
PIPE RtEL LOAD SIMULATOR Field and Background of Invention [0001]The
invention is generally related to the reeling of pipe and more particularly
to pipe reel load simulator: [002] Heretofore, have been limited means to
test the behavior of a given steel-pipe line construction assembly during
the pipe reeling process.  Assemblies to be tested are generally joints of
pipejoined by butt welding of either a single carbon steel pipe With or
without some sort of elastomeric coating, or such a carbon steel pipe which
is also clad internally with a corrosion resistant alloy (CRA) or a dual
wall' pipe,: assembly 1.410Wii as "pipe in pipe". Tfie.ineans.,of testing'
specimens of these types of pipe line to confirm their suitability for
installation -by the 'Pipe reeling -:PrOcess::has' involved :siinple -
bending tests whereby the pipe assemblyspecimen is either: [0003]*bent over
a steel fOrfar-by.. applying a:Simple- shear load at the free -end of the
speeimen,' thereby cauSing the; speciinen fixed atthe baSeof the 'fdriri:
to be pulled-. into ' conformance with the form. [0004]bent over 'a ,steel-
form by applying a' SiitiPle shear load on :each.f._the -.ends of the
specimen or [0005]k bent using either al simple.37point:Or 4-point opposing
Shear load condition   full scale tests require large amounts- of
specimenpipe as well as the time of costly operations of the specialized
vessels used in the reeled piPelinesonstruotionbusiness: [0071:. The
reeling of steel pipe constructions involves straining the steel Wall of
the pipe into the plastic region. The analytical and numerical methods
-currently used to predict the behavior and residualintegrity of a pipe
construction which is reeled into its plastic limits are approiiinations.
This is because the plastic' behavior of the pipe construction during
reeling       is governed by the collective' effects of actual 'Material
prOpertieg,-. precise: Material dimensions, and boundary loading conditions
Which:, are ':difficult to accurately model " tininerically,or
analytically: DownIn any structure loaded within its linear :. (non
plastic):-.,littit:_ the strainf., status is independent of the .path and
sequence of loading In any nonlinear: plasticity problem the status of
stress and strain is highly dependent: on the path and sequence of
deformation patterns used to reach the -status Of, interest.' Thus,
theapplication sequence 'of-loads to the structure is influenced by the
behavior when-itiained-to the plastic limit. 



[0009]For 'a physical test to provide meaningful results the testing,
device must replicate as precisely as ,Possible'. the actual 'working,
conditions for which the feSi is conceived. The current art of testing pipe
construction exposed to 'pipe reeling strains does not accurately replicate
the axial tension and the bending moment and shear loads which actually
occur during the pipe reeling process:. The .inaccurate rePresentation of
the actual loading.. conditions Can result in false test positives in pipe
construction performance :' The false test positives result in
unpredieted.failures .during the execution Of reeled :pipe _line
Construction projects, resulting in schedule delays, coinmercial, and
possibly physical damage Doclio] Therefore, it can be seen there is a need
for ,a testing _device that closelythe- actual industrial process of
reeling pipe to allow the validation of the designs of pipe line
construction to be reeled.                                       Summary of
Iiiiiention                                      [00611-1-; , The present
invention addresses the above need..and i-s -drawn ,to an arrangementof
elements .Which. are used to restrain and deflect a pipe -specimen to a
prescribed 'form With  precisely controlled loads. A rigid frame includes a
movable pipe bending form to which one :end of a pipe specimen is connected
and 'a rotating table to which the Second end of the pipe ' specimen is
Connected. Means for assessing the drive torqueused to draw the pipe
specimen Over the pipe bending form is provided in the form of a. load
dell.. The rotating table- is used in combination with a travelling pipe
end truck foundation CO generate a .bending moment in the pipe specimen in
the same plane as the pipe specimen is being bent by the pipe bending form.
Computer analysis of the simulated reeling of the given pipe construction
will produce .predictions Of the reeling tension; shear, and bending
-moment in the pipe at the point of the travelling pipe end as this point
on the pipe approaches contact with the reel: These predicted tensions,
shears and bending moments can then be applied to the specimen by the
invention and the behavior Of the specimen under these conditions observed;
measured, and compared to the computer analysis. [0001.2]The various
features of novelty Which characterize the invention are pointed out with
particularity in the claims annexed to and forming part of this disclosure.
For a better understanding of  the present invention, and the operating
advantages attained by its :use, reference is made to the accompanying
drawings and descriptive matter, forming a part of this disclosure, in
which a preferred embodiment of the invention is illustrated. Brief
Description of the Drawings [00013]In the accompanying drawings, forming a.
part Of this specifiCatiOn, and in which reference numerals shown in the
drawings designate like or corresponding parts throughout the same:
[00014]FIG. 1 is a schematic illustration of the inVention. [00015]FIG. 2
is a more detailed. View of the pipe bending form: [00016]FIG. 3 and 4 are
detail views of the means of"attaching the pipe to the pipe bending form.
[00017]FIG. 5 is a detail view that illustrates the portion of the
invention at the travelling end. of the pipe. 



[00018]FIG. 6 illustrates the invention after a Pipe specimen has been
bent.   FIG. 7 "i's a detail :View 'Of the engagement between the Motor
drive and the pipebending form;;, Description OftheiTreferred EihbodiinentS
,[000201 As seen in Fig. 1,: the pipe reeling load simulator "10 is
generallycomprised of a rigid - frame 12 a pipe bending form 14 means 16
and 22 for securing each end of .a pipe 17 during , bending operations; a
beam 18; a:table 20 and means 2.4 for determining the driving torque.. used
to draw the pipe 17 over the Pipe bending"-f9rm, [60021) "Rigid frarne .12
is formed from any -suitable Material such as steel is'L-shaped in the
embodiment shown and may include one or more CrOss.,braces 30. Two are
shown in this embodinient. The numberbraces will depeid On the size Of the
pipe specimen to be . bent andthe leverage required for --bending the. pipe
While an 1.:shaped frame is shown it .  should  be understood that other
suitable shapes may be used [66022] Pipe bending. form 12 , is essentially
pie shaped: With the narrow. end pivotally, mounted; rindicated by numeral
:32., to one leg of rigid frame -12. 2 To provide for consistent movement
of the pipe bending form 12 during bperation, an arched ginde track 26 IS
attached between the cross braces 30: Pipe bending form-12 is engaged With
the guide track 26, for movement thereon by any suitable Meang such
asTollers,n6i- shown.; [00023]As seen in :fig ...1, 6, and the detail view
of Fig; 7, a motor drive 34 is mounted on a crags brace 30 and has a
driving gear 42 engaged with gears 44 onpipe bending form 12. L The Motor
drive 34 is preferably mounted on a pin 36 that retains the motor drive 34
in position on the cross brace 30 but allows a limited range of rotation on
the pin 36. Motor , drive 34 drives- the pipe bending form 12 during
operations to cause bending of the pipe 17 over the arched' end'of.the pipe
bending fOrm:12.- Means for.detennining the driving torque used to ,draw:
the.pipe'Speeithen 17 Over.the pipe bending form .12. is provided in form
of a loadce11.38,mbunted on either the motor drive -34 or a tab 40, on the
cross brace 30 adjacent the motor. drive 34 such that the load cell 38 is
between. thein rand...the ibtational: fOrce of the motor drive' 34 during
pipe bending. operation puts pressure on the load Cell 38 between the
motor' drive 34 and tab 40  (00025]-Means 16 and 22 for Securing each end
of ther-Pipe,17 during bending operations - are - 



each comrised of a:receptacle 46: with a flange -_..Plate :48 for mounting
to either. the pipe . bending-fon:n:1Z or the sable 20 Studs 5.6 and nuts52
are used to secure the receptacle 46 on -.- the.. and the . table 20. The.
studs. and nuts' allow height ..adjustment as ""- -.required  Centralizer
rings '54 are used to properly...center:the pipe. 17 in the receptacle 46.:
3' [ coo.beam 18,:isjpiyotally :mounted, indicated by numeral - 56, '
on:the2..rigid"frame-,.,12 . rind located 's-o..aS-.-AO.he,:.,spaced apart,
from the pivotal mount 32 Of the pipe bending. forth 14. A truck 58
is:Mounted:on the beam 18 for selective rimy-en-fent along the length Of
the beam " 8'. The table...20,`-refereneed-above,:IS mounted on the thick
48 so as to be rotatable thereon. Means 22 for securing one end Of the pipe
is mounted on the ' (00027].The.iria 58s selectiirely inoyed along the
beatii f8.by means of cylinder and piston... 60 seen in Fig 1 and 5 - 6::
The Cylinder & piston, 60 are mounted in place bn the beam 18. ...':and
attached to the h-rick. 58. for selective movement of the truck 58 and the
table 20 "mounted on the trUck5.8.=. t00,6281As .seen_in-tig:1': and 5 =.
6,41ydraulic ,piston, and cylinders .62 mounted in place on the truck
587.areattached'.on opposite -sides of the table 20 fOr,applying. bending'
couple to the 'table 20,and'pipe 17 engaged
thereWidi.-xia,COnrieCtion_Means'22.''':." [000291 iiraW works 64 is
mounted on the frame ,12 and has a line 66 .cOnneeted between the : draw
:works 64 and beam 18for moving the heath' 18 and its associated equipment
during - Operations:,' tooporIn operation,-'4. pipe,,specirne-n- 17 has
each end insetted. into receptacles16 and: .,The.receptacles,:are,then
respectively mouilted:01:thepipe.,bending.forrn 14 and the table 20
andthe.height adjusted.: The motor drive 34 is Used.torotate,the pipe
bendirig'form.14 in the  indicated by  the ..arrOw, in Fig. 1: to Cause
-bending of the "pipe '17 , over the pipe .,  .bending fOrni 14
buririg.ttii.shending motion the'cylinder.andpiston 66 and the draw works64
are used to -.CaiAe the bean-1'18" to rotate- in che.:.difeetion:iridicated
by the .arrow in Pig. ,J -hile the hydraulic62 on the truck ,58 are
used.to'rOtate the table 20 and apply:a...bending Couple to the table 20.
and pipe 17.. These Movements are all known forces. ; 



As:seen in,Fig 7 the load.cell 38 is used to determine the drive torque
required to bend ..the  i.... ;ppeas-atesult of the reaction 'of the motor
driye 34...  , The -invention ,proVides several advantages over the
previously used means of -test betiding pipe - (00032]The torque usedto
reellthepipe can be readily -calculate " [00633)The creation of a .bending,
Couple On the :,end of the pipe that ;would noe--inunediatelY - be
Contacting a ,Spipe reel adds - a :bending element. missing in
.previOnSly..nsed 'testing._ -apparatuS.' ._ [00034]The -creation of a
prdcise,"bending-couple -- .and -axial tension in the :pipe -"specimen ,
.-_.,,--. .. 'durin&. reeling will allow the', obSeiyation: of the behavior
of the pipe- Construction -under .. .- , Sininlated industrial loads to
eliminate or greatly reduce -.,falselpositives':foi the ability to bend ..
a given pipe construction onto a reek. .-- 



t00035]While specific - embodiments .andioe, details of the invention have
been shoWn'-and-: described above to illustrate;the-applicationofthe
principles of the ifiyention, it is tinderstdod, that this invention :May
be embodied as -more fully described in the claims : or as otherVvise'..
known by those skilled in the art. (including any and all equivalents),
Witficiit. departing from such principles  _ Claims What is Claimed as
invention  , 1... A :-pipe reeling load simulator for bending a pipe
-sfiecinieri having first and :second ends; comprising: .. rigid frarne; b.
a pipe bending form pivotally mounted on the rigid frame;. : c..nreans for
connecting the first end of the pipe specimen to the pipe bending form:
a,beam pivotally attached to the rigid frame_ at a-location from the pit);
bending form'. e. a table:Morintedonthe beam for rotational and
translational movement on the ,-,... f. rneaii. fc:ir connecting the seaond
end of the p:ipe specimen tO the table; g. means for driving
theiiiriebending form; and  ....,.,.. h. means for determining .-the
.dfiVing 'torqUe :Used to draw the pipe specimen ... , - bending form. . ,'
_ " over ;the pipe _  



,2. The pipe reeling load simulator of claim 1; wherein the Means for
determining the ciriviiiPs, - 'torque comprises a load cell engaged
with:the means for driVing.the,pipe bending form. .3. The ,pipe reeling
load simulator Or claim 1, further comprising a-first guide track attached
to the rigid frame on which the pipe bending form inoves. 4. The pipe
reeling; load'-'simulator-'of clairn1,-' further t oinprisirig a
SecOnd:guide .track; ..,,, - attached to the rigidon which the beam moves.
: -5. Thereeling load simulator of claim 1, wherein the table is rotatably
mounted on a ".. truck that is movably mounted on.the.-beam for
translational Movement thereon. - "  ,- 6. The pipe reeling. iload
-:irrinlatozir of claim 5;` further comprising,MeanS::fOr "seleotiVely -
causing rotational movement of thetable.  7.. The pipe reeling load
simulator of claim 1, further comprising means for selectively causing
movement of the beam. 8. A pipe reeling load simulator for bending a pipe
specimen having first and second ends, comprising:  a. a rigid frame; b. a
pipe bending form pivotally mounted on the rigid frame; c. means for
connecting the first end of the pipe specimen to the pipe bending form; . 



d. a beam pivotally attached to the rigid frame at a separate location from
the pipe bending form;   e. a table mounted on the beam for rotational and
translational movement on the beam; . f. means for selectively causing
rotational and translational movement of the table; g. means for connecting
the second end of the pipe specimen to the table; ,h. means for driving the
pipe bending form; and i. a load cell engaged with the means for driving
the pipe bending form for determining the driving torque used to draw the
pipe specimen over the pipe bending form: 9, The pipe reeling load
simulator of claim 8, further comprising a first guide track attached td
the rigid frame on which the pipe bending form moves.  10. The pipe reeling
load simulator of claim 8, further comprising a second guide track attached
to the rigid frame on which the beam moves.  11. The pipe reeling 'bad.
simulator of claim 8, wherein the table -is rotatably mounted on a truck
that is movably:mounted on the beam for translational movement thereon.
12. The pipe reeling load simulator of claim 8, further- comprising means
for, selectively causing movement of the beam.  ,13.: A pipe reeling load
simulator for bending'ayipe Specimen having first andsecond ends; ,.
comprising:, r. a. a rigiclfrarrie: pipe bending form pivotally mounted on
the rigid frame; . means for connecting the first end of the pipe specimen
to the Pipe bending formd. a beam .pivotally attached tothe rigid frame at
a _separate location from the pipe bendingform.  --, ..e..attuck mounted On
the beam for translational movement thereonf. ineans.:for'selectively
dauSing translational inoVement of the truck ort..thehedm;     .,.. .__,-
g. a table mounted on the truck for fotationalinoYenaent thereon;
h.-.nieans for selectively causing rotational movement of the table; :  i:
means for conneetirig the Second end of.thePipe Speen/len t6 the -table; 



..  -.j. means for driVing the pipe 'bending forni;'and k: load
celr,engaied With the rnean- for driving the pipe bending formfOr
determining the _. _,.--.  . driving torque used to draw the pipe specimen
'over. the pipe bending form ,.,,.  , .,,.......- - .. ..,.--  . k  14 The
pipe reeling load simulator of T:claim 13, further ',COmprising, a -first,
guide track ,attached to the rigid frame onwhich the pipe bending'forrn
inoves-.:     , 16. The pipe feeling load simulator of -claim 13, further
comprisintheans for _selectively causing movement of the beath. 


