length of the pipe 100. However, as will be understood, there is no requirement in the

33 manner in which the length of the mandrel is determined. Further, it will be understood that
34 mandrel sections of different diameters can be used with the apparatus of the invention,

35 thereby allowing various diameters of pipe segments to be accommodated.
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sections together. Al though such welding is preferred, various other
connectton nethods nmay be used. As will be apparent fromthe di scussion
herein, iwoizsoyusesierred that the seans between the nandrel/ecisionmpe
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sealed so as to allow the testing procedure to be conduct ed. polRlseaoskdn one
enbodi nent, the seam 114 may include a resilient seal that forns the
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corresponding to the Iengths of the pipe segnents. In this way, once the
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22  shown in Figure 16, the horizontal section 120 includes both top and bottom plates 130 and
23 132, respectively. The structural members 126 and 128 may comprise, in one aspect, ‘I’
24  beams as are commonly known. Although one preferred structure of the frame 114 is
25 depicted and described, various other structures or orientations may be used with the

26  invention.

27 [0072] As discussed above, in a preferred embodiment, the sections of the mandrel 112

28 are welded or otherwise sealingly connected together. However, the sections, 121 to 125, of
29  the frame 114 horizontal section 120 may be connected simply by using brackets 134 or any
30  other similar apparatus. As shown in Figures 14 and 15, the brackets may comprise a

31  flange that is bolted to adjacent sections of the structural members 126 and 128. In another

32 embodiment, such adjacent sections can be welded together.

33 [0073] As with the previously described embodiment, the frame 114 supporting the
34 mandrel 112 and pipe 100 is provided with a plurality of support rollers 136 substantially
35  along the length of the horizontal portion 120. As shown in Figures 16a and 16b, each of the
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[0071] The franme 114 can, in one enbodi ment, have a structure simlar to
that described above. For exanple, as shown in Figures 14 to 16, the

hori zont avogeetises11120 of the frame 114 may conprise oppc3grhzedsmogatg and
hori zontal |y arranged structural menbers 126 and 128 connectceck: t1e40esah

ot her one or nore of top and bottom plates. In one enbodi nent, as shown in

Figure 16 t I
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which, in turn, is connected to the upper portion of the horizontal section
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16a an set of four support rollers are arranged with the outer
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bei ng res N sone cases he set” nmay onl y reqU| re two
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can be te various dinmensions t he pi pe and/ or
maridr el the [rd][é?s4] 36Nsy thepipe seg mang to2witls theraligrs 386 ah@stmgwﬂ"s%lémdh% PiP§uch as

nt_ 102 t if;5t generally coaxially aligned with the
ma%eel efffng%%%’éﬁ@ g‘%‘ﬁ’%h qr&Sﬁ%s imlar to that described previously. As
w il be understood by persons skilled in the art, the
21 [0075] As shown in Figure 17a, the outer surface of the mandrel 112 is preferably

22  provided with a plurality of skid pads 142 to assist in passing the pipe segments there-over
23 and to also assist in positioning the mandrel within the lumen of the pipe so as to prevent the
24  bottom surface of the mandrel from resting on the pipe. The former function serves to

25  minimise friction between the pipe and the mandrel surfaces as the two are moved with

26 respect to each other. In this regard, the skid pads 142 may preferably be made of a

27  material with a low coefficient of friction. As discussed above, it is preferred to have the skid
28 pads 142 either made from or coated with a tetrafluorethlyene material such as Teflon®.

29  With regard to the mandrel positioning function of the skid pads 142, as indicated herein, the
30 testing procedure for the pipe 100 utilizes an annular space created between the mandrel

31  and the pipe once the pipe is in position. As such, the mandrel would need to be raised so
32  as to prevent continuous contact between the mandrel and the pipe surface. Although

33  Figure 17a illustrates the use of skid pads 142, it will be understood by persons skilled in the
34  art that any other similar device may be used. For example, the skid pads 142 may be

35 replaced with wheels or rollers provided on the outer surface of the mandrel or any other
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hoi st 34 can conprise any type of equipnment that serves to manoeuvre a pipe
segnent. and to | oad such segnent over the mandrel. For exanple, the hoi st
nmay conprweeoeroseEiconnected to a crane or the |ike. OneeTgogidsioormd,as
shown in Figure 15, the pipe segnent is then slid over the masdziedossii?.
During this process, the mandrel 112 is displaced off of the rollers 136 by
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21  Figure 16b also illustrates the skid pads 142 that may be provided on the mandrel 112. As
22  shown, in one embodiment, the mandrel 112 and skid pads 142 are sized so as to provide
23 contact between the inner surface of the pipe 100 and the skid pads 142. As discussed

24  above, Figures 16a and 16b illustrate an embodiment of the invention wherein the support
25  rollers 136 are of the ball-type. As also discussed above, such ball-type rollers offer various
26  advantages in terms of manoeuvring the mandrel 112 and/or the pipe 100 since the rolling
27 balls 138 allow for motion in various directions. However, it will be understood that the

28 present invention is not limited to this type of support rollers and that various alternative

29  support means can be used. For example, in one embodiment the ball-type rollers may be
30 replaced with wheels (not shown in the figures). Such wheels may be pivotally arranged in a
31  manner similar to casters. Alternatively, the wheels may be aligned for rotation in a plane
32 parallel to the longitudinal axis of the mandrel. Such an arrangement would allow for a pipe
33 100 to be slid over the mandrel 112 but would generally not allow the pipe 100 to be rotated
34 about its axis. However, as discussed below, this arrangement would also be functional with

35 the invention.
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preferred enbodi nents wherein skid pads 142 are provided on the exterior
surface'of the mandrel. Figure 18 further illustrates the nounting of the
first pi pgoeegmsedi1102 over the mandrel. As shown, the fPCEEcIA'Zw ww11|54102 S
aligned with the rear end 144 of the mandrel and slid over lsua NHa086L
length until it reaches the mandrel front end 146. Figure 19 |Ilustrates
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23  the frame vertical section 116 to support the drive shaft. The drive shaft 154 is secured to

24  the end plate 148 in such a manner that rotation of the drive shaft 154 (as a resuit of the

25 motor and gear box), drives the rotation of the end plate 148. Since the piate is, in this

26  embodiment, secured to the mandrel, it will be understood that rotation of the plate 148

27  results in rotation of the mandrel 112 about its longitudinal axis.

28 [0081] The rear end of the mandrel includes a second sealing device such as that

29  described above. In this regard, reference is made to the examples illustrated in Figures 7
30 to9. Asdiscussed in reference to such figures, once the second sealing device is secured
31 tothe pipe 100 and mandrel 112, a sealed generally annular space is formed between the
32 mandrel 112, the pipe 100 and opposed sealing devices on the ends of the pipe. As

33  discussed above, the first sealing device comprises the end plate 148. The second sealing
34  device imparts a compressive force on the opposite end of the pipe 100 thereby creating the
35 required seals.
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the dianmeter of the pipe being tested and is adapted to receive the end of
the pipe therein. The groove is provided with a resilient sealing materi al
so as to wonmsssaal between the plate 148 and the end eCTidheomopeiupon
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21  ‘“gripped” and maintained in position. As shown more clearly in Figure 21, the guide arms
22 164 are secured to the rear face 166 of the end plate 148, that is, the face located opposite
23  tothe mandrel 112. The guide arms 164 are circumferentially spaced about the end plate
24 148 with the number of guide arms 164 being variable depending on, for example, the

25  diameter of the pipe. In one embodiment, as shown in Figures 20a, 20b and 21, four guide
26  arms 164 may be provided with each being spaced approximately 90° from each other along
27  the circumference of the end plate 148. The guide arms 164 include a base 168 that is

28  secured to the rear face 166 of the end plate 148. The arms 164 preferably include one or
29  more hinges 170 to allow the arms to articulate. The arms 164 also include a bearing end
30 172, which includes a bearing pad 174. The bearing pad is adapted to contact the outer

31 surface of the pipe 100 and may be formed from any material that would be apparent to

32  persons skilled in the art. In one embodiment, the bearing pads 174 may be formed of a

33  rubber or rubber-like material to facilitate gripping of the pipe surface. However, the bearing
34  pads are not limited to such material. The guide arms 164 are designed to be moveable

35 between an open position and a closed position. In the open position, the arms 164 are
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the mandrel axis (for assisting in the axial rotation of the pipe/mndrel

conbi nation). [0083] As indicated above, in one enbodi nent, the skid pads
142 and/ oworrasydised11112 may be sized so as to correspondPMtdmbdsmonnmﬁr

di anmeter of the pipe 100 so as to forma friction fit betwee:ac#tne«topna'pe and
the skid pads. Since the pads 142 are secured to the mandrel, it wll be
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ove rocess e guide arns 164 may
be 2ald J Lm:trmieSSWe force upon the pipe 100. at thls time, the motor is engaged and the mandrel

22 112, with pipe 100 mounted thereon, is rotated over the support rollers 138. As the pipe 100
23 s thus rotated, one or more manual or automated welding apparatuses are used to weld

24  each seam between adjacent segments of the pipe 100. Once all the seams are welded and
25 a contiguous pipe 100 formed, the welds are allowed to cool.

26 [0087] Once the welds are cooled, the testing phase may begin. At this point, the one or
27  more ports provided on the sealing devices and/or the mandrel (shown, for example, in

28  Figures 10, 11, 13) are used to fill the sealed annular space between the mandrel 112 and
29 the pipe 100 with a pressurized fluid. The annular space is pressurized to a desired value
30 and such pressure is then monitored for any drops. A pressure drop would signify a defect
31  in one or more of the welds. In such case, the annular space is depressurized and the

32 seams re-welded or checked.

33 [0088] As discussed above, in one alternative embodiment, the ball-type support rollers
34 136 may be replaced with pivoting wheels or casters. Such an arrangement would still allow

35 the pipe 100 to be rotated about its longitudinal axis. However, in another embodiment
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allow the pipe 100 to fit between the bearing pads 174, thereby ensuring
that the pipe 100 is received into the aforenenti oned groove. Once the pipe
100 is thwe 2pezistsioned, the guide arnms 164 may be extendedmmhamﬂbynlﬂe
bearing pads 174 are forced against the outer surface of themp&mem&ﬁ@ Thi s
allows the guide arms 164 to grip the outer surface of the pipe. This
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forgedLm c§ A tHShcffeeddrfeed in a time and cost efficient manner. The
process oing this involves first the nounting of the desired pipe

seg nents over the mandrel 112. As discussed above, this is acconplished by

pothl 40088 andithpughithgyinuentiondiasdesp gresiibed With refgienca toperfain 3BECTEce t he
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appl'y an ax conpressive force upon the ..at this tinme, the notor
i s 1éngagthaubdrparting freamthecspirit apd SG\WRGrPf;Sh?)@VTU@“r%M'E‘&dt'rht@teéﬂﬁ‘nms| s rotated
ov t &$PH Lol lers 138. As the pipe 100 is thus rotated, one or nore
naﬁgalagPEQU()é?%d wel di ng apparatuses are used to weld each seam between
adj acent segnents of the pipe 100. Once all the seans are wel ded and a
conBi guous pipe 100 forned, the welds are allowed to cool. [0087] Once the
wel ds are cool ed, the testing phase may begin. At this point, the one or
nore ports provided on the sealing devices and/or the mandrel (shown, for
exanple, in Figures 10, 11, 13) are used to fill the seal ed annul ar space
bet ween the mandrel 112 and the pipe 100 with a pressurized fluid. The
annul ar space is pressurized to a desired val ue and such pressure is then
nonitored for any drops. A pressure drop would signify a defect in one or
nore of the welds. In such case, the annul ar space is depressurized and the
seans re-wel ded or checked. [0088] As discussed above, in one alternative
enbodi ment, the ball-type support rollers 136 may be replaced with pivoting
wheel s or casters. Such an arrangenent would still allow
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the pipe 100 to be rotated about its |ongitudinal axis. However, in another
enbodi nent Doc #: 21840853.1 descri bed above, the ball-type support rollers
are repl avocdomvasksinheel s that rotate in one direction, aClraaiz2ogg/mbxlpi pe
100 to be slid over the mandrel but not facilitating axi ahgh@tad7bdbo1f the
pi pe. In such case, the pipe 100 may be rai sed above such whmsek.s182086b.1
rotated by nmeans of the notor as described above. However, in yet another

embod! MY EMETRIMENTSTOF THE IRVENTRONAN WRIG AN ERCLOSRIE PROPERIS OR( ! ever

the support rollers 136) in case the wel ding equi pnent nmay rotat ed
about t'ﬁ@vﬂ-ﬁ%lﬁ €LANMED ARE REFINES2 ABROLEOWSeh segnment joint. Al though
such an arrangenent may not be preferable in all cases, the invention wll
be understood to include sane. [0089] Although the invention has been
descri ded wiAmapraraiusfec testiog ther integrity b eqifie, said pipschavingt asfirstend witts a first
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end wit S ' t he pipe bhei or ned .of . t wo .or re seqnents,
the apioaiTEE It B Bibe nd PR ihRHy o8¢ TR L6° whiPuftelF sEadfiena: -
an el ovgerein waimely ialusb asaichmahdresis aglapted ¢ be deceived withth tae lppegbd forans r espondi ng

at least t |th% L. engt h I_the pi pe and an outer dianeter |ess than the
i nner d?%f?’g?eain AP35 ype wherein, when in use, said mandrel is adapted

to be recei veke mahliehbéihg spppoetet @nfsardframerandiwith trafitstindef desaahdrgl - t he
mandr el,__bei nq su rted on id. frame and with the first end of the mandrel
bei ng sbggm,%egugegqgﬂnger{streﬁd Qj{ra%eg?m?’he frane; - the first end of the nmandrel

i ngl uﬂi ng a -fthe ﬁrfs’a sm?bﬂ' tﬂg mimugett mlcfﬁrngf&fgbti mlitﬁd"@e\ﬂéeg@t s@elﬂiﬁgitﬁuéfir@ﬁ_‘ t hfe pi pe
and the second, end o e mandrel . incl udi a second sealing device for
seal i nd’pFH@g§gerip%ﬁ’é‘§ﬁhﬁ§eﬁ?” i ﬁgf%mmﬂ%} BeYdingtRetecrpd seling deyeriaral | y
annul arseaffteistcriceaiethg tvesipe StHele IR MABR in use2a@eRbRBy admflarsspabe fs I St
and second seallng devi ces; - the apparatus including one or nore ports for
fi |l i ngreaipebaiues apiddpandeelypaid pige pancssaid first apgl $9cand sealingglevigesidi ng sai d
annul ar  spacenh®hpgratu8 inchdirtg dreldrindt8 Ports R dllig 581 annular space with a

pressurizing fluid or for voiding said annular space of air or said fluid and a means for

monitoring the pressure within said annular space;

- the apparatus further including a means for permanently joining together the two or

more segments forming said pipe.

2. The apparatus of claim 1 wherein said means for joining said two or more segments
comprises at least one welding device.

3. The apparatus of claim 1 or 2 further comprising a means for rotating the mandrel
and pipe assembly, when said pipe is mounted over the mandrel, about the longitudinal axis
of said mandrel.

4, The apparatus of any one of claims 1 to 3 wherein said frame includes a plurality of
support rollers provided on the frame for supporting the mandrel or the mandrel and pipe

assembly.

5. The apparatus of claim 4 wherein said support rollers allow movement of the pipe in
a direction parallel to the longitudinal axis of the mandrel, for assisting positioning of the pipe
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nonitoring the pressure within said annul ar space; - the apparatus further
i neluding a neans for permanently joining together the two or nore segnents
form ng swodopigses112. The apparatus of claim1 wherein sardAreesm®2i10L,
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joining said two or nore segments conprises at |east one welmhkmgisd®siice. 3.
The apparatus of claiml1l or 2 further conprising a nmeans for rotating the
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cl ai ms Mardrel3 wherein said frame includes a plurality of support rollers
provi ded on the frame for supporting the mandrel or the mandrel and pipe
assenbly. 5. The apparatus of claim4 wherein said support rollers allow
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t he mangr

el. Qr assi sti Si t.ioni f th i " ver
the marialty ok RppsafiNag o baRaGeRed SRl Riorng okl diwintt o
axi 3 Oforttheleﬂ?ﬁdr ?!:;céthe;élg, Waxtghsisrlw@eim]?dapw tm;%ontamttm i?lleticnr s:‘:l(;famar ein
said mandrel. further includes a pfur ity of. circcunfer nltl. an
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exterior surface thereof, said extensions being adapted to contact the
interiar surface of the pipe and thereby, when in_use, allowthe .
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secured torwt‘ﬁ_g mandrel , said ;;I afe ?ncl ugi ngga sengl)ng means Irf or ?orm’ ng a

seal wiWith thadirstiepd of ®8PRF t he pipe. 8. The apparatus of any one of clai s
1 to 7 wherein the second sealing device conprises: - an annul ar sealing
ring, coaxially provided over said mandrel adjacent the second end of said
pi pe, s&id sE anRgratusgl annanef slairesid &e 7 wharald the sgeend 88aling 48Viee di anet er
of sai dodpidiRes- Said sealing ring including a first seal adapted to forma
seal between said sealing ring and one of said pipe ends and a second seal
adapt ed to foamannuigssealing:ringefoaxally pevidediRyer s3ig mandrel pdjacenthe greensk er of
said | coni o ; hiNgr Gias j i : i d
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conpri sgige;a drive shaft

- said sealing ring including a first seal adapted to form a seal between said sealing
ring and one of said pipe ends and a second seal adapted to form a seal between said
sealing ring and the outer diameter of said mandrel; and,

- a means for forcing said sealing ring towards said pipe.

9. The apparatus of claim 3 wherein said means for rotating comprises a drive shaft
having a first end connected to a drive means and a second end connected to the end plate
of the first sealing device, wherein, when in use, rotation of the first sealing means causes

rotation of the mandrel.

10. The apparatus of claim 7 wherein said end plate includes two or more guide arms for
positioning or retaining the pipe once positioned over the mandrel.

11. The apparatus of any one of claims 1 to 10 wherein said frame and said mandrel are

adjustable in length for accommodating different lengths of said pipe.

12. A method of forming and testing a pipe comprised of two or more segments, the
method comprising:
- providing a mandrel secured to a frame, the mandrel having a length of at least the
length of the pipe to be formed,
22



having a first end connected to a drive neans and a second end connected to
the end-plate of the first sealing device, wherein, when in use, rotation
of the fiwetzoo®ambsing nmeans causes rotation of the mandreCT/Cli2goskiog211 .,

apparatus of claim7 wherein said end plate includes two OF BRieigtssie ar ms
for positioning or retaining the pipe once positioned over the mandrel. 11.
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a mandr el an'd”%f"ﬂgt%@@ﬁ%ﬁ’%‘"ﬁ%ﬁﬂipﬁﬁ Sﬁﬁmgﬂﬁul ar space between the mandrel

and the pi pe;fillingseaid anrildripacrnitls 8 prexadazeaffluiRiaddannul ar space; - wel di ng
the joints bet er} sai d ﬁ)lgfe sqe&magts; - fi IIing sai d_ann I@g. ace with a
pressuri zed TEHNG the Htiearty plsaid Pige PHEPIgG thep %slsugeafpanﬁjw "BY"Sroni t ori ng
t he preérﬁmg@sf;gég]ed Wi thin the annul ar space. 13. The nmethod of claim 12
further conprising axially rotating the mandrel and pi pe assenbly during
the wel ding step. 14. The nethod of claim 12 or 13 further including
frictioml|yTremdtiondf eRing 12 fitthek @Qrﬁﬁﬂi%g@@g@btaﬂh@ﬂ@bﬁa@fé@ndrﬁﬁ@t ion of
the mandrel results in axial rotation of said pipe. 15. The nmethod of any
one of @8sgMmbly dwingdheiweldingtste: conpri sing axially renoving said pipe from
the mandrel followi ng the testing step.

14. The method of claim 12 or 13 further including frictionally securing said pipe to said
mandrel whereby axial rotation of the mandrel results in axial rotation of said pipe.

15. The method of any one of claims 12 to 14 further comprising axially removing said
pipe from the mandrel following the testing step.
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