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TUBE BILLET’S SHAPING ON THE PRE-SHAPING PRESS 

BY MEANS OF PUNCH WITH FLAT BOTTOM

V. N. Shinkin1

A B S T R A C T

The shaping of the large-diameter pipes on the pre-shaping press of the tube-electric welding unit with help of the punch 

with a flat-bottom is an important applied technical problem in the ferrous metallurgy. The proper selection of the shape’s 

characteristics of the punch and the shaping’s characteristics for the given characteristics of the steel sheet is the complicated 

technical problem for the technologists of the pipe shops. On the one hand, the insufficient reduction of the steel billet on 

the pre-shaping press leads to too large a gap between the longitudinal edges of the steel sheet. In this case, the welding of the 

sheet edges is impossible. The pipe billet has to be additional bent on the special press before the welding of the sheet’s edges, 

since there is not enough power of the devices for pressing the edges to each other on the electric welding unit before the pipe’s 

assembling. On the other hand, the excessive reduction of the steel billet on the pre-shaping press leads to the defect of the 

edges’ overcloak after shaping the billet on the final-shaping press. All this leads to significant downtimes in the continuous 

manufacture process of the steel pipes.
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Introduction

The article deals with the shaping of steel billets for 

the large-diameter pipes on the tube-electric welding 

aggregation 1020 (TEWA 1020). The main mechanical 

processes of pipe shaping can be divided into three tech-

nological stages. The first mechanical stage is shaping the 

longitudinal edges of the steel sheet blank on the edge 

bending press (the flanging press). The second mechani-

cal stage is shaping of the central part of the steel billet on 

the pre-shaping press (the U-press). The third mechani-

cal stage is the shaping of the steel billet on the final-shap-

ing press (the O-press). During the shaping, the upper and 

lower semi-cylindrical working surfaces of the O-press get 

closer to each other, giving the billet the O-shape. 

The main factor at shaping the pipe billet, which 

answers for the curvature’s radius of the billet during 

its bending and after its back-springing, is the bending 

moment M of the sheet’s cross-section [1–4]. There are 

the various ways to analytically approximate the steel’s 

hardening zone from the yield strength to the ultimate 

strength. Each method has its own analytical expression 

for the bending moment. The more accurate the approxi-

mation of the steel’s hardening zone, the more accurately 

the bending moments and residual radii of curvature of 

the pipe’s billet are calculated after its elastic-plastic 

shaping on the presses [5–10]. 

The main mechanical characteristics (properties) of 

steel billets are the young modulus E, the yield strength �y, 

the ultimate strength �u, the relative elongation � at break, 

the relative narrowing � at break, the modulus hardening 

Py in the yield strength, the relative elongation �y = �y/E 

in the yield strength, the relative elongation �u in the ulti-

mate strength (at the moment of neck’s formation) [11]. 

Below we will use the direct cubic approximation of 

the steel’s hardening zone 
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where � is the normal stress, � is the relative elongation. 

The steel’s hardening curve passes through the yield 

strength and the ultimate strength, and also has the maxi-

mum in the ultimate strength: 
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The modulus hardening Py in the yield strength and 

the relative elongation �u in the ultimate strength are easily 

determined using the stretching diagram of steel [12�17]. 

If there is no the steel’s stretching diagram, then for the 

high-strength pipe steels, the values of Py and �u can be de-

termined fairly accurately by the approximate formulas: 
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The values of the elongation � at break and the relative 

narrowing � at break can be found in any marochnik of 

steel [16�21]. 

The main geometrical characteristics at the steel 

sheet’s shaping (the initial pipe’s billet) are the thickness 

h, the width b, the curvature k of the longitudinal median 

(neutral) line and the curvature’s radius � = 1/k [1, 2, 11]. 
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At �	 �� �y = Eh/(2�y) is observed the purely elastic 

bending the flat steel sheet, and at � < �y = Eh/(2�y) is 

observed the elastoplastic bending the flat steel sheet [12]. 

The dimensionless bending moment in the sheet’s 

cross-section, corresponding to the direct cubic approxi-

mation of the steel’s hardening zone, has the form 
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where Shi is the dimensionless criterion of the curvature 

of the longitudinal median line of sheet. 

Bending a steel sheet on the flanging press

There are possible two variants for bending the edges 

of the thick steel sheet – the bending of the sheet’s edges 

simultaneously on both sides (the first variant) and the 

bending of the sheet’s edges on each side separately (the 

second variant) [3, 9, 11, 12]. 

On the flanging press by SMS Meer of the electric-

welded tube complex for big-diameter tube, the edges 

of the sheet are bent simultaneously from both sides. 

However, the length of the bent edge is significantly less 

(in several times) than the total length of the steel sheet. 

Therefore, the operation of edges’ bending repeats the 

several times along the sheet’s length. The advantage of 

this variant of edges’ bending is the ability to deform the 

very thick steel sheet (up to 48 mm) with the high ultimate 

strength of the metal (up to 650 MPa). The disadvantage 

of this variant is the possibility of shaping the corruga-

tions of the edges along the sheet’s length. In this case, 

the sheet’s edge has the small fold or unevenness, which 

is practically impossible to eliminate during the subse-

quent technological operations of the pipe’s production 

from steel sheet. Therefore, the high-quality welding of 

the opposite edges of the sheet is impossible. 

On the flanging press by TEWA 1020, the longitudinal 

edge of the steel sheet is bent according to the two-radius 

scheme along the entire length of the sheet, first on one 

side, and then on the opposite side (see fig. 1). The cor-

rugation of the sheet’s edge is not formed in this case. 

However, the maximum possible thickness of the sheet 

with a high ultimate strength of the metal in this case is 

much less (up to 32 mm). 

Fig. 1. The flanging press for steel sheet and its punch and matrix

Let Rei and �ei (i = 1, 2) be the radius and angle of bend-

ing of the i-th zone of the die’s outer surface of the flanging 

press (fig. 1), and Se be the length of the bent edge of the 

sheet on one side. 

At bending the edges of the sheet, the side edge of the 

sheet is located inside the second zone (i = 2) of the ma-

trix, and the curvature of the i-th zone of the neutral line 

of the sheet’s bent edge is �ei = 1/(Rei + h/2). The length 

of the first zone of the sheet edge is S56 = Se1 = (Re1 + h/2)

�e1, and the length of the second zone of the sheet edge is 

S67 = Se2 = Se � Se1. 

Bending a steel sheet on the pre-shaping press 

In the shaping process on the pre-shaping press 

(fig. 2), the steel billet is first bent by the punch of the 

vertical bending beam, and then by the side rollers of the 

horizontal bending beam. 

The punch can be of two main types -- the semi-cir-

cular punch with the side sloping flat inserts and the semi-

circular punch with a flat bottom. Each type of punch has 

its own advantages and disadvantages. Shaping with the 

punch with side sloping flat inserts was considered earlier 

in one of the author’s article. In this paper, we study the 

shaping of steel sheet with the semi-circular punch with a 

flat bottom. One of the advantages of shaping by the semi-

Fig. 2. The pre-shaping press TEWA 1020 for bending the 
central region of steel sheet
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circular punch with a flat bottom is the stability of the steel 

billet during the shaping on the U-press. The contact sur-

face of the punch with the sheet is maximum in this case. 

Consequently, the friction forces, that prevent shifting 

the sheet during the shaping, are maximum. Therefore, 

the lateral displacement of the sheet during the shaping 

is minimal. Hence, the probability of displacement of the 

longitudinal edges of the pipe billet relative to the sheet’s 

longitudinal axis of symmetry is minimal. 

The displacement of the sheet’s longitudinal edges 

relative to each other is the frequent defect, that is dif-

ficult to eliminate during the shaping the pipe. The defect 

of the edges’ displacement leads to the poor-quality weld 

(the weld defect) during the assembling the pipe in the 

pipe welding unit. 

On the pre-shaping press, the steel billet is shaped to 

the U-shape by bending its central part. The shape of the 

cross-section of the punch with a flat bottom is shown 

in fig. 3. The punch has a vertical axis of symmetry. The 

punch’s section 0-1 (the half-width of the flat bottom) is 

a straight segment with the length l, the punch’s sections 

1-2 and 2-3 are the circular arcs with the radius Rp. 

The point 3 and the angle c correspond to the point of 

separation of the steel billet from the punch. The billet’s 

section 0-1 (the half-width of the flat bottom) is a straight 

segment with the length S01 = l. The billet’s sections 1-2 

and 2-3 are the circular arcs with the radius Rp + h/2 and 

curvature �p = 1/(Rp + h/2). The lengths of the sections 

1-2 and 2-3 are correspondently equal to 
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where Hc and Lc are the characteristics of the billet’s com-

pression by the vertical punch and horizontal bending 

rollers, Rc is the radius of the horizontal bending rollers. 

The billet’s sections 3-4 and 4-5 are the straight seg-

ments, and the billet’s sections 5-6 and 6-7 correspond 

to the bending zones of the longitudinal edges of the steel 

sheet on the flanging press. The length of the straight seg-

ment 3-4 is equal to 
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Fig. 3. Bending scheme of steel sheet on the pre-shaping press 
of TEWA 1020

The curvature of the straight segments 0-1, 3-4 and 

4-5 is equal to zero. 

We note that the areas of plastic deformation on the 

flanging press and on the U-press do not intersect. 

If the wrong shape of the punch is chosen and the steel 

sheet is bent too much on the U-press, the pipe billet may 

hang on the press’s punch, when the punch is lifted up, 

breaking away from the lower dies of the U-press. 

Bending a steel pipe billet on the final-shaping press

On the final-shaping press, the cross-section of the 

steel pipe billet is given a circular shape due to its com-

pression by the upper punch and the lower die with the 

cylindrical surfaces. The curvature’s radius of the punch’s 

inner surface of the O-press is Rf. The curvature of the 

neutral line of the pipe billet at the end of shaping on the 

O-press is equal to �f = 1/(Rf � h/2) (fig. 4). 

Fig. 4  Bending of steel pipe billet on the final-shaping press 
of TEWA 1020
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At shaping on the O-press, the excessively curved sec-

tions 1-2, 2-3, 5-6 and 6-7 of the steel billet are partially 

unbent in the opposite direction. The straight sections 0-1, 

3-4 and 4-5 are bending by the convexity in the direction to 

the contact surfaces of the punch and matrix of the O-press. 

The sign-alternating elastic-plastic bending of a steel 

sheet and beam is an extremely difficult problem, both for the 

mechanical engineers and for the materials scientist technol-

ogists. In this case, we have to take into account the Hencky’s 

theorem about the linear springing- back of the metal, the 

Masing’s principle about the size of the elastic zone under 

the sign-alternating deformation, the Bauschinger’s ef-

fect about the change of the metal’s yield strength under 

the sign-alternating loading, and so on [1�4, 12, 21]. The 

scheme for calculating the curvature’s radii of steel sheet with 

the sign-alternating bending of sheet’s billet was repeatedly 

considered earlier by the author in a number of his works. 

Therefore, next we will not consider in detail the physical, 

mechanical and material science foundations of the sign-

alternating bending of steel sheet, but will use the previously 

obtained the theoretical and experimental results. 

Calculation of residual radii of sheet’s billet  
after sign-alternating bending in O-press

Note that for most the high-strength pipe steels, the 

hardening curves of bending moments for the positive and 

negative bending are anti-symmetrical if their initial points, 

corresponding to the ends of the elastic deformation zones 

under the stretching and compression will be combined 

with each other (the ideal Bauschinger’s effect at bending). 

According to the Hencky’s theorem, the curvature’s 

residual radii of the neutral line of the sections 0-1, 3-4 

and 4-5 after shaping on the O-press are calculated by 

the formulas: 
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According to the Hencky’s theorem, the Masing’s 

principle, and the ideal Bauschinger’s effect at bending, 

the curvature’s residual radii of the neutral line of the sec-

tions 1-2 and 2-3 after shaping on the O-press are calcu-

lated by the formulas: 
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According to Hencky’s theorem, the Masing’s prin-

ciple, and the ideal Bauschinger’s effect at bending, the 

curvature’s residual radii of the neutral line of the sections 

5-6 and 6-7 after shaping on the O-press are calculated 

by the formulas: 
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We note that at bending, the length of the neutral line of 

the sheet’s cross-section does not change. Therefore, we can 

define the bending angle of the circular sections of the pipe 

billet as the ratio of their length to their curvature’s radius. 

Knowing the radii and bending angles of the billet’s sections, 

we can find the shape of this billet using the classical multi-

radius scheme of calculation. 

Let the Young’s modulus of steel E = 2�1011 Pa, the yield 

stress of steel �y = 525 MPa, the ultimate strength of steel 

�u = 612 MPa, the hardening modulus of steel at the yield 

stress Py = 985.42 MPa, the relative elongation at the ulti-

mate strength �u = 0.1792, the relative elongation at break 

� = 0.32, the relative narrowing at break � = 0.44. Let the 

thickness and width of the steel sheet be correspondently 

h = 24 mm and b = 3.1353 m. Let the curvature’s radii and 

bending angles of the punch of the flanging press be cor-

respondently Re1 = 0.376 m, Re2 = 0.303 m, �e1 = 23.5�, 
�e2 = 16.5� and Se = 0.2499 m. Let the half-length of the 

width of the punch’s flat bottom be l = 60 mm. Let the radius 

of the U-press’s punch be Rp = 0.32 m, and the rollers’ radius 

of the horizontal bending beam be Rc = 0.13 m. Let the char-

acteristic of the mutual vertical positions of the punch and 

bending rollers Lc = 0.284 m, and the maximum compression 

of the steel billet Hc = 0.025 m. Let the internal radius of the 

punch and matrix of the O-press Rf = 0.511 m. 

Calculation of steel billet’s shape for pipe  
with diameter of 1020 mm

Then S01 = 0.06 m, S12 = 0.5215 m, S23 = 0.0422 m, 

S34 = 0.3569 m, S45 = 0.3373 m, S56 = 0.1591 m, 

S67 = 0.0907 m, c = 7.2743�, R01end = R34end = R45end = 
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= 0.5991 m, R12end = R23end = 0.4535 m, R56end = 0.4604 m, 

R67end = 0.4530 m. 

Knowing the curvature’s final radii and the length 

of the steel billet’s sections, we find the final shape of 

the billet after the O-press by means of the multi-ra-

dius scheme of calculation (fig. 5, curve 4). The width 

of the horizontal gap between the billet’s edges after 

the O-press �O = 0.476 mm, and the edges’ height 

HO = 1056.4 mm. If the calculations do not take into ac-

count the Bauschinger’s effect and the Masing’s prin-

ciple, then �O = 600.2 mm and HO = 1117.5 mm (Fig. 5, 

dotted curve 5), which completely unsatisfactorily de-

scribes the actual final shape of the pipe’s billet. 

Conclusions

The new analytical method (1�6) for calculating the 

shape of a thick-walled steel sheet billet on three me-

chanical presses of the pipe-electric welding aggregation 

1020, including the pre-shaping press using the punch 

with a flat bottom, is proposed. The analytical simulation 

describes consecutive shaping the sheet metal during its 

shaping on the flanging press, the pre-shaping press and 

the final-shaping press. For describing the elastic and 

plastic properties of steel is used new analytical high-pre-

cision nonlinear dependence (1, 2) of the normal stress 

on the relative deformations, taking into account the yield 

strength, the ultimate strength and the hardening modu-

lus at the yield strength. The residual radii of curvature 

at shaping the pipe billet are calculated with help of the 

new analytical dependence of the dimensionless bending 

moment on the sheet’s curvature, the Hencky’s theorem 

about the linear springing-back, the Masing’s principle 

about the size of the elastic zone at the sign-alternating 

bending and the Bauschinger’s effect about the change of 

the yield strength at the sign-alternating bending (3-6). 

It is shown that the numerical modeling, based on the 

constructed mathematical model and the multi-radius 

scheme of calculation, allows us to calculate with high 

accuracy the shape of the cross-section of the pipe billet 

after shaping on all three mechanical presses of the pipe-

electric welding aggregation 1020. 
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Fig. 5. Shape of steel pipe’s billet at shaping on TEWA 1020: 
1 � in the U-press; 2 � after the U-press; 3 � in the 

O-press; 4 � after the O-press (taking into account 

the Bauschinger’s effect); 5 � after the O-press (not 

taking into account the Bauschinger’s effect)


