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Convergence Hints




Introduction

¢ The main purpose of this presentation is to provide
some practical guidelines to help solving usual
convergence troubles

¢ Solving convergence troubles requires at least basic
knowledge of solution algorithms used for static
and dynamic analyses

¢ There is unfortunately no magical modeling
technique which would ensure convergence in all
situations but rather series of modeling hints based
on experience
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Introduction

¢ What does “convergence” mean ?

¢ Convergence is reached when the system has
reached the minimum level of internal energy

¢ This translates into the virtual works principle as
follows:

- - - o
W =F-N+M-50=0
Permissible Permissible rotation
translation
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Introduction

¢ The convergence criteria in DEEPLINES ensures that
the previous requirement is met

¢ Convergence on forces and moments is first looked at : comparison of out-
of-balance forces and moments with maximum force and moments

? Convergence on displacements and rotation is looked at once convergence
on forces and moments is achieved

¢ Convergence of both forces and displacements
ensures that the minimum energy of the system
was found

DeeplLines Training Course — Convergence hints . (f €nergies
nouvelles

INCIPIA



Introduction

¢ The solver aims at solving something like
K-X =0
where X denotes the vector of ALL nodes coordinates
and K the global stiffness matrix

¢ The system is solved through iterations using a
“gradient” type method called Newton-Raphson : X0,
X1, .., Xi, Xi+1...

¢ Forces and moments increments are checked at each
iteration until the convergence criteria are satisfied
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Line segmentation

¢ There is a widespread practice to use very refined
meshing from the early stage of the analysis to properly
capture high curvature levels and get accurate results

¢ But this is rather a widespread mistake...

¢ Reasonable number of elements (coarser mesh) must
be used at the start of your projects and refined
depending on the accuracy of your preliminary results

¢ Refine the segmentation only once convergence is
achieved
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Line segmentation

¢ Using too many beam elements significantly increases
the calculation time

¢ Too much refined segmentation may also jeopardize
convergence of your calculation

¢ Very fine elements “don’t like” large rotations and
solving associated displacements requires more
iterations in the algorithm

¢ Transition zones are required between elements having
large lengths ratio
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Line segmentation

¢ “Reasonable” meshing depends on target curvature
radius (at least)

¢ About 8 beam elements per half circumference is
generally enough
7.R

L~—~0,4%xR
8
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Line segmentation

¢ Appropriate line segmentation also depends on
tension gradient along the line, and external loads
along the line

A
e ¢ Top tensioned riser
— ¢ Limited deflection
— ¢ Constant top tension
s ¢ Constant current
S ¢ Static analysis
. > 1 beam element
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Line segmentation

¢ Appropriate line segmentation also depends on
tension gradient along the line, and external loads

along the line
A

¢ Top tensioned riser

Q/'\/\ ¢ Significant deflection
R ¢ Variable loads
. : ¢ Sheared current
;_,' : ¢ Dynamic analysis
-, !
. | > Several beam elements
g
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Line segmentation

¢ Line segmentation must also be set to properly
catch the contact with surfaces when needed

¢ The density of contact elements can be defined as a
starting point equal to : 1

£ £ 2.

¢ Large elements (10m and up to 30m) can be used
on flat seabeds with limited dynamics

1 contact spring per
beam node
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Line segmentation

¢ Refine the segmentation where needed only
¢ Avoid elements with lengths of 0.01m at the end nodes
¢ Elements length of 1m is generally uselessly refined

¢ Use about 5/ 6 elements along bend stiffeners as a
starting point

¢ Typical number of elements for a free hanging line is
about 100 - 150
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« Il conditioned » models

¢ The solver may sometimes report “lll conditioned”
messages

I LLaunching deeplines salver... @

Analyzis zet |Defau|t j Dt |
Analysis: |.ﬁ.na|_l,lsi$_'| j
D ay file output:
- . . AT Tatneh
** Beqinning of the cable interface analysis =
igep= 0 idecon= 1 itenor= 1 itenew =1001 nbcont_tot= 0 active_nbcont= 0 |
* End af the cable interface ==> naot converged
calculations will go on with the final positions E dit/Open
Edit lag file |
- Loop on the contacts positions nitcon = 1 .
- Loop on the contacts directions  nithor = 1 Edit s file |
- Mewton-R aphzon loop hithiew = 1000 ;
Open .dz= file |

* Beqinning of the analyziz step: 0
nulpiv] - calculations cannot go on &inalysis set
The prn:nl:nlem aCours for daf number 123

e connectivity table [keyward Generate 5l |

[ Execute .cmd

Potential causes :
- & global rigidbody motion is et free in your spztem
- The model is too ill-conditionned
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« Il conditioned » models

¢ This message indicates that the static equilibrium
cannot be found for your system

¢ The FE solver reports it is unable to invert the stiffness
matrix

¢ This generally corresponds to situations where an
infinite number of static solutions is possible due to
insufficient boundary conditions

¢ This may also happen with systems with very low
stiffness for some connections
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« |ll conditioned » models

¢ Typical example

¢ A Buoy object (6 DOFs) is
A connected to a straight cable with
a pin
¢ The cable is modeled through

Cable/Chain type elements (3
DOFs per node)

¢ The bottom node of the cable is
anchored with a pin

¢ Insufficient constraints at the
connection node : the buoy is left
free to rotate about the Z axis, i.e.
infinite number of solutions
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« |ll conditioned » models

¢ Workaround solutions :

¢ Check that all boundary conditions are correctly defined
and consistent to avoid infinite number of solutions

¢ Even with all boundary conditions correctly defined,
some systems with very low stiffness at the connection
nodes may however still lead to “ill conditioned”
messages

¢ The next workaround is to add artificial stiffness in the
stiffness matrix to help the solver find the solution
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« lll conditioned » models

¢ Use “matrix profile with constant stiffness” instead
of “matrix profile” to add artificial stiffness in the
stiffness matrix

. Editing calculation parameters of Analysis_5nearbis E|
Calculation o]
parameters window Cancel

Analysiz | Contacts  Mumerical parameters l Fretensions # Initial angles]

Eme

net compute wave loads lower g

able corvergence parameters

Num erical Max. rnumber of teration ’2007

Cable positions an the floor ’W

p aram e ters tab Cable farces on the floor ’W
Cable positionz in catenaries ’W

Cable forces in catenaries ’W
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Hints for static analyses

¢ Numerical parameters for static analysis
Newton Raphson

parameters

Edit static analysis advanced parameters...

Cable interface
\ Cancel

Natic cable interfacing for beams ans bars Mewton raphson parameters

Initial coordinates Cable interfacing ﬂ Mai. number of iteration 1000

Initial ratation Caleulated Convergence on forces ’Dmi %
B O u n d . . . - Carwergence on mamerts ’Dmi 4
\ \L_ D efine maximum dizplacement in iteration CemeiEarEs o ekt ’0017 %
i n C re m e nts Mas. allowable displacement or Convergence on rotations oor %
Max. allowable rotations ’7 rad
[ DOF of floaters for mean equilibrium calculation ™ Moorings & rizer stiffness O Ut p u t Of
® = e <+ — H 1
/ v Incremental dizplacements ’7 m m O O rl n g fl I e

CO U p I e d / < Incremental rotations ,7 deg.

R
Ry

analysis for
Y e User
[ User defined kewwords

vessels \ defined

keywords

[0 30 TG B I
T YN

nouvelles
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Hints for static analyses

¢ The calculation is converged when all convergence

criteria on forces, moments, displacements and
rotations are met

Fi+1_FngF Mi+1_MiS8M
|:Max M Max
- 01— 0,
Xin— X <eg, (91 <&,
XMax Max

¢ The calculation stops when the iteration number
reaches the maximum allowed value

¢ Default value for € is 0.01%. Acceptable upper bound is
about 0.5%
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Hints for static analyses

¢ Convergence status echoed in the *.LIS files

F M Edit C:\Affaires\PRD_G64541004_HotlineA\TECHNIPA2008-09-23\Analysis_5nearbis_Dynamiclnalysis_5nearbi... g|
B slule] ololal M. . — M.
Max 1+1 [
Fast keyword access |HEADEF| j

Cance

**% Beginning of the quasi-static analysis **

Fhi'_ F
............ Max
itera gqumaxl fuaxl noeud dir. gmax s fmaxs noeud dir.
1 0.878E+08 0.161E+0%9 11z 1 0.586E+08 0.697E+085 189 5
2 0.861E+08 0.153E+0%9 275 1 0.575E+08 0.692E+085 189 5
3 0.8453E+08 0.156E+0%9 275 1 0.565E+08 0.683E+085 189 5
4 0.848E+08 0.156E+0% 275 1 0.565E4+08 0.688E4+08 189 &
5 0.824E+08 0.151E+0%2 275 1 0.543E+08 0.682E+08 352 &
3 0.823E+085 0.151E+09 275 1 0.543E+08 0.682E+08 352 5
7 0.822E+085 0.151E+09 275 1 0.543E+08 0.681E+08 352 5
g 0.817E+08 0.150E+0%9 275 1 0.543E+08 0.680E+085 352 5
9 0.789E+08 0.144E+0%9 11z 1 0.523E+08 0.673E+085 352 5
1n 0.767E+08 0.140E+0%2 11z 1 0.508E+08 0.6639E4+08 352 &
11 0.764E+08 0.139E+0%2 275 1 0.505E4+08 0.668E4+08 352 &
12 0.757E+08 0.138E+09 275 1 0.501E+08 0.666E4+08 352 &
13 0.756E+085 0.135E+09 275 1 0.500E+08 0.666E+08 352 5
14 0.730E+08 0.133E+0%9 11z 1 0.4582E+085 0.661E+085 352 5
15 0.7Z9E+08 0.133E+0%9 11z 1 0.481E+08 0.661E+085 352 5
la 0.719E+08 0.131E+0%9 11z 1 0.473E+08 0.653E+08 352 5
17 0.700E+08 0.127E+0%2 11z 1 0.461E+08 0.654E408 352 & 3
12 [a] SONT NS [a] 19279 0 nn 117 1 la} ASAT S la} SCAT 1 Mo b= C
< >
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Hints for static analyses

¢ Preventing numerical oscillations can be done by setting
upper bounds for incremental displacements and

rotations
R
v Difine marimim displacerent in iteratior: H X i X i+1 < 0 1m
Max. alowable dizplacement lmi
M ax. allowable rotations lmi rad -
6.6, ,11<0.07rad

¢ Setting bounds will act as a damping and help stabilize
oscillations

¢ The maximum number of NR iterations could be
increased to ensure that the total displacement
necessary to reach the static solution is still achievable

DeeplLines Training Course — Convergence hints . (fPE:EFgI;GS
nOuvVeEIlies

INCIPIA



Hints for static analyses

¢ Reference values can be found in the *.LIS file by
searching for “bounded”

M Edit C:\Documents and Settings\Moumit\Mes documentsMnalysis_1\Analysis_1.lis...

=] W eI e F LT

Faszt keyword access |HE.t’-‘-.DEF! j

incremental translations will be bounded to 1.500 f{length units)
incremental rotations will he bounded to 0.070 f(radians)

¢ Numerical oscillations can be observed by looking at
the *.LIS file : the incremental force oscillates between
successive values without decreasing significantly
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Hints for static analyses

¢ Numerical oscillations can also be seen with the GUI

¢ Non converged solutions can be displayed in the 3D
View window

¢ This requires to save these non converged solutions :

\ Add the keyword  “ *DATABASE
1 V4

0 to create a *DTBI file similar to the *DTBS files
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Hints for static analyses

¢ Avoid as much as possible sharp changes of
stiffness along the lines to avoid “stiff” points

¢ Avoid sharp changes of stiffness within non-linear
curvature — bending moment relationships (e.g.
bend restrictors)

Bend. 4 Bend. 4

/ > >

Cu rvature Cu rvature
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Hints for static analyses

¢ Use the Cable/Chain segment type when the bend
stiffness is negligible instead of setting very low
values in the Flexible segment type
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Hints for quasi-static analyses

¢ Quasi-static analyses are series of static analyses solved
one after the other

¢ Quasi-static analysis involves variable loads or
displacements without inertia effects

¢ Quasi-static analyses are characterized by the number
of static steps (number of problems to solve) and
loading tables (percentage of loads or displacements as
a function of step number)

¢ The same convergence hints than with “pure” static
analysis apply
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Hints for quasi-static analyses

¢ Incremental loads due to currents or incremental
displacements must generally be applied
progressively to ease convergence

¢ Use 10 steps if the solver fails finding the solution
within 5 steps,...

¢ Incremental current and displacements may be

applied using separate loading tables :
A Current velocity

100%  |--omemmemmmmmeeees

Vessel offset

0%

> Step
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Hints for quasi-static analysis

¢ You could fix unstable objects to help static analysis
convergence and then release the objects at a
further step

¢ Change the boundary conditions as a function of
step with the *QCDCSTAT keyword

¢ For instance : maintain a MWA fixed for step O to

help the riser finding their equilibrium and then set
the MWA arch free at step 1
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Hints for quasi-static analysis

¢ Use the restart facility to focus on non-converged steps
within the current trial and save calculation time

Restart from static or dynamic database...

{* Ise static database [* dtbs) | J

Select *.DTBS file
Initial load step ,Di /
" Use dynamic database [*.dth) |

Initial time ztep

Select step no from
which restart must
be done

¢ For example:

¢ The quasi-static analysis goes well until step 7 and then fails to converge
¢ Copy the analysis and tune the numerical parameters adequately

¢ Run this new analysis while using the restart facility at step 7 on the previous
analysis
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Hints for time-domain dynamic analyses

¢ Numerical parameters

Edit dynamic analysis advanced parameters...

%]

Imitial tirme step ,mi 3
Recording time step lmi 3 Cancel
[~ Ramp time ,7 s
Time ztep |Aulomatic ﬂ Rezalution method : Mewrmark with numenical dampﬂ
b asirmurn time step ,,:,17 f DELTA ,7
Minimum time step W M . ALPHA ,7
ETOL ,mi Mewtan raphson parameters
TSAR lgi Max. number of iteration ,307
COESUP lgi Convergence on forces ,Dmi %
COELO lui Convergence oh moments ,Dmi %
KOMEWT ,107 Convergence on translations ,Dmi %
DCOMNYS lui Convergence on ratations ,Dmi %

[ User defined keywords
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Hints for time-domain dynamic analyses

¢ Time-domain solutions are calculated with the
implicit Newmark integration scheme

¢ Convergence at every time-step is ensured through
iterations based on similar principles than those for
static analyses (Newton Raphson)

¢ Error tolerances must be consistent with the error
tolerances used for the static part (use similar of
higher values for the dynamic part of the
simulation)
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Hints for time-domain dynamic analyses

¢ Default Newton Raphson parameters are

¢ Max No of iterations : 30
¢ Errortolerances : 0.01% (can be increased up to 0.5%)

Mewton raphzon parameters

b ax. number of iteration I?,Di
Corvergence on forces lnmi
Caorvergence on momehts lwi
Convergence on translations lwi
Convergence on rotations lnmi

¢ The effect of line segmentation is even more noticeable
for dynamic analyses

L

¢ The use of proper time-steps and integration scheme
may have a significant impact on convergence and
calculation time
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Hints for time-domain dynamic analyses

Default Newmark integration scheme is suitable for
most applications

M EWMIArk. WIL Limercal damping ;|
& PHA, Ii

This integration scheme introduces numerical
damping (negligible for most situations)

Newmark without numerical damping must be used
for decay tests analyses (set also Delta & Alpha
values 0.5 and 0.25 to cancel residual damping)
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Hints for time-domain dynamic analyses

¢ Both constant and adaptative time-stepping options are

available
[ritial tirme step l[ﬂi g
Recording time step lugi 3
[ Rarnp tirme li 3
Time step Automatic
b awirum time step lmi

binimum time step 0.0

¢ Always use the default parameters as a starting point

¢ Reduce the default time-step if required

¢ Use a constant time-step too avoid too many time-steps
changes during the simulation

¢ Increase the ramptime with very high waves

DeeplLines Training Course — Convergence hints @fPlgr:‘l/'gI;g "
\ PRINCIPIA



Hints for time-domain dynamic analyses

¢ Simulations with irregular waves often results in
large calculation time

¢ This can be improved by reducing the number of
wave components from 200 to 100

¢ Wave kinetics may also be neglected far from the
sea-level

Editing calculation parameters of Analysis_5nearbis_Dynamic

Cancel
An Contacts  Mumerical parameters l Pretenzions # Initial anglea] >
Murnber of Gauss points E
MNumerical scheme | bl atris: profile ﬂ

Do not compute wave loads lower than i % aff e mene leerk 2 a=s auliesn
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Hints for time-domain dynamic analyses

¢ Mechanical damping set along flexible risers may
sometimes alter convergence

¢ Dynamic analyses may fail when damping ratio
varies too much along the same line (typical case is
when the damping is left to zero under the bend
stiffener whereas it is non zero along the rest of the

line)
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Hints for time-domain dynamic analyses

¢ Flexible risers may exhibit high compression in the TDP
area due to seabed friction forces

¢ This compression may result in buckling i.e. unstable
configuration and large displacements that make
convergence more difficult

¢ Itis advised to increase the friction force mobilization
distance (from 0.0001m to 0.001m) to smooth the
friction loads

¢ Use the restart facility when trying to solve dynamic
convergence troubles
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Contact convergence issues

Automatic detection of
contact zones (criteria on
proximity zone)

Several contact elements
are distributed along the
contact zone

An iterative algorithm is
used to find out the best
position for contact
elements during the
simulation

¢ Note: more details can
be found in OTC paper
ref. 14157 (2002)
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Contact convergence issues

¢ An iterative algorithm with 3 loops to find out the
equilibrium position

Without any contact, std value for Max
number of iterations is 200 in static
(*NEWTONSTAT keyword)

With contact, std values are:
Max iterations = about 10

Calculation of the best
distribution for contact
elements

Newton-Raphson

iterations Max iterations = 20< * <50

Finally total nb of NR iterations is
between 10*1*20 and 10*5*50

Ilterations and sub-iterations are visible
in the .DAY file.
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Contact convergence issues

¢ Calculation progress is output in the .DAY file
¢ Check convergence from the .DAY file
¢ Example from a quasi-static analysis :

** Beginning of the analysis step a
istep = 0 idecon = 1 itenor = 1T itenew = 16 nbcont = 2222
istep = 0 ddecon = 2 dtenor = 1 Jtenem = 1 nbcont = 2222
** End of the analysis step 0 ==> converged - 17 iterations
** Beginning of the analysis step 1
istep = 1 ddecon = 1 itenor = 1 itenew = 2 nhbcont = 2222
** End of the analysis step 1 ==> converged - 2 iterations

E X

nbcont

T iterations

Number of contact
\ elements currently

Qstatic step nb

Iterations on
contact position
(external loop)

_ used
Iteratlon§ on Fontact Newton-Raphson
normal directions

_ _ iterations (internal
(intermediate loop) loop)
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Contact convergence issues

¢ Normal reaction force (Rn)

¢ Rnis defined as

Rn = K.d.Dx

(1] gap

gapy

with Dx is the normal penetration, d the density of
contact elements, and K the user-defined stiffness
in N/m (a stiffness k = K/d is actually used)

¢ The use of k instead of K ensures the penetration of
the pipe in the seabed Dx does not depend on the
density of contact elements d
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Contact convergence issues

¢ Tangential reaction force (Rt) Rr A

KRl
¢ Axial and lateral friction
forces follow a regularized
Coulomb law

¢ The friction mobilization distance is function of the
pipe/soil interface (max values are about 1-3 mm for
very soft clay)

¢ Useris given full control on the friction mobilization
distance
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Contact convergence issues

¢ Contact modeling optimization depends on the
configuration There is no practical hints that works
for all cases, however :

¢ Use ‘compatible’ meshes for the objects that would
experience contact (with +/- identical sizes for beams
and triangles elements).

¢ If triangles size >> beams size:
contact will tend to concentrate on sharp edges (highly localized normal
reaction forces, and poor resolution for friction forces).

¢ If beams size >> triangles size:
useless computations (projection algorithms) due to too much refined
surface mesh.
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Contact convergence issues

¢ Avoiding too much large displacements could sometimes
help to ensure a correct ‘Contact Zones’ detection

¢ Generally, you should reduce the max number of
iterations in the Newton-Raphson loop (contact
elements are not updated in this loop) or limit the max
allowed displacement

¢ With highly dynamic configurations, update your contact
elements more often (reduce max iteration in the
intermediate and inner loops), and increase the criteria
on contact zones detection
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Contact convergence issues

¢ Use the default values for contact parameters as a
starting point

¢ With friction, the lower UTrev the more difficult it is
to reach convergence (as tangential reaction forces
become more sensitive to low initial displacements)

¢ Stiff soil results in low values for UT, rev

¢ Increased density of contact elements results in
improved accuracy but require more CPU time.

¢ With dynamic configuration, increase the minimum
length (axial) for contact zones, to spread contact
elements over a larger zone
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Contact convergence issues

¢ Particular case of ‘perpendicular’ external riser/riser
contact

¢ Highly localized contact supposes:

¢ Use high CRITPROX value to
detect the contact zone in case
the lines dynamics is important

¢ Increase the value for the .
minimum contact zone length | )

¢ High density of elements is \
recommended to get the correct > |

deformed shape (radius of curvature in the contact zone)
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Contact convergence issues

¢ Initial line configuration in the GUI

¢ If the Bottom node is linked to a ‘Ground_connect’ on
the seabed, contact is not perfect in the vicinity of the
Bottom node: OD of the pipe must be taken into account

¢ Contact elements normal reaction force depends on the
distance between the seabed surface and the pipe
external surface

¢ Example of contact using a ‘Ground_connect’
(‘Ground_connect’ nodes always belong to the seabed).
Artificial bending moment and curvature are induced at
the extremity
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