LS-DYNA-®

KEYWORD USER'S MANUAL

VOLUME I

LS-DYNA R7.1

May 26, 2014 (revision: 5471)

LIVERMORE SOFTWARE TECHNOLOGY CORPORATION (LSTC)



Corporate Address

Livermore Software Technology Corporation
P. O. Box 712

Livermore, California 94551-0712

Support Addresses

Livermore Software Technology Corporation Livermore Software Technology Corporation
7374 Las Positas Road 1740 West Big Beaver Road

Livermore, California 94551 Suite 100

Tel: 925-449-2500 Fax: 925-449-2507 Troy, Michigan 48084

Email: sales@lstc.com Tel: 248-649-4728 Fax: 248-649-6328
Website: www.Istc.com

Disclaimer
Copyright © 1992-2014 Livermore Software Technology Corporation. All Rights Reserved.

LS-DYNA®, LS-OPT® and LS-PrePost® are registered trademarks of Livermore Software Technology Corpora-
tion in the United States. All other trademarks, product names and brand names belong to their respective
owners.

LSTC products are protected under the following US patents: 7167816, 7286972,7308387, 7382367, 7386425,
7386428,7392163,7395128, 7415400, 7428713, 7472602, 7499050, 7516053, 7533577, 7590514, 7613585, 7640146,
7657394, 7660480, 7664623, 7702490, 7702494, 7945432, 7953578, 7987143, 7996344, 8050897, 8069017, 8126684,
8150668, 8165856, 8180605, 8190408, 8200458, 8200464, 8209157, 8271237, 8296109, 8306793, 8374833, 8423327,
8467997, 8489372, 8494819, 8515714, 8521484, 8577656, 8612186, Japan patents 5090426, 5281057, 5330300,
5373689, 5404516, 5411013, 5411057, 5431133, China patents Z1.200910207380.5, Z1200910165817.3,
71.200910221325.1, Z1.200910246429.8, Z1.201010128222.3, Z1.201010132510.6, Z1.201010155066.X,
71.201010171603.X, ZL201010174074.9, Z1.201010287263.7, Z1.201110037461.2, European patent EP219192881
and pending patents applications.

LSTC reserves the right to modify the material contained within this manual without prior notice.

The information and examples included herein are for illustrative purposes only and are not intended to be
exhaustive or all-inclusive. LSTC assumes no liability or responsibility whatsoever for any direct or indirect
damages or inaccuracies of any type or nature that could be deemed to have resulted from the use of this
manual.

Any reproduction, in whole or in part, of this manual is prohibited without the prior written approval of
LSTC. All requests to reproduce the contents hereof should be sent to sales@lstc.com.

AES. Copyright © 2001, Dr Brian Gladman < brg@gladman.uk.net>, Worcester, UK. All rights reserved.
LICENSE TERMS

The free distribution and use of this software in both source and binary form is allowed (with or without changes) provided that:
1. distributions of this source code include the above copyright notice, this list of conditions and the following disclaimer;

2. distributions in binary form include the above copyright notice, this list of conditions and the following disclaimer in the
documentation and/or other associated materials;

3. the copyright holder's name is not used to endorse products built using this software without specific written permission.
DISCLAIMER

This software is provided 'as is' with no explicit or implied warranties in respect of any properties, including, but not limited to,
correctness and fitness for purpose.

Issue Date: 21/01/2002
This file contains the code for implementing the key schedule for AES (Rijndael) for block and key sizes of 16, 24, and 32 bytes.



*TABLE OF CONTENTS

TABLE OF CONTENTS

TABLE OF CONTENTS ... e s e s e s s s 0-1
INTRODUGCTION ...t st s s b e b e e s e e s e e s e e e a e e sae e sanesaneea 1-1
CHRONOLOGICAL HISTORY ...ttt s s s s 1-1
1989-19090 ... s 1-2
19011002 .. 1-4
1903-1904 ... 1-5

1905 L s 1-6

080 . e s 1-9

960 .. e 1-12

070 e e 1-17

LS 1-23

LS 1-31

OTRO6.7T s 1-37

R7.0 e e e 1-41

0 1-56
MATERIAL MODELS ... .o e s 1-72
SPATIAL DISCRETIZATION .....ooiiiiiii i s s s s s s 1-75
INTERFACE DEFINITIONS FOR COMPONENT ANALYSIS ... ..o 1-76
CONTACT-IMPACT INTERFACGES ... .o e e e 1-78
MODEL SIZING ... e e e e e s s 1-79
PRECISION ...t e e e e s s e e s e e e 1-80
GETTING STARTED ...t e e e e s a e e sa e e e sane e 2-1
DESCRIPTION OF KEYWORD INPUT .....oiiiiiiiiie e s 2-1
SUMMARY OF COMMONLY USED OPTIONS ..o 2-12
EXECUTION SYNTAX ...ttt s e s e e 2-13
SENSE SWITCH CONTROLS ..o s s s 2-16
PROCEDURE FOR LS-DYNA/MPP ... s 2-17
FILES e e e s 2-18
RESTART ANALYSIS ...t s e 2-20
VDA/IGES DATABASES. ... e e s 2-22
LS-PREPOST® .......oiiiiiiiiiieiie et e s s e ne s 2-22
EXECUTION SPEEDS ... s s s e e 2-24
UNIT S e e b s e s s s b e e b s e e s e sae s s e ne e 2-25

LS-DYNA R7.1 0-1 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

GENERAL CARD FORMAT ...ttt ettt sn e s sne e e e e e e enes 2-26
FAIRBAG ...ttt ettt ettt et h e et e e e R R e e R e e e ae e eae e e et e ar e e e e e ne e reeereeeneeneereeneas 3-1
FAIRBAG . ...ttt r e R e e e e et e e e Rt e r e e e a e e narenne e e en e neeneas 3-2
CORE CARDS ...ttt ettt ettt e s e s e e e e e e n e e s e e s reesreesanesaneeneens 3-3
*AIRBAG_SIMPLE_PRESSURE_VOLUME ......cccoiiiiiiiiicieesee e 3-10
*AIRBAG_SIMPLE_AIRBAG_MODEL ..ottt 3-12
*AIRBAG_ADIABATIC_GAS_MODEL......c.cotiiiiiiiesie e 3-15
*AIRBAG_WANG_NEFSKE .......oooiiiiiiiiiiiei ettt s 3-17
*AIRBAG_LOAD_CURVE ... .ottt s 3-33
*AIRBAG_LINEAR_FLUID ...ttt s 3-34
*AIRBAG_HYBRID ...ttt e e nane e 3-36
*AIRBAG_HYBRID_JETTING ..ottt 3-36
*AIRBAG_HYBRID_CHEMKIN ..ottt 3-44
FAIRBAG _ALE ...ttt ettt e e e e nne e 3-49
*AIRBAG_INTERACTION ...ttt ettt e e e sn e sae e naeenane e 3-63
*AIRBAG_PARTICLE ...ttt n e e nane e 3-65
*AIRBAG_REFERENCE_GEOMETRY ....ooiiiiiiiiiieiie et s 3-76
*AIRBAG_SHELL_REFERENCE_GEOMETRY .....ccciiiiiiiieiie st 3-78
B 4-1
*ALE_AMBIENT_HYDROSTATIC ... ottt 4-3
*ALE_COUPLING_NODAL_CONSTRAINT ....ooitiitieiiesee et 4-6
*ALE_COUPLING_NODAL_PENALTY ..ottt 4-9
*ALE_ESSENTIAL_BOUNDARY .....oiiitiiitieiiesee ettt ettt sseesnesre s neesneesnneeneene e 4-12
*ALE_FAIL_SWITCH_MMG.....cuii ittt e e sa e e e sanenene e 4-14
*ALE_FSI_PROUJECTION ...ttt n e sn e e e nanenane e 4-16
*ALE_FRAGMENTATION ...ttt e e n e sn e e e sanenaneens 4-19
*ALE_FSI_SWITCH_MMG ... ..ottt nane s 4-21
*ALE_FSI_TO_LOAD_NODE ......oo ittt sneene e 4-26
*ALE_MULTI-MATERIAL_GROUP ...ttt s 4-27
*ALE_REFERENCE_SYSTEM_CURVE ......ooiiiieieieee e 4-31
*ALE_REFERENCE_SYSTEM_GROUP.......oiiiiiieiieie ettt s 4-33
*ALE_REFERENCE_SYSTEM_NODE ..ottt s e 4-41
*ALE_REFERENCE_SYSTEM_SWITCH......oiiiiieieiiesie ettt s 4-43
FALE_REFINE ... e e e e s 4-45
*ALE_SMOOTHING ......coeiieeiie ettt e s e s e s e s e e san e e e e e sneesneenanenas 4-46
FALE _TANK TEST ...ttt e s e s e e e n e e ne e sr e e smeesnenaneeas 4-48

0-2 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

FALE_UP_SWITCH ...ttt e e e n e n e e e e e ea 4-52
“BOUNDARY ...ttt ettt sttt s e e s e s e e e e e st e s e e e s e e s ae e e e e e e e et e e sae e eae e naeenn e e ne e e re e e e e e e e e neeneeneas 5-1
*BOUNDARY_ACOUSTIC_COUPLING .....cccctiiieetietieniee sttt ne e 5-3
*BOUNDARY_ACOUSTIC_MAPPING ..ottt ettt 5-6
*BOUNDARY_ALE_MAPPING ... oottt sre e s s sn e e 5-7
*BOUNDARY_AMBIENT_EOS ... .ottt s ne e 5-12
*BOUNDARY_CONVECTION......coiuiiitietietiesiee sttt e e s s sre e s se e neesne e e e sanenaneeas 5-14
*BOUNDARY _COUPLED ... .ottt ettt sn e sne e e nane e 5-16
*BOUNDARY _CYCLIC ...ttt ettt nn e e e s anenne e 5-18
*BOUNDARY _FLUX ...ttt n e s sn e sae e san e e e e e ne e sneennnena 5-21
*BOUNDARY _MOCOL.... ottt e e sne s re s e s e e smeesneeneennee 5-25
*BOUNDARY_NON_REFLECTING ...ttt sne e 5-27
*BOUNDARY_NON_REFLECTING_2D ......cccciiiiieiieiie e 5-29
“BOUNDARY _PAP ...ttt sttt et st e s e s a e s b e e e s e e s e e s e e e e e e neesreesnnesanenneeas 5-31
*BOUNDARY_PORE_FLUID ..ottt ettt ne e 5-33
*BOUNDARY_PRECRACK. ... ettt sttt sne e smeesmn e neenne e 5-35
*BOUNDARY_PRESCRIBED_ACCELEROMETER_RIGID.......ccociiieieeiiesre e 5-36
*BOUNDARY_PRESCRIBED_FINAL_GEOMETRY ..ottt e 5-38
*BOUNDARY_PRESCRIBED_MOTION ......oiiiiiiieiesiiesiee et e e s sne e 5-40
*BOUNDARY_PRESCRIBED_ORIENTATION_RIGID ......oiiiiiiieieeieesee s 5-47
*BOUNDARY_PRESSURE_OUTFLOW......ooiiiiiiieitesiee et s 5-53
*BOUNDARY _PWP ...ttt ettt a e e b e e s s e s e e s e e e s e e eneesneesmeesneene e 5-54
*BOUNDARY _RADIATION ....ooitiiitiiete ettt ee e s sre s e sme e se e eneesneesneesanenanenas 5-58
*BOUNDARY_RADIATION_SEGMENT ......oiiiiiiiiiieiieeeesee e 5-60
*BOUNDARY_RADIATION_SEGMENT_VF.....coiiiiiiiieriiiieeee e 5-62
*BOUNDARY _RADIATION_SET .....ciiiiiiieeeee et 5-64
*BOUNDARY_RADIATION_SET_EF ..o 5-66
*BOUNDARY_RADIATION_SET _VF .. 5-67
*BOUNDARY _SLIDING_PLANE......cottitieiieeee ettt smee e e ne e 5-70
“BOUNDARY _SPC....cceeiie ettt ettt b e s s e e s e s e n e e s e e san e s e e e nneesneenanenas 5-71
*BOUNDARY _SPH_FLOW ...ttt sn e e e 5-74
*BOUNDARY_SPH_SYMMETRY_PLANE .....ooiiiiieiiesie et 5-77
*BOUNDARY_SYMMETRY_FAILURE ..ot 5-78
*BOUNDARY_TEMPERATURE ...ttt se e 5-79
*BOUNDARY_THERMAL_BULKFLOW......oeiiiiiiietestie ettt s 5-81
*BOUNDARY_THERMAL_BULKNODE .......cccottittiiteitiesiee e see e 5-82

LS-DYNA R7.1 0-3 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

*BOUNDARY_THERMAL_WELD ...ttt s 5-84
*BOUNDARY_USA_SURFAGQGE ... .ottt s 5-87
*BOUNDARY_ELEMENT_METHOD ..ottt sne s 5-1
*BOUNDARY_ELEMENT_METHOD_CONTROL ..ottt 6-2
*BOUNDARY_ELEMENT_METHOD_FLOW .....otiiiiiiiieieteeste et 6-4
*BOUNDARY_ELEMENT_METHOD_NEIGHBOR........ccociiiieieeesee e 6-6
*BOUNDARY_ELEMENT_METHOD_SYMMETRY ..ottt 6-10
*BOUNDARY_ELEMENT_METHOD_WAKE .......ooooiiieiie et s 6-11
FOASE . ..t h e e e e e et R e e R e R e e ea e e eae e e et e et e ne e ere e re e reeeneeeneeneeereereas 7-1
FOOMMENT .ttt st e e st e bt e e b e e e a e e e e e e e e e s e e s e e see e saeesaeeeanesase e st e e meesmneemneenreeneenneas 8-1
FCOMPONENT ...ttt st e bt b e e e e e e e e e e s e e e e e sa e e saeesaeeean e e s e e ene e smeesmeeemneemneeneeneas 9-1
*COMPONENT_GEBOD ..ottt e e s e e ne s 9-2
*COMPONENT_GEBOD _JOINT ...ttt 9-4
*COMPONENT_HYBRIDIII ...ttt e s 9-8
*COMPONENT_HYBRIDIH_JOINT ...ttt ettt sn e e e 9-11
“CONSTRAINED.......eeeee ettt ettt ettt e e et e e e e e e s e e s ae e s ae e s anesane s ne e s e e smeesmeeemneeneenseesrnesanenanenas 10-1
*CONSTRAINED_ADAPTIVITY ...ttt ettt sme e s e e ne e 10-3
*CONSTRAINED_BUTT_WELD..... .ottt ettt s sn e e ne e 10-4
*CONSTRAINED_COORDINATE ...ttt sr e e ne e 10-7
*CONSTRAINED_EULER_IN_EULER ..ottt e 10-11
*CONSTRAINED_EXTRA_NODES ..ottt sttt ee e 10-13
*CONSTRAINED_GENERALIZED_WELD ......ooiiiiiiiiieeieeeeeee et 10-15
*CONSTRAINED_GLOBAL ....cotiiiiie ittt sne e 10-27
*CONSTRAINED_INTERPOLATION. .....cttitiiatieeee ettt 10-29
*CONSTRAINED_INTERPOLATION_SPOTWELD ......ciiiiiiieieeee e 10-35
*CONSTRAINED_JOINT ..ottt me e sme e e e e e ne s 10-38
*CONSTRAINED_JOINT_COOR ..ottt 10-52
*CONSTRAINED_JOINT_STIFFNESS...... oottt s 10-59
*CONSTRAINED_JOINT_USER _FORGE .......oiiciiiieiie e 10-72
*CONSTRAINED_LAGRANGE_IN_SOLID .....ooiiiiiiiiiieciieiee e 10-73
*CONSTRAINED_LINEAR_GLOBAL ......ooiiiiiietieteesee ettt 10-94
*CONSTRAINED_LINEAR _LOCAL......cottitieieeee ettt 10-97
*CONSTRAINED_LOCAL ...ttt sttt n e e e nanenne e 10-100
*CONSTRAINED_MULTIPLE_GLOBAL .....ooitiitietieeee ettt 10-102
*CONSTRAINED_NODAL_RIGID_BODY ......uotiiieiieiiesee e see e e s s 10-105

0-4 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

*CONSTRAINED_NODE_INTERPOLATION. ...ttt e 10-114
*CONSTRAINED_NODE_SET ...ttt e s 10-116
*CONSTRAINED_POINTS ..ottt s e e sn e nae e e e 10-119
*CONSTRAINED_RIGID_BODIES. .........eeioti ettt 10-121
*CONSTRAINED_RIGID_BODY_STOPPERS ...t 10-123
*CONSTRAINED_RIVET ...ttt 10-126
*CONSTRAINED_SHELL_TO_SOLID .....ccciietiiieeteeeie et 10-128
*CONSTRAINED_SPLINE .....ooitiiiieiee ettt 10-131
*CONSTRAINED_SPR2......cccteeitieiie ettt st s e e s e e sn e r e e saeenanenne e 10-133
*CONSTRAINED_SPOTWELD ...ttt s 10-140
*CONSTRAINED_TIE-BREAK ... ettt 10-144
*CONSTRAINED_TIED_NODES_FAILURE ...ttt 10-145
FOONTACT ..ttt e st et e e bt e e h e e e ae e e e e e e e e e e e e e e e saeesaeesase s ne e seeameesmeeemneeaneeseesrnesaneeneens 11-1
FOONTACT ..ttt et b et e e e et e e e e e e e s e e e s e e e s aeesane s reeareeameesmeeemeeeneeaneesreesanenaneeas 11-2
OPTIONS FOR *CONTACT KEYWORD........cociiiitieiieeee ettt 11-2
ADDITIONAL CARDS FOR *CONTACT KEYWORD........c.coiiiiiieireeieereenee e 11-8

ID CARD. ...ttt ettt ettt r e e e e e e r e nreenanenne e 11-10

MPP CARDS. ...ttt sttt e e s s e r e e e n e e s e e s e e neenree s 11-11

CARD . e e e a et r e e s e e n e neere e 11-14

CARD 2. e et s r et r e s e en e neere e 11-17

CARD 3. ottt e r e n e e e e s e e e r e neereeas 11-22

CARD 4: AUTOMATIC_SURFACE_TIEBREAK........ciiiieieeieeeee e 11-24

CARD 4: SINGLE_SURFACE_TIED .....oooiiiiieiieere e 11-29

CARD 4: CONSTRAINT_..._TO_SURFAGQCE .......coiiieeteeeeeesee e 11-30

CARD 4: DRAWBEAD ......ooiiiiieiie ettt nesneene e 11-31

CARD 4: ERODING_..._SURFAGCE........ooiiiiiie e 11-41

CARD 4: SURFACE_INTERFERENQGE .......cciiiiiieee et 11-43

CARD 4: RIGID_TO_RIGID.......coiciitiesteesee e s e s 11-45

CARD 4: TIEBREAK _NODES........o oo 11-47

CARD 4: TIEBREAK _SURFAGQGE........co i 11-48

CARD 4: CONTRACTION_JOINT ....oiiiiiieetiesee ettt 11-50
THERMAL: ... e e e e 11-52
THERMAL FRICTION: ...ttt s 11-55
ORTHO FRICTION: L.ttt neene e 11-58
OPTIONAL CARD Al ..ottt sttt e e e e e e neene e 11-61
OPTIONAL CARD B ...ttt sttt st en e ne e 11-68

LS-DYNA R7.1 0-5 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

OPTIONAL CARD C: ...ttt s e e n e neenne e 11-70
OPTIONAL CARD D ..ottt ettt me e e e nne e 11-75
OPTIONAL CARD E: ...ttt e e e eneene e 11-78
GENERAL REMARKS: ...ttt 11-80
CONTACT EXAMPLES: ... oottt s ne e 11-91
*CONTACT_AUTO_MOVE .....oiiiiiiie ettt et 11-94
*CONTACT_COUPLING.....ccteetiestie sttt s e e e a e sr e e s e nanenne e 11-100
FCONTACT_ENTITY Lottt ettt s e et esre e e sne e ne e s 11-102
*CONTACT_GEBOD ..ottt s r e e e s 11-111
*CONTACT_GUIDED_CABLE ...t 11-115
*CONTACT_INTERIOR ...ttt 11-117
*CONTACT_RIGID_SURFAGE ..ottt 11-119
FOONTACT _TD ettt e e e e r e s a e e s e e e e e e e e e n e e sreesaeenaneenes 11-123
FCONTACT _2D ... ettt et et e e e b e e s e e s re e s e e ear e e e e e s e e nseesaeesaneenes 11-124
*CONTACT_2D_[SLIDING, TIED, & PENALTY].....cttiiieeereeree e 11-127
*CONTACT_2D_[AUTOMATIC, & FORCE_TRANSDUCER] .......cceveereereeereereeeieene 11-133
*CONTACT_2D_NODE_TO_SOLID.....ccutiiieeieeeeere e 11-141
FOONTROL ...ttt ettt e s e e e e e e e e e e e e e ae e s ae e s aeeease s seeeseesmeesaneemneeaneeseesrnesareeneens 12-1
*CONTROL_ACCURAQCY ...ttt ettt re e s s sme e e en e e sn e e sae e sanesane e 12-6
*CONTROL_ADAPSTERP ...ttt ettt ettt st n e sn e sre e sanenanenas 12-8
*CONTROL_ADAPTIVE ...ttt ettt sttt s n e s ss e s e e e s n e e neeeneesnnenas 12-9
*CONTROL_ADAPTIVE_CURVE ... .ottt 12-18
FCONTROLL_ALE ..ottt et s sae e s e e r e e ne e e e e emn e e e e e neeneas 12-20
*CONTROL_BULK_VISCOSITY ...ceiiiieiee ettt s s 12-26
*CONTROL_CHECK _SHELL......oiiiiiiieeeteeeeee ettt 12-28
*CONTROL_COARSEN. ...ttt ettt sne e e e e e s e s e e eneeneas 12-30
“CONTROL_CONTACT ...ttt sttt e e st se e s e e e s e e ae e s e e saeesneeneenneenneas 12-32
*CONTROL_COUPLING ...ttt ettt s s n e e sneene s 12-44
FCONTROL_CPU ...ttt r e r e ne e s e e s e e e e e e nneenneas 12-46
FCONTROL_CPM ...ttt sttt s e s r e e r e e ne e s e e smn e e e e e nneenneas 12-47
*CONTROL_DEBUG ..ottt sttt st smn e e e n e ne s 12-48
*CONTROL_DISCRETE_ELEMENT ...ttt e 12-49
*CONTROL_DYNAMIC_RELAXATION. .....uttiitieireeie ettt 12-51
FCONTROL_EFG ...ttt s e e n e e s e s e e e ne s 12-56
*CONTROL_ENERGY ...ttt ettt n e ne s 12-58
*CONTROL_EXPLOSIVE_SHADOW ......ooociiitieiieiee ettt nneas 12-60

0-6 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

*CONTROL_FORMING ..ottt ettt sn e s e e e sme e e e e neene s 12-61
*CONTROL_FORMING_AUTO_NET ...ttt s 12-62
*CONTROL_FORMING_AUTOPOSITION_PARAMETER ........ccooiiiieeeeeceeeeeeeee e 12-66
*CONTROL_FORMINGL_INITIAL_THICKNESS ........ccoiiiiiiierrere e 12-71
*CONTROL_FORMING_MAXID .....coctiiteeieeeee ettt s 12-74
*CONTROL_FORMING_ONESTERP.......oooiiiiiiiiieieeseesee e 12-76
*CONTROL_FORMING_OUTPUT ...ttt s 12-87
*CONTROL_FORMING_PARAMETER_READ .......ooiiiiieieeeeeee e 12-95
*CONTROL_FORMING_POSITION. ....cutiiiiirierieree e s 12-98
*CONTROL_FORMING_PRE_BENDING .......ooiiiiitiiiieieenee e 12-100
*CONTROL_FORMING_PROJECTION......ooiiiiiiiiie ettt 12-104
*CONTROL_FORMING_SCRAP_FALL ...ttt 12-106
*CONTROL_FORMING_STONING .......oooiiiiieieieriereeie e 12-111
*CONTROL_FORMING_TEMPLATE ......occieieiiesee et 12-118
*CONTROL_FORMING_TIPPING .....ocoitiiiieieeiieere ettt 12-126
*CONTROL_FORMING_TRAVEL ..ottt s 12-129
*CONTROL_FORMING_TRIM_MERGE........coiiiieieieee e 12-131
*CONTROL_FORMING_UNFLANGING ......cceeiiiiieerieeeee e e 12-134
*CONTROL_FORMING_USER.......cociiiieiieiesie et 12-139

*CONTROL_HOURGLASS....... oottt s a et e e e 12-143

*CONTROL_IMPLICHT ..ottt s 12-146
*CONTROL_IMPLICIT_AUTO ...ttt 12-147
*CONTROL_IMPLICIT_BUGCKLE.......oiiiiiiieiee ettt 12-152
*CONTROL_IMPLICIT_CONSISTENT_MASS ..ot 12-154
*CONTROL_IMPLICIT_DYNAMICS ... .ottt 12-155
*CONTROL_IMPLICIT_EIGENVALUE .......oooiiiiieie ettt 12-159
*CONTROL_IMPLICIT_FORMING ..ottt 12-163
*CONTROL_IMPLICIT_GENERAL ...ttt 12-178
*CONTROL_IMPLICIT_INERTIA_RELIEF ...t 12-183
*CONTROL_IMPLICIT_JOINTS ...ttt 12-184
*CONTROL_IMPLICIT_MODAL_DYNAMIC ..ottt 12-185
*CONTROL_IMPLICIT_MODAL_DYNAMIC_DAMPING .....cccccvriiriiriereeneenee e 12-187
*CONTROL_IMPLICIT_MODAL_DYNAMIC_MODE .......cccoiiiiireerieeeeeeesee e 12-189
*CONTROL_IMPLICIT_MODES_{OPTION} ...ttt 12-190
*CONTROL_IMPLICIT_SOLUTION ....ccttiitieeie ettt 12-193
*CONTROL_IMPLICIT_SOLVER ...ttt e e 12-204
*CONTROL_IMPLICIT_STABILIZATION_{OPTION} ...ttt 12-210

LS-DYNA R7.1 0-7 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

*CONTROL_IMPLICIT_STATIC_CONDENSATION_{OPTION}.......coeciriienianieeeen. 12-212
*CONTROL_IMPLICIT_TERMINATION ..ottt e 12-215
FCONTROL_MPRP ...ttt et ae e e e e e e et e nne e nae e s e s 12-217
*CONTROL_MPP_CONTACT_GROUPABLE ........ooociiieeenee e 12-219
*CONTROL_MPP_DECOMPOSITION_ARRANGE_PARTS......cce e 12-220
*CONTROL_MPP_DECOMPOSITION_AUTOMATIC ....oooiiiieieree e 12-221
*CONTROL_MPP_DECOMPOSITION_BAGREF ........cccoiiiirieire e 12-222
*CONTROL_MPP_DECOMPOSITION_CHECK_SPEED ......ccccoiiiireeieeeee e 12-223
*CONTROL_MPP_DECOMPOSITION_CONTACT_DISTRIBUTE.......cccceeieeereerenne 12-224
*CONTROL_MPP_DECOMPOSITION_CONTACT_ISOLATE......ccccerirrerreereeeeene 12-225
*CONTROL_MPP_DECOMPOSITION_DISABLE_UNREF_CURVES ..........ccoeeueene. 12-226
*CONTROL_MPP_DECOMPOSITION_DISTRIBUTE_ALE_ELEMENTS.................... 12-227
*CONTROL_MPP_DECOMPOSITION_DISTRIBUTE_SPH_ELEMENTS................... 12-228
*CONTROL_MPP_DECOMPOSITION_ELCOST ......ccotiiieieeniee e 12-229
*CONTROL_MPP_DECOMPOSITION_FILE ......ooiiiiiieieeee e 12-230
*CONTROL_MPP_DECOMPOSITION_METHOD .......ooiiiiirenienreeee e 12-231
*CONTROL_MPP_DECOMPOSITION_NUMPROC........cccciireerreriereeesee e 12-232
*CONTROL_MPP_DECOMPOSITION_OUTDECOMP .......cocoiiiiirierieeeeee e 12-233
*CONTROL_MPP_DECOMPOSITION_PARTS_DISTRIBUTE ........cccooiieeeeeeeeee 12-234
*CONTROL_MPP_DECOMPOSITION_PARTSET_DISTRIBUTE.........cccoi e 12-235
*CONTROL_MPP_DECOMPOSITION_RCBLOG ......ccoctieiieiienieenee e 12-236
*CONTROL_MPP_DECOMPOSITION_SCALE_CONTACT_COST ......ccceeiirrreneenne 12-237
*CONTROL_MPP_DECOMPOSITION_SCALE_FACTOR_SPH........cccoevimnirrrerenne 12-238
*CONTROL_MPP_DECOMPOSITION_SHOW ......ccociiiiiriieiienee e 12-239
*CONTROL_MPP_DECOMPOSITION_TRANSFORMATION ......cccceriirienninnee e 12-240
*CONTROL_MPP_IO_LSTC_REDUCGE ......cooiiiiiiiieieeesee e 12-242
*CONTROL_MPP_IO_NOBEAMOUT .....cociiiteiriere et 12-243
*CONTROL_MPP_IO_NODSDUMP ..ottt 12-244
*CONTROL_MPP_IO_NODUMP........ooiiiiiiaeie ettt 12-245
*CONTROL_MPP_IO_NOFAIL ... .ottt 12-246
*CONTROL_MPP_IO_NOFULL.....oiiiiiieieeee ettt 12-247
*CONTROL_MPP_IO_SWAPBYTES......cccoiiieieeteereesee et 12-248
*CONTROL_MPP_MATERIAL_MODEL_DRIVER ......ooiiiiiiiiiieieeeee e 12-249
*CONTROL_MPP_PFILE......eiiiie ettt 12-250
*CONTROL_NONLOGCAL ...ttt ettt s see e en e s e e s e sneesne s 12-251
“CONTROL_OUTPUT ...ttt s e e e s sne e ne e ns 12-252
*CONTROL_PARALLEL ...ttt 12-257

0-8 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

*CONTROL_PORE_FLUID ....oeitiiiie ittt 12-260
*CONTROL_PORE_AIR. .. ..ottt ettt s sere e e e e 12-266
*CONTROL_REFINE_ALE ...ttt s s 12-267
*CONTROL_REFINE_ALE2D ...ttt s s 12-272
*CONTROL_REFINE_MPP_DISTRIBUTION ..ottt 12-277
*CONTROL_REFINE_SHELL .....oiiiiiiiiiei et 12-279
*CONTROL_REFINE_SOLID .....oiiitiiiteietieee et s 12-283
*CONTROL_REMESHING......ccciiiiiiiieteee et nn e e 12-287
*CONTROL_REQUIRE_REVISION .....oiiiiiiiitietieee ettt 12-291
*CONTROL_RIGID ...ttt s s sae e sn e e a e e n e e ne e s e e e e eaes 12-293
FCONTROL_SHELL ... ettt s se e e eeee 12-296
“CONTROL_SOLID ..ctiiiie sttt s sr e s e e sae e s ne e re e sne e e e e enes 12-306
*CONTROL_SOLUTION ....coittetiestie ettt s r e s sn e e e sr e e e e e 12-308
FCONTROL_SPH. ...ttt sttt e s e e nee e s n e s re e ne e e s 12-309
*CONTROL_SPOTWELD_BEAM ......oiiiiiiie ettt 12-313
“CONTROL_START ...ttt ettt ettt ettt s e e e e e e e e e sr e e s a e e saeesaeesaeesneene e neeenes 12-317
*CONTROL_STAGED_CONSTRUGCTION ..ottt 12-318
*CONTROL_STEADY_STATE_ROLLING.......oiiiiiieieee et e 12-321
*CONTROL_STRUGCTURED ..ottt s s ne e 12-323
*CONTROL_SUBCYCLE...... ettt 12-324
*CONTROL_TERMINATION ... .oiiiiiii ettt 12-325
*CONTROL_THERMAL_EIGENVALUE .......cctiiiiteeeeee et 12-327
*CONTROL_THERMAL_NONLINEAR...... .ottt 12-328
*CONTROL_THERMAL _SOLVER ......oiiiiiieiiieeee ettt 12-330
*CONTROL_THERMAL_TIMESTEP ..ottt 12-335
*CONTROL_TIMESTERP..... oottt s s ne e 12-337
*CONTROL_UNITS .ottt s en e e e e e e e s 12-343
FDAMPING ...ttt sttt e e e e e e e R e e e ae e e et e ne e Re e e reeeneene e ne e eeenseenreenaneereen 13-1
*DAMPING_FREQUENCY _RANGE ... .ottt s 13-2
*DAMPING_GLOBAL ...ttt ettt r e e s e e e n e sa e e saeesanenanenas 13-5
*DAMPING_PART_IMASS ...ttt ae e e e n e e sne e nneesanenas 13-7
*DAMPING_PART_STIFFNESS ...ttt s 13-9
*DAMPING_RELATIVE: ..ottt s me e s e e ene s 13-11
FDATABASE ...ttt ettt ettt e et et e et e R e e R e e et e et e Re e R e e e e e ee e e e e e e e e teenneenaeeeneea 14-1
FDATABASE ...ttt e e e e r e e R e e r e e ae e e e e e e e e e e nreenanenneea 14-3
FDATABASE _ALE ... oottt e e 14-12

LS-DYNA R7.1 0-9 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

“DATABASE _ALE_MAT ...ttt sttt a e s an e s n e e n e ne e e e ennas 14-14
*DATABASE_BINARY ..ottt sttt e e e n e s re e ne e smnesne e n e e neenneas 14-15
*DATABASE_BINARY_D3PROP .......coiitiitietiesee ettt s 14-20
*DATABASE_CPM_SENSOR.....cccii ittt s sne e 14-21
*DATABASE_CROSS_SECTION. ...ttt 14-24
*DATABASE _EXTENT ..ottt s e e n e e ne e en e e s 14-28
*DATABASE_EXTENT_AVS ...t s 14-29
*DATABASE_EXTENT_BINARY ..ottt s e 14-34
*DATABASE_EXTENT_D3PART ...ttt 14-43
*DATABASE_EXTENT_INTFOR ....oooiiiiieiee ettt s 14-46
*DATABASE_EXTENT_MOVIE ..ottt 14-48
*DATABASE_EXTENT_MPGS.... ..ot 14-49
*DATABASE _EXTENT _SSSTAT ...ttt s s 14-50
“DATABASE_FORMAT ...ttt ettt s s e n e e s e e smn e e e neeneas 14-51
*DATABASE_FREQUENCY _BINARY ..ottt s 14-52
FDATABASE _FSI ...ttt s 14-56
“DATABASE_FSI_SENSOR.......eei ittt 14-60
*DATABASE _HISTORY ...ttt sttt s e sne e n e e e sneesnee s 14-63
“DATABASE _IMASSOUT ...ttt sttt esn e s ne s e e re e s e s e e e neene s 14-67
*DATABASE_NODAL_FORCE_GROUP.......cceiiiiiieetieeee ettt 14-68
“DATABASE_PAP_OUTPUT ....eiiiie ittt sne s 14-69
*DATABASE _PROFILE ... .ottt ettt e n e n e ne s 14-70
“DATABASE_PWP_FLOW... .ottt s 14-72
*DATABASE_PWP_OUTPUT ..ottt sttt n e ne s 14-73
*DATABASE_RCFORC_MOMENT .....oiiiiitiiieteese ettt 14-74
*DATABASE_SPRING_FORWARD ...ttt e s 14-75
*DATABASE_SUPERPLASTIC_FORMING ........ooiiiiiiiiieiee e 14-76
*DATABASE_TRACER ...ttt e e st 14-77
FDEFINE. ... e e e a e e e b e e s an e 15-1
*DEFINE_ADAPTIVE_SOLID_TO_SPH ...ttt e 15-5
FDEFINE_BOX ..ottt sttt sttt s e e s r e e r e e e a e e e e e e e e e ne e nn e e sneenanenaneea 15-8
*DEFINE_BOX _ADAPTIVE ...ttt ettt e e ne s 15-11
“DEFINE_BOX_COARSEN ... oottt 15-14
“DEFINE_BOX_DRAWBEAD ......ooiiiiiiiteetie ettt sne e 15-17
*DEFINE_BOX _SPH ...ttt sttt e e s me e e e e ne s 15-19
*DEFINE_CONNECTION_PROPERTIES. ..ottt 15-22

0-10 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

*DEFINE_CONSTRUCTION_STAGES .......oiiiietieiienie et 15-30
“DEFINE_CONTACT _VOLUME .......ooiiietieeenee ettt 15-31
*DEFINE_COORDINATE _NODES .......coti ittt 15-34
*DEFINE_COORDINATE _SYSTEM ...ttt 15-36
*DEFINE_COORDINATE _VECTOR ....ooiiiiietieiesee ettt s 15-40
*DEFINE_CPM_BAG_INTERACTION......coitiitietieeteesee ettt s e 15-42
*DEFINE_CPM_CHAMBER ... .ottt 15-43
*DEFINE_CPM_GAS_PROPERTIES ......ooooiiiieiieeie ettt 15-46
*DEFINE_CPM_VENT ...ttt st e e e e e e nneenneas 15-48
*DEFINE_CURVE...... .ottt s s n e e e s s e e n e e ne e sneeeneas 15-50
*DEFINE_CURVE_BOX_ADAPTIVITY ..ottt 15-53
*DEFINE_CURVE_COMPENSATION_CONSTRAINT .....ooiiiriirieeseesee e 15-58
*DEFINE_CURVE_DRAWBEAD .....cccuiiiiiitietietees ettt n e 15-64
*DEFINE_CURVE_DUPLICATE ..ottt ettt s 15-67
*DEFINE_CURVE_ENTITY ..ottt 15-68
*DEFINE_CURVE_FEEDBAGCK .......oo ittt s 15-70
*DEFINE_CURVE_FLC ...ttt 15-73
*DEFINE_CURVE_FUNGCTION ..ottt e s e e e 15-76
*DEFINE_CURVE_SMOOTH .....eiiiiiieeietee sttt 15-90
*DEFINE_CURVE_TRIM ...ttt 15-92
*DEFINE_DEATH_TIMES ...ttt s 15-105
*DEFINE_DE_ACTIVE_REGION ..ottt s 15-108
“DEFINE_DE_BOND ... .ottt s eere e e e e eaes 15-109
*DEFINE_DE_HBOND ... oo s 15-111
*DEFINE_DE_INJECTION ..ottt s e e 15-115
*DEFINE_DE_TO_BEAM_COUPLING.....ccueiitiitierieiienee e 15-117
*DEFINE_DE_TO_SURFACE_COUPLING ......cociiitieeieeee et 15-119
*DEFINE_DE_TO_SURFACE_TIED ....ccitiiiieteeteeeeeee et 15-121
*DEFINE_ELEMENT _DEATH... oo e e 15-123
*DEFINE_ELEMENT_GENERALIZED_SHELL.....cocuiiiiiiieieee et 15-125
*DEFINE_ELEMENT_GENERALIZED_SOLID .....oociiiiieieeieereeee et 15-130
FDEFINE_FILTER ... e e s e 15-133
*DEFINE_FORMING_BLANKMESH .......ooiiiiiiieeeeesee et 15-135
*DEFINE_FRICTION ...ttt sttt st nan e e e e e 15-141
*DEFINE_FRICTION_ORIENTATION......oeiitiitiiteeetee et s 15-144
*DEFINE_FUNGTION ..ottt s nn e e n e e e e 15-151
*DEFINE_FUNCTION_TABULATED......ooiiiiiie ettt 15-153

LS-DYNA R7.1 0-11 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

*DEFINE_GROUND_MOTION. ... .ottt 15-155
*DEFINE_HAZ_PROPERTIES ... oottt 15-156
*DEFINE_HAZ_TAILOR_WELDED_BLANK ...ttt 15-158
*DEFINE_HEX_SPOTWELD_ASSEMBLY ...ttt e 15-159
*DEFINE_MULTI_DRAWBEADS _IGES .......ccci ittt 15-161
*DEFINE_PBLAST_GEOMETRY ..ottt s 15-163
FDEFINE_PLANE ... e e s e 15-166
“DEFINE_SD_ORIENTATION ..ottt ettt 15-168
*DEFINE_SET_ADAPTIVE ..ottt 15-170
*DEFINE_SPH_DE_COUPLING .....cociiiieiie ettt 15-171
*DEFINE_SPH_TO_SPH_COUPLING .....cccti ittt 15-173
*DEFINE_SPOTWELD_FAILURE_{OPTION} ......ooiiiiiieeee ettt 15-176
*DEFINE_SPOTWELD_FAILURE_RESULTANTS......c.eiiiiitiereeeeee e e 15-180
*DEFINE_SPOTWELD_MULTISCALE ...ttt 15-182
*DEFINE_SPOTWELD_RUPTURE_PARAMETER .......coiiiiiiieieeee e 15-183
*DEFINE_SPOTWELD_RUPTURE_STRESS........ccoi it 15-186
*DEFINE_STAGED_CONSTRUCTION_PART ..ottt e 15-188
*DEFINE_STOCHASTIC_ELEMENT_SOLID_VARIATION. ..ottt 15-190
*DEFINE_STOCHASTIC_VARIATION ....ooiiiiiiitieeieeee e 15-191
FDEFINE_TABLE......cee e e e e e s 15-196
*DEFINE_TABLE_2D ... e e s e e 15-199
*DEFINE_TABLE_BD: ... e e s e e 15-201
*DEFINE_TABLE_MATRIX ... e 15-203
*DEFINE_TARGET_BOUNDARY ....ccttiitiiieereeereeeree e s ee s s e e sae s sse e e e e 15-207
*DEFINE_TRACER_PARTICLES 2D ..ottt 15-208
*DEFINE_TRANSFORMATION. ... oottt s e e s 15-209
*DEFINE_TRIM_SEED_POINT_COORDINATES......ccctt ittt 15-213
*DEFINE_VECTOR ...ttt s ne e e n e e e e 15-214
*DEFINE_VECTOR_NODES .......cooiiitiiti et 15-215
EXAMPLES......c ettt ettt et et e s e e e e s n e et e n e e e e e e neene s 15-216
*DEFORMABLE_TO_RIGID...... .ottt ettt ne e se e ee e e n e neesneeseeenaneens 16-1
*DEFORMABLE_TO_RIGID.....c.uiiiiiiiieieteeste ettt sn e snenne e 16-2
*DEFORMABLE_TO_RIGID_AUTOMATIC ......eiiiiiieeceiestee et s 16-3
*DEFORMABLE_TO_RIGID_INERTIA .. .ottt 16-8
=] PO 17-1
FEF _CONTROL ...ttt ettt e e s r e e s e s s e e s e e s e e e n e e sneesreenanenaneeas 17-3

0-12 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

FEF _GIRID ...ttt r e e e e e e e ne e r e e nre e nanenneeas 17-5
FEF_MATERIAL ..o e e e e s 17-6
FEF_TOGIGLES ... ettt ettt e e e n e e a e s re e nanenaneea 17-9
FELEMENT <. e e e s e e s a e s e e e s e e s 18-1
*ELEMENT_BLANKING ...ttt e e n e s ee e e s n e e neesneennne e 18-3
FELEMENT _BEAM....coi e e s e e e 18-4
*ELEMENT_BEAM_PULLEY ..o e s 18-18
*ELEMENT_DIRECT_MATRIX_INPUT ..ottt s e 18-20
*ELEMENT_DISCRETE ..ottt ettt st st sne e n e nnne s 18-23
*ELEMENT_DISCRETE_SPHERE ...t 18-26
*ELEMENT_GENERALIZED_SHELL ......oiiiiiieieee et 18-28
*ELEMENT_GENERALIZED_SOLID.......oiiiiiitietieeee ettt 18-30
FELEMENT_INERTIA L. e e e e 18-32
*ELEMENT_INTERPOLATION_SHELL. ...ttt e 18-35
*ELEMENT_INTERPOLATION_SOLID ...ttt 18-38
“ELEMENT_LANCING ..ottt ene s 18-41
FELEMENT _IMASS ... ..ottt sttt s e e e e s s e e s n e e n e e ne e e e emnas 18-48
*ELEMENT_MASS _MATRIX. ... ittt 18-49
*ELEMENT_IMASS _PART ...ttt sttt st e e e e nn e s ne e ne e sneeeneas 18-51
FELEMENT _PLOTEL ettt ne s 18-53
FELEMENT _SEATBELT ...ttt st 18-54
*ELEMENT_SEATBELT_ACCELEROMETER........ccoiiiiiiieiieeteetee e 18-57
*ELEMENT_SEATBELT_PRETENSIONER.......ccciiiiiiiieieeesee et 18-59
*ELEMENT_SEATBELT_RETRACTOR......coiiieieeesee sttt s 18-65
*ELEMENT_SEATBELT_SENSOR .....oooiiitietieie ettt 18-71
*ELEMENT_SEATBELT_SLIPRING .....c.uetitieieiesee et 18-75
FELEMENT _SHELL...... ittt st s 18-81
*ELEMENT_SHELL_NURBS_PATCH ..ottt 18-89
*ELEMENT_SHELL_SOURCE_SINK......oiiitiiieieiee ettt 18-96
FELEMENT _SOLID ..ottt s n e neene s 18-97
FELEMENT_SPH ..ottt st st s e e e 18-103
FELEMENT_TRIM ..o e e s e 18-105
FELEMENT _TSHELL.....oiieie ettt e 18-106
B = 1 PP P PRSPPI 19-1
*FREQUENCY_DOMAIN ...ttt sttt e e e e s e e s ae s s e e s e e s meesseeeaeeeneesseesanenaneeas 20-1
*FREQUENCY_DOMAIN_ACOUSTIC_BEM ..ottt s 20-2

LS-DYNA R7.1 0-13 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

*FREQUENCY_DOMAIN_ACOUSTIC_FEM..... .ottt 20-11
*FREQUENCY _DOMAIN_FRF ...ttt e 20-16
*FREQUENCY_DOMAIN_MODE.........ccoiiiiiiiietiesiie et sne e 20-23
*FREQUENCY_DOMAIN_PATH ...ttt s 20-25
*FREQUENCY_DOMAIN_RANDOM_VIBRATION.......cticiiiiirieestee e 20-26
*FREQUENCY_DOMAIN_RESPONSE_SPECTRUM ......ccociiiiiiesiesee e 20-37
*FREQUENCY_DOMAIN_SSD ......oiiiiiiiiiiieir et n e 20-42
FHOWURGLASS ...ttt ettt ettt s e e b e e s a e e s ae e s e e e te e e se e saeesanesaneene e e e e nseesnnesanenaneens 21-1
FINCLUDE ... ettt st e e e e e e e s e e s ae e s e e et e s n e e s e e smeesmeeeme e e s e e nseesreesanenaneens 22-1
FINCLUDE ...ttt e e e st e s e s e s b e e e n e e s me e saeesaeeeneesneesneesanenanenas 22-2
*INCLUDE_COMPENSATION ...ttt ettt s e e neeneas 22-15
*INCLUDE_MULTISCALE_SPOTWELD .....oiiiiitiiteeiesee e 22-25
*INCLUDE_TRIM ...ttt s sn et e e e e e e e e e e e neene s 22-28
FINTTIAL <o e e a s b e s e s s e e s e e s s b e e sbe e s shae s snn e s saan e s nee e 23-1
*INITIAL_AIRBAG_PARTICLE_POSITION.......oiiiiiiieiiesie ettt 23-3
*INITIAL_ALE_MAPPING ..ottt s s ne e smn e s n e neenne e 23-4
*INITIAL_AXIAL_FORCE_BEAM......cutiitieieeee ettt sttt ne e 23-7
*INITIAL_DETONATION ...ttt ettt se e s sm e reesme e e e ne e sn e sneesanenane e 23-8
*INITIAL_FIELD _SOLID ...ttt ne e e nane s 23-11
*INITIAL_FOAM_REFERENCE_GEOMETRY ..ottt e 23-13
*INITIAL_GAS_MIXTURE ......oiitiiiieiie ettt s ne e e e e ene s 23-14
*INITIAL_HYDROSTATIC_ALE ...ttt e s 23-16
*INITIAL_IMPULSE_MINE ..ottt s s 23-19
*INITIAL_INTERNAL_DOF _SOLID.......coitiieiiiiereeteese et 23-23
*INITIAL_MOMENTUM ..ottt sn e e s e e eneene s 23-25
FINITIAL_PWP_DEPTH ... e e e e e s 23-26
*INITIAL_STRAIN_SHELL...c..oiiiee ettt s s 23-27
*INITIAL_STRAIN_SOLID ...ttt ettt me e s eneene s 23-29
*INITIAL_STRAIN_TSHELL......ctiitieeeeee ettt s s 23-31
*INITIAL_STRESS _BEAM ..ottt 23-32
*INITIAL_STRESS _DEPTH ...ttt e s 23-34
*INITIAL_STRESS _SECTION ..ottt n e ne e 23-36
*INITIAL_STRESS _SHELL......oiiiiiie ettt 23-38
*INITIAL_STRESS _SOLID .....oiiiiie ettt s s n e snne s 23-42
*INITIAL_STRESS _SPH ... ittt ne s 23-47
*INITIAL_STRESS _TSHELL.....c.tiitieiee ettt e s 23-48

0-14 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

*INITIAL_TEMPERATURE ... s s 23-51
*INITIAL_VEHICLE_KINEMATICS ..ottt 23-53
*INITIAL_VELOCITY ettt ettt sn e e e ne e s e e e e e s 23-56
*INITIAL_VELOCITY_NODE ...ttt s s 23-59
*INITIAL_VELOCITY_RIGID_BODY .....cuttitiereeteesee et sne s smee e e ne s 23-60
*INITIAL_VELOCITY_GENERATION ..ottt 23-61
*INITIAL_VELOCITY_GENERATION_START_TIME ..ottt 23-64
FINITIAL_VOID ...ttt r e st e esae e s s e e n e e n e e s me e s e e eneeneas 23-65
*INITIAL_VOLUME_FRACTION ... ettt s 23-66
*INITIAL_VOLUME_FRACTION_GEOMETRY ....oeiitiiiiieieeeeesiee et 23-67
FINTEGRATION ...ttt ettt st e e e e e s e e e s ae e s s e s s e e n e e e me e s meeemeeeeeeseesrnesanenaneens 24-1
*INTEGRATION_BEAM ...ttt ettt n e sn e sre e sanenane e 24-2
*INTEGRATION_SHELL ...ttt s 24-17
FINTERFAQGE. ... ettt et e e et e e e s ae e s e e st e s be e s e e e me e s e e eme e e s e e nseeseeenanenaneeas 25-1
*INTERFACE_BLANKSIZE ...ttt s s 25-3
*INTERFACE_COMPENSATION_NEW ... .ottt s 25-21
*INTERFACE_COMPONENT_FILE ...ttt s 25-42
*INTERFACE_COMPONENT ... .ottt s s s 25-44
*INTERFACE_DE_HBOND .....ooiiiiii ettt 25-46
*INTERFACE_LINKING_DISCRETE_NODE .......ooiiiiiiieiieieesee et 25-49
*INTERFACE_LINKING_EDGE ........ccciiiiiitieciese ettt 25-50
*INTERFACE_LINKING_FILE ..ottt 25-51
*INTERFACE_LINKING_NODE .......coii ittt s 25-52
*INTERFACE_LINKING_SEGMENT ......ooiiiiieiesee sttt s 25-54
*INTERFACE_SPRINGBAGCK ..ottt 25-55
FINTERFACE_SSI ...ttt s ne e e ne s 25-60
*INTERFACE_SSI_AUX ...ttt s en e 25-64
*INTERFACE_SSI_AUX_EMBEDDED ........ooiiiitieiieiie et s 25-65
*INTERFACE_SSI_STATIC ...ttt s en e 25-67
FKEYWORD ...ttt ettt st sttt et st e e e e e e e s e e s ae e s e e s s e e se e neeemeesmeeene e e e e neenneenaneeneen 26-1
FLOAD e h e e e e e R e e R e e e R e e e et e et e aRe e ReeeReeeae e neene e e neenreeeneenarenneen 27-1
*LOAD_ALE_CONVECTION ... .ottt ettt se e ene e sn e sneesanenneeas 27-3
FLOAD_BEAM ...ttt st r e n e e e e e r e nre e naeenneea 27-5
FLOAD _BLAST ...ttt et e e et r e e h e s e e n e e n e n e e n e e e e e e r e e nreenaeenneea 27-7
*LOAD_BLAST_ENHANGED......ccotiiitiitieetie ettt e s 27-10

LS-DYNA R7.1 0-15 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

*LOAD_BLAST_SEGMENT ..ottt s 27-15
*LOAD_BLAST_SEGMENT _SET ....coiiiiiiiieetieieesee et e s 27-16
“LOAD_BODY ...ttt sttt st h e a e n e e n e n e e e s e e e e neene s 27-17
*LOAD_BODY_GENERALIZED ......cccuiiiiieteeteeteeeee ettt s 27-22
*LOAD_BODY_POROUS ......oooiiiiieiie ettt ettt r e s esnesneeneenneenneas 27-25
*LOAD_BRODE ...ttt as 27-28
*LOAD_DENSITY _DEPTH ...ttt s s 27-30
*LOAD_ERODING _PART _SET ...ttt ettt st e e s sne e e e e e s 27-32
*LOAD_GRAVITY _PART ..ottt s se e e e s e e s e neenneenneas 27-34
*LOAD_HEAT_CONTROLLER...... .ottt 27-36
*LOAD_HEAT_GENERATION. ....coiii ittt 27-37
FLOAD_IMASK ..ttt ettt ettt h e a et r e e n e n e e e e e n e ne s 27-39
*LOAD_MOTION_NODE ..ottt ettt sn e e sre e s eesneene s 27-41
*LOAD_MOVING_PRESSURE ......ooctiiietieiie ettt s 27-43
FLOAD_NODE ......oiiiieiie ettt ettt et a e e ae e e e n e e n e e ne e e e e e e neeneas 27-45
*LOAD_REMOVE _PART ..ottt e e sn e s n e s ne e e e e 27-48
*LOAD_RIGID_BODY ....oiitiitiiiteestie et e e s se e sse e sae e sae e sanesneeene e neesne e s e e sneenees 27-50
*LOAD_SEGMENT ...ttt ettt et s e sr e s n e e n e e e e s e e e e e e e e ne s 27-53
*LOAD_SEGMENT_FSILNK ...ttt 27-57
*LOAD_SEGMENT_NONUNIFORM ......coiiiiiitieitieiie sttt 27-60
*LOAD _SEGMENT _SET ...ttt smn e e e neas 27-63
*LOAD_SEGMENT_SET_ANGLE ..ottt s 27-65
*LOAD_SEGMENT_SET_NONUNIFORM ..ottt 27-67
*LOAD_SEISMIC _SSH....co ittt st n e s e e n e nne s 27-69
FLOAD_SHELL ...ttt e s r e s e n e s 27-72
*LOAD_SPCOFORGQC ...ttt er e st e e s e s ne e n e re e s e e e e e ne s 27-75
FLOADL_SSA. .ttt r e h e e eae e eae e er e e r e e R e e e e e e e ee e e e e neenean 27-76
*LOAD_STEADY_STATE_ROLLING ..ottt e 27-80
*LOAD_STIFFEN_PART ...ttt e s e e s sn e e eneas 27-84
*LOAD_SUPERPLASTIC_FORMING ......ccctiiiiiiieiie et 27-86
*LOAD_SURFACE_STRESS ... .ottt 27-92
*LOAD _THERMAL .....c ettt ettt sn e e r e n e e e e e e e e e e e neennees 27-94

*LOAD_THERMAL_CONSTANT ..ottt e s 27-95

*LOAD_THERMAL_CONSTANT_ELEMENT ..ot 27-97

*LOAD_THERMAL_CONSTANT_NODE .....cctiiiiieienee e 27-98

*LOAD_THERMAL _D3PLOT ...ttt s 27-99

*LOAD_THERMAL_LOAD_CURVE .......ooiiiiiieeeeeteeee et e 27-100

0-16 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

*LOAD_THERMAL _TOPAZ ...ttt 27-101
*LOAD_THERMAL_VARIABLE ......co ottt 27-102
*LOAD_THERMAL_VARIABLE_BEAM ......ooiiiiiiietieee et 27-104
*LOAD_THERMAL_VARIABLE_ELEMENT .....coiiiiiieieieee e 27-106
*LOAD_THERMAL_VARIABLE _NODE .......ooiiiiiiiieeieeee e e 27-107
*LOAD_THERMAL_VARIABLE _SHELL ......ooiiiiiiiieieeeee e e 27-108
*LOAD_VOLUME_LOSS ...t 27-110

FINODE .ttt et e bt e h e e e e et et e e e e R e e e R e e e ae e e et e ne e Re e re e eeeeeeene e e neenreenreenareeneen 28-1
FINODE .ttt e e e e e e e e a e e Rt e e h e e e e e e e e e et e ne e nr e e nreenanenneea 28-2
*NODE_MERGE_SET ...ttt ettt st en e sne e s ae e e e sn e sne e nanenane e 28-4
*NODE_MERGE_TOLERANGE ...ttt ettt eneene e 28-5
*NODE_RIGID_SURFAQCE ......coiieiteeiie ettt sne e re e e e e e e ne e 28-6
“NODE_SCALAR ... ettt st e e e e st e e b e e saeesanesn e e s e e s neesmeesmreenenanenas 28-7
*NODE_TRANSFORM ... ottt ettt ettt re s s e e s e e sae e e n e e sneesreesanenane e 28-9
PARAMETER ... e e e e e e 29-1
PARAMETER ... e e e e s 29-2
*PARAMETER_DUPLICATION . ...ttt 29-4
*PARAMETER_EXPRESSION ..ottt s e s 29-5

B PO 30-1
P A R T e e e e b 30-2
*PART_ADAPTIVE_FAILURE ... e 30-12
FPART_ANNEAL ... e e e e e s e s 30-13
“PART_COMPOSITE......c ettt e e e n e e n e sn e s re e sanenane s 30-14
“PART_DUPLICATE ...ttt ettt e e s s e n e ne e s me e s me e sneene s 30-21
FPART_IMODES ...ttt s e e e r e e s e s e e e en e ne e s 30-23
FPART_SENSOR ...ttt ettt e s e san e s s e n e e ne e sne e s e e e e e nees 30-27
FPART_IMOVE ... ettt ettt et e s e s e e s n e e n e e re e s ne e s e e e e e eneas 30-28

P ARTICLE _BLAST ..ottt ettt et e e e s e e e s e e be e e s e e s e e saeeen e e neeteesreenanenaneens 31-1
*PERTURBATION. ...ttt ettt st e s e s e e s s e s ne e me e s meesmneemneeneeneesreesaneeaneens 32-1
*PERTURBATION. ...ttt s eem e s e e s e e e e e n e e nn e e saeenanenanenas 32-2

FRAIL e e e e b ae e b s e e e e s a e e e e 33-1
FRAIL_TRAGCK ...ttt ettt st e e a e s e e s ae e s s e e b e e e s e e e meeemeeemeeeneenneesreesanesanenas 33-2
FRAIL_TRAIN L e e e e e s e e s san s s 33-8
FRIGIDWALL ...ttt ettt st e s e e s ae e s s e s s e e s e e e m e e sme e smeeeaneeseesrnesaneenneens 34-1

LS-DYNA R7.1 0-17 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

*RIGIDWALL_FORCE_TRANSDUCGER........ciitiitieiesiiestee ettt s 34-2
*RIGIDWALL_GEOMETRIC ...ttt e e 34-4
“RIGIDWALL _PLANAR ... ettt et s e s st e s e e smeesmne e e e e neenneas 34-12
ST =L 1 6 PP P PR TRTPRUPRRTN 35-1
FSECTION _ALETD ...ttt st e e s e e e smneemn e e neennee 35-2
*SECTION_ALE2ZD..... .ottt ettt e e s s e e e s e e sme e smn e e e e e neennee 35-4
*SECTION_BEAM.... .ottt e s s n e e e e s e s e e smeeereeneennee 35-5
*SECTION_BEAM_AISC ...ttt e n e 35-22
*SECTION_DISCRETE ...ttt n e e r e s e e e e s 35-25
*SECTION_POINT_SOURGCE .....coiiiiii ettt s 35-28
*SECTION_POINT_SOURCE_MIXTURE........otiiiiiieiiieiieree e 35-31
FSECTION _SEATBELT ...ttt ettt n e e s me e s e e ne s 35-37
FSECTION _SHELL.....coieee ettt s s e e e e s 35-39
*SECTION _SOLID ..ottt nn e s se e ne e s e e smn e e e e e n e e e s 35-55
FSECTION_SPH ...ttt et sn e e n e e e e re e e e e ae e neeneas 35-67
FSECTION _TSHELL ..ot s n e ne s 35-70
BEST = VST OO P R PR TR URTOPRUPRTIN 36-1
*SENSOR_CONTROL ...ttt st e e e e sn e sae e sanenane e 36-3
*SENSOR_DEFINE_CALC-MATH ...ttt s s 36-6
*SENSOR_DEFINE_ELEMENT ..ottt s s 36-8
*SENSOR_DEFINE_FORGCE ... .ottt s e 36-10
*SENSOR_DEFINE_FUNCTION .....coiiiiiiitietieieesee et ee e 36-12
*SENSOR_DEFINE_MISC ...ttt 36-13
*SENSOR_DEFINE_NODE ..ottt e s re e s neene s 36-14
*SENSOR_SWITCH. ...ttt en e e ne e s e e e 36-16
*SENSOR_SWITCH_CALC-LOGIC ..ottt s s 36-17
*SENSOR_SWITCH_SHELL_TO_VENT ..ottt s 36-19
ST = TP URTOPRUPRRTN 37-1
FSET_BEAM ..ottt e e r e r e e a e e e e e er e e ne e r e nreenanenneea 37-3
*SET_BEAM_ADD ...ttt n e r e naeenane e 37-6
*SET_BEAM_INTERSECT ...ttt 37-7
FSET_DISCRETE ...ttt ettt e s s s e e r e e s e e s me e s e e e neesn e e sneesanesanenas 37-8
*SET_DISCRETE _ADD ..ottt e n e ne s 37-11
FSET_MODE ...ttt ettt e e e e e s a e s e e s e e e n e e n e e e e e e en e e n e neenean 37-12
ST = /LU I OO OPPRP SRR 37-14
*SET_MULTI-MATERIAL_GROUP_LIST ...ttt s 37-14

0-18 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

FSET _INODE..... ettt e e e s b e e e e s e e et e n e e n e e e e e e n e e r e n e neas 37-16
*SET_NODE _ADD ...ttt sttt ss e s e sn e s n e s s e e ne e ene e smn e e neeneenneas 37-21
*SET_NODE_INTERSECT ...ttt e s en e ne s 37-23

ST = B N OO U P PSPPSR 37-24
FSET_PART _ADD ...ttt s e s e e e s e e s n e e s e e s e e en e e n e nne e e s 37-28
FSET_SEGIMENT ...ttt b e s e s e e s r e e n e e ne e s me e s e e e e e neas 37-30
*SET_SEGMENT_ADD ...ttt s s e e e ne s 37-35
*SET_SEGMENT_INTERSECT ...ttt s s 37-36
FSET_2D_SEGMENT ...ttt e e s n e e e r e re e s ae e saneene s 37-37

FOET _SHELL ...ttt e n e ne s 37-39
FSET_SHELL _ADD ...ttt st sn e s e me e smn e e e neene s 37-44
*SET_SHELL _INTERSEQCT ...ttt s s smne s 37-45

FSET _SOLID .ttt ettt s n e e e e e n e ne s 37-46
FSET_SOLID_ADD.....ci ittt sttt e et e s e sae e sanesane s r e e n e e e ne e s e e e n e e ne s 37-50
*SET_SOLID_INTERSECT .....oiitieiie ettt ettt s en e neennee s 37-51

FOET _TSHELL .ottt s eer e se e s e s e e n e e n e e ne s 37-52
FTERMINATION ...ttt et e st s e e e e st e e s e e s e e sane e s e e s e e smeesmeeeaneeseesreesanenaneens 38-1
*TERMINATION_BODY ...ttt sttt n e sa e sae e e e e e e sne e sneesanenas 38-2
“TERMINATION_CONTACT ...ttt ettt n e sn e sse e sse e e e s n e e sne e saeenanenas 38-3
*TERMINATION_CURVE ...ttt ettt s n e sn e sne e e 38-4
*TERMINATION_DELETED_SHELLS ...t e 38-5
*TERMINATION_DELETED_SOLIDS ......oooiiiiiiiieeiese et se e e 38-6
“TERMINATION_NODE ...ttt n e s s s ae e e e s e e e sne e sneesanenas 38-7
*TERMINATION_SENSOR ...ttt ettt e e en e sn e sne e nanenaneeas 38-8

S I 1 PO 39-1
FUSER ettt e e r e e e R e e e et e et e re e R e e e Reeeeeereee e e neenreesreenarenreen 40-1
FUSER_INTERFAQCE ...ttt sttt s en et e e e n e e e e ne e e e nane e 40-1
FUSER_LOADING ... .ceiitietiesiee ettt ettt s se et e s aee s e s e s se e s seesme e s e e s e e e neesneesreesanesanenas 40-3
“USER_LOADINGL_SET .....oiitiitieeee et ettt s ee e s s re s s e s e e sme e s e e neesneesnnesanenanenas 40-4
RESTART INPUT DATA .ottt sttt st r e s e e e s e e s e e e e e s b e e s aeesmnesaneeresmneeneenneas 41-1
FOHANGE ...t ettt ettt e e a e e s e e s aee e r e e bt e e a e e s ae e e e e et e e nneenanenaneeas 41-3
BOUNDARY_CONDITION ...ttt s s 41-3
CONTACT_SMALL_PENETRATION ... .ottt e 41-4
CURVE_DEFINITION ...ttt ettt e e s 41-4

OUTPUT ..ttt r e e e e e e s e e st e b e e s ae e sareeae e e s e e sreesenenanenane 41-5

LS-DYNA R7.1 0-19 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

RIGID_BODY_CONSTRAINT ...ttt 41-5

RIGID_BODY _INERTIA ...ttt e 41-6
RIGID_BODY_STOPPERS ...ttt s 41-7
STATUS_REPORT_FREQUENCY .....ccoiiiiiiiteeieeesee et 41-9
THERMAL_PARAMETERS.........otiiieiie ittt 41-10
VELOCITY_INODE ..ottt s s 41-11

VELOCITY ettt st e e e e en e e ne e sne e naneemnas 41-12
VELOCITY_RIGID_BODY ...ttt e 41-13
VELOCITY_ZERO ...ttt n e sne e e e e 41-14
*CONTROL_DYNAMIC_RELAXATION. ...ttt ettt siee et 41-15
FCONTROL_SHELL ...ttt s st en e e n e nneenne s 41-17
*CONTROL_TERMINATION ......eiiiiie ittt 41-19
“CONTROL_TIMESTEP.....c ettt n e e e e sneennee s 41-20
*DAMPING_GLOBAL ...ttt s s e s e re e s aeesmn e e e e neenneas 41-22
FDATABASE ...ttt ettt e e r e e e n e e r e n e e e e ene e e neeneas 41-23
*DATABASE_BINARY ...ttt ettt e e e s e s ne e s e e smn e sne e eneenneenneas 41-25
*DELETE_OPTION. ...ttt ettt sttt s s en e ene e s san e s n e e e e sne e enee e 41-26
*INTERFACE_SPRINGBACK _LSDYNA ... oottt ettt 41-28
*RIGID_DEFORMABLE ...ttt 41-30
*RIGID_DEFORMABLE_CONTROL ...ttt 41-31
*RIGID_DEFORMABLE_D2R ...ttt s s 41-32
*RIGID_DEFORMABLE_R2D ..ottt s 41-33
*STRESS_INITIALIZATION .. ...ttt ettt re e s s n e ne s 41-34
FTERMINATION ...ttt ettt r et sae e s e e s n e e n e e re e s me e s e e e e e eneas 41-36

I L OO 41-39
REFERENGES. ... oottt sttt e e s e e e e e e et e s ae e sae e sae e s an e e ne e neenneesmeeeneeneenneas 42-1
APPENDIX A: USER DEFINED MATERIALS. .......ooiie ettt 43-1
APPENDIX B: USER DEFINED EQUATION OF STATE ...ccueiiii e 44-1
APPENDIX C: USER DEFINED ELEMENT INTERFACE FOR SOLIDS AND SHELLS........cccoovriinienne 45-1
GENERAL OVERVIEW ...ttt n e sne e s s sneen e nneeenes 45-2
RESULTANT/DISCRETE ELEMENTS ... .oiiiiieie ettt 45-5

EXTRA DEGREES OF FREEDOM .......oiiiiiiiiiiieiie et 45-5
RELATED KEYWORDS: ......ooiiieitieiee ettt et see e s sne s s e s e e smnesneeneesneenneas 45-6

THE *SECTION_SHELL CARD........oiiitiiieiie ettt 45-6

THE *SECTION_SOLID CARD ......ooiitiiiiiieestee sttt sne e ene e 45-8

0-20 (TABLE OF CONTENTS) LS-DYNA R7.1



*TABLE OF CONTENTS

SAMPLE USER SHELL ELEMENT 101 (BELYTSCHKO-TSAY SHELL).....cccceeiiriiiiierieeenns 45-10
SAMPLE USER SOLID ELEMENT 101 (CONSTANT STRESS SOLID) ......covoeeroierierneereereenns 45-13
EXAMPLES......ceieeeee ettt ettt e s e s e s e e b e e n e e e me e sae e e et e n e r e e nneenanenaneea 45-16
APPENDIX D: USER DEFINED AIRBAG SENSOR ......cccoiiiiiiii e 46-1
APPENDIX E: USER DEFINED SOLUTION CONTROL ...ccueiiiiiieeie et se e se e ene e 47-1
APPENDIX F: USER DEFINED INTERFACE CONTROL ......oiiiiiiiiie e 48-1
APPENDIX G: USER DEFINED INTERFACE FRICTION AND CONDUCTIVITY ....occiiiieieenee e 49-1
APPENDIX H: USER DEFINED THERMAL MATERIAL MODEL ......cccoi it 50-1

APPENDIX I: OCCUPANT SIMULATION INCLUDING THE COUPLING TO THE CAL3D AND MADYMO

PROGRAMS ...ttt ettt e st e st e e e e s e e e sae e s as e e s e e e st e sseesaeesaseean e e reeanneemneeneeneennnas 51-1
INTRODUGCTION ...ttt s a e a e e e sae e se e e n e e n e e ne e s neesmreeaneeneas 51-1
THE LS-DYNA/OCCUPANT SIMULATION PROGRAM LINK......oooiiiireiieereereesee e 51-1
DUMMY MODELING.......ooiiiiiie ettt e e s sne s ne s r e ene e e e ennas 51-3
AIRBAG MODELING ... .oeiiiitietieete ettt s n e e e r e e sne e saeesanesanesanenas 51-4
KINEE BOLSTER......ce ettt et sae e s ae e e e e e e r e e neeenneennas 51-5
COMMON ERRORS ...ttt ettt sttt ettt e e e sme e e e e e r e e see e saeesanenane e 51-6
APPENDIX J: INTERACTIVE GRAPHICS COMMANDS ......ccciiiieiie e 52-1
APPENDIX K: INTERACTIVE MATERIAL MODEL DRIVER.........cciiiiiieiieeeeeee e 53-1
INTRODUGCTION ...ttt s a e a e e e sae e se e e n e e n e e ne e s neesmreeaneeneas 53-1
INPUT DEFINITION .....cteeteeeet ettt s me e s e s e e neene s 53-1
INTERACTIVE DRIVER COMMANDS ...ttt s 53-2
APPENDIX L: VDA DATABASE ... .ottt st e e s e e sn e re e s e e saeenaneeas 54-1
APPENDIX M: COMMANDS FOR TWO-DIMENSIONAL REZONING .......ccccoiieeieeeeeesee e 55-1
APPENDIX N: RIGID-BODY DUMMIES ......cccueiiiiiiiiiieiesie et 56-1
APPENDIX O: LS-DYNA MPP USER GUIDE ........cciiiiiiieeee et s 57-1
SUPPORTED FEATURES ...ttt s r e s sne e 57-1
CONTACT INTERFAGES ...ttt st sne e enes 57-2
OUTPUT FILES AND POST-PROCESSING ......cccciiiieitieeesee e 57-2
PARALLEL SPECIFIC OPTIONS.......coiieietietiesee et s 57-3
| U 57-4
EXECUTION OF MPP/LS-DYNA . ... ettt ne e 57-13
APPENDIX P: IMPLICIT SOLVER ...ttt s nne e 58-1

LS-DYNA R7.1 0-21 (TABLE OF CONTENTS)



*TABLE OF CONTENTS

INTRODUGCTION ...ttt s e r e e s e sae e e r e e n e e ne e s neesnreeaneeneas 58-1
SETTING UP AN IMPLICIT SIMULATION......ciiiiiiiiiesieee et 58-1
LINEAR EQUATION SOLVER ......oiiiiiiieieete ettt s 58-3
NONLINEAR EQUATION SOLVER ..ottt e s 58-3
ELEMENT FORMULATIONS FOR IMPLICIT ANALYSIS ......ooiiiiieeeeeeee e 58-4
APPLYING LOADS DURING IMPLICIT ANALYSIS .....coiiiiiieeeeeeeee e 58-5
AUTOMATIC TIME STEP SIZE CONTROL .....oooiiiiiieiie et 58-6
IMPLICIT STRESS INITIALIZATION ... .coitiitiieie et s 58-7
TROUBLESHOOTING CONVERGENCE PROBLEMS.........ooooiiieieeceeeie e 58-8
APPENDIX Q: USER DEFINED WELD FAILURE ........oiiieieie e 59-1
APPENDIX R: USER DEFINED COHESIVE MODEL........cociiiiiiieiie e 60-1
APPENDIX S: USER DEFINED BOUNDARY FLUX......ciciiiitiiieiie et 61-1

0-22 (TABLE OF CONTENTS) LS-DYNA R7.1



INTRODUCTION

INTRODUCTION

CHRONOLOGICAL HISTORY

DYNAS3D originated at the Lawrence Livermore National Laboratory [Hallquist 1976]. The
early applications were primarily for the stress analysis of structures subjected to a variety
of impact loading. These applications required what was then significant computer re-
sources, and the need for a much faster version was immediately obvious. Part of the
speed problem was related to the inefficient implementation of the element technology
which was further aggravated by the fact that supercomputers in 1976 were much slower
than today’s PC. Furthermore, the primitive sliding interface treatment could only treat
logically regular interfaces that are uncommon in most finite element discretizations of
complicated three-dimensional geometries; consequently, defining a suitable mesh for
handling contact was often very difficult. The first version contained trusses, membranes,
and a choice of solid elements. The solid elements ranged from a one-point quadrature
eight-noded element with hourglass control to a twenty-noded element with eight integra-
tion points. Due to the high cost of the twenty node solid, the zero energy modes related to
the reduced 8-point integration, and the high frequency content which drove the time step
size down, higher order elements were all but abandoned in later versions of DYNA3D. A
two-dimensional version, DYNA2D, was developed concurrently.

A new version of DYNA3D was released in 1979 that was programmed to provide near
optimal speed on the CRAY-1 supercomputers, contained an improved sliding interface
treatment that permitted triangular segments and was an order of magnitude faster than
the previous contact treatment. The 1979 version eliminated structural and higher order
solid elements and some of the material models of the first version. This version also
included an optional element-wise implementation of the integral difference method
developed by Wilkins et al. [1974].

The 1981 version [Hallquist 1981a] evolved from the 1979 version. Nine additional material
models were added to allow a much broader range of problems to be modeled including
explosive-structure and soil-structure interactions. Body force loads were implemented for
angular velocities and base accelerations. A link was also established from the 3D Eulerian
code, JOY [Couch, et. al., 1983] for studying the structural response to impacts by penetrat-
ing projectiles. An option was provided for storing element data on disk thereby doubling
the capacity of DYNA3D.

The 1982 version of DYNA3D [Hallquist 1982] accepted DYNA2D [Hallquist 1980] material
input directly. The new organization was such that equations of state and constitutive
models of any complexity could be easily added. Complete vectorization of the material
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models had been nearly achieved with about a 10 percent increase in execution speed over
the 1981 version.

In the 1986 version of DYNA3D [Hallquist and Benson 1986], many new features were
added, including beams, shells, rigid bodies, single surface contact, interface friction,
discrete springs and dampers, optional hourglass treatments, optional exact volume inte-
gration, and VAX/ VMS, IBM, UNIX, COS operating systems compatibility, that greatly
expanded its range of applications. DYNAS3D thus became the first code to have a general
single surface contact algorithm.

In the 1987 version of DYNA3D [Hallquist and Benson 1987] metal forming simulations
and composite analysis became a reality. This version included shell thickness changes, the
Belytschko-Tsay shell element [Belytschko and Tsay, 1981], and dynamic relaxation. Also
included were non-reflecting boundaries, user specified integration rules for shell and
beam elements, a layered composite damage model, and single point constraints.

New capabilities added in the 1988 DYNA3D [Hallquist 1988] version included a cost
effective resultant beam element, a truss element, a CY triangular shell, the BCIZ triangular
shell [Bazeley et al. 1965], mixing of element formulations in calculations, composite failure
modeling for solids, noniterative plane stress plasticity, contact surfaces with spot welds,
tie break sliding surfaces, beam surface contact, finite stonewalls, stonewall reaction forces,
energy calculations for all elements, a crushable foam constitutive model, comment cards
in the input, and one-dimensional slidelines.

By the end of 1988 it was obvious that a much more concentrated effort would be required
in the development of this software if problems in crashworthiness were to be properly
solved; therefore, Livermore Software Technology Corporation was founded to continue
the development of DYNA3D as a commercial version called LS-DYNA3D which was later
shortened to LS-DYNA. The 1989 release introduced many enhanced capabilities including
a one-way treatment of slide surfaces with voids and friction; cross-sectional forces for
structural elements; an optional user specified minimum time step size for shell elements
using elastic and elastoplastic material models; nodal accelerations in the time history
database; a compressible Mooney-Rivlin material model; a closed-form update shell plas-
ticity model; a general rubber material model; unique penalty specifications for each slide
surface; external work tracking; optional time step criterion for 4-node shell elements; and
internal element sorting to allow full vectorization of right-hand-side force assembly.

During the last ten years, considerable progress has been made as may be seen in the
chronology of the developments which follows.

Capabilities added in 1989-1990:

* arbitrary node and element numbers,

e fabric model for seat belts and airbags,

1-2 (INTRODUCTION) LS-DYNA R7.1



INTRODUCTION

* composite glass model,

* vectorized type 3 contact and single surface contact,

* many more I/O options,

¢ all shell materials available for 8 node thick shell,

e strain rate dependent plasticity for beams,

e fully vectorized iterative plasticity,

* interactive graphics on some computers,

¢ nodal damping,

¢ shell thickness taken into account in shell type 3 contact,

¢ shell thinning accounted for in type 3 and type 4 contact,

e soft stonewalls,

¢ print suppression option for node and element data,

* massless truss elements, rivets — based on equations of rigid body dynamics,
* massless beam elements, spot welds —based on equations of rigid body dynamics,
¢ expanded databases with more history variables and integration points,
e force limited resultant beam,

* rotational spring and dampers, local coordinate systems for discrete elements,
e resultant plasticity for CO triangular element,

¢ energy dissipation calculations for stonewalls,

* hourglass energy calculations for solid and shell elements,

¢ viscous and Coulomb friction with arbitrary variation over surface,

e distributed loads on beam elements,

¢ Cowper and Symonds strain rate model,

* segmented stonewalls,

e stonewall Coulomb friction,

¢ stonewall energy dissipation,

e airbags (1990),

¢ nodal rigid bodies,

e automatic sorting of triangular shells into CY groups,

* mass scaling for quasi static analyses,

¢ user defined subroutines,

* warpage checks on shell elements,
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thickness consideration in all contact types,

e automatic orientation of contact segments,

¢ sliding interface energy dissipation calculations,

* nodal force and energy database for applied boundary conditions,

¢ defined stonewall velocity with input energy calculations,

Capabilities added in 1991-1992:

rigid /deformable material switching,

* rigid bodies impacting rigid walls,

¢ strain-rate effects in metallic honeycomb model 26,

¢ shells and beams interfaces included for subsequent component analyses,
¢ external work computed for prescribed displacement/velocity /accelerations,
¢ linear constraint equations,

e MPGS database,

e MOVIE database,

¢ Slideline interface file,

* automated contact input for all input types,

¢ automatic single surface contact without element orientation,

¢ constraint technique for contact,

* cut planes for resultant forces,

e crushable cellular foams,

¢ urethane foam model with hysteresis,

¢ subcycling,

e friction in the contact entities,

¢ strains computed and written for the 8 node thick shells,

* “good” 4 node tetrahedron solid element with nodal rotations,

¢ 8 node solid element with nodal rotations,

¢ 2 x 2 integration for the membrane element,

¢ Belytschko-Schwer integrated beam,

¢ thin-walled Belytschko-Schwer integrated beam,

¢ improved TAURUS database control,

¢ null material for beams to display springs and seatbelts in TAURUS,
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parallel implementation on Crays and SGI computers,
coupling to rigid body codes,
seat belt capability.

Capabilities added in 1993-1994:

Arbitrary Lagrangian Eulerian brick elements,
Belytschko-Wong-Chiang quadrilateral shell element,
Warping stiffness in the Belytschko-Tsay shell element,
Fast Hughes-Liu shell element,

Fully integrated thick shell element,

Discrete 3D beam element,

Generalized dampers,

Cable modeling,

Airbag reference geometry,

Multiple jet model,

Generalized joint stiffnesses,

Enhanced rigid body to rigid body contact,
Orthotropic rigid walls,

Time zero mass scaling,

Coupling with USA (Underwater Shock Analysis),
Layered spot welds with failure based on resultants or plastic strain,
Fillet welds with failure,

Butt welds with failure,

Automatic eroding contact,

Edge-to-edge contact,

Automatic mesh generation with contact entities,
Drawbead modeling,

Shells constrained inside brick elements,

NIKE3D coupling for springback,

Barlat’s anisotropic plasticity,

Superplastic forming option,

Rigid body stoppers,
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¢ Keyword input,

¢ Adaptivity,

¢ First MPP (Massively Parallel) version with limited capabilities.
¢ Built in least squares fit for rubber model constitutive constants,
¢ Large hysteresis in hyperelastic foam,

¢ Bilhku/Dubois foam model,

e Generalized rubber model,

Capabilities added in 1995:

¢ Belytschko - Leviathan Shell
¢ Automatic switching between rigid and deformable bodies.

* Accuracy on SMP machines to give identical answers on one, two or more proces-
Sors.

* Local coordinate systems for cross-section output can be specified.

¢ Null material for shell elements.

¢ Global body force loads now may be applied to a subset of materials.

¢ User defined loading subroutine.

¢ Improved interactive graphics.

¢ New initial velocity options for specifying rotational velocities.

¢ Geometry changes after dynamic relaxation can be considered for initial velocities..
¢ Velocities may also be specified by using material or part ID’s.

¢ Improved speed of brick element hourglass force and energy calculations.

* Pressure outflow boundary conditions have been added for the ALE options.

* More user control for hourglass control constants for shell elements.

e Full vectorization in constitutive models for foam, models 57 and 63.

¢ Damage mechanics plasticity model, material 81,

* General linear viscoelasticity with 6 term prony series.

¢ Least squares fit for viscoelastic material constants.

* Table definitions for strain rate effects in material type 24.

¢ Improved treatment of free flying nodes after element failure.

¢ Automatic projection of nodes in CONTACT_TIED to eliminate gaps in the surface.

e More user control over contact defaults.
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¢ Improved interpenetration warnings printed in automatic contact.

* Flag for using actual shell thickness in single surface contact logic rather than the
default.

* Definition by exempted part ID’s.
¢ Airbag to Airbag venting/segmented airbags are now supported.

¢ Airbag reference geometry speed improvements by using the reference geometry
for the time step size calculation.

¢ Isotropic airbag material may now be directly for cost efficiency.
¢ Airbag fabric material damping is specified as the ratio of critical damping.

* Ability to attach jets to the structure so the airbag, jets, and structure to move to-
gether.

¢ PVM 5.1 Madymo coupling is available.
* Meshes are generated within LS-DYNAS3D for all standard contact entities.
* Joint damping for translational motion.

* Angular displacements, rates of displacements, damping forces, etc. in JNTFORC
tile.

¢ Link between LS-NIKE3D to LS-DYNAS3D via *INITIAL_STRESS keywords.
¢ Trim curves for metal forming springback.
* Sparse equation solver for springback.

* Improved mesh generation for IGES and VDA provides a mesh that can directly be
used to model tooling in metal stamping analyses.

¢ Capabilities added in 1996-1997 in Version 940:

¢ Part/Material ID’s may be specified with 8 digits.

* Rigid body motion can be prescribed in a local system fixed to the rigid body.
* Nonlinear least squares fit available for the Ogden rubber model.

* Least squares fit to the relaxation curves for the viscoelasticity in rubber.
¢ Fu-Chang rate sensitive foam.

* 6 term Prony series expansion for rate effects in model 57-now 73

¢ Viscoelastic material model 76 implemented for shell elements.

* Mechanical threshold stress (MTS) plasticity model for rate effects.

* Thermoelastic-plastic material model for Hughes-Liu beam element.

* Ramberg-Osgood soil model

¢ Invariant local coordinate systems for shell elements are optional.
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* Second order accurate stress updates.
e Four noded, linear, tetrahedron element.
* Co-rotational solid element for foam that can invert without stability problems.
¢ Improved speed in rigid body to rigid body contacts.
¢ Improved searching for the a_3, a_5 and al0 contact types.
¢ Invariant results on shared memory parallel machines with the a_n contact types.
¢ Thickness offsets in type 8 and 9 tie break contact algorithms.
* Bucket sort frequency can be controlled by a load curve for airbag applications.
* In automatic contact each part ID in the definition may have unique:

o Static coefficient of friction

o Dynamic coefficient of friction

o Exponential decay coefficient

o Viscous friction coefficient

o Optional contact thickness

o Optional thickness scale factor
o Local penalty scale factor

* Automatic beam-to-beam, shell edge-to-beam, shell edge-to-shell edge and single
surface contact algorithm.

* Release criteria may be a multiple of the shell thickness in types a_3, a_5, al0, 13,
and 26 contact.

e Force transducers to obtain reaction forces in automatic contact definitions. Defined
manually via segments, or automatically via part ID’s.

* Searching depth can be defined as a function of time.

* Bucket sort frequency can be defined as a function of time.

¢ Interior contact for solid (foam) elements to prevent "negative volumes."

* Locking joint

¢ Temperature dependent heat capacity added to Wang-Nefske inflator models.

¢ Wang Hybrid inflator model [Wang, 1996] with jetting options and bag-to-bag vent-
ing.
¢ Aspiration included in Wang’s hybrid model [Nusholtz, Wang, Wylie, 1996].

¢ Extended Wang’s hybrid inflator with a quadratic temperature variation for heat
capacities [Nusholtz, 1996].

¢ Fabric porosity added as part of the airbag constitutive model .

* Blockage of vent holes and fabric in contact with structure or itself considered in
venting with leakage of gas.

1-8 (INTRODUCTION) LS-DYNA R7.1



INTRODUCTION

¢ Option to delay airbag liner with using the reference geometry until the reference
area is reached.

¢ Birth time for the reference geometry.

e Multi-material Euler/ALE fluids,

o 2nd order accurate formulations.

o Automatic coupling to shell, brick, or beam elements

o Coupling using LS-DYNA contact options.

Element with fluid + void and void material

Element with multi-materials and pressure equilibrium

o

o

* Nodal inertia tensors.

¢ 2D plane stress, plane strain, rigid, and axisymmetric elements

¢ 2D plane strain shell element

¢ 2D axisymmetric shell element.

¢ Full contact support in 2D, tied, sliding only, penalty and constraint techniques.
* Most material types supported for 2D elements.

¢ Interactive remeshing and graphics options available for 2D.

* Subsystem definitions for energy and momentum output.

¢ Boundary element method for incompressible fluid dynamics and fluid-structure in-
teraction problems.

Capabilities added during 1997-1998 in Version 950:

¢ Adaptive refinement can be based on tooling curvature with FORMING contact.

¢ The display of drawbeads is now possible since the drawbead data is output into
the D3PLOT database.

¢ An adaptive box option, *DEFINE_BOX_ADAPTIVE, allows control over the re-
finement level and location of elements to be adapted.

* Arootidentification file, ADAPT.RID, gives the parent element ID for adapted ele-
ments.

¢ Draw bead box option,*DEFINE_BOX_DRAWBEAD, simplifies drawbead input.

¢ The new control option, CONTROL_IMPLICIT, activates an implicit solution
scheme.

¢ 2D Arbitrary-Lagrangian-Eulerian elements are available.
¢ 2D automatic contact is defined by listing part ID's.

¢ 2D r-adaptivity for plane strain and axisymmetric forging simulations is available.

LS-DYNA R7.1 1-9 (INTRODUCTION)



INTRODUCTION

2D automatic non-interactive rezoning as in LS-DYNA2D.

2D plane strain and axisymmetric element with 2x2 selective-reduced integration
are implemented.

Implicit 2D solid and plane strain elements are available.
Implicit 2D contact is available.

The new keyword, *DELETE_CONTACT_2DAUTO, allows the deletion of 2D au-
tomatic contact definitions.

The keyword, *LOAD_BEAM is added for pressure boundary conditions on 2D el-
ements.

A viscoplastic strain rate option is available for materials:

(e]

*MAT_PLASTIC_KINEMATIC
o *MAT_JOHNSON_COOK

o *MAT POWER_LAW_PLASTICITY

o *MAT_STRAIN_RATE_DEPENDENT _PLASTICITY

o *MAT_PIECEWISE_LINEAR_PLASTICITY

o *MAT_RATE_SENSITIVE_POWERLAW_PLASTICITY
o *MAT_ZERILLI-ARMSTRONG

o *MAT_PLASTICITY WITH_DAMAGE

o *MAT_PLASTICITY_COMPRESSION_TENSION

Material model, *MAT_Plasticity_with_DAMAGE, has a piecewise linear damage
curve given by a load curve ID.

The Arruda-Boyce hyper-viscoelastic rubber model is available, see *“MAT_ARRU-
DA_BOYCE.

Transverse-anisotropic-viscoelastic material for heart tissue, see “MAT_HEART _-
TISSUE.

Lung hyper-viscoelastic material, see *“MAT_LUNG_TISSUE.

Compression/tension plasticity model, see *“MAT_Plasticity_ COMPRESSION_TEN-
SION.

The Lund strain rate model, *MAT_STEINBERG_LUND, is added to Steinberg-
Guinan plasticity model.

Rate sensitive foam model, *MAT_FU_CHANG_FOAM, has been extended to in-
clude engineering strain rates, etc.

Model, *MAT_MODIFIED_Piecewise_Linear_Plasticity, is added for modeling the
failure of aluminum.

Material model, *MAT_SPECIAL_ORTHOTROPIC, added for television shadow
mask problems.

Erosion strain is implemented for material type, *MAT_bamman_damage.
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¢ The equation of state, *EOS_JWLB, is available for modeling the expansion of explo-
sive gases.

* The reference geometry option is extended for foam and rubber materials and can
be used for stress initialization, see *INITIAL_ FOAM_REFERENCE_GEOMETRY.

* A vehicle positioning option is available for setting the initial orientation and veloci-
ties, see *INITIAL_VEHICLE_KINEMATICS.

* A boundary element method is available for incompressible fluid dynamics prob-
lems.

* The thermal materials work with instantaneous coefficients of thermal expansion:
o *MAT_ELASTIC_PLASTIC_THERMAL
o *MAT_ORTHOTROPIC_THERMAL
o *MAT_TEMPERATURE_DEPENDENT_ORTHOTROPIC
o *MAT_ELASTIC_WITH_VISCOSITY
¢ Airbag interaction flow rate versus pressure differences.
¢ Contact segment search option, [bricks first optional]

¢ Athrough thickness Gauss integration rule with 1-10 points is available for shell el-
ements. Previously, 5 were available.

* Shell element formulations can be changed in a full deck restart.

¢ The tied interface which is based on constraint equations, TIED_SURFACE_TO_-
SURFACE, can now fail if FAILURE, is appended.

¢ A general failure criteria for solid elements is independent of the material type, see
*MAT_ADD_EROSION

* Load curve control can be based on thinning and a flow limit diagram, see *DE-
FINE_CURVE_FEEDBACK.

* An option to filter the spotweld resultant forces prior to checking for failure has
been added the option, *CONSTRAINED_SPOTWELD, by appending, FILTERED_-
FORCE, to the keyword.

¢ Bulk viscosity is available for shell types 1, 2, 10, and 16.

* When defining the local coordinate system for the rigid body inertia tensor a local
coordinate system ID can be used. This simplifies dummy positioning.

¢ Prescribing displacements, velocities, and accelerations is now possible for rigid
body nodes.

* One way flow is optional for segmented airbag interactions.
* Pressure time history input for airbag type, LINEAR_FLUID, can be used.

* Anoptionis available to independently scale system damping by part ID in each of
the global directions.
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* Anoptionis available to independently scale global system damping in each of the
global directions.

¢ Added option to constrain global DOF along lines parallel with the global axes. The
keyword is “*CONSTRAINED_GLOBAL. This option is useful for adaptive remesh-
ing.

¢ Beam end code releases are available, see *(ELEMENT_BEAM.

* Aninitial force can be directly defined for the cable material, *“MAT_CABLE_DIS-
CRETE_BEAM. The specification of slack is not required if this option is used.

* Airbag pop pressure can be activated by accelerometers.
¢ Termination may now be controlled by contact, via *TERMINATION_CONTACT.

* Modified shell elements types 8, 10 and the warping stiffness option in the Be-
lytschko-Tsay shell to ensure orthogonality with rigid body motions in the event
that the shell is badly warped. This is optional in the Belytschko-Tsay shell and the
type 10 shell.

* A one point quadrature brick element with an exact hourglass stiffness matrix has
been implemented for implicit and explicit calculations.

* Automatic file length determination for D3PLOT binary database is now imple-
mented. This insures that at least a single state is contained in each D3PLOT file
and eliminates the problem with the states being split between files.

* The dump files, which can be very large, can be placed in another directory by spec-
iftying

d=/home/user /test/d3dump

on the execution line.

* A print flag controls the output of data into the MATSUM and RBDOUT files by
part ID's. The option, PRINT, has been added as an option to the *“PART keyword.

¢ Flag has been added to delete material data from the D3THDT file. See *DATA-
BASE_EXTENT_BINARY and column 25 of the 19th control card in the structured
input.

¢ After dynamic relaxation completes, a file is written giving the displaced state
which can be used for stress initialization in later runs.

Capabilities added during 1998-2000 in Version 960:

Most new capabilities work on both the MPP and SMP versions; however, the capabilities
that are implemented for the SMP version only, which were not considered critical for this
release, are flagged below. These SMP unique capabilities are being extended for MPP
calculations and will be available in the near future. The implicit capabilities for MPP
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require the development of a scalable eigenvalue solver, which is under development for a
later release of LS-DYNA.

Incompressible flow solver is available. Structural coupling is not yet implemented.

Adaptive mesh coarsening can be done before the implicit springback calculation in
metal forming applications.

Two-dimensional adaptivity can be activated in both implicit and explicit calcula-
tions. (SMP version only)

Aninternally generated smooth load curve for metal forming tool motion can be ac-
tivated with the keyword: *DEFINE_CURVE_SMOOTH.

Torsional forces can be carried through the deformable spot welds by using the con-
tact type: *CONTACT_SPOTWELD_WITH_TORSION (SMP version only with a
high priority for the MPP version if this option proves to be stable.)

Tie break automatic contact is now available via the *CONTACT_AUTOMAT-
IC_..._TIEBREAK options. This option can be used for glued panels. (SMP only)

*CONTACT_RIGID_SURFACE option is now available for modeling road surfaces
(SMP version only).

Fixed rigid walls PLANAR and PLANAR_FINITE are represented in the binary
output file by a single shell element.

Interference fits can be modeled with the INTERFERENCE option in contact.

Alayered shell theory is implemented for several constitutive models including the
composite models to more accurately represent the shear stiffness of laminated

shells.

Damage mechanics is available to smooth the post-failure reduction of the resultant
forces in the constitutive model *"MAT _SPOTWELD_DAMAGE.

Finite elastic strain isotropic plasticity model is available for solid elements.
*MAT_FINITE_ELASTIC_STRAIN_PLASTICITY.

A shape memory alloy material is available: *"MAT_SHAPE_MEMORY.

Reference geometry for material, *“MAT_MODIFIED_HONEYCOMB, can be set at
arbitrary relative volumes or when the time step size reaches a limiting value. This
option is now available for all element types including the fully integrated solid el-
ement.

Non orthogonal material axes are available in the airbag fabric model. See *“MAT_-
FABRIC.

Other new constitutive models include for the beam elements:

o *MAT_MODIFIED_FORCE_LIMITED
o *MAT_SEISMIC_BEAM
o *MAT_CONCRETE_BEAM
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¢ for shell and solid elements:
o *MAT_ELASTIC_VISCOPLASTIC_THERMAL
o for the shell elements:

*MAT_GURSON
*MAT_GEPLASTIC_SRATE2000
*MAT_ELASTIC_VISCOPLASTIC_THERMAL
*MAT_COMPOSITE_LAYUP
*MAT_COMPOSITE_LAYUP
*MAT_COMPOSITE_DIRECT

O O O O O o

e for the solid elements:

*MAT_JOHNSON_HOLMQUIST_CERAMICS
*MAT_JOHNSON_HOLMQUIST_CONCRETE
*MAT_INV_HYPERBOLIC_SIN
*MAT_UNIFIED_CREEP

*MAT_SOIL_BRICK
*MAT_DRUCKER_PRAGER
*MAT_RC_SHEAR_WALL

O O O O O o o

¢ and for all element options a very fast and efficient version of the Johnson-Cook
plasticity model is available:

e *‘MAT_SIMPLIFIED_JOHNSON_COOK

¢ A fully integrated version of the type 16 shell element is available for the resultant
constitutive models.

* Anonlocal failure theory is implemented for predicting failure in metallic materials.
The keyword *MAT_NONLOCAL activates this option for a subset of elastoplastic
constitutive models.

¢ A discrete Kirchhoff triangular shell element (DKT) for explicit analysis with three
in plane integration points is flagged as a type 17 shell element. This element has
much better bending behavior than the C0 triangular element.

¢ A discrete Kirchhoff linear triangular and quadrilateral shell element is available as
a type 18 shell. This shell is for extracting normal modes and static analysis.

¢ A C0 linear 4-node quadrilateral shell element is implemented as element type 20
with drilling stiffness for normal modes and static analysis.

o An assumed strain linear brick element is available for normal modes and statics.

¢ The fully integrated thick shell element has been extended for use in implicit calcu-
lations.
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A fully integrated thick shell element based on an assumed strain formulation is
now available. This element uses a full 3D constitutive model which includes the
normal stress component and, therefore, does not use the plane stress assumption.

The 4-node constant strain tetrahedron element has been extended for use in implic-
it calculations.

Relative damping between parts is available, see *“DAMPING_RELATIVE (SMP on-
ly).
Preload forces are can be input for the discrete beam elements.

Objective stress updates are implemented for the fully integrated brick shell ele-
ment.

Acceleration time histories can be prescribed for rigid bodies.
Prescribed motion for nodal rigid bodies is now possible.

Generalized set definitions, i.e., SET_SHELL_GENERAL etc. provide much flexibil-
ity in the set definitions.

The command "sw4." will write a state into the dynamic relaxation file, D3DRLF,
during the dynamic relaxation phase if the D3DRLF file is requested in the input.

Added mass by PART ID is written into the MATSUM file when mass scaling is
used to maintain the time step size, (SMP version only).

Upon termination due to a large mass increase during a mass scaled calculation a
print summary of 20 nodes with the maximum added mass is printed.

Eigenvalue analysis of models containing rigid bodies is now available using
BCSLIB-EXT solvers from Boeing. (SMP version only).

Second order stress updates can be activated by part ID instead of globally on the
*CONTROL_ACCURACY input.

Interface frictional energy is optionally computed for heat generation and is output
into the interface force file (SMP version only).

The interface force binary database now includes the distance from the contact sur-
face for the FORMING contact options. This distance is given after the nodes are
detected as possible contact candidates. (SMP version only).

Type 14 acoustic brick element is implemented. This element is a fully integrated
version of type 8, the acoustic element (SMP version only).

A flooded surface option for acoustic applications is available (SMP version only).

Attachment nodes can be defined for rigid bodies. This option is useful for NVH
applications.

CONSTRAINED_POINTS tie any two points together. These points must lie on a
shell elements.

Soft constraint is available for edge to edge contact in type 26 contact.
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e CONSTAINED_INTERPOLATION option for beam to solid interfaces and for
spreading the mass and loads. (SMP version only).

¢ A database option has been added that allows the output of added mass for shell el-
ements instead of the time step size.

* Anew contact option allows the inclusion of all internal shell edges in contact type
*CONTACT_GENERAL, type 26. This option is activated by adding “_INTERIOR”
after the GENERAL keyword.

* Anew option allows the use deviatoric strain rates rather than total rates in material
model 24 for the Cowper-Symonds rate model.

¢ The CADFEM option for ASCII databases is now the default. Their option includes
more significant figures in the output files.

* When using deformable spot welds, the added mass for spot welds is now printed
for the case where global mass scaling is activated. This output is in the log file,
D3HSP file, and the MESSAG file.

* Initial penetration warnings for edge-to-edge contact are now written into the MES-
SAG file and the D3HSP file.

¢ Each compilation of LS-DYNA is given a unique version number.

* Finite length discrete beams with various local axes options are now available for
material types 66, 67, 68, 93, and 95. In this implementation the absolute value of
SCOOR must be set to 2 or 3 in the *SECTION_BEAM input.

e New discrete element constitutive models are available:

*MAT_ELASTIC_SPRING_DISCRETE_BEAM
*MAT_INELASTIC_SPRING_DISCRETE_BEAM
*MAT_ELASTIC_6DOF_SPRING_DISCRETE_BEAM
*MAT_INELASTIC_6DOF_SPRING_DISCRETE_BEAM

O O O o

* The latter two can be used as finite length beams with local coordinate systems.

* Moving SPC's are optional in that the constraints are applied in a local system that
rotates with the 3 defining nodes.

* A moving local coordinate system, CID, can be used to determine orientation of dis-
crete beam elements.

* Modal superposition analysis can be performed after an eigenvalue analysis. Stress
recovery is based on type 18 shell and brick (SMP only).

¢ Rayleigh damping input factor is now input as a fraction of critical damping, i.e.
0.10. The old method required the frequency of interest and could be highly unsta-
ble for large input values.

¢ Airbag option "SIMPLE_PRESSURE_VOLUME" allows for the constant CN to be
replaced by a load curve for initialization. Also, another load curve can be defined
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which allows CN to vary as a function of time during dynamic relaxation. After
dynamic relaxation CN can be used as a fixed constant or load curve.

¢ Hybrid inflator model utilizing CHEMKIN and NIST databases is now available.
Up to ten gases can be mixed.

¢ Option to track initial penetrations has been added in the automatic SMP contact
types rather than moving the nodes back to the surface. This option has been avail-
able in the MPP contact for some time. This input can be defined on the fourth card
of the *CONTROL_CONTACT input and on each contact definition on the third op-
tional card in the *CONTACT definitions.

 If the average acceleration flag is active, the average acceleration for rigid body
nodes is now written into the D3THDT and NODOUT files. In previous versions of
LS-DYNA, the accelerations on rigid nodes were not averaged.

* A capability to initialize the thickness and plastic strain in the crash model is availa-
ble through the option *INCLUDE_STAMPED_PART, which takes the results from
the LS-DYNA stamping simulation and maps the thickness and strain distribution
onto the same part with a different mesh pattern.

* A capability to include finite element data from other models is available through
the option, *INCLUDE_TRANSFORM. This option will take the model defined in
an INCLUDE file: offset all ID's; translate, rotate, and scale the coordinates; and
transform the constitutive constants to another set of units.

Features added during 2001-2002 for the 970 release of LS-DYNA:

Some of the new features, which are also listed below, were also added to later releases of
version 960. Most new explicit capabilities work for both the MPP and SMP versions;
however, the implicit capabilities for MPP require the development of a scalable eigenvalue
solver and a parallel implementation of the constraint equations into the global matrices.
This work is underway. A later release of version 970 is planned in 2003 that will be scala-
ble for implicit solutions.

Below is list of new capabilities and features:

* MPP decomposition can be controlled using *CONTROL_MPP_DECOMPOSITION
commands in the input deck.

* The MPP arbitrary Lagrangian-Eulerian fluid capability now works for airbag de-
ployment in both SMP and MPP calculations.

¢ Euler-to-Euler coupling is now available through the keyword *CONSTRAINED_-
EULER_TO_EULER.

¢ Up to ten ALE multi-material groups may now be defined. The previous limit was
three groups.
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* Volume fractions can be automatically assigned during initialization of multi-
material cells. See the GEOMETRY option of *INITIAL_VOLUME_FRACTION.

* A new ALE smoothing option is available to accurately predict shock fronts.

e DATABASE_FSI activates output of fluid-structure interaction data to ASCII file
DBFSI.

¢ Point sources for airbag inflators are available. The origin and mass flow vector of
these inflators are permitted to vary with time.

* A majority of the material models for solid materials are available for calculations
using the SPH (Smooth Particle Hydrodynamics) option.

¢ The Element Free Galerkin method (EFG or meshfree) is available for two-
dimensional and three-dimensional solids. This new capability is not yet imple-
mented for MPP applications.

¢ Abinary option for the ASCII files is now available. This option applies to all ASCII
tiles and results in one binary file that contains all the information normally spread
between a large number of separate ASCII files.

* Material models can now be defined by numbers rather than long names in the
keyword input. For example the keyword *“MAT_PIECEWISE_LINEAR_PLASTICI-
TY can be replaced by the keyword: *MAT_024.

* An embedded NASTRAN reader for direct reading of NASTRAN input files is
available. This option allows a typical input file for NASTRAN to be read directly
and used without additional input. See the *INCLUDE_NASTRAN keyword.

* Names in the keyword input can represent numbers if the “PARAMETER option is
used to relate the names and the corresponding numbers.

* Model documentation for the major ASCII output files is now optional. This option
allows descriptors to be included within the ASCII files that document the contents
of the file.

¢ ID’s have been added to the following keywords:

*BOUNDARY_PRESCRIBED_MOTION
*BOUNDARY_PRESCRIBED_SPC
*CONSTRAINED_GENERALIZED_WELD
*CONSTRAINED_JOINT
*CONSTRAINED_NODE_SET
*CONSTRAINED_RIVET
*CONSTRAINED_SPOTWELD
*DATABASE_CROSS_SECTION
*ELEMENT_MASS

O O O O O o o o o
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¢ The *DATABASE_ADAMS keyword is available to output a modal neutral file
d3mnf. This will is available upon customer request since it requires linking to an
ADAMS library file.

* Penetration warnings for the contact option, ignore initial penetration, 1 are added
as an option. Previously, no penetration warnings were written when this contact
option was activated.

* Penetration warnings for nodes in-plane with shell mid-surface are printed for the
AUTOMATIC contact options. Previously, these nodes were ignored since it was
assumed that they belonged to a tied interface where an offset was not used; conse-
quently, they should not be treated in contact.

¢ For the arbitrary spot weld option, the spot welded nodes and their contact seg-
ments are optionally written into the D3HSP file. See *CONTROL_CONTACT.

¢ For the arbitrary spot weld option, if a segment cannot be found for the spot welded
node, an option now exists to error terminate. See *CONTROL_CONTACT.

* Spotweld resultant forces are written into the SWFORC file for solid elements used
as spot welds.

* Solid materials have now been added to the failed element report.
* Anew option for terminating a calculation is available, *“TERMINATION_CURVE.

* A10-noded tetrahedron solid element is available with either a 4 or 5 point integra-
tion rule. This element can also be used for implicit solutions.

* A new 4 node linear shell element is available that is based on Wilson’s plate ele-
ment combined with a Pian-Sumihara membrane element. This is shell type 21.

¢ A shear panel element has been added for linear applications. This is shell type 22.
This element can also be used for implicit solutions.

* Anull beam element for visualization is available. The keyword to define this null
beam is *ELEMENT_PLOTEL. This element is necessary for compatibility with
NASTRAN.

* A scalar node can be defined for spring-mass systems. The keyword to define this
node is *NODE_SCALAR. This node can have from 1 to 6 scalar degrees-of-
freedom.

¢ Athermal shell hasbeen added for through-thickness heat conduction. Internally, 8
additional nodes are created, four above and four below the mid-surface of the shell
element. A quadratic temperature field is modeled through the shell thickness. In-
ternally, the thermal shell is a 12 node solid element.

¢ Abeam OFFSET option is available for the *ELEMENT_BEAM definition to permit
the beam to be offset from its defining nodal points. This has the advantage that all
beam formulations can now be used as shell stiffeners.
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¢ A beam ORIENTATION option for orienting the beams by a vector instead of the
third node is available in the *ELEMENT_BEAM definition for NASTRAN compati-
bility.

¢ Non-structural mass has been added to beam elements for modeling trim mass and
for NASTRAN compatibility.

¢ An optional checking of shell elements to avoid abnormal terminations is available.
See *CONTROL_SHELL. If this option is active, every shell is checked each time
step to see if the distortion is so large that the element will invert, which will result
in an abnormal termination. If a bad shell is detected, either the shell will be deleted
or the calculation will terminate. The latter is controlled by the input.

* An offset option is added to the inertia definition. See *ELEMENT_INERTIA_OFF-
SET keyword. This allows the inertia tensor to be offset from the nodal point.

¢ Plastic strain and thickness initialization is added to the draw bead contact option.
See *CONTACT_DRAWBEAD_INITIALIZE.

* Tied contact with offsets based on both constraint equations and beam elements for
solid elements and shell elements that have 3 and 6 degrees-of-freedom per node,
respectively. See BEAM_OFFSET and CONSTRAINED_OFFSET contact options.
These options will not cause problems for rigid body motions.

¢ The segment-based (SOFT = 2) contact is implemented for MPP calculations. This
enables airbags to be easily deployed on the MPP version.

¢ Improvements are made to segment-based contact for edge-to-edge and sliding
conditions, and for contact conditions involving warped segments.

¢ An improved interior contact has been implemented to handle large shear defor-
mations in the solid elements. A special interior contact algorithm is available for
tetrahedron elements.

¢ Coupling with MADYMO 6.0 uses an extended coupling that allows users to link
most MADYMO geometric entities with LS-DYNA FEM simulations. In this cou-
pling MADYMO contact algorithms are used to calculate interface forces between
the two models.

* Release flags for degrees-of-freedom for nodal points within nodal rigid bodies are
available. This makes the nodal rigid body option nearly compatible with the RBE2
option in NASTRAN.

¢ Fast updates of rigid bodies for metalforming applications can now be accom-
plished by ignoring the rotational degrees-of-freedom in the rigid bodies that are
typically inactive during sheet metal stamping simulations. See the keyword:
*CONTROL_RIGID.

* Center of mass constraints can be imposed on nodal rigid bodies with the SPC op-
tion in either a local or a global coordinate system.
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¢ Joint failure based on resultant forces and moments can now be used to simulate the
tailure of joints.

¢ CONSTRAINED_JOINT_STIFFNESS now has a TRANSLATIONAL option for the
translational and cylindrical joints.

* Joint friction has been added using table look-up so that the frictional moment can
now be a function of the resultant translational force.

* The nodal constraint options *CONSTRAINED_INTERPOLATION and *CON-
STRAINED_LINEAR now have a local option to allow these constraints to be ap-
plied in a local coordinate system.

* Mesh coarsening can now be applied to automotive crash models at the beginning
of an analysis to reduce computation times. See the new keyword: *CONTROL._-
COARSEN.

¢ Force versus time seatbelt pretensioner option has been added.

¢ Both static and dynamic coefficients of friction are available for seat belt slip rings.
Previously, only one friction constant could be defined.

e *MAT SPOTWELD now includes a new failure model with rate effects as well as
additional failure options.

¢ (Constitutive models added for the discrete beam elements:

o *MAT_1DOF_GENERALIZED_SPRING

o *MAT_GENERAL_NONLINEAR_6dof DISCRETE_BEAM
o *MAT_GENERAL_NONLINEAR_ 1dof DISCRETE_BEAM
o *MAT_GENERAL_SPRING_DISCRETE_BEAM

o *MAT_GENERAL_JOINT_DISCRETE_BEAM

o *MAT_SEISMIC_ISOLATOR

¢ for shell and solid elements:

o *MAT_plasticity_with_damage_ortho

o *MAT_simplified_johnson_cook_orthotropic_damage
o *MAT_HILL_3R

o *MAT_GURSON_RCDC

e for the solid elements:

o *MAT_SPOTWELD

o *MAT_HILL_FOAM

o *MAT_WOOD

o *MAT_VISCOELASTIC_HILL_FOAM

o *MAT_LOW_DENSITY_SYNTHETIC_FOAM
o *MAT_RATE_SENSITIVE_POLYMER

o *MAT_QUASILINEAR VISCOELASTIC
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*MAT_TRANSVERSELY_ANISOTROPIC_CRUSHABLE_FOAM
*MAT_VACUUM

*MAT_MODIFIED_CRUSHABLE_FOAM
*MAT_PITZER_CRUSHABLE FOAM

*MAT_JOINTED_ROCK

*MAT_SIMPLIFIED_RUBBER

*MAT_FHWA_SOIL

*MAT_SCHWER_MURRAY_CAP_MODEL

O O O O O o o o

e Failure time added to MAT_EROSION for solid elements.

* Damping in the material models *“MAT_LOW_DENSITY_FOAM and *"MAT_LOW._-
DENSITY_VISCOUS_FOAM can now be a tabulated function of the smallest stretch
ratio.

e The material model *"MAT_PLASTICITY_WITH_DAMAGE allows the table defini-
tions for strain rate.

* Improvements in the option *INCLUDE_STAMPED_PART now allow all history
data to be mapped to the crash part from the stamped part. Also, symmetry planes
can be used to allow the use of a single stamping to initialize symmetric parts.

¢ Extensive improvements in trimming result in much better elements after the trim-
ming is completed. Also, trimming can be defined in either a local or global coordi-
nate system. This is a new option in *“DEFINE_CURVE_TRIM.

* An option to move parts close before solving the contact problem is available, see
*CONTACT_AUTO_MOVE.

* An option to add or remove discrete beams during a calculation is available with
the new keyword: *PART_SENSOR.

* Multiple jetting is now available for the Hybrid and Chemkin airbag inflator mod-
els.

* Nearly all constraint types are now handled for implicit solutions.

¢ Calculation of constraint and attachment modes can be easily done by using the op-
tion: *CONTROL_IMPLICIT_MODES.

* Penalty option, see *CONTROL_CONTACT, now applies to all *“RIGIDWALL op-
tions and is always used when solving implicit problems.

* Solid elements types 3 and 4, the 4 and 8 node elements with 6 degrees-of-freedom
per node are available for implicit solutions.

¢ The warping stiffness option for the Belytschko-Tsay shell is implemented for im-
plicit solutions. The Belytschko-Wong-Chang shell element is now available for im-
plicit applications. The full projection method is implemented due to its accuracy
over the drill projection.

* Rigid to deformable switching is implemented for implicit solutions.
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¢ Automatic switching can be used to switch between implicit and explicit calcula-
tions. See the keyword: *CONTROL_IMPLICIT_GENERAL.

¢ Implicit dynamics rigid bodies are now implemented. See the keyword *CON-
TROL_IMPLICIT_DYNAMIC.

¢ Eigenvalue solutions can be intermittently calculated during a transient analysis.

¢ A linear buckling option is implemented. See the new control input: *CONTROL_-
IMPLICIT_BUCKLE

¢ Implicit initialization can be used instead of dynamic relaxation. See the keyword
*CONTROL_DYNAMIC_RELAXATION where the parameter, IDFLG, is set to 5.

* Superelements, i.e., “ELEMENT_DIRECT_MATRIX_INPUT, are now available for
implicit applications.

* There is an extension of the option, “\BOUNDARY_CYCLIC, to symmetry planes in
the global Cartesian system. Also, automatic sorting of nodes on symmetry planes
is now done by LS-DYNA.

* Modeling of wheel-rail contact for railway applications is now available, see
*RAIL_TRACK and *RAIL_TRAIN.

¢ A new, reduced CPU, element formulation is available for vibration studies when
elements are aligned with the global coordinate system. See *SECTION_SOLID and
*SECTION_SHELL formulation 98.

* An option to provide approximately constant damping over a range of frequencies
is implemented, see *DAMPING_FREQUENCY_RANGE.

Features added during 2003-2005 for the 971 release of LS-DYNA:

Initially, the intent was to quickly release version 971 after 970 with the implicit capabilities
fully functional for distributed memory processing using MPI. Unfortunately, the effort
required for parallel implicit was grossly underestimated, and, as a result, the release has
been delayed. Because of the delay, version 971 has turned into a major release. Some of
the new features, listed below, were also added to later releases of version 970. The new
explicit capabilities are implemented in the MPP version and except for one case, in the
SMP version as well.

Below is list of new capabilities and features:

¢ A simplified method for using the ALE capability with airbags is now available
with the keyword *AIRBAG_ALE.

¢ Case control using the *CASE keyword, which provides a way of running multiple
load cases sequentially within a single run

¢ New option to forming contact: “*CONTACT_FORMING_ONE_WAY_SURFACE._-
TO_SURFACE_SMOOTH, which use fitted surface in contact calculation.
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¢ Butt weld definition by using the *CONSTRAINED_BUTT_WELD option which
makes the definition of butt welds simple relative to the option: *CONSTRAINED_-
GENERALIZED WELD_BUTT.

* H-adaptive fusion is now possible as an option with the control input, *CON-
TROL_ADAPTIVE.

* Added a parameter on, *CONTROL_ADAPTIVE, to specify the number of elements
generated around a 90 degree radius. A new option to better calculate the curvature
was also implemented.

¢ Added a new keyword: *CONTROL_ADAPTIVE_CURVE, to refine the element
along trimming curves

¢ Birth and death times for implicit dynamics on the keyword *CONTROL_IMPLIC-
IT_ DYNAMICS.

¢ Added an option to scale the spot weld failure resultants to account for the location
of the weld on the segment surface, see *CONTROL_SPOTWELD_BEAM.

* Added an option which automatically replaces a single beam spot weld by an as-
sembly of solid elements using the same ID as the beam that was replaced, see
*CONTROL_SPOTWELD_BEAM.

¢ Boundary constraint in a local coordinate system using *CONSTRAINED_LOCAL
keyword.

* A cubic spline interpolation element is now available, *CONSTRAINED_SPLINE.

e Static implicit analyses in of a structure with rigid body modes is possible using the
option, *CONTROL_IMPLICIT_INERTIA_RELIEF.

¢ Shell element thickness updates can now be limited to part ID’s within a specified
set ID, see the “*CONTROL_SHELL keyword. The thickness update for shells can
now be optionally limited to the plastic part of the strain tensor for better stability in
crash analysis.

¢ Solid element stresses in spot welds are optionally output in the local system using
the SWLOCL parameter on the *CONTROL_SOLID keyword.

¢ SPOTHIN option on the *CONTROL_CONTACT keyword cards locally thins the
spot welded parts to prevent premature breakage of the weld by the contact treat-
ments.

¢ New function: *CONTROL_FORMING_PROJECT, which can initial move the pene-
trating slave nodes to the master surface

¢ New function “*CONTROL_FORMING_TEMPLATE, which allows user to easily set
up input deck. Its function includes auto-position, define travel curve, termination
time, and most of the forming parameters for most of the typical forming process.
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¢ New function *CONTROL_FORMING_USER, *CONTROL_FORMING_POSITION,
and *CONTROL_FORMING_TRAVEL, when used together, can allow the user to
define atypical forming process.

¢ Added new contact type *CONTACT_GUIDED_CABLE.
¢ Circular cut planes are available for “\DATABASE_CROSS_SECTION definitions.
* New binary database FSIFOR for fluid structure coupling.

¢ Added *DATABASE_BINARY_D3PROP for writing the material and property data
to the first D3PLOT file or to a new database D3PROP.

¢ DATABASE_EXTENT_BINARY has new flags to output peak pressure, surface en-
ergy density, nodal mass increase from mass scaling, thermal fluxes, and tempera-
tures at the outer surfaces of the thermal shell.

* Eight-character alphanumeric labels can now be used for the parameters SECID,
MID, EOSID, HGID, and TMID on the *PART keyword.

* Two NODOUT files are now written: one for high frequency output and a second
for low frequency output.

* Nodal mass scaling information can now be optionally written to the D3PLOT file.

¢ Added option, MASS_PROPERTIES, to include the mass and inertial properties in
the GLSTAT and SSSTAT files.

¢ Added option in *CONTROL_CPU to output the cpu and elapsed time into the GL-
STAT file.

¢ Added an option, IERODE, on the *CONTROL_OUTPUT keyword to include erod-
ed energies by part ID into the MATSUM file. Lumped mass kinetic energy is also
in the MATSUM file as part ID 0.

¢ Added an option, TET10, on the *CONTROL_OUTPUT keyword to output ten con-
nectivity nodes into D3PLOT database rather than 4.

¢ New keyword, *ELEMENT_SOLID_T4TOT10 to convert 4 node tetrahedron ele-
ments to 10 node tetrahedron elements.

¢ New keyword, “ELEMENT_MASS_PART defines the total additional non-structural
mass to be distributed by an area weighted distribution to all nodes of a given part
ID.

¢ New keyword option, SET, for *INTIAL_STRESS_SHELL_SET allows a set of shells
to be initialized with the state of stress.

¢ New option allows the number of cpu’s to be specified on the *KEYWORD input.

¢ Tubular drawbead box option for defining the elements that are included in the
drawbead contact, see *DEFINE_BOX_DRAWBEAD.

¢ New function: *DEFINE_CURVE_DRAWBEAD, allow user to conveniently define
drawbead by using curves (in x, y format or iges format)
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¢ New function: “DEFINE_ DRAWBEAD_BEAM, which allows user to conveniently
define drawbead by using beam part ID, and specify the drawbead force.

¢ Analytic function can be used in place of load curves with the option *DEFINE_-
CURVE_FUNCTION.

¢ Friction can now be defined between part pair using the *DEFINE_FRICTION in-
put.

¢ New keyword: *“DEFINE_CURVE_TRIM_3D, to allow trimming happens based on
blank element normal, rather than use pre-defined direction

* A new trimming algorithm was added: *DEFINE_CURVE_TRIM_NEW, which al-
low seed node to be input and is much faster than the original algorithm.

¢ Anew keyword, *DEFINE_HEX_SPOTWELD_ASSEMBLY, is available to define a
cluster of solid elements that comprise a single spot weld.

¢ The definition of a vector, see *“DEFINE_VECTOR, can be done by defining coordi-
nates in a local coordinate system.

* The definition of a failure criteria between part pairs is possible with a table defined
using the keyword, *DEFINE_SPOTWELD_FAILURE_RESULTANTS.

¢ Anew keyword, *DEFINE_CONNECTION_PROPERTIES is available for defining
failure properties of spot welds.

¢ Added *DEFINE_SET_ADAPTIVE to allow the adaptive level and element size to
be specified by part ID or element set ID.

¢ Static rupture stresses for beam type spot welds can be defined in the keyword in-
put, *DEFINE_SPOTWELD_RUPTURE_STRESS.

¢ Section properties can be define in the *ELEMENT_BEAM definitions for resultant
beam elements using the SECTION option.

* Physical offsets of the shell reference surface can be specified on the shell element
cards, see the OFFSET option on *ELEMENT_SHELL.

* File names can be located in remote directories and accessed through the *IN-
CLUDE_PART keyword.

* New features to *INCLUDE_STAMPED_PART: two different mirror options, user-
defined searching radius.

e *INTIAL_STRESS_SECTION allows for stress initialization across a cross-section,
which consists of solid elements.

* An option, IVATN, is available for setting the velocities of slaved nodes and parts
for keyword, *INITIAL_VELOCITY_GENERATION.

¢ Twenty-two built-in cross-section are now available in the definition of beam inte-
gration rules, see *INTEGRATION_BEAM.
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¢ The possibility of changing material types is now available for shells using the user
defined integration rule, see *INTEGRATION_SHELL.

¢ The interface springback file created by using the keyword, *INTERFACE_SPRING-
BACK is now optionally written as a binary file.

* An optional input line for *KEYWORD allows the definition of a prefix for all file
names created during a simulation. This allows multiple jobs to be executed in the
same directory.

¢ Body force loads can now be applied in a local coordinate system for *LOAD_-
BODY.

* A pressure loading feature allows moving pressures to be applied to a surface to
simulate spraying a surface with stream of fluid through a nozzle. See keyword
*LOAD_MOVING_PRESSURE.

¢ Thermal expansion can be added to any material by the keyword, *MAT_ADD_-
THERMAL_EXPANSION.

* Curves can now be used instead of eight digitized data points in the material model
*MAT_ELASTIC_WITH_VISCOSITY_CURVE

* New options for spot weld failure in *“MAT_SPOTWELD, which apply to beam and
solid elements.

¢ Failure criteria based on plastic strain to failure is added to material *MAT_-
ANISOTROPIC_VISCOPLASTIC.

e Strain rate failure criterion is added to material *“MAT _MODIFIED_ PIECEWISE_-
LINEAR_PLASTICITY.

¢ Strain rate scaling of the yield stress can now be done differently in tension and
compression in material with separate pressure cut-offs in tension and compression
in material model *MAT_PLASTICITY_TENSION_COMPRESSION.

* The RCDC model is now available to predict failure in material *“MAT_PLASTICI-
TY_WITH_DAMAGE.

¢ Two additional yield surfaces have been added to material *MAT_MODIFIED_-
HONEYCOMB to provide more accurate predictions of the behavior of honeycomb
barrier models.

¢ Unique coordinate systems can be assigned to the two nodal points of material
*MAT_1DOF_GENERALIZED_SPRING.

¢ Poisson’s ratio effects are available in foam defined by load curves in the material
*MAT_SIMPLIFIED_RUBBER/FOAM

* Failure effects are available in the rubber /foam material defined by load curves in
the *MAT_SIMPLIFIED_RUBBER/FOAM_WITH_FAILURE.

¢ The material option “MAT_ADD_EROSION now allows the maximum pressure at
failure and the minimum principal strain at failure to be specified.
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¢ Strains rather than displacements can now be used with the material model for dis-
crete beams, *MAT_GENERAL_NONLINEAR_6DOF_DISCRETE_BEAM.

e New option for *MAT_TRANSVERSELY_ANISOTROPIC_ELASTIC_PLAS-
TIC_(ECHANGE), which allow two ways to change the Young’s modulus during
forming simulation.

¢ New Material model: *MAT_HILL_3R: includes the shear term in the yield surface
calculation by using Hill’s 1948 an-isotropic material model.

e New Material model: *MAT_KINEMATIC_HARDENING_TRANSVERSELY_-
ANISOTROPIC: which integrates Mat #37 with Yoshida’s two-surface kinematic
hardening model.

¢ Improved formulation for the fabric material, *“MAT_FABRIC for formulations 2, 3,
and 4. The improved formulations are types 12, 13, and 14.

¢ Constitutive models added for truss elements:
o *MAT_MUSCLE

¢ For beam elements
o *MAT_MOMENT_CURVATURE

¢ For shell elements

o *MAT RESULTANT_ANISOTROPIC

o *MAT_RATE_SENSITIVE_COMPOSITE_FABRIC.

o *MAT_SAMP-1

o *MAT_SHAPE_MEMORY is now implemented for shells.

¢ for shell and solid elements:

o

*MAT_BARLAT_YLD2000 for anisotropic aluminum alloys.
*MAT_SIMPLIFIED_RUBBER_WITH_DAMAGE
*MAT_VISCOELASTIC_THERMAL
*MAT_THERMO_ELASTO_VISCOPLASTIC_CREEP

o

o

o

e for the solid elements:

o *MAT ARUP_ADHESIVE

o *MAT_BRAIN_LINEAR_VISCOELASTIC.

o *MAT_CSCM for modeling concrete.

o *MAT_PLASTICITY_COMPRESSION_TENSION_EOS for modeling ice.
o *MAT_COHESIVE_ELASTIC

o *MAT _COHESIVE_TH

o *MAT_COHESIVE_GENERAL

o *MAT_EOS_GASKET
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o *MAT_SIMPLIFIED_JOHNSON_COOK is now implemented for solids.
o *MAT_PLASTICITY_WITH_DAMAGE is now implemented for solids.
o *MAT_SPOTWELD_DAIMLERCHRYSLER

¢ User defined equations-of-state are now available.

* There is now an interface with the MOLDFLOW code.

¢ Damping defined in “DAMPING_PART_STIFFNESS now works for the Belytschko
—Schwer beam element.

¢ The option *NODE_TRANSFORMATION allows a node set to be transformed
based on a transformation defined in *DEFINE_TRANSFORMATION.

* Parameters can be defined in FORTRAN like expressions using “PARAMETER_EX-
PRESSION.

* A part can be moved in a local coordinate system in *PART_MOVE.

¢ A simplified method for defining composite layups is available with “PART_COM-
POSITE

¢ Therigid body inertia can be changed in restart via *CHANGE_RIGID_BODY_IN-
ERTIA.

* A part set can now be defined by combining other part sets in *SET_PART_ADD.

¢ Termination of the calculation is now possible if a specified number of shell ele-
ments are deleted in a given part ID. See *TERMINATION_DELETED_SHELLS.

¢ Added hourglass control type 7 for solid elements for use when modeling hypere-
lastic materials.

e Shell formulations 4, 11, 16, and 17 can now model rubber materials.

¢ Added a new seatbelt pretensioner type 7 in which the pretensioner and retractor
forces are calculated independently and added.

* A new composite tetrahedron element made up from 12 tetrahedron is now availa-
ble as solid element type 17.

¢ Shell thickness offsets for *SECTION_SHELL now works for most shell elements,
not just the Hughes-Liu shell.

¢ The Hughes-Liu beam has been extended to include warpage for open cross-
sections.

* A resultant beam formulation with warpage is available as beam type 12.

* Two nonlinear shell elements are available with 8 degrees-of-freedom per node to
include thickness stretch.

¢ Tetrahedron type 13, which uses nodal pressures, is now implemented for implicit
applications.

¢ Cohesive solid elements are now available for treating failure.
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* Seatbelt shell elements are available for use with the all seatbelt capabilities.

¢ Superelements can now share degrees-of-freedom and are implemented for implicit
applications under MPI.

¢ A user defined element interface is available for solid and shell elements.
¢ Thermal shells are available for treating heat flow through shell elements.
¢ EFG shell formulations 41 and 42 are implemented for explicit analysis.

¢ EFGPACK is implemented in addition to BCSLIB-EXT solver on the keyword
*CONTROL_EFG.

* EFG MPP version is available for explicit analysis.
¢ EFG fast transformation method is implemented in the EFG solid formulation.

* EFG Semi-Lagrangian kernel and Eulerian kernel options are added for the foam
materials.

¢ EFG 3D adaptivity is implemented for the metal materials.

e EFG E.O.S. and *MAT_ELASTIC_FLUID materials are included in the 4-noded
background element formulation.

¢ Airbag simulations by using ALE method can be switched to control volume meth-
od by *ALE_CV_SWITCH.

e *MAT_ALE_VISCOUS now supports Non-Newtonian viscosity by power law or
load curve.

e *DATABASE_BINARY_FSIFOR outputs fluid-structure interaction data to binary
file.

e *DATABASE_FSI_SENSOR outputs ALE element pressure to ASCII file dbsor.
e *MAT_GAS_MIXTURE supports nonlinear heat capacities.

e *INITIAL_VOLUME_FRACTION_GEOMETRY uses an enhanced algorithm to
handle both concave and convex geometries and substantially reduce run time.

* A new keyword *DELETE_FSI allows the deletion of coupling definitions.

¢ Convection heat transfer activates by *LOAD_ALE_CONVECTION in ALE FSI
analysis.

e *ALE_FSI_ SWITCH_MMG is implemented to switch between ALE multi-material
groups to treat immersed FSI problems.

* Type 9 option is added in *ALE_REFERENCE_SYSTEM_GROUP to deal complex
ALE mesh motions including translation, rotation, expansion and contraction, etc.

o New options in *CONSTRAINED_LAGRANGE_IN_SOLID
o Shell thickness option for coupling type 4.

o Bulk modulus based coupling stiffness.

o Shell erosion treatment.
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o Enable/disable interface force file.

New coupling method for fluid flowing through porous media are implemented as
type 11 (shell) and type 12 (solid) in *CONSTRAINED_LAGRANGE_IN_SOLID.

*ALE_MODIFIED_STRAIN allows multiple strain fields in certain ALE elements to
solve sticking behavior in FSI. (MPP underdevelopment)

*ALE_FSI_PROJECTION is added as a new constraint coupling method to solve
small pressure variation problem. (MPP underdevelopment)

*BOUNDARY_PRESCRIBED_ORIENTATION_RIGID is added as a means to pre-
scribe as a function of time the general orientation of a rigid body using a variety of
methods. This feature is available in release R3 and higher of Version 971.

*BOUNDARY_PRESCRIBED_ACCELEROMETER_RIGID is added as a means to
prescribe the motion of a rigid body based un experimental data gathered from ac-

celerometers affixed to the rigid body. . This feature is available in release R3 and
higher of Version 971.

Capabilities added during 2008-2011 for Version 971R6 of LS-DYNA:

During the last four years the implicit capabilities are now scalable to a large number of
cores; therefore, LS-DYNA has achieved a major goal over 15 years of embedding a scalable
implicit solver. Also, in addition to the progress made for implicit solutions many other
new and useful capabilities are now available.

The keyword *ALE_AMBIENT_HYDROSTATIC initializes the hydrostatic pressure
tield in the ambient ALE domain due to an acceleration like gravity.

The keyword *ALE_FAIL_SWITCH_MMG allows switching an ALE multi-material-
group ID (AMMGID) if the material failure criteria occurs.

The keyword *ALE_FRAGMENTATION allow switching from the ALE multi-
material-group ID, AMMGID, (FR_MMG) of this failed material to another AM-
MGID (TO_MMG). This feature may typically be used in simulating fragmentation
of materials.

The keyword *ALE_REFINE refines ALE hexahedral solid elements automatically.

The keyword *BOUNDARY_ALE_MAPPING maps ALE data histories from a pre-
vious run to a region of elements. Data are read from or written to a mapping file
with a file name given by the prompt “map="on the command line starting the exe-
cution.

The keyword *BOUNDARY_PORE_FLUID is used to define parts that contain pore
fluid where defaults are given on *CONTROL_PORE_FLUID input.

With the keyword, *BOUNDARY_PRESCRIBED_FINAL_GEOMETRY, the final
displaced geometry for a subset of nodal points is defined. The nodes of this subset
are displaced from their initial positions specified in the *NODE input to the final
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geometry along a straight line trajectory. A load curve defines a scale factor as a
function of time that is bounded between zero and unity corresponding to the initial
and final geometry, respectively. A unique load curve can be specified for each
node, or a default load curve can apply to all nodes.

¢ The keyword, *BOUNDARY_PWP, defines pressure boundary conditions for pore
water at the surface of the software.

¢ The keyword, *CONSTRAINED_JOINT_COOR, defines a joint between two rigid
bodies. The connection coordinates are given instead of the nodal point IDs used in
*CONSTRAINED_JOINT.

* The keyword, *CONSTRAINED_SPR?2, defines a self-piercing rivet with failure.
This model for a self-piercing rivet (SPR2) includes a plastic-like damage model that
reduces the force and moment resultants to zero as the rivet fails. The domain of in-
fluence is specified by a diameter, which should be approximately equal to the riv-
et’s diameter. The location of the rivet is defined by a single node at the center of
two riveted sheets.

¢ Through the keyword, *CONTROL_BULK_VISCOSITY, bulk viscosity is optional
for the Hughes-Liu beam and beam type 11 with warpage. This option often pro-
vides better stability, especially in elastic response problems.

¢ The display of nodal rigid bodies is activated by the parameter, PLOTEL, on the
*CONTROL_RIGID keyword.

* The mortar contact, invoked by appending the suffix MORTAR to either FORM-
ING_SURFACE_TO_SURFACE, AUTOMATIC_SURFACE_TO_SURFACE or AU-
TOMATIC_SINGLE_SURFACE, is a segment to segment penalty based contact. For
two segments on each side of the contact interface that are overlapping and pene-
trating, a consistent nodal force assembly taking into account the individual shape
functions of the segments is performed. In this respect the results with this contact
may be more accurate, especially when considering contact with elements of higher
order. By appending the suffix TIED to the CONTACT_AUTOMATIC_SURFACE_-
TO_SURFACE_MORTAR keyword, this is treated as a tied contact interface. This
contact is intended for implicit analysis in particular but is nevertheless supported
for explicit analysis as well.

¢ Inthe database, ELOUT, the number of history variables can be specified for output
each integration point in the solid, shell, thick shell, and beam elements. The num-
ber of variables is given on the *DATABASE_ELOUT keyword definition.

* Anew optionis available in *“DATABASE_EXTENT_BINARY. Untilnow only one
set of integration points were output through the shell thickness. The lamina
stresses and history variables were averaged for fully integrated shell elements,
which results in less disk space for the D3PLOT family of files, but makes it difficult
to verify the accuracy of the stress calculation after averaging. An option is now
available to output all integration point stresses in fully integrated shell elements: 4
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x # of through thickness integration points in shell types 6, 7, 16, 18-21, and 3 x # of
through thickness integration points in triangular shell types 3, and 17.

¢ The keyword *DATABASE_PROFILE allows plotting the distribution or profile of
data along X, y, or z-direction.

* The purpose of the keyword, *DEFINE_ADAPTIVE_SOLID_TO_SPH, is to adap-
tively transform a Lagrangian solid Part or Part Set to SPH particles when the La-
grange solid elements comprising those parts fail. One or more SPH particles
(elements) will be generated for each failed element to. The SPH particles replacing
the failed element inherit all of the properties of failed solid element, e.g., mass, kin-
ematic variables, and constitutive properties.

¢ With the keywords beginning with, *DEFINE_BOX, a LOCAL option is now availa-
ble. With this option the diagonal corner coordinates are given in a local coordinate
system defined by an origin and vector pair.

¢ The keyword, *DEFINE_CURVE_DUPLICATE, defines a curve by optionally scal-
ing and offsetting the abscissa and ordinates of another curve defined by the *DE-
FINE_CURVE keyword.

¢ The keyword, *DEFINE_ELEMENT_DEATH, is available to delete a single element
or an element set at a specified time during the calculation.

¢ The purpose of the keyword, *DEFINE_FRICTION_ORIENTATION, is to allow for
the definition of different coefficients of friction (COF) in specific directions, speci-
tied using a vector and angles in degrees. In addition, COF can be scaled according
to the amount of pressure generated in the contact interface.

¢ With the new keyword, *DEFINE_FUNCTION, an arithmetic expression involving
a combination of independent variables and other functions, i.e.,

f(a,b,c) = a*2 + b*c + sqrt(a*c)

is defined where a, b, and c are the independent variables. This option is imple-
mented for a subset of keywords.

*ELEMENT_SEATBELT_SLIPRING
*LOAD_BEAM

*LOAD_MOTION_NODE
*LOAD_MOVING_PRESSURE
*LOAD_NODE

*LOAD_SEGMENT
*LOAD_SEGMENT_NONUNIFORM
*LOAD_SETMENT_SET_NONUNIFORM
*BOUNDARY_PRESCRIBED_MOTION

0O O O O O o o o o

e If a curve ID is not found, then the function ID’s are checked.

¢ The keyword, *DEFINE_SPH_TO_SPH_COUPLING, defines a penalty based con-
tact to be used for the node to node contacts between SPH parts.
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¢ The keyword, *DEFINE_TABLE_2D, permits the same curve ID to be referenced by
multiple tables, and the curves may be defined anywhere in the input.

* The keyword, *DEFINE_TABLE_3D, provides a way of defining a three-
dimensional table. A 2D table ID is specified for each abscissa value defined for the
3D table.

¢ The keyword, *ELEMENT_BEAM_PULLEY, allows the definition of a pulley for
truss beam elements (see *SECTION_BEAM, ELFORM = 3). Currently, the beam
pulley is implemented for *MAT_001 and *MAT_156. Pulleys allow continuous
sliding of a string of truss beam element through a sharp change of angle.

* The purpose of the keyword, *(ELEMENT_MASS_MATRIX, is to define a 6x6 sym-
metric nodal mass matrix assigned to a nodal point or each node within a node set.

¢ The keyword, “ELEMENT_DISCRETE_SPHERE, allows the definition of a discrete
spherical element for discrete element calculations. Each particle consists of a single
node with its mass, mass moment of inertia, and radius. Initial coordinates and ve-
locities are specified via the nodal data.

¢ The two keywords, *ELEMENT_SHELL_COMPOSITE and *ELEMENT_TSHELL _-
COMPOSITE, are used to define elements for a general composite shell part where
the shells within the part can have an arbitrary number of layers. The material ID,
thickness, and material angle are specified for the thickness integration points for
each shell in the part

¢ The keyword, *EOS_USER_DEFINED, allows a user to supply their own equation-
of-state subroutine.

¢ The new keyword *FREQUENCY_DOMAIN provides a way of defining and solv-
ing frequency domain vibration and acoustic problems. The related keyword cards
given in alphabetical order are:

o *FREQUENCY_DOMAIN_ACOUSTIC_BEM_{OPTION}
o *FREQUENCY_DOMAIN_ACOUSTIC_FEM

o *FREQUENCY_DOMAIN_FRF

o *FREQUENCY_DOMAIN_RANDOM_VIBRATION

o *FREQUENCY_DOMAIN_RESPONSE_SPECTRUM

o *FREQUENCY_DOMAIN_SSD

¢ The keyword, “INITIAL_AIRBAG_PARTICLE, initializes pressure in a closed airbag
volume, door cavities for pressure sensing studies, and tires.

* The keyword *INITIAL_ALE_HYDROSTATIC initializes the hydrostatic pressure
tield in an ALE domain due to an acceleration like gravity.

¢ The keyword *INITIAL_ALE_MAPPING maps ALE data histories from a previous
run. Data are read from a mapping file with a file name given by the prompt
“map=""on the command line starting the execution.
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¢ The keyword, *INITIAL_AXIAL_FORCE_BEAM, provides a simplified method to
model initial tensile forces in bolts.

¢ The keyword, *INITIAL_FIELD_SOLID, is a simplified version of the *INITIAL_-
STRESS_SOLID keyword which can be used with hyperelastic materials. This key-
word is used for history variable input. Data is usually in the form of the eigenval-
ues of diffusion tensor data. These are expressed in the global coordinate system.

¢ The equation-of-state, “EOS_MIE_GRUNEISEN, type 16, is a Mie-Gruneisen form
with a p-a compaction model.

¢ The keyword, *LOAD_BLAST_ENHANCED, defines an air blast function for the
application of pressure loads due the explosion of conventional charge. While simi-
lar to *LOAD_BLAST this feature includes enhancements for treating reflected
waves, moving warheads and multiple blast sources. The loads are applied to facets
defined with the keyword *LOAD_BLAST_SEGMENT. A database containing blast
pressure history is also available (see “DATABASE_BINARY_BLSTFOR).

¢ The keyword, *LOAD_ERODING_PART_SET, creates pressure loads on the ex-
posed surface composed of solid elements that erode, i.e., pressure loads are added
to newly exposed surface segments as solid elements erode.

* The keyword, *LOAD_SEGMENT_SET_ANGLE, applies traction loads over a seg-
ment set that is dependent on the orientation of a vector. An example application is
applying a pressure to a cylinder as a function of the crank angle in an automobile
engine

¢ Thekeyword, *LOAD_STEADY_STATE_ROLLING, is a generalization of *LOAD_-
BODY, allowing the user to apply body loads to part sets due to translational and
rotational accelerations in a manner that is more general than the *LOAD_BODY
capability. The *LOAD_STEADY_STATE_ROLLING keyword may be invoked an
arbitrary number of times in the problem as long as no part has the option applied
more than once and they can be applied to arbitrary meshes. This option is fre-
quently used to initialize stresses in tire.

¢ The keywords INTERFACE_SSI, INTERFACE_SSI_AUX, INTERFACE_SSI_ AUX_-
EMBEDDED and INTERFACE_SSI_STATIC are used to define the soil-structure in-
terface appropriately in various stages of soil-structure interaction analysis under
earthquake ground motion.

* The keyword, *LOAD_SEISMIC_SS], is used to apply earthquake loads due to free-
tield earthquake ground motion at certain locations — defined by either nodes or
coordinates — on a soil-structure interface. This loading is used in earthquake soil-
structure interaction analysis. The specified motions are used to compute a set of ef-
fective forces in the soil elements adjacent to the soil-structure interface, according
to the effective seismic input-domain reduction method.

¢ The keyword *DEFINE_GROUND_MOTION is used to specify a ground motion to
be used in conjunction with *LOAD_SEISMIC_SSI.
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* Material types *MAT_005 and *MAT_057 now accept table input to allow the stress
quantity versus the strain measure to be defined as a function of temperature.

¢ The material option *MAT_ADD_EROSION, can now be applied to all nonlinear
shell, thick shell, fully integrated solids, and 2D solids. New failure criteria are
available.

¢ The GISSMO damage model, now available as an option in “MAT_ADD_EROSION,
is a phenomenological formulation that allows for an incremental description of
damage accumulation, including softening and failure. It is intended to provide a
maximum in variability for the description of damage for a variety of metallic mate-
rials (e.g., *MAT_024, *MAT_036, ...). The input of parameters is based on tabulated
data, allowing the user to directly convert test data to numerical input.

* The keyword, *MAT_RIGID_DISCRETE or MAT_220, eliminates the need to define
a unique rigid body for each particle when modeling a large number of rigid parti-
cles. This gives a large reduction in memory and wall clock time over separate rigid
bodies. A single rigid material is defined which contains multiple disjoint pieces.
Input is simple and unchanged, since all disjoint rigid pieces are identified automat-
ically during initialization.

¢ The keyword, *NODE_MERGE, causes nodes with identical coordinates to be re-
placed during the input phase by the node encountered that has the smallest ID.

¢ The keyword,*PART_ANNEAL, is used to initialize the stress states at integration
points within a specified part to zero at a given time during the calculation. This
option is valid for parts that use constitutive models where the stress is incremental-
ly updated. This option also applies to the Hughes-Liu beam elements, the integrat-
ed shell elements, thick shell elements, and solid elements.

¢ The keyword, *PART_DUPLICATE, provides a method of duplicating parts or part
sets without the need to use the *INCLUDE_TRANSFORM option.

* To automatically generate elements to visualize rigid walls the DISPLAY option is
now available for *RIGIDWALL_PLANAR and *RIGIDWALL_GEOMETRIC.

* A one point integrated pentahedron solid element with hourglass control is imple-
mented as element type 115 and can be referenced in *SECTION_SOLID. Also, the 2
point pentahedron solid, type 15, no longer has a singular mode.

¢ The keyword *SECTION_ALE1D defines section properties for 1D ALE elements.
¢ The keyword *SECTION_ALE2D defines section properties for 2D ALE elements.

¢ The keywords *SET_BEAM_INTERSECT, *SET_SHELL_INTERSECT, *SET_SOL-
ID_INTERSECT, *SET_NODE_INTERSECT, and *SET_SEGMENT_INTER-SECT, al-
lows the definition of a set as the intersection, N, of a series of sets. The new set,
SID, contains all common members.

¢ The keyword, *SET_SEGMENT_ADD, is now available for defining a new segment
set by combining other segment sets.
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The two keywords, *DEFINE_ELEMENT_GENERALIZED_SHELL and *DEFINE_
ELEMENT_GENERALIZED_SOLID, are used to define general shell and solid ele-
ment formulations to allow the rapid prototyping of new element formulations.
They are used in combination with the new keywords *ELEMENT_GENERLIZED_-
SHELL and *ELEMENT_GENERALIZED_SOLID.

The two keywords, *(ELEMENT_INTERPOLATION_SHELL and *ELEMENT _
INTERPOLATION_SOLID, are used to interpolate stresses and other solution vari-
ables from the generalized shell and solid element formulations for visualization.
They are used together with the new keyword *CONSTRAINED_NODE_INTERPO-
LATION.

The keyword, *ELEMENT_SHELL_NURBS_PATCH, is used to define 3D shell ele-
ments based on NURBS (Non-Uniform Ration B-Spline) basis functions. Currently
four different element formulations, with and without rotational degrees of freedom
are available.

The keyword LOAD_SPCFORC is used to apply equivalent SPC loads, read in from
the d3dump file during a full-deck restart, in place of the original constraints in or-
der to facilitate the classical non-reflecting boundary on an outside surface.

Capabilities added in 2012 to create Version 97R6.1, of LS-DYNA:

A new keyword *MAT_THERMAL_DISCRETE_BEAM defines thermal properties
for ELFORM 6 beam elements.

An option *CONTROL_THERMAL_SOLVER, invoked by TSF < 0, gives the thermal
speedup factor via a curve. This feature is useful when artificially scaling velocity in
metal forming.

A nonlinear form of Darcy's law in *MAT_ADD_PORE_AIR allows curves to define
the relationship between pore air flow velocity and pore air pressure gradient.

An extention to the PART option in *SET_SEGMENT_GENERAL allows reference
to a beam part. This allows for creation of 2D segments for traction application.

Options "SET_SHELL", "SET_SOLID", "SET_BEAM", "SET_TSHELL", "SET_-
SPRING" are added to *SET_NODE_GENERAL so users can define a node set using
existing element sets.

Options "SET_SHELL", "SET_SOLID", "SET_SLDIO", "SET_TSHELL", "SET_TSHIO"
are added to *SET_SEGMENT_GENERAL so users can use existing element sets to
define a segment set.

*BOUNDARY_PRESCRIBED_MOTION_SET_BOX prescribes motion to nodes that
fall inside a defined box.

IPNINT > 1in *CONTROL_OUTPUT causes d3hsp to list the IPNINT smallest ele-
ment timesteps in ascending order.

Section and material titles are echoed to d3hsp.
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¢ Anew parameter MOARFL in *DEFINE_CONNECTION_PROPERTIES permits re-
duction in modeled area due to shear.

¢ Anew option HALF_SPACE in *FREQUENCY_DOMAIN_ACOUSTIC_BEM ena-
bles treatment of a half-space in boundary element method, frequency domain
acoustic analysis.

¢ A shell script "kill_by_pid" is created during MPP startup. When executed, this
script will run "kill -9" on every LS-DYNA process started as part of the MPP job.
This is for use at the end of submission scripts, as a "fail safe" cleanup in case the job
aborts.

* Anew parameter IAVIS in *CONTROL_SPH selects the artificial viscosity formula-
tion for the SPH particles. If set to 0, the Monaghan type artificial viscosity formula-
tion is used. If set to 1, the standard artificial viscosity formulation for solid
elements is used which may provide a better energy balance but is less stable in
specific applications such as high velocity impact.

¢ Contact friction may be included in *CONTACT_2D_NODE_TO_SOLID for SPH.

¢ Anew keyword *ALE_COUPLING_NODAL_CONSTRAINT provides a coupling
mechanism between ALE solids and non-ALE nodes. The nodes can be from virtu-
ally any non-ALE element type including DISCRETE_SPHERE, EFG, and SPH, as
well as the standard Lagrangian element types. In many cases, this coupling type
may be a better alternative to “*CONSTRAINED_LAGRANGE_IN_SOLID.

¢ The keyword *ALE_ESSENTIAL_BOUNDARY assigns essential boundary condi-
tions to nodes of the ALE boundary surface. The command can be repeated multiple
times and is recommended over use of EBC in *CONTROL_ALE..

¢ The keyword *DELETE_ALECPL in a small restart deck deletes coupling defined
with *ALE_COUPLING_NODAL_CONSTRAINT. The command can also be used
to reinstate the coupling in a later restart.

e *DEFINE_VECTOR_NODES defines a vector with two node points.

e *CONTACT AUTOMATIC_SINGLE_SURFACE_TIED allows for the calculation of
eigenvalues and eigenvectors for models that include *CONTACT_AUTOMATIC_-
SINGLE_SURFACE.

¢ Anew parameter RBSMS in *CONTROL_RIGID affects rigid body treatment in Se-
lective Mass Scaling (*CONTROL_TIMESTEP). When rigid bodies are in any man-
ner connected to deformable elements, RBSMS =0 (default) results in spurious
inertia due to improper treatment of the nodes at the interface. RBSMS = 1 alleviates
this effect but an additional cost is incurred.

* A new parameter T10JTOL in *CONTROL_SOLID sets a tolerance for issuing a
warning when J_min/J_max goes below this tolerance value (i.e., quotient between
minimum and maximum Jacobian value in the integration points) for tetrahedron
type 16. This quotient serves as an indicator of poor tetrahedral element meshes in
implicit that might cause convergence problems.
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¢ A new option MISMATCH for *BOUNDARY_ACOUSTIC_COUPLING handles
coupling of structural element faces and acoustic volume elements (ELFORMs 8 and
14) in the case where the coupling surfaces do not have coincident nodes.

* A porosity leakage formulation in *MAT_FABRIC (*MAT_034, FLC < 0) is now
available for particle gas airbags (*AIRBAG_PARTICLE).

¢ *BOUNDARY_PRESCRIBED_ACCELEROMETER is disabled during dynamic re-
laxation.

¢ Anew parameter CVRPER in *BOUNDARY_PAP defines porosity of a cover mate-
rial encasing a solid part.

¢ A parameter TIEDID in *CONTACT_TIED_SURFACE_TO_SURFACE offers an op-
tional incremental normal update in SMP to eliminate spurious contact forces that
may appear in some applications.

¢ A new option SPOTSTP =3 in *CONTROL_CONTACT retains spot welds even
when the spot welds are not found by *CONTACT_SPOTWELD.

* The SMP consistency option (ncpu < 0) now pertains to the ORTHO_FRICTION
contact option.

e Forces from *CONTACT_GUIDED_CABLE are now written to ncforc (both ASCII
and binout).

¢ Discrete beam materials 70, 71, 74, 94, 121 calculate axial force based on change in

length. Output the change in length instead of zero axial relative displacement to
ASCII file disbout (*DATABASE_DISBOUT).

¢ *DATABASE_RCFORC_MOMENT is now supported in implicit.

o After the first implicit step, the output of projected cpu and wall clock times is writ-
ten and the termination time is echoed.

o *DATABASE_MASSOUT is upgraded to include a summary table and to optionally
add mass for nodes belonging to rigid bodies.

* Generate and store resultant forces for the LaGrange Multiplier joint formulation so
as to give correct output to jntforc (*DATABASE_JNTFORC).

¢ Control the number of messages for deleted and failed elements using parameter
MSGMAX in *CONTROL_OUTPUT.

¢ Nodal and resultant force output is written to nodfor for nodes defined in *DATA-
BASE_NODAL_FORCE_GROUP in *FREQUENCY_DOMAIN_SSD analysis (SMP
only).

* Ncforc data is now written for guided cables (*CONTACT_GUIDED_CABLE) in
MPP.

¢ Jobid handling is improved in 12a utility so that binout files from multiple jobs, with
or without a jobid-prefix, can be converted with the single command "12a -j
*pinout*". The output contains the correct prefix according to the jobid.
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e ALE_MULTI-MATERIAL_GROUP (AMMBG) info is written to matsum (both ASCII
and binout).

¢ Shell formulation 14 is switched to 15 (*SECTION_SHELL) in models that include
axisymmetric SPH.

e *ELEMENT_BEAM_PULLEY is permitted with “MAT_CABLE_DISCRETE_BEAM.

* A warning during initialization is written if a user creates DKT triangles, either by
ELFORM = 17 on *SECTION_SHELL or ESORT = 2 on *CONTROL_SHELL, that are
thicker than the maximum edge length.

¢ Account is taken of degenerate acoustic elements with ELFORM 8. Tria and quad
faces at acoustic-structure boundary are handled appropriately according to shape.

* The compression elimination option for 2D seatbelts, CSE = 2in *“MAT_SEATBELT
is improved.

® Detailed material failure *MAT_ADD_EROSION) messages in messag and d3hsp
are suppressed when number of messages > MSGMAX (*CONTROL_OUTPUT).

¢ Implement SMP consistency (ncpu < 0) in *“MAT_COHESIVE_GENERAL (*MAT_-
186) solids and shells.

¢ Viscoelastic model in *MAT_077_O now allows up to twelve terms in Prony series
instead of standard six.

¢ Large curve ID's for friction table (*CONTACT_... with FS = 2) are enabled.
¢ Efficiency of GISSMO damage in *“MAT_ADD_EROSION is improved.

e *MAT_ADD_PERMEABILITY_ORTHOTROPIC is now available for pore pressure
analysis (*..._PORE_FLUID).

e For *MAT_224 solids and shells, material damage serves as the failure variable in
*CONSTRAINED_TIED_NODES_FAILURE.

* Thebehavior of *“MAT_ACOUSTIC is modified when used in combination with dy-
namic relaxation (DR). Acoustic domain now remains unperturbed in the DR phase
but hydrostatic pressure from the acoustic domain is applied to the structure during
DR.

¢ Option for 3D to 2D mapping is added in *INITIAL_ALE_MAPPING.

¢ *CONTACT_ERODING_NODES_TO_SURFACE contact may be used with SPH
particles.

¢ Total Lagrangian SPH formulation 7 (*CONTROL_SPH) is now available in MPP.

¢ The output formats for linear equation solver statistics now accommodate very
large numbers as seen in large models.

¢ *CONTROL_OUTPUT keyword parameter NPOPT is now applicable to thermal da-
ta. If NPOPT = 1, then printing of the following input data to d3hsp is suppressed:
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o *INITIAL_TEMPERATURE

o *BOUNDARY_TEMPERATURE

o *BOUNDARY_FLUX

o *BOUNDARY_CONVECTION

o *BOUNDARY_RADIATION

o *BOUNDARY_ENCLOSURE_RADIATION

* Beam energy balance information is written to TPRINT file.
* MPP performance for LS-DYNA /Madymo coupling is improved.

¢ Shell adaptivity (*CONTROL_ADAPTIVE) is improved to reduce the number of el-
ements along curved surfaces in forming simulations.

® One-step unfolding (*CONTROL_FORMING_ONESTEP) is improved to accommo-
date blanks with small initial holes.

¢ Efficiency of FORM 3 isogeometric shells is improved.
¢ The processing of *SET_xxx_GENERAL is faster.
¢ *KEYWORD_JOBID now works even when using the *CASE command.

¢ Parts may be repositioned in a small restart by including *DEFINE_TRANSFOR-
MATION and *NODE_TRANSFORM in the small restart deck to move nodes of a
specified node set prior to continuing the simulation.

Capabilities added during 2012/2013 to create LS-DYNA R7.0:

¢ Three solvers, EM, CESE, and ICFD, and a volume mesher to support the latter two
solvers, are new in Version 7. Brief descriptions of those solvers are given below.
Keyword commands for the new solvers are in Volume III of the LS-DYNA Key-
word User’s Manual. These new solvers are only included in double precision exe-
cutables.

* Keyword family: *EM_, the keywords starting with *EM refer to and control the
Electromagnetic solver problem set up:

o EM Solver Characteristics:

* Implicit

Double precision

* Dynamic memory handling

SMP and MPP

2D axisymmetric solver / 3D solver

Automatic coupling with structural and thermal LS-DYNA solvers
FEM for conducting pieces only, no air mesh needed (FEM-BEM sys-
tem)

Solid elements for conductors, shells can be insulators
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o EM Solver Main Features:

* Eddy Current (a.k.a Induction-Diffusion) solver

* Induced heating solver

* Resistive heating solver

* Imposed tension or current circuits

= Exterior field

* Magnetic materials (beta version)

* Electromagnetic contact

* EM Equation of states (Conductivity as a function of temperature)

o EM Solver Applications (Non-exhaustive) :

* Electromagnetic forming
Electromagnetic welding
Electromagnetic bending
Inductive heating

* Resistive heating

* Rail-gun

* Ring expansions

¢ Keyword family: *CESE_, the keywords starting with *CESE refer to and control the
Compressible CFD solver problem set up:

o CESE Solver Characteristics:

= Explicit

Double precision

* Dynamic memory handling

SMP and MPP

3D solver / special case 2D solver and 2D axisymmetric solver
Automatic coupling with structural and thermal LS-DYNA solvers
Eulerian fixed mesh or moving mesh (Either type input with *ELE-
MENT_SOLID cards or using *MESH cards)

o CESE Solver Main Features:

» The CESE (Conservation Element / Solution Element) method enforces
conservation in space-time

» Highly accurate shock wave capturing

* Cavitation model

* Embedded (immersed) boundary approach or moving (fitting) ap-
proach for FSI problems

* Coupled stochastic fuel spray solver (See *STOCHASTIC keywords)

* Coupling with chemistry (See *CHEMISTRY keywords) solver
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o CESE Solver Applications (Non-exhaustive) :

* Shock wave capturing

» Shock/acoustic wave interaction

» Cavitating flows

* Conjugate heat transfer problems

* Many different kinds of stochastic particle flows, e.g., dust, water, fuel.
* Chemically reacting flows, e.g., detonating flow, supersonic combustion.

¢ Keyword family: *ICFD_, the keywords starting with *ICFD refer to and control the
incompressible CFD solver problem set up:

o ICFD Solver Characteristics:

Implicit

Double precision

* Dynamic memory handling

SMP and MPP

2D solver / 3D solver

Makes use of an automatic volume mesh generator for fluid domain
(See *MESH keywords)

* Coupling with structural and thermal LS-DYNA solvers

o ICFD Solver Main Features:

* Incompressible fluid solver

* Thermal solver for fluids

» Free Surface flows

* Two-phase flows

* Turbulence models

* Transient or steady-state problems

* Non-Newtonian fluids

* Boussinesq model for convection

* Loose or strong coupling for FSI (Fluid-structure interaction)
* Exact boundary condition imposition for FSI problems

o ICFD Solver Applications (Non-exhaustive) :

» External aerodynamics for incompressible flows
Internal aerodynamics for incompressible flows
Sloshing, Slamming and Wave impacts

FSI problems

* Conjugate heat transfer problems

¢ Keyword family: *MESH_, the keywords starting with *MESH refer to and control
the tools for the automatic volume mesh generator for the CESE and ICFD solvers.
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o Mesh Generator Characteristics:

* Automatic

Robust

* Generic

Tetrahedral elements for 3D, Triangles in 2D

Closed body fitted mesh (surface mesh) needs to be provided for vol-
ume generation

o Mesh Generator Main Features:

* Automatic remeshing to keep acceptable mesh quality for FSI problems
(ICFD only)

Adaptive meshing tools (ICFD only)

Anisotropic boundary layer mesh

Mesh element size control tools

* Remeshing tools for surface meshes to ensure mesh quality

o Mesh Generator Applications :

* Used by the Incompressible CFD solver (ICFD).
* Used by the Compressible CFD solver (CESE).

Other additions to Version 7 include:

Add new parameter VNTOPT to *AIRBAG_HYBRID, that allows user more control
on bag venting area calculation.

Allow heat convection between environment and CPM bag (*fAIRBAG_PARTICLE)
bag. Apply proper probability density function to part's temperature created by the
particle impact.

*AIRBAG_PARTICLE and *SENSOR_SWITCH_SHELL_TO_VENT allows user to
input load curve to control the venting using choking flow equation to get proper
probability function for vents. Therefore, this vent will have the same vent rate as
real vent hole.

Add new option NP2P in *CONTROL_CPM to control the repartition frequency of
CPM particles among processors (MPP only).

Enhance *AIRBAG_PARTICLE to support a negative friction factor (FRIC or PFRIC)
in particle to fabric contact. Particles are thus able to rebound at a trajectory closer to
the fabric surface after contact.

Use heat convection coefficient HCONV and fabric thermal conductivity KP to get
correct effective heat transfer coefficient for heat loss calculation in *YAIRBAG_PAR-
TICLE. If KP is not given, H will be used as effective heat transfer coefficient.

Extend CPM inflator orifice limit from 100 to unlimited (*AIRBAG_PARTICLE).
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* Support dm_in_dt and dm_out_dt output to CPM chamber database (*DATA-
BASE_ABSTAT) to allow user to study mass flow rate between multiple chambers.

* Previously, the number of ships (rigid bodies) in “BOUNDARY_MCOL, as specified
by NMCOL, was limited to 2. Apparently, this was because the code had not been
validated for more than 2 rigid bodies, but it is believed that it should not be a prob-
lem to remove this restriction. Consequently, this limit has been raised to 10, with
the caveat that the user should verify the results for NMCOL > 2.

¢ Implemented a structural-acoustic mapping scheme (*BOUNDARY_ACOUSTIC_-
MAPPING), for mapping transient structural nodal velocity to acoustic volume sur-
face nodes. This is useful if the structure finite element mesh and the acoustic
boundary/finite element mesh are mismatched.

¢ *CONTACT_FORMING_ONE_WAY_SURFACE_TO_SURACE_ORTHO_FRIC-
TION can now be defined by part set IDs when supplemented by *DEFINE_FRIC-
TION_ORIENTATION. Segment sets with orientation per *DEFINE_FRICTION_-
ORIENTATION are generated automatically.

¢ Contact force of *CONTACT_ENTITY is now available in intfor *DATABASE_BI-
NARY_INTFOR).

¢ *CONTACT_FORCE_TRANSDUCER_PENALTY will now accept node sets for both
the slave and master sides, which should allow them to work correctly for eroding
materials. BOTH sides should use node sets, or neither.

¢ Added option to create a backup penalty-based contact for a tied constraint-based
contact in the input (IPBACK on Card E of *CONTACT).

¢ New option for *CONTACT_ENTITY. If variable SO is set to 2, then a constraint-
like option is used to compute the forces in the normal direction. Friction is treated
in the usual way.

e *CONTACT_ENTITY: allow friction coefficient to be given by a "coefficient vs time"
load curve (input < 0 -> absolute value is the load curve ID). Also, if the friction co-
efficient bigger or equal 1.0, the node sticks with no sliding at all.

* Minor tweak to the way both MPP and SMP handle nodes sliding off the ends of
beams in *CONTACT_GUIDED_CABLE.

¢ Frictional energy output in sleout *DATABASE_SLEOUT) supported for *CON-
TACT_..._MORTAR.

¢ Tiebreak damage parameter output as "contact gap" in intfor file for *CONTACT_-
AUTOMATIC_SURFACE_TO_SURFACE_TIEBREAK_MORTAR, OPTION = 9.

¢ Added MPP support for *CONTACT_2D_AUTOMATIC_SINGLE_SURFACE and
*CONTACT_2D_AUTOMATIC_SURFACE_TO_SURFACE.

¢ Added keyword *CONSTRAINED_MULTIPLE_GLOBAL for defining multi-node
constraints for imposing periodic boundary conditions.
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¢ Enhancement for *CONSTRAINED_INTERPOLATION_SPOTWELD (SPR3): calcu-
lation of bending moment is more accurate now.

e If*CONSTRAINED_NODAL_RIGID_BODY nodes are shared by several processors
with mass scaling on, the added mass is not summed up across processors. This re-
sults in an instability of the NRB. (MPP only)

e *ALE_REFINE has been replaced and expanded upon by the *CONTROL_REFINE
family of commands. These commands invoke local mesh refinement of shells, sol-
ids, and ALE elements based on various criteria.

¢ Shells or solids in a region selected for refinement (parent element) are replaced by 4
shells or 8 solids, respectively. *CONTROL_REFINE_SHELL applies to shells,
*CONTROL_REFINE_SOLID applies to solids and *CONTROL_REFINE_ALE and
*CONTROL_REFINE_ALE2D applies to ALE elements. Each keyword has up to 3
lines of input. If only the 1st card is defined, the refinement occurs during the initial-
ization. The 2nd card defines a criterion CRITRF to automatically refine the ele-
ments during the run. If the 3rd card is defined, the refinement can be reversed
based on a criterion CRITM. All commands are implemented for MPP.

¢ *CONTROL_REFINE_MPP_DISTRIBUTION distributes the elements required by
the refinement across the MPP processes.

¢ Eliminate automatic writing of a d3plot plot state after each 3D tetrahedral remesh-
ing operation (*CONTROL_REMESHING) to reduce volume of output.

* Generate disbout output (*“DATABASE_DISBOUT) for MPP and SMP binout files.

¢ Extend *DATABASE_MASSOUT to include option to output mass information on
rigid body nodes.

¢ Added new keyword *CHANGE_OUTPUT for full deck restart to override default
behavior of overwriting existing ASCII files. For small restart, this option has no ef-
tect since all ASCII output is appended to the result of previous run already.

¢ Added new option (NEWLENGD) to 2nd field of 3rd card of “*CONTROL_OUTPUT
to write more detailed legend in ASCII output files. At present, only rcforc and jnt-
forc are implemented.

* Increased default binary file size scale factor (x=) from 7 to 1024. That means the de-
fault binary file size will be 1 Gb for single version and 2 Gb for double version.

* Add echo of new "max frequency of element failure summaries" flag (FRFREQ in
*CONTROL_OUTPUT) to d3hsp file.

¢ Support LSDA /binout output for new pllyout file *DATABASE_PLLYOUT,*ELE-
MENT_BEAM_PULLEY) in both SMP and MPP.

e Allow degenerated hexahedrons (pentas) for cohesive solid elements
(ELFORM =19, 20) that evolve from an extrusion of triangular shells. The input of
nodes on the element cards for such a pentahedron is given by: N1, N2, N3, N3, N4,
N5, N6, N6.
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* Add new option to activate drilling constraint force for shells in explicit calcula-
tions. This can be defined by parameters DRCPSID (part set) and DRCPRM (scaling
factor) on *CONTROL_SHELL.

¢ Add SMP ASCII database "pllyout" (*“DATABASE_PLLYOUT) for *ELEMENT _-
BEAM_PULLEY.

e *FREQUENCY_DOMAIN_ACOUSTIC_BEM:

o Added an option to output real part of acoustic pressure in time domain.

o Enabled BEM acoustic computation following implicit transient analysis.

o Implemented coupling between steady state dynamics and collocation acous-
tic BEM.

o Implemented Acoustic Transfer Vector (ATV) to variational indirect BEM
acoustics.

o Enabled boundary acoustic mapping in BEM acoustics.

e *FREQUENCY_DOMAIN_ACOUSTIC_FEM:

o Added boundary nodal velocity to binary plot file d3acs.
o Implemented pentahedron elements in FEM acoustics.
o Enabled using boundary acoustic mapping in FEM acoustics.

e *FREQUENCY_DOMAIN_FRF:

o Updated FRF to include output in all directions (VAD2 = 4).
o Added treatment for FRF with base acceleration (node id can be 0).

e *FREQUENCY_DOMAIN_RANDOM_VIBRATION:

o Updated calculation of PSD and RMS von Mises stress in random vibration
environment, based on Sandia National Laboratories report, 1998.

e *FREQUENCY_DOMAIN_RANDOM_VIBRATION_FATIGUE:

o Implemented an option to incorporate initial damage ratio in random vibra-
tion fatigue.

¢ *FREQUENCY_DOMAIN_RESPONSE_SPECTRUM:

o Implemented double sum methods (based on Gupta-Cordero coefficient,
modified Gupta-Cordero coefficient, and Rosenblueth-Elorduy coefficient).

o Updated calculating von Mises stress in response spectrum analysis.

o Implemented treatment for multi simultaneous input spectra.

o Improved double sum methods by reducing number of loops.

e *FREQUENCY_DOMAIN_SSD:
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o Added the option to output real and imaginary parts of frequency response to
d3ssd.

o Added the option to output relative displacement, velocity and acceleration in
SSD computation in the case of base acceleration. Previously only absolute
values were provided.

¢ Implemented keyword *FREQUENCY_DOMAIN_MODE_{OPTION} so that user
can select the vibration modes to be used for frequency response analysis.

¢ Implemented keyword *SET_MODE_{OPTION} so that user can define a set of vi-
bration modes, to be used for frequency response analysis.

¢ Implemented keyword *FREQUENCY_DOMAIN_PATH to define the path of bina-
ry databases containing mode information, used in restarting frequency domain
analysis, e.g., frf, ssd, random vibration.

¢ Compute normal component of impulse for oblique plates in *INITIAL_MINE_IM-
PULSE. The feature is no longer limited to horizontal plates.

* Disable license security for *INITIAL_IMPULSE_MINE. The feature is no longer re-
stricted.

* Enabled hourglass type 7 to work well with *INITIAL_FOAM_REFERENCE_-
GEOMETRY so that initial hourglass energy is properly calculated and foam will
spring back to the initial geometry.

e Accommodate erosion of thin shells in *LOAD_BLAST _ENHANCHED.

¢ *LOAD_VOLUME_LOSS has been changed such that after the analysis time exceeds
the last point on the curve of volume change fraction versus time, the volume
change is no longer enforced.

¢ *LOAD_BODY_POROUS new option AOPT added to assign porosity values in ma-
terial coordinate system.

e Added *LOAD_SEGMENT_FILE.

¢ Add new sensor definition, *SENSOR_DEFINE_ANGLE. This card traces the angle
formed between two lines.

¢ *SENSOR_DEFINE_NODE can be used to trace the magnitude of nodal values (co-
ordinate, velocity or acceleration) when VID is "0" or undefined.

¢ Add twonew parameters to *SENSOR_DEFINE_ELEMENT, scale factor and power,
so that user can adjust the element-based sensor values (strain, stress, force ...).

¢ Change history variables 10-12 in *MAT_054/*MAT_ENHANCED_COMPOSITE_-
DAMAGE (thin shells only) to represent strains in material coordinate system rather
than in local element coordinate system. This is a lot more helpful for postpro-
cessing issues. This change should not lead to different results other than due to dif-
ferent round-off errors.

¢ New features and enhancements to *"MAT_244/* MAT UHS_STEEL:
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o Added implicit support for MAT_244.

o Changed the influence of the austenite grain size in Mat244 according to Li et
al.

o Changed the start temperatures to fully follow WATT et al and Li et al.

o Hardness calculation is now improved when noncontinuous cooling is ap-
plied i.e., tempering.

o Added temperature dependent Poisson ratio and advanced reaction kinetics.

o Added new advanced option to describe the thermal expansion coefficients
for each phase.

o Added option to use Curve ID or a Table ID for describing the latent heat
generation during phase transformations.

o Added support for table definition for Youngs modulus. Now you can have
one temperature dependent curve for each of the 5 phases

¢ Added support for implicit to *MAT_188.

¢ Added material model *MAT 273/*MAT_CDPM/*MAT_CONCRETE_DAMAGE -
PLASTIC_MODEL. This model is aimed at simulations where failure of concrete
structures subjected to dynamic loadings is sought. The model is based on effective
stress plasticity and has a damage model based on both plastic and elastic strain
measures. Implemented for solids only but both for explicit and implicit simula-
tions. Using an implicit solution when damage is activated may trigger a slow con-
vergense. IMFLAG = 4 or 5 can be useful.

¢ Added an option in *MAT_266 (*MAT_TISSUE_DISPERSED) so that the user can
tailor the active contribution with a time dependent load curve instead of using the
internal hardcoded option. See ACT10 in the User's Manual.

e *MAT_173/*MAT_MOHR_COULOMB is available in 2D.

¢ Enable *MAT_103 and *MAT_104 to discretize the material load curves according to
the number of points specified by LCINT in *CONTROL_SOLUTION.

¢ Implement Prony series up to 18 terms for shells using *MAT_076 /*MAT_GENER-
AL_VISCOELASTIC.

¢ Added *DEFINE_STOCHASTIC_VARIATION and the STOCHASTIC option for
*MATSs 10, 15, 24, 81, 98 for shells, solids, and type 13 tets. This feature defines a sto-
chastic variation in the yield stress and damage/failure of the aforementioned mate-
rial models.

e Add Modification for *DEFINE_CONNECTION_PROPERTIES, PROPRUL = 2:
thinner weld partner is first partner, PROPRUL = 3: bottom (nodes 1-2-3-4) weld
partner is first partner.

* Add spotweld area to debug output of *DEFINE_CONNECTION_PROPERTIES
which is activated by *CONTROL_DEBUG.

¢ Add support of *MAT_ADD_EROSION option NUMFIP < 0 for standard (non-
GISSMO) failure criteria. Only for shells.

LS-DYNA R7.1 1-49 (INTRODUCTION)



INTRODUCTION

¢ Improve implicit convergence of *“MAT_ADD_EROSION damage model GISSMO
by adding damage scaling (1-D) to the tangent stiffness matrix.

¢ Provide plastic strain rates (tension/compression, shear, biaxial) as history variables
no. 16, 17, and 18 for *“MAT _187.

* Add new variables to user failure routine matusr_24 (activated by FAIL <0 on
*MAT_024 and other materials): integration point numbers and element id.

* Add new energy based, nonlocal failure criterion for *MAT_ADD_EROSION, pa-
rameters ENGCRT (critical energy) and RADCRT (critical radius) after EPSTHIN.
Total internal energy of elements within a radius RADCRT must exceed ENGCRT
for erosion to occur. Intended for windshield impact.

¢ Add new option to *MAT_054 for thin shells: Load curves for rate dependent
strengths and a rate averaging flag can be defined on new optional card 9.

¢ Add new option for *MAT_MUSCLE: Input parameter SSP < 0 can now refer to a
load curve (stress vs. stretch ratio) or a table (stress vs. stretch ratio vs. normalized
strain rate).

¢ Expand list of variables for *MAT_USER_DEFINED_MATERIAL_MODELS by
characteristic element size and element id.

e Enable *MAT_USER_DEFINED_MATERIAL_MODELS to be used with tetrahedron
element type 13. New sample routines "umat41_t13" and "umat41v_t13" show corre-
sponding pressure calculation in the elastic case.

¢ Add a new feature to *MAT_125 allowing C1 and C2 to be used in calculation of
back stress. When plastic strain < 0.5%, C1 is used, otherwise C2 is used as de-
scribed in Yoshida's paper.

¢ Extend non-linear strain path (_ NLP_FAILURE) in *MAT_037 to implicit.

o *MAT_173/*MAT_MOHR_COULOMB now works in ALE. A new option has been
added to suppress the tensile limit on hydrostatic stress recommended for ALE
multi-material use.

¢ Upgraded *MAT_172/*MAT_CONCRETE_EC2.
o Corrections to DEGRAD option.
o Concrete and reinforcement types 7 and 8 have been added to reflect changes
to Eurocode 2.
o Extra history variables for reinforcement stress and strain are now output as
zero for zero-fraction reinforcement directions.
¢ Added RCDC model for solid *MAT_082.
* Added Feng's failure model to solid *MAT_021.

o Added *MAT 027 for beams.
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¢ Added *DEFINE_HAZ_PROPERTIES and *DEFINE_HAZ_TAILOR_WELDED_-
BLANK for modifying material behavior near a spot weld.

¢ Added fourth rate form to viscoplastic Johnson-Cook model (*MAT_015).
¢ Added option to *MAT_224 to not delete the element if NUMINT = -200.

* New damage initiation option 3 in multi fold damage criteria in *“MAT_ADD_ERO-
SION. Very similar to option 2 but insensitive to pressure.

¢ Added rotational resistance in *MAT_034/*MAT_FABRIC. Optionally the user may
specify the stiffness, yield and thickness of and elastic-perfectly-plastic coated layer
of a fabric that results in a rotational resistance during the simulation.

¢ FLDNIPF < 0 in *MAT_190/*MAT_FLD_3-PARAMETER_BARLAT for shell ele-
ments means that failure occurs when all integration points within a relative dis-
tance of -FLDNIPF from the mid surface has reached the fld criterion.

* A computational welding mechanics *MAT_270/*MAT_CWM material is available
that allows for element birth based on a birth temperature as well as annealing
based on an annealing temperature. The material is in addition a thermo-elasto-
plastic material with kinematic hardening and temperature dependent properties.

¢ Added *MAT_271/*MAT_POWDER, a material for manufacturing (i.e., compaction
and sintering) of cemented carbides. It is divided into an elastic-plastic compaction
model that is supposed to be run in a first phase, and a viscoelastic sintering model
that should be run in a second phase. This model is for solid elements.

e For IHYPER =3 on a *MAT_USER_DEFINED _... shell material, the deformation
gradient is calculated from the geometry instead of incremented by the velocity
gradient. The deformation gradient is also passed to the user defined subroutines in
the global system together with a transformation matrix between the global and ma-
terial frames. This allows for freedom in how to deal with the deformation gradient
and its transformations in orthotropic (layered) materials.

* The Bergstrom-Boyce viscoelastic rubber model is now available in explicit and im-
plicit analysis as *MAT_269/*MAT_BERGSTROM_BOYCE_RUBBER. The Arruda-
Boyce elastic stress is augmented with a Bergstrom-Boyce viscoelastic stress corre-
sponding to the response of a single entangled chain in a polymer gel matrix.

¢ Added anew parameter IEVTS to *MAT_USER_DEFINED_MATERIAL_MODELS
(*MAT_041-050). IEVTS is optional and is used only by thick shell formulation 5. It
points to the position of E(a) in the material constants array. Following E(a), the next
5 material constants must be E(b), E(c), v(ba), v(ca), and v(cb). This data enables
thick shell formulation 5 to calculate an accurate thickness strain, otherwise the
thickness strain will be based on the elastic constants pointed to by IBULK and IG.

¢ Implemented enhancements to fabric material (*MAT_034), FORM = 14. Stress-
strain curves may include a portion for fibers in compression. When unload /reload
curves with negative curve ID are input (curve stretch options), the code that finds
the intersection point now extrapolates the curves at their end rather than simply
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printing an error message if an intersection point cannot be found before the last
point in either curve.

¢ Map 1D to 3D by beam-volume averaging the 1D data over the 3D elements (*INI-
TIAL_ALE_MAPPING).

* In a 3D to 3D mapping (*INITIAL_ALE_MAPPING), map the relative displace-
ments for the penalty coupling in *CONSTRAINED_LAGRANGE_IN_SOLID.

¢ The .xy files associated with “DATABASE_ALE_MAT are now created when sense
switches sw1, sw2, quit, or stop are issued.

e *ALE_ESSENTIAL_BOUNDARY is available in 2D.
e *DATABASE_FSI is available for 2D (MPP).

e *ALE_ESSENTIAL_BOUNDARY implemented to apply slip-only velocity BC along
ALE mesh surface.

e *CONTROL_ALE flag INIJWL = 2 option added to balance initial pressure state be-
tween ALE Soil and HE.

¢ Include SPH element (*ELEMENT_SPH) in time step report.

¢ Time step and internal energy of 2D axisymmetric SPH elements are calculated in a
new way more consistent with the viscosity force calculation.

¢ Only apply viscosity force to x and y components of 2D axisymmetric SPH element,
not on hoop component.

¢ MAXYV in *CONTROL_SPH can be defined as a negative number to turn off velocity
checking.

* Improve calculation of 2D axisymmetric SPH contact force in *DEFINE_SPH_TO_-
SPH_COUPLING.

¢ Added the following material models for SPH particles: *MAT_004/*MAT_ELAS-
TIC_PLASTIC_THERMAL (3D only) and *MAT_106/*MAT_ELASTIC_VIS-
COPLASTIC_THERMAL

* Added anew parameter DFACT for *DEFINE_SPH_TO_SPH_COUPLING. DFACT
invokes a viscous term to damp the coupling between two SPH parts and thereby
reduce the relative velocity between the parts.

¢ Added BOUNDARY_CONVECTION and BOUNDARY_RADIATION for explicit
SPH thermal solver.

e *CONTROL_REMESHING_EFG:

o Add eroding failed surface elements and reconstructing surface in EFG adap-
tivity.

o Add a control parameter for monotonic mesh resizing in EFG adaptivity.

o Add searching and correcting self-penetration for adaptive parts in 3D tetra-
hedron remeshing.
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¢ Enhance 3D axisymmetric remeshing with 6-node/8-node elements

¢ (*CONTROL_REMESHING):

o Use RMIN/RMAX along with SEGANG to determine element size.

o Remove the restriction that the reference point of computational model has to
be at original point (0,0,0).

o Rewrite the searching algorithm for identifying the feature lines of cross-
sections in order to provide more stable remeshing results.

¢ Improve rigid body motion in EFG shell type 41.

¢ Support EFG pressure smoothing in EFG solid type 42 for *MAT_ELASTIC_VIS-
COPLASTIC_THERMAL.

* Add visco effect for implicit EFG solid type 42.

* Add new EFG solid type 43 (called Meshfree-Enriched FEM, MEFEM) for both im-
plicit and explicit. This element formulation is able to relieve the volumetric locking
for nearly-incompressible material (e.g. rubber) and performs strain smoothing
across elements with common faces.

¢ EFG shell adaptivity no longer requires a special license.
* Application of EFG in an implicit analysis no longer requires a special license.
¢ Add *SENSOR_CONTROL for prescribed motion constraints in implicit.

¢ Update *INTERFACE_LINKING_NODE in implicit to catch up with explicit, in-
cluding adding scaling factors.

¢ Add support for “DATABASE_RCFORC_MOMENT for implicit.
¢ Enhance Iterative solvers for Implicit Mechanics.

¢ Add, after the first implicit time step, the output of projected cpu and wall clock
times. This was already in place for explicit. Also echo the termination time.

¢ Add variable MXDMP in *CONTROL_THERMAL_SOLVER to write thermal con-
ductance matrix and right-hand side every MXDMP time steps.

¢ Add keyword *CONTROL_THERMAL_EIGENVALUE to calculate eigenvalue(s) of
each thermal conductance matrix.

¢ Added thermal material model *MAT_THERMAL_ORTHOTROPIC_TD_LC. This is
an orthtropic material with temperature dependent properties defined by load
curves.

¢ Changed structured file format for control card 27 (first thermal control card). Sev-
eral input variables used i5 format limiting their value to 99,999. A recent large
model exceeded this limit. The format was changed to i10. This change is not back-
ward compatible. Old structured input files will no longer run unless control card
27 is changed to the new i10 format. This change does not affect the KEYWORD file.

LS-DYNA R7.1 1-53 (INTRODUCTION)



INTRODUCTION

¢ Add thermal material *MAT_T07/*MAT_THERMAL_CWM for welding simula-
tions, to be used in conjunction with mechanical counterpart *MAT_270/*MAT_-
CWM.

* Modify decomposition costs of “MAT_181 and *MAT_183.
¢ Introduce new timing routines and summary at termination.
¢ Echo "MPP contact is groupable" flag to d3hsp

* Bodies using *“MAT_RIGID_DISCRETE were never expected to share nodes with
non-rigid bodies, but this now works in MPP.

* There is no longer any built-in limitation on the number of processors that may be
used in MPP.

¢ Echo contents of the MPP pfile (including keyword additions) to the d3hsp and
mes0000 files.

¢ Addnew keyword *CONTROL_MPP_PFILE, which allows for insertion of text fol-
lowing this command to be inserted into the MPP pfile (p = pfile).

¢ Change in MPP treatment of “*CONSTRAINED_TIE-BREAK. They now share a sin-
gle MPI communicator, and a single round of communication. This should improve
performance for problems with large numbers of these, without affecting the re-
sults.

¢ Added two input variables for *CONTROL_FORMING_ONESTEP simulation,
TSCLMIN is a scale factor limiting the thickness reduction and EPSMAX defines the
maximum plastic strain allowed.

* Added output of strain and stress tensors for onestep solver *CONTROL_FORM-
ING_ONESTEDP, to allow better evaluation of formability.

¢ Improved *CONTACT_AUTO_MOVE: before changes the termination time, and it
causes problems when several tools need to be moved. Now *CONTACT_AUTO_-
MOVE does not change the termination time, but changes the current time. In this
way, several tools can be moved without the need to worry about the other tool's
move. This is especially useful in multi-flanging and hemming simulations.

* Made improvements to previously undocumented keyword *INTERFACE_BLANK-
SIZE, including adding the options_INITIAL_TRIM, and_INITIAL_ADAPTIVE.
This keyword was developed for blank size development in sheet metal forming.
Generally, for a single forming process, only the option_DEVELOPMENT is needed
and inputs are an initial estimated blank shape, a formed blank shape, and a target
blank shape in either mesh or boundary coordinates. Output will be the calculat-
ed/corrected initial blank shape. Initial blank mesh and formed blank mesh can be
different (e.g. adaptive). For a multi-stamping process involving draw, trimming
and flanging, all three options are needed. Related commands for blank size estima-
tion are *CONTROL_FORMING_ONESTEP, and for trim line development, *CON-
TROL_FORMING_UNFLANGING.
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* Made improvements and added features to previously undocumented keyword
*CONTROL_FORMING_UNFLANGING, this keyword unfolds flanges of a de-
formable blank, e.g., flanged or hemmed portions of a sheet metal part, onto a rigid
tooling mesh using the implicit static solver. It is typically used in trim line mapping
during a draw die development process. The 'roots' of the flanges or hemmed edges
are automatically processed based on a user input of a distance tolerance between
the flanges /hemmed edges and rigid tool. It includes the ability to handle a vertical
flange wall. Other keywords related to blank size development are, *CONTROL_-
FORMING_ONESTEP, and *INTERFACE_BLANKSIZE_DEVELOPMENT.

¢ Added keyword *CONTROL_FORMING_OUTPUT which allows control of d3plot
output by specifying distances to tooling home. It works with automatic position of
stamping tools using *CONTROL_FORMING_AUTOPOSITION_PARAMETER.

* Added the LOCAL_SMOQOTH option to *INTERFACE_COMPENSATION_NEW
which features smoothing of a tool's local area mesh, which could otherwise become
distorted due to, e.g., bad / coarse mesh of the original tool surface, tooling pairs (for
example, flanging post and flanging steel) do not maintain a constant gap and sev-

eral compensation iterations. This new option also allows for multiple regions to be
smoothed. Local areas are defined by *SET_LIST_NODE_SMOOTH.

¢ Added output to rcforc for *DEFINE_DE_TO_SURFACE_COUPLING.
¢ Implement traction surface for “DEFINE_DE_TO_SURFACE_COUPLING.

e Add keyword *DATABASE_BINARY_DEMFOR with command line option
dem = dem_int_force. This will turn on the DEM interface force file for DEM cou-
pling option. The output frequency is controlled by the new keyword.

¢ Add new feature *DEFINE_DE_INJECTION to allow DEM particle dropping from
user defined plane.

* Add new option_VOLUME to *ELEMENT_DISCRETE_SPHERE. This will allow
DEM input based on per unit density and use *“MAT card to get consistent material
properties.

¢ Added FORM = -4 for *(ELEMENT_SHELL_NURBS_PATCH. Rotational dofs are
automatically set at control points at the patch boundaries, whereas in the interior of
the patch only translational dofs are present. This helps for joining multiple nurbs
patches at their CO-boundaries.

¢ Disabled FORM =2 and 3 for *ELEMENT_SHELL_NURBS_PATCH. These formula-
tions are experimental and not fully validated yet.

¢ Added energy computation for isogeometric shells *“ELEMENT_SHELL_NURBS_-
PATCH) to matsum.

¢ Allow isogeometric shells *ELEMENT_SHELL_NURBS_PATCH) to behave as rigid
body (*MAT_RIGID).

¢ Added "g" as abbreviation for gigawords in specification of memory on execution
line, e.g. memory = 16g is 16 billion words.
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Suppress non-printing characters in *COMMENT output.

Add command line option "pgpkey" to output the current public PGP key used by
LS-DYNA. The output goes to the screen as well as a file named "lstc_pgpkey.asc"
suitable for directly importing into GPG.

When reading the NAMES file, allow a '+' anywhere on a line to indicate there will
be a following line, not just at the end. This was never intended, but worked before
r73972 and some customers use it that way.

Check for integer overflow when processing command line arguments and the
memory value on the *KEYWORD card.

Added new capability for *INTERFACE_LINKING_NODE to scale the displace-
ments of the moving interface.

Support for */KEYWORD_JOBID with internal *CASE driver.

*DAMPING_FREQUENCY_RANGE now works for implicit dynamic solutions. An
error check has been added to ensure that the timestep is small enough for the
damping card to work correctly.

Added new option *DAMPING_FREQUENCY_RANGE_DEFORM to damp only
the deformation instead of the global motion.

Added *DEFINE_VECTOR_NODES. A vector is defined using two node IDs.

Add sense switch "prof" to output current timing profile to message (SMP) file or
mes#### (MPP) files. Also, for MPP only, collect timing information from processor
and output to prof.out when sense switch "prof" is detected.

Capabilities added during 2013/2014 to create LS-DYNA R7.1:

Add MUTABLE option for *PARAMETER so that parameter values can be rede-
fined later in the input deck.

Change MPP treatment of two-sided *CONTACT_FORCE_TRANSDUCER so that
proper mass and moment values can be output to the rcforc file.

MPP support for non-zero birthtime for *CONTACT_SINGLE_EDGE.

Add new command line option "ldir=" for setting a "local" working directory. In
MPP, this has the same effect as setting the "directory { local }" pfile option (and it
overrides that option). For SMP, it indicates a directory where local, working files
should be placed.

Add support for SMOOTH option in MPP groupable contact.

Add new keyword card *CONTROL_REQUIRE_REVISION to prevent the model
from being run in old versions of LS-DYNA.

Add part set specification for dynamic relaxation with implicit using *CONTROL _-
DYNAMIC_RELAXATION. This is a new feature specified with idrflg =6 on
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*CONTROL_DYNAMIC_RELAXATION. This allows implicit to be used for the dy-
namic relaxation phase for models involving parts being modeled with SPH and / or
ALE while excluding those parts from the dynamic relaxation phase.

* Add new feature for implicit automatic time step control to cooperate with thermal
time step control. On *CONTROL_IMPLICIT_AUTO, IAUTO =2 is the same as
IAUTO =1 with the extension that the implicit mechanical time step is limited by
the active thermal time step.

¢ On*CONTROL_IMPLICIT_SOLUTION, add negative value of MAXREEF for implic-
it mechanics. Nonlinear iteration will terminate after | MAXREF | iterations. With
MAXREF < 0 convergence is declared with a warning. Simulation will continue.
Positive values of MAXREF still cause failure of convergence to be declared leading
to either a time step reduction or an error termination.

¢ Add*CONTROL_IMPLICIT_MODAL_DYNAMIC keywords and features. This el-
evates the modal dynamic features of IMASS =2 on *CONTROL_IMPLICIT_DY-
NAMICS. It also adds additional features of damping and mode selection and
stress computations.

e New material model *MAT_DRY_FABRIC / MAT_214, which can be used in mod-
eling high strength woven fabrics with transverse orthotropic behavior.

e Add *ALE_COUPLING_NODAL_PENALTY, penalty-based nodal coupling with
ALE.

¢ Add type 8 *ELEMENT_SEATBELT_PRETENSIONER which takes energy-time
curve, instead of pull-in or force curve.

¢ Add type 9 *ELEMENT_SEATBELT_PRETENSIONER for energy-based buckle /
anchor pretensioner.

¢ Add *DATABASE_BINARY_FSILNK. This feature stores coupling pressure from
*CONSTRAINED_LAGRANGE_IN_SOLID in a binary time history file for usein a
separate model that does not include ALE.

¢ Add*LOAD_SEGMENT_FSILNK. Use pressure loads stored in aforementioned bi-
nary time history file to load model that does not have ALE elements.

* Add new keyword *DEFINE_SPH_DE_COUPLING to allow SPH particles to con-
tact discrete element spheres (DES).

¢ Add MOISTURE option to *MAT_076 solids. Allows moisture content to be input
as a function of time. Material parameters are then scaled according to the moisture
and a moisture strain is also introduced.

¢ Add*RIGIDWALL_FORCE_TRANSDUCER to output forces from rigidwalls acting
on node sets.

¢ Add LOG_INTERPOLATION option to *MAT_024. This offers an alternate means
of invoking logarithmic interpolation for strain rate effects. The other way is to in-
put the natural log of strain rate in the table LCSS.
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¢ Add capability in *MAT_ADD_EROSION (NUMFIP < -100) to set stress to zero in
each shell integration point as it reaches the failure criterion. When | NUMFIP |-100
integration points have failed, the shell is eroded. In contrast, when NUMFIP > 0,
failed integration points continue to carry full load as though they were unfailed un-
til element erosion occurs.

¢ Add new keyword, *PARAMETER_TYPE, for use by LS-PrePost when combining
keyword input files. The appropriate offset is applied to each ID value defined us-
ing *PARAMETER_TYPE, according to how that ID is used.

¢ Allow use of load curve to specify damping as a function of time in “DAMPING_-
RELATIVE.

* Add a segment based (SOFT = 2) contact option to include the overlap area in the
contact stiffness calculation. Thisis good for improving the friction calculation and
possibly for implicit convergence. The option is turned on by setting FNLSCL > 0
and DNLSCL = 0. As DNLSCL = 0, the contact stiffness is not nonlinear'. This new
option is also useful when used with another improvement that was made to the
FS =2 friction coefficient by table lookup option in segment based contact. When
the above mentioned FNLSCL > 0, option is used, the FS = 2 option is now very ac-
curate.

¢ Add a new RCDC damage option, *"MAT_PLASTICITY_WITH_DAMAGE_OR-
THO_RCDC1980 which is consistent with the WILKINS paper. It uses the principal
values of stress deviators and a different expression for the A_d term.

¢ AddaTIETYP option to *CONTACT_2D_AUTOMATIC. By default the tied contact
automatically uses constraint equations when possible for 2D tied contact. If a con-
flict is detected with other constraints, or to avoid 2-way constraints, penalty type
ties are used when constraints are not possible. The TIETYP option, when set to 1,
causes all ties to use the penalty method. This is useful if in spite of the code's best
efforts to avoid problems, there is still a conflict in the model.

* Add a scale factor for scaling the frictional stiffness for contact. The parameter is
FRICSF on optional card E and it's only supported for segment based (SOFT = 2)
contact. This was motivated by a rubber vs. road skidding problem where the fric-
tion coefficent had static, dynamic and decay parameters defined. The growth of
the frictional force was too slow so the static coulomb value could not be achieved.
By scaling the frictional stiffness higher, the coulomb value could approach the stat-
ic value.

¢ Add keyword *CONTACT_2D_AUTOMATIC_FORCE_TRANSDUCER. Like the
3D force transducers, it does no contact calculation but only measures the contact
forces from other contact definitions. When only a slave side is defined, the contact
force on those segments is measured. Currently, two surface force transducers are
not available.

¢ Add options to *MAT_058:
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o Load curves for rate dependent strain values (E11C, E11T, ...) can be defined
on new optional card 9.

o Load curves for rate dependent strengths (XC, XT, etc) and a rate averaging
flag can be defined on new optional card 8.

o Abscissa values in above curves are taken to be natural log of strain rate when
the first value is negative.

o Add optional transverse shear damage to *MAT_058.

¢ Add MAT_261 and MAT_262 for general use. *“MAT_261is *MAT_LAMINATED_-
FRACTURE_DAIMLER_PINHO. *MAT_262is*MAT_LAMINATED_FRACTURE_-
DAIMLER_CAMANHO.

* Add pentahedra cohesive solid element types (TYPE =21 & 22). Type =21 is the
pentahedra version of Type =19 and Type =22 is the pentahedra version of
Type = 20. Using ESORT.gt.0 in *CONTROL_SOLID will automatically sort out the
pentahedra elements (19 to 21 and 20 to 22).

¢ Add *DEFINE_DE_BY_PART to define control parameters for DES by part ID, in-
cluding damping coefficient, friction coefficient, spring constant, etc. If defined, it
will overwrite the parameters in *CONTROL_DISCRETE_ELEMENT.

¢ Add new feature for *MAT_030 *MAT_SHAPE_MEMORY) as optional 3rd card.
Curves or tables (strain rate dependency) can be defined to describe plastic loading
and unloading behavior.

¢ New feature for *\ELEMENT_BEAM_PULLEY. Beam elements BID1 and BID2 can
now both be defined as "0" (zero). In that case, adjacent beam elements are automat-
ically detected. Therefore, the first two beam elements with nodal distance < 1.0e-6
to the pulley node (PNID) will be chosen.

¢ Add new feature to “MAT_ADD_EROSION's damage model GISSMO. By default,
damage is driven by equivalent plastic strain. Now, users can optionally define an-
other history variable as driving quantity by setting DMGTYP.

¢ Add volumetric plastic strain to *"MAT_187 as history variable 6.
* Add internal energy calculation for *‘ELEMENT_BEAM_PULLEY.
¢ Add viscoplastic option to *MAT_157: new parameter VP on Card 5, Column 6.

¢ Addnew keyword *MAT_ADD_COHESIVE which is intended to make 3D material
models available for cohesive elements.

* Add new parameters to “MAT_CABLE_DISCRETE / *MAT_071. MXEPS (Card 2,
Column 4) is equal the maximum strain at failure and MXFRC (Card 2, Column 5) is
equal to the maximum force at failure

e Add *MAT_124 as potential weld partner material for PROPRUL = 2/3 of *DE-
FINE_CONNECTION_PROPERTIES.

* Add new material *MAT_TOUGHENED_ADHESIVE_POLYMER (TAPO) or
*MAT_252 for epoxy-based, toughened, ductile adhesives.
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¢ Add new option to *MAT_002_ANIS: parameter IHIS on Card 4, Column 8.
IHIS = 0: terms C11, C12, ... from Cards 1, 2, and 3 are used. IHIS = 1: terms C11,
C12, ... initialized by *INITIAL_STRESS_SOLID's extra history variables.

¢ Addnew option to *MAT_102. Instead of constant activation energy Q, one can de-
fine a load curve LCQ on Card 2, Column 7:

o LCQ.GT.0: Q as function of plastic strain
o LCQ.LT.0: Q as function of temperature

¢ Addnew option to *MAT_071 (MAT_CABLE_DISCRETE_BEAM). New parameter
FRACLO (Card 2, Column 3) is fraction of initial length that should be reached over

time period of TRAMP. That means the cable element length gets modified from LO
to FRACLO*LO between t = 0 and t = TRAMP.

* Add internal energy calculation for SPR models *CONSTRAINED_INTERPOLA-
TION_SPOTWELD (SPR3) and *CONSTRAINED_SPR2. Their contribution was
missing in energy reports like glstat.

¢ Add new failure model OPT = 11 to *MAT_SPOTWELD/*MAT_100 for beam ele-
ments.

¢ Add three new failure criteria for shell elements to “MAT_ADD_EROSION on op-
tional card 4, columns 6-8:

o LCEPSI12: load curve in-plane shear strain limit vs. element size.
o LCEPS13: load curve cross-thickness shear strain limit vs. element size.
o LCEPSMX: load curve in-plane major strain limit vs. element size.

* Add new capability to *MAT_ADD_EROSION damage model GISSMO. Strain rate
scaling curve LCSRS can now contain natural logarithm values of strain rates as ab-
scissa values. This is automatically assumed when the first value is negative.

* Add new parameter NHMOD to *MAT_266. The constitutive model for the iso-
tropic part can now be chosen:

o NHMOD = 0: original implementation (modified Neo-Hooke)
o NHMOD = 1: standard Neo-Hookeon (as in umat45)

¢ New keyword *DEFINE_TABLE_MATRIX is an alternative way of defining a table
and the curves that the table references from a single unformatted text file, e.g., as
saved from an Excel spreadsheet.

¢ Change long format so that all data fields are 20 columns and each line of input can
hold up to 200 columns. In this way, the number of input lines is the same for long
format as for standard format.

o 8 variables per line in long format = 160 columns
o 10 variables per line in long format = 200 columns
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* Add anew option (SOFT = 6) in *CONTACT_FORMING_NODES_TO_SURFACE
for blank edge and guide pin contact.

¢ Add user-defined criteria for mesh refinement (or coarsening) in *CONTROL_RE-
FINE_....

* Add new contact option that currently only works for MPP SINGLE_SURFACE
contact with SOFT = 0 or 1. If SRNDE (field 4 of optional card E) is a 1, then free
edges of the contact definition will be rounded WITHOUT extending the segments.
Rather than having cylindrical caps on the ends of the segments, the "corners" of the
squared off thickness are rounded over.

¢ Add geometric contact entity type -3 "finite cylinder".

¢ Addirate = 2 to “*CONTROL_IMPLICIT_DYNAMICS to turn off rate effects for both
implicit and explicit.

¢ Add quadratic 8-node and 6-node shells (shell formulations 23 and 24).

¢ Add LOG_LOG_INTERPOLATION option for table defining strain rate effects in
*MAT_083, *MAT_181, and *MAT_183.

¢ Add automatic generation of null shells for quadratic shell contact (*PART_DUPLI-
CATE_NULL_OVERLAY).

* Add beam contact forces to rcforc output (*DATABASE_RCFORC).

e Add SHL4_TO_SHLS option to *ELEMENT_SHELL to automatically convert 4-node
shells to 8-node quadratic shells.

* Add 3-node beam element with quadratic interpolation that is tailored for the pip-
ing industry. It includes 12 degrees of freedom, including 6 ovalization degrees of
freedom, per node for a total of 36 DOF. An internal pressure can be given that can
stiffen and elongate the pipe.

o ELFORM = 14 in *SECTION_BEAM.

o *ELEMENT_BEAM_ELBOW.

o NEIPB in *DATABASE_EXTENT_BINARY to direct output of elbow loop-
stresses to d3plot. Otherwise, output goes to ASCII file elbwls.k.

o Supported by a subset of material models including mats 3,4,6,153,195.

¢ Add discrete element option DE to *DATABASE_TRACER.
o Includes variable RADIUS. average result of all

* RADIUS > 0: Reports the average result of all DE particles in a spherical
volume having radius = RADIUS and centered at the tracer.
* RADIUS < 0: Reports result of the closest particle to the tracer.

o Ifatracer node NID is given, then the tracer moves with this node. The node
must belong to a DES.
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¢ Addnew options *PART_COMPOSITE_LONG and *ELEMENT_SHELL_COMPOS-
ITE_LONG. In contrast to "COMPOSITE", one integration point is defined per card.
This is done to allow for more informations, e.g. new variable "ply id".

¢ Add support of *MAT_ADD_EROSION option NUMFIP < 0 for standard (non-
GISSMO) failure criteria. Only for shells.

* Add viscoplastic behavior to *MAT_157, i.e., parameter LCSS can now refer to a ta-
ble with strain rate dependent yield curves.

¢ Addsingular finite element with midside nodes for 2D plane strain fracture analysis
(ELFORM = 55 in *SECTION_SHELL). This is an 8-noded element and can induce a
singular displacement field by moving mid-side nodes to quarter locations.

e If HCONV < 0in *AIRBAG_PARTICLE, | HCONYV | is a curve of heat convection
coefficient vs. time.

¢ Add new option DECOMPOSITION for *AIRBAG_PARTICLE -- MPP only.This
will automatically invoke the recommended decomposition commands, *CON-
TROL_MPP_DECOMPOSITION_BAGREEF (if applicable) and *CONTROL_MPP_-
DECOMPOSITION_ARRANGE_PARTS, for the bag.

* Add new blockage option for vents in *AIRBAG_PARTICLE:
o blockage considered

* .eq.0:no

* .eq.l:yes

* .eq.2: yes, exclude external vents
* .eq.3: yes, exclude internal vents
* .eq.4: yes, exclude all vents

¢ Add option in *CONTROL_CPM to consider CPM in the time step size calculation.

¢ When using *AIRBAG_PARTICLE with IAIR = 2, user should keep mole / particle
similar between inflator gas and initial air particles to ensure the correct elastic colli-
sion. If different by more than 10%, code will issue warning message and provide
the suggested initial air particle number.

¢ Enable *DEFINE_CURVE_FUNCTION for *SECTION_POINT_SOURCE_MIXTURE
and *SECTION_POINT_SOURCE.

¢ Make *BOUNDARY_PRESCRIBED_MOTION_SET compatible with *CONTROL_-
REFINE

¢ Change *BOUNDARY_ACOUSTIC_COUPLING_MISMATCH to rank order oppos-
ing acoustic faces and structural segments by proximity, thereby accelerating the
preprocessing stage, enhancing reliability and allowing some liberalization of the
search parameters.

¢ Implement hemispherical geometry for particle blast (*“DEFINE_PBLAST_GEOME-
TRY).
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* Add explosive type for *PARTICLE_BLAST.
¢ For particle-based blast *“PARTICLE_BLAST:

o Include random distribution of initial air molecules
o Modify algorithm to account for the non-thermally-equilibrated state of high
velocity gas.

¢ Improve particle contact method for particle-based blast loading *PARTICLE_-
BLAST.

¢ *CONTACT now works for parts refined using *CONTROL_REFINE_SOLID or
*CONTROL_REFINE_SHELL.

¢ Improve calculation of shell element contact segment thicknesses, particularly at
material boundaries.

¢ MPP: Add output to rcforc file for *CONTACT_AUTOMATIC_TIEBREAK to record
the # of nodes tied, and the total tied area.

* MPP: Add calculation of "contact gap" for master side of FORMING contact.
* MPP: Add support for table-based friction (FS = 2.0) to groupable contact.

¢ Implement splitting-pinball contact, Belytschko & Yeh (1992, 1993). This new con-
tact option is invoked by setting SOFT = 2, SBOPT = 3 and DEPTH = 45. A penetra-
tion check method based on LS-PrePost version 4.0 is implemented for the new
bilinear-patch-based contact, SOFT = 2, DEPTH = 45 & Q2TRI = 0. The new method
provides more accurate intersection information when Q2TRI = 0.

¢ Add support for birth time for “*CONTACT_2D_AUTOMATIC_TIED.

¢ Improve the segment based single surface contact search for thick segment pairs
that are too close together. The code was not working well with triangluar seg-
ments. This change affects models with shell segments that have thickness greater
than about 2/3 of the segment length.

¢ Enable segment based quad splitting options to work when shell sets or segment
sets are used to define the surface that will be split. This is really a bug fix because
there was no check to prevent this and the result was writing past the allocated
memory for segment connectivites.

¢ Allow *CONSTRAINED_INTERPOLATION to use node set to define the independ-
ent nodes.

¢ Add alength unit to the tolerance used for the checking of noncoincident nodes in
*CONSTRAINED_JOINTSs excluding spherical joints. The old tolerance was 1.e-3.
The new tolerance is 1.e-4 times the distance between nodes 1 and 3. The error mes-
sages were changed to warnings since this change might otherwise cause existing
models to stop running.
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¢ Add d3hsp output for *CONSTRAINED_INTERPOLATION_SPOTWELD (SPR3)
and *CONSTRAINED_SPR2. Can be deactivated by setting NPOPT = 1 on *CON-
TROL_OUTPUT.

e Support NFAIL1 and NFAIL4 of *CONTROL_SHELL in coupled thermal-
mechanical analysis, i.e. erode distorted elements instead of error termination.

e PTSCL on *CONTROL_CONTACT can be used to scale contact force exerted on
shell formulations 25,26,27 as well as shell formulations 2,16 (IDOF = 3).

¢ Use SEGANG in *CONTROL_REMESHING to define positive critical angle (unit is
radian) to preserve feature lines in 3D tetrahedral remeshing (ADPOPT =2 in
*PART).

¢ For 3D solid adaptive remeshing including ADPOPT = 2 and ADPOPT = 3 (*PART),
the old mesh will be used automatically if the remesher fails generating a new mesh.

¢ Add option INTPERR on *CONTROL_SHELL (Optional Card 3, Column 8). By de-
fault, warning messages INI+143/144/145 are written in case of non-matching
number of integration points between *INITIAL_STRESS_SHELL and *SECTION_-
SHELL. Now with INTPERR = 1, LS-DYNA can terminate with an error.

¢ Add variable D3TRACE on *CONTROL_ADAPTIVE: The user can now force a plot
state to d3plot just before and just after an adaptive step. This option is necessary for
tracing particles across adaptive steps using LS-PrePost.

¢ By putting MINFO = 1 on *CONTROL_OUTPUT, penetration info is written to mes-
sage files for mortar contact., see also *CONTACT_.... Good for debugging implicit
models, not available for explicit.

¢ Change the default scale factor for binary file sizes back to 70. This value can be
changed using "x=" on the execution line. In version R7.0, the default value of x is
4096, and that sometimes leads to difficulty in postprocessing owing to the large
size of the d3plot file(s).

¢ Enable *CONTROL_OUTPUT flag, EOCS, which wasn't having any effect on the
shells output to elout file.

e *DATABASE_FSI_SENSOR: Create sensors at solid faces in 3D and at shell sides in
2D.

¢ *DATABASE_PROFILE: Implement the option DIR = 4 to plot data with curvilinear
distributions and the flag UPDLOC to update the profile positions.

¢ In *CONTROL_SHELL, add options for deletion of shells based on:

o diagonal stretch ratio (STRETCH)
o w-mode amplitude in degrees (W-MODE)

¢ New element formulation ELFORM =45 in *SECTION_SOLID: Tied Meshfree-
enriched FEM (MEFEM). This element is based on the 4-noded MEFEM element
(ELFORM = 43, *SECTION_SOLID). Combined with *CONSTRAINED_TIED_-
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NODES_FAILURE, *SET_NODE_LIST and cohesive model, this element can be
used to model dynamic multiple-crack propagation along the element boundaries.

* New high order tetrahedron CPE3D10 based on Cosserat Point theory can be in-
voked by specifying element formulation ELFORM = 16 and combining this with
hourglass formulation IHQ = 10. See *SECTION_SOLID and *HOURGLASS.

e Add database D3ACS for collocation acoustic BEM (*FREQUENCY_DOMAIN_-
ACOUSTIC_BEM) to show the surface pressure and normal velocities.

¢ Implement biased spacing for output frequencies for random vibration (*FRE-
QUENCY_DOMAIN_RANDOM_VIBRATION).

¢ Add frequency domain nodal or element velocity output for acoustic BEM (*FRE-
QUENCY_DOMAIN_ACOUSTIC_BEM).

* Implement boundary acoustic mapping to acoustic BEM in MPP (*BOUNDARY_-
ACOUSTIC_MAPPING). This is enabled only for segment sets at present.

¢ Implement panel contribution analysis capability to Rayleigh method (*FREQUEN-
CY_DOMAIN_ACOUSTIC_BEM_PANEL_CONTRIBUTION).

¢ Implement a scheme to map velocity boundary condition from dense BEM mesh to
coarse mesh to speed up the computation (*FREQUENCY_DOMAIN_ACOUSTIC_-
BEM).

* Add user node ID for acoustic field points in D3ATV (*FREQUENCY_DOMAIN_-
ACOUSTIC_BEM). Now D3ATYV is given for multiple field points, and multiple fre-
quencies.

* Add database D3ATYV for acoustic transfer vector binary plot (*FREQUENCY_DO-
MAIN_ACOUSTIC_BEM_ATYV, *DATABASE_FREQUENCY_BINARY_D3ATYV).

¢ Implement acoustic panel contribution analysis to collocation BEM and dual collo-
cation BEM (*FREQUENCY_DOMAIN_ACOUSTIC_BEM).

¢ Enable *FREQUENCY_DOMAIN_MODE in response spectrum analysis (*FRE-
QUENCY_DOMAIN_RESPONSE_SPECTRUM).

¢ Implement an option to read in user-specified nodal velocity history data for run-
ning BEM acoustics (*FREQUENCY_DOMAIN_ACOUSTIC_BEM).

e Extend Kirchhoff acoustic method to MPP (*FREQUENCY_DOMAIN_-
ACOUSTIC_BEM).

* Extend response spectrum analysis to multiple load spectra cases (*FREQUENCY_-
DOMAIN_RESPONSE_SPECTRUM).

¢ Add BAGVENTPOP for *SENSOR_CONTROL. This allows user more flexibilty
controlling the pop-up of the venting hole of *AIRBAG_HYBRID and *AIRBAG_-
WANG_NEFSKE

¢ Add command *SENSOR_DEFINE_FUNCTION. Up to 15 *DEFINE_SENSORs can
be referenced in defining a mathematical operation.
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¢ LAYER of *SENSOR_DEFINE_ELEMENT can now be an integer 'T' representing the
Ith integration point at which the stress/strain of the shell or tshell element will be
monitored.

¢ Add control of *LOAD_MOVING_PRESSURE by using *SENSOR_CONTROL.
* Add thick shells to the ETYPE option list of *SENSOR_DEFINE_ELEMENT.

e Add*CONTROL_MPP_MATERIAL_MODEL_DRIVER in order to enable the Mate-
rial Model Driver for MPP (1 core).

¢ Add table input of thermal expansion coefficient for *MAT_270. Supports tempera-
ture-dependent curves arranged according to maximum temperature.

* Add table input of heat capacity for *"MAT_TO07. Supports temperature dependent
curves arranged according to maximum temperature.

* Add two more kinematic hardening terms for “MAT_DAMAGE_3/MAT_153, c2 &
gamma?2.

e Add materials *"MAT _CONCRETE_ DAMAGE_REL3/*MAT 072R3 and *MAT -
CSCM_CONCRETE/*MAT_159 to Interactive Material Model Driver.

¢ Enable *MAT_JOHNSON_COOK/*MAT_015 for shell elements to work with cou-
pled structural / thermal analysis.

¢ Allow *MAT_SOIL_AND_FOAM /*MAT_005 to use positive or negative abscissa
values forload curve input of volumetric strains.

¢ Add *MAT_ACOUSTIC elform = 8 support for pyramid element case using 5-pt in-
tegration.

* Add support to *MAT_219 (*MAT_CODAM?2) for negative AOPT values which
point to coordinate system ID's.

* Modify *MAT_224 so it uses the temperatures from the thermal solution for a cou-
pled thermal-mechanical problem.

¢ Add alternative solution method (Brent) for *MAT_015 and *MAT_157 in case
standard iteration fails to converge.

¢ Add shell element IDs as additional output to messag file for *MAT_036's warning
"plasticity algorithm did not converge".

e For *MAT_USER_DEFINED_MATERIAL_MODELS, the subroutines crvval and
tabval can be called with negative curve / table id which will extract values from
the user input version of the curve or table instead of the internally converted "100-
point" curve / table.

¢ Inthe damage initiation and evolution criteria of *MAT_ADD_EROSION (invoked
by IDAM < 0), add the option Q1 < 0 for DETYP = 0. Here, | Q1| is the table ID de-
tining the ufp (plastic displacement at failure) as a function of triaxiality and dam-
age value, i.e., ufp = ufp(eta,D), as opposed to being constant which is the default.
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e In *MAT_RHT, ONEMPA =-6 generates parameters in g,cm and microS and
ONEMPA = -7 generates parameters in mm, ms and mg

¢ In*MAT_SIMPLIFIED_RUBBER/FOAM, STOL > 0 invokes a stability analysis and
warning messages are issued if an unstable stretch point is found within a logarith-
mic strain level of 100%.

¢ Implement *“DATABASE_ALE to write time history data (volume fractions, stress-
es,...) for a set of ALE elements. Not to be confused with *DATABASE_ALE_MAT.

¢ Implement *DELETE_PART in small restarts for ALE2D parts.

* Add conversion of frictional contact energy into heat when doing a coupled ther-
mal-mechanical problem for SPH (variable FRCENG in *CONTROL_CONTACT).
This option applys to all 3D contact types supported by SPH particles.

¢ For keyword *DEFINE_ADAPTIVE_SOLID_TO_SPH, add support of explicit SPH
thermal solver for the newly generated SPH particles which were converted from
solid elements. The temperatures of those newly generated SPH particles are
mapped from corresponding solid elements.

¢ Implement DE to surface tied contact “DEFINE_DE_TO_SURFACE_TIED. The im-
plementation includes bending and torsion.

¢ Implement keyword *DEFINE_DE_HBOND to define heterogeneous bond for dis-
crete element spheres (DES). DES (*ELEMENT_DISCRETE_SPHERE) with different
material models can be bonded.

¢ Implement keyword *INTERFACE_DE_BOND to define multiple failure models for
various bonds within one part or between different parts through the keyword *DE-
FINE_DE_HBOND.

¢ Implement *DEFINE_DE_TO_BEAM_COUPLING for coupling of discrete element
spheres to beam elements.

¢ Add variable MAXGAP in *DEFINE_DE_BOND to give user control of distance
used in judging whether to bond two DES together or not, based on their initial sep-
aration.

¢ Add IAT =-3 in *CONTROL_REMESHING_EFG, which uses FEM remapping
scheme in EFG adaptivity. Compared to IAT =-2,-1,1,2, IAT = -3 is faster and more
robust but less accurate.

¢ Add control flag MM in *CONTROL_REMESHING_EFG to turn on/off monotonic
mesh resizing for EFG 3D general remeshing (ADPOPT = 2 in *PART).

¢ *CONTROL_IMPLICIT_BUCKLING - Extend Implicit Buckling Feature to allow for
Implicit problems using Inertia Relief. This involves adding the Power Method as a
solution technology for buckling eigenvalue problems. Using the power method as
an option for buckling problems that are not using inertia relief has been added as
well.
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¢ Extend Implicit Buckling to allow for Intermittent extraction by using negative val-
ues of NMODE on *CONTROL_IMPLICIT_BUCKLING similar to using negative
values of NEIG on *CONTROL_IMPLICIT_EIGENVALUE.

¢ Extend implicit-explicit switching specified on *CONTROL_DYNAMIC_RELAX-
ATION to allow explicit simulation for the dynamic relaxation phase and implicit
for the transient phase.

* New implementation for extracting resultant forces due to joints for implicit me-
chanics.

* New implementation of extracting resultant forces due to prescribed motion for im-
plicit mechanics.

¢ Add support for IGAP > 2 in implicit, segment based (SOFT = 2) contact.

* Add constraint-based, thermal nodal coupling for *CONSTRAINED_LAGRANGE_-
IN_SOLID. HMIN < 0 turns it on.

¢ Add FRCENG =2 on CONTROL_CONTACT keyword.

o if FRCENG = 1, convert contact frictional energy to heat.
o if FRCENG = 2, do not convert contact frictional energy to heat.

¢ Add effect of thermal time scaling (TSF in *CONTROL_THERMAL_SOLVER) to 2D
contact.

* Add new pfile decomposition region option: partsets. Takes a list of part sets
(*SET_PART) from the keyword input and uses them to define a region, e.g., region
{ partsets 102 215 sy 1000 } This example would take partsets, scale y by 1000, and
decompose them and distribute them to all processors.

¢ Reduce MPP memory usage on clusters.
¢ Add MPP support for *‘ELEMENT_SOURCE_SINK.
¢ Add new pfile options:

o decomp { d2r_as_rigid }
o decomp { d2ra_as_rigid }

which cause materials appearing in "*DEFORMABLE_TO_RIGID" and "*DE-
FORMABLE_TO_RIGID_AUTOMATIC" to have their computational costs set as if
they were rigid materials during the decomposition.

¢ Add option ISRCOUT to *INCLUDE_STAMPED_PART to dump out the trans-
formed source/stamp mesh.

¢ *CONTROL_FORMING_OUTPUT: Allow NTIMES to be zero; support birth and
death time; support scale factor in curve definition.

¢ Add a new option (INTFOR) to *CONTROL_FORMING_OUTPUT to control the
output frequency of the INTFOR database.
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* Add new features (instant and progressive lancing) in “YELEMENT_LANCING for
sheet metal lancing simulation.

¢ Add a new keyword: *CONTROL_FORMING_INITIAL_THICKNESS.

* Add anew option for springback compensation: *INCLUDE_COMPENSATION_-
ORIGINAL_TOOLS.

¢ Add anew keyword: *INTERFACE_COMPENSATION_NEW_PART_CHANGE.

* Addanew keyword (*DEFINE_CURVE_BOX_ADAPTIVITY) to provide better con-
trol of mesh refinement along two sides of the curve.

¢ Isogeometric analysis: contact is available in MPP.

* Normalize tangent vectors for local coordinate system for the rotation free isogeo-
metric shells.

* Add support for dumping shell internal energy density for isogeometric shells (*EL-
EMENT_SHELL_NURBS_PATCH) via interpolation shells.

¢ Add support for dumping of strain tensor (STRFLG.eq.1) for isogeometric shells
(*ELEMENT_SHELL_NURBS_PATCH) via interpolation shells.

¢ Add H-field, magnetization and relative permeability to d3plot output.

e *ICFD_INITIAL: Add a reference pressure (pressurization pressure) for when no
pressure is imposed on the boundaries.

¢ Add the initialization of all nodes at once by setting PID = 0.

* Add the non-inertial reference frame implementation defined by the keyword
*ICFD_DEFINE_NONINERTIAL.

e Add several new state variables to LSO. Please refer to the LSO manual to see how
to print out the list of supported variables.

¢ Add support for FSI with thick shells.

¢ 2D shells are now supported for FSI in MPP. In the past only beams could be used
in MPP and beams and shells could be used in SMP.

¢ The keyword ICFD_CONTROL_FSI has a new field to control the sensitivity of the
algorithm to find the solid boundaries used in FSI calculations.

¢ The 2D mesh now generates semi-structured meshes near the boundaries.
* Add heat flux boundary condition using ICFD_BOUNDARY_FLUX_TEMP.

¢ Add divergence-free and Space Correlated Synthetic Turbulence Inlet Boundary
Condition for LES (Smirnov et al.) using *ICFD_BOUNDARY_PRESCRIBED_VEL.

e *ICFD_BOUNDARY_PRESCRIBED_VEL: Add inflow velocities using the wall
normal and a velocity magnitude using the 3rd field VAD.

¢ Add the activation of synthetic turbulence using the 3rd field VAD.
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¢ Add the option to control the re-meshing frequency in both keywords: see *ICFD_-
CONTROL_ADAPT_SIZE and *ICFD_CONTROL_ADAPT.

¢ *ICFD_CONTROL_TURB_SYNTHESIS: control parameters for the synthetic turbu-
lence inflow.

e *ICFD_BOUNDARY_PRESCRIBED _MOVEMESH: Allows the mesh to slide on the
boundaries following the cartesian axis.

* Add a PART_SET option for *CESE_BOUNDARY_..._PART cards.

¢ Bring in more 2D mesh support, both from the PFEM mesher and a user input 2D
mesh (via *ELEMENT_SOLID with O for the last 4 of 8 nodes).

¢ Enable the 2D ball-vertex mesh motion solver for the 2D CESE solver.
¢ Add new input cards:
o *CESE_BOUNDARY_CYCLIC_SET
o *CESE_BOUNDARY_CYCLIC_PART
¢ Add code for 2D CESE sliding boundary conditions.
¢ Add support in CESE FSI for 2D shells in MPP.
¢ Add support for CESE FSI with thick shells.

* Add 2D & 2D-axisymmetric cases in the CESE-FSI solver (including both immersed
boundary method & moving mesh method) .

¢ Add the CSP reduced chemistry model with 0D, 2D, and 3D combustion. The 2D
and 3D combustion cases couple with the CESE compressible flow solver.

¢ Add the G-scheme reduced chemistry model only for 0D combustion.

¢ Add two different reduced chemistry models.

o The Computational Singular Perturbation (CSP) reduced model is imple-
mented with existing compressible CESE solver. The CSP is now working on
0-dimensional onstant volume and pressure combustion, 2-D, and 3-D com-
bustion problems.

o The new reduced chemistry model, G-scheme, is implemented, but currently
works only 0-dimensional problems such as constant combustors.

¢ Jobid can now be changed in a restart by including "jobid=" on the restart execution
line. Previously, the jobid stored in d3dump could not be overwritten.

¢ Part labels (PID) can be up to 8 characters in standard format; 20 characters in long
format.

¢ Labels for sections (SID), materials (MID), equations of state (EOSID), hourglass IDs
(HGID), and thermal materials (TMID) can be up to 10 characters in standard for-
mat; 20 characters in long format.
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* Create bg_switch and kill_by_pid for SMP. Both files will be removed at the termi-
nation of the run.

¢ Increase the overall length of command line to 1000 characters and length of each
command line option to 50 characters.

¢ Increase MPP search distance for tied contacts to include slave and master thick-
nesses.

¢ For *CONTACT_AUTOMATIC_..._MORTAR, the mortar contact now supports
contact with the lateral surface of beam elements.

* On*CONTACT_.._MORTAR, IGAP.GT.1 stiffens the mortar contact for large pene-
trations. The mortar contact has a maximum penetration depth DMAX that depends
on geometry and input parameters; if penetration is larger than this value the con-
tact is released. To prevent this release, which is unwanted, the user may put
IGAP.GT.1 which stiffens the behavior for penetrations larger than 0.5*DMAX
without changing the behavior for small penetrations. This should hopefully not be
as detrimental to convergence as increasing the overall contact stiffness.

¢ For initialization by prescribed geometry in dynamic relaxation (IDRFLG =2,
*CONTROL_DYNAMIC_RELAXATION), add an option where displacements are
not imposed linearly but rather according to a polar coordinate system. This option
was added to accommodate large rotations.

* The flag RBSMS on *CONTROL_RIGID is now active for regular and selective mass
scaling to consistently treat interfaces between rigid and deformable bodies

* Remove static linking for 12a as many systems do not have the required static librar-
ies.

e AddIELOUT in *CONTROL_REFINE to handle how child element data is handled
in elout *DATABASE_HISTORY_SOLID and *DATABASE_HISTORY_SHELL).
Child element data are stored if IELOUT =1 or if refinement is set to occur only
during initialization.

¢ Include eroded hourglass energy in hourglass energy in glstat file to be consistent
with KE & IE calculations so that the total energy = kinetic energy + internal energy
+ hourglass energy + rigidwall energy.

¢ Remove *DATABASE_BINARY_ XTFILE since it is obsolete.

¢ When using *PART_AVERAGED for truss elements (beam formulation 3), calculate
the time step based on the total length of the combined macro-element instead of the
individual lengths of each element.

* Enable writing of midside nodes to d3plot or 6- and 8-node quadratic shell ele-
ments.

* Write complete history variables to dynain file for 2D solids using *“MAT_NULL
and equation-of-state.
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¢ Shell formulations 25,26, and 27 are now fully supported in writing to dynain file
(*INTERFACE_SPRINGBACK_LSDYNA).

¢ Shell formulations 23 (quad) and 24 (triangle) can now be mixed in a single part.
When ESORT = 1in *CONTROL_SHELL, triangular shells assigned by *SECTION_-
SHELL to be type 23 will automatically be changed to type 24.

¢ Enable hyperelastic materials (those that use Green's strain) to be used with thick
shell form 5. Previously, use of these materials (2, 7, 21, 23, 27, 30, 31, 38, 40, 112,
128, 168, and 189) with thick shell 5 has been an input error.

¢ Update acoustic BEM to allow using *DEFINE_CURVE to define the output fre-
quencies (*FREQUENCY_DOMAIN_ACOUSTIC_BEM).

* When using *CONTROL_SPOTWELD_BEAM, convert *“DATABASE_HISTORY_-
BEAM to *DATABASE_CROSS_SECTION and *INITIAL_AXIAL_FORCE_BEAM to
*INITIAL_STRESS_CROSS_SECTION for the spotweld beams that are converted to
hex spotwelds.

¢ Improve output of *INITIAL_STRESS_BEAM data to dynain via *INTERFACE_-
SPRINGBACK_LSDYNA. Now, large format can be chosen, history variables are
written, and local axes vectors are included.

e Update *MAT_214 (*MAT_DRY_FABRIC) to allow fibers to rotate independently.

* Enable regularization curve LCREGD of *MAT_ADD_EROSION to be used with
FLD criterion, i.e. load curve LCFLD. Ordinate values (major strain) will be scaled
with the regularization factor.

* Modify *MAT_ADD_EROSION parameter EPSTHIN:

o EPSTHIN > 0: individual thinning for each IP from z-strain (as before).
o EPSTHIN < 0: averaged thinning strain from element thickness (new).

¢ Enable regularization curve LCREGD of *MAT_ADD_EROSION to be used with
standard (non-GISSMO) failure criteria. Users can now define a failure criterion
plus IDAM = 0 plus LCREGD = scaling factor vs. element size to get a regularized
failure criterion.

o *MAT_ADD_EROSION: equivalent von Mises stress SIGVM can now be a function
of strain rate by specifying a negative load curve ID.

e *SECTION_ALE1D and *SECTION_ALE2D now work on multiple processors (SMP
and MPP).

¢ *CONSTRAINED_LAGRANGE_IN_SOLD ctype 4/5now converts friction energy
to heat. Note it only works for ALE elform 12.

MATERIAL MODELS

Some of the material models presently implemented are:
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e elastic,

e orthotropic elastic,

¢ kinematic/isotropic plasticity [Krieg and Key 1976],

¢ thermoelastoplastic [Hallquist 1979],

¢ soil and crushable/non-crushable foam [Key 1974],

¢ linear viscoelastic [Key 1974],

¢ Blatz-Ko rubber [Key 1974],

* high explosive burn,

¢ hydrodynamic without deviatoric stresses,

¢ elastoplastic hydrodynamic,

* temperature dependent elastoplastic [Steinberg and Guinan 1978],
* isotropic elastoplastic,

* isotropic elastoplastic with failure,

¢ soil and crushable foam with failure,

* Johnson/Cook plasticity model [Johnson and Cook 1983],
¢ pseudo TENSOR geological model [Sackett 1987],

¢ elastoplastic with fracture,

* power law isotropic plasticity,

* strain rate dependent plasticity,

* rigid,

¢ thermal orthotropic,

¢ composite damage model [Chang and Chang 1987a 1987b],
¢ thermal orthotropic with 12 curves,

* piecewise linear isotropic plasticity,

* inviscid, two invariant geologic cap [Sandler and Rubin 1979, Simo et al, 1988a
* 1988b],

e orthotropic crushable model,

* Mooney-Rivlin rubber,

* resultant plasticity,

e force limited resultant formulation,

¢ closed form update shell plasticity,

e Frazer-Nash rubber model,
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¢ laminated glass model,

e fabric,

* unified creep plasticity,

* temperature and rate dependent plasticity,

¢ elastic with viscosity,

* anisotropic plasticity,

e user defined,

¢ crushable cellular foams [Neilsen, Morgan, and Krieg 1987],
¢ urethane foam model with hysteresis,

and some more foam and rubber models, as well as many materials models for springs and
dampers. The hydrodynamic material models determine only the deviatoric stresses.
Pressure is determined by one of ten equations of state including;:

¢ linear polynomial [Woodruff 1973],

¢ JWL high explosive [Dobratz 1981],

¢ Sack “Tuesday” high explosive [Woodruff 1973],
¢ Gruneisen [Woodruff 1973],

¢ ratio of polynomials [Woodruff 1973],

¢ linear polynomial with energy deposition,

¢ ignition and growth of reaction in HE [Lee and Tarver 1980, Cochran and Chan
1979],

¢ tabulated compaction,
e tabulated,
¢ TENSOR pore collapse [Burton et al. 1982].

The ignition and growth EOS was adapted from KOVEC [Woodruff 1973]; the other sub-
routines, programmed by the authors, are based in part on the cited references and are
nearly 100 percent vectorized. The forms of the first five equations of state are also given in
the KOVEC user’s manual and are retained in this manual. The high explosive pro-
grammed burn model is described by Giroux [Simo et al. 1988].

The orthotropic elastic and the rubber material subroutines use Green-St. Venant strains to
compute second Piola-Kirchhoff stresses, which transform to Cauchy stresses. The Jau-
mann stress rate formulation is used with all other materials with the exception of one
plasticity model which uses the Green-Naghdi rate.
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SPATIAL DISCRETIZATION

are presently available. Currently springs, dampers, beams, membranes, shells, bricks,
thick shells and seatbelt elements are included.

The first shell element in DYNA3D was that of Hughes and Liu [Hughes and Liu 1981a,
1981b, 1981c], implemented as described in [Hallquist et al. 1985, Hallquist and Benson
1986]. This element [designated as HL] was selected from among a substantial body of
shell element literature because the element formulation has several desirable qualities:

¢ Itisincrementally objective (rigid body rotations do not generate strains), allowing
for the treatment of finite strains that occur in many practical applications.

¢ [tis compatible with brick elements, because the element is based on a degenerated
brick element formulation. This compatibility allows many of the efficient and ef-
fective techniques developed for the DYNA3D brick elements to be used with this
shell element;

¢ Jtincludes finite transverse shear strains;

¢ A through-the-thickness thinning option (see [Hughes and Carnoy 1981]) is also
available.

All shells in our current LS-DYNA code must satisfy these desirable traits to at least some
extent to be useful in metalforming and crash simulations.

The major disadvantage of the HL element turned out to be cost related and, for this rea-
son, within a year of its implementation we looked at the Belytschko-Tsay [BT] shell [Be-
lytschko and Tsay 1981, 1983, 1984] as a more cost effective, but possibly less accurate
alternative. In the BT shell the geometry of the shell is assumed to be perfectly flat, the
local coordinate system originates at the first node of the connectivity, and the co-rotational
stress update does not use the costly Jaumann stress rotation. With these and other simpli-
tications, a very cost effective shell was derived which today has become perhaps the most
widely used shell elements in both metalforming and crash applications. Results generated
by the BT shell usually compare favorably with those of the more costly HL shell. Triangu-
lar shell elements are implemented, based on work by Belytschko and co-workers [Be-
lytschko and Marchertas 1974, Bazeley etal. 1965, Belytschko etal. 1984], and are
frequently used since collapsed quadrilateral shell elements tend to lock and give very bad
results. LS-DYNA automatically treats collapsed quadrilateral shell elements as CO trian-
gular elements.
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Figure 1-1. Elements in LS-DYNA. Three-dimensional plane stress constitutive
subroutines are implemented for the shell elements which iteratively update the
stress tensor such that the stress component normal to the shell midsurface is
zero. Aniterative update is necessary to accurately determine the normal strain
component which is necessary to predict thinning. One constitutive evaluation is
made for each integration point through the shell thickness.

INTERFACE DEFINITIONS FOR COMPONENT ANALYSIS

Since the Belytschko-Tsay element is based on a perfectly flat geometry, warpage is not
considered. Although this generally poses no major difficulties and provides for an effi-
cient element, incorrect results in the twisted beam problem and similar situations are
obtained where the nodal points of the elements used in the discretization are not coplanar.
The Hughes-Liu shell element considers non-planar geometries and gives good results on
the twisted beam. The effect of neglecting warpage in a typical application cannot be
predicted beforehand and may lead to less than accurate results, but the latter is only
speculation and is difficult to verify in practice. Obviously, it would be better to use shells
that consider warpage if the added costs are reasonable and if this unknown effect is
eliminated. Another shell published by Belytschko, Wong, and Chiang [Belytschko, Wong,
and Chiang 1989, 1992] proposes inexpensive modifications to include the warping stiff-
ness in the Belytschko-Tsay shell. Animproved transverse shear treatment also allows the
element to pass the Kirchhoff patch test. This element is now available in LS-DYNA. Also,
two fully integrated shell elements, based on the Hughes and Liu formulation, are available
in LS-DYNA, but are rather expensive. A much faster fully integrated element which is
essentially a fully integrated version of the Belytschko, Wong, and Chiang element, type 16,
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is a more recent addition and is recommended if fully integrated elements are needed due
to its cost effectiveness.

Zero energy modes in the shell and solid elements are controlled by either an hourglass
viscosity or stiffness. Eight node thick shell elements are implemented and have been
found to perform well in many applications. All elements are nearly 100% vectorized. All
element classes can be included as parts of a rigid body. The rigid body formulation is
documented in [Benson and Hallquist 1986]. Rigid body point nodes, as well as concen-
trated masses, springs and dashpots can be added to this rigid body.

Membrane elements can be either defined directly as shell elements with a membrane
formulation option or as shell elements with only one point for through thickness integra-
tion. The latter choice includes transverse shear stiffness and may be inappropriate. For
airbag material a special fully integrated three and four node membrane element is availa-
ble.

Two different beam types are available: a stress resultant beam and a beam with cross
section integration at one point along the axis. The cross section integration allows for a
more general definition of arbitrarily shaped cross sections taking into account material
nonlinearities.

Spring and damper elements can be translational or rotational. Many behavior options can
be defined, e.g. arbitrary nonlinear behavior including locking and separation.

Solid elements in LS-DYNA may be defined using from 4 to 8 nodes. The standard ele-
ments are based on linear shape functions and use one point integration and hourglass
control. A selective-reduced integrated (called fully integrated) 8 node solid element is
available for situations when the hourglass control fails. Also, two additional solid ele-
ments, a 4 noded tetrahedron and an 8 noded hexahedron, with nodal rotational degrees of
freedom, are implemented based on the idea of Allman [1984] to replace the nodal midside
translational degrees of freedom of the elements with quadratic shape functions by corre-
sponding nodal rotations at the corner nodes. The latter elements, which do not need
hourglass control, require many numerical operations compared to the hourglass con-
trolled elements and should be used at places where the hourglass elements fail. However,
itis well known that the elements using more than one point integration are more sensitive
to large distortions than one point integrated elements.

The thick shell element is a shell element with only nodal translations for the eight nodes.
The assumptions of shell theory are included in a non-standard fashion. It also uses hour-
glass control or selective-reduced integration. This element can be used in place of any
four node shell element. It is favorably used for shell-brick transitions, as no additional
constraint conditions are necessary. However, care has to be taken to know in which
direction the shell assumptions are made; therefore, the numbering of the element is im-
portant.
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Seatbelt elements can be separately defined to model seatbelt actions combined with dum-
my models. Separate definitions of seatbelts, which are one-dimensional elements, with
accelerometers, sensors, pretensioners, retractors, and sliprings are possible. The actions of
the various seatbelt definitions can also be arbitrarily combined.

CONTACT-IMPACT INTERFACES

The three-dimensional contact-impact algorithm was originally an extension of the NI-
KE2D [Hallquist 1979] two-dimensional algorithm. As currently implemented, one surface
of the interface is identified as a master surface and the other as a slave. Each surface is
defined by a set of three or four node quadrilateral segments, called master and slave
segments, on which the nodes of the slave and master surfaces, respectively, must slide. In
general, an input for the contact-impact algorithm requires that a list of master and slave
segments be defined. For the single surface algorithm only the slave surface is defined and
each node in the surface is checked each time step to ensure that it does not penetrate
through the surface. Internal logic [Hallquist 1977, Hallquist et al. 1985] identifies a master
segment for each slave node and a slave segment for each master node and updates this
information every time step as the slave and master nodes slide along their respective
surfaces. It must be noted that for general automatic definitions only parts/materials or
three-dimensional boxes have to be given. Then the possible contacting outer surfaces are
identified by the internal logic in LS-DYNA. More than 20 types of interfaces can presently
be defined including;:

e sliding only for fluid/structure or gas/structure interfaces

o tied

e sliding, impact, friction

e single surface contact

e discrete nodes impacting surface

e discrete nodes tied to surface

e shell edge tied to shell surface

e nodes spot welded to surface

o tiebreak interface

e one way treatment of sliding, impact, friction

e box/material limited automatic contact for shells

e automatic contact for shells (no additional input required)

e automatic single surface with beams and arbitrary orientations
e surface to surface eroding contact

e node to surface eroding contact

e single surface eroding contact

e surface to surface symmetric constraint method [Taylor and Flanagan 1989]
e node to surface constraint method [Taylor and Flanagan 1989]
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e rigid body to rigid body contact with arbitrary force/deflection curve
e rigid nodes to rigid body contact with arbitrary force/deflection curve
e edge-to-edge

e draw beads

Interface friction can be used with most interface types. The tied and sliding only interface
options are similar to the two-dimensional algorithm used in LS-DYNA2D [Hallquist 1976,
1978,1980]. Unlike the general option, the tied treatments are not symmetric; therefore, the
surface which is more coarsely zoned should be chosen as the master surface. When using
the one-way slide surface with rigid materials, the rigid material should be chosen as the
master surface.

For geometric contact entities, contact has to be separately defined. It must be noted that
for the contact of a rigid body with a flexible body, either the sliding interface definitions as
explained above or the geometric contact entity contact can be used. Currently, the geo-
metric contact entity definition is recommended for metalforming problems due to high
accuracy and computational efficiency.

Interface definitions for component analyses are used to define surfaces, nodal lines, or
nodal points (*XINTERFACE_COMPONENTS) for which the displacement and velocity
time histories are saved at some user specified frequency (*CONTROL_OUTPUT). This
data may then be used to drive interfaces (*INTERFACE_LINKING) in subsequent anal-
yses. This capability is especially useful for studying the detailed response of a small
member in a large structure. For the first analysis, the member of interest need only be
discretized sufficiently that the displacements and velocities on its boundaries are reasona-
bly accurate. After the first analysis is completed, the member can be finely discretized and
interfaces defined to correspond with the first analysis. Finally, the second analysis is
performed to obtain highly detailed information in the local region of interest.

When starting the analysis, specify a name for the interface segment file using the
Z = parameter on the LS-DYNA command line. When starting the second analysis, the
name of the interface segment file (created in the first run) should be specified using the
L = parameter on the LS-DYNA command line.

Following the above procedure, multiple levels of sub-modeling are easily accommodated.
The interface file may contain a multitude of interface definitions so that a single run of a
full model can provide enough interface data for many component analyses. The interface
feature represents a powerful extension of LS-DYNA's analysis capability.

MODEL SIZING

Storage allocation is dynamic. The only limit that exists on the number of boundary condi-
tion cards, number of material cards, number of pressure cards, etc., is the capacity of the
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computer. Typical LS-DYNA calculations may have 10,000 to 500,000 elements. Memory
allocation is dynamic and can be controlled during execution.

PRECISION

The explicit time integration algorithms used in LS-DYNA are in general much less sensi-
tive to machine precision than other finite element solution methods. Consequently,
double precision is not generally required. The benefits of this are greatly improved utiliza-
tion of memory and disk. When problems have been found we have usually been able to
overcome them by reorganizing the algorithm or by converting to double precision locally
in the subroutine where the problem occurs. Particularly sensitive problems (e.g. some
buckling problems, which can be sensitive to small imperfections) may require the fully
double precision version, which is available on all platforms. Very large problems requir-
ing more than 2 billion words of memory will also need to be run in double precision, due
to the array indexing limitation of single precision integers.
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GETTING STARTED

DESCRIPTION OF KEYWORD INPUT

The keyword input provides a flexible and logically organized database that is simple to
understand. Similar functions are grouped together under the same keyword. For exam-
ple, under the keyword *ELEMENT are included solid, beam, shell elements, spring ele-
ments, discrete dampers, seat belts, and lumped masses. Many keywords have options
that are identified as follows: “OPTIONS” and “{OPTIONS}”. The difference is that “OP-
TIONS” requires that one of the options must be selected to complete the keyword com-
mand. The option <BLANKS> is included when {} are used to further indicate that these
particular options are not necessary to complete the keyword.

LS-DYNA User’s Manual is alphabetically organized in logical sections of input data. Each
logical section relates to a particular input. There is a control section for resetting LS-
DYNA defaults, a material section for defining constitutive constants, an equation-of-state
section, an element section where element part identifiers and nodal connectivities are
defined, a section for defining parts, and so on. Nearly all model data can be input in block
form. For example, consider the following where two nodal points with their respective
coordinates and shell elements with their part identity and nodal connectivity’s are de-
fined:

Sdefine two nodes

$

*NODE

10101x y z

10201x y z

S define two shell elements
$

*ELEMENT SHELL
10201pidnin2n3n4
10301pidnln2n3n4
Alternatively, acceptable input could also be of the form:
S define one node

$

*NODE

10101x y z

S define one shell element
$

*ELEMENT SHELL
10201pidnin2n3n4

$

S define one more node

$

*NODE

10201x y z

S define one more shell element
$

*ELEMENT_SHELL
10301pidnln2n3n4
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A data block begins with a keyword followed by the data pertaining to the keyword. The
next keyword encountered during the reading of the block data defines the end of the block
and the beginning of a new block. A keyword must be left justified with the “*” contained
in column one. A dollar sign “$” in column one precedes a comment and causes the input
line to be ignored. Data blocks are not a requirement for LS-DYNA but they can be used to
group nodes and elements for user convenience. Multiple blocks can be defined with each
keyword if desired as shown above. It would be possible to put all nodal points definitions
under one keyword *NODE, or to define one *NODE keyword prior to each node defini-
tion. The entire LS-DYNA input is order independent with the exception of the optional
keyword, *END, which defines the end of input stream. Without the *END termination is
assumed to occur when an end-of-file is encountered during the reading.

Figure 2-1 attempts to show the general philosophy of the input organization and how
various entities relate to each other. In this figure the data included for the keyword,
*ELEMENT, is the element identifier, EID, the part identifier, PID, and the nodal points
identifiers, the NID’s, defining the element connectivity: N1, N2, N3, and N4. The nodal
point identifiers are defined in the *NODE section where each NID should be defined just
once. A part defined with the *PART keyword has a unique part identifier, PID, a section
identifier, SID, a material or constitutive model identifier, MID, an equation of state identi-
tier, EOSID, and the hourglass control identifier, HGID. The *SECTION keyword defines
the section identifier, SID, where a section has an element formulation specified, a shear
factor, SHRF, a numerical integration rule, NIP, and so on. The constitutive constants are
defined in the *MAT section where constitutive data is defined for all element types includ-
ing solids, beams, shells, thick shells, seat belts, springs, and dampers. Equations of state,
which are used only with certain *MAT materials for solid elements, are defined in the
*EOS section. Since many elements in LS-DYNA use uniformly reduced numerical integra-
tion, zero energy deformation modes may develop. These modes are controlled numerical-
ly by either an artificial stiffness or viscosity which resists the formation of these
undesirable modes. The hourglass control can optionally be user specified using the input
in the *HOURGLASS section.

During the keyword input phase where data is read, only limited checking is performed on
the data since the data must first be counted for the array allocations and then reordered.
Considerably more checking is done during the second phase where the input data is
printed out. Since LS-DYNA has retained the option of reading older non-keyword input
tiles, we print out the data into the output file D3HSP (default name) as in previous ver-
sions of LS-DYNA. An attempt is made to complete the input phase before error terminat-
ing if errors are encountered in the input. Unfortunately, this is not always possible and
the code may terminate with an error message. The user should always check either
output file, D3HSP or MESSAG, for the word “Error”.

The input data following each keyword can be input in free format. In the case of free
format input the data is separated by commas, i.e.,
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*NODE NID X Y Z
\
*ELEMENT EID PID N1 N2 N3 N4
/
*PART PID SID MID EOSID HGID
— 7 el
*SECTION SHELL SID ELFORM S%EE/NIP PROPT QR ICOMP
*MAT ELASTIC MID RO-E PR-DA DB
‘///
*EOS EOSID
*HOURGLASS HGID

Figure 2-1. Organization of the keyword input.

*NODE
10101,x ,¥y ,2
10201,x ,y ,Z

*ELEMENT_SHELL

10201,pid,nl,n2,n3,n4

10301,pid,nl,n2,n3,n4

When using commas, the formats must not be violated. An I8 integer is limited to a maxi-
mum positive value of 99999999, and larger numbers having more than eight characters are
unacceptable. The format of the input can change from free to fixed anywhere in the input
tile. The inputis case insensitive and keywords can be given in either upper or lower case.
THE ASTERISKS “*” PRECEDING EACH KEYWORD MUST BE IN COLUMN ONE.

To provide a better understanding behind the keyword philosophy and how the options
work, a brief review the keywords is given below.

*AIRBAG

The geometric definition of airbags and the thermodynamic properties for the airbag
inflator models can be made in this section. This capability is not necessarily limited to the
modeling of automotive airbags, but it can also be used for many other applications such as
tires and pneumatic dampers.

*ALE

This keyword provides a way of defining input data pertaining to the Arbitrary-
Lagrangian-Eulerian capability.

*BOUNDARY

This section applies to various methods of specifying either fixed or prescribed boundary
conditions. For compatibility with older versions of LS-DYNA it is still possible to specify
some nodal boundary conditions in the *NODE card section.
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*CASE

This keyword option provides a way of running multiple load cases sequentially. Within
each case, the input parameters, which include loads, boundary conditions, control cards,
contact definitions, initial conditions, etc., can change. If desired, the results from a previ-
ous case can be used during initialization. Each case creates unique file names for all
output results files by appending “CIDn.” to the default file name.

*COMPONENT

This section contains analytical rigid body dummies that can be placed within vehicle and
integrated implicitly.

*CONSTRAINED

This section applies constraints within the structure between structural parts. For example,
nodal rigid bodies, rivets, spot welds, linear constraints, tying a shell edge to a shell edge
with failure, merging rigid bodies, adding extra nodes to rigid bodies and defining rigid
body joints are all options in this section.

*CONTACT

This section is divided in to three main sections. The *CONTACT section allows the user to
define many different contact types. These contact options are primarily for treating
contact of deformable to deformable bodies, single surface contact in deformable bodies,
deformable body to rigid body contact, and tying deformable structures with an option to
release the tie based on plastic strain. The surface definition for contact is made up of
segments on the shell or solid element surfaces. The keyword options and the correspond-
ing numbers in previous code versions are:

STRUCTURED INPUT TYPE ID KEYWORD NAME
1 SLIDING_ONLY
p1 SLIDING_ONLY_PENALTY
2 TIED_SURFACE_TO_SURFACE
3 SURFACE_TO_SURFACE
a3 AUTOMATIC_SURFACE_TO_SURFACE
4 SINGLE_SURFACE
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5 NODES_TO_SURFACE

ab AUTOMATIC_NODES_TO_SURFACE
6 TIED_NODES_TO_SURFACE
7 TIED_SHELL_EDGE_TO_SURFACE
8 TIEBREAK_NODES_TO_SURFACE
9 TIEBREAK_SURFACE_TO_SURFACE

10 ONE_WAY_SURFACE_TO_SURFACE

al0 AUTOMATIC_ONE_WAY_SURFACE_TO_SURFACE
13 AUTOMATIC_SINGLE_SURFACE
al3 AIRBAG_SINGLE_SURFACE

14 ERODING_SURFACE_TO_SURFACE

15 ERODING_SINGLE_SURFACE

16 ERODING_NODES_TO_SURFACE

17 CONSTRAINT_SURFACE_TO_SURFACE

18 CONSTRAINT_NODES_TO_SURFACE

19 RIGID_BODY_TWO_WAY_TO_RIGID_BODY

20 RIGID_NODES_TO_RIGID_BODY

21 RIGID_BODY_ONE_WAY_TO_RIGID_BODY

22 SINGLE_EDGE

23 DRAWBEAD

The *CONTACT_ENTITY section treats contact between a rigid surface, usually defined as
an analytical surface, and a deformable structure. Applications of this type of contact exist
in the metal forming area where the punch and die surface geometries can be input as VDA
surfaces which are treated as rigid. Another application is treating contact between rigid
body occupant dummy hyper-ellipsoids and deformable structures such as airbags and
instrument panels. This option is particularly valuable in coupling with the rigid body
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occupant modeling codes MADYMO and CAL3D. The *CONTACT_1D is for modeling
rebars in concrete structure.

*CONTROL

Options available in the *CONTROL section allow the resetting of default global parame-
ters such as the hourglass type, the contact penalty scale factor, shell element formulation,
numerical damping, and termination time.

*DAMPING

Defines damping either globally or by part identifier.

*DATABASE

This keyword with a combination of options can be used for controlling the output of
ASCII databases and binary files output by LS-DYNA. With this keyword the frequency of
writing the various databases can be determined.

*DEFINE

This section allows the user to define curves for loading, constitutive behaviors, etc.; boxes
to limit the geometric extent of certain inputs; local coordinate systems; vectors; and orien-
tation vectors specific to spring and damper elements. Items defined in this section are
referenced by their identifiers throughout the input. For example, a coordinate system
identifier is sometimes used on the *BOUNDARY cards, and load curves are used on the
*AIRBAG cards.

*DEFORMABLE_TO_RIGID

This section allows the user to switch parts that are defined as deformable to rigid at the
start of the analysis. This capability provides a cost efficient method for simulating events
such as rollover events. While the vehicle is rotating the computation cost can be reduced
significantly by switching deformable parts that are not expected to deform to rigid parts.
Just before the vehicle comes in contact with ground, the analysis can be stopped and
restarted with the part switched back to deformable.

*EF

Exchange factors characterize radiative heat transfer between collections of flat surfaces,
the union of which is a closed surface (an enclosure). LS-DYNA can calculate exchange
factors and then use them as boundary conditions for thermal runs. The (i,j)™ element of an
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exchange factor matrix, Ej, is the fraction of the Stefan-Boltzman surface energy radiated
from surface i thatis absorbed by surface j. LS-DYNA employs a Monte Carlo algorithm to
calculate these exchange factors. For each surface, LS-DYNA simulates photon emission
one photon at a time. For each photon, LS-DYNA generates a random initial position on
the emitting surfaces as well as a random initial direction that points into the enclosure.
LS-DYNA ray traces each photon until it is absorbed. The path of a simulated photon can
be complex involving multiple diffuse and specular reflections as well as multiple diffuse
and specular transmissions. The results of this Monte Carlo algorithm are used to assemble
a matrix thatis related to the exchange factor matrix, for which, the (i,j)" entry contains the
number of photons emitted from surface i that are absorbed by surfacej. From this matrix
LS-DYNA then assembles the exchange factor matrix.

*ELEMENT

Define identifiers and connectivities for all elements which include shells, beams, solids,
thick shells, springs, dampers, seat belts, and concentrated masses in LS-DYNA.

*EOS

This section reads the equations of state parameters. The equation of state identifier,
EOSID, points to the equation of state identifier on the *PART card.

*HOURGLASS

Defines hourglass and bulk viscosity properties. The identifier, HGID, on the
*HOURGLASS card refers to HGID on *PART card.

*INCLUDE

To make the input file easy to maintain, this keyword allows the input file to be split into
subfiles. Each subfile can again be split into sub-subfiles and so on. This option is benefi-
cial when the input data deck is very large.

*INITIAL

Initial velocity and initial momentum for the structure can be specified in this section. The
initial velocity specification can be made by *INITIAL_VELOCITY_NODE card or *INI-
TIAL_VELOCITY cards. In the case of *INITIAL_VELOCITY_NODE nodal identifiers are
used to specify the velocity components for the node. Since all the nodes in the system are
initialized to zero, only the nodes with non-zero velocities need to be specified. The *INI-
TIAL_VELOCITY card provides the capability of being able to specify velocities using the
set concept or boxes.
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*INTEGRATION

In this section the user defined integration rules for beam and shell elements are specified.
IRID refers to integration rule number IRID on *SECTION_BEAM and *SECTION_SHELL
cards respectively. Quadrature rules in the *SECTION_SHELL and *SECTION_BEAM
cards need to be specified as a negative number. The absolute value of the negative num-
ber refers to user defined integration rule number. Positive rule numbers refer to the built
in quadrature rules within LS-DYNA.

*INTERFACE

Interface definitions are used to define surfaces, nodal lines, and nodal points for which the
displacement and velocity time histories are saved at some user specified frequency. This
data may then be used in subsequent analyses as an interface ID in the *INTER-
FACE_LINKING_DISCRETE_NODE as master nodes, in *INTERFACE_LINKING_SEG-
MENT as master segments and in *INTERFACE_LINKING_EDGE as the master edge for a
series of nodes. This capability is especially useful for studying the detailed response of a
small member in a large structure. For the first analysis, the member of interest need only
be discretized sufficiently that the displacements and velocities on its boundaries are
reasonably accurate. After the first analysis is completed, the member can be finely discre-
tized in the region bounded by the interfaces. Finally, the second analysis is performed to
obtain highly detailed information in the local region of interest. When beginning the first
analysis, specify a name for the interface segment file using the Z = parameter on the
LS-DYNA execution line. When starting the second analysis, the name of the interface
segment file created in the first run should be specified using the L = parameter on the LS-
DYNA command line. Following the above procedure, multiple levels of sub-modeling are
easily accommodated. The interface file may contain a multitude of interface definitions so
that a single run of a full model can provide enough interface data for many component
analyses. The interface feature represents a powerful extension of LS-DYNA's analysis
capabilities. A similar capability using *INTERFACE_SSI may be used for soil-structure
interaction analysis under earthquake excitation.
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*KEYWORD

Flags LS-DYNA that the input deck is a keyword deck. To have an effect this must be the
very first card in the input deck. Alternatively, by typing “keyword” on the execute line,
keyword input formats are assumed and the “*KEYWORD” is not required. If a number is
specified on this card after the word KEYWORD it defines the memory size to be used in
words. The memory size can also be set on the command line.

NOTE: The memory specified on the execution line overrides
memory specified on the *keyword card.

*LOAD

This section provides various methods of loading the structure with concentrated point
loads, distributed pressures, body force loads, and a variety of thermal loadings.

*MAT

This section allows the definition of constitutive constants for all material models available
in LS-DYNA including springs, dampers, and seat belts. The material identifier, MID,
points to the MID on the *PART card.

*NODE

Define nodal point identifiers and their coordinates.

*PARAMETER

This option provides a way of specifying numerical values of parameter names that are
referenced throughout the input file. The parameter definitions, if used, should be placed
at the beginning of the input file following *KEYWORD. *PARAMETER_EXPRESSION
permits general algebraic expressions to be used to set the values.

*PART

This keyword serves two purposes.
1. Relates part ID to *SECTION, *MATERIAL, *EOS and *HOURGLASS sections.

2. Optionally, in the case of a rigid material, rigid body inertia properties and initial
conditions can be specified. Deformable material repositioning data can also be
specified in this section if the reposition option is invoked on the *PART card, i.e.,
*PART_REPOSITION.
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*PERTURBATION

This keyword provides a way of defining deviations from the designed structure such as,
buckling imperfections.

*RAIL

This keyword provides a way of defining a wheel-rail contact algorithm intended for
railway applications but can also be used for other purposes. The wheel nodes (defined on
*RAIL_TRAIN) represent the contact patch between wheel and rail.

*RIGIDWALL

Rigid wall definitions have been divided into two separate sections, PLANAR and_GEO-
METRIC. Planar walls can be either stationary or moving in translational motion with
mass and initial velocity. The planar wall can be either finite or infinite. Geometric walls
can be planar as well as have the geometric shapes such as rectangular prism, cylindrical
prism and sphere. By default, these walls are stationary unless the option MOTION is
invoked for either prescribed translational velocity or displacement. Unlike the planar
walls, the motion of the geometric wall is governed by a load curve. Multiple geometric
walls can be defined to model combinations of geometric shapes available. For example, a
wall defined with the_ CYLINDER option can be combined with two walls defined with
the_SPHERICAL option to model hemispherical surface caps on the two ends of a cylinder.
Contact entities are also analytical surfaces but have the significant advantage that the
motion can be influenced by the contact to other bodies, or prescribed with six full degrees-
of-freedom.

*SECTION

In this section, the element formulation, integration rule, nodal thicknesses, and cross
sectional properties are defined. All section identifiers (SECID’s) defined in this section
must be unique, i.e., if a number is used as a section ID for a beam element then this num-
ber cannot be used again as a section ID for a solid element.

*SENSOR

This keyword provides a convenient way of activating and deactivating boundary condi-
tions, airbags, discrete elements, joints, contact, rigid walls, single point constraints, and
constrained nodes. The sensor capability is new in the second release of version 971 and
will evolve in later releases to encompass many more LS-DYNA capabilities and replace
some of the existing capabilities such as the airbag sensor logic.
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*SET

A concept of grouping nodes, elements, materials, etc., in sets is employed throughout the
LS-DYNA input deck. Sets of data entities can be used for output. So-called slave nodes
used in contact definitions, slaves segment sets, master segment sets, pressure segment sets
and so on can also be defined. The keyword, *SET, can be defined in two ways:

1. Option LIST requires a list of entities, eight entities per card, and define as many
cards as needed to define all the entities.

2. Option COLUMN, where applicable, requires an input of one entity per line along
with up to four attribute values which are used by other keywords to specify, for
example, the failure criterion input that is needed for *CONTACT_CON-
STRAINT_NODES_TO_SURFACE.

*TERMINATION

This keyword provides an alternative way of stopping the calculation before the termina-
tion time is reached. The termination time is specified on the *CONTROL_TERMINATION
input and will terminate the calculation whether or not the options available in this section
are active.

*TITLE

In this section a title for the analysis is defined.

*USER_INTERFACE

This section provides a method to provide user control of some aspects of the contact
algorithms including friction coefficients via user defined subroutines.

RESTART

This section of the input is intended to allow the user to restart the simulation by providing
a restart file and optionally a restart input defining changes to the model such as deleting
contacts, materials, elements, switching materials from rigid to deformable, deformable to
rigid, etc.

*RIGID_TO_DEFORMABLE

This section switches rigid parts back to deformable in a restart to continue the event of a
vehicle impacting the ground which may have been modeled with a rigid wall.
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*STRESS_INITIALIZATION

This is an option available for restart runs. In some cases there may be a need for the user
to add contacts, elements, etc., which are not available options for standard restart runs. A
full input containing the additions is needed if this option is invoked upon restart.

SUMMARY OF COMMONLY USED OPTIONS

The following table gives a list of the commonly used keywords related by topic.

Topic Component Keywords
Nodes *NODE
*ELEMENT_BEAM
Elements *ELEMENT _SHELL
Geometr *ELEMENT_SOLID
y *ELEMENT _TSHELL
*ELEMENT _DISCRETE
Discrete Elements *ELEMENT _SEATBELT
*ELEMENT_MASS
PART cards glues the model together:
Part I*MAT
ar * *SECTION
PART “EOS
*HOURGLASS
Material *MAT
*SECTION_BEAM
Materials ) *SECTION_SHELL
Sections *SECTION_SOLID
*SECTION_TSHELL
Discrete sections "SECTION_DISCRETE
*SECTION_SEATBELT
Equation of state *EOS
Hourelass *CONTROL_HOURGLASS
& *HOURGLASS
Defaults for contacts *CONTROL_CONTACT
E.Or.‘ta“s & I Definition of contacts *CONTACT_OPTION
igid walls
Definition of rigid walls *RIGIDWALL_OPTION
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Topic Component Keywords
Restraint "NODE
estralnts *BOUNDARY_SPC_OPTION
Gravity (body) load *LOAD_BODY_OPTION
Boundary | pgintioad *L0OAD_NODE_OPTION

Conditions &
*LOAD_SEGMENT _OPTION

Loadi
oadings Pressure load *LOAD_SHELL_OPTION
Thermal load *LOAD_THERMAL_OPTION
Load curves *DEFINE_CURVE
c Constrained nodes *CONSTRAINED NODE_SET
traint
ar(l)(?ss rgltn S Welds *CONSTRAINED_GENERALIZED WELD
p *CONSTRAINED_SPOT_WELD
welds
Rivet *CONSTRAINED_RIVET
Items in time history blocks *DATABASE_HISTORY_OPTION
Default *CONTROL_OUTPUT
Output ASCII time history files *DATABASE_OPTION
Control

Binary plot/time history/restart

i *DATABASE_BINARY_ OPTION
files

Nodal reaction output *DATABASE_NODAL_FORCE_GROUP

Termination time *CONTROL_TERMINATION

Termination cycle *CONTROL_TERMINATION
Termination

CPU termination *CONTROL_CPU

Degree of freedom *TERMINATION_NODE

Table 2.1. Keywords for the most commonly used options.

EXECUTION SYNTAX

The interactive execution line for LS-DYNA is as follows:

LS-DYNA |=inf O=otf G=ptf D=dpf F=thf T=tpf A=rrd M=sif S=iff Z=isf1
L=isf2 B=rIf W=root E=efl X=scl C=cpu K=kill V=vda Y=c3d BEM=bof
{KEYWORD} {THERMAL} {COUPLE} {INIT} {CASE} {PGPKEY}
MEMORY=nwds NCPU=ncpu PARA=para ENDTIME=time
NCYCLE=ncycle JOBID=jobid D3PROP=d3prop GMINP=gminp
GMOUT=gmout MCHECK=y
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where,

inf
otf
ptf
dpf

thf
tpf
rrd

sif

isf1
isf2
rif
efl
root
scl

cpu

kill

vda
c3d
bof

nwds

ncpu

input file (user specified)
high speed printer file (default=d3hsp)
binary plot file for postprocessing (default=d3plot)

dump file to write for purposes of restarting (default = d3dump). This file is
written at the end of every run and during the run as requested by
*DATABASE_BINARY_D3DUMP. To stop the generation of this dump file,
specify “d=nodump” (case insensitive).

binary plot file for time histories of selected data (default=d3thdt)
optional temperature file

running restart dump file (default=runrsf)

stress initialization file (user specified)

interface force file (user specified)

interface segment save file to be created (user specitfied)

existing interface segment save file to be used (user specified)
binary plot file for dynamic relaxation (default=d3drlf)

echo file containing optional input echo with or without node/element data
root file name for general print option

scale factor for binary file sizes (default=70)

cumulative cpu time limit in seconds for the entire simulation, including all
restarts, if cpu is positive. If cpu is negative, the absolute value of cpu is the
cpu time limit in seconds for the first run and for each subsequent restart run.

if LS-DYNA encounters this file name it will terminate with a restart file
(default=d3kil)

VDA /IGES database for geometrical surfaces
CAL3D input file
*FREQUENCY_DOMAIN_ACOUSTIC_BEM output file

Number of words to be allocated. On engineering workstations a word is
usually 32bits. This number overwrites the memory size specified on the
*KEYWORD card at the beginning of the input deck.

Overrides NCPU and CONST defined in *CONTROL_PARALLEL. A posi-
tive value sets CONST=2 and a negative values sets CONST=1. See the
*CONTROL_PARALLEL command for an explanation of these parameters.
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The *KEYWORD command provides an alternative way to set the number of
CPUs.

para = Overrides PARA defined in *CONTROL_PARALLEL.
time = Overrides ENDTIM defined in *CONTROL_TERMINATION.
ncycle = Overrides ENDCYC defined in *CONTROL_TERMINATION.

jobid = Character string which acts as a prefix for all output files. Maximum length
is 72 characters. Do not include the following characters: ) (* / ? \.

d3prop = See *DATABASE_BINARY_D3PROP input parameter IFILE for options.

gminp = Input file for reading recorded motions in *INTERFACE_SSI (de-
fault=GMBIN).

gmout = Output file for writing recorded motions in *INTERFACE_SSI_AUX (de-
fault=GMBIN).

In order to avoid undesirable or confusing results, each LS-DYNA run should be per-
formed in a separate directory, unless using the command line parameter “jobid” described
above. If rerunning a job in the same directory, old files should first be removed or re-
named to avoid confusion since the possibility exists that the binary database may contain
results from both the old and new run.

By including KEYWORD anywhere on the execute line or instead if * KEYWORD is the
first card in the input file, the keyword formats are expected; otherwise, the older struc-
tured input file will be expected.

To run a coupled thermal analysis the command COUPLE must be in the execute line. A
thermal only analysis may be run by including the word THERMAL in the execution line.

The execution line option PGPKEY will output the current public PGP key used by
LS-DYNA for encryption of input. The public key and some instructions on how to use the
key are written to the screen as well as a file named “Istc_pgpkey.asc”.

The INIT (or sw1. can be used instead) command on the execution line causes the calcula-
tion to run just one cycle followed by termination with a full restart file. No editing of the
input deck is required. The calculation can then be restarted with or without any addition-
al input. Sometimes this option can be used to reduce the memory on restart if the re-
quired memory is given on the execution line and is specified too large in the beginning
when the amount of required memory is unknown. Generally, this option would be used
at the beginning of a new calculation.

If the word CASE appears on the command line, then *CASE statements will be handled
by the built in driver routines. Otherwise they should be processed by the external
Iscasedriver program, and if any *CASE statements are encountered it will cause an error.
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If MCHECK =y is given on the command line, the program switches to “model check”
mode. In this mode the program will run only 10 cycles — just enough to verify that the
model will start. For implicit problems, all initialization is performed, but execution halts
before the first cycle. If the network license is being used, the program will attempt to
check out a license under the program name “LS-DYNAMC” so as not to use up one of the
normal DYNA licenses. If this fails, a normal execution license will be used.

If the word MEMORY is found anywhere on the execution line and if it is not set via
(=nwds) LS-DYNA will give the default size of memory, request, and then read in the
desired memory size. This option is necessary if the default value is insufficient memory
and termination occurs as a result. Occasionally, the default value is too large for execution

and this option can be used to lower the default size. Memory can also be specified on the
*KEYWORD card.

SENSE SWITCH CONTROLS

The status of an in-progress LS-DYNA simulation can be determined by using the sense
switch. On UNIX versions, this is accomplished by first typing a “AC” (Control-C). This
sends an interrupt to LS-DYNA which is trapped and the user is prompted to input the
sense switch code. LS-DYNA has nine terminal sense switch controls that are tabulated
below:

Type Response

SWi1. A restart file is written and LS-DYNA terminates.

SW2. LS-DYNA responds with time and cycle numbers.

SW3. A restart file is written and LS-DYNA continues.

SW4. A plot state is written and LS-DYNA continues.

SW5. Enter interactive graphics phase and real time visualization.

SW7. Turn off real time visualization.

SW8. Interactive 2D rezoner for solid elements and real time visualization.
SWo. Turn off real time visualization (for option SW8).

SWA. Flush ASCII file buffers.

Iprint Enable/Disable printing of equation solver memory, cpu require-
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Type Response
ments.
nlorint Enable/Disable printing of nonlinear equilibrium iteration infor-
P mation.
Enable/Disable output of binary plot database "d3iter" showing mesh
iter after each equilibrium iteration. Useful for debugging convergence
problems.
conv Temporarily override nonlinear convergence tolerances.
stop Halt execution immediately, closing open files.

On UNIX/LINUX systems the sense switches can still be used if the job is running in the
background or in batch mode. To interrupt LS-DYNA simply create a file called D3KIL
containing the desired sense switch, e.g., "sw1." LS-DYNA periodically looks for this file
and if found, the sense switch contained therein is invoked and the D3KIL file is deleted. A
null D3KIL file is equivalent to a "sw1."

When LS-DYNA terminates, all scratch files are destroyed: the restart file, plot files, and
high-speed printer files remain on disk. Of these, only the restart file is needed to continue
the interrupted analysis.

PROCEDURE FOR LS-DYNA/MPP

As described above the serial/SMP code supports the use of the SIGINT signal (usually
Ctrl-C) to interrupt the execution and prompt the user for a "sense switch." The MPP code
also supports this capability. However, on many systems a shell script or front end pro-
gram (generally "mpirun") is required to start MPI applications. Pressing Ctrl-C on some
systems will kill this process, and thus kill the running MPP-DYNA executable. As a
workaround, when the MPP code begins execution it creates a file named "bg_switch" in
the current working directory. This file contains the following single line:

rsh <machine name> kill -INT <PID>

where < machine name > is the hostname of the machine on which the root MPP-DYNA
process is running, and <PID> is its process id. (on HP systems, "rsh" is replaced by
"remsh"). Thus, simply executing this file will send the appropriate signal.

For more information about running the LS-DYNA /MPP Version see Appendix O.
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Files: Input and Output

' D=d3dump |
Restart Dump |
A=runrsf - :
Running Dump 1
Z= |
Input Interface Segment :
1
Stress Initialization el ey :
Binary Output '
1
G=d3plot
Restart ' P D3PLOT
F=d3dht

Time History

Interface Segment LS-DYNA

Interface Force

VDA Geometry

Dynamic Relaxation

Thermal File /~ S/ Emmmmm e m o e mm——mmm-—- - :

CAL3D Input

"messag"

Input Echo

Others...

Figure 2-2. Files Input and Output.

FILES

File names must be unique.
The interface force file is created only if it is specified on the execution line (S = iff).

On large problems the default file sizes may not be large enough for a single file to hold
either a restart dump or a plot state. Then the file size may be increased by specifying the
file size on the execute line using X=scl. The default file size holds seven times one-million
octal word (262144) or 1835008 words. If the core required by LS-DYNA requires more
space, it is recommended that the scl be increased appropriately.
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Using C=cpu defines the maximum cpu usage allowed. When the cpu usage limit is
exceeded LS-DYNA will terminate with a restart file. During a restart, cpu should be set to
the total cpu used up to the current restart plus whatever amount of additional time is
wanted.

When restarting from a dump file, the execution line becomes

LS-DYNA I=inf O=otf G=ptf D=dpf R=rtf F=thf T=tpf A=rrd S=iff Z=isf1 L=isf2 B=rlf
W=root E=efl X=scl C=cpu K=kill Q=option KEYWORD MEMORY=nwds

where,
rtf=name of dump file written by LS-DYNA

The rootnames of the dump files written by LS-DYNA are controlled by dpf (de-
fault = d3dump) and rrd (default = runrsf). A two-digit number follows the rootname, e.g.,
d3dump01, d3dump02, etc., to distinguish one dump file from another as more than one of
these files may be written over the course of an analysis, each corresponding to a different
time.

The adaptive dump files contain all information required to successfully restart so that no
other files are needed except when CAD surface data is used. When restarting a problem
that uses VDA /IGES surface data, the vda input file must be specified, e.g.:

LS-DYNA R=d3dump01 V=vda

If the data from the last run is to be remapped onto a new mesh, then specify: Q = remap.
The remap file is the dump file from which the remapping data is taken. The remap option
is available for brick elements only. File name dropouts are permitted; for example, the
following execution lines are acceptable:

LS-DYNA I=inf
and

LS-DYNA R=rtf

Default names for the output file, binary plot files, and the dump file are D3HSP, D3PLOT,
D3THDT, and D3DUMP, respectively.

For an analysis using interface segments, the execution line in the first analysis is given by
LS-DYNA |=inf Z=isf1
and in the second by:

LS-DYNA I=inf L=isf1
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Batch execution in some installations (e.g., GM) is controlled by file NAMES on unit 88.
NAMES is a 2 line file in which the second line is blank. The first line of NAMES contains
the execution line, for instance:

|=inf
For a restart the execution line becomes:

|=inf R=rtf

No stress initialization is possible at restart. Also the VDA files and the CAL3D files must not be
changed.

RESTART ANALYSIS

The LS-DYNA restart capability allows analyses to be broken down into stages. After the
completion of each stage in the calculation a “restart dump” is written that contains all
information necessary to continue the analysis. The size of this “dump” file is roughly the
same size as the memory required for the calculation. Results can be checked at each stage
by post-processing the output databases in the normal way, so the chance of wasting
computer time on incorrect analyses is reduced.

The restart capability is frequently used to modify models by deleting excessively distorted
elements, materials that are no longer important, and contact surfaces that are no longer
needed. Output frequencies of the various databases can also be altered. Often, these
simple modifications permit a calculation that might otherwise not to continue on to a
successful completion. Restarting can also help to diagnose why a model is giving prob-
lems. By restarting from a dump that is written before the occurrence of a numerical
problem and obtaining output at more frequent intervals, it is often possible to identify
where the first symptoms appear and what aspect of the model is causing them.

The format of the restart input file is described in this manual. If, for example, the user
wishes to restart the analysis from dump state nn, contained in file D3DUMPnn, then the
following procedure is followed:

1. Create the restart input deck, if required, as described in the Restart Section of this
manual. Call this file restartinput.

2. Start dyna from the command line by invoking:
LS-DYNA I=restartinput R=D3DUMPnNn

3. If no alterations to the model are made, then the execution line:
LS-DYNA R=D3DUMPnNnN

will suffice. Of course, the other output files should be assigned names from the
command line if the defaults have been changed in the original run.
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The full deck restart option allows the user to begin a new analysis, with deformed shapes
and stresses carried forward from a previous analysis for selected materials. The new
analysis can be different from the original, e.g., more contact surfaces, different geometry
(of parts which are not carried forward), etc. Examples of applications include:

* Crash analysis continued with extra contact surfaces;

¢ Sheet metalforming continued with different tools for modeling a multi-stage form-
ing process.

A typical restart file scenario:

Dyna is run using an input file named “job1.inf”, and a restart dump named “d3dump01”
is created. A new input file, “job2.inf”, is generated and submitted as a restart with
R = d3dump01 as the dump file. The input file job2.inf contains the entire model in its
original undeformed state but with more contact surfaces, new output databases, and so on.

Since this is a restart job, information must be given to tell LS-DYNA which parts of the
model should be initialized in the full deck restart. When the calculation begins the restart
database contained in the file d3dump01 is read, and a new database is created to initialize
the model in the input file, job2.inf. The data in file job2.inf is read and the LS-DYNA
proceeds through the entire input deck and initialization. At the end of the initialization
process, all the parts selected are initialized from the data saved from d3dump01. This
means that the deformed position and velocities of the nodes on the elements of each part,
and the stresses and strains in the elements (and, if the material of the part is rigid, the rigid
body properties) will be assigned.

It is assumed during this process that any initialized part has the same elements, in the
same order, with the same topology, in jobl and job2. If this is not the case, the parts
cannot be initialized. However, the parts may have different identifying numbers.

For discrete elements and seat belts, the choice is all or nothing. All discrete and belt
elements, retractors, sliprings, pretensioners and sensors must exist in both files and will be
initialized.

Materials which are not initialized will have no initial deformations or stresses. However,
if initialized and non-initialized materials have nodes in common, the nodes will be moved
by the initialized material causing a sudden strain in the non-initialized material. This effect
can give rise to sudden spikes in loading.

Points to note are:

¢ Time and outputintervals are continuous with job1, i.e., the time is not reset to zero.

* Don't try to use the restart part of the input to change anything since this will be
overwritten by the new input file.
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¢ Usually, the complete input file part of job2.in1 will be copied from jobl.inf, with
the required alterations. We again mention that there is no need to update the nodal
coordinates since the deformed shapes of the initialized materials will be carried
forward from jobl.

e Completely new databases will be generated with the time offset.

VDA/IGES DATABASES

VDA surfaces are surfaces of geometric entities which are given in the form of polynomials.
The format of these surfaces is as defined by the German automobile and supplier industry
in the VDA guidelines, [VDA 1987].

The advantage of using VDA surfaces is twofold. First, the problem of meshing the surface
of the geometric entities is avoided and, second, smooth surfaces can be achieved which are
very important in metalforming. With smooth surfaces, artificial friction introduced by
standard faceted meshes with corners and edges can be avoided. This is a big advantage in
springback calculations.

A very simple and general handling of VDA surfaces is possible allowing arbitrary motion
and generation of surfaces. For a detailed description, see Appendix L.

LS-PrePost®

LS-DYNA is designed to operate with a variety of commercial pre- and post-processing
packages. Currently, direct support is available from TRUEGRID, PATRAN, eta/ VPG,
HYPERMESH, EASi-CRASH DYNA and FEMAP. Several third-party translation pro-
grams are available for PATRAN and IDEAS.

Alternately, the pre- and post-processor LS-PrePost is available from LSTC and is special-
ized for LS-DYNA. LS-PrePost is an advanced pre- and post-processor that is delivered
free with LS-DYNA. The user interface is designed to be both efficient and intuitive. LS-
PrePost runs on Windows, Linux, and Unix, utilizing OpenGL graphics to achieve fast
model rendering and XY plotting.

Some of the capabilities available in LS-PrePost are:

e Complete support for all LS-DYNA keyword data.

* Importing and combining multiple models from many sources (LS-DYNA keyword,
IDEAS neutral file, NASTRAN bulk data, STL ascii, and STL binary formats).

e Improved renumbering of model entities.

* Model Manipulation: Translate, Rotate, Scale, Project, Offset, Reflect
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e LS-DYNA Entity Creation: Coordinate Systems, Sets, Parts, Masses, CNRBs, Boxes,
Spot welds, SPCs, Rigidwalls, Rivets, Initial Velocity, Accelerometers, Cross Sec-
tions, etc.

* Mesh Generation: 2Dmesh Sketchboard, nLine Meshing, Line sweep into shell,
Shell sweep into solid, Tet-Meshing, Automatic surface meshing of IGES and VDA
data, Meshing of simple geometric objects (Plate, Sphere, Cylinder)

* Special Applications: Airbag folding, Dummy positioning, Seatbelt fitting, Initial

ASCII e L L L
Databases Project: p= Keyword: k= Command: c= Database: d=
Plot Files:
d3plot Nastran: n=
d3thdt

genely LS-PrePost
vda: v=

Graphic Output

Fringe Plots
Time History
Animations

Keyword Project File Command File: Database File:
Files (*.proj) cfile post.db

Figure 2-3. File Organization

penetration check, Spot weld generation using MAT_100

* Complete support of LS-DYNA results data file: d3plot file, d3thdt file, All ascii
time history data file, Interface force file

LS-PrePost processes output from LS-DYNA. LS-PrePost reads the binary plot-files gener-
ated by LS-DYNA and plots contours, fringes, time histories, and deformed shapes. Color
contours and fringes of a large number of quantities may be interactively plotted on mesh-
es consisting of plate, shell, and solid type elements. LS-PrePost can compute a variety of
strain measures, reaction forces along constrained boundaries.

LS-DYNA generates three binary databases. One contains information for complete states
atinfrequent intervals; 50 to 100 states of this sort is typical in a LS-DYNA calculation. The
second contains information for a subset of nodes and elements at frequent intervals; 1000
to 10,000 states is typical. The third contains interface data for contact surfaces.
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Figure 2-4. Relative cost of the four noded shells available in LS-DYNA where
BT is the Belytschko-Tsay shell, BTW is the Belytschko-Tsay shell with the warp-
ing stiffness taken from the Belytschko-Wong-Chiang, BWC, shell. The BL shell is
the Belytschko-Leviathan shell. CHL denotes the Hughes-Liu shell, HL, with one
point quadrature and a co-rotational formulation. FBT is a Belytschko-Tsay like
shell with full integration, FHL is the fully integrated Hughes-Liu shell, and the
CFHL shell is its co-rotational version.

EXECUTION SPEEDS

The relative execution speeds for various elements in LS-DYNA are tabulated below:

Element Type Relative Cost
8 node solid with 1 point integration and default hourglass 4
control
as above but with Flanagan-Belytschko hourglass control 5
constant stress and Flanagan-Belytschko hourglass control, 7
i.e., the Flanagan-Belytschko element
4 node Belytschko-Tsay shell with four thickness integra- 4
tion points
4 node Belytschko-Tsay shell with resultant plasticity 3
BCIZ triangular shell with four thickness integration points 7
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Element Type

Relative Cost

Co triangular shell with four thickness integration points
2 node Hughes-Liu beam with four integration points

2 node Belytschko-Schwer beam

2 node simple truss elements

8 node solid-shell with four thickness integration points

4

9

2

1

11

These relative timings are very approximate. Each interface node of the sliding interfaces is
roughly equivalent to one-half zone cycle in cost. Figure 2-4. illustrates the relative cost of
the various shell formulations in LS-DYNA.

UNITS

The units in LS-DYNA must be consistent. One way of testing whether a set of units is

consistent is to check that:

[force unit] = [mass unit] x [acceleration unit]

and that

[acceleration unit] =

Examples of sets of consistent units are:

[length unit]

[time unit]?

(@) (b) (c)
Length unit meter millimeter millimeter
Time unit second second millisecond
Mass unit kilogram tonne kilogram
Force unit Newton Newton kiloNewton
Young’s Modulus of Steel 210.0E+09 210.0E+03 210.0
Density of Steel 7.85E+03 7.85E-09 7.85E-06
Yield stress of Mild Steel 200.0E+06 200.0 0.200
Acceleration due to gravity 9.81 9.81E+03 9.81E-03
Velocity equivalent to 30 mph 13.4 13.4E+03 13.4

LS-DYNA R7.1
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GENERAL CARD FORMAT

The following sections specify, for each keyword command, the cards that must be defined
and those cards that are optional. Each card is described in its fixed format form and is
shown as a number of fields in an 80 character string. With the exception of “long format
input” as described later in this section, most cards are 8 fields with a field length of 10
characters. A sample card is shownbelow. The card format is clearly stated if it is different
than 8 fields of 10 characters.

As an alternative to fixed format, a card may be free format with the values of the variables
separated by commas. When using comma-delimited values on a card, the number of
characters used to specify a value must not exceed the field length for fixed format. For
example, an I8 number is limited to a value of 99999999 and a larger number with more
than 8 characters is unacceptable. A further restriction is that characters beyond column 80
of each line are ignored by the code. Fixed format and free, comma-delimited format can
be mixed throughout the deck and even within different cards of a single command but not
within a card.

The limits on number of characters per variable and number of characters per line as stated
above are raised in the case of long format input. See the description of long format input
below.

Card Format

1 2 3 4 5 6 7 8
Variable NSID PSID Al A2 A3 KAT
Type I F F F I
Default none none 1.0 1.0 0 1
Remarks 1 2 3

In the example shown above, the row labeled “Type” gives the variable type and is either
F, for floating point or I, for an integer. The row labeled “Default” reveals the default value
set for a variable if zero is specified, the field is left blank, or the card is not defined. The
“Remarks” row refers to enumerated remarks at the end of the section.

Optional Cards:

Each keyword card (line beginning with “*”) is followed by a set of data cards. Data cards
are either,
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1.  Required Cards. Unless otherwise indicated, cards are required.

2. Conditional Cards. Conditional cards are required provided some condition is sat-
isfied. The following is a typical conditional card:

ID Card. Additional card for the ID keyword option.

ID 1 2 3 4 5 6 7 8
Variable ABID HEADING
Type I A70

3. Optional Cards. An optional card is one that may be replaced by the next keyword
card. The fields in the omitted optional data cards are assigned their default val-
ues.

Example. Suppose the data set for *KEYWORD consists of 2 required cards and 3
optional cards. Then, the fourth card may be replaced by the next keyword card,
*NEXTKEY. All the fields in the omitted fourth and fifth cards are assigned their
default values.

WARNING: In this example, even though the fourth card is optional, the
input deck may not jump from the third to fifth card. The
only card that card 4 may be replaced with is the next
keyword card.

Long Format Input:

To accommodate larger or more precise values for input variables than are allowed by the
standard format input as described above, a “long format” input option is available. One
way of invoking long format keyword input is by adding “long=y” to the execution line.
A second way is to add “long=y” to the *KEYWORD command in the input deck.

long=y: read long keyword input deck; write long structured input deck.
long=s: read standard keyword input deck; write long structured input deck.
long=k: read long keyword input deck; write standard structured input deck.

The “long=s” option may be helpful in the rare event that the keyword input is of standard
format but LS-DYNA reports an input error and the dyna.str file (see *CONTROL_STRUC-
TURED) reveals that one of more variables is incorrectly written to dyna.str as a series of
asterisks due to inadequate field length(s) in dyna.str.

The “long=k” option really serves no practical purpose.
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When long format is invoked for keyword input, field lengths for each variable become 20
characters long (160 character limit per line for 8 variables; 200 character limit per line for
10 variables). In this way, the number of input lines in long format is unchanged from
regular format.

“” 7 “" o4

You can mix long and standard format within one input deck by use of “+” or “-* signs
within the deck. If the execution line indicates standard format, you can add “ +” at the
end of any keywords to invoke long format just for those keywords. For example, “*NODE
+” in place of “*NODE” invokes a read format of two lines per node (120,3E20.0 on the first
line and 2F20.0 on the second line).

Similarly, if the execution line indicates long format, you can add “-” at the end of any
keywords to invoke standard format for those keywords. For example, “*NODE -” in
place of “*NODE” invokes the standard read format of one line per node (18,3E16.0,2F8.0).
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*AIRBAG

Purpose: Define an airbag or control volume.

The keyword *AIRBAG provides a way of defining thermodynamic behavior of the gas
flow into the airbag as well as a reference configuration for the fully inflated bag. The
keyword cards in this section are defined in alphabetical order:

*AIRBAG_OPTION1_{OPTION2}_{OPTION3}_{OPTION4}
*AIRBAG_ADVANCED_ALE

*AIRBAG_ALE

*AIRBAG_INTERACTION

*AIRBAG_PARTICLE
*AIRBAG_REFERENCE_GEOMETRY_OPTION_OPTION
*AIRBAG_SHELL_REFERENCE_GEOMETRY
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*AIRBAG_OPTION1_{OPTION2}_{OPTION3}_{OPTION4}
OPTIONTI specifies one of the following thermodynamic relationships:
SIMPLE_PRESSURE_VOLUME
SIMPLE_AIRBAG_MODEL
ADIABATIC_GAS_MODEL
WANG_NEFSKE
WANG_NEFSKE_JETTING
WANG_NEFSKE_MULTIPLE_JETTING
LOAD_CURVE
LINEAR_FLUID
HYBRID
HYBRID_JETTING
HYBRID_CHEMKIN

OPTION?2 specifies that an additional line of data is read for the WANG_NEFSKE type
thermodynamic relationships. The additional data controls the initiation of exit flow from
the airbag. OPTION? takes the single option:

POP

OPTION3 specifies that a constant momentum formulation is used to calculate the jetting
load on the airbag an additional line of data is read in: OPTION3 takes the single option:

CM
OPTION+4 given by:
ID

Specifies that an airbag ID and heading information will be the first card of the airbag
definition. This ID is a unique number that is necessary for the identification of the airbags
in the definition of airbag interaction via *AIRBAG_INTERACTION keyword. The numer-
ic ID's and heading are written into the ABSTAT and D3HSP files.

3-2 (AIRBAG) LS-DYNA R7.1



*AIRBAG *AIRBAG

Core Cards: Common to all airbags

ID Card. Additional card for the ID keyword option. To use the *AIRBAG_INTERAC-
TION keyword ID Cards are required.

ID 1 2 3 4 5 6 7 8
Variable ABID HEADING
Type I A70
Card 1a 1 2 3 4 5 6 7 8

Variable SID SIDTYP RBID VSCA PSCA VINI MWD SPSF

Type I I F F F F F
Default | none 0 0 1. 1. 0. 0. 0.

Remark optional
VARIABLE DESCRIPTION

ABID Airbag ID. This must be a unique number.
HEADING Airbag descriptor. Itis suggested that unique descriptions be used.

SID Set ID
SIDTYP Set type:

EQ.O: segment,
NE.O: part set ID.
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VARIABLE DESCRIPTION

RBID Rigid body part ID for user defined activation subroutine:

LT.0: -RBID is taken as the rigid body part ID. Built in sensor
subroutine initiates the inflator. Load curves are offset by
initiation time.

EQ.O0: The control volume is active from time zero.

GT.0: RBID is taken as the rigid body part ID. User sensor sub-
routine initiates the inflator. Load curves are offset by ini-
tiation time. See Appendix D.

VSCA Volume scale factor, Vgea (default = 1.0)

PSCA Pressure scale factor, Pgcq (default = 1.0)

VINI Initial filled volume, Vinj

MWD Mass weighted damping factor, D

SPSF Stagnation pressure scale factor, 0 <=7y <=1
Remarks:

The first card is necessary for all airbag options. The sequence for the following cards
which is different for each option is explained on the next pages.

Lumped parameter control volumes are a mechanism for determining volumes of closed
surfaces and applying a pressure based on some thermodynamic relationships. The vol-
ume is specified by a list of polygons similar to the pressure boundary condition cards or
by specifying a material subset which represents shell elements which form the closed
boundary. All polygon normals must be oriented to face outwards from the control vol-
ume. If holes are detected, they are assumed to be covered by planar surfaces.

Vsca and Pgc, allow for unit system changes from the inflator to the finite element model.
There are two sets of volume and pressure used for each control volume. First, the finite
element model computes a volume (Viemodel) and applies a pressure (Pfemodel). The
thermodynamics of a control volume may be computed in a different unit system; thus,
there is a separate volume (Vcyolume) and pressure (Peyolume) which are used for integrat-
ing the differential equations for the control volume. The conversion is as follows:

cholume = (Vscavfemodel) -V

r femodel — p scap cvolume

Damping can be applied to the structure enclosing a control volume by using a mass
weighted damping formula:
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Fé = m;D(v; — Veg)

where F! is the damping force, m; is the nodal mass, v; is the velocity for a node, v, is the
mass weighted average velocity of the structure enclosing the control volume, and D is the
damping factor.

An alternative, separate damping is based on the stagnation pressure concept. The stagna-
tion pressure is roughly the maximum pressure on a flat plate oriented normal to a steady
state flow field. The stagnation pressure is defined as p = ypV? where V is the normal
velocity of the control volume relative to the ambient velocity, p is the ambient air density,
and v is a factor which varies from 0 to 1 and has to be chosen by the user. Small values
are recommended to avoid excessive damping.

Sensor input:

The sensor is mounted on a rigid body which is attached to the structure. The motion of
the sensor is evaluated in the local coordinate system of the rigid body. See *MAT RIGID.
This local system rotates and translates with the rigid material. The default local system for
a rigid body is taken as the principal axes of the inertia tensor.

When the user defined criterion for airbag deployment is satisfied, a flag is set and de-
ployment begins. Allload curves relating to the mass flow rate versus time are then shifted
by the initiation time.

RBID = 0: No rigid body

For this case there is no rigid body, and the control volume is active from time zero. There
are no additional sensor cards.

RBID > 0: User supplied sensor subroutine

The value of RBID is taken as a rigid body part ID, and a user supplied sensor subroutine
will be called to determine the flag that initiates deployment. See Appendix D for details
regarding the user supplied subroutine. For RBID > 0 the additional cards are specified
below:
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User Subroutine Control Card. This card is read in when RBID > 0.

Card 1b 1 2 3 4 5 6 7 8
Variable N
Type |

Default none

User Subroutine Constant Cards. Define N constants for the user subroutine. Include
only the number of cards necessary, i.e. for nine constants use 2 cards.

Card 1c 1 2 3 4 5 6 7 8
Variable C1 C2 C3 C4 C5
Type F F F F F
Default 0. 0. 0. 0. 0.
VARIABLE DESCRIPTION
N Number of input parameters (not to exceed 25).
c1,...,CN Up to 25 constants for the user subroutine.

RBID < 0: User supplied sensor subroutine

The value of -RBID is taken as rigid body part ID and a built in sensor subroutine is called.
For RBID < 0 there are three additional cards.
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*AIRBAG

Acceleration Sensor Card.

Card 1d 1 2 3 4 5 8
Variable AX AY AZ AMAG TDUR
Type F F F F F
Default 0. 0. 0. 0. 0.
Velocity Sensor Card.
Card 1e 1 2 3 4 5 8
Variable DVX DVY DVZ DVMAG
Type F F F F
Default 0. 0. 0. 0.
Displacement Sensor Card.
Card 1f 1 2 3 4 5 8
Variable UX uy Uz UMAG
Type F F F F
Default 0. 0. 0. 0.
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*AIRBAG

VARIABLE

AX

AY

AZ

AMAG

TDUR

DVX

DVY

DVZ

DVMAG

UX

DESCRIPTION

Acceleration level in local x-direction to activate inflator. The
absolute value of the x-acceleration is used.

EQ.O: inactive.

Acceleration level in local y-direction to activate inflator. The
absolute value of the y-acceleration is used.

EQ.O: inactive.

Acceleration level in local z-direction to activate inflator. The
absolute value of the z-acceleration is used.

EQ.O: inactive.

Acceleration magnitude required to activate inflator.

EQ.O: inactive.

Time duration acceleration must be exceeded before the inflator
activates. This is the cumulative time from the beginning of the
calculation, i.e., it is not continuous.

Velocity change in local x-direction to activate the inflator. (The
absolute value of the velocity change is used.)

EQ.0: inactive.

Velocity change in local y-direction to activate the inflator. (The
absolute value of the velocity change is used.)

EQ.O: inactive.

Velocity change in local z-direction to activate the inflator. (The
absolute value of the velocity change is used.)

EQ.O: inactive.

Velocity change magnitude required to activate the inflator.

EQ.O: inactive.

Displacement increment in local x-direction to activate the inflator.
(The absolute value of the x-displacement is used.)

EQ.O: inactive.
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VARIABLE DESCRIPTION

Uy Displacement increment in local y-direction to activate the inflator.
(The absolute value of the y-displacement is used.)

EQ.O: inactive.

Uz Displacement increment in local z-direction to activate the inflator.
(The absolute value of the z-displacement is used.)

EQ.O: inactive.

UMAG Displacement magnitude required to activate the inflator.
EQ.0: inactive.
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*AIRBAG_SIMPLE_PRESSURE_VOLUME_OPTION

Additional card for SIMPLE_PRESSURE_VOLUME option. (For card 1 see the “core
cards” section of *AIRBAG.)

Card 2 1 2 3 4 5 6 7 8

Variable CN BETA LCID LCIDDR

Type F F | I
Default none none none 0
VARIABLE DESCRIPTION
CN Coefficient. Define if the load curve ID, LCID, is unspecified.

LT.0.0: |CN| is the load curve ID, which defines the coefficient
as a function of time.

BETA Scale factor, B. Define if a load curve ID is not specified.
LCID Optional load curve ID defining pressure versus relative volume.
LCIDDR Optional load curve ID defining the coefficient, CN, as a function of

time during the dynamic relaxation phase.

Remarks:

The relationship is the following;:

B x CN
Relative Volume

Pressure =

Current Volume

Relative Volume = Tnitial Volume

The pressure is then a function of the ratio of current volume to the initial volume. The
constant, CN, is used to establish a relationship known from the literature. The scale factor
B is simply used to scale the given values. This simple model can be used when an initial
pressure is given and no leakage, no temperature, and no input mass flow is assumed. A
typical application is the modeling of air in automobile tires.

The load curve, LCIDDR, can be used to ramp up the pressure during the dynamic relaxa-
tion phase in order to avoid oscillations after the desired gas pressure is reached. In the
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DEFINE_CURVE section this load curve must be flagged for dynamic relaxation. After
initialization either the constant or load curve ID, | CN | is used to determine the pressure.
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*AIRBAG_SIMPLE_AIRBAG_MODEL_OPTION

Additional cards for SIMPLE_AIRBAG_MODEL option. (For card 1 see the “core cards”

section of *AIRBAG.)
Card 2 1 2 3 4 5 6 7 8
Variable Cv CP T LCID MU A PE RO
Type F F F I F F F F
Default none none none none none none none none
Card 3 1 2 3 4 5 6 7 8
Variable LOU TEXT A B MW GASC
Type I F F F F F
Default 0 0 0 0. 0 0
Remarks 0 optional | optional | optional | optional | optional

VARIABLE

Cv
cpP
T

LCID

MU

DESCRIPTION

Heat capacity at constant volume, e.g., Joules/kg/°K.
Heat capacity at constant pressure, e.g., Joules/kg/°K.
Temperature of input gas

Load curve ID specifying input mass flow rate. See *DEFINE_-
CURVE.
Shape factor for exit hole, yu:

LT.0.0: |y|is the load curve number defining the shape factor as a
function of absolute pressure.
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VARIABLE DESCRIPTION

A Exit area, A:
GE.0.0: A is the exit area and is constant in time,

LT.0.0: |A]| is the load curve number defining the exit area as a
function of absolute pressure.

PE Ambient pressure, pe
RO Ambient density, p
LOU Optional load curve ID giving mass flow out versus gauge pressure

in bag. See *DEFINE_CURVE.
TEXT Ambient temperature. (Define if and only if CV =0.)

A First heat capacity coefficient of inflator gas (e.g., Joules/mole/°K).
(Define if and only if CV =0.)

B Second heat capacity coefficient of inflator gas, (e.g.,
Joules/mole/°K?). (Define if and only if CV =0.)

MW Molecular weight of inflator gas (e.g., Kg/mole). (Define if and only
if CV=0.,)
GASC Universal gas constant of inflator gas (e.g., 8.314 Joules/mole/°K).

(Define if and only if CV =0.)

Remarks:

The gamma law equation of state used to determine the pressure in the airbag;:
p=(y—T1pe

where p is the pressure, p is the density, e is the specific internal energy of the gas, and vy is

the ratio of the specific heats:

i
CU

’)/:

From conservation of mass, the time rate of change of mass flowing into the bag is given as:
dM  dM;, dMgy
dtr - dr
The inflow mass flow rate is given by the load curve ID, LCID. Leakage, the mass flow rate
out of the bag, can be modeled in two alternative ways. One s to give an exit area with the
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corresponding shape factor, then the load curve ID, LOU, must be set to zero. The other is
to define a mass flow out by a load curve, then  and A have to both be set to zero.

If CV = 0. then the constant-pressure specific heat is given by:

(a+ bT)
T TMwW

and the constant-volume specific heat is then found from:
R

Cp =C,) — ——

P MW
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*AIRBAG_ADIABATIC_GAS_MODEL_OPTION

Additional card for ADIABATIC_GAS_MODEL option. (For card 1 see the “core cards”
section of *AIRBAG.)

Card 2 1 2 3 4 5 6 7 8
Variable PSF LCID GAMMA PO PE RO
Type F I F F F F
Default 1.0 none none none none none
VARIABLE DESCRIPTION
PSF Pressure scale factor
LCID Optional load curve for preload flag. See *DEFINE_CURVE.
GAMMA Ratio of specific heats
PO Initial pressure (gauge)
PE Ambient pressure
RO Initial density of gas
Remarks:

The optional load curve ID, LCID, defines a preload flag. During the preload phase the
function value of the load curve versus time is zero, and the pressure in the control volume
is given as:

p = PSF x py

When the first nonzero function value is encountered, the preload phase stops and the
ideal gas law applies for the rest of the analysis. If LCID is zero, no preload is performed.

The gamma law equation of state for the adiabatic expansion of an ideal gas is used to
determine the pressure after preload:

p=(y—1pe

where p is the pressure, p is the density, e is the specific internal energy of the gas, and 1 is
the ratio of the specific heats:
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The pressure above is the absolute pressure, the resultant pressure acting on the control
volume is:

pPs = PSF x (P —Pe)

where PSF is the pressure scale factor. Starting from the initial pressure py an initial inter-
nal energy is calculated:
_ Po + Pe

0ot -1
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*AIRBAG_WANG_NEFSKE_OPTIONS

The m following sequence of cards is read in for the all variations of the WANG_NEFSKE
option to *AIRBAG. For card 1 see the “core cards” section of *AIRBAG.

Card 2 1 2 3 4 5 6 7 8
Variable cv CP T LCT LCMT TVOL LCDT IABT
Type F F F I I F I F
Default none none 0. 0 none 0. 0. not used
Card 3 1 2 3 4 5 6 7 8
Variable Cc23 LCC23 A23 LCA23 CP23 LCCP23 AP23 LCAP23
Type F I F F F
Default none 0 none 0 none 0 0.0 0
Card 4 1 2 3 4 5 6 7 8
Variable PE RO GC LCEFR POVER PPOP OPT KNKDN
Type F F F I F F F
Default none none none 0 0.0 0.0 0.0 0
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Inflator Card. If the inflator is modeled, LCMT = 0 fill in the following card. If not, include
but leave blank.

Card 5 1 2 3 4 5 6 7 8
Variable I0C [0A IVOL IRO IT LCBF
Type F F F F F
Default none none none none none none

Temperature Dependent Heat Capacities Card. Include this card when CV = 0.

Card 6 1 2 3 4 5 6 7 8
Variable TEXT A B MW GASC HCONV
Type F F F F F F
Default none none none none none none

Criteria for Initiating Exit Flow Card. Additional card for the POP option to the
*AIRBAG_WANG_NEFSKE card.

Card 7 1 2 3 4 5 6 7 8
Variable TDP AXP AYP AZP AMAGP | TDURP TDA RBIDP
Type F F F F F F F I
Default 0.0 0.0 0.0 0.0 0.0 0.0 0.0 none

VARIABLE DESCRIPTION
Ccv Specific heat at constant volume, e.g., Joules/kg/°K.
Ccp Specific heat at constant pressure, e.g., Joules/kg/°K.
T Temperature of input gas. For temperature variations a load curve,
LCT, may be defined.
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VARIABLE

LCT

LCMT

TVOL

LCDT

IABT

C23

LCC23

A23

LCA23

CP23

DESCRIPTION

Optional load curve number defining temperature of input gas
versus time. This overrides columns T.

Load curve specifying input mass flow rate or tank pressure versus
time. If the tank volume, TVOL, is nonzero the curve ID is assumed
to be tank pressure versus time. If LCMT = 0, then the inflator has
tobe modeled, see Card 5. During the dynamic relaxation phase the
airbag is ignored unless the curve is flagged to act during dynamic
relaxation.

Tank volume which is required only for the tank pressure versus
time curve, LCMT.

Load curve for time rate of change of temperature (dT/dt) versus
time.

Initial airbag temperature. (Optional, generally not defined.)

Vent orifice coefficient which applies to exit hole. Set to zero if
LCC23 is defined below.

The absolute value, |LCC23 ]|, is a load curve ID. If the ID is posi-
tive, the load curve defines the vent orifice coefficient which applies
to exit hole as a function of time. If the ID is negative, the vent
orifice coefficient is defined as a function of relative pressure,
Pyir/ Pyqg, see [Anagonye and Wang 1999]. In addition, LCC23 can
be defined through DEFINE_CURVE_FUNCTION. A nonzero
value for C23 overrides LCC23.

If defined as a positive number, A23 is the vent orifice area which
applies to exit hole. If defined as a negative number, the absolute
value | A23| isa partID, see [Anagonye and Wang, 1999]. The area
of this part becomes the vent orifice area. Airbag pressure will not
be applied to part | A23 | representing venting holes if part | A23 | is
not included in SID, the part set representing the airbag. Set A23 to
zero if LCA23 is defined below.

Load curve number defining the vent orifice area which applies to
exit hole as a function of absolute pressure, or LCA23 can be defined
through DEFINE_CURVE_FUNCTION. A nonzero value for A23
overrides LCA23.

Orifice coefficient for leakage (fabric porosity). Set to zero if
LCCP23 is defined below.

LS-DYNA R7.1
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VARIABLE

LCCP23

AP23

LCAP23

PE

RO

GC

LCEFR

POVER
PPOP

OPT

DESCRIPTION

Load curve number defining the orifice coefficient for leakage
(fabric porosity) as a function of time, or LCCP23 can be defined
through DEFINE_CURVE_FUNCTION. A nonzero value for CP23
overrides LCCP23.

Area for leakage (fabric porosity)

Load curve number defining the area for leakage (fabric porosity) as
a function of (absolute) pressure, or LCAP23 can be defined through
DEFINE_CURVE_FUNCTION. A nonzero value for AP23 overrides
LCAP23.

Ambient pressure
Ambient density

Gravitational conversion constant (mandatory - no default). If
consistent units are being used for all parameters in the airbag
definition then unity should be input.

Optional curve for exit flow rate (mass/time) versus (gauge) pres-
sure

Initial relative overpressure (gauge), Poyer in control volume
Pop Pressure: relative pressure (gauge) for initiating exit flow, Ppop
Fabric venting option, if nonzero CP23, LCCP23, AP23,and LCAP23

are set to zero.

EQ.1: Wang-Nefske formulas for venting through an orifice are
used. Blockage is not considered.

EQ.2: Wang-Nefske formulas for venting through an orifice are
used. Blockage of venting area due to contact is consid-
ered.

EQ.3: Leakage formulas of Graefe, Krummheuer, and Siejak
[1990] are used. Blockage is not considered.

EQ.4: Leakage formulas of Graefe, Krummheuer, and Siejak
[1990] are used. Blockage of venting area due to contact is
considered.

EQ.5: Leakage formulas based on flow through a porous media
are used. Blockage is not considered.

EQ.6: Leakage formulas based on flow through a porous media
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VARIABLE

KNKDN

10C

I0OA

IVOL

IRO

IT

LCBF

TEXT

MW

DESCRIPTION

are used. Blockage of venting area due to contact is consid-
ered.

EQ.7: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is not con-
sidered. Absolute pressure is used in the porous-velocity-
versus-pressure load curve, given as FAC(P) in the *"MAT_-
FABRIC card.

EQ.8: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is consid-
ered. Absolute pressure is used in the porous-velocity-
versus-pressure load curve, given as FAC(P) in the *"MAT_-
FABRIC card.

Optional load curve ID defining the knock down pressure scale
factor versus time. This option only applies to jetting. The scale
factor defined by this load curve scales the pressure applied to
airbag segments which

do not have a clear line-of-sight to the jet. Typically, at very early
times this scale factor will be less than unity and equal to unity at
later times. The full pressure is always applied to segments which
can see the jets.

Inflator orifice coefficient

Inflator orifice area

Inflator volume

Inflator density

Inflator temperature

Load curve defining burn fraction versus time
Ambient temperature.

First molar heat capacity coefficient of inflator gas (e.g.,
Joules/mole/°K)

Second molar heat capacity coefficient of inflator gas, (e.g.,
Joules/mole/OK2)

Molecular weight of inflator gas (e.g., Kg/mole).

LS-DYNA R7.1
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VARIABLE

GASC

HCONV

TDP

AXP

AYP

AZP

AMAGP

TDURP

TDA

RBIDP

Remarks:

DESCRIPTION

Universal gas constant of inflator gas (e.g., 8.314 Joules/mole/ OK)

Effective heat transfer coefficient between the gas in the air bag and
the environment at temperature TEXT. If HCONV <0, then
HCONYV defines a load curve of data pairs (time, hconv).

Time delay before initiating exit flow after pop pressure is reached.

Pop acceleration magnitude in local x-direction.

EQ.0.0: Inactive.

Pop acceleration magnitude in local y-direction.

EQ.0.0: Inactive.

Pop acceleration magnitude in local z-direction.

EQ.0.0: Inactive.

Pop acceleration magnitude.

EQ.0.0: Inactive.

Time duration pop acceleration must be exceeded to initiate exit
flow. This is a cumulative time from the beginning of the calcula-
tion, i.e., it is not continuous.

Time delay before initiating exit flow after pop acceleration is
exceeded for the prescribed time duration.

Part ID of the rigid body for checking accelerations against pop
accelerations.

The gamma law equation of state for the adiabatic expansion of an ideal gas is used to
determine the pressure after preload:

p=(y—1pe

where p is the pressure, p is the density, e is the specific internal energy of the gas, and 1y is
the ratio of the specific heats:

c

’YZZ
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where cy is the specific heat at constant volume, and c¢p is the specific heat at constant
pressure. A pressure relation is defined:

Pe
Q="
p

where pe is the external pressure and p is the internal pressure in the bag. A critical pres-
sure relationship is defined as:

2\
7=
Qerit = (m)
where 7 is the ratio of specific heats:
c
=F
T = e

and

Q< chit:Q = chit'

Wang and Nefske define the mass flow through the vents and leakage by

. p 1 (fyR)( 7_—1>
Tiloy = ChrA "2 ([—=)[1-Q 7
23 23 23R\/T_2Q\J8 y—1 Q

and

I / / p 1 ’)/R ’)/_—1
My = CpsA 23R\/T_2Q7\J28c (771) (1 -Q7
It must be noted that the gravitational conversion constant has to be given in consistent
units. As an alternative to computing the mass flow out of the bag by the Wang-Nefske
model, a curve for the exit flow rate depending on the internal pressure can be taken.
Then, no definitions for C23, LCC23, A23, LCA23, CP23, LCCP23, AP23, and LCAP23 are
necessary.

The airbag inflator assumes that the control volume of the inflator is constant and that the
amount of propellant reacted can be defined by the user as a tabulated curve of fraction
reacted versus time. A pressure relation is defined:

2 71
_ Pe_ 7
chit - pz’ - (,Y+ 1)

where p, is a critical pressure at which sonic flow occurs, pj, is the inflator pressure. The
exhaust pressure is given by

. :{pa if pa = pc
© pe ifp, <pe
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where p,, is the pressure in the control volume. The mass flow into the control volume is
governed by the equation:

2 rt+l
8cY (er - Q v )
iy, = CoAov2p10; P

where Cy, Ay, and p; are the inflator orifice coefficient, area, and gas density, respectively.

If OPT is defined, then for OPT set to 1 or 2 the mass flow rate out of the bag, i1, is given

by:
2 rt+l
’Y(Q’“Q” )
mout:\/g{ ,)/_1

where, p is the density of airbag gas, “nairmats” is the number of fabrics used in the airbag,
and “Areayn” is the current unblocked area of fabric number n.

nairmats

[FLC(t),, x FAC(p),, x Arean]} V2pp

n=1

If OPT set to 3 or 4 then:

nairmats
mout = { Z [FLC(t)n X FAC(p)n X Arean]} 2(p - pext)p

n=1

and for OPT set to 5 or 6:

nairmats
Moy = { Z [FLC(t)n X FAC(p)n X Arean]} (p - pext)

n=1
and for OPT set to 7 or 8 (may be comparable to an equivalent model ALE model):

nairmats

Mgy = Z FLC(t),,xFAC(p),, x Area,, x p,

n=1

Note that for different OPT settings, FAC(p),, has different meanings (all units shown just
as demonstrations):

1. For OPT of 1, 2, 3 and 4, FAC(P) is unit-less.
2. For OPT of 5 and 6, FAC(P) has a unit of (s/m).

3. For OPT of 7 or 8, FAC(P) is the gas volume outflow through a unit area per unit
time thus has the unit of speed,

_ [volume] _ [L}® _ [L] _ .
4. [FACP)] = ey = GG [velocity].

Multiple airbags may share the same part ID since the area summation is over the airbag
segments whose corresponding part ID’s are known. Currently, we assume that no more
than ten materials are used per bag for purposes of the output. This constraint can be
eliminated if necessary.
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The total mass flow out will include the portion due to venting, i.e., constants C23 and A23
or their load curves above.

If CV = 0. then the constant-pressure specific heat is given by:

(a + bT)
A VT
and the constant-volume specific heat is then found from:
R
% =% = R

Two additional cards are required for JETTING models:

The following additional cards are defined for the WANG_NEFSKE_JETTING and
WANG_NEFSKE_MULTIPLE_JETTING options, two further cards are defined for each
option. The jet may be defined by specifying either the coordinates of the jet focal point, jet
vector head and secondary jet focal point, or by specifying three nodes located at these
positions. The nodal point option is recommended when the location of the airbag changes
as a function of time.

NOTE: For Jetting models define either of the two cards be-
low but not both.

Card format 8 for WANG_NEFSKE keyword option.

Card 8 1 2 3 4 5 6 7 8

Variable XJFP YJFP ZJFP XJVH YJVH ZJVH CA BETA

Type F F F F F F F F
Default none none none none none none none 1.0
Remark 1 1 1 1 1 1
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Card format 8 for WANG_NEFSKE_MUTTIPLE_]JETTING keyword options.

Card 8 1 2 3 4 5 6 7 8

Variable XJFP YJFP ZJFP XJVH YJVH ZJVH LCJRV BETA

Type F F F F F F F F
Default none none none none none none none 1.0
Remark 1 1 1 1 1 1

Card 9 for both WANG_NEFSKE_JETTING and WANG_NEFSKE_MULTIPLE_JETTING.
Card 9 1 2 3 4 5 6 7 8

Variable | XSJFP YSJFP ZSJFP PSID ANGLE | NODE1 | NODE2 | NODE3

Type F F F | F I [
Default none none none none none 0 0 0
Remark 1 1 1
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Gaussian velocity profil

Airbag
Virtual origin \

Pressure is applied to surfaces
that are in the line of sight of
the virtual origin.

_— smaller
/a: larger

Figure 3-1. Jetting configuration for driver's side airbag (pressure applied only if
centroid of surface is in line-of-sight)

Secondary focal jet point

X\/&irtual origin
Node 1

Gaussian profile

Node 3

V4

Figure 3-2. Jetting configuration for the passenger’s side bag.

VARIABLE DESCRIPTION

XJEP x-coordinate of jet focal point, i.e., the virtual origin in Figures 3-1
and 3-2. See Remark 1 below.

YJFP y-coordinate of jet focal point, i.e., the virtual origin in Figures 3-1
and 3-2.
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Relative jet
velocity

| >
Y, VY (degrees) cut off angle, vy,
for V>, v=0

Figure 3-3. Normalized jet velocity versus angle for multiple jet driver's side

airbag

VARIABLE

ZJFP

XJVH
YJVH

ZJVH
CA

LCJRV

BETA

DESCRIPTION

z-coordinate of jet focal point, i.e., the virtual origin in Figures 3-1
and 3-2.

x-coordinate of jet vector head to defined code centerline
y-coordinate of jet vector head to defined code centerline

z-coordinate of jet vector head to defined code centerline
Cone angle, &, defined in radians.

LT.0.0: |a|is the load curve ID defining cone angle as a function of
time

Load curve ID giving the spatial jet relative velocity distribution, see
Figures 3-1, 3-2, and 3-3. The jet velocity is determined from the
inflow mass rate and scaled by the load curve function value corre-
sponding to the value of the angle 1. Typically, the values on the
load curve vary between 0 and unity. See *DEFINE_CURVE.

Efficiency factor, 8, which scales the final value of pressure obtained
from Bernoulli’s equation.

LT.0.0: |B| is the load curve ID defining the efficiency factor as a
function of time
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Yo
Weut ‘\

Jet Focal Point

Figure 3-4. Multiple jet model for driver's side airbag. Typically, 1 (see input
ANGLE) is close to 90°. The angle ¢, is included to indicate that there is some
angle below which the jet is negligible; see Figure 3-3.

VARIABLE DESCRIPTION

XSJFP x-coordinate of secondary jet focal point, passenger side bag. If the
coordinates of the secondary point are (0,0,0) then a conical jet
(driver’s side airbag) is assumed.

YSJFP y-coordinate of secondary jet focal point

ZSJFP z-coordinate of secondary jet focal point

PSID Optional part set ID, see *SET_PART. If zero all elements are
included in the airbag.

ANGLE Cutoff angle in degrees. The relative jet velocity is set to zero for
angles greater than the cutoff. See Figure 3-3. This option applies
to the MULTIPLE jet only.

NODE1 Node ID located at the jet focal point, i.e., the virtual origin in
Figures 3-1 and 3-2. See Remark 1 below.

NODE2 Node ID for node along the axis of the jet.

NODE3 Optional node ID located at secondary jet focal point.
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Remarks:

1. It is assumed that the jet direction is defined by the coordinate method (XJFP,
YJFP, ZJFP) and (XJVH, YJVH, ZJVH) unless both NODE1 and NODE?2 are de-
tined. In which case the coordinates of the nodes give by NODE1, NODE2 and
NODE3 will override (XJFP, YJFP, ZJFP) and (XJVH, YJVH, Z]JVH). The use of
nodes is recommended if the airbag system is undergoing rigid body motion. The
nodes should be attached to the vehicle to allow for the coordinates of the jet to be
continuously updated with the motion of the vehicle.

2.  Thejetting option provides a simple model to simulate the real pressure dis-
tribution in the airbag during the breakout and early unfolding phase. Only the
surfaces that are in the line of sight to the virtual origin have an increased pressure
applied. With the optional load curve LCR]JV, the pressure distribution with the
code can be scaled according to the so-called relative jet velocity distribution.

3.  For passenger side airbags the cone is replaced by a wedge type shape. The
first and secondary jet focal points define the corners of the wedge and the angle &
then defines the wedge angle.

4. Instead of applying pressure to all surfaces in the line of sight of the virtual
origin(s), a part set can be defined to which the pressure is applied.

5. Care must be used to place the jet focal point within the bag. If the focal point is
outside the bag, inside surfaces will not be visible so jetting pressure will not be
applied correctly.

Additional card required for CM option:

The following additional card is defined for the WANG_NEFSKE_JETTING_CM and
WANG_NEFSKE_MULTIPLE_JETTING_CM options.

Additional card required for CM keyword option.

Card 10 1 2 3 4 5 6 7 8

Variable | NREACT

Type I

Default none

Remark
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VARIABLE DESCRIPTION
NREACT Node for reacting jet force. If zero the jet force will not be applied.
Remarks:

Compared with the standard LS-DYNA jetting formulation, the Constant Momentum
option has several differences. Overall, the jetting usually has a more significant effect on
airbag deployment than the standard LS-DYNA jetting: the total force is often greater, and
does not reduce with distance from the jet.

The velocity at the jet outlet is assumed to be a choked (sonic) adiabatic flow of a perfect
gas. Therefore the velocity at the outlet is given by:

(c, —cy)Tc
Uoutlet = V’)/R = %
0

The density in the nozzle is then calculated from conservation of mass flow.

1Y OvoutletAoutlet =m

This is different from the standard LS-DYNA jetting formulation, which assumes that the
density of the gas in the jet is the same as atmospheric air, and then calculates the jet veloci-
ty from conservation of mass flow.

The velocity distribution at any radius, , from the jet centerline and distance, z, from the
focus, v, ,relates to the velocity of the jet centerline, v, = 0, z, in the same way as the stand-
ard LS-DYNA jetting options:

()"
Z)r,z = vr:O,Ze xz

The velocity at the jet centerline, v, = 0, at the distance, z, from the focus of the jet is calcu-
lated such that the momentum in the jet is conserved.

momentum at nozzle = momentum at z
2 2
© OUoutletAoutlet = Po f UjetdAjet
2
= Po%:o,z{b + F\/E}

T(az

where, p = T)z, and F is the distance between the jet foci (for a passenger jet).

Finally, the pressure exerted on an airbag element in view of the jet is given as:

_ 2
pr,z - IBIOOU}’,Z

By combining the equations above
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2
:Bmvoutlet [e—(r/pcz)z ]

pi’,Z_ ¢ \

{n(az)z - n(az)z}

2 2
The total force exerted by the jet is given by

Fjet = MUsutlets

which is independent of the distance from the nozzle. Mass flow in the jet is not necessarily
conserved, because gas is entrained into the jet from the surrounding volume. By contrast,
the standard LS-DYNA jetting formulation conserves mass flow but not momentum. This
has the effect of making the jet force reduce with distance from the nozzle.

The jetting forces can be reacted onto a node (NREACT), to allow the reaction force
through the steering column or the support brackets to be modeled. The jetting force is

written to the ASCII ABSTAT file and the binary XTF file.
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*AIRBAG_LOAD_CURVE_OPTION

Additional card required for LOAD_CURVE option. (For card 1 see the “core cards”

section of *AIRBAG.)
Card 2 1 2 3 4 5 6 7 8
Variable | STIME LCID RO PE PO T T0
Type F I F F F F F
Default 0.0 none none none none none none
VARIABLE DESCRIPTION
STIME Time at which pressure is applied. The load curve is offset by this
amount.
LCID Load curve ID defining pressure versus time, see *“DEFINE_CURVE.
RO Initial density of gas (ignored if LCID > 0)
PE Ambient pressure (ignored if LCID > 0)
PO Initial gauge pressure (ignored if LCID > 0)
T Gas Temperature (ignored if LCID > 0)
TO Absolute zero on temperature scale (ignored if LCID > 0)
Remarks:

Within this simple model the control volume is inflated with a pressure defined as a func-
tion of time or calculated using the following equation if LCID = 0.

Ptotal = CP(T - TO)

P

gauge — p total —

P

ambient

The pressure is uniform throughout the control volume.

LS-DYNA R7.1
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Additional card required for LINEAR_FLUID option. (For card 1 see the “core cards”

section of *AIRBAG.)
Card 2 1 2 3 4 5 6 7 8
Variable BULK RO LCINT | LCOUTT | LCOUTP | LCFIT | LCBULK LCID
Type F F I I I I I I
Default none none none |optional | optional | optional | optional | none
Card 3 is optional.
Card 3 1 2 3 4 5 6 7 8
Variable | P_LIMIT | P_LIMLC
Type F I
Default | optional | optional
VARIABLE DESCRIPTION
BULK K, bulk modulus of the fluid in the control volume. Constant as a
function of time. Define if LCBULK = 0.
RO o, density of the fluid
LCINT F(t) input flow curve defining mass per unit time as a function of
time, see *DEFINE_CURVE.
LCOUTT G(t), output flow curve defining mass per unit time as a function of
time. This load curve is optional.
LCOUTP H(p), output flow curve defining mass per unit time as a function of
pressure. This load curve is optional.
LFIT L(t), added pressure as a function of time. This load curve is op-

tional.
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VARIABLE DESCRIPTION
LCBULK Curve defining the bulk modulus as a function of time. This load
curve is optional, but if defined, the constant, BULK, is not used.
LCID Load curve ID defining pressure versus time, see *“DEFINE_CURVE.
P_LIMIT Limiting value on total pressure (optional).
P_LIMLC Curve defining the limiting pressure value as a function of time. If

nonzero, P_LIMIT is ignored.

Remarks:

If LCID = 0 then the pressure is determined from:

Vo (t)
V)

P(t) :K(t)ln[ ] + L(t).

where,
P(t) = Pressure,
V (t) = Volume of fluid in compressed state,
Vo = Vo(t)
M)
R
= Volume of fluid in uncompressed state,
M(t) = M(0) + [ F(tdt — [ G(t)dt — [ H(p)dt
= Current fluid mass,
M(0) = V(0)p
= Mass of fluid at time zero P(0) = 0.

By setting LCID = 0 a pressure time history may be specified for the control volume and the
mass of fluid within the volume is then calculated from the volume and density.

This model is for the simulation of hydroforming processes or similar problems. The
pressure is controlled by the mass flowing into the volume and by the current volume. The
pressure is uniformly applied to the control volume.

Note the signs used in the equation for M(t). The mass flow should always be defined as
positive since the output flow is subtracted.
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*AIRBAG_HYBRID_JETTING_OPTIONS

Additional cards required for HYBRID and HYBRID_JETTING options. (For card 1 see the
“core cards” section of *AIRBAG.)

Card 2 1 2 3 4 5 6 7 8
Variable | ATMOST | ATMOSP | ATMOSD GC CC HCONV
Type F F F F F F
Default none none none none 1.0 none
Card 3 1 2 3 4 5 6 7 8
Variable Cc23 LCC23 A23 LCA23 CP23 LCP23 AP23 LCAP23
Type F I F F F
Default none 0 none 0 none 0 none 0
Card 4 1 2 3 4 5 6 7 8
Variable OPT PVENT NGAS LCEFR LCIDMO | VNTOPT
Type F I I I
Default none none none 0 0 0
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Include NGAS pairs of cards 5 and 6:

Card 5 1 2 3 4 5 6 7 8
Variable LCIDM LCIDT MW INITM A B C
Type I F F F F F
Default none none none none none none none
Card 6 1 2 3 4 5 6 7 8

Variable FMASS

Type F

Default none

VARIABLE DESCRIPTION
ATMOST Atmospheric temperature
ATMOSP Atmospheric pressure
ATMOSD Atmospheric density
GC Universal molar gas constant
CC Conversion constant

EQ.O: Set to 1.0.

HCONV Effective heat transfer coefficient between the gas in the air bag and
the environment at temperature at ATMOST. If HCONV < 0, then
HCONYV defines a load curve of data pairs (time, hconv).

C23 Vent orifice coefficient which applies to exit hole. Set to zero if
LCC23 is defined below.
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VARIABLE DESCRIPTION

LCC23 The absolute value, |LCC23 ]|, is a load curve ID. If the ID is posi-
tive, the load curve defines the vent orifice coefficient which applies
to exit hole as a function of time. If the ID is negative, the vent
orifice coefficient is defined as a function of relative pressure,
Pyir/ Pqg, see [Anagonye and Wang 1999]. In addition, LCC23 can
be defined through DEFINE_CURVE_FUNCTION. A nonzero
value for C23 overrides LCC23

A23 If defined as a positive number, A23 is the vent orifice area which
applies to exit hole. If defined as a negative number, the absolute
value | A23| is a part ID, see [Anagonye and Wang 1999]. The area
of this part becomes the vent orifice area. Airbag pressure will not
be applied to part | A23 | representing venting holes if part | A23 | is
not included in SID, the part set representing the airbag. Set A23 to
zero if LCA23 is defined below.

LCA23 Load curve number defining the vent orifice area which applies to
exit hole as a function of absolute pressure, or LCA23 can be defined
through DEFINE_CURVE_FUNCTION. A nonzero value for A23

overrides LCA23.
CP23 Orifice coefficient for leakage (fabric porosity). Set to zero if
LCCP23 is defined below.
LCCP23 Load curve number defining the orifice coefficient for leakage

(fabric porosity) as a function of time, or LCCP23 can be defined
through DEFINE_CURVE_FUNCTION. A nonzero value for CP23

overrides LCCP23.
AP23 Area for leakage (fabric porosity)
LCAP23 Load curve number defining the area for leakage (fabric porosity) as

a function of (absolute) pressure, or LCAP23 can be defined through
DEFINE_CURVE_FUNCTION. A nonzero value for AP23 overrides
LCAP23.

OPT Fabric venting option, if nonzero CP23, LCCP23, AP23,and LCAP23
are set to zero.

EQ.1: Wang-Nefske formulas for venting through an orifice are
used. Blockage is not considered.

EQ.2: Wang-Nefske formulas for venting through an orifice are
used. Blockage of venting area due to contact is consid-
ered.
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VARIABLE

PVENT

NGAS

LCEFR

LCIDMO

DESCRIPTION

EQ.3: Leakage formulas of Graefe, Krummheuer, and Siejak
[1990] are used. Blockage is not considered.

EQ.4: Leakage formulas of Graefe, Krummheuer, and Siejak
[1990] are used. Blockage of venting area due to contact is
considered.

EQ.5: Leakage formulas based on flow through a porous media
are used. Blockage due to contact is not considered.

EQ.6: Leakage formulas based on flow through a porous media
are used. Blockage due to contact is considered.

EQ.7: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is not con-
sidered. Absolute pressure is used in the porous-velocity-
versus-pressure load curve, given as FAC(P) in the *"MAT_-
FABRIC card.

EQ.8: Leakage is based on gas volume outflow versus pressure
load curve. Blockage of flow area due to contact is consid-
ered.

Gauge pressure when venting begins

Number of gas inputs to be defined below (Including initial air). The
maximum number of gases is 17.

Optional curve for exit flow rate (mass/time) versus (gauge) pres-
sure

Optional curve representing inflator’s total mass inflow rate. When
defined, LCIDM in the following 2 x NGAS cards defines the molar
fraction of each gas component as a function of time and INITM
defines the initial molar ratio of each gas component.

LS-DYNA R7.1
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VARIABLE

VNTOPT

LCIDM

LCIDT

MW

INITM

FMASS

DESCRIPTION

Additional options for venting area definition,
EQ.1: Only for A23 < 0:
venting orifice area

= (current area of part |A23|)
— (area of part |A23| at time 0).

EQ.2: the areas of failed elements at failure times are added to

the venting area defined by A23.
EQ.10: All of the above options are active

Load curve ID for inflator mass flow rate (eq. 0 for gas in the bag at
time = 0)

GT.0: piecewise linear interpolation

LT.0: cubic spline interpolation

Load curve ID for inflator gas temperature (eq.0 for gas in the bag at
time 0)

GT.0: piecewise linear interpolation

LT.0: cubic spline interpolation

Molecular weight
Initial mass fraction of gas component

Coefficient for molar heat capacity of inflator gas at constant pres-
sure, (e.g., Joules/mole/°K)

Coefficient for molar heat capacity of inflator gas at constant pres-
sure, (e.g., Joules/mole/ OK2)

Coefficient for molar heat capacity of inflator gas at constant pres-
sure, (e.g., Joules/mole/ 0K3)

Fraction of additional aspirated mass.

Aditional cards are required for HYBRID_JETTING and HYBRID_JETTING_CM

The following two additional cards are defined for the HYBRID_JETTING options. The jet
may be defined by specifying either the coordinates of the jet focal point, jet vector head
and secondary jet focal point, or by specifying three nodes located at these positions. The
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nodal point option is recommended when the location of the airbag changes as a function
of time.

Card 7 1 2 3 4 5 6 7 8

Variable XJFP YJFP ZJFP XJVH YJVH ZJVH CA BETA
Type F F F F F F F F
Default none none none none none none none none

Remark 1 1 1 1 1 1

Card 8 1 2 3 4 5 6 7 8

Variable | XSJFP YSJFP ZSJFP PSID IDUM NODE1 | NODE2 | NODE3

Type F F F I F I I
Default none none none none none 0 0 0
Remark 2 1 1 1

Additional card required for HYBRID_JETTING_CM option.

Card 9 1 2 3 4 5 6 7 8

Variable | NREACT

Type I

Default none

Remark 4
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VARIABLE

XJFP

YJFP

ZJFP

XJVH
YJVH
ZJVH

CA

BETA

XSJFP

YSJEP
ZSJFP

PSID

IDUM

NODE1

NODE2

NODE3

DESCRIPTION

x-coordinate of jet focal point, i.e., the virtual origin in Figures 3-1
and 3-2. See Remark 1 below.

y-coordinate of jet focal point, i.e., the virtual origin in Figures 3-1
and 3-2.

z-coordinate of jet focal point, i.e., the virtual origin in Figures 3-1
and 3-2.

x-coordinate of jet vector head to defined code centerline
y-coordinate of jet vector head to defined code centerline
z-coordinate of jet vector head to defined code centerline

Cone angle, «, defined in radians.

LT.0.0: |a|is the load curve ID defining cone angle as a function of
time

Efficiency factor, 8, which scales the final value of pressure obtained
from Bernoulli’s equation.

LT.0.0: || is the load curve ID defining the efficiency factor as a
function of time

x-coordinate of secondary jet focal point, passenger side bag. If the
coordinate of the secondary pointis (0,0,0) then a conical jet (driver’s
side airbag) is assumed.

y-coordinate of secondary jet focal point
z-coordinate of secondary jet focal point

Optional part set ID, see *SET_PART. If zero all elements are in-
cluded in the airbag.

Dummy field (Variable not used)

Node ID located at the jet focal point, i.e., the virtual origin in Figure
3-5. See Remark 1 below.

Node ID for node along the axis of the jet.

Optional node ID located at secondary jet focal point.
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VARIABLE DESCRIPTION
NREACT Node for reacting jet force. If zero the jet force will not be applied.
Remarks:
1. It is assumed that the jet direction is defined by the coordinate method (XJFP,

YJFP, ZJFP) and (XJVH, YJVH, ZJVH) unless both NODE1 and NODE2 are de-
fined. In which case the coordinates of the nodes given by NODE1, NODE2 and
NODE3 will override (XJFP, YJFP, ZJFP) and (XJVH, YJVH, Z]JVH). The use of
nodes is recommended if the airbag system is undergoing rigid body motion. The
nodes should be attached to the vehicle to allow for the coordinates of the jet to be
continuously updated with the motion of the vehicle.

The jetting option provides a simple model to simulate the real pressure distribu-
tion in the airbag during the breakout and early unfolding phase. Only the surfac-
es that are in the line of sight to the virtual origin have an increased pressure
applied. With the optional load curve LCR]JV, the pressure distribution with the
code can be scaled according to the so-called relative jet velocity distribution.

For passenger side airbags the cone is replaced by a wedge type shape. The first
and secondary jet focal points define the corners of the wedge and the angle « then
defines the wedge angle.

Instead of applying pressure to all surfaces in the line of sight of the virtual
origin(s), a part set can be defined to which the pressure is applied.

This variable is not used and has been included to maintain the same format as the
WANG_NEFSKE_JETTING options.

Care must be used to place the jet focal point within the bag. If the focal point is
outside the bag, inside surfaces will not be visible so jetting pressure will not be
applied correctly.

See the description related to the WANG_NEFSKE_JETTING_CM option. For the
hybrid inflator model the heat capacities are compute from the combination of
gases which inflate the bag.
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*AIRBAG_HYBRID_CHEMKIN_OPTION

The HYBRID_CHEMKIN model includes 3 control cards. For each gas species an addi-
tional set of cards must follow consisting of a control card and several thermodynamic

property data cards. (For card 1 see the “core cards” section of *YAIRBAG.)

Card 2 1 2 3 4 5 6 7
Variable | LCIDM LCIDT NGAS DATA ATMT ATMP RG
Type I I I F F F
Default | none none none none none none none
Card 3 1 2 3 4 5 6 7
Variable | HCONV
Type F
Default 0.
Card 4 1 2 3 4 5 6 7
Variable C23 A23
Type F F
Default 0. 0.
VARIABLE DESCRIPTION
LCIDM Load curve specifying input mass flow rate versus time.
GT.0: piece wise linear interpolation
LT.0: cubic spline interpolation
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VARIABLE DESCRIPTION
LCIDT Load curve specifying input gas temperature versus time.
GT.0: piece wise linear interpolation
LT.0: cubic spline interpolation
NGAS Number of gas inputs to be defined below. (Including initial air)
DATA Thermodynamic database
EQ.1: NIST database (3 additional property cards are required
below)
EQ.2: CHEMKIN database (no additional property cards are re-
quired)
EQ.3: Polynomial data (1 additional property card is required
below)
ATMT Atmospheric temperature.
ATMP Atmospheric pressure
RG Universal gas constant
HCONV Effective heat transfer coefficient between the gas in the air bag and
the environment at temperature ATMT. If HCONV <0, then
HCONV defines a load curve of data pairs (time, hconv).
C23 Vent orifice coefficient
A23 Vent orifice area
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NGAS Sets of Gas Species Data Cards:

For each gas species include a set of cards consisting of a Gas Species Control Card fol-
lowed by several thermo-dynamic property data cards whose format depends on the
DATA parameter on card in format “card 5”. The next "*" card terminates the reading of
this data.

Gas Species Control Card.

Card 5 1 2 3 4 5 6 7 8

Variable | CHNAME MW LCIDN FMOLE | FMOLET

Type A F I F F
Default | none none 0 none 0.
VARIABLE DESCRIPTION
CHNAME Chemical symbol for this gas species (e.g., N2 for nitrogen, AR for
argon).
Required for DATA =2 (CHEMKIN), optional for DATA =1 or
DATA = 3.
MW Molecular weight of this gas species.
LCIDN Load curve specifying the input mole fraction versus time for this

gas species. If >0, FMOLE is not used.
FMOLE Mole fraction of this gas species in the inlet stream.

FMOLET Initial mole fraction of this gas species in the tank.

Additional thermodynamic data cards for each gas species.
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If DATA = 1, include the following 3 cards for the NIST database:

The required data can be found on the NIST web site at http://webbook.nist.gov/

chemistry/.

Card 5a 1 2 3 4 5 6 7 8

Variable | TLOW TMID THIGH

Type F A8 F

Default none none none

Card 5b 1 2 3 4 5 6 7 8
Variable alow blow clow dlow elow flow hlow
Type F F F F F F F

Default none none none none none none none

Card 5c 1 2 3 4 5 6 7 8

Variable ahigh bhigh chigh dhigh ehigh fhigh hhigh

Type | F F F F F F F

Default none none none none none none none

VARIABLE DESCRIPTION
TLOW Curve fit low temperature limit.
TMID Curve fit low-to-high transition temperature.
THIGH Curve fit high temperature limit.
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VARIABLE DESCRIPTION
alow, ..., hlow Low temperature range NIST polynomial curve fit coefficients (see
below).
ahigh, ..., High temperature range NIST polynomial curve fit coefficients (see
hhigh below).

No additional cards are needed if using the CHEMKIN database (DATA = 2):

Polynomial Fit Card (DATA = 3).

Card 5d 1 2 3 4 5 6 7 8
Variable a b c d e
Type F F F F F
Default none 0. 0. 0. 0.
VARIABLE DESCRIPTION
a Coefficient, see below.
b Coefficient, see below.
C Coefficient, see below.
d Coefficient, see below.
e Coefficient, see below.

Specific heat curve fits:

NIST: ¢, = ]\l/l (a+bT +cT?+dT° + %)
CHEMKIN: ¢, = A% (a+bT + cT? +dT° + eT*)
POLYNOMIAL: ¢, = ]\l/l (a+bT + cT? +dT° + eT*)
where,
R = universal gas constant 8.314%

M = gas molecular weight
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Purpose: The input in this section provides a simplified approach to defining the deploy-
ment of the airbag using the ALE capabilities with an option to switch from the initial ALE
method to control volume (CV) method (*AIRBAG_HYBRID) at a chosen time. An en-
closed airbag (and possibly the airbag canister /compartment and/or a simple representa-
tion of the inflator) shell structure interacts with the inflator gas(es). This definition
provides a single fluid to structure coupling for the airbag-gas interaction during deploy-
ment in which the CV input data may be used directly.

Card 1 1 2 3 4 5 6 7 8
Variable SID SIDTYP MWD SPSF
Type | F F
Default | none none 0 0
Remark 1
VARIABLE DESCRIPTION
SID Set ID as defined on *AIRBAG card. This set ID contains the La-
grangian elements (segments) which make up the airbag and possi-
bly the airbag canister/compartment and/or a simple
representation of the inflator. See Remark 1.
SIDTYP Set type:
EQ.0: Segment set.
EQ.1: Part set.
MWD Mass weighted damping factor, D. This is used during the CV
phase for *AIRBAG_HYBRID.
SPSF Stagnation pressure scale factor, 0 < v < 1. This is used during the
CV phase for *AIRBAG_HYBRID.
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Ambient Environment Card.
Card 2 1 2 3 4 5 6 7 8
Variable | ATMOST | ATMOSP GC CC TNKVOL | TNKFINP
Type F F F F F F
Default 0. 0. none 1.0 0.0 0.0
Remark 2 2 10 10
VARIABLE DESCRIPTION
ATMOST Atmospheric ambient temperature. See Remark 2.
ATMOSP Atmospheric ambient pressure. See Remark 2.
GC Universal molar gas constant.
CcC Conversion constant. If EQ: .0 Set to 1.0.
TNKVOL Tank volume from the inflator tank test or Inflator canister volume.
See remark 10.
LCVEL = 0 and TNKFINP is defined:
TNKVOL is the defined Tank. Inlet gas velocity is estimated
by LS-DYNA method (testing).
LCVEL = 0 and TNKFINP is not defined
TNKVOL is the estimated inflator canister volume Inlet gas
velocity is estimated automatically by the Lian-Bhalsod-
Olovsson method.
LCVEL 20
This must be left blank.
TNKFINP Tank final pressure from the inflator tank test data. Only define this
parameter for option 1 of TNKVOL definition above. See Remark 10.
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Coupling Card. See keyword *CONSTRAINED_LAGRANGE_IN_SOLID.

Card 3 1 2 3 4 5 6 7 8
Variable | NQUAD | CTYPE PFAC FRIC | FRCMIN |NORMTYP| ILEAK PLEAK
Type I F F F I F
Default 4 4 0.1 0.0 0.3 0 2 0.1

Remark 13 13 14
VARIABLE DESCRIPTION
NQUAD Number of (quadrature) coupling points for coupling Lagrangian
slave parts to ALE master solid parts. If NQUAD =n, then nXn
coupling points will be parametrically distributed over the surface
of each Lagrangian slave segment (default = 4). See Remark 13.
CTYPE Coupling type (default = 4, see Remark 13):
EQ.4: (default) penalty coupling with DIREC = 2 implied.
EQ.6: penalty coupling in which DIREC is automatically set to
DIREC = 1 for the unfolded region and DIREC = 2 for fold-
ed region.

PFAC Penalty factor. PFAC is a scale factor for scaling the estimated
stiffness of the interacting (coupling) system. It is used to compute
the coupling forces to be distributed on the slave and master parts.

GT.0: Fraction of estimated critical stiffness (default = 0.1).

LT.0: -PFAC is a load curve ID. The curve defines the relative
coupling pressure (y-axis) as a function of the tolerable flu-
id penetration distance (x-axis).

FRIC Coupling coefficient of friction.

FRCMIN Minimum fluid volume fraction in an ALE element to activate
coupling (default is 0.3).
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VARIABLE

NORMTYP

ILEAK

PLEAK

Venting Hole Card.

DESCRIPTION

Penalty coupling spring direction (DIREC 1 and 2):

EQ.0: normal vectors are interpolated from nodal normals (de-
fault)

EQ.1: normal vectors are interpolated from segment normals.

Leakage control flag. Default = 2 (with energy compensation).

Leakage control penalty factor (default = 0.1)

Card 4 1

2 3 4 5 6 7 8

Variable | IVSETID

IVTYPE | IBLOCK | VNTCOF

Type I | F
Default 0 0 0 0.0
Remark 4 S 6
VARIABLE DESCRIPTION
IVSETID Set ID defining the venting hole surface(s). See Remark 4.
IVTYPE Set type of IVSETID:
EQ.O: Part Set (default).
EQ.1: Part ID.
EQ.2: Segment Set.
IBLOCK Flag for considering blockage effects for porosity and vents (see
Remark 5):
EQ.0: no (blockage is NOT considered, default).
EQ.1: yes (blockage is considered).
VNTCOF Vent Coefficient for scaling the flow. See Remark 6.
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ALE Mesh Card. Parameters for ALE mesh automatic definition and its transformation.

Card 5 1 2 3 4 5 6 7 8

Variable | NX/IDA | NY/IDG NZ MOVERN | ZOOM

Type | | | |
Default none none none 0 0
Remark 7 7 7 8 9

VARIABLE DESCRIPTION

Option 1: Automatic ALE mesh, activated by NZ.NE.O (blank):

NX NXis the number of ALE elements to be generated in the x direc-
tion. See remark 7.

NY NY is the number of ALE elements to be generated in the y direc-
tion. See remark 7.

Nz NZ is the number of ALE elements to be generated in the z direc-
tion. See remark 7.

Option 2: ALE mesh from part ID:

IDAIR IDAIR is the Part ID of the initial air mesh. See remark 7.
IDGAS IDGAS is defined as Part ID of the initial gas mesh. See remark 7.
Nz Leave blank to activate options 2. See remark 7.

Variables common to both options:

MOVERN ALE mesh automatic motion option (see Remark 8).
EQ.0: ALE mesh is fixed in space.

GT.0: Node groupid. See *ALE_REFERENCE_SYSTEM_NODE
ALE mesh can be moved with PRTYP = 5, mesh motion fol-
lows a coordinate system defined by 3 reference nodes.
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VARIABLE

ZOOM

DESCRIPTION

ALE mesh automatic expansion option (see Remark 9):
EQ.0: do not expand ALE mesh

EQ.1: Expand/contract ALE mesh by keeping all airbag parts
contained within the ALE mesh (equivalent to PRTYP =9).

Origin for ALE Mesh Card. Include Cards 5a and 5b when NZ > 0.

Card 5a 1 2 3 4 5 6 7 8
Variable X0 YO Z0 X1 Y1 Z1
Type F F F F F F
Default none none none none none none
Card 5b 1 2 3 4 5 6 7 8
Variable X2 Y2 72 73 Y3 Z3
Type F F F F F F
Default none none none none none none
VARIABLE DESCRIPTION
X0, YO, Z0 Coordinates of origin for ALE mesh generation (node0).
X1,Y1, 71 Coordinates of point 1 for ALE mesh generation (nodel).
x-extent = nodel — node0
X2,Y2,72 Coordinates of point 2 for ALE mesh generation (node2).
y-extent = node2 — node0
X3,Y3,7Z3 Coordinates of point 3 for ALE mesh generation(node3).

z-extent = node3 — node(
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(x2,¥2, 22)

X0, Y0, Z(0)

(X1, Y1, 21)

Figure 3-5. Illustration of automatic mesh generation for the ALE mesh in a
hexahederal region

Miscellaneous Parameters Card.

Card 6 1 2 3 4 5 6 7 8
Variable | SWTIME HG NAIR NGAS NORIF LCVEL LCT
Type F F I I I I
Default | 1e16 0. 0 0 0 0 0
Remarks 3 10 11
VARIABLE DESCRIPTION
SWTIME Time to switch from ALE method to control volume (CV) method.
Once switched, a method similar to that used by the *AIRBAG_HY-
BRID card is used.
HG Hourglass control for ALE fluid mesh(es).
NAIR Number of Air components. For example, this equals 2 in case air
contains 80% of N2 and 20% of O2. If air is defined as 1 single gas
then NAIR = 1.
NGAS Number of inflator Gas components.
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VARIABLE DESCRIPTION

NORIF Number of point sources or orifices. This determines the number of
point source cards to be read.

LCVEL Load curve ID for inlet velocity (see also TNKVOL & TNKFINP of
card 2 above). This is the same estimated velocity curve used in
*SECTION_POINT_SOURCE_MIXTURE card.

LCT Load curve ID for inlet gas temperature (see *AIRBAG_HYBRID).

Air Component Card. Include NAIR cards, one for each air component.

Card 7 1 2 3 4 5 6 7 8
Variable MWAIR | INITM AIRA AIRB AIRC
Type F F F F F
Default 0 0 0 0. 0.
Remarks 12 12 12
VARIABLE DESCRIPTION
MWAIR Molecular weight of air component
INITA Initial Mass Fraction of Air component(s)
AIRA First Coefficient of molar heat capacity at constant pressure (e.g.,
J/mole/K, remark 12).
AIRB Second Coefficient of molar heat capacity at constant pressure (e.g.,
J/mole/K?, remark 12).
AIRC Third Coefficient of molar heat capacity at constant pressure (e.g.,
J/mole/K3, remark 12).

3-56 (AIRBAG) LS-DYNA R7.1




*AIRBAG_ALE *AIRBAG

Gas Component Card. Include NGAS cards, one for each gas component.

Card 8 1 2 3 4 5 6 7 8
Variable | LCMF MWGAS GASA GASB GASC
Type F F F F
Default | none 0 0 0. 0.
Remarks 11 12 12 12
VARIABLE DESCRIPTION
LCMF Load curve ID for mass flow rate (see *YAIRBAG_HYBRID, e.g.,
kg/s).
MWGAS Molecular weight of inflator gas components.
GASA First Coefficient of molar heat capacity at constant pressure (e.g.,

J/mole/K, remark 12).

GASB Second Coefficient of molar heat capacity at constant pressure (e.g.,
J/mole/K? remark 12).

GASC Third Coefficient of molar heat capacity at constant pressure (e.g.,
J/mole/K3, remark 12).

Point Source Cards. Include NORIF cards, one for each point source.

Card 9 1 2 3 4 5 6 7 8

Variable | NODEID | VECID | ORIFARE

Type | I
Default 0 0 0
VARIABLE DESCRIPTION
NODEID The node ID defining the point source.
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VARIABLE DESCRIPTION
VECID The vector ID defining the direction of flow at the point source.
ORIFARE The orifice area at the point source.
Remarks:

1. This set ID typically contains the Lagrangian segments of the 3 parts that are cou-
pled to the inflator gas: airbag, airbag canister (compartment), inflator. As in all
control-volume, orientation of elements representing bag and canister should point
outward. During the ALE phase the segment normal will be reversed automatical-
ly for fluid-structure coupling. However, the orientation of inflator element normal vec-
tors should point to its center. See Figure 3-6.

Bag fabric

O O R B

t t f

4ﬂator l ¢ l Canist:mx

Figure 3-6. Arrows indicate “outward” normal

~— —_—>

2. Atmospheric density for the ambient gas (air) can be computed from

— p amb
p amb RTamb

3. Since ALL ALE related activities will be turned off after the switch from ALE
method to control-volume method, no other ALE coupling will exist beyond
t = SWTIME.

4. Vent definition will be used for ALE venting. Upon switching area of the seg-
ments will be used for venting as a23 in *AIRBAG_HYBRID.
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5.

Fabric porosity for ALE and *AIRBAG_HYBRID can be defined on MAT_FABRIC.
Define FLC and FAC on *MAT_FABRIC. FVOPT 7 and 8 will be used for both
ALE and *AIRBAG_HYBRID. IBLOCK = 0 will use FVOPT =7 and IBLOCK =1
will use FVOPT = 8.

VCOF will be used to scale the vent area for ALE venting and this coefficient will
be used as vent coefficient c23 for *YAIRBAG_HYBRID upon switching.

If Nz, Ny and Nz are defined (option 1), card 5a and card 5b should be defined to
let LS-DYNA generate the mesh for ALE. Alternatively if Nz is 0 (option 2), then
Nx =IDAIR and Ny = IDGAS. In the later case the user need to supply the ALE
mesh whose PID = IDAIR.

If the airbag moves with the vehicle, set MOVERN = GROUPID, this GROUPID is
defined using *ALE_REFERENCE_SYSTEM_NODE. The 3 nodes defined in
ALE_REFERENCE_SYSTEM_NODE will be used to transform the ALE mesh. The
point sources will also follow this motion. This simulates PRTYP = 5in the *ALE_-
REFERENCE_SYSTEM_GROUP card.

Automatic expansion/contraction of the ALE mesh to follow the airbag expansion
can be turned on by setting zoom = 1. This feature is particularly useful for fully
folded airbags requiring very fine ale mesh initially. As the airbag inflates the ale
mesh will be automatically scaled such that the airbag will be contained within the
ALE mesh. This simulates PRTYP =9 in the *ALE_REFERENCE_SYSTEM_ -
GROUP card.

10. There are 3 methods for defining the inlet gas velocity:

a) Inlet gas velocity is estimated by LSDYNA method (testing), if
LCVEL = 0 = TNKVOL = Tank volume

and

TNKFINP = Tank final pressure from tank test data.

b) Inlet gas velocity is estimated automatically by Lian-Bhalsod-Olovsson
method if,

LCVEL = 0 = TNKVOL = Tank volume.

and
TNKFINP = blank.

c) Inlet gas velocity is defined by user via a load curve LCVEL if,

LCVEL = n,
TNKVOL =0,

and
TNKFINP = 0
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11. LCT and LCIDM should have the same number of sampling points.
12. The per-mass-unit, temperature-dependent, constant-pressure heat capacity is

[A+ BT + CT?]

CP(T) = MWV .
where,
A=C,
these quantities often have units of,
oo | a4 | s | o
J J J J
kg x K mole x K mole x K? mole x K3

13. Sometimes CTYPE = 6 may be used for complex folded airbag. NQUAD = 2 may
be used as a starting value and increase as necessary depending on the relative
mesh resolutions of the Lagrangian and ALE meshes.

14. Use a load curve for PFAC whenever possible. It tends to be more robust.

Related Cards:

*PART (AMMG2)
AIR — {*SECTION_SOLID
“MAT _GAS_MIXTURE

{*PART (AMMG1)

GAS — {*SECTION_POINT_SOURCE_MIXTURE

*MAT_GAS_MIXTURE
Couplings — *CONSTRAINED_LAGRANGE_IN_SOLID
ALE Mesh Motion — *ALE_REFERENCE_SYSTEM_GROUP
Control Volume — *AIRBAG_HYBRID
Vent — *AIRBAG_ALE/Card4

Example 1:
= s O PR [ SO (O PR OO SRR O PPN EPPRRR AV PP -
*AIRBAG ALE
SH#1 SID SIDTYPE NONE NONE NONE NONE MWD SPSF
123 1 0 0 0 0 0.0 0.0
S#2 ATMOST ATMOSP NONE GC CcC TNKVOL TNKFP
298.15 1.0132E-4 0 8.314 0.0 0.0 0.0
S#3 NQUAD CTYPE PFAC FRIC FRCMIN NRMTYPE ILEAK PLEAK
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4 4 -1000 0.0 0.3 0 2 0.1
S$#4 VSETID IVSETTYP IBLOCK VENTCOEF
1 2 0 1.00
SH#5NXIDAIR NYIDGAS NZ MOVERN ZOOM
50000 50003 0 0 0
S#6 SWTIME NONE HG NAIR NGAS NORIF LCVEL LCT
1000.00 0.000 l.e-4 1 1 8 2002 2001
S#7 AIR NONE NONE MWAIR INITM ATRA AIRB ATIRC
0 0 0 0.02897 1.00 29.100 0.00000 0.00000
S$#8 GASLCM NONE NONE MWGAS NONE GASA GASB GASC
2003 0 0 0.0235 0 28.000 0.00000 0.00000
$#9 NODEID VECTID ORIFAREA
100019 1 13.500000
100020 2 13.500000
100021 3 13.500000
100022 4 13.500000
100023 5 13.500000
100024 6 13.500000
100017 7 13.500000
100018 8 13.500000

$ PFAC CURVE = penalty factor curve.
*DEFINE_ CURVE

S lcid sidr sfa sfo offa offo dattyp
1000 0 0.0 2.0 0.0 0.0
S al ol
0.0 0.00000000
1.0000000 4.013000e-04

*SET SEGMENT TITLE
vent segments (defined in IVSETID)

1 0.0 0.0 0.0 0.0
1735 1736 661 1697 0.0 0.0 0.0 0.0
1735 2337 1993 1736 0.0 0.0 0.0 0.0
1735 1969 1988 2337 0.0 0.0 0.0 0.0
1735 1697 656 1969 0.0 0.0 0.0 0.0
*DEFINE VECTOR
SH vid Xt vt zt xh vh zh
1 0.0 0.0-16.250000 21.213200 21.213200-16.250000
2 0.0 0.0-16.250000 30.000000-1.000e-06-16.250000
3 0.0 0.0-16.250000 21.213200-21.213200-16.250000
4 0.0 0.0-16.250000-1.000e-06-30.000000-16.250000
5 0.0 0.0-16.250000-21.213200-21.213200-16.250000
6 0.0 0.0-16.250000-30.0000001.0000e-06-16.250000
7 0.0 0.0-16.250000-21.213200 21.213200-16.250000
8 0.0 0.0-16.2500001.0000e-06 30.000000-16.250000
S...] T - O O [ St R <SP A A I

In this example, pre-existing background air mesh with part ID 50000 and gas mesh with
part ID 50003 are used. Thus NZ = 0. There is no mesh motion nor expansion allowed. An
inlet gas velocity curve is provided.

Example 2:

=S AR RN OO~ R N SO (O R U= SRR N S PAPR [P AT P -
$ SIDTYP: 0=SGSID; 1=PSID
*AIRBAG ALE

SH#1 SID SIDTYPE NONE NONE NONE NONE MWD SPSF
1 1 0 0. 0. 0. 0. 0.
S#2 ATMOST ATMOSP NONE GC cc TNKVOL TNKFP
298. 101325. 0.0 8.314 1. 6.0E-5 0
S#3 NQUAD CTYPE PFAC FRIC FRCMIN NRMTYPE ILEAK PLEAK
2 6 -321 0.0 0.3 1 2 0.1
$#4 VSETID IVSETTYP IBLOCK VENTCOEF
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0 0 0 0
SH#5NXIDAIR NYIDGAS NZ MOVERN ZOOM
11 11 9
$5b x0 vo0 z0 x1 vl z1l NOT-USED
-0.3 -0.3 -0.135 0.3 -0.3 -0.135
$5c x2 v2 z2 x3 v3 z3 NOT-USED
-0.3 0.3 -0.135 -0.3 -0.3 0.39
S#6 SWTIME NONE HG NAIR NGAS NORIF LCVEL
0.04000 0.005 l.e-4 2 1 1 0
S#7 AIR NONE NONE MWAIR INITM AIRA AIRB
0.028 0.80 27.296 0.00523
0.032 0.20 25.723 0.01298
S#8 GASLCM NONE NONE MWGAS NONE GASA GASB
1 0.0249 29.680 0.00880
S$#9 NODEID VECTID ORIFAREA
9272 1 1.00e-4

$ Lagrangian shell structure to be coupled to the inflator gas
*SET PART LIST
1 0.0 0.0 0.0 0.0
1 2 3
*DEFINE_VECTOR
$0.100000E+01, 10.000000000

S vid xt vt zt xh vh zh
1 0.0 0.0 0.0 0.0 0.0 0.100000
$ bag penetration ~ 1 mm <====> P _coup ~ 500000 pascal ==> ~ 5 atm
*DEFINE_ CURVE
S lcid sidr sfa sfo offa offo dattyp
321 0 0.0 0.0 0.0 0.0
S al ol
0.0 0.0
0.00100000 5.0000000e+05
= O N S [ O R - N R TP O A

NOT-USED
NOT-USED
LCT

2
ATIRC

GASC

In this example, LS-DYNA automatically creates the background ALE mesh with:

NX =11 elements in the x direction.
NY =11 elements in the y direction.
NZ =9 elements in the z direction.
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Purpose: To define two connected airbags which vent into each other.

Card 1 1 2 3 4 5 6 7 8
Variable AB1 AB2 AREA SF PID LCID IFLOW
Type I F F I I
Default | none none none none 0 0 0
VARIABLE DESCRIPTION

AB1 First airbag ID, as defined on *AIRBAG card.

AB2 Second airbag ID, as defined on *AIRBAG card.

AREA Orifice area between connected bags.

LT.0.0: |AREA| is the load curve ID defining the orifice area as
a function of absolute pressure.
EQ.0.0: AREA is taken as the surface area of the part ID defined
below.
SF Shape factor.
LT.0.0: |SF]| is theload curve ID defining vent orifice coefficient
as a function of relative time.

PID Optional part ID of the partition between the interacting control
volumes. AREA is based on this part ID. If PID is negative, the
blockage of the orifice part due to contact is considered,

LCID Load curve ID defining mass flow rate versus pressure difference,
see *DEFINE_CURVE. If LCID is defined AREA, SF and PID are
ignored.

IFLOW Flow direction
LT.0: One way flow from AB1 to AB2 only.
EQ.0: Two way flow between AB1 and AB2.
GT.0: One way flow from AB2 to AB1 only.
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Remarks:

Mass flow rate and temperature load curves for the secondary chambers must be defined
as null curves, for example, in the DEFINE_CURVE definitions give two points (0.0, 0.0)
and (10000., 0.0).

All input options are valid for the following airbag types:
*AIRBAG_SIMPLE_AIRBAG_MODEL
*AIRBAG_WANG_NEFSKE
*AIRBAG_WANG_NEFSKE_JETTING
*AIRBAG_WANG_NEFSKE_MULTIPLE_JETTING
*AIRBAG_HYBRID
*AIRBAG_HYBRID_JETTING

The LCID defining mass flow rate vs. pressure difference may additionally be used with:
*AIRBAG_LOAD_CURVE
*AIRBAG_LINEAR_FLUID

If the AREA, SF, and PID defined method is used to define the interaction then the airbags
must contain the same gas, i.e. Cp, Cy and g must be the same. The flow between bags is
governed by formulae which are similar to those of Wang-Nefske.
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*AIRBAG_PARTICLE_{OPTION1}_{OPTION2}

Available options include:

OPTIONI1 gives extra options specifically for MPP implementation.
MPP

OPTION?Z provides a means to specify an airbag ID number and a heading for the airbag.
ID
TITLE

Purpose: To define an airbag using the particle method.

MPP Card. Additional card for MPP keyword option.

MPP 1 2 3 4 5 6 7 8
Variable SX SY SZ
Type F F F

Default none none none

VARIABLE DESCRIPTION

SX, SY, SZ Scale factor for each direction use for MPP decomposition of particle
domain

Title Card. Additional card for ID or TITLE keyword options.

TITLE 1 2 3 4 5 6 7 8
Variable | BAGID HEADING
Type I A60

The BAGID is referenced in, e.g., *INITIAL_AIRBAG_PARTICLE_POSITION.

VARIABLE DESCRIPTION

BAGID Airbag ID. This must be a unique number.
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VARIABLE DESCRIPTION
HEADING Airbag descriptor. Itis suggested that unique descriptions be used.
Card 1 1 2 3 4 5 6 7 8
Variable SID1 STYPE1 SID2 STYPE2 | BLOCK | NPDATA | FRIC IRPD
Type I I I I F I
Default | none 0 0 0 0 0.0 0.0 0
Card 2 1 2 3 4 5 6 7 8
Variable NP UNIT VISFLG | TATM PATM NVENT TEND TSW
Type F I F F I F F
Default | 200,000 0 0 293K | 1atm 0 1.0E+10 [ 1.0E+10
Card 3 1 2 3 4 5 6 7 8
Variable IAIR NGAS NORIF NID1 NID2 NID3 CHM CD_EXT
Type I I I I I F
Default 0 none none 0 0 0 none 0.
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Internal Part Set Cards. Additional Cards for STYPE2 = 2. Define SID2 cards, one for
each internal part or part set.

Card 4 1 2 3 4 5 6 7 8

Variable | SIDUP STYUP | PFRAC | LINKING

Type I F I

Default none none 0. none

Heat Convection Part Set Cards. Additional Cards for NPDATA > 0. Define NPDATA
cards, one for each heat convection part or part set.

Card 5 1 2 3 4 5 6 7 8

Variable SIDH STYPEH | HCONV PFRIC | SDFBLK KP

Type I I F F F F

Default none none none none 1.0 0.

Vent Hole Card. Additional Cards for NVENT > 0. Define NVENT cards, one for
vent hole.

Card 6 1 2 3 4 5 6 7 8

Variable SID3 STYPE3 C23 LCTC23 | LCPC23 | ENH_V PPOP

Type | | F | | F

Default 0 none 1.0 0 0 0 0.0
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Air Card. Additional Card for TAIR > 0.

Card 7 1 2 3 4 5 6 7 8
Variable PAIR TAIR XMAIR AAIR BAIR CAIR NPAIR NPRLX
Type F F F F F F
Default PATM TATM none none 0.0 0.0 0 0

Gas Cards. NGAS additional Cards, one for each gas (card format for i"* gas).

Card 8 1 2 3 4 5 6 7 8
Variable LCMi LCTi XMi Ai Bi Ci INFGi
Type I F F F F |
Default none none none none 0.0 0.0 1

Orifice Cards. NORIF additional Cards, one for each orifice (card format for i orifice).

Card 9 1 2 3 4 5 6 7 8
Variable NIDi ANi VDi CAi INFOi IMOM IANG | CHM_ID
Type F | F I I
Default none none none | 30 Deg 1 0 0 0
VARIABLE DESCRIPTION
SID1 Part or part set ID defining the complete airbag.
STYPE1 Set type:
EQ.0: Part
EQ.1: Part set
SID2 Part or part set ID defining the internal parts of the airbag.
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VARIABLE DESCRIPTION
STYPE2 Set type:
EQ.O: Part
EQ.1: Part set
EQ.2: Number of parts to read (Not recommended for general
use)
BLOCK Blocking. Block must be set to a two digit binary number
BLOCK =N x 10+ M,
where N and M are both either 1 or 0. BLOCK may be either, 00,
01,10 or 11.
The 1’s digit controls the treatment of leakage.
N.EQ.O0: Always consider porosity leakage without considering
blockage due to contact.
N.EQ.1: Check if airbag node is in contact or not. If yes, 1/4
(quad) or 1/3 (tria) of the segment surface will not have
porosity leakage due to contact.
The 10’s digit controls the treatment of particles that escape due to
deleted elements (particles are always tracked and marked).
M.EQ.O: Active particle method for which causes particles to be
put back into the bag.
M.EQ.1: Particles are leaked through vents. See remark 4.
NPDATA Number of parts or part sets data.
FRIC Friction factor. (Default = 0.0, see remark 3)
IRPD Dynamic scaling of particle radius.
EQ.0: Off
EQ.1: On
NP Number of particles. (Default = 200,000)
UNIT Unit system:
EQ.0: kg-mm-ms-K
EQ.1: SI
EQ.2: tonne-mm-s-K
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VARIABLE

VISFLG

TATM
PATM
NVENT
TEND
TSW

TAIR

NGAS
NORIF

NID1 - NID3

CHM

CD_EXT

SIDUP

DESCRIPTION

Visible particles. (only support CPM database, see remark 6)
EQ.O0: Default to 1

EQ.1: Output particle's coordinates, velocities, mass, radius, spin
energy, translational energy

EQ.2: Output reduce data set with coordinates only
EQ.3: Suppress CPM database
Atmospheric temperature. (Default = 293K)
Atmospheric pressure. (Default =1 ATM)
Number of vent hole parts or part sets
Time when all (NP) particles have entered bag. (Default = 1.0E+10)
Time for switch to control volume calculation. (Default = 1.0E+10)

Initial gas inside bag considered:
EQ.0: No
EQ.1: Yes (using control volume method)

EQ.2: Yes (using particle method)
Number of gas components

Number of orifices

Three nodes defining a moving coordinate system for the direction
of flow through the gas inlet nozzles (Default = fixed system)

Chamber ID used in *DEFINE_CPM_CHAMBER. (See remark 8)

Drag coefficient for external air. If the value is not zero, the inertial
effect from external air will be considered and forces will be applied in
the normal direction on the exterior airbag surface.

Part or part set ID defining the internal parts that pressure will be
applied to. This internal structure acts as a valve to control the
external vent hole area. Pressure will be applied only after switch to
UP (uniform pressure) using TSW.

3-70 (AIRBAG)

LS-DYNA R7.1



*AIRBAG_PARTICLE *AIRBAG

VARIABLE DESCRIPTION
STYUP Set type:
EQ.O: Part
EQ.1: Part set
PFRAC Fraction of pressure to be applied to the set (0.0 to 1.0). If PFRAC =0,
no pressure is applied to internal parts.

LINKING Part ID of an internal part that is coupled to the external vent defini-
tion. The minimum area of this part or the vent hole will be used for
actual venting area.

SIDH Part or part set ID defining part data.
STYPEH Set type:
EQ.O: Part
EQ.1: Part set
HCONV Heat convection coefficient used to calculate heat loss from the
airbag external surface to ambient (W/K/m?). See *AIRBAG_HY-
BRID developments (Resp. P.O. Marklund).
LT.0: |HCONYV | is a load curve ID defines heat convection coeffi-
cient as a function of time.
PFRIC Friction factor.(Default is FRIC from 1%t card 7™ field).
SDFBLK Scale down factor for blockage factor (Default = 1, no scale down). The
valid factor will be (0,1]. If 0, it will set to 1.
KP Thermal conductivity of the part (see remark 11)
SID3 Part or part set ID defining vent holes.
STYPE3 Set type:
EQ.0: Part
EQ.1: Part set
C23 Vent hole coefficient, a parameter of Wang-Nefske leakage. (De-
fault = 1.0, see remark 1)
LCTC23 Load curve defining vent hole coefficient as a function of time. (See
remarks 1 and 2)
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VARIABLE

LCPC23

ENH_V

PPOP

PAIR
TAIR
XMAIR
AAIR - CAIR
NPAIR

NPRLX

LCMi
LCTi
XMi

Ai-Ci

INFGi
NIDi
ANi
VDi

CAi

DESCRIPTION

Load curve defining vent hole coefficient as a function of pressure.
(See remarks 1 and 2)

Enhanced venting option. (See remark 10)
EQ.O0: Off (default)
EQ.1: On

Pressure difference between interior and ambient pressure(PATM)
to open the vent holes. Once the vents are open, they will stay open.

Initial pressure inside bag. (Default PAIR = PATM)
Initial temperature inside bag. (Default, TAIR = TATM)
Molar mass of gas initially inside bag.

Constant, linear, and quadratic heat capacity parameters.
Number of particle for air. (See remark 7)

Number of cycles to reach thermal equilibrium.(See remark 7)

LT.0: If more than 50% of the collision to fabric is from initial air
particle, the contact force will not apply to the fabric seg-
ment in order to keep its original shape.

Mass flow rate curve for gas component i.
Temperature curve for gas component i.
Molar mass of gas component i.

Constant, linear, and quadratic heat capacity parameters for gas
component i.

Inflator ID for this gas component. (Default = 1)

Node ID defining the location of nozzle i.

Area of nozzle i. (Default: all nozzles are assigned the same area)
Vector ID. (Initial direction of gas inflow at nozzle i)

Cone angle in degrees. (Default =30 degrees) This option is only
valid when IANG equals to 1.
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VARIABLE DESCRIPTION
INFOi Inflator ID for this orifice. (Default=1)
IMOM Inflator reaction force (R5.1.1 release and later).
EQ.0: Off
EQ.1: On
IANG Activation for cone angle to use for friction calibration(not normally

used; eliminates thermal energy of particles from inflator).
EQ.0: Off (Default)
EQ.1: On

CHM_ID Chamber ID where the inflator node resides. (See remark 9)

Remarks:

Total vent hole coefficient = C23 x LCTC23 x LCPC23.
If not specified, a constant value of 1.0 is assumed.

Friction factor to simulate the surface roughness. If the surface is frictionless the
particle incoming angle «,is equal to the deflection angle a,(see figure below).
|

o

Considering surface roughness F, and the total angle « will have the following re-

lationships:
0<F <1
0=0q+ &y
For the special case when,
F,=1

7

the incoming particle will bounce back from its incoming direction,

a=0.
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For, -1 < F, < 0, particles will bounce towards the surface by the following rela-

tionship
n = 2[&1 —F, <%—%)]

4. Setting the 10’s digit to 1 allows for physical holes in an airbag. In this case, parti-
cles that are far away from the airbag are disabled. In most case, these are particles
that have escaped through unclosed surfaces due to physical holes, failed ele-
ments, etc. This reduces the bucket sort search distance.

5. The change in energy due to convection is given by

dE
r = A x HCONV x (Tbag - Tatm)'

Where,
A is part area.
HCONV is the user defined heat convection coefficient.
Ty is the weighted average temperature of the particles impacting the part.
T atm is the ambient temperature.

6. Particle time history data is always output to d3plot database now. LS-PrePost 2.3
and later can display and fringe this data. In order to reduce runtime memory re-
quirements, VISFLG should be set to 0 (disabled). For LS-DYNA 971 R6.1 and lat-
er, VISFLG only affects Version 4 CPM output (see *“DATABASE_CPM).

7. Total number of particles used in each card is NP + NPAIR. Since the initial air
particles are placed at the surface of the airbag segments with correct velocity dis-
tribution initially, particles are not randomly distributed in space. It requires a fi-
nite number of relaxation cycles, NPRLX, to allow particles to move and produce
better spatial distribution.

Since the momentum and energy transfer between particles are based on perfect
elastic collision, CPM solver would like to keep similar mole per particle between
inflator and initial air particles. CPM solver will check the following factor.

mole per particle of initial air |

factor = |1 — mole per particle of inflator gaS|

If the factor is more than 10% apart, code will issue the warning message with the
tag, (SOL+1232) and provide the suggested NPAIR value. User needs make deci-
sion to adjust the NPAIR value based on the application. For example, user setup
only initial air without any inflator gas for certain impact analysis should ignore
this warning message.

8. By defaultinitial air particles will be evenly placed on airbag segments which can-
not sense the local volume. This will create incorrect pressure field if the bag has
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11.

several distinct pockets. *DEFINE_CPM_CHAMBER allows the user to initialize
air particles by volume ratios of regions of airbag. The particles will be distributed
proportional to the defined chamber volume to achieve better pressure distribu-
tion.

Chambers and chamber IDs are defined using *DEFINE_CPM_CHAMBER.

. When enhanced venting is on, the vent hole’s equivalent radius (R_eq) will be cal-

culated. Particles within R_eqon the high pressure side from the vent hole geome-
try center will be moved toward the hole. This will increase the collision
frequency near the vent for particles to detect small structural features and pro-
duce better flow through the vent hole.

If the thermal conductivity, KP, is given, then the effective convection heat transfer
coefficient is given by

1.0 shell thickness> -1

Hete = (HCONV + KD

where the part thickness comes from the SECTION database. If KP is not given,
H, ¢ defaults to HCONV.
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*AIRBAG_REFERENCE_GEOMETRY_{OPTION}_{OPTION}
Available options include:

<BLANK>

BIRTH

RDT

The reference geometry becomes active at time BIRTH. Until this time the input geometry
is used to inflate the airbag. Until the birth time is reached the actual geometry is used to
determine the time step size even if RDT is active.

If RDT is active the time step size will be based on the reference geometry once the solution
time exceeds the birth time. This option is useful for shrunken bags where the bag does not
carry compressive loads and the elements can freely expand before stresses develop. If this
option is not specified, the time step size will be based on the current configuration and
will increase as the area of the elements increase. The default may be much more expen-
sive but possibly more stable.

Purpose: If the reference configuration of the airbag is taken as the folded configuration,
the geometrical accuracy of the deployed bag will be affected by both the stretching and the
compression of elements during the folding process. Such element distortions are very
difficult to avoid in a folded bag. By reading in a reference configuration such as the final
unstretched configuration of a deployed bag, any distortions in the initial geometry of the
folded bag will have no effect on the final geometry of the inflated bag. This is because the
stresses depend only on the deformation gradient matrix:

0x;
Fi = 5%

where the choice of X; may coincide with the folded or unfold configurations. It is this
unfolded configuration which may be specified here.

Note that a reference geometry which is smaller than the initial airbag geometry will not
induce initial tensile stresses.

If a liner is included and the parameter LNRC set to 1 in *“MAT_FABRIC, compression is
disabled in the liner until the reference geometry is reached, i.e., the fabric element be-
comes tensile.
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Birth card. Additional card for keyword option BIRTH.

Birth 1

2 3 4 5 6 7 8

Variable BIRTH

Type F

Default 0.0

Node Cards. For each node ID having an associated reference position include an
additional card in format 2. The next “*” keyword card terminates this input.

Card 2 1 2 3 4 5 6 7 8 9 10
Variable | NID X Y Z
Type I F F F
Default | none 0 0. 0
Remark
VARIABLE DESCRIPTION
BIRTH Time at which the reference geometry activates (default = 0.0)
NID Node ID for which a reference configuration is defined. Nodes
defined in this section must also appear under the *NODE input. It
is only necessary to define the reference coordinates of nodal points,
if their coordinates are different than those defined in the *NODE
section.
X x coordinate
Y y coordinate
4 z coordinate
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*AIRBAG_SHELL_REFERENCE_GEOMETRY

Purpose: Usually, the input in this section is not needed; however, sometimes it is conven-
ient to use disjoint pre-cut airbag parts to define the reference geometries. If the reference
geometry is based only on nodal input, this is not possible since in the assembled airbag the
boundary nodes are merged between parts. By including the shell connectivity with the
reference geometry, the reference geometry can be based on the pre-cut airbag parts in-
stead of the assembled airbag. The elements, which are defined in this section, must have
identical element ID’s as those defined in the *‘ELEMENT_SHELL input, but the nodal ID’s,
which may be unique, are only used for the reference geometry. These nodes are defined
in the *NODE section but can be additionlly defined in *AIRBAG_REFERENCE_GEOME-
TRY. The element orientation and n1-n4 ordering must be identical to the *ELEMENT _-
SHELL input.

Card 1 1 2 3 4 5 6 7 8 9 10

Variable EID PID N1 N2 N3 N4

Type | | | | | |

Default | none | none | none | none | none | none

Remark 3 3 3 3
VARIABLE DESCRIPTION
EID Element ID
PID Optional part ID, see *PART, the part ID is not used in this section.
N1 Nodal point 1
N2 Nodal point 2
N3 Nodal point 3
N4 Nodal point 4
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The keyword *ALE provides a way of defining input data pertaining to the Arbitrary-
Lagrangian-Eulerian capability. The keyword cards in this section are defined in alphabeti-
cal order:

*ALE_AMBIENT_HYDROSTATIC
*ALE_FAIL_SWITCH_MMG
*ALE_FRAGMENTATION
*ALE_FSI_PROJECTION
*ALE_FSI_SWITCH_MMG_{OPTION}
*ALE_MULTI-MATERIAL_GROUP
*ALE_REFERENCE_SYSTEM_CURVE
*ALE_REFERENCE_SYSTEM_GROUP
*ALE_REFERENCE_SYSTEM_NODE
*ALE_REFERENCE_SYSTEM_SWITCH
*ALE_REFINE

*ALE_SMOOTHING
*ALE_TANK_TEST

*ALE_UP_SWITCH

For other input information related to the ALE capability, see keywords:
*ALE_TANK_TEST
*BOUNDARY_AMBIENT_EOS
*CONSTRAINED_EULER_IN_EULER
*CONSTRAINED_LAGRANGE_IN_SOLID
*CONTROL_ALE
*DATABASE_FSI
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*INITIAL_VOID

*INITIAL_VOLUME_FRACTION
*INITIAL_VOLUME_FRACTION_GEOMETRY
*SECTION_SOLID
*SECTION_POINT_SOURCE_FOR_GAS_ONLY
*SECTION_POINT_SOURCE_MIXTURE
*SET_MULTIMATERIAL_GROUP_LIST
*CONSTRAINED_EULER_IN_EULER

For a single gaseous material:
*EOS_LINEAR_POLYNOMIAL
*EOS_IDEAL_GAS
*MAT_NULL

For multiple gaseous materials:
*MAT_GAS_MIXTURE
*INTIAL_GAS_MIXTURE

4-2 (ALE) LS-DYNA R7.1



*ALE_AMBIENT_HYDROSTATIC

*ALE

*ALE_AMBIENT_HYDROSTATIC

Purpose: When an ALE model contains one or more ambient (or reservoir-type) ALE parts
(ELFORM =11 and AET =4), this command may be used to initialize the hydrostatic
pressure field in the ambient ALE domain due to gravity. The *LOAD_BODY_(OPTION)
keyword must be defined. The associated *INITIAL_HYDROSTATIC_ALE keyword may
be used to define a similar initial hydrostatic pressure field for the regular ALE domain
(not reservoir-type region).

Card 1 1 2 3 4 5 6 8
Variable | ALESID | STYPE | VECID GRAV PBASE | RAMPTLC
Type | I I I
Default 0 0 0 0 0 0
Card 2 1 2 3 4 5 6 8
Variable NID MMGBL
Type F F
Default 0.0 1.E+10
VARIABLE DESCRIPTION
ALESID ALESID defines the reservoir-type ALE domain/mesh whose
hydrostatic pressure field due to gravity is being initialized by this
keyword.
STYPE ALESID set type
EQ.O: Part set ID (PSID),
EQ.1: Part ID (PID).
VECID Vector ID of a vector defining the direction of gravity.
GRAV Magnitude of the gravitational acceleration (for example, in metric
GRAYV ~9.80665 m/s?)
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VARIABLE DESCRIPTION

PBASE Nominal or reference pressure at the top surface of all fluid layers.

By convention, the gravity direction points from the top layer to the
bottom layer. Each fluid layer must be represented by an ALE
multi-material group ID (AMMGID or MMG). Please see remark 1.

RAMPTLC A ramping time function load curve ID. This curve (via *DEFINE_-

CURVE) defines how gravity is ramped up as a function of time.
Given GRAYV value above, the curve’s ordinate varies from 0.0 to
1.0, and its abscissa is the (ramping) time. Please see remark 2.

NID Node ID defining the top of an ALE fluid (AMMG) layer.

MMGBL AMMG ID of the fluid layer immediately below this NID. Each node

is defined in association with one AMMG layer below it.

Remarks:

1.

Assuming a model with multi-layers of ALE fluids, given the pressure at the top
surface of the top fluid layer (PBASE), the hydrostatic pressure is computed as fol-
lowing

N, layers

P:Pbase+ Z pighi

i=1

If RAMPTLC is activated (i.e. not equal to “0”), then the hydrostatic pressure is ef-
fectively ramped up over a user-defined duration and kept steady. When this load
curve is defined, do not define the associated *INITIAL_HYDROSTATIC_ALE
card to initialize the hydrostatic pressure for the non-reservoir ALE domain. The
hydrostatic pressure in the regular ALE region will be initialized indirectly as a
consequence of the hydrostatic pressure generated in the reservoir-type ALE do-
main. The same load curve should be used to ramp up gravity in a corresponding
*LOAD_BODY_(OPTION) card. Via this approach, any submerged Lagrangian
structure coupled to the ALE fluids will have time to equilibrate to the proper hy-
drostatic condition.

Example:

Model Summary: Consider a model consisting of 2 ALE parts, air on top of water.
H3 = AMMGI1 = Air part above.

H4 = AMMG2 = Water part below.

= O O P O O P R - S I TP I A P -
$ ALE materials (fluids) listed from top to bottom:

$

$ NID AT TOP OF A LAYER SURFACE ALE MATERIAL LAYER BELOW THIS NODE
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$ TOP OF 1st LAYER ------- > 1681  m o oo e e
S Air above = PID 3 = H3 = AMMGl (AET=4)
$ TOP OF 2nd LAYER ------- > 1671 s e e o e
$ Water below = PID 4 = H4 = AMMG2 (AET=4)
$ BOTTOM ----------------—-—-- > e
=S RO RN P~ SN [N SR R S 5 | 6 | 7. | 8
*ALE AMBIENT HYDROSTATIC
$  ALESID STYPE VECID GRAV PBASE  RAMPTLC
34 0 11  9.80665 101325.0 9
$ NID MMGBL
1681 1
1671 2
*SET PART LIST
34
3 4
*ALE MULTI-MATERIAL GROUP
3 1
4 1
*DEFINE_VECTOR
$ VID XT YT ZT XH YH ZH CID
11 0.0 1.0 0.0 0.0 0.0 0.0
*DEFINE CURVE
9
0.000 0.000
0.001 1.000
10.000 1.000
*LOAD BODY Y
$ LCID SF LCIDDR XC YC zC
9  9.80665 0 0.0 0.0 0.0
I I KU P R [ I IR} .- 5 | 6 | 7. | 8
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*ALE_COUPLING_NODAL_CONSTRAINT_{OPTION}
Available options include:

<BLANK>

ID

TITLE

Purpose: This command provides constraint coupling between ALE materials (master) and
non-ALE nodes (slave). The slave nodes can be from Lagrangian solid, shell, and thick
shell elements, or from discrete elements as defined by *ELEMENT_DISCRETE_SPHERE.
EFG and SPH nodes on the slave side should be approached with caution as meshless
methods generally don’t satisfy essential boundary conditions and energy dissipation can
occur as a result.

This keyword currently does not apply in simulations that use *SECTION_ALE2D or *SEC-
TION_ALE1D, i.e,, it’s only for 3D ALE formulations.

With CTYPE set to 2, this command offers a simpler alternative (from an input standpoint)
to *CONSTRAINED_LAGRANGE_IN_SOLID for defining coupling of beam elements
inside of solid Lagrangian elements, e.g., as in rebar in concrete. In this case, the parame-
ters MCOUP and FRCMIN are ignored.

To define a coupling (card) ID number and title for each coupling card. If a title is not
defined LS-DYNA will automatically create an internal title for this coupling definition.

Title Card. Additional card for TITLE and ID keyword options.

Title 1 2 3 4 5 6 7 8
Variable | COUPID TITLE
Type A70
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*ALE

Card 1 1 2 3 4 5 6 7 8
Variable | SLAVE | MASTER | SSTYP | MSTYP | CTYPE | MCOUP
Type I I I I
Default | none none 0 0 1 0
Card 2 1 2 3 4 5 6 7 8
Variable | START END FRCMIN
Type F F F
Default 0 1.0E10 0.5
VARIABLE DESCRIPTION
COUPID Coupling (card) ID number (I10). If not defined, LSDYNA will
assign an internal coupling ID based on the order of appearance in
the input deck.
TITLE A description of this coupling definition (A70).
SLAVE Slave set ID defining a part, part set or segment set ID of the La-
grangian or slave structure (see *PART, *SET_PART or *SET_SEG-
MENT). See Remark 1.
MASTER Master set ID defining a part or part set ID of the ALE or master
solid elements (see *PART or *SET_PART, and see Remark 1).
SSTYP Slave set type of “SLAVE”:
EQ.0: part set ID (PSID).
EQ.1: part ID (PID).
EQ.2: segment set ID (SGSID).
MSTYP Master set type of “MASTER”:
EQ.O: part set ID (PSID).
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VARIABLE DESCRIPTION

EQ.1: part ID (PID).

CTYPE Coupling type:
EQ.1: constrained velocity only.

EQ.2: constrained acceleration and velocity.

MCOUP Multi-material option (see Remark).
EQ.O0: couple with all multi-material groups,

LT.0: MCOUP mustbe an integer. -MCOUP refers to a set ID of
an ALE multi-material groups defined in *SET_MULTI-
MATERIAL_GROUP.

START Start time for coupling.
END End time for coupling.
FRCMIN Only to be used with nonzero MCOUP. Minimum volume fraction

of the fluid materials included in the list of AMMGs to activate
coupling. Default value is 0.5.

Remarks:

When MCOUP is a negative integer, say for example MCOUP = -123, then an ALE multi-
material set-ID (AMMSID) of 123 must exist. This is an ID defined by a *SET_MULTI-MA-
TERIAL_GROUP_LIST card.
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*ALE

*ALE_COUPLING_NODAL_PENALTY

Available options include:

<BLANK>

ID

TITLE

Purpose: This command provides a penalty-based coupling mechanism between ALE
materials (master) and non-ALE nodes (slave). The slave nodes can be from Lagrangian
solid, shell, and thick shell elements, from discrete elements as defined by *ELEMENT _-
DISCRETE_SPHERE, or from *ELEMENT_SPH. Nodes from EFG formulations are also
permitted on the slave side.

This keyword currently does not apply in simulations that use *SECTION_ALE2D or *SEC-
TION_ALE1D, i.e., it’s only for 3D ALE formulations.

To define a coupling (card) ID number and title for each coupling card. If a title is not
defined LS-DYNA will automatically create an internal title for this coupling definition.

Title Card. Additional card for TITLE and ID keyword options.

Optional 1 2 3 4 5 6 8
Variable | COUPID TITLE
Type I A70
Card 1 1 2 3 4 5 6 8
Variable SLAVE | MASTER | SSTYP MSTYP MCOUP
Type | | |
Default none none 0 0 0
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Card 2 1 2 3 4 5 6 7 8
Variable | START END PFORM PFAC FRCMIN
Type F F I F F
Default 0 1.0E10 0 0.1 0.5
VARIABLE DESCRIPTION
COUPID Coupling (card) ID number (I10). If not defined, LSDYNA will
assign an internal coupling ID based on the order of appearance in
the input deck.
TITLE A description of this coupling definition (A70).
SLAVE Slave set ID defining a part, part set or segment set ID of the La-
grangian or slave structure (see *PART, *SET_PART or *SET_SEG-
MENT). See Remark 1.
MASTER Master set ID defining a part or part set ID of the ALE or master
solid elements (see *PART or *SET_PART, and see Remark 1).
SSTYP Slave set type of “SLAVE”:
EQ.0: part set ID (PSID).
EQ.1: part ID (PID).
EQ.2: segment set ID (SGSID).
MSTYP Master set type of “MASTER”:
EQ.O: part set ID (PSID).
EQ.1: part ID (PID).
MCOUP Multi-material option (see Remark).
EQ.O: couple with all multi-material groups,
LT.0: MCOUP must be an integer. -MCOUP refers to a set ID of
an ALE multi-material groups defined in *SET_MULTI-
MATERIAL_GROUP.
START Start time for coupling.
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VARIABLE

END

PFORM

PFAC

FRCMIN

Remarks:

DESCRIPTION

End time for coupling.

Penalty stiffness formulations.
EQ.0: mass based penalty stiffness.
EQ.1: bulk modulus based penalty stiffness.

EQ.2: penalty stiffness is determined by the user-provided load
curve between penetration and penalty pressure.

Penalty stiffness factor (PSFORM = 1 or 2) for scaling the estimated

stiffness of the interacting (coupling) system or Load Curve ID
(PSFORM = 3).

Only to be used with nonzero MCOUP. Minimum volume fraction
of the fluid materials included in the list of AMMGs to activate
coupling. Default value is 0.5.

When MCOUP is a negative integer, say for example MCOUP = -123, then an ALE multi-
material set-ID (AMMSID) of 123 must exist. This is an ID defined by a *SET_MULTI-MA-
TERIAL_GROUP_LIST card.
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*ALE_ESSENTIAL_BOUNDARY

Purpose: This command applies and updates essential boundary conditions on ALE
boundary surface nodes. Updating the boundary conditions is important if the ALE mesh
moves according to *YALE_REFERENCE_SYSTEM_GROUP. If the mesh does not move, it’s
more correct to call it an Eulerian mesh rather than an ALE mesh, but *ALE_ESSENTIAL_-
BOUNDARY can be applied nonetheless.

Certain engineering problems need to constrain the flow along the ALE mesh boundary. A
simple example would be water flowing in a curved tube. Using the *ALE_ESSENTIAL _-
BOUNDARY approach, the tube material is not modeled and there is no force coupling
between the fluid and the tube, rather the interior volume of the tube is represented by the
location of the ALE mesh. Defining SPC boundary conditions with a local coordinate
system at each ALE boundary node would be extremely inconvenient in such a situation.
The *ALE_ESSENTIAL_BOUNDARY command applies the desired constraints along the
ALE surface mesh automatically. The user only needs to specify the part(s) or segment
set(s) corresponding to the ALE boundary surfaces and the type of constraint desired.

Card is required once and may be repeated multiple times, terminating at the next

s 17

keyword, “*,” card.

Card 1 1 2 3 4 5 6 7 8

Variable ID IDTYPE | ICTYPE IEXCL

Type | | | |
Default | none none 1 none
VARIABLE DESCRIPTION
ID Set ID defining a part, part set or segment set ID of the ALE mesh
boundary.

IDTYPE Type of set ID:
EQ.0: part set ID (PSID).
EQ.1: part ID (PID).
EQ.2: segment set ID (SGSID).

ICTYPE Constraint type:

EQ.1: No flow through all directions.
EQ.2: No flow through normal direction. (slip condition)
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VARIABLE DESCRIPTION

IEXCL Segment Set ID to be excluded from applying ALE essential bound-
ary condition. For example, inlet/outlet segments.

Remarks:

For ICTYPE = 2, the constrained direction(s) at each surface node comes in part from
knowing whether the node is a surface node, an edge node, or a corner node. If the ALE
mesh boundary is identified by part(s) IDTYPE = 0/1), edge/corner nodes are automati-
cally detected during the segment generation process. However, this automatic detection is
not foolproof for complicated geometries. Identifying the ALE mesh boundary using
segment sets (IDTYPE = 2) is generally preferred for complicated geometries in order to
avoid misidentification of edge/corner nodes. When segment sets are used, the
edge/corner nodes are identified by their presence in multiple segment sets where each
segment set describes a more or less smooth, continuous surface. In short, the junctures or
intersections of these surfaces identify edge/corner nodes.
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*ALE_FAIL_SWITCH_MMG_{OPTION}

Purpose: This card is used to allow the switching of an ALE multi-material-group ID (AM-
MGID) if a failure criteria is reached. If this card is not used and *MAT_VACUUM has a
multi-material group in the input deck, failed ALE groups are replaced by the group for
*MAT_VACUUM.

Available options include:
<BLANK>
ID
TITLE

A title for the card may be input between the 11* and 80" character on the title-ID line. The
optional title line precedes all other cards for this command.

The user can explicitly define a title for this coupling.

Title Card. Additional card for the ID or TITLE options to keyword.

Title 1 2 3 4 5 6 7 8
Variable ID TITLE
Type 110 A70

Card 1 1 2 3 4 5 6 7 8

Variable | FR_MMG | TO_MMG

Type I

Default none none

VARIABLE DESCRIPTION

FR_MMG This is the AMMG-SID before the switch. The AMMG-SID corre-
sponds to the SID defined under the *SET_MULTI-MATERIAL_-
GROUP_LIST (SMMGL) card. This SID points to one or more AM-
MGs. See Remark 1.
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VARIABLE DESCRIPTION

TO_MMG This is the AMMG-SID after the switch. The AMMG-SID corre-
sponds to the SID defined under the *SET_MULTI-MATERIAL_-
GROUP_LIST card. This SID points to one or more AMMGs. See
Remark 1.

Remarks:

1. Thereisa correspondence between the FR_MMG and TO_MMG. Consider an ex-
ample where:

a) The FR_MMG SID points to a SID = 12 (the SID of its SMMGL card is 12,
and this SID contains AMMG 1 and AMMG 2)

b) The TO_MMG points to a SID = 34 (the SID of the SMMGL card is 34, and
this SID contains AMMG 3 and AMMG 4)

Then, AMMG 1, if switched, will become AMMG 3, and AMMG 2, if switched, will
become AMMBG 4.
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*ALE_FSI_PROJECTION

Purpose: This card provides a coupling method for simulating the interaction between a
Lagrangian material set (structure) and ALE material set (fluid). The nearest ALE nodes
are projected onto the Lagrangian structure surface at each time step. This method does
not conserve energy, as mass and momentum are transferred via constrained based ap-
proach.

Card 1 1 2 3 4 5 6 7 8

Variable | LAGSID | ALESID | LSIDTYP | ASIDTYP | SMMGID | ICORREC | INORM

Type | I I I
Default 0 0 0 0 0 0 0
Card 2 1 2 3 4 5 6 7 8

Variable | BIRTH DEATH

Type F F

Default 0.0 1.E+10

VARIABLE DESCRIPTION
LAGSID A set ID defining the Lagrangian part(s) for this coupling (struc-
tures).
ALESID A set ID defining the ALE part(s) for this coupling (fluids).
LSIDTYP Lagrangian set ID type

EQ.0: Part set ID (PSID),
EQ.1: Part ID (PID).

ASIDTYP ALE set ID type
EQ.0: Part set ID (PSID),
EQ.1: Part ID (PID).
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VARIABLE

SMMGID

ICORREC

INORM

BIRTH

DEATH

Remarks:

DESCRIPTION

A set ID referring to a group of one or more ALE-Multi-Material-
Group (AMMG,) IDs which represents the ALE materials interacting
with the Lagrangian structure. This SMMGID is a set ID defined by
*SET_MULTI-MATERIAL_GROUP_LIST.
Advection error correction method (See Remark 1).

EQ.1: ALE mass is conserved. Leaked mass is moved,

EQ.2: ALE mass is almost conserved,

EQ.3: No correction performed (default). ALE mass is conserved.
Some leakage may occur. This may be the best solution.

Type of coupling.
EQ.0: Couple in all directions,
EQ.1: Couple in compression and tension (free sliding),

EQ.2: Couple in compression only (free sliding). This choice re-
quires ICORREC = 3.

Start time for coupling.

End time for coupling.

1. Asthe ALE nodes are projected onto the closest Lagrangian surface, there may be
some advection errors introduced. These errors may result in a small element
mass fraction being present on the “wrong” side of the coupled Lagrangian sur-
tace. There are 3 possible scenarios:

a) Mass on the wrong side of the Lagrangian structure may be moved to the
right side. This may cause P oscillations. No leakage will occur.
b) Mass on the wrong side is deleted. Mass on the right side is scaled up to
compensate for the lost mass. No leakage will occur.
c) Mass on the wrong side is allowed (no correction performed). Some leak-
age may occur. This may be the most robust and simplest approach.
Example:
Model Summary:
H1 = AMMGI! = background air mesh
LS-DYNA R7.1 4-17 (ALE)
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H2 = AMMGI1 = background air mesh
S3 = cylinder containing AMMG?2
S4 = dummy target cylinder for impact

The gas inside S3 is AMMG?2. S3 is given an initial velocity and it will impact S4.

= e o P R [ SO (S R OO SRR O PP IR AP R -
*ALE MULTI-MATERIAL GROUP
1 1
2 1
*SET MULTI-MATERIAL GROUP LIST
22
2
*ALE FSI PROJECTION
$  LAGSID ALESID LSIDTYP  ASIDTYP SMMGID  ICORREC INORM
3 1 1 1 22 3 2
$ BIRTH DEATH
0.0 20.0
= e O PO R [ SO (S R OO SRR O P [P AT I -
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Purpose: When a material fails, this card is used to switch the failed material to vacuum.
When used with FRAGTYP = 2, it can be used to simulate material fragmentation.

Card 1 1 2 3 4 5 6 7 8

Variable | FR_MMG | TO_MMG | FRAGTYP

Type I I

Default none none none

VARIABLE DESCRIPTION
FR_MMG This is the AMMGID of the material that just fails, before the switch.
TO_MMG This is the AMMGID of the vacuum that the failed material is being

switched to.

FRAGTYP Flag defining whether the failed material is completely or partially

switched to vacuum (see remark 1).
EQ.1: Fully switch; all failed material is switched to vacuum.

EQ.2: Partially switch; only the volume expansion from the last
time step is switched to vacuum.

Remarks:

1.

The Lagrange element contains only one material. Once the failure criterion is met
in a Lagrange element, the whole element is marked as “failed” and either deleted
or kept from further element force calculation.

However, for multi-material ALE elements, such approach is not practical as these
elements are occupied by multiple materials. The treatment to failed material can
not be done at the element level.

Instead we convert the failed material inside an ALE element to vacuum. The ef-
fects are the same as done by element deletion in Lagrange simulations. The failed
material, once switched to vacuum, is excluded from any future element force cal-
culation.

ALE multi-material elements have a default treatment for failed materials. That is
to switch the failed material to vacuum. It is done by assigning the full volume
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fraction of the failed material, say AMMG 1, in an element to vacuum, say AMMG
2.

FRAGTYP = 1isequivalent to the default treatment. However, we can now dictate
the specific vacuum AMMG the failed material is switching to. In the case that
more than one vacuum AMMG exist, it is strongly recommended to use the
FRAGTYP =1 approach to eliminate ambiguity. It is also helpful in the post-
processing as it is now possible to see the material interface of the switched mate-
rial by assigning a separate vacuum AMMG dedicated to the switched material.

FRAGYP =2 is to model material fragmentation. Please note, the FRAGTYP =1
approach leads to mass loss and subsequently, momentum and energy loss. With
FRAGTYP = 2, instead of converting the full volume of the failed material to vacu-
um, we only convert the material expansion to vacuum. This approach conserves
mass and hence momentum and energy.

It is easier to understand with a tension failure case. At the time step the material
fails, we calculate the material expansion in the current step and convert this vol-
ume to vacuum; we leave the stresses and other history variables unchanged so
next time step it would still hit the failure criterion; the expansion in the next time
step would be also converted to vacuum. We keep doing that until maybe at a later
time, when the gap stops growing or even starts to close due to compression load-

ing.

Example:

Consider a simple bar extension example:

H5 = AMMGI1 = Metal bar = FR_ MMG
H6 = AMMG?2 = Air space surrounding the bar = background m