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Abstract 
 
The line pipe forming operation can be divided into two parts, first is to achieve the required shape in terms 
of curvature and ovality after formation of the line pipe. The curvature and ovality ultimately affects the final 
dimensional controls at the later stage i.e. after mechanical expansion of the line pipe. The second part is to 
make right welding joint geometry to make the final long seam weld of line pipe. The welding joint geome-
try ultimately controls soundness of final seam weld at later stage i.e. during submerged arc welding of the 
line pipe. As far as curvature or shape of line pipe is concerned, important operation is making the required 
curvature along the edges of TMCP and ACC (Thermo mechanical controlled processing and accelerated 
cooling process) plate for line pipe (Plate Edge Crimping press) up to the 150 mm in width minimum and 
forming of the line pipe at J-C-O press. The selection of dies with proper hardness and curvature in both the 
operation plays a vital role in the formation of line pipes. The main parameters of selection dies (Tools) are 
size of line pipe for which dies/tools are to be made i.e. the diameter of line pipe, thickness of line pipe and 
most important is grade of line pipe (Strength level). The grade or strength level decides amount of spring 
back behavior of the steel Plate. The spring back behavior again varies from steel mill to steel mill in the 
same grade of HR plate. This is because the each steel mill has its own manufacturing procedures to produce 
the TMCP and ACC plate. The plate for line pipe is produced through TMCP (Thermo mechanical control- 
led processing) and accelerated cooling process. In this process the strength level is achieved by the chemical 
composition of the slab, thickness of the slab, reheating temperature, roughing temperature at which reduc- 
tion in the thickness, finish rolling temperature and finally the accelerated cooling temperature rate. 
 
Keywords: Line Pipe, J-C-O-E Line Pipe Manufacturing, Spring Back, TMCP and Accelerated Cooling, Slab 

Preheating, Rough Rolling, Finish Rolling 

1. Introduction 
 
The most of the trial X-120M line pipes were made 
through UOE route in the world [1], for safe line pipe 
forming new tools for U-O-E process has to be devel-
oped to reduce the danger of pipe failure during me-
chanical expansion. During mechanical expansion the 
line pipe experienced linear cracks due to improper cur-
vature (i.e. the positive/negative peaking at the weld) at 
toe of the weld i.e. from HAZ portion. A low carbon and 
low Pcm steel with “V-Nb-Ti-B” micro alloying concept 
is used. The large spring back that occurs during the 
U-forming step of the U-O-E process is one of the most 
complex aspects in forming of X-120M line pipe. To 
handle this aspects FEM calculation were used to modify 

U-forming parameters and to optimize the shape of the 
U-press tool [1-7]. One of the greatest challenges in the 
line pipe forming of ultra-high strength plate with a rela-
tively small wall thickness is large spring back due to the 
broader elastic range of a material with the high yield 
stress. Especially the U-forming step is affected by this 
spring back resulting to shell that cannot be inserted in to 
the O-Press. The newly calculated shape of the U-Press 
leads to a reduction of the spring back. Further it was 
assumed that ovality and peaking after O-ing were as 
well set to optimal value to avoid problems with the 
welding and expansion step of the line pipe production. 
The finished line pipe shape [8] was determined during  
manufacturing process and can be optimized by balanc-
ing manufacturing parameters, line pipe compression, 
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and expansion. Through the optimization of crimping, U- 
press, and O-press operations, it is possible to control 
pipe diameter and ovality. The line pipe manufactured by  
the U-O-E process undergoes various strain cycles, both 
tensile and compressive. The combination of these cycles 
affects overall behavior of the material in compression. 
This is known as the Bauschinger effect. Corus Tubes, 
over a period of years, observed that the results it ob-
tained from the forming process often yielded higher col- 
lapse strengths than those obtained when any of the stan- 
dard equations were applied. Examination of equation 
parameters suggested that this benefit could result either 
greater pipe roundness or increased pipe compressive 
strength. This led to a research and process development 
program that provided greater understanding of the me-
chanisms at work during pipe forming. During line pipe 
forming [9], inner surface compressive and outer surface 
tensile strains are produced at the U-ing and O-ing stage 
of U-O-E line pipe forming. The large-diameter pipes [10] 
used in offshore applications is commonly manufactured 
by cold-forming plates through the U-O-E process. The 
plate is crimped along its edges, formed into a U-shape 
and then pressed into an O-shape between two semicir-
cular dies. The line pipe is welded closed and then cir-
cumferentially expanded to obtain a highly circular shape. 
Crimping affects the shape of upper part of a U-O-E pipe. 
In particular, it effects the shape (and ovality) of U-O 
line pipe. It was found that crimp radii that are smaller 
than the inner and outer radii of the final line pipe results 
higher U-O collapse pressures. Furthermore, reducing 
length of the crimped part tends to increase the U-O col-
lapse pressures. It was also found that if the current prac-
tice of expanding the diameter of the line pipe by about 
one percent is followed, both the negative and positive 
effects of crimping are usually erased. However, if alter-
nate forming solutions such as under expansion are adop- 
ted, a more careful selection of the crimping dies can lead 
to improved collapse performance. The main crimp para- 
meters effecting the line pipe shape are inner and outer 
radii, and the length of plate being crimped. Thus, a 
smaller inner die radius produces a rounder line pipe. 
The first step [11] of the manufacturing process of line 
pipe is the edge press, during this process, the upper tool 
is fixed and the lower tool is moved in upward direction. 
Then the forming process continues with the ‘U’ press, 
where the plate is formed into a U-shape. Afterwards, the 
forming process continues in the ‘O’ press, where cir-
cumferential compression is applied to form an O-shape. 
To achieve this, two semi-cylindrical dies press the U- 
shape. At the point of maximum compression, nodes of 
pipe are fixed in the horizontal edge at symmetrical axis. 
Finally, a radial expansion is applied in order to obtain 
the final shape of the line pipe.  

As for as the manufacturing of line pipe through UOE 

technique is concerned, first very high forming force 
(tonnage) is required to form the line pipe and secondly 
the new tooling (very massive in nature) are required. The 
high tonnage requirement in formation of ultra high str- 
ength X-120M line pipe because the U and O forming 
steps have to be performed in the single stroke respecti- 
vely. So manufacturing of ultra high strength X-120M 
line pipe through J-C-O-E technique is more convenient 
and cost effective as for as forming force (Tonnage) tool- 
ing are required. In J-C-O the formation is carried out by 
incremental pressing with required number of strokes to 
form the high strength line pipe with less forming force 
(Tonnage) and less amount of tooling. The spring back 
behavior of high strength steel X-120M line pipe can be 
controlled up to certain extent by controlling the depth of 
each stroke during the J-C-O formation. To achieve all 
these stages of X-120M line pipe forming, the required 
tooling has to be established to get the desired shape of 
line pipe. 
 
2. Line Pipe Formation through J-C-O-E  

Technique 
 
The forming of line pipe is nothing but giving shape to 
TMCP (Thermo mechanical controlled processing) and 
accelerated cooling processed plate into line pipe at var-
ious stages. The formation of line pipe from TMCP plate 
mainly consist of trimming of TMCP plate to required 
width with help of milling of edges of the said plate for 
particular size and parallely making weld joint geometry 
during the trimming operation known as ‘edge milling’ 
as shown in Figure 1. The milled plate is then formed by 
bending/forming of edges of the said plate to required ra- 
dius along the length of plate for particular size of line 
pipe is known as ‘edge crimping’ as shown in Figure 2. 
The edge crimped plate then formed to line pipe shape 
through J-C-O process with incremental pressing to the 
required radius of the line pipe by making first ‘J-shape’ 
then ‘C-shape’ and finally O-shape is known as ‘J-C-O- 
forming’ and after long seam welding the welded line 
pipe is mechanically expanded from inside to the requir- 
ed diameter of particular size of the line pipe to achieve 
the final dimensions as shown in Figure 3. 

The line pipe forming operations can be divided into 
four categories on the basis for line pipe manufacturing 
at different stages namely plate edge milling, plate edge 
crimping, J-C-O forming and mechanical expansion.  

 

Figure 1. Plate width after edge milling process. 
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Figure 2. Sketch of crimping process. 

 

 
Figure 3. Sketch of pipe forming process J-C-O-E. 

 
2.1. Plate Edge Milling 
 
Plate edge milling consists of 600 mm diameter cutter 
with 40˚, 48 numbers cartridges for trimming of plate ed- 
ges to the required width and also to make weld joint ge- 
ometry as shown in the Figure 4. 

The weld joint geometry used during the study in the 
line pipe manufacturing was double Y-joint which has 
three dimensions namely upper bevel, lower bevel and 
root face as shown in the Figure 5. The cartridges for 
insert has been designed to produce the 40˚ bevel angle 
at lower, upper bevel and 2˚ angle at root face with a fle- 
xibility to get desired dimensions for upper, lower bevel 
and root face of ultra high strength TMCP steel plate. 
The 2˚ angle at root face is to get zero gaps at the time of 
tack welding of line pipe as shown in the Figure 6. The 
gap at root face is not desirable during tack welding fit 
up, as this end up with defects like porosity and slag in-
clusion during the final submerged arc weld. 
 
2.2. Plate Edge Crimping 
 
The plate edge crimping operation in line pipe manufac-
turing is very critical as for as the final dimensions after 
mechanical expansion of line pipe around the weld of 
long seam are concerned. The final dimensions of line 
pipe around weld of the long seam are controlled through 
plate edge crimping along the length by getting required 
radius in crimped edges of the plate. The improper plate 
edge crimping would end up with peaking (positive or 
negative) at the weld and localized flatness in crimped 
area after mechanical expansion. The under edge crimp-
ing will produce the positive peaking and over edge crim- 
ping will produce the negative peaking. These dimen- 

 

Figure 4. Plate edge milling cutter with 40˚, 48 numbers 
cartridges. 
 

 

Figure 5. Weld joint geometry for line pipe. 
 
sional defects are not acceptable as per line pipe manufa- 
cturing specifications. As per API-5L the limit for these 
defects is 1.59 mm maximum after mechanical expan-
sion. From the manufacturing point of view the peaking 
beyond certain limit cannot be rectified at mechanical 
expander and there are chances of fracture of line pipe 
from the toe of the long seam weld, if the peaking gener-
ated at the crimping stage is more than the standard op-
erating procedure. The as-weld is the cast structure and 
no treatment has been given in standard line pipe manu-
facturing operation and direct expansion of the weld is 
not acceptable as per line pipe manufacturing specifica-
tions. During mechanical expansion operation if peaking 
is more, then the positive peaking generate crack at in-
side weld toe (fusion line) and vice versa. The standard 
operating procedure in line pipe manufacturing is to con-
trol peaking at plate edge crimping stage itself by design- 
ing the plate edge crimping tools/dies accordingly.  

The designing of the plate edge crimping dies has two 
equally important aspects, first is material and its treat-
ment and second is the dimensions (thickness and radii). 
These dies are made out of low alloy steel and induction 
hardened to 45-48 HRC to have the wear resistance of 
working area and sufficient wall thickness of dies as 
shown in Figure 7. 

The radius of plate edge crimping dies is decided with 
respect to the diameter, thickness and grade of the line 
pipe. The diameter is deciding factor of outer die radius, 
diameter and thickness is the deciding factor for the ra- 
dius of the inside die of the plate edge crimping. The 
grade/strength is equally important as it shows the spring 
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(a)                                                        (b) 

 

    
(c)                                                        (d) 

Figure 6. Effect of angle at root face. 
 

where FCR is Crimping force, LCR is distance of 

crimping point from the center of the plate, MW/2 

is the distance from the plate center to the milled 

edge, A-Crimping stating contact point of inside 

crimping die, B-Crimping stating contact point of 

outside crimping die, rCIN is the radius of inside 

crimping die and rCOUT is the radius of outside 

crimping die. 

Figure 7. Crimping tools for line pipe. 
 
back behavior of the TMCP steel which has to be taken 
into account while deciding the radii of inside as well 
outside plate edge crimping dies. The diameter of line 
pipe is fixed at plate edge milling (with trimming) stage 
by fixing the width of the plate. The width of plate is no- 
thing but circumference of the pipe minus percentage ex- 
pansion of line pipe diameter. The milling width of the 
plate for line pipe manufacturing can be expressed as 

  *WM D t D     

where ‘MW’ is the milled width of the plate for line pipe, 
‘D’ is Nominal outside diameter of the final line pipe, ‘t’ 
is Actual thickness of the TMCP plate, ‘ΔD’ is the per-
centage of expansion in diameter to achieve the nominal 
diameter after mechanical expansion and Π is the con-
stant of value 3.14259. The line pipe diameter before 
expansion can be expressed in terms of the width/cir- 
cumference of the plate. 

*BE BEC d   

*W BEM d   

BE Wd M   

where ‘CBE’ is the circumference before forming of line 
pipe, ‘dBE’ is outside diameter before forming or ‘dBE’ is 
equal to   *D t D     and   is the constant of 
value 3.14259. On the basis of diameter of the line pipe 
before forming the inside plate edge crimping die and 
plate edge crimping outside die diameter can be expres- 
sed as  

2CIT BEd d t   

COUT BEd d , 

where ‘dCIN’ is the inside crimping die diameter and 

‘dCOUT’ is outside crimping die diameter. Ideally this will 
be the diameters of the crimping dies for plate edge crim- 
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ping of the line pipe. But there is one unknown factor 
which is known as spring back. So the spring back has to 
be considered while deciding the dies radii of plate edge 
crimping. Therefore the dies Radii is nothing but the per- 
centage of the shape deviation from the ideal shape (re-
spective pipe radius), so by including the said parameter 
the radius of the inside as well outside crimping dies can 
be expressed as below. 

  2CIN CINr d    

  2COUT COUTr d    

where ‘rCIN’ is the inside crimping die radius, ‘rCOUT’ is 
outside crimping die radius and ‘ψ’ is the percentage 
spring back factor for line pipe steel. For grade X-70, the 
ψ is approximately 10% of the line pipe radius before 
forming and for X-80; the ‘ψ’ is typically 15% - 20% of 
the radius of the line pipe before forming. For X-120M, 
‘ψ’ is taken as 30% to the respective radius of the line 
pipe before forming. The diameter of plate edge crimp-
ing template is nothing but the nominal diameter minus 
thickness and minus percentage of the expansion. The 
diameter of the template for outside diameter and inside 
diameter plate edge crimping is 

  TOUTd D t D    

   2Tind D t D t     

Therefore the respective radii for plate edge crimping 
are 

  2TIN TINr d  

  2COUT COUTr d  

where ‘dTIN’ is the inside crimping Template diameter, 
‘dTOUT’ is outside crimping Template diameter, ‘rTIN’ is 
the inside crimping template radius and ‘rTOUT’ is outside 
crimping Template radius. These templates are used to 
verify the correctness of the plate edge crimping profile 
to ensure the proper function of the operation. 

2.3. J-C-O Forming 

The J-C-O forming operation in line pipe manufacturing 
is very critical as for as the final dimensions after mecha- 
nical expansion of the line pipe around circumference are 
concerned. The final dimensions of the line pipe around 
the circumference are controlled through forming of the 
plate by getting the required radius in the line pipe of 
formed plate. The improper forming is end up with oval 
and localized flatness in the formed area after mechani-
cal expansion. These dimensional defects are not accep- 
table as per line pipe manufacturing specifications. As 
per API-5L the limit for these defects is 1.59 mm maxi-

mum for localized flatness and one percent for ovality 
(Deviation from the circularity) after mechanical expan-
sion. From the manufacturing point of view localized 
flatness and ovality beyond certain limit cannot be recti-
fied at mechanical expander. The standard operating pro- 
cedure in line pipe manufacturing is to control the loca-
lized flatness and ovality at the J-C-O forming stage it-
self by designing the J-C-O line pipe forming dies accor-
dingly.  

The designing of the J-C-O line pipe forming dies has 
two equally important aspects, first is material and its 
treatment and second is the dimensions (thickness and 
radii). These dies are made out of low alloy steel and in- 
duction hardened to 45-48 HRC to have the wear resis-
tance of the working area and sufficient wall thickness of 
dies as shown in Figure 8. The radius of the J-C-O line 
pipe forming dies is decided with respect to the diameter, 
thickness and grade of the line pipe. 

The diameter and thickness is the deciding factor for 
the radius of the J-C-O line pipe forming die. The grade/ 
strength is equally important as it shows the spring back 
behavior of the TMCP steel which has to be taken into 
account while deciding the radius of the J-C-O line pipe 
forming dies. The diameter of line pipe is fixed at the 
width milling (trimming) stage by fixing the width of the 
plate. The radius of the J-C-O line pipe forming die and 
the verification template can be designed on the same hy- 
pothesis as for inside plate edge crimping dies.  
 
2.4. Mechanical Expansion 
 
The mechanical expansion operation in line pipe manu-
facturing is very critical as for as the final dimensions 
after the long seam welding of line pipe are concerned. 
The final dimensions of the line pipe around the weld of 
the long seam and along the circumference. The as-weld 
is the cast structure and no treatment has been given in 
standard line pipe manufacturing operation and direct ex- 
pansion of the weld is not acceptable as per the line pipe 
manufacturing specifications. During mechanical expan-
sion the inside seam weld of line pipe should not be in 
contact with expander die. In one of the expander die 
there is slot of 5 mm deep and 50 mm wide for locating 
position of the inside weld so that it should never be in 
contact with expander die during the expansion operation 
 

 

Figure 8. J-C-O tools for line pipe. 
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as shown in the Figure 9, as the expansion mark on the 
weld bead is not acceptable in line pipe manufacturing 
specifications. 

The final dimensions of the line pipe which are con-
trolled at expander are peaking at weld, flatness, ovality, 
straightness, and diameter. These dimensions again de-
pend upon the tool design and the percentage of expan-
sion of the line pipe. The tooling’s of which are playing 
important role during expansion of line pipe first is ex-
pansion segment, second is wedge (in conical shape) on 
which the expansion dies are fitted and third one is the 
pipe sport roll through/on which line pipe is moving re-
verse and forward during the expansion. The designing 
of the expander tooling’s has two equally important as-
pects, first is material and its treatment and second is the 
dimensions of the respective tool (thickness and radii). 
These expansion dies are made out of die steel and vo-
lume hardened and tempered to 55-88 HRC to have wear 
resistance of the working area and sufficient wall thick-
ness of dies as shown in Figure 9. The wedge is playing 
a very important role as the expansion segment is mov-
ing under expansion load on it and if the surface finish 
and its self lubricating properties should be properly de-
signed. The material and its heat treatment are very crit-
ical. Therefore the new wedge of ADI material has been 
redesigned to have proper strength and wear resistance 
with self lubricating properties. The new wedge ADI ma- 
terial with modularity count 103-120/mm², matrix of the 
structure is pearlitic in nature and ultimate tensile streng- 
th is 790 MPa at hardness 32 HRC. The wedge material 
ADI is volume hardened and tempered to 45-48 HRC sa- 
tisfactorily. The radii of the expansion segments of the 
expander are decided with respect to the diameter, thick- 
ness and grade of the line pipe. The diameter and thick-
ness are the deciding factor for the radii of the expansion 
segment of the expander. The grade/strength is equally 
important as it shows the spring back behavior of the 
TMCP steel which has to be taken into account while de- 

ciding the radii of the expansion segment of the expander. 
The diameter of line pipe is fixed at the width milling 
(trimming) stage by fixing the width of the plate. The 
radii of the expansion segments can design on the same 
hypothesis as for inside plate edge crimping die as stated 
above. The radius of the verification template is the final 
nominal radius of the line pipe.  
 
3. Experimental Technique 
 
During the experiment a low carbon, low Pcm steel with 
V-Nb-Ti-B microalloyed X-120M steel with chemical 
composition as shown in the Table 1 has been taken for 
line pipe formation through J-C-O-E technique. 

The above steel used in the in the experiment having 
the pan cake type bainitic microstructure with high dis-
location density as shown by micrographs taken by light 
microscopy, scanning electron microscopy and transmis-
sion electron microscopy in Figures 10-12 respectively. 

The experimental X-120M steel has the fine precipi-
tates of metallic carbides in transmission electron micro-
scopy as shown in Figure 13. The mechanical properties 
of the X-120M experimental steel are shown in Table 2 
and 3. 
On the basis of the hypothesis discussed in the previous 
section (Plate Edge Milling, Plate Edge Crimping, 
J-C-O-E Formation and Mechanical Expansion) for 
tools/dies design for line pipe formation, one set of com-
plete tools/dies has been designed and manufactured for 
line pipe of 18” (457.2 mm) of diameter and thickness is 
14.3 mm of API-5L grade X-120M. The plate width and 
radius of the dies of plate crimping press, forming and 
expansion are shown in Table 4. The Same radius tem-
plates were also made to check the profile of the formed 
pipe at all stages as per the Table 4. 

One pipe was formed covering all activities like tab 
joining, Plate Ultrasonic Testing, Milling, washing, Con-
tinuous tack welding, cleaning and submerged arc weld- 

 

 

Figure 9. Rectangular slotted expander die to accommodate the weld seam. 
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Table 1. Chemical composition of experimental X-120 M steel. 

C Si Mn P S Cr Ni Mo Al Cu 

0.041 0.320 1.93 0.008 0.0009 0.160 0.013 0.140 0.037 0.019 

Ti V Nb Ca N B Al/N Nb + V + Ti Pcm CE 

0.012 0.002 0.046 0.0004 0.0036 0.0017 10.28 0.060 0.180 0.425 

 

Parent Metal                                     1200X Parent Metal                                     1200X 

Parent Metal                                       1200X Parent Metal                                      1200X 

Figure 10. Light optical Micrographs showing bainitic type microstructure. 
 
ing. The submerged arc welding has been carried out as 
per the established welding procedure for X-120M as 
mentioned elsewhere. The shape of the line pipe comes 
out like egg shape, the ovality at F-end was 26 mm and 
at T-end is 30 mm, peaking at F and T-end was 6 and 7 
mm respectively and the straightness was 20 mm. The 
dimensions of the line pipe after forming and submerged 
weld were on very higher side and the profile was also 
not matching with the profile template. During the me-
chanical expansion the line pipe failed because the di-
mensional defects could not be rectified with expander as 
stated earlier and due to these dimensional defects the 

compressive strength which is more than the strength of 
the line pipe [9]. The crack initiated at the inside weld 
toe i.e. fusion line due to the very high positive peaking 
and poor profile as shown in Figure 14. 

The tools/dies design is revisited and found radius of 
the tools is not as per the profile required for line pipe. 
The tools are redesigned with the spring back of 40% of 
the diameter of the pipe. The plate width and radius of 
the dies of plate crimping press, forming and expansion 
are shown in Table 5. The same radius templates were 
also made to check the profile of the formed line pipe. 

Again one line pipe of 18" × 14.3 mm of X-120M is  
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Figure 11. SEM micrographs showing pan cake bainitic type microstructure. 
 

 
(a)                                                             (b) 

 

 
(c)                                                         (d) 

Figure 12. Bright field TEM micrographs showing lath-type and bainitic-type ferrite with high dislocation density. Inter-
lath carbides are indicated with arrows. 
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(a)                                 (b)                                         (c) 

Figure 13. (a) and (b) Bright field TEM micrographs showing fine precipitates in ferrite matrix; (c) SAD pattern for the fine 
MC type carbides, where M = Nb or Ti. 
 
Table 2. Tensile properties of experimental X-120 M steel. 

YS (MPa) UTS (MPa) EL (%) YS/UTS 

831 975 21.8 85.23 

 
Table 3. Charpy v-notch toughness of experimental X-120 
M steel. 

Test  
Temperature 

Values (J) Average (J) Shear Area 

−40˚C 258, 286, 273 272 100% 

 
made through all the stations as mentioned above. The 
shape of the line pipe looks good as shown in the Figure 
14, the ovality at F-end was 10 mm and at T-end is 12 
mm, peaking at F and T-end was 2 and 2.5 mm respec-
tively and the straightness was 8 mm. 

The dimensions of the line pipe after forming and sub- 
merged arc weld were satisfactory as per the standard line 
pipe manufacturing procedure and the profile matched 
with profile of template. Therefore all the parameter likes 
profile; peaking and ovality were within the limits accep- 
table. The line pipe expansion was carried out successful 
with ovality 3 mm - 4 mm, peaking 0.8 mm and straight- 
ness 7 mm at 0.9 - 1.0 percentage of expansion. The de-
tails of the forming, welding and finishing operations 
along with mechanical and physical properties will be 
discussed elsewhere. 
 
4. Results and Discussion 
 
The line pipe of size 18" × 14.3 mm has been formed 
from the plate produced through TMCP (Thermo me- 
chanical controlled processing) and accelerated cooling 
process. The line pipe has been formed by the tools de-
veloped through various stages like plate edge miller, 
plate crimping, and J-C-O formation with one percent of 
expansion and spring back consideration of 30 percent. 

 

Figure 14. Poor profile of the line pipe. 
 

 

Figure 15. Good profile of the line pipe.   
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Table 4. Calculation for forming tools. 

Die Radius Calculations 

Pipe Size 18" × 14.3 mm API-5L, X-120 M Expansion Percent = 1% 

Item Formula Value (mm) Remarks 

Plate Milled Width Mw = {(D − t) − ΔD}*Π 1377.0 Π = 3.14159 

Unexpanded Diameter dBE = MW/Π 438.3  

Inside Die Diameter dCIN = dBE − 2t 409.7  

Outside Die Diameter dCOUT = dBE, 438.3  

Inside Die Radius rCIN = {(dCIN)/2} − ψ 143.4 ψ = 30% 

Outside Die Radius rCOUT = {(dCOUT)/2} − ψ 153.4  

Outside Templet Diameter dTOUT = {(D − t) − ΔD} 438.3  

Inside Templet Diameter dTin = {(D − t) − ΔD}−2t 409.7  

Inside Templet Radius rTIN = {(dTIN)/2} 204.9  

Outside Templet Radius rTOUT = {(dTOUT)/2} 219.2  

Forming Tool Radius Same as Plate Crimping 143.4  

Inside Templet Radius Same as Plate Crimping 204.9  

Outside Templet Radius Same as Plate Crimping 219.2  

 
Table 5. Calculation for forming tools. 

Die Radius Calculations 

Pipe Size 18" × 14.3 mm API-5L, X-120M Expansion Percent = 1% 

Item Formula Values (mm) Remarks 

Plate Milled Width Mw = {(D − t) − ΔD}*Π 1377.0 Π = 3.14159 

Unexpanded Diameter dBE = MW/Π 438.3  

Inside Die Diameter dCIN = dBE − 2t 409.7  

Outside Die Diameter dCOUT = dBE, 438.3  

Inside Die Radius rCIN = {(dCIN)/2} − ψ 122.9 ψ = 40 % 

Outside Die Radius rCOUT = {(dCOUT)/2} − ψ 131.5  

Outside Templet Diameter dTOUT = {(D − t) − ΔD} 438.3  

Inside Templet Diameter dTin = {(D − t) − ΔD}−2t 409.7  

Inside Templet Radius rTIN = {(dTIN)/2} 204.9  

Outside Templet Radius rTOUT = {(dTOUT)/2} 219.2  

Forming Tool Radius Same as Plate Crimping 122.9  

Inside Templet Radius Same as Plate Crimping 204.9  

Outside Templet Radius Same as Plate Crimping 219.2  
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The line pipe has been welded and expanded as per the 
tooling developed. The outcomes in terms of shape of the 
line pipe like egg shape, the ovality at F-end was 26 mm 
and at T-end is 30 mm, peaking at F and T-end was 6 and 
7 mm respectively and the straightness was 20 mm. The 
dimensions of the line pipe after forming and submerged 
arc weld were on very higher side and profile did not 
match profile of template. During the mechanical expan-
sion the line pipe failed because the dimensional defects 
could not be rectified with expander and due to these di-
mensional defects the compressive strength which is 
more than the strength of the line pipe. The crack initi- 
ated at inside weld toe i.e. fusion line due to very high 
positive peaking and poor profile. 

The tools/dies design is revisited and found the radius 
of the tools is not as per the profile required for line pipe. 
The tools are redesigned with the spring back of 40 per-
cent of the diameter of the pipe. The line pipe of 18" × 
14.3 mm of X-120M was again made with new tooling 
through all the stations as mentioned above. The ovality 
at F-end was 10 mm and at T-end is 12 mm, peaking at F 
and T-end was 2 and 2.5 mm respectively and the str- 
aightness was 16 mm before mechanical expansion. The 
dimensions of the line pipe after forming and submerged 
weld were satisfactory as per the standard line pipe man-
ufacturing procedure and the profile also matched with 
profile of template. Therefore all the parameter likes pro-
file, peaking and ovality within the limit and line pipe 
expansion is successful with ovality 3 mm - 4 mm, peak- 
ing 0.8 mm and straightness 7 mm at 0.8 - 1.0 percentage 
of expansion.  

Therefore spring back during the formation is unpre-
dictable before actual formation happens. The spring back 
is a vital factor which needs to access correctly to decide 
the radius of tools/dies used at various stages of the line 
pipe forming. The radius of the tools/dies at every station 
of line pipe forming except the plate edge milling opera-
tion is playing a critical role in forming a line pipe with 
acceptable final dimensions and profile/curvature. 
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