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» Use of JAS3D contact — Legacy Contact Library
« Solver improvements
« Material model status

« Capability test suite — High standard for comparison
with JAS3D
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Example Application: Can Crush

~——— ADAGIO 2.4 Beta 1 Proc Full Tangent

-100.0 — ADAGIO 2.4 Beta 16 Proc

ADAGIO 2.4 Beta 32 proc
-150.0 ——— JAS3D 2.2.A 1 Proc

—JAS3D 2.2B 32 Proc

-200.0

Time, seconds

Design of energy absorbing barrier

Quasi-static displacement controlled crush

Uses multilinear elastic-plastic constitutive model
Model contains 61680 hex8 elements

Demonstrates frictional contact, geometric and material nonlinearities, parallel
scalability
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Can Crush Animation

2.810e+02
1.096e+02
-6.182e4+01
-2.332e+02
-4.047e+02
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* h-Adaptivity Example

*Sierra Framework
handles element
refinement and coarsening
*Adagio refinement based
on
*Geometric location
«//Z error estimation
*Optimal methods for state
variable transfers being FE mesh is refined or
iInvestigated coarsened as elements
enter or leave a “box” at the
contact region
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Legacy Contact Library

Objective: Create Legacy Contact Library from JAS3D contact
code and use this library to provide contact search/enforcement
algorithms to both JAS3D and Adagio.

Benefits: Future legacy contact developments available to both
JAS3D and Adagio, re-use of proven contact technology, multiple
contact & friction laws are included.
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host code

wrapper functionality:

— collects data from
hostcode and calls
LC-Lib interface
functions

— delivers results to
host code

+ Fortran90 module for
JAS3D

+ Sierra C++ wrapper for
Adagio

Legacy Contact Library Design

Legacy Contact Library

LC-lib interface:

f77 style

functions which JAS3D

receive & deliver [«—¥] contact
data through code

argument list of
"simple" data

types
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Supporting
Fortan90 in the SIERRA World
« Legacy Contact Library is derived from Fortran90 parent code

« Legacy Contact Library is treated as 3™ party library:

— PathScale Fortran90 compiler is used to generate the library

GNU and PathScale generated object files are binary compatible

» current procedure:
— generate LC-Lib using pathf90
= link LC-Lib into Adagio using g++
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Outline

» Use of JAS3D contact — Legacy Contact Library
« Solver improvements

e Material model status

« Capability test suite — High standard for comparison
with JAS3D
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O Elements O Contact

» Kinematics «Parameters (l.e. push back)
* Hourglass «Stick/Slip
« Formulation «Algorithm (Master/Slave, AL)
 nodal stiffness probing *Tolerances

O Materials

O Nonlinear solution algorithms
+ To scale or not to scale? CG, DR, Newton

 Incremental vs. total

Levels?
 Incompressibility «Controls?
» Coefficient jumps across Convergence criteria
boundaries
O Boundary Conditions - P.rg(_:ondltlc:nglrs Kt ¢
. Periodic lagonal, block, tangen
» Rigid Bodies

Kmematc  pagica|ly Everything?
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‘ Transplant of Multilevel Solver
Major components investigated...

U Nonlinear Conjugate Gradient
Line searches, Preconditioners, CG Resets,
Reporting, Diagnostics, Integration with Multilevel Solver

O Multilevel Solver Algorithms
Control Stiffness, Control Modes, Control Contact, Error reporting
Algorithm sequencing, Predictors

U Legacy Contact Library
JAS3D Extraction, Adagio integration, Contact algorithms,
Debugging capabilities, Impact on internal users

4 Algorithm Sequencing
Implemented according to “solver_action” trace
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A 4

4 Line search algorithm

Implemented change in internal force line search
Added step length restrictions (heuristics)
Verified coarse and fine grid line searches

Ks ~ mt (V + ES) int (V)

oS

4 Algorithm Improvements

Search direction scaling factor

Nonlinear CG:

Line Search Algorithm

[

\

Fo,(v+s)-F,( ))
F._ (v +5)—s'F, (V)

V = velocity

S = search direction

F..t = internal force

K = tangent stiffness matrix
R = residual

¢ = scaling factor (default = 1.0)

.
Reduces risk of element inversion ¢~ 5[||||s|||| + 5]

0=1e-6 default
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i The Good, The Bad, and The Ugly

4 The Good
O Nonlinear CG compared versus journal paper algorithm
O RESET logic reviewed and organized
O Line search algorithms reviewed, bugs fixed for control modes version

0 Residual “flavors” identified, implemented and tested
Q Identical log files in JAS3D and Adagio

d The Bad
QO Incorrect orthogonality check in Adagio CG
O Extra CG reset found and corrected in JAS3D
O Algorithmic ordering issues identified and corrected in Adagio
O Possible consistency issues with AL & stress update for IS, SE, IF

4 The Ugly
0 Configuration not updated in JAS3D after periodic BCs were applied.
L Membrane hourglass incorrect in Adagio
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‘ Multilevel Solver

Summary

L New Multilevel Solver in Adagio
Rewritten instead of reworking old multilevel solver

Allowed complete control over algorithmic details
Adagio’s version of GSOLVE from JAS3D

Same solver algorithm sequence

Easily extendable, highly modular

4 Controls
Each control maintains convergence tolerances and iteration

counters
Modularity emphasized over abstraction (l.e. update method)

Matched solver actions to function names

4 Impact
JAS3D multilevel solver implemented in Adagio

Robust solution strategies for contact integrated
Both JAS3D and Adagio have benefited from high level of scrutiny
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Outline

» Use of JAS3D contact — Legacy Contact Library
« Solver improvements

 Material model status

« Capability test suite — High standard for comparison
with JAS3D
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i LAME Material Model Status

36 models implemented in LAME Some models of interest
_ currently in LAME
Regression tests for LAME _
. Adaqio and Prest e Elastic
gio and Presto
o small tests e Thermoelastic
— implementation verification e Incompressible Solid
Performance tests for LAME e Neo-Hookean
e Adagio and Presto e Mooney-Rivlin (with T-
o large tests dependent moduli)
— timing e Swanson

— convergence behavior

_ e Viscoelastic Swanson
Have over 100 tests in

Adagio/Presto * Viscoelastic
Need to complete documentation
o Theory Augmented-Lagrange
e Implementation Wrappers work for models
e User-guide both in Strumento and
o Test LAME
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V
P ' LAME Status & Planning

Named state variable output:
e Completed

Functions:
e Currently using SIERRA capability
e Stand alone fast LAME capability to come in the future

Structural models:
e Currently no plans for moving structural models over like plane stress
shell/membrane models or beam models

Operational Excellence Plans:

e Ultimate plan is to use LAME for all 3D solid material models

e Focus this year is on completing the transition to LAME
— library robustness -- in the computer science sense

(error reporting, compiler and platform issues, name conflicts, etc)

— documentation
— additional testing by beta users

e Additional planning needed for ITAR version of LAME
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Outline

p
» Use of JAS3D contact — Legacy Contact Library
« Solver improvements

 Material model status

« Capability test suite — High standard for comparison
with JAS3D
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Capability Test Suite 7 Element
Hex Patch

Testing basic capabilities to diagnose & align
algorithmic differences between Adagio & JAS3D

Subset A: Basic CG in multiple time steps in 1 soln period
Subset B: Basic CG with time steps in 2 soln periods

(2 soln periods used in all subsequent test sets)
Subset C: Control Stiffness (in 2 soln periods): All Scalings = 1
Subset D: Control Stiffness: K Scaling = 0.7
Subset E: Control Stiffness: 2G Scaling = 3.0 5 Element
Subset F: Control Stiffness: K Scaling = 0.7, 2G Scaling = 3.0 Membrane Patch
Subset G: Control Stiffness: Anisotropy Scaling = 0.7
Subset H: Control Stiffness: K Scaling =3.0, 2G Scaling = 3.0 —
Subset I: Control Stiffness: K scaling = 0.95, 2G scaling = 0.95
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‘ Capability Test Suite

Each capability test subset is nominally 49 problems:

Initial

(7 elements)
« Strain / Rotation Incrementation:

« MI: Midpoint Incrementation

» SO: Strongly Objective
* Hourglass Control for Deviatoric Behavior:

* UG: Uniform Gradient

« SD: Selective Deviatoric

* MX: Mixed Mesh (both UG, SD elements)
* Material Models:

« EL: Elastic

* IS: Incompressible Solid

 SE: Stiff Elastic

* MR: Mooney-Rivlin

« SW: Swanson

“Patch”
Test

« OE: 3D Orthotropic Elastic with isotropic inputs “Shear”
« OE2: 3D Orthotropic Elastic with orthotropic inputs Test
* FB: Fiber

» Applied Deformation:
* PATCH: Combined strain with no rotation ( [R] =[I] )
« SHEAR: Simple shear ( [R] #[1] )

Exercises broad range of capabilities
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Hourglass & Diagnostic Test Suites

* Diagnostic Test Suite:
« Raw CG
» Control Stiffness
« Control Modes
» Control Modes & Control Stiffness
» Control Modes & Control Contact
* Control Modes, Control Stiffness, & Control Contact

- Hourglass Test Suite:
* Hourglass modes:
* 4 for each coordinate direction
« Material models tested:
» Elastic, Incompressible Solid, Mooney-Rivlin, Orthotropic 3D Elastic,
Stiff Elastic, Swanson

\mlEiwiNe e

All Diagnostic Tests and Hourglass Tests Currently Pass
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Stringent Criteria for Capability Tests

x patch.o = (homefwhgilmalcsi_testsinn_test/pZipatch_seta/CD01_MI_FATCH_UG_EL) (1 of 2) - VIM ol s a]
sk Dalling OUASISTATIC SOLVER with time interval 1,000E-0F #x sk Dalling OUASISTATIC SOLVER with time interval 1,000E-0F ek

. . - ILY ITR  TIHE R R Rz RESIDUAL  RELATIVE  TOTAL IV ITR  TIME R RY Rz RESIDUAL  RELATIVE  TOTAL
Typlcal Crlte rla- LOAD MORM  IMBALANCE  ITRS LOAD MORM  IMBALANCE  ITRS
. 0 3,333E-04  0,000E400  0,000E+00 0,000E+00 1,7953RE+0F  0,08605 0 0 3,333E-04  0,000E¥00  0,000E+00  0,000E+00 1,7953RE+0F  0,08605 0

1 3,333E-04 0,000E+00 0,000E+00 0,000E+00 1,185G4E+02  0,14435 1 1 3,333E-04  0,000E+00 0,000E+00 0,000E+00 1,18564E+02  0,14435 1

RESETTIMG THE ITERATIVE STRATEGY, ORTHOGOMNALITY RATIO UAS 1,88579E-01 RESETTIMG THE ITERATIVE STRATEGY, ORTHOGOMNALITY RATIO UAS 1,88579E-01

oReSUItS Ag ree 2 3,333E-04  0,000E+00  0,000E+00 0,000E+00 5,35224E+01  0,06171 2 2 3,333E-04  0,000E+00  0,000E+00 0,000E+00 5,35224E+01  0,06171 2
7 3,333E-04  0,000E¥00  0,000E+00 0,000E+00 1,75767E+01  0,02075 3 7 3,333E-04  0,000E¥00  O,000E+00 0,000E+00 1,75767E+01  0,02075 3

4 3,333E-04  0,000E400  0,000E+00 0,000E+00 B, BI972E+00  0,01004 4 4 3,333E-04  0,000E400  O,000E+00 0,000E+00 B,BL97OEL00  0,01004 4

§ 3,333E-04 0,000E+00 0,000E+00 0,000E+00 1,B3857E+00  0,00200 5 § 3,333E-04 0,000E¥00  0,000E+00 0,000E+Q0 1,B3857E+00  0,00200 5

£ 3.333E-04 0,000E+00 0,000E+00 0,000E+00 9,80931E-01  0,00116 & 6 3,333E-04 0,000E¥00  0,000E+00 0,000E+00 9,80931E-01 0,001 g

7 O3,333E-04  0,000E400  O,000E+00 0,000E+00 3,45901E-01  0,00041 7 7 O3,333E-04  0,000E+00  O,000E+00 0,000E+00 3,45001E-01  0,00041 7

. . 8 3,333E-04 0,000E¥00  0,000E+00 0,000E+00 1,63RI9E-01  0,00013 ] 8 3,333E-04 0,000E+00  0,000E+00 0,000E+00 1,63EI9E-01  0,00013 a

. 9 3,2Z3E-04  0,000E+00  0,000E+00 0,000E+00 4 54372E-02 5, ZRIE-0R 3 9 3,ZZ3E-04  0,000E+00  0,000E+00 0,000E+00 4,B4372E-02 §,ZRIE-0R 3

Current Crlte rla. 10 3,333E-04  0,000E+00 0,000E+00 0,000E+00 1,86311E-02 2,195E-05 10 10 3,333E-04  0,000E+00 0,000E+00 0,000E+00 1,86311E-02 2,195E-05 10
11 3,333E-04  0,000E+00 0,000E+00 0,000E+00 8,89540E-03 1,048E-05 11 11 3,333E-04  0,000E+00 0,000E+00 ©0,000E+00 8,89540E-03 1,048E-05 11

12 3,333E-04  0,000E+00 0,000E+00 0,000E+00 2,38400E-03 2,B09E-06 12 12 3,333E-04  0,000E+00 0,000E+00 ©0,000E+00 2,38400E-03 2,B09E-06 12

.Results A gree 13 3,333E-04  0,000E+00 0,000E+00 0,000E+00 1,76453E-03 2,079E-06 13 13 3,333E-04  0,000E+00 0,000E+00 0,000E+00 1,76453E-03 2,079E-06 13
14 3,333E-04  0,000E+00 0,000E+00 0,000E+00 2,67327E-04  3,1G0E-07 14 14 3,333E-04  0,000E+00 0,000E+00 0,000E+00 2,67327E-04  3,1G0E-07 14

15 3,333E-04  0,000E+00 0,000E+00 0,000E+00 1,13630E-04 1,339E-07 15 15 3,333E-04  0,000E+00 0,000E+00 ©0,000E+00 1,13630E-04 1,339E-07 15

. 16 3.333E-04  0,000B+00 0,000E+00 0,000E+00 §,25336E-05 6,190E-08 16 16 3.333E-04  0,000E+00 0,000E+00 0,000E+00 §,25336E-05 6,190E-08 16

olte ratlon S MatCh 17 3,333E-04  0,000E+00  0,000E+00 O,000E+00 1,10172E-05 1,298E-08 17 17 3,333E-04  0,000E+00  0,000E+00 O,000E+00 1,10172E-05 1,298E-08 17
18 3.333E-04  0,000E+00 0,000E+00 ©0,000E+00 7,99554E-0F 9,420E-09 18 18 3.333E-04  0,000E+00 0,000E+00 ©O,000E+00 7,99554E-0F 9,420E-09 18

. 19 3,333E-04  0,000E+00 0,000E+00 ©0,000E+00 1,17555E-0F 1,385E-09 13 19 3,333E-04  0,000E+00 0,000E+00 ©0,000E+00 1,17555E-06 1,385E-09 13

Iterat|0n CountS 20 3,333E-04  0,000E+00 0,000E+00 0,000E+00 9,20123E-07 1,084E-09 20 20 3,333E-04  0,000E+00 0,000E+00 0,000E+00 9,20123E-07 1,084E-09 20

o 21 3,333E-04  0,000B+00 0,000E+00 0,000E+00 2,47526E-07 2,916E-10 21 21 3,333E-04  0,000E+00 0,000E+00 0,000E+00 2,47526E-07 2,916E-10 21

t h 2,233E-04  0,000E+00 0,000E+00  0,000E+00 &,40888E-08 [}, 373E-11 2,233E-04  0,000E+00 0,000E+00  0,000E+00 G,40888E-08  §,373E-11
. Residuals match
(W|th | n 1 e- 8) sk TIME STEF NUMEER 1 CONVERGED TO TARGETS, TIME = 3,3333333333E-04 ik wiek TIHE STEP MUMBER 1 COMVERGED TO TARGETS, TIME = 3,3333333333E-04 s

*#kk PLOT  STEP MUMBER 2 WRITTEM, SOLUTION TIME = 3,33333333E-04 4 ##k PLOT  STEP MUMBER 2 WRITTEM, SOLUTION TIME = 3,33333333E-04 4+

. CG Resets match
*Controls Match

Model problem ##k TIME STEP WUMBER 2 CONVERGED TO TARGETS, TIME = 6,GEEEEEEEETE-04 *4++ ##k TIME STEP WUMBER 2 CONVERGED TO TARGETS, TIME = B,GEEEEEGEETE-04 *+++

ILY IR TIME R¥ RY RZ RESTILAL RELATIYE TOTAL

LOAD HORH IMBALAMCE  ITRS

IV ITR  TIME R¥ RY RZ RESTILAL RELATIYE TOTAL

LOAD HORH IMBALAMCE  ITRS

°
h_ t . t h w44k PLOT  STEP MUMEER 2 WRITTEM, SOLUTION TIME = 6,BEEEEEETE-(4 *h+ ##k PLOT  STEP MUMEER 2 WRITTEM, SOLUTION TIME = 6,BEEEEEETE-(4 b
. ILY ITR  TIHE R¥ RY RZ RESITIAL RELATIVE  TOTAL ILY ITR  TIHE R¥ RY RZ RESIDUAL RELATIVE  TOTAL
LOAD MORH IMBALAMCE  ITRS LOAD MORH IMBALAMCE  ITRS
- SUain Brrors Mateh  uymes vmew somce omee omemageen ‘30 1imes ymen smee omeo cmmmer 3
w#HE TIME STEP MUMEER 2 COMVERGED TO TARGETS, TIME = 1,0000000000E-03 w#ak TIME STEP MUMEER 2 COMVERGED TO TARGETS, TIME = 1,0000000000E-0F

agic, log [RO]
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Verification Entities

What does Adagio/JAS3D comparison pass really mean?

» Gradient/Divergence & Kinematics operators:
« Same element strains from the same nodal displacements
« Same internal force from element stresses

 Stress evaluation:
« Same constitutive response from corresponding models

* Hourglass stiffness:
« Same hourglass resistances applied

» Diagonal / Block Preconditioners:
« Same or nearly same Level 0 equilibrium CG iteration path

* Multi-level solver:
« Same model problem series building up to full solution

* Predictor:
« Same starting point for the next time step
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All tests produce same stress results within 1e-6 relative tolerance

Capability Test Matrix

set A

set B

set C

set D

set E

set F

set G

set H

set |

Patch

Elastic

IncSol

StiffElas

Mooney

Ortho Ela

Ortho Ela2

Swanson

Fiber

fiber

Shear

Elastic

IncSol

Mooney

Swanson

Ml

SO

Ml

SO

Ml

SO

Ml

SO

Ml

SO

Ml

SO

Ml

SO

Ml

SO
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