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Pl PE FORM NG MACHI NE The present invention relates to mandrel
type pipe form ng machi nes as described in nmy US patent No. 3879994 and
W90/ 10510 her eby i ncor porat ed herein by a cross reference. 5 SUMWARY

OF THE PRI OR ART
1

PIPE FORMING MACHINE

The present invention relates to mandrel type pipe forming machines as
described in my US patent No. 3879994 and W0OS0/10510 hereby incorporated
herein by a cross reference.

5 MMARY OF THE PRIOR ART

Machines are now required to manufacture pipes in a wide range of
diameters and plate thicknesses. In the latter specification referred to above,
there is described a method of forming cylindrical or tapered pipes of vari'ous
diameters and including means to apply deflection limiting forces against the

10 mandrel particularly in small diameter pipes having large wall thickness.
Further reference is made to my application No. WO90/10511 also hereby
incorporated herein by cross reference.

Thus the application of forces laterally against the sides of the mandrel
and at the top and bottom thereof is described in an endeavour to maintain

15 deflection of the mandrel within allowable limits during a forming operation.

Problems have been encountered in the forming of long pipes having
comparatively thick plate and small diameter (high D/, ratio where D = diameter
and t = thickness). These problems have not previously been addressed insofar
as | am aware. Also there are problem in relation to achieving satisfactory

20 forming of plates of high strength steel wherein the length/diameter ratio falls
between 15 and 50 where L the length of the pipe divided by D the diameter of
the pipe is a factor in the range of 15 to 50.
Problems arise particularly in the final steps of forming the pipe where it
is necessary to provide some lateral stability to the mandrel whilst applying
25 strong vertical forces to the mandrel from the top and bottom pressure roils.
Lateral stability is also necessary at various stages of the pipe forming process
for pipes of the above type. In this regard reference is made to Figure 4 of my
application referred to No. WO80/10510 in which some lateral stability is
provided by buttress 18 preventing lateral movement of the pipe and mandrel to

30 the right.
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Machi nes are now required to manufacture pipes in a wde range of
dianeters and plate thicknesses. In the |atter specification referred to

above, there is described a nethod of formng cylindrical or tapered

pi pes of various di aneters and including neans to apply deflection
limting forces against the 10 mandrel partigularly in small diameter pipes
havi ng | arge wall thickness. Further reference is made to ny
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5 It is an objective of the present invention to provide improved lateral
stability in a mandrel pipe forming machine particularly useful in the forming of

long pipe using relatively thick plate of either high or low strengths. _

it is a further objective to provide apparatus and a process useful in the
forming of pipes of relatively small diameter when compared with the length of

10 the pipe for example having a length to diameter ratio of up to 50.

According to the present invention there is provided in a process for
forming a pipe from flat steel plate having a relatively high length to width ratio
including the steps of engaging flat plate with a gripper rib mounted on a
rotatable mandrel with the edge of the plate in the gripper rib, curving the plate

15 around the mandrel as the mandrel is rotated, applying laterally moveable
pressure roll means beneath the mandrel to apply a squeezing force to the plate
and mandrel as the mandrel is rotated, the improvement including the step of
applying abutment means against at least one side of the mandrel during at
least partial formation of each half of the plate.

20 In a further aspect of the inventive process the opposing edge of the half
curved plate is engaged with the gripper rib and is curved around the mandrel
as the mandrel is rotated to complete the curvature of the plate to form a
substantially cylindrical section, wherein an abutment means is applied against
the mandrel and plate during said curving step, and said pressure roll means is

25 laterally and vertically offset relative to the mandrel so that a horizontal
component of force is applied which is opposed by said abutment means to
stabilize the mandrel at least during the final stages of said curving operation.

Conveniently the pressure roll means is laterally offset during forming of
the first half and second half of the plate during which said abutment means is

30 applied to both sides of the mandrel.

Conveniently the pressure roll means is a single roll applied to the top

and bottom of the mandrel.
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and t = thickness). These problems have not previously been addressed

I isof ar as | amaware. Also there are problens in relation to achieving
satisfactory 20 form ng of pipes of high strength steel wherein the

| engt h/ di ameter ratio falls bet ween 15 and 50 where L the length of the
pi pe divided by D the dianeter of the pige is a factor in the range of
15 to 50. Probl ens arise particularly in the final steps of
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to 5 BRIEF_DESCRIPTION OF THE DRAWINGS
The practical arrangement of the process will now be described having
reference to the annexed drawings in which:
Figure 1 and Figure 1a represents step 1 of the plate forming process
and the associated force diagram,
10 Figure 2 and Figure 2a represents step 2 of the plate forming process
and the associated force diagram,
Figure 3 and Figure 3a represents step 3 of the plate forming process
and the associated force diagram,
Figure 4 and Figure 4a represents step 4 of the plate forming process
15 and the associated force diagram,
Figure 5 and Figure 5a represents step 5 of the plate forming process on
the second part of the plate and the associated force diagram,
Figure 6 and Figure 6a represents step 6 of the pipe forming process and
the associated force diagram,
20 Figure 7 and Figure 7a represents step 6A of the pipe forming process
and the associated force diagram,
Figure 8 and Figure 8a represents step 6B of the pipe forming process
and the associated force diagram,
Figure 9 and Figure 9a represents step 7 of the pipe forming process,
25 and
Figure 10 represents the formation of the finished pipe released from the
gripper rib.
DESCRIPTION OF THE PREFERRED EMBODIMENT
With reference to Figure 1, this shéws step 1 of the process in which the
30 edge of the plate is engaged with the gripper rib 3 on the mandrel. The plate is

supported on a bed 9 and is pushed toward the gripper rib 3 by a pusher
mechanism 10 schematically shown.
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30 the right. 2

[t will
mandr el

be appreciated that the buttress 18 on the right side of the

4

Side bolster members 5 and 6 are extended downwardly to make contact
with each side of the mandrel to stabilize the mandrel whilst engagement of the
gripper rib with the plate is taking place.

Figure 1a represents a schematic force diagram with

5 F2 representing an upward force applied by the lower roller 2
F4 the downward force applied by roller 4
F10 is the force applied by the pusher 10 and
F5 and 6 is the force applied to stabilize the mandrel location.
The mandre! 1 is rotatably mounted on a machine (now shown) having
10 overhead structures supporting an overhead roll 4 and side bolster abutments 5
and 6. Additional movable stays 7 and 8 are provided for use as necessary to
provide lateral support for the top roller 4 especially when the gripper is passing
beneath the roller 4 and acting to force the roller 4 upwards.

The abutments 5 and 6 are retained in position as shown in Figures 1

15 and 2 to maintain the mandrel straight and stabilized during the first half of the
formation of the plate. The position of bolster abutment 6 is such that the
mandrel can deflect slightly to the right by approximately 2 times the plate
thickness (2;) so that the gripper is allowed to pass between the mandrel and
the abutment 5. Roller 4 is engaged by the gripper in the 12 o’clock position

20 and forced upwards at which time the abutment 5 provides a reaction force and
stabilizes the mandrel until the formation of the first half of the plate as shown in
Figure 3 at step 3.

With reference to Figure 3, the side abutment members 5 and 6 are
retracted and the roller members 2 and 4 are moved relatively to the mandrel by

25 a distance A4 to apply forces to the plate in the final stages of the formation of
the first half, these forces shown and represented as references F4 and F2 in
Figure 3a.

With reference to Figure 4, the top roll 4 and the mandrel 1 are raised
together with a slightly anti-clockwise rotation of the mandrel to allow release of

30 the plate from the gripper as shown.
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must be renoved to allow free travel of the curved plate 10 around the
mandr el during formng of the latter half of the pipe. OBJECTS OF
THE.PRESENT | NVENTION 5 It is an objective of the present

i nvention to provide inproved | ateral stability in a mandrel pipe
form ng machine particularly useful in the fgrm ng of | ong pi pe using
relatively thick plate of either high or | ow strengths. It is a
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gripper rib noun
5 engagement with the gripper. Simultaneously bolster members 5 and 6 are

located against the mandrel to stabilize its position resulting in a force diagram
as shown in Figure 5a with vertical forces F4, F2 and horizontal force
components F11H, F6 and F5. The side abutment member 5 is positioned }n a
similar manner to side abutment 6 was positioned in step 2 as shown in Figure

10 2 previously described to allow passage of the gripper at the 3 o’clock position
past the abutment 6. Therefore the mandrel is able to deflect to the left by a
distance of twice the plate thickness (2;) whilst the gripper is at the 3 o’clock
position.

This position is clearly shown in Figure 6 of the drawings representing

15 step 6.

With reference to Figure 7 illustrating step 6A of the process abutment 6
provides the opposite reaction force as that provided by abutment 5 in step 2
described above to allow the roller 4 to be forced upwardly by the passage of
the gripper at the 12 o'clock position at this point as shown in Figure 7 abutment

20 5 must be retracted to allow clearance for the previously formed plate edge as
the final half of the plate is formed.

In Figure 8 and Figure 8a the mandrel is forced down a distance of A,
with the lower roll laterally offset a distance e2 whereby forcés F2H and F2V are
applied against the plate as it is being curved around the mandrel. Reference to

25 the force diagram in Figure 8a reveals that there is a horizontal component of
force F2H from the left applied to the plate and mandrel acting as a lateral
stabilizing force on the mandrel during the final steps of curving which is
opposed by the reactive force F6 applied by the right abutment member 6. This
horizontal force component F2H is required to stabilize the mandrel in the

30 forced absence of abutment 5 during the final stages of forming of the plate.
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on a rotatable mandrel with the edge of the plate in the gripper rib,
cur vi ng the plate around the mandrel as the mandrel is rotated,
applying laterally noveabl e pressure roll neans at | east beneath the
mandrel to apply a squeezing force to the plate and nmandrel as the
mandrel is rotated, engaging t he opposi ng edge of the steel plate,
curving the plate around t he mandr el as the mandrel is rotated to
conplete the curvature of the plate to %r subst%ntlall drlcal
e

section, the inprovEigie 9 ﬁ%‘Pﬁ?&PHB“Q FeR ¢ g}'B\NS the rﬁtt ?Yé%‘ﬁgr
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parti al formatlon of the formng of the glate sal d
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curving step, i r i
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is created 5 js almost 0 depending on the D/ ratio, the yield strength of the steel plate and

other factors affecting the spring back of the steel.

Figure 10 shows step 8 of the process which illustrates the release of the
curved plate from the gripper rib and the completion of the curving operation of
the plate ready for welding of the joint in the cylindrical section to form a finished

10 pipe.



whi ch is opposed by said abutnment nmeans to stabilize the mandr
during the final stages of said curving operation. '
Conveniently the pressure roll neans is laterally offset durin

AL

the first half and second half of the plate during which said abutnment
means is 30 applied to both sides of the mandrel . Conveniently

the pressure roll neans is a single roll applied to the top

and bottom

of the nmandrel. NVENTION ARE AS E : :

1. in a process for forming a pipe from flat steel plate having a relatively
high length to width ratio including the steps of engaging flat plate with a gripper
rib mounted on a rotatable mandrel with the edge of the plate in the gripper rib,

curving the plate around the mandrel as the mandrel is

rotated, applying

laterally moveable pressure roll means at least beneath the mandrel to apply a
squeezing force to the plate and mandrel as the mandrel is rotated, the
improvement including the step of applying abutment means against at least
one side of the mandrel during at least partial formation of each half of the

forming of the plate.

2. In a process for forming a pipe from flat steel pipe having a relatively high
length to width ratio as claimed in claim 1 including the steps of engaging the
opposing edge of the steel plate, curving the plate around the mandrel as the
mandrel is rotated to complete the curvature of the plate to form a substantially

cylindrical section, wherein an abutment means is applied against the mandrel
and plate during said curving step, and said pressure roll means is laterally and
vertically offset relative to the mandrel so that a horizontal component of force is
created which is opposed by said abutment meéns to stabilize the mandrel at

least during the final stages of said curving operation.

3. Apparatus for carrying out the process steps of claim 1 or claim 2
comprising a rotatable mandrel, top and bottom pressure roll means, movabile

laterally upwardly and downwardly relative to said mandrel, the mandrel
including a gripper rib for gripping an edge of a plate as defined to curve the

plate around the mandrel to form substantially a cylindrical

pipe wherein side

boister members are positionable relative to said mandrel to stabilize the

mandre! at lest against lateral forces applied by said top and bottom rollers.



3 A particular feature of the present invention is t
posi tioning of the pressure roll neans relative to the mancj l"HWllmnllII”"I
the final stages of the formng operation to provid hori zontcal +f orces =

conmponent which i s opposed by the abut rren% means apply| ng a |ater aI
force to the mandrel .

4. Apparatus as claimed in claim 3 wherein the bolster abutments are
laterally movable a predetermined distance during traverse of the gripper rib

past the bolster member.

5. Apparatus as claimed in claim 3 wherein the top and bottom roller and
mandrel are relatively movable by a predetermined distance with the bottom
roller being laterally offset to create a horizontal force component which is
opposed by a corresponding abutment bolster. '



5 BRI EF DESCRI PTI ON OF THE DRAW NGS The practical arrangenent of
the*process will now be described havi ng reference to the annexed
drawi ngs i n which: Figure 1 and Figure |la represents step 1 of
the plate form ng process and the associated force diagram 10
Figure 2 and Figure 2a represents step 2 ofgthe plate formng process
and the associated force di agram Figure 3 and Figure 3a
represents step 3 of the plate form ng process and the associated force
di agram Figure 4 and Figure 4a represents step 4 of the plate
form ng process 15 and the associ ated force di agram Figure 5 and
Figure 5a represents step 5 of the plate form ng process on

ABSTRACT '

There is disclosed an improved process and apparatus for forming pipe from a
flat steel plate by curving the plate around a rotatable mandrel in which the ratio
of plate length and width is relatively high comprising the process steps and
apparatus of applying abutment members to against the sides of the mandrel
and creating a horizontal component of force between the mandrel, plate and
supporting rolls which horizontal component of force is opposed by said
abutment member acting to stabilize the mandrel at most times and at least
during the final stages of forming the pipe.



the second part of the plate and the associated force di agram
Figure 6 and Figure 6a represents step 6 of the pipe form ng process and

t he associ ated force diagram 20 Figure 7 and Figure 7a represents
step 6A of the pipe form ng process nd the associ ated force di agram
Figure 8 and Figure 8a represents step 6 the pi pe form.ng process
and the associated force di agram Figure 9 and H re 9a
represents step 7 of_the pipe.form ng process, 25 and Fi gure 10
represents the fornél'on“| {ilshed pi pe rel eased {40 he gri pper
rib. DESCRIPTIO%EEij : E ;:)EI\/BCDII\/ENTF.5 F6
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Wth reference to Figure 1, this shows step 1 of the process in which the
30 edge of the plate is engaged with the gripper rib 3 on the mandrel. The

plate is supported on a bed 9 and is pushed toward the gripper rib 3 by
a pusher mechani sm 10 schematically shown.
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4 Si de bol ster nenbers 5 and 6 are extended downwardly to make

cont act W th each side of the mandrel to stabilize the mandrel whil st
engagenent of the gripper rib with the plate is taking place.

Figure |a represents a schematic force diagramwith 5 F2
representing an upward force applied by 31;{ lower roller 2

F4 the downward force applied by roller 4 FIO is the
force applied by the pusher 10 and F5 and 6 is the force

applied to stabiliZ2e the nandrel
rotatably nmounted on s ndghiie |

| ocati on. The mandrel 1 is
dt shown) having 10 ov;pgead structures

rsi de bol ster abfl}J‘h_rfent
oe_ NP | %Js
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;!4 Fig. 7a.

FZH i Fig. 8a.
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and 6. Additional novable stays 7 and 8 are provided for use as necessary
to provide | ateral support for the top roller 4 especially when the
gri pper is passing beneath the roller 4 and acting to force the roller
4 upwar ds. The abutnments 5 andg6 are retained in position as
shown in Figures 1 15 and 2 to maintain the mandrel straight. and stabilized
during the first half of the formation of the plate. The position of
bol ster abutment 6 is such thajyg@erorMINGMEGTRN deflect slightly to the
right by approximately 2 tinmesthe pratre Thickness (2t) so that the
gripper is allowed to pass between the nmandrel and t he abut nent 5.
Roller 4 is engaged by the gripper i nABRTBAGTc| ock position 20 and forced
upwards at which tinme the abutnment 5 provides a reaction force and
stabilizes the mandrel until the formation of the first half of the plate
as shown i n ThereFk @issloSedianshiPoved process and apparatus for forming pipe from a

“flat steel plate by curving the plate around a rotatable mandrel in which the ratio

of plate length and width is relatively high comprising the process steps and
apparatus of applying abutment members to against the sides of the mandrel
and creating a horizontal component of force between the mandrel, plate and
supporting rolls which horizontal component of force is opposed by said
abutment member acting to stabilize the mandrel at most times and at least
during the final stages of forming the pipe.

Fig. 1 REPLACEMENT SHEET

3 0 AUG 1996
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VVjﬁ,réference to Figure 3, the side abutnent nenbers 5 and 6 are
retracted and the roller nenbers 2 and 4 are noved relatively to the
mafdrel by 25 a distance [err]l to apply forces to the plate in the final
stages of tshe formation of the first half, these forces shown and
represented as references F4 and F2 in 1 Figure 3a. Wth
reference to Figure 4, the top roll 4 and the mandrel 1 are raised

Lo ey b s LYt BN Ll he Tenarel Lol ow
The present invention relates to mandrel type pipe forming machines as
described in my US patent No. 3879994 and WOS0/10510 hereby incorporated
herein by a cross reference.
5 SUMMARY OF THE PRIOR ART
Machines are now required to manufacture pipes in a wide range of
diameters and plate thicknesses. In the latter specification referred to above,
there is described a method of forming cylindrical or tapered pipes of various
diameters and including means to apply deflection limiting forces against the
10 mandrel particularly in small diameter pipes having large wall thickness.
Further reference is made to my application No. WO90/10511 also hereby
incorporated herein by cross reference.
Thus the application of forces laterally against the sides of the mandrel
and at the top and bottom thereof is described in an endeavour to maintain
15 deflection of the mandrel within allowable limits during a forming operation.
Problems have been encountered in the forming of long pipes having
| comparatively thick plate and small diameter (high D/, ratio where D = diameter
and t = thickness). These problems have not previously been addressed insofar
as | am aware. Also there are problemsin refation to achieving satisfactory
20 forming of pipes of high strength steel wherein the tength/diameter ratio falls
between 15 and 50 where L the length of the pipe divided by D the diameter of
the pipe is a factor in the range of 15 to 50.
Problems arise particularly in the final steps of forming the pipe where it
is necessary to provide some lateral stability to the mandrel whilst applying
25 strong vertical forces to the mandrel from the top and bottom pressure rolls.
Lateral stability is also necessary at various stages of the pipe forming process
for pipes of the above type. In this regard reference is made to Figure 4 of my
application referred to No. WO80/10510 in which some lateral stability is
provided by buttress 18 preventing lateral movement of the pipe and mandrel to
30 the right.
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Wth reference to Figure 5 show ng step 5 of the process,

t“héa ot her edge of the plate is fitted to the gripper rib 4 with a |ower
pr.essure roll 2 positioned off centre a distance el as shown Figure 5.
The curved spart of the plate is contacted by an abutnment nenber 11 to

force the edge of the plate into 5 engaggnment with the gripper.
Si mul t aneously bol ster nenbers 5 and 6 are

10

30

It will be appreciated that the buttress 18 on the right side of the mandrel
must be removed to allow free travel of the curved plate 10 around the mandrel

during forming of the latter half of the pipe.
OBJECTS OF THE PRESENT INVENTION

It is an object.ive of the present invention to provide improved lateral
stability in a mandrel pipe forming machine particularly useful in the forming of
long pipe using relatively thick plate of either high or low strengths.

It is a further objective to provide apparatus and a process useful in the
forming of pipes of relatively small diameter when compared with the length of
the pipe for example having a length to diameter ratio of up to 50.

According to the present invention there is provided, in a process for
forming a pipe from flat steel plate having a relatively high length to width
ratio including the steps of engaging the flat plate with a gripper rib mounted
on a rotatable mandrel with the edge of the plate in the gripper rib, curving
the plate around the mandrel as the mandrel is rotated, applying laterally
moveable pressure roll means at least beneath the mandre! to apply a
squeezing force to the plate and mandrel as the mandrel is rotated, engaging
the opposing edge of the steel plate, curving the plate around the mandrel as
the ‘mandrel is rotated to complete the curvature of the plate to form a
substantially cylindrical section, the improvement including the step of
applying abutment means against at least one side of the mandrel and plate
during at least partial formation of each haif of the forming of the plate, said
abutment means being applied against the mandrel and plate during each said
curving step, and said pressure roll means is laterally and vertically offset
relative to the mandrel so that a horizontal component of force is created
which is opposed by said abutment means to stabilize the mandrel at least
during the final stages of said curving operation.

Conveniently the pressure roll means is laterally offset during forming of
the first half and second half of the plate during which said abutment means is
applied to both sides of the mandrel.

Conveniently the pressure roll means is a single roll applied to the top
and bottom of the mandrel.



|.o¢At ed agai nst the mandrel to stabilize its position resulting in a force
L agr am as shown in Figure 5a with vertical forces F4, F2 and

hor+i zontal force conponents Fl1 , F6 and F5. The side abutnent nmenber 5
is positioned in a simlar manner to side abutnent 6 was positioned in
step 2 as shown in Figure 10 2 previously #glescribed to allow passage of the
gripper at the 3 O cI ock position past the abutnent 6. Therefore the

mandrel is able t othe ft b cg of |.at e
thi ckness (2t) %ﬁ' 'FH@ dIPF‘b‘H&r %tp’¥ﬁ%”‘3"b“eg’|“§ s e 882‘%?‘?“&5 A e
Thi's positi Orﬁl'eb§ut‘é| ArthFand eiative td-trgumandrel fduring tdeetWahgmglesmfahetimmlgng
step 6. Wth referenceto Figure 7 illustrating . .step 6A OL p’e
process abut eReratign to praviRe @ BofiRanta) 88599( gOMPRReNG B’gd% %‘goqsr?éit yi
provided by AQHHERMmeads addifRg% lateral force to the mandrel.

5 BRIEF DESCRIPTION OF THE DRAWINGS

The practical arrangement of the process will now be described having
reference to the annexed drawings in which:
Figure 1 and Figure 1a represents step 1 of the plate forming process
and the associated force diagram,
10 Figure 2 and Figure 2a represents step 2 of the plate forming process

and the associated force diagram,
Figure 3 and Figure 3a represents step 3 of the plate forming process

and the associated force diagram,
Figure 4 and Figure 4a represents step 4 of the plate forming process
15 and the associated force diagram,
Figure 5 and Figure 5a represents step 5 of the plate forming process on
the second part of the plate and the associated force diagram,
Figure 6 and Figure 6a represents step 6 of the pipe forming process and
the associated force diagram,
20 Figure 7 and Figure 7a represents step 6A of the pipe forming process
and the associated force diagram,
Figure 8 and Figure 8a represents step 6B of the pipe forming process
and the associated force diagram,
Figure 9 and Figure 9a represents step 7 of the pipe forming process,
25 and
Figure 10 represents the formation of the finished pipe released from the
gripper rib.
DESCRIPTION OF THE PREFERRED EMBODIMENT
With reference to Figure 1, this shows step 1 of the process in which the
30 edge of the plate is engaged with the gripper rib 3 on the mandrel. The plate is
supported on a bed 9 and is pushed toward the gripper rib 3 by a pusher
mechanism 10 schematically shown.



descri'bed above to allow the roller 4 to be forced upwardly by the passage
of+. "the gripper at the 12 o' clock position at this point as shown in
Fi'gure 7 abutnent 20 5 nust be retracted to all ow cl earance for the
previously fornmed plate edge as the final half of the plate is formned.
In Figure 8 and Figure 8a the mandrel is #orced down a distance of [err]2
with the lower roll laterally offset a distance E2 whereby forces F2H and

F2V are appl i I t r
PPl ichdk gag% t heﬁ&r@ sa%ﬁd Bare ehén@é’d BewaWara 8 R chbh@ict

mandrel . Reference t orce diagramin Figure 8a reveals that there

is a horizontth eaﬁhp@ﬁ&ftthefmandf@é@wme meomaﬂﬁée'lvé’ﬂtﬂ &pproeaens of He
Guri ng tne Brivae’ a6l e et ISHRIR ehors™ ™ opposed by the reactive
force F6 appliedFyurehia répybserstout sﬂmmamrtmfce@aag'l’birswﬂh hori zontal force
corrponents FaH Ts reqUIFBer%ptrgsesr%t%%l érlz %J%wtarr]c? fgr%gdarp%hed by the lower roller 2
F4 the downward force applied by roller 4
F10 is the force applied by the pusher 10 and
F5 and 6 is the force applied to stabilize the mandrel location.
The mandrel 1 is rotatably mounted on a machine (not shown) having
10 overhead structures supporting an overhead roll 4 and side bolster abutments 5
and 6. Additional movable stays 7 and 8 are provided for use as necessary to
provide lateral support for the top roller 4 especially when the gripper is passing
beneath the rolier 4 and acting to force the roller 4 upwards.
The abutments 5 and 6 are retained in position as shown in Figures 1
15 and 2 to maintain the mandrel straight and stabilized during the first haif of the
formation of the plate. The position of bolster abutment 6 is such that the
mandrel can deflect slightly to the right by approximately 2 times the plate
thickness {21) so that the gripper is allowed to pass between the mandrel and
the abutment 5. Roller 4 is engaged by the gripper in the 12 o’clock position
20 and forced upwards at which time the abutment 5 provides a reaction force and
stabilizes the mandrel until the formation of the first half of the plate as shown in
Figure 3 at step 3.
With reference to Figure 3, the side abutment members 5 and 6 are
retracted and the roller members 2 and 4 are moved relatively to the mandrel by
25 a distance A; to apply forces to the plate in the final stages of the formation of
the first half, these forces shown and represented as references F4 and F2 in
Figure 3a.
With reference to Figure 4, the top roll 4 and the mandrel 1 are raised
together with a slightly anti-clockwise rotation of the mandrel to allow release of
30 the plate from the gripper as shown.



30 foreed absence of abutnment 5 duri ng the final stages of formng of the
pl ate. 6
Figure 9 representing step 7 shows the conpl eted pass with the | ower

5

With reference to Figure 5, showing step 5 of the process, the other edge
of the plate is fitted to the gripper rib 4 with a lower pressure roll 2 positioned off
centre a distance el as shown Figure 5. The curved part of the plate is
contacted by an abutment member 11 to force the edge of the plate into

5 engagement with the gripper. Simultaneously bolster members 5 and 6 are
located against the mandrel to stabilize its position resulting in a force diagram
as shown in Figure 5a with vertical forces F4, F2 and horizontal force
components F11, F6 and F5. The side abutment member 5 is positioned in a
similar manner to side abutment 6 was positioned in step 2 as shown in Figure

10 2 previously described to allow passage of the gripper at the 3 o'clock position
past the abutment 6. Therefore the mandrel is able to deflect to the left by a
distance of twice the plate thickness {2f) whilst the gripper is at the 3 o'clock
position.

This position is clearly shown in Figure 6 of the drawings representing

15 step 6.

With reference to Figure 7 illustrating step 6A of the process abutment 6
provides the opposite reaction force as that provided by abutment 5 in step 2
described above to allow the roller 4 to be forced upwardly by the passage of
the gripper at the 12 o’clock position at this point as shown in Figure 7 abutment

20 5 must be retracted to allow clearance for the previously formed plate edge as
the final half of the plate is formed.

In Figure 8 and Figure 8a the mandrel is forced do»_vn a distance of A,
with the lower roli laterally offset a distance E2 whereby forces F2H and F2V are
applied against the plate as it is being curved around the mandrel. Reference to

25 the force diagram in Figure 8a reveals that there is a horizontal component of
force F2H from the left applied to the plate and mandrel acting as a lateral
stabilizing force on the mandrel during the final steps of curving which is
opposed by the reactive force F6 applied by the right abutment member 6. This
horizontal force component F2H is required to stabilize the mandrel in the

30 forced absence of abutment 5 during the final stages of forming of the plate.



r_oI;I"'er, 2 being again noved into alignnent or alnost into alignnment with the
centre {ine of the mandrel so that the lower roller 2 can adequately match

t he. high forces required in the final stages of rolling of the plate.
That i-s distance E3 5 is alnost 0 depending on the D't ratio, the yield
strength of the steel plate and other gactors affecting the spring back
of the steel. Figure 10 shows step 8 of the process which

e o o1 on-of MBS0 boldfanion:iEn SnEws e GRS FEsaD o afiEn
of the joint rhifert Dereitiyi digHih GRbvEQ GhiPBli§AMEAt Braalkidyt SARAafkigfmhp&vith the
centre line of the mandrel so that the lower roller 2 can adequately match the
high forces required in the final stages of rolling of the plate. That is distance E3
"5 is almost 0 depending on the D/, ratio, the yield strength of the steel plate and
other factors affecting the spring back of the steel.
Figure 10 shows step 8 of the process which illustrates the release of the
curved plate from the gripper rib and the completion of the curving operation of
the plate ready for welding of the joint in the cylindrical section to form a finished

10 pipe.



;izzjcess ;‘or formng a pipe fromflat steel GF;]A;{VS havi ng a 14“1““““1“““"”“‘“

hi gh Iength to wdth ratio including the steps of engaging the fle&t *t
-7 -
CLAIMS

1. In a process for forming a pipe from flat steel plate having a
relatively high length to width ratio including the steps of engaging the flat
plate with a gripper rib mounted on a rotatable mandrel with the edge of the

5 plate in the gripper rib, curving the plate around the mandrel as the mandrel
is rotated, applying laterally moveable pressure roll means at least beneath the
mandrel to apply a squeezing force to the plate and mandrel as the mandrel
is rotated, engaging the opposing edge of the steel plate, curving the plate
around the mandrel as the mandrel is rotated to complete the curvature of the

10 plate to form a substantially cylindrical section, the improvementincluding the
step of applying abutment means against at least one side of the mandrel and
plate during at least partial formation of each half of the forming of the plate,
said abutment means being applied against the mandrel and plate during each
said curving step, and said pressure roll means is laterally and vertically offset

15 relative to the mandrel so that a horizontal component of force is created
which is opposed by said abutment means to stabilize the mandrel at least
during the final stages of said curving operation.

2. Apparatus for carrying out the process steps of claim 1

comprising a rotatable mandrel, top and bottom pressure roll means moveable

20 laterally upwardly and downwardly relative to said mandrel, the mandrel

including a gripper rib for gripping an edge of a plate as defined to curve the

plate around the mandrel to form substantially a cylindrical pipe wherein side

abutment bolster members are positionable relative to said mandrel to stabilize

the mandrel at least against lateral forces applied by said top and bottom

25 rollers, wherein the top and bottom roller and mandrel are relatively moveable

by a predetermined distance with the bottom roller being laterally offset to

create a horizontal force component which is opposed by a corresponding
abutment bolster.

3. Apparatus as claimed in claim 2 wherein each side abutment
30 bolster is laterally moveable a predetermined distance during traverse of the
gripper rib past the side bolster abutment.



plate with a gripper rib nounted on a rotatable mandrel with the edge of
the 5 plate in the gripper rib, curving the plate around the nmandrel as

t he mandr el is rotated, applying Iaterally noveabl e pressure roll neans
at | east beneath the mandrel to ap a squeezing force to the plate and
mandrel as the mandr el i s rotated, ébaging t he opposi ng edge of the
steel plate, curving the plate around the mandrel agFehe nmandrel is
rotated to conplete the curvature of the 10 plate to f¥ ma substantially
cylindrical sectil nt including the ep of applying

abut nent neans agai ne side of the mandrel olate during
at |l east partial i h half of the )
sai d abut ment means

[
te durlng each

sai d curving steg, roll neans is IN\qteras IquOd vertically
offset 15 relative to|t 6 that a hOFIZOﬂta|i2 ﬁﬁonent of force
is created l
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whi ch is opposed by said abutnment nmeans to stabilize the mandrel at | east
during the final stages of said curving operation. 2.

Apparatus for carrying out the process steps of claim 1 conprising a
rotatable mandrel, top and bottom pressure roll means noveable 20 laterally
upwardly and downwardly relative to said drel, the mandrel I ncl udi ng
a gripper rib for gripping an edge of a e as defined to curve the

pl ate around the mandrel to form substantially a cylindrical pipe wherein
si de abut ment bol ster neng p positionable relativd to said mandrel
to stabilize t he mandrel _g gadi _aggj nst lateral forcds gpplied by said
top and bottom 25 rollers, gglﬂe tlop and bottomfrol ler

are relatively noveabl e
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by a predeternined distance with the bottomroller being laterally of fset

to create a horizontal force conponent which is opposed by a

correspondi ng abut ment bol ster. 3. Apparatus as clained in
clainr2 wherein each side abutnent 30 bolster is laterally noveable a
predet erm ned di stance during traverse of the gripper rib past the side

3/3.

bol st er abut nent.
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