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Applications

. Collapse of tubular products

. Flexible risers: meso-scale model

. SAGD pipes

. OCTG threaded connections

. Sucker rod connections

. Modeling of hydraulic fracturing

. Fracture of mechanical components

. Composite pressure vessels (COPVs)
. Sloshing

10.Vibrations in FPSO Starboard Crane

11.Satellite structures

12.Metal forming - METFOR

13.CFD

14.FSI: LNG pipeline at Dunkerque

15.FSI: Heat exchanger
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Collapse of tubular products
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Collapse of tubular products N S EC

Comparison: numerical vs. experimental results
Buckle arrestors: flattening mode ' |

Sample 4: Pressure vs. Volume
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Flattening_pstrain.avi

Collapse of tubular products
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Comparison: numerical vs. experimental results
Buckle arrestors: flipping mode
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Flexible risers: meso-scale model

—— friction_coef=0.1 — friction_coef=0.3

— friction_coef=0.5 — friction_coef=0.7

Bending Moment (kINm)

» Curvature [1/m]

Figure 4 Friction coefficient effect — Tension (575 kN) + Bending
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SAGD pipes el

echnology

Comparison: numerical vs. experimental results

Torsion Test #1
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OCTG threaded connections el
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OCTG Premium Connections: tensile test

e
Make Up
disp = 4.10 mm
disp = 5.77 mm
disp = 10.60 mm
e, |
disp = 16.60 mm
disp = 20.06 mm
— s - 1
disp = 31.91 mm
v :I
disp = 46.72 mm
=

disp = 52.65 mm

www.simytec.com TENARIS 11



OCTG threaded

connections

g SIM&TEC

Simulacion y Tecnologia
Simulation and Technology

UNITED STATES PATENT
Granted on August 14,2007
Gabriel Carcagno
Rita G. Toscano
Hisao Nakamura
Tommaso Coppola
Tatuso Ono
INVENTORS
TENARIS CONNECTIONS AG
7,255,374

THREADED TURE J0INT

A theeaded tobe jaant e ool comaction nawstry hes o tpezondyd
dirond ol & veonlel soaling serface (01) plaved af i end sear the
fucad and crgapes, for seabeg. 3 comequading frso-cicl
sealing surface (12) wherewn dhe dovoadal seling seeface (1) has o
bt R vl Coenpesiscel minhis the rge pace by e fommala

b7 & Hadanr
ol <t E T R

UNITED STATES PATENT

Granted on Junc 14, 2005

Gabriel E. Carcagno
Giuseppe Della Pina
Rita G. Toscano
Antonio Podrini
INVENTORS
TENARIS CONNECTIONS AG

6,905,150

THREADED PIPE J0INT

Threalod pipe poied o
chomnent (2), dowaded &
sceling surfaces, WAk
forvnad car e foma b dement.

spoes (7, 8 betwees the thaowds of prodesnmiaed section IS4
Rormting rearvoer 10 hoswe £ joert hbeeare, whach Soencs out of e
subwnes berween the thecads of the femabs () aad melo | 1) clomenss
furngrhetghiealag of e jodim

w. TAervgw
with wed it has M
mventéonshall b el Thevfore, this
United States Patent

Crants 30 ehe persan(s) heving thle

America

UNITED STATES PATENT

CGranted on Fehruary 8, 2005

Gabriel E. Carcagno
Giuseppe Della Pina
Rita G. Toscano
Tommaso Coppola
INVENTORS

TENARIS CONNECTIONS BV,
6,851,727

THHEADLD PIPL JOINY

iz

,,,,, 3 S
\ N WA \\\\‘ R
N \\\\\:\\:\\
PR
’-»

member ). whoch we provided oo the cuw sd o safacs

vin ek

3 £ . the cnd

SRS
of seid mule seber for abutment 1 8 Sorrerponctng wnmiler
mmumma)mmmwum

e jorw) m:{ﬁm:»ou-. h-a—l..l-m
dinmeters 113 (i ) Detialved n e soplng
mummJ-&u the iner und ooter
diamerers DA s D3 of o albusrzeny wislice of e fomale mamler
e inked by the relebonatup (D8 - DWW (34205,

The s Patews and Tradeark

putens jor

www.simytec.com

TENARIS

12




SIM&TEC

Simulacion y Tecnologia
Simulation and Technology

@

Sucker rod connections

Premium connections design

Detail of the Detail of the
threaded threaded
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Sucker rod connections
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UNITED STATES PATENT
Granted on Junc 15,2010

Rita G. Toscano
Nicolis Di Toro
INVENTORS
SIDERCAS.ALLC,
7.735879

SUCKER ROD CONNECTION WITH IMPROVED
FATIGUE RESISTANCE, FORMED BY APPLYING
DIAMETRICAL INTERFERENCE 10O
REDUCE AXIAL INTERFERENCE

A sucker rod comection & disclosed. The sacker rod conrection
compr ses 2 tapered male member includinga plorzlity of trapeznidal
threads, and. a fapered female member also melading a plumlity of
trupeznidal thresds, in which the mud e member 15 capable of being
recorved 1n threaded angagement with the female member, wheeoin
the threads of the male member are in fank-to-flark contact, both
flanks on cachthrad, with the thrcads of the fomele manba, therdby
areating diamctrical mtaforcnce betwoen the male and fomalc
members preventing disengagement and substantially reducing aoal
imterference between themaleand Bmalemembers

The Director of the Unied States Patent and Trademark
Office has reccived an application for a patent fora new and
useful invention. Therequirements oflew have been complied
with, and it hay been determined that a patent on the
invention shalibe granted under the law. Therefore, this
United States Patent

Granis wo the person(s) kaving title to this patent the right to
lude others from makisg, wsing, offering for sale, or
selling the invention throughout the Usised Siates of America
or Importing the invention ek the United Siates of America
Jor the rerm of this paten), subject 1o 1he payment of
malrenance feesas provided bytan
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Modeling of hydraulic fracturing

Brazilian test with a slot

Model validation: numerical simulation with different material models

Mohr Coulomb Drucker Prager (outter)

Maximum
tension

Drucker
Prager
(inner)

www.simytec.com YTEC 15



Modeling of hydraulic fracturing

Structured mesh

www.simytec.com

Original
fracture center

fracture center
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Modeling of hydraulic fracturing
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Modeling of hydraulic fracturing =~ & 2M3XTES

KGD

displacement X

388e-03

www.simytec.com YTEC 18



@ SIM&TEC

Simulacién y Tecnologia
Simulation and Technology

Modeling of hydraulic fracturing

Penny Shape

e o
o

www.simytec.com YTEC 19
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Modeling of hydraulic fracturing
Penny Shape

—J— fluid area Tet2 -—&— fracture area Tet2
= = m 1 flyid area Tetl = = = fracture area Tetl

20

15

10

area [m?]

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
t[s]
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Modeling of hydraulic fracturing

Sequential fractures

www.simytec.com
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Modeling of hydraulic fracturing

Simultaneous fractures

Time: 9.788590 s

max principal stress
-7.7e+06 -de+6  -2e+b 0 2.7e+06

' - | |

www.simytec.com YTEC 22



SIM&TEC

Simulacion y Tecnologia
Simulation and Technology

U

Modeling of hydraulic fracturing &

Simultaneous fractures

stress 0
-1.8e+06 00 1.0et6 24e+06

] | s - |

J
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Simultaneous fractures

12.0

=Fractura 1
—Fractura 2
--Fractura 3
--Fractura 4
—Fractura
=Fractura 6

\

3.0
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Fracture of mechanical components & 2M&TEC

Clam bucket

Interface damage (%)
=5

PTTTTI I
O —= N W b

Maximum Damage 19%
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Composite pressure vessels (COPVs) & 23S

Simulation and Technology

Stresses in different layers

#1

4000.
= 26°

4000. (p 3500.
3500. 3136.
3136. 3000.
3000. 2000.
2000. 1000.
1000. 0.

Output Set: Case 4 Time 60.
Elemental Contour: Lam Ply57 X Normal Stress

Output Set: Case 4 Time 60.
Elemental Contour: Lam Ply1 X Normal Stress

#1

— o 4000.
4000, (p f—
— 4. 8 o 3500.
3500.
3136.
3136.
3000.
3000.
2000.
2000.
1000.
1000.
0.
0. v
M ¥
[ 2579.8
Output Set: Case 4 Time 60.
Output Set: Case 4 Time 60. Elemental Contour: Lam Ply153 X Normal Stress

Elemental Contour: Lam Ply87 X Normal Stress
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Composite pressure vessels (COPVs) & 2MTES

50 [t vessel burst test

Test burst pressure :
P. = 54 MPa

e

FEM burst pressure :
Puer =52 MPa

Puer /P, = 0.963

www.simytec.com VENG 27
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Sloshing

Caso 1 Caso 3 Caso 7
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FPSO Starboard Crane
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BW Offshore
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Vibrations in FPSO Starboard Crane & 2IM&TEC
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Satellite structures
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Satellite structures

Thermoelastic analysis Dynamic Analysis
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Satellite structures

Shaker adapter
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radial expansion (x) [mm]

Metal forming - METFOR

Hot rolling of flat products

0.10

e g e
S E&E

0.00

vg\\\\

X

Sheet width

0.0

o1 0.2

WORK ROLL

0.3 0.4 0.5 0.6

distance from the stand center (y) [m]

www.simytec.com
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0.9

ITxXmrroa grn-n-l'ozu‘

Separating l IRoII

force

Prediction of the
evolution of
roll temperature
during rolling

!

Elasto-thermal
expansion :
prediction of

thermal crown

|

Three dimensional
rigid-plastic modeling
of sheet deformation

METFOR

’ ROLLDEF

Beam-enhanced model

to predict bending

and flattening of rolls

TENARIS

deformation

Thickness [mm]

(((0

Simulat

SIM&TEC
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2.20 A

2.18

2.16 A

2.14

¢ Measurements

= METFOR

200 300 400
Distance from the stand center [mm]

500

600 700
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Metal forming - METFOR

The Mannesmann piercing process

www.simytec.com TENARIS
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Metal forming - METFOR

The Mannesmann piercing process

000000

www.simytec.com TENARIS
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CFD

Airplane wing

wallShearStress Magnitude
1 2.9—E 19

@
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HaN (00]

=

A
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CFD

Airplane wing
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FSI: LNG pipeline at Dunkerque

Fluid mesh and BC Solid mesh and BC

Mass Flow Inlet P2

Mass Flow Inlet P1

Supports length - 0.20m

e S e
e R e = E
T

g
N
[
|

T |
= | 4
|
[

f

|

1

fixed at inletP1-inletP2-outletP7.
fixedNormalDisplacement at Supports.

Pressure Outlet P7

Mass Flow = 0 kg/s
www.simytec.com TECHINT E&C 39
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FSI: LNG pipeline at Dunkerque

Simulation and ,"e"-f'!frr'v.‘Oj‘,‘
Inlet_P1 Time: 6.695 Inlet_P1 Time: 6.695 gamma Inlet_P1 Time: 6.695 uXx
b 115243 1 -1.34
: ' ;
115200 =
E o078
E E 4
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115050
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= 115000 0 A 106
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Pressure Vapor volumetric fraction Velocity 1n the x direction
B Inlet_P2 Time: 6.695 - . T Inlet_P2 Time: 6.695 P Inlet_P2 Time: 6.695 - ]
115243 -1.34
: E"
-":”m E
- e,
,;:_”5]5] E
- -5
Inlet P2 e
5 —-8
"11.’0&
-10
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115000
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Pressure Vapor volumetric fraction Velocity i the x direction
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FSI: LNG pipeline at Dunkerque

g IM&TEC

|mulau6n y Te(nologla
onan ' chnol 4/

g D Magnitude
Time: 6.695 GOBE
Eo 001
—%0.@75
Eo.m
Eo.m25
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Displacement

sigmaEq
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Equivalent stress
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FSI: Heat exchanger

Fluid Mesh Solid Mesh

www.simytec.com TECHINT E&C 42
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FSI: Heat exchanger

Fluid Velocities

U Mognl‘rude (M/S)
0.00 3.58 10.7 14,33

| ||| | | | [Il\l||\ll

oK

U Magnitude (M/S)
0.00 2 4 6 8.00
T |
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FSI: Heat exchanger

Solid Stresses

Central Section Near first baffle Section

>3

Sigma 77 (Pa) Sigma ZZ (Pa)
-1.042e+07 -8.1450+06
t-1 07e+7 l
£-1.046e+7
=-1.109e+7 =
3 --1.255e+7
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E E1 4648+7
-1.2010+07 -1.651e+07
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