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Steel Pipes Manufacturing Process (2)

Rotary furnace Direct piercing G-Stands retained
mandrel mill

Intermediate cooling bed ‘

! el

Intermediate 11-Stands (3 rolls) Cooling bed
reheating furnace sizing mill

N
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Steel Pipes Manufacturing Process (3)

Upselting nf ends Heat ‘treatrnent

mﬁﬁ%

Hot strai gn‘te ning
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Cultlng and inspeclion Culting and inspection
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Line pipe APl Threading FPremium connections
shipping line and shipping line threading and
shipping line
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Steel Coils Manufacturing Process (1)

Pellets Mineral calibrado y fundentes Alto Horn

Coqueria

Carbdn
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Steel Coils Manufacturing Process (2)

Laminado en Caliente Productos

Horno Laminador Laminado en Caliente
Desbastes By ot i

Laminado en Frio  Limpieza Electrolitica Hornos de
Laminador Recocido

kB

Temper Laminado en Frio

Hojalata

Estafiado Electrolitico Hojalata

"
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Computational Modeling

» Optimizing production processes

» Developing new products
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Modeling of Bulk Metal Forming Processes

» Via the Flow Formulation
» Rigid - viscoplastic material models

» Pseudo-concentrations Technique

www.simytec.com
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Modeling of Bulk Metal Forming Processes

Use Q1-PO elements (2D) or H1-PO (3D) elements
or other

non-locking elements to interpolate the velocities
and pressures

www.simytec.com 10
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Perzyna’s flow rule - Rigid-Viscoplastic model

In the limit, when v+ — oc Eq. (5.168) describes the behavior of a rigid-
plastic material (inviscid), in this case,

¢
t Ty i
= . . 5.169
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The Flow Formulation Via The Pseudo-
Concentrations Technique

Eulerian Formulation

In a fixed mesh:

c > 0 <= there is material at the point,
c < 0 <= there is no material at the point

1 : material velocity

4-Xec = 0 (stationary problems)

= + 4-NMe¢ = 0 (transient problems)

www.simytec.com 5



The Flow Formulation Via The Pseudo-
Concentrations Technique

c>0 H= Hmaterial
c<0 U=1 0 Mmaterial
(v =4to 6)

www.simytec.com
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Equilibrium Equations via the
Augmented Lagrangian Procedure

f 2 plF =1 AL GAELdv + / s A&, GAE, dv =
v v

/ ff 0T du +/ t; 0OAT; dv —

v 5o

/ 52?_1) OAEdv — /(p(k_l) + e DY AL, du
v 1%

A0 gD A
L0 D |
S R AN
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Augmented Lagrangian Procedure

Example: Hydrostatic pressure

o Penalty Augmented
Lagrangean
T 0.838 0.362E-8
F prue i
1 max [( M) elun1.+:emur:| 0.118 0.000
%, PT'H
4 d
log,, a“—”* 0.957 0.957
H _5_:___,, o £ | 0.950E-7 0.266F-14
et b Y
8 max (M)eiem.centﬂ 0.000 0.000
¥ Fry
- d
- /r ra max
MO AR B gl ogH l0g10 3™ 7.335 7.335
¢ : density Pressure o Sl
W 1 viscosity . d;: diagonal element of the factorized stiffness matrix
q: gravity acceleration Py theoretical pressure

Pyt finite element predicted pressure
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Augmented Lagrangian Procedure

Frictionless wall o= Z0

Example: Extrusion ol
olu=2 =
E-de X .,__:E
o ) SRR . Bty . i i
B
a u
Table 2. Extrusion case
x Qs
IDg"";i_,;;
1 4.67 1
8 11.43 1
1
]
1 o -1 - - - ™ - - )
a 5 i || ERE B F R T 35 &0 &5 50
b [terations
www.simytec.com
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Transport Equations for the Equivalent Plastic
Strain

€ : material derivative of the equivalent plastic strain.

1
E= | =&;:&;; E= — = — % - VE
37V Dt ot
@ - VE = ﬂ% (stationary problems)
c
% + 1w - VE = %T; (transient problems)
c
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c-dependent Boundary Conditions

For nodes that are in contact with forming tools:

c < 0= u, = free
c 2 0= u, =0

At the contact nodes we impose friction:
» Coulomb friction law

» Constant friction law

www.simytec.com
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C-dependent Boundary Conditions

{a] constankt boundary conditlone {b]l c-dapendént boundery canditions

Flaure T Artifbcial bubbles in a mould filling problem

www.simytec.com 1
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Solution Algorithm

2. k=k+1

21. j=0; P =g

22 j=j+1

Calculate 1" (keeping constant the ¢-distribution
and i-distribution) using Egs. (8) and (9)

-|.L-l-:,i! _ﬁ:_l I:-l;1

23. IF ———— "= UTOL and :|.Et":'| - = VIOL
|

THEN —-i'*' =4 GO TO 3

ELSE GO TO 2.2

3. Calculate the c-distribution and #-distribution using

Eq. (15)
4. IFk=0 GOTO2

| glh_ﬁtt—n I

5 IF ————2<UTOL and |&¥|,S VTOL

1a®

THEN -» convergence

ELSE GO TO 2

www.simytec.com
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Solution Algorithm
| 2pAEOAE, dv + [KAE OAL dv = froALdy + | t¥0An,ds
¥ L v vy

— js:::'”ﬂﬂé;jdv

1!
J(p™*=" + ké*—1) SAE dv
4
(8)
x: penalty parameter.
Then we update,
=g Ady SN =804 A
(9)

k) __ 2(k=1) . (k) __ 4 lk—1) - k)
& =8 "HA4AE; P =p" " +Kg".
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Solution Algorithm

n-Vec=0 (15a)

i-Vi= <--’:—>.ri (15b)
T |c|

, In STEP 3 for transient problems, starting from the

c-distribution corresponding to time t solve:

2
= 41, Ve=0 (15¢)

and starting from the &-distribution corresponding to
time t solve:

o e
+0,.-VE=( — ) &. 15d
5+ Oy Ve fﬂfi/f (15d)

www.simytec.com
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Stationary Case

Rolling of Steel Plates

Not to scale

5 14 elements
tout
2

R t_ — t Iajekmenlsl LDelements : 2Bbeiements Izuelmnts
H = in ouk :
— s~ Tvpe rrﬂ ?ou‘ R o
'y I Imm) Jimm)|{mm) | (1/s)
in i 1 [112.21]66.73[ 408 [2.81
a 2 2.75| 2.24]| 320 (209
20
H <3 indicates a double peaks type contact pressure ™
distribution. In this case the deformation pattern is - R
more inhomogeneous (type 1) o o i TA
0.5 1 l: ‘\‘\
/ne 1 ' 1
LI A LA . “
%0 e 00 5 o 20° 15 10° &* o°
b 0 —
0.6
. . I . 0.
H >3 indicates a friction-hill type contact pressure A
distribution. In this case the deformation pattern is o -
more homogeneous (type 2) & i
-0.2 4
.7
0.6 1 5
Type 2 -086 " ? L L
25 20° 15° 10° 05 OC°
d o —
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Transient Case

Upsetting process

36.59mm 90mm
"""" 1
Upsetted end i,
"—'—\—\ _____________ s Initial tube
1
[Not 1o scale)  |f=—fe e Punch stroke L
3I0mm Womm S0mm

Fig. 8. Upsetted end of a steel tube

l‘ferticnl press

Steel tube

e
Pushing
front

Punch

- om f—
Horizontal press

Steel tube

Die Fushing

front
T‘I-ferticul press (Mot to scale)

Stroke=30mm

Stroke=60mm

m tube/die =0.1 0.6 0.1 0.6
m tube/punch=0.1 0.1 0.6 0.1
m tube/front=0.6 06 0.6 0.6

Fig. 10. Comparison between etched specimen and finite element
results
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Thermo - Mechanical Coupling
Equilibrium equations

g =0, = 0,(C, Z, T)
Heat transfer equations

In domain W ,OCT:E;CET +6g:§p

B: Taylor-Quinney coefficient (between 0.85 and 0.95)

In contour G, =G - G;

n = —k ET " Heat flux boundary condition

www.simytec.com -
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Experimental Model Validation

-
N T

Gleeble 3500 Simulator
CINI (Tenaris)
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Experimental Model Validation

Undeformed sample Deformed sample
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Experimental Model Validation

630
625
® Measurements
—=0.85
o 620 —pB=0.875
o —pB=0.95
Temperature H
. . 1S
prediction g
validation

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

In (°H/'™H)
-60
-50 -
=z
3
o -40 -
8 .
s Compresion
5 -30 ¢ Experimental Measurements —_— o .
/ 2 oo force prediction
g0/ m=045 - validation
8 . =—=m=0.70
-10
0 - ‘
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
In (°H/'H)
www.simytec.com
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Experimental Model Validation

Barreling

www.simytec.com

Sample Méax. Diameter / Frictionless Diameter - 1

6%

—m=0.70 2
5%

—m=0.45 /
4% —m=0.20

¢ Measurement

3% -

2%

1% -

O%Y T T T T T T T T T 1
000 005 010 015 020 025 030 035 040 045 0.50

In (°H/'H)
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Hot Rolling of Steel Coils

0
JLILILIL, & AR
H1H2H3 H4 RSB R1 R2 R3 R4 F5 F6 F7 F8 F9F10
RSB : roughing scale breaker C2 : crop shear
R1, R2, R3, R4 : roughing stands F5, F6, F7, F8, F9, F10 : finishing stands
E1, E2, E3 : edger rolls W : water cooling
H1, H2, H3, H4 : re-heating furnaces S1, S2 : sheet coilers

Figure 3: Hot rolling mill

www.simytec.com 0



3D Modeling of Hot Rolling

E
Couple: h Sheet width i
» Eulerian formulation o N\
that describes 5 —
the rolled Steel 0o i 062 03 04 BS 06 07 08 09 |

distance from the stand center (v} [m]

deformation

» Standard Lagrangian
formulation that

® w

describes the rolls T
deformation N | 1

www.simytec.com
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Prediction of the
evolution of
roll temperature
during rolling

!

Elasto-thermal
expansion :
prediction of

thermal crown

|

Three dimensional
rigid-plastic modeling
of sheet deformation

UXMrrOX igm-ir—r'ow‘

METFOR

Separating Roll
force deformation

'ROLLDEF
Beam-enhanced model

to predict bending
and flattening of rolls
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Phenomenological Constitutive Relations

Material properties Sa—

b E—

T T T T T T
0 01 0.2 0.3 04 0.6 11} or 08
Firain

Compression tests at elevated temperature
showing recristallization
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Modeling of bulk metal - forming processes

Phenomenological constitutive equations
1. The Fields - Backofen law

(T) .m(T)

_ =n(T") =
o,=A(T)% 5

This model cannot represent recristalization phenomena

2. Exponential - power law 1

_ _ . -m(T)
oy = [A(T) e BTZ 7 +2,)"D) + C(T) (1 — e~ BDE) g

3. Exponential - power law 2

_ — __.-m(T)
7y = [A(T) B0 (f(1 - e (D) 1 O(T) (1 - e BOF)E

www.simytec.com 2
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Modeling of bulk metal - forming processes

Mechanical tests to determine the material constants

» Tension tests. Strain limitations
» Compression tests logarithmic strain < 0.8 -

-3500 -

-3000 -

Samples barreling

-2500 -

Force [kgf]

Samples final shape
-2000 -

-1500 -

—Gleeble Measurement
-1000 -

=—=METFOR Results (m=0.2)
-500

=—METFOR Results (m=0.9)

FEM FEM o

Light friction; m=0.2 Hight friction; m=0.9 0.00 020 040 060 080  -100  -120  -140
€ = In (Hsina/ Hinitia)
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Modeling of bulk metal - forming processes

Compression tests

ez m=0.9
—1{ BT

1332
C— im0

L0 EST
03
000

Coeficiente de friccion m=0.9

When there is friction, it fails to represent a uniform strain test

www.simytec.com -



< SIM&TEC

Simulacion y Tecnologia
Simulation and Technology

Modeling of bulk metal - forming processes

The torsion test

www.simytec.com
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Modeling of bulk metal - forming processes
Results obtained using TESTPOST

TORQUE-TURN
EXPERIMENTAL VY8 NUMERICAL
BAR Samples
T=1080 *C

dNiimBTa
— R ——

dN/dim0.00 4

2 ,//‘_____

{',/,

Tomgue [N-m]
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Hot Rolling of Steel Plates

Model validation at the F10

S .d
53.5
SalT
X 47 .9

Temperature map of the work roll at the instant at which the last coil exits the stand
F10 (tou)

www.simytec.com
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TEMPERATURE

Hot Rolling of Steel Plates

60.0C
Model validation at the F10 s
5250
— &0.0C
— 4750
Stand F10 — 4500
Coil N° Width Time In Time Out g: 4250
[mm] [sec] [sec] B g?:gg
1 1046 0 60 96,00
2 1040 155 215 325C
3 1042 286 345 30.0C
4 1045 373 432 gggg
5 1044 469 531 ’
6 1041 567 624
7 1146 653 713
8 1143 753 813
9 1257 856 915
10 1260 962 1021
11 1262 1077 1136
12 1263 1205 1264
13 1264 1309 1368
14 1262 1415 1474
Time of the interruption of the refrigerating water 1535 sec
Begining of the measurement of roll surface temperature 1795 sec
Ending of the measurement of roll surface temperature 1975 sec

Finite element simulation of work roll
temperature build-up

www.simytec.com -
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Hot Rolling of Steel Plates

Model validation at the F10

€
E
[72]
@
2
L
= ¢ Measurements
2.20 - 0o
e o
518 - METFOR &)
§
2.16 -
2.14 ‘ ‘
0 100 200 300 400 500 600 700

Distance from the stand center [mm)]

www.simytec.com
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Asymmetric Rolling

Curvature [1/m]
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(I)upper roll = 184 mm
(I) lower roll ~ 202 mm
10
8 _
6 _
2 « —=0.25
2 <
0- \ X ——0.3
-2 - 3
-4 \,\ . ——0.35
-6
8 S x EXP
_10 T i } \{\ me‘”””
0 01 02 03 04 05 O06

Reduction

Experimental ( aluminum ) results and FEM results for various “m”

www.simytec.com
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Vertical Rolling (edging)

REHEAT FUR.

RSB R1 WG-R1 El1 R2

®

E3 R4 WG-R4

®» @ I
ONO

95

i |
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Simulation and Technology
Vertical Rolling (edging)
After edging
Before edging The dog bone
-96 6
-96 6 98 + - 4
£ tE E00 Jy 7 E
g 100 - E? 9 Q102+ Tlo @
B 10p - T —— 0 B © <
Y] L = -104 + -2 =
T 104 + -2 u o o
2 = S .106 - —— e 4 S
"§ -106 - m.....-.lll.lllllIIIIIIIllIllll.I...*..-..~7 _4 "'é % D C Uw)
= H G o © -108 - -6 2
» -108 -6 @ O O
5 -110 + 8 & -110 + - -8
-112 T T T T T -10 -112 T T T T T -10
1200 1000 800 600 400 200 O 1200 1000 800 600 400 200 0
Slab width [mm] slab width [mm]

www.simytec.com
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Vertical Rolling (edging)

6
-5
— Test measurements sup AB
— —=FEAN:0.26 m:0.08 - 4
-4+ FEA Nn:0.26 m:0.13

—-—FEA N:0.26 m:0.18

w
Bulging cross profile [mm]

350 300 250 200 150 100 50 0
Distance from edge [mm]

Experimental validation of numerical results

www.simytec.com
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Product Process Steel Seamless Pipes

The Mannesmann piercing process

www.simytec.com
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Model Validation

Profile scheme Bar diameter

Casel / 395 mm

Case2 / 395 mm
Cased /_ _

www.simytec.com
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Model Validation

Plug # # Elements # d.o.f. FEM-helix pitch | Exp.-helix pitch
1 96,576 309,547 1158 mm 1054 mm
2 100,950 322,894 714 mm 695 mm

www.simytec.com
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Model Validation

Plug # 1
(interrupted piercing)

L Q00®
0000000

i

Al

000000
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Model Validation

Sensitivity analyses

FE M pitch

Plug Horolls | Hshoes | Hplug L rrann FEI\-’T-pitCh Exp.pitch
1 0.2 0.2 0.35 A1 1054 mm 0.88
1 0.5 0.2 0.35 A1 1252 mm 1.05
1 0.2 0.2 0.35 21 1158 mm 0.97
2 0.2 0.2 0.35 Ao 695 mm 0.88
2 0.5 0.2 0.35 Ao 899 mm 1.14
2 0.2 0.2 0.35 29 714 mm 0.90

www.simytec.com
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Model Validation

Mapping of the inner and outer surfaces (interrupted piercing)

www.simytec.com
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Model Validation

Plug # 3
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Model Validation

Section 1 Section 2
Plug # 3
Section 4 Section 5
www.simytec.com
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Model Validation

=10
l-42.2?3
-74.445

- -106.67
--138.89

B4

--203.34

L TR AU T A T R TR PR P P PR R T R R R R U R g b I ~235.56

-267.78
=300

Contact Pressure [Mpa]

www.simytec.com -



