ANSYS Elements
Reference

ANSYS Release 8.1

001972
April 2004

ANSYS, Inc.is a
UL registered
1SO 9001: 2000
Company







ANSYS Elements Reference

ANSYS Release 8.1

ANSYS, Inc.
Southpointe

275 Technology Drive
Canonsburg, PA 15317
ansysinfo@ansys.com
http://www.ansys.com
(T) 724-746-3304

(F) 724-514-9494



Revision History

Number Release Date

001604 ANSYS 6.1 April 2002
001695* ANSYS 7.0 October 2002
001788* ANSYS 7.1 May 2003
001901* ANSYS 8.0 October 2003
001972* ANSYS 8.1 April 2004

* ANSYS Documentation on CD.

Trademark Information

ANSYS, DesignSpace, DesignModeler, ANSYS DesignXplorer VT, ANSYS DesignXplorer, ANSYS Emax, ANSYS Workbench environment, CFX, AI*Environment,
CADOE and any and all ANSYS, Inc. product names referenced on any media, manual or the like, are registered trademarks or trademarks of subsidiaries
of ANSYS, Inc. located in the United States or other countries.

Copyright © 2004 SAS IP, Inc. All rights reserved. Unpublished rights reserved under the Copyright Laws of the United States.
ANSYS, Inc. is a UL registered ISO 9001: 2000 Company
ANSYS Inc. products may contain U.S. Patent No. 6,055,541

Microsoft, Windows, Windows 2000 and Windows XP are registered trademarks of Microsoft Corporation.
Inventor and Mechanical Desktop are registered trademarks of Autodesk, Inc.

SolidWorks is a registered trademark of SolidWorks Corporation.

Pro/ENGINEER is a registered trademark of Parametric Technology Corporation.

Unigraphics, Solid Edge and Parasolid are registered trademarks of Electronic Data Systems Corporation (EDS).
ACIS and ACIS Geometric Modeler are registered trademarks of Spatial Technology, Inc.

"FLEXIm License Manager" is a trademark of Macrovision Corporation.
Other product and company names mentioned herein are the trademarks or registered trademarks of their respective owners.

This ANSYS, Inc. software product and program documentation is ANSYS Confidential Information and are furnished by ANSYS, Inc. under an ANSYS
software license agreement that contains provisions concerning non-disclosure, copying, length and nature of use, warranties, disclaimers and remedies,
and other provisions. The Program and Documentation may be used or copied only in accordance with the terms of that license agreement.

See the ANSYS, Inc. online documentation or the ANSYS, Inc. documentation CD for the complete Legal Notice.

If this is a copy of a document published by and reproduced with the permission of ANSYS, Inc., it might not reflect the organization or physical appearance
of the original. ANSYS, Inc. is not liable for any errors or omissions introduced by the copying process. Such errors are the responsibility of the party
providing the copy.




Table of Contents

T.ABOUt ThiS MANUAL ..........ooiiiiiiiiiee ettt e et e st e e e st e e s s areeeeenaneee 1-1
1.1. Guide to the ANSYS DOCUMENTATION ......eviiiiiiiiiiiiiiiieeee ettt e e e et ee e e e e e eerreree e e e e e e s saneeeeee 1-1
1.2. The ANSYS EI@mMeNts REFEIENCE ......eeiieiiiieiiiiiiee ettt ettt e s st e e s eanreeeeeaee 1-2

1.2.1. Conventions Used in this Manual ...............ccoiiiiiiiiiiiiiie e 1-2

1.2.1. 1. ProdUCT COAS ...coeiiiiiiiiiiiiieee ettt ettt e e e e e et e e e e e e e s s s rereeeeeeeeemnreneeas 1-3
1.2.2. ApPlicable ANSYS ProdUCES ......cooiiiiiiiiee et e e e e e e e e e e e e e e eeanenaeeeeeeseeenenas 1-3
1.2.3. ANSYS Product Capabiliti@s .......uuuuuvuriiiiiiiiiiiiiiiisiissersssssseserssrsrrererrrererrrerera..—.—————.———.—.—.———————. 1-4

2.General EIemMent FEAUKES ............oooviniiiiiiiiiii ettt e ettt e e e e s e et e e e e s s e eensreeaeeeeeesesnnnnnrnneeens 2-1

B I 1 =Y o YT o Y o1 | USRS 2-1
D I B =1 1= 0 YT o A= T o T PSPPSR 2-1

B 0 [ Yo 1TSS 2-1
2.1.3. Degrees Of FI@EUOM ....ccoiiiiiiiiiiiee ettt e st e e s e e e snreee e saneees 2-1
2.1.4. REAICONSIANTS ...uvvviiieieeeeeieiititteeteeeeerettteeeeeeeeeesaretaeeeesssssasssnsseeaeeesssassnssseaaeesssesasnnsenaees 2-2
2.1.5. MAterial PrOPEITIES ....cvieiiiiieiiiieeeee e ettt e e e e ee sttt et e e e e s estbeteeeeeeeeessssantaneeeessssnsansrnneees 2-2

B I U1 - Tel - o Y- To [ OSSP 2-2
2.1.7.BOAY LOAAS ...eeeeeiiiiiieiiiiiee ettt ettt ettt e et e e st e e s e nat e e e ennreeeeas 2-2
2.1.8. SPECIAI FEATUIES .cooiiiiiiiiieeee ettt e ettt e e e e s e sttt e e e e e e s eessaaateaaeeesessnnnssenaaaeessanns 2-2

2. 1.9 KEYOPTS ettt ettt e e e e e ettt e e e e e s e s bttt e eeeeeesasnsbssaaaaesesesasnnnsanaaaeesssenanrnneees 2-3

B Yo 04T o W O 11 o U PP 2-3
2.2.1. NOAl SOIULION .ciiiiiiiiiieeee ettt e e e e e ettt e e e e e e s eesabetaeeeeeesesssnntreeeeessssnnnns 2-3
B A = 1< 4 YT Yo ] [V e o PP PPPRR 2-4
2.2.2.1. The Element Output Definitions Table .......ccooeeeeiiiiieieeieeeeceeeccccccceccccccececce e 2-4

2.2.2.2. The ltem and Sequence NUMbEr Table ... 2-5

2 B U - Tl e T- Lo [ PO PPPRRSP 2-5

2.2.2.4. Centroidal Solution [output listing ONIY] ....cceveeeeiiiiiieiiiieeee e 2-5

2.2.2.5. SUMACE SOIULION ....uviiiiiitieieiiiiieeee e e e ettt tee e e e e e ettt et e e e e s e esaabbteaeeeeessssnnnssaeaaeesesanns 2-6

2.2.2.6. Integration Point Solution [output listing ONly] ........cccovviiiiiiiiiiiieriiiieeee e, 2-7

2.2.2.7. Element NOdal SOIULION .....cciiiiiiiiiiiiiiieeeee ettt ettt e e e e st e e e e s s s e aeeaeeas 2-7

2.2.2.8. Element NOdal LOAAS ....cccciviiiiiiiiiiiiieeeeeiiiieteee e e e eeiieteee e e e e s irtte e e e e s s s s nsbanaeaeeesenns 2-7

2.2.2.9. NONIINEAI SOIULION ...eiiiiiiiiiiiiiiiieeee ettt e e e e s ettt e e e e e s e s e aabeeaaeeeessennnns 2-7
2.2.2.10. Plane and AXisymmetric SOIULIONS .......c..evviiiiiiriiiieiiiieee et e e eeereee e e e 2-7
2.2.2.1T. Member FOrce SOIULION ...cooieeiiiiiieiee ettt e e ree e e e e s e s rraeeeeee s 2-8

W B o 11 U £l @ 41 =Y - TSP 2-8

2.3. COOIdINAtE SYSEEIMS ..eiiiiiiiiiiiiieiee e e e ettt et ee e e e e ettt et eeeeesesaaraaeaeeeeesessnsasssaeeeesssssssnsrnnaaeesssennns 2-10
2.3.1. Element CoOrdinate SYSTEIMS .....cciiiiiiieiiiiiiteeee e e ettt ee e e e eeibetteeeeeessssnnbareeeeesssesnnnnneees 2-10
2.3.2. Elements that Operate in the Nodal Coordinate SyStem .........ccccuvieeeeeeirreriiiiieeee e e e e 2-11
2.4, Lin€ar Material PrOPEItIES ......uuuuuieriiiiiiiiitiiiiitititttreretrerererrrererererararer.—r——.—er...—...—.....rr....—.. 2-12
2.5. Data Tables - IMPlicit ANAIYSIS ....cceeireiiiiiiieiee ettt e e e e s e s bae e e e e e e e seaaans 2-16
2.5.1. Nonlinear Stress-Strain Materials ..........coeeiiiiieiiiiiiiietee e e e baree e e e e e e e 2-17
2.5.1.1. Bilinear Kinematic HardeNiNg ...........uuuuuiiiiiiiiiiiiiiieiiiieireieressreeererrrererereresee———. 2-17

2.5.1.2. Multilinear Kinematic Hardening ............eueueueuuun e 2-18

2.5.1.3. Nonlinear Kinematic Hardening ...........uuuviiiiiiiiiriiiiiiiiiiiiiririsesererererereeerererrr——.. 2-19

2.5.1.4. Bilinear [Sotropic HAard@ning .....cccoeceieieieieieieieieiecece s cececese s s e s s s e e s e s e e s e 2-20

2.5.1.5. Multilinear Isotropic Hardening ... 2-20

2.5.1.6. Nonlinear Isotropic Hard@ning ............uuevverevvruiiuriririeiiirierririeerirereersneereereerr—... 2-21

BT B A Y oY Yo o] o [ AP UUPRR 2-21

2.5.1.8. Hill'S ANISOTIOPY .ooeeeiiiiiieetee e ettt ettt e ettt e e e s e sttt et e e e e s s e sttt aeeeeesesesansenaeens 2-22
2.5.1.9. DIUCKEI-PIrAgEL .. nananannnnnn 2-23
2.5.1.10. ANANA'S MOEL .....eeiiiiiiiiiieeeetee ettt e e e e s et e e e e e e s e aberaaeeeeeeas 2-24
25111, MUITINEAT EIASTIC ..ueevveeieeieeieeiitee ettt ettt e st e e e e e e e s aereeaee s 2-24

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.



ANSYS Elements Reference

2.5.1.12. Cast IroN PlAastiCity .....ceeieeieeieiiiiiieeee ettt ettt e e e e st e e e e e s e abeaaeeeeeeeas 2-25
DT O 1 TR U L1 PP PPPPPPROTR 2-25
2.5.2. Hyperelastic Material CONSTANTS ......coveuuiiiiiiieeeiieeiiiittee e e e e ettt e e e e s e et e e e e e e e s e eaaeeaeeas 2-26
2.5.2.1. Neo-Hookean Hyperelastic Material CoONStants ...........ooeccuveriieeeeiiriiiiiiiieeeeeee e 2-26
2.5.2.2. Mooney-Rivlin Hyperelastic Material Constants (TB,HYPER) ........ccccceovmriiiiiiiiieriinnnnnns 2-26
2.5.2.3. Polynomial Form Hyperelastic Material CONStants ...........ccoevveieiiieeeeeenreiiiiiiieeeeee s 2-28
2.5.2.4. Ogden Hyperelastic Material CoNSTanTs ........ccuvviiiieieriieriiiiiteeee e eeiiieeee e e e e 2-29
2.5.2.5. Arruda-Boyce Hyperelastic Material CoNStants ...........ooeeuviiieeieriiniiiiiiiieeeeeeeeeiieeeeen 2-30
2.5.2.6. Gent Hyperelastic Material CoNStants .......ccuuvviiiiieiiiieeiiiiiee et e e eiiieeeee e 2-30
2.5.2.7. Yeoh Hyperelastic Material CoNStants .........coccuvviiirieiiiriiiiiiiiteeeeeeeiiereee e e 2-31
2.5.2.8. Blatz-Ko Foam Hyperelastic Material CONStaNnts .........ccceeeereriiiirieeeerrieniiiiieeeeeeeeneiens 2-32
2.5.2.9. Ogden Compressible Foam Hyperelastic Material Constants ............coeeecuvevieeeereennennnnns 2-32
2.5.2.10. User-Defined Hyperelastic Material .........cccoooiriiiiiiiieiiiniiiiiieee e eeiieeee e 2-33
2.5.2.11. Mooney-Rivlin Hyperelastic Material Constants (TB,MOONEY) ..........cccccuvrrereerrrnnannnne 2-34
2.5.3. Viscoelastic Material CONSLANTS .......cceiiriiiriiiiiiiieetee ittt e e e e e st e e e e e s e e siirteeeeeeeesssaaes 2-34
2.5.4. MagNetiC MAtErials ...cccvieiiiiiiiiiieieeeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaeaees 2-36
2.5.5. ANisotropiC EIastiC MAterials .......cevvvieieiiiiieieieieieieeeeeeeeeeeeeeeeeeeeeeereeeeeeeeeeesseeresereseressrerererereee 2-37
2.5.6. Piezoelectric Materials .........oouruieiiiiieie ettt e e ettt e e e e s e et a e e e e e e e e s 2-38
2.5.7. Piezoresistive MAterials .........ccioiriiiiiiiiieeee ettt ettt e e e ettt e e e e e e s et reeeeeeeeas 2-39
2.5.8. Anisotropic Electric Permittivity Materials ..........cccooiiiriiiiiiiiiiiiiiieeeee et 2-40
2.5.9. Rate-Dependent Plastic (Viscoplastic) Materials ..........cccceeeiiiiiii, 2-40
2.5.10. GASKET IMALEIIAIS .....eveiiiiieiieiiett ettt e ettt e e e s ettt e e e e e e e s e saabbtaeeeeeeessnanees 2-41
T B I 1= o} o [V =) o o P PP 2-42
25117, ImPlicit Creep EQUATIONS ......ueieiece e aen 2-43
2.5.11.2. EXplicit Creep EQUAtIONS .. ..uvuuiiiiiiiiiiiiiiiiiiiiiiiiiiritsrresseseeerarerererrrrrrerrrerrarrrarera——.. 2-45
2.5.11.2.1. Primary Explicit Creep EQUation for C6 =10 .......cccuuiiiiieiieiiiiiiiiiieeee e 2-46
2.5.11.2.2. Primary Explicit Creep EQUation for CO =T .....cooeuuriiiiieieiiiiiiiiiteeee e 2-46
2.5.11.2.3. Primary Explicit Creep EQUation for C6 =12 ......ccccuuviiiiieieiiiiiiiiiceeee e 2-46
2.5.11.2.4. Primary Explicit Creep EQUation for C6 =9 ......cccuumiiiiieiiiiiiiiiiieeee e 2-46
2.5.11.2.4.1. Double Exponential Creep Equation (C4=10) ........cccevvviiiiiiiiiiiiiiiiieeeeeee, 2-46
2.5.11.2.4.2. Rational Polynomial Creep Equation with Metric Units (C4 =1) ................ 2-47
2.5.11.2.4.3. Rational Polynomial Creep Equation with English Units (C4 =2) ............... 2-47

2.5.11.2.5. Primary Explicit Creep EQUation for C6 = 10 ........cceeeeeiiiriiiiiiiieeieeeeeriiieeeeeeeenn 2-47
2.5.11.2.5.1. Double Exponential Creep Equation (C4=10) ........ceeevvviiiiiiiiiiiiiiiiieeneeeen, 2-48
2.5.11.2.5.2. Rational Polynomial Creep Equation with Metric Units (C4=1) ................ 2-48
2.5.11.2.5.3. Rational Polynomial Creep Equation with English Units (C4 =2) ............... 2-48

2.5.11.2.6. Primary Explicit Creep EQUation for C6 =11 .......uviiiieiiiiniiiiiiiieieeeeeiiiiceeee e, 2-48
2.5.11.2.6.1. Modified Rational Polynomial Creep Equation (C4=0) ..........eeceeeeeeerannnnne 2-48
2.5.11.2.6.2. Rational Polynomial Creep Equation with Metric Units (C4 =1) ................ 2-49
2.5.11.2.6.3. Rational Polynomial Creep Equation with English Units (C4 =2) ............... 2-49

2.5.11.2.7. Primary Explicit Creep EQUation for C6 =12 ........ccceieiiimniiiiiiiiieieeeeesiiiiceeeeeenn 2-49
2.5.11.2.8. Primary Explicit Creep Equation for C6 Equals 13 ........cccceermiiiiiiiiiieeeinnnniineeen. 2-50
2.5.11.2.9. Primary Explicit Creep EQUation for C6 =14 .........cceieiiimniiiiiiiiieieeeeeiiiieeeeeeenn 2-50
2.5.11.2.10. Primary Explicit Creep Equation for C6 =15 .......oeiiiiiiiiiieiiiniiiiiiiieeee e 2-51
2.5.11.2.11. Primary Explicit Creep Equation for C6 = 100 ..........ccceeerrrmiiiiiiieeeeeeenniiieeeeen. 2-51
2.5.11.2.12. Secondary Explicit Creep Equation for C12 =10 ......ccccuvrtiieeiiriniiiiiiiieeeee e 2-51
2.5.11.2.13. Secondary Explicit Creep Equation for C12 =1 ......cccoiiiiiiiiiiiniiiiiiiceeee e 2-51
2.5.11.2.14. Irradiation Induced Explicit Creep Equation for C66 =5 ...........uuvvvvrvrervverennnnnns 2-51
2.5.12.Shape MEmMOKY AllOYS ..ccoeenniiiiiiteee ettt ettt et e e e ettt e e e e e e s e abbeteeeeeeseesnaeee 2-52
2.5.13. SWEIlING EQUATIONS ..o e e e e e e e e e e e e e s e s e e e s e e e e e e e e e e e e e e e e e e e eeeeseseeenas 2-53
2.5.14. MPCT184 JOINT MAtEIIAIS ......eeiiiiiiiiiiiiiiee ettt e et e e e e e e e s eabbaeeeeeee s 2-54
2.5.14.1. Linear Elastic Stiffness and Damping Behavior ........ccccooeieiiieiiiiiiiiiiiiicieicscecseceseeesennn 2-54

Vi ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.



ANSYS Elements Reference

2.5.14.2. Nonlinear Elastic Stiffness and Damping BEhavior ...............uvvviviviviiieieieieieieeiieeenenenn, 2-54
2.5.14.3. Hysteretic Frictional BEhavior .............ccoiiiiiiiiiiiiiiiei ittt 2-55

2.6. Material Model COMBINALIONS .........uiiiiiiiiiiiiiieeee ettt e e e e s e e e e e e e e s sabeeeeeas 2-56
2.7. EXplicit DYN@amics MAterialS ........cceeieiiriiiiiiieieeieeiiiiette et e e e ettt e e e e e e e sttt e e e e e e e seanbbaaaeeeeesennns 2-58
2.8.Node and Element LOAAS ..........uueiiiiieiiiiiiiiiiieee e e e ettt e e e e e sttt e e e e e s ebttaeeeeeesessinbaeaaeeeens 2-58
2.9. Triangle, Prism and Tetrahedral El@mMENTS ..........uvviiiiiiiiiiiiiiiiiiieieieeeieeeeeeeeeeeeeeeesesrseseereesesesrserreeene. 2-60
2.10. SHEIEIEMENTS ....eeeiiiieteeeeeee ettt e e e ettt et e e e e e e sttt e e e e e e s eesasbbaaaeeeesessnsansraaaeaeeesanns 2-61
2.11. Generalized Plane Strain Option of 18x Solid Elements ...........ccoooeviiiiiii 2-61
2.12. AXISYMMELIIC EI@MENTS ..eeiiiiiiiiiiiiiiee ettt ettt e e e e e sttt e e e e e s e ssaabbbeeeeeeeesennnbnnees 2-63
2.13. Axisymmetric Elements with Nonaxisymmetric Loads ..........cceeivvreriiiiiiieieriiniiiiiieeeee e 2-63
2.14. Shear DeflECiON .......ciiii ittt e ettt e e e e e s ettt e e e e e e e s s abtbaaeaeeeeenaaaes 2-68
2.15. GeoMEtHiC NONINEAITIES ..eeeiieeiiiiiieeiee ettt e e e e e s ettt e e e e e e e s aebaeeeeas 2-68
2.16. Mixed U-P FOrmulation EIEMENTS .......ccceiiiiiiiiiiiieeei ettt ettt e et e e e e e e s s s ebaeeeeas 2-71
2.16.1. Element TEChNOIOGIES ....uvuiiiiiiiiiiiiiiiitiiirititirirerereeeeereeeeereraeararrsararesararsrrererrrrrrrrrrrerarerarrae 2-71
2.16.2. T8BX MiIXed U-P EI@MENTS .ttt e e e e e e e e s e 2-72
2.16.3. Applications of Mixed U-P FOrmulations ..., 2-72
2.16.4. Overconstrained Models and No Unique SOIULION .........eevvviiiiriiiieiiiereiiririrerereeerererererenenan. 2-73
2.17. Automatic Selection of Element TEChNOIOGIES .......cccvvvviviiiiiiiiiiiiieieieeeceeeeeeeee e eeeeeeeeeeeeeeees 2-74
3. Element CharacteriStics ............coooiiiiiiiiiiiiiiiieee ettt e e ettt e e e e s ettt e e e e e e e s s iabbeaeaeeeas 3-1
3.1, Lists Of EIEMENT TYPES «..eeeeettteeeeee ettt ettt e e e e ettt e e e e s ettt eeeeeeeseaaabbtaeeeeessesannseeeas 3-1
3.1.1.2-D versus 3-D MOAEIS ........euiiiiiiiiiieetee ettt ettt e e e e e e eeeeeees 3-1
3.1.2. Element CharaCteristic SHape .. .cieeeieieieic e s s s s s s s e s s s an 3-1
3.1.3. Degrees of Freedom and DiSCIPIING ........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiirieererirerereereresreeee—————.. 3-1
314, USEI EIEIMENTS ..eeiiiiiiiiiiitteee ettt ettt e e e e s ettt et e e e e e e sttt e e eeeeeseaanbbbaeeeeeesannans 3-1
3.2, Element ClassSifiCatiONs .......eeueeeiiieeeeeee ettt ettt e e e e ettt e e e e s e sttt e e e e e e e sesanbaaaeeeeeeeans 3-2
3.3, PICtOrial SUMIMAIY ...ccoiiiiiiiieiite ettt ettt e e e e e ettt et e e e e e s e bbbt teeeeeeessaanbbeeaeeeessenaans 3-3
4 EIEMENT LIDIArY .....coooiiiii ettt et e e ettt e e e e s ettt e e e e e e e e beeeeeeeas 4-1
LINKT: 2-D SP@I (OF TIUSS) tevvtuuuiireeeeeietiiiiiinneeeeetttuiiiisseseeerestuunnsssesesseesssmmssssesessssssssmssnnesessssssssmsnssesssssees 4-3
PLANE2: 2-D 6-Node Triangular Structural SOlid ............uuuuiviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeiereeereeeeerere... 4-7
BEAM3: 2-D EIQSTIC BEAM ...eeiiiiiiiiiiiiteeet ettt ettt et e e e ettt e e e e e sttt et e e e e e e e abbbbaeeaeeeens 4-13
BEAMA: 3-D EISTIC BEAM ..ceeiiiiiiiiiiiitteet ettt ettt e e e ettt e e e e e s bbbttt e e e e e s e bbbtaeeeeeeens 4-23
SOLID5: 3-D Coupled-Field SOlid ......cccooiiiiiiii . 4-37
COMBIN7: REVOIUTE JOINT ...ttt ettt ettt e e e e ettt e e e e e e s bbbttt e e e e e seaasbebaeeeeeeeenaaannes 4-45
LINKS: 3-D SP@r (OF TIUSS) tevvvvuuuiieeeeeietttiiiiieeeeeeerteuuunieseseeeresmssunnsnesesesssssmmssssessseessssmsmsssnnessessessmsnnsnnes 4-53
INFINO: 2-D INfiNit@ BOUNGAIY ...eeeiiiiiiieiiiiiiee ettt eeiitee ettt e ettt e e e sttt e e e s st e e s ssabaeeessbbaaeessabtneesenane 4-59
LINK10: Tension-only or Compression-0nly SPar ........cciiiiiiiiiiiiiiiiiee e 4-63
|| B B g 1= T Vet (U = (o] PPN 4-69
CONTACT2: 2-D POINt-t0-POINT CONTACT .....eueiiiiiiiiiiiiiiiii e 4-73
(S IV 2 S T B N o TW] o] 1= B e T=1 o Yo Lo RS 4-81
COMBINTA: SPING-DamPEr . .cciiiiiiiiiiee ittt eeeetiirere e e e eeetttabaaseeseeeeettsrsassessseessssrsssnnssseeeserersnns 4-91
o 1 e KR o T ATl (1o Al o =P 4-97
o g o I T Tl T T IR 4-107
PIPE18: Elastic Curved Pipe (EIDOW) ..cccoiiiiiiiiiiiiie ettt 4-121
PIPE20: Plastic STraight Pipe ..ccoiiiiiiiii 4-131
MASS27T: STIUCTUIAI IMBSS ...ttt ettt ettt e e e e e ettt e e e e e e e sabbbbteeeeeeeeseanbbbaeeeeeesasnannnnee 4-139
BEAM23: 2-D PlastiC BEAM ..cceeiiiiiiiiiiiieeee ettt ettt e e e e e ettt e e e e e e sttt e e e e eesseanbbaeeeeeens 4-143
BEAM24: 3-D Thin-wWalled BEaM .....ccciiiiiiiiiiiiiieee ettt ettt e e e ettt e e e e e seibbaeeeeeeeeseaans 4-151
PLANE25: Axisymmetric-Harmonic 4-Node Structural SOlid ............uuuveviiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeneeennnn 4-159
MATRIX27: Stiffness, Damping, Or Mass MatriX ........ccccuvrreereeeieieiiiiireeeeeeeeeiirreeeeeeeeessnennreeeeesesennnns 4-167
SHELL28: Shear/TWist PaN@l .......cooueeiiiiieiiee ettt ettt ettt e e e e e sttt e e e e e e s aebeeeeeas 4-171
FLUID29: 2-D ACOUSTIC FIUIT ...ttt ettt ettt e e e e e st ee e e e e e e 4-177
FLUID30: 3-D ACOUSTIC FIUIT ...ttt ettt ettt e e e e e ettt e e e e e e e e 4-183

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc. Vii



ANSYS Elements Reference

LINK3T: RAi@tion LINK ......ceeiiiiiiiiiiiiieeee sttt e e e ettt e e e e e s sabaat e e e e e e s e ssanbaaaeeeeeas 4-189
LINK32: 2-D CoNAUCION Bl c.eeeiiiiiiieieeeeeiitttee ettt e ettt e e e e e s e sttt e e e e e e s s aasbaaaaaeeesenns 4-193
LINK33: 3-D CoNAUCION Bl ..eeeiiiiiiieiee ettt e et e e e e e s e sttt e e e e e s e s s aasbaaaaaeeeeenns 4-197
LINK34: CONVECHION LINK ..ettiiiiiiiiiiiiieee ettt et e e s e ettt e e e e e e s s abbaeeeeeeessesasbeaaaeeaeenas 4-201
PLANE35: 2-D 6-Node Triangular Thermal Solid .........ccoooiiiiiiiiiiiiiieeeeeeeeee, 4-205
SOURGC36: CUITENT SOUICE ..eiiiieeiieiieeeeeeeeee ettt ettt ettt e ettt e e e et et e e e e e e e e e eeeeeeeeeeeaeaeeeaeaeeeeeeeeeeeeeeaeeeeees 4-209
COMBINB7: CONTIOl 1ttt ettt e e e e ettt e e e e e s ettt e eeeeessesaasbaaaeaeesesensansenaeeas 4-213
FLUID38: Dynamic FIUId COUPIING ..eeetiiiiiiiiiiiiieee ettt ee ettt e e e s ettt e e e e e e e s e eeiaeaaeeeeeeens 4-221
COMBIN39: NONIIN@AI SPIING c.ceeieeieeeeeeeeee e, 4-225
COMBINAO: COMBINATION .eiiiiiiiiiiiiitieee ettt e e ettt e e e e e e e s ettt e eeeeesesabbbeeeeeeesessnssrraaeeeseens 4-233
SHELLAT: Membrane SHell ........cooi oottt ettt e e ettt e e e e e s e abbtaeeeeeeseseaanes 4-239
PLANE42: 2-D Structural SOl .......eeeeiiiiiiee ettt ettt et e e e e e s e s sebraeeeeeees 4-247
SHELL43: 4-Node Plastic Large Strain Shell ..............uviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiireeeierereeeeeeererr... 4-255
BEAM44: 3-D Elastic Tapered Unsymmetric BEam ..........coeiiiiiiiiiiiiiiieeeieneiiieeee e e e eeeiiereee e e e e e e 4-263
SOLIDA5: 3-D Structural SOl .....eeeiiiiiieeieeeeiitteee ettt ettt e e e e st be et e e e e e s e sabbaeaeeeeeeens 4-281
SOLIDA46: 3-D 8-Node Layered Structural SOlid ..........ccoiiiiiiiiiiiieiiieiiiteeeee et 4-289
INFINA7: 3-D INfiNit@ BOUNGAIY «...eeeviiiiieiieieiieiteeee ettt ettt e e e e e e sttt e e e e e s esiabaaaeeeeees 4-301
MATRIX50: Superelement (OF SUDSTIUCTUIE) ....ccivvviiiiieieeeieieieeeeeeeeeeeeeeeeeeeeeeeeeeereeseeeeesesrerereressrsrseereee 4-305
SHELL51: Axisymmetric Structural Shell ......... ..ot 4-309
CONTAC52: 3-D POINt-t0-POINT CONTACT ....uuueiiiiiiiiiiiiiii e 4-317
PLANES3: 2-D 8-NOde MagnetiC SOIId .......uuuuiiiiiiiiiiiiiiiiiiiiiiiiirireriririseeereeeriererereeerareeee...—.——. 4-325
BEAMS54: 2-D Elastic Tapered Unsymmetric BEaM .........ccoiiiiiiiiiiiiiiiieeeieneiiietee et ee e e e e 4-333
PLANESS5: 2-D Thermal SOl .....eeeeiiiiiiieee ettt ettt e e e e e e beareeeeeeeeas 4-345
HYPERS56: 2-D 4-Node Mixed u-P Hyperelastic SOlid .........oooouiiiiiiiiiiiiiiiiieeee ettt 4-351
SHELLS7:Thermal Shell .....cooo ittt e e e e s ettt e e e e e s e s saabaaaeeeeees 4-357
HYPERS58: 3-D 8-Node Mixed u-P Hyperelastic SOlid .........oooouuiiiiiiiiiiiiiiiiieeec et 4-361
PIPE59: IMMmersed Pipe OF Cable .......uuuiiiiiiiiiiiiiiiiiiiiiiiisieerersrreesrrerereeererarerereeerree—.—————. 4-367
PIPE60: Plastic CUrved Pipe (EIDOW) ........uvuuuiuriiiiiiiiiiiiiiririiereiererereesrseerssseerereresereserererrere.—.. 4-383
SHELL61: Axisymmetric-Harmonic Structural Shell ..., 4-393
SOLID62: 3-D Magneto-Structural SOl ..... ... 4-407
SHELLG3: EIaStiC SNEIL .....eiiiiiiieeee ettt ettt e e e e ettt e e e e e e s rbbaeeeeeeeeenns 4-415
SOLID64: 3-D Anisotropic Structural Solid ... 4-425
SOLID65: 3-D Reinforced Concrete SOl ..........uiiiiiiiiiiiiiiteee ettt ettt e e e e 4-431
PLANEG67: 2-D Coupled Thermal-Electric SOlid ..........uuuueuuiuiuiiiiiiiiiiiiiiiiieiiiiiiieieieiiieieieeeiereeeneeeenenennane. 4-441
LINK68: Coupled Thermal-Electric LINE ....cccooviiiiiiiic e, 4-447
SOLID69: 3-D Coupled Thermal-Electric SOlid .........uuuueuuiiiiiiiiiiiiiiiiiiiiiiiiiiieiaiiiiiiiereieieeeeaeereeeeerennneeeae 4-451
SOLID70: 3-D Thermal SOl ...c.eeeeeiiieeee ettt ettt e ettt e e e e e s e abbeaeeeeeeeeas 4-457
MASS7T: TREIMAIIMASS ...ttt ettt e e e e e ettt e e e e e e e s abbbeeeeeeees s sabbaaeeeas 4-463
HYPER74: 2-D 8-Node Mixed u-P Hyperelastic SOlid .........oooouuiiiiiiiiiiiiiiiieeec et 4-467
PLANE75: Axisymmetric-Harmonic 4-Node Thermal Solid .........coocuiiiiiiiiiiiiiieeeeeeeeeceee e 4-473
PLANE77: 2-D 8-Node Thermal SOHd .........cciiiiiiiiiiiiiee ettt ettt ettt e e e e e s 4-477
PLANE78: Axisymmetric-Harmonic 8-Node Thermal Solid ..........ccccuiiiiiiiiiiiiiiiiiieeeeeeeeiiecceeee e 4-481
FLUID79: 2-D Contain@d FIUIA ....ccoeeueeiiiiiieieee ettt ettt ettt e e e e ettt e e e e e e e sebeeaees 4-487
FLUID80: 3-D Contain@d FIUIA ....cceeeiiiiiiiiiieee ettt ettt ettt e e e e e sttt e e e e e e s eebeeaees 4-491
FLUID81: Axisymmetric-Harmonic Contained FIUid ...........ccooiiiiiiiiiiiiiiiiiiieeee e 4-497
PLANES82: 2-D 8-Node STructural SOl .......c.coiiiiiiiiiiiiiiiiei ettt ettt e e e e 4-503
PLANE83: Axisymmetric-Harmonic 8-Node Structural Solid ..........ccccuiiiiiiiiiiiniiiiiiiineeeeeeeeeee, 4-511
HYPER84: 2-D HyperelastiC SOl .....cccoiiiiiiiiiiieii ettt e e e ettt e e e e e e s e 4-519
HYPER86: 3-D HyperelastiC SOl .....cccoiiiiiiiiiiiiie ettt ettt e e e e ettt e e e e e e 4-527
SOLID87: 3-D 10-Node Tetrahedral Thermal SOlid .......ccueeiiiiiiiiiiiec e 4-533
VISCO88: 2-D 8-Node ViscoelastiCc SOl .........uuieiiiiiiiiiiiiteeet ettt ee e 4-537
VISCO89: 3-D 20-Node VisCOelastic SOl ......cceiiiiriiiiiiiiieiiiieeeitee ettt e e e e 4-543

viii

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.



ANSYS Elements Reference

SOLID90: 3-D 20-Node Thermal SOid ...... ... s 4-549
SHELL91: Nonlinear Layered Structural Shell ............coooiiiiiiiiiieiieee et 4-555
SOLID92: 3-D 10-Node Tetrahedral Structural Solid ..., 4-569
SHELL93: 8-Node Structural SNell .......ccoooiiiiiiieeeeee e 4-575
CIRCU94: PiezZOlECHIIC CIFCUIT ...uvvvviiiiiiiiiiiiiiteereiessterssesesesereseserersreeereeerereseserererererererer.ee... 4-583
SOLID95: 3-D 20-Node Structural SOl .........iiiieieieeiiciecccccecccecececeeee e nan 4-591
SOLID96: 3-D Magnetic SCAlar SOIId ........uuuiiiiiiiiiiiiiiiiiiiiiiiieireeerierrrreeseererrerrrerrrereeereer————————————.. 4-601
SOLID97: 3-D Magnetic SOlid ..o, 4-607
SOLID98: Tetrahedral Coupled-Field Solid ..o 4-619
SHELL99: Linear Layered Structural Shell .........co.eeiiiiiiiiiiiee ettt 4-627
VISCO106: 2-D 4-Node Viscoplastic SOlid .......ccoiiiiiiiiiiiiiiieeeeeeeeeeeeee 4-641
VISCO107: 3-D 8-Node Viscoplastic SOlid .......ccoviiiiiiiiiiiiiieeeeeeeeeeeee e, 4-647
VISCO108: 2-D 8-Node Viscoplastic SOlid .......ccoiiiiiiiiiiiiiiieeeeeeeeeeeeeee e, 4-653
TRANS109: 2-D Electromechanical TranSAUCET .....cccevviiiiiiiiiiiieeeeeeeeeeee e, 4-659
INFINTT0: 2-D INFINIE SO ..eveiiiiiiiiieeiiiee ettt e s e s st e e e s s abaeeesnnabaeesensaees 4-663
INFINTT1:3-D INFINIE SO ..vveeieiiiieeeeiie ettt e srre e s st e e s s aba e e e e sabbaeeseaeaees 4-669
INTERT15: 3-D MagnetiC INTEITACE ....uvvvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiviviaivteeeraereaeareeeeeeeseeasaeseeraesessesnnerenes 4-673
FLUID116: Coupled Thermal-FIUid Pipe ....cocieieiecececececececece e s e s s e e s e s e s e e s e e e e 4-677
SOLID117:3-D 20-Node Magnetic SOIId ........uuuuuuuiiii e 4-687
HF118: 2-D High-Frequency Quadrilateral SOlid ..........cc.uuviiiiiiiiiiiiiteeee et 4-697
HF119: 3-D High-Frequency Tetrahedral SOlid ..........coooiiiiiiiiiiiiieeeeieeee e 4-703
HF120: 3-D High-Frequency Brick SOld ........ccooiiiiiiiiiiiiiieeeee ettt 4-711
PLANE121: 2-D 8-Node Electrostatic Solid ... 4-719
SOLID122: 3-D 20-Node Electrostatic SOId .......cociiieiiieieiiieicieieceieceieses e ses s s s s s 4-725
SOLID123: 3-D 10-Node Tetrahedral Electrostatic SOlid .........ccooveieieieieieiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 4-731
CIRCUT24: EI@CEIC CIFCUIT 1evvvvvrrririreereesusesssesesssesssesssesssesssssesesssesesssesessseseseseserereserererererermrererrr 4-737
CIRCUT25: DIOTE ettt ettt ettt ettt e ettt e e e sttt e e st e e s st e e e esabbeeeessbaaaessastaeeeenasaaeessnsaeeesnnsenes 4-749
TRANS126: Electromechanical TraNSAUCET .........uuvuuuuurueiiiiiiriiriuirrrierereeareeererererererererrer———————. 4-755
SOLID127: 3-D Tetrahedral Electrostatic Solid p-Element .......cccooeeeiiiiiiieiiiiieiecececccccecececeeeceee e 4-765
SOLID128: 3-D Brick Electrostatic Solid p-Element ..., 4-769
FLUID129: 2-D INfiNIt@ ACOUSTIC ..uvvvutiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiittituerereesaseresasarrerseeesrarererererersrerararrrrrrrrnnre. 4-773
FLUID130: 3-D INfiNIt@ ACOUSTIC ..vvvvvtiiieiiiiiiiiiiiiiiiiiiitiiiiitiittitierereuersrseseeaseersrersrereserererersrerararrrrrrrrrane. 4-777
SHELL131: 4-Node Layered Thermal Shell ........ccooo ittt ee e e 4-781
SHELL132: 8-Node Layered Thermal Shell ........ccooo ittt ee e e 4-787
FLUID136: 3-D Squeeze Film Fluid Element ..., 4-793
FLUID138: 3-D Viscous Fluid LInK Element ........ccooeiiiiiiiiiie, 4-797
FLUID139: 3-D Slide Film FIUId EI@MENT .....vviiiiiiiiiiiiiiiiiriririiisirisieiresesesesesererereeerererererererererer... 4-801
(IO Iy R I I o [ o B I 7= ' o =Y 4-807
IV TN I e B I I o [T o I 1= ' o =Y 4-817
SHELL143: 4-Node Plastic Small Strain Shell ............uvvviiiiiiiiiiiiiiiiiiiiiririerererrreeresrreeereeerererereeeeerere.. 4-827
ROM144: Reduced Order Electrostatic-StruCtUral .............uuuuiuiuiriiiiiiiiiiiiiieieieiereiererererererere... 4-835
PLANE145: 2-D Quadrilateral Structural Solid p-Element ..., 4-839
PLANE146: 2-D Triangular Structural Solid p-EI€mMeNt ..........evvviiiiiiiiiiiiiiiiiriiiiieeriereeeeeseeeeereeeeerereneeen. 4-845
SOLID147: 3-D Brick Structural Solid p-Element ..., 4-849
SOLID148: 3-D Tetrahedral Structural Solid p-EI€ment ...........evvviiviiiiiriiiiiiirieirieeeerrereeeeeeeeeeeeeeeeeeeeeee. 4-853
SHELL150: 8-Node Structural Shell p-Element ...........uuueeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiieieieeeierererereeneeeeeae. 4-857
SURF151:2-D Thermal SUrface EffeCt ........uuuiiiiiiiiiiiiiiiiiiiiiiiirieirisereesssssreesesrseseressseresrseee.. 4-863
SURF152: 3-D Thermal SUrface EffeCt ........uuuiiiiiiiiiiiiiiiiiiiiiiiirieirieesisessessseseseseseresesssesesereres.. 4-871
SURF153: 2-D Structural SUface EffeCt ........uuuuuuiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaieiiieieiereseieeeeeeeresanerenererennneenne 4-879
SURF154: 3-D Structural SUface EffeCt ........uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieieiasareseiereeeeesaenrereeeeereranreene 4-885
SHELL157: Thermal-EleCtric SNell ... ... s e s e s e s e s e s e e e e e e e e e 4-891
HYPER158: 3-D 10-Node Tetrahedral Mixed u-P Hyperelastic Solid ...........coocuuiiiiiiiiiiiniiiiiiieeeeeees 4-897

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.



ANSYS Elements Reference

LINKT60: EXPIiCit 3-D SPAr (OF TIUSS) .vvvvvvvvvrurerererrursererssssssssssesssssessssssssssssssssssssssssresesesmsmrerm.. 4-903
BEAMT6T: EXPIICIt 3-D BAM ..ccevviieiieieiiieiiieieieeeieeeeeeeeeeeeeeeeeeeeeeseseeeeesessessssesrsssssssressesessssererereeesereeeees 4-905
PLANE162: Explicit 2-D Structural SOl ......ccooeeeeeieeeee e 4-917
SHELL163: Explicit Thin Structural SREll ..........oovvviiiiiiiiiiiiiiiiieieeeeeeeeeee e eeee e eereeeeeeeesssesesesreeeeeee 4-923
SOLID164: Explicit 3-D Structural SOl .....ccooeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e 4-933
COMBI165: EXPlicit SPriNG-DamPer ....ccccciiiiiiiiiiiieeeeeeeeeeeeeeeeeee et e e e e e e e e e e e e e e e 4-939
MASS166: EXPliCit 3-D StrUCTUIal MASss ....ccoeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e e 4-943
LINK167: EXPlicit TENSION-ONIY SPAT ..iiiiiiiiiiiiiiiiiiteee ettt e e e ettt e e e e s e sttt e e e e e s e sesaberaeaeeeseens 4-945
SOLID168: Explicit 3-D 10-Node Tetrahedral Structural Solid .................c.c 4-949
TARGET69: 2-D Targelt SEOMENT ...cccvviiiiieeiiieeeiitieie e e e eeeettiiiere e e e e eeeetarta e e e eeeaeeasssnasaeeseaessssssnnnaeesaaans 4-953
TARGET170: 3-D Targel SEOMENT ...cccvviiiiieeiiieeeiiiiiie e e eeeettiiieie e e e e eeeetabaa e e e seeeesasssnnsaeessaessnsssnnnnsasaaans 4-959
CONTA171: 2-D 2-Node Surface-to-Surface Contact ........ccoeeveeiiiiiii 4-967
CONTA172: 2-D 3-Node Surface-to-Surface CONTACE ......evvvvviieiiiiriiiiiiiiieeieeererererererererererererererer... 4-979
CONTA173: 3-D 4-Node Surface-to-Surface Contact ........coeeeviiiiiiii 4-991
CONTA174: 3-D 8-Node Surface-to-Surface Contact ........ccoeeevviiiiiiii, 4-1003
CONTA175: 2-D/3-D Node-to-SUrface CONLACT .....uuuuuuuiiiiiiiieieieeeiee e aen 4-1015
CONTA178: 3-D NOAe-t0-NOAE CONTACT ....uuvvviviiiiiiiiiiiieiiieierrrreerrsrrerererererererrrrrrrerrre——————————. 4-1029
PRETST79: PreteNSION . .iiiiiiiiiiieee e et eeetiiiieee e e e e et etrub i ese e e e eeeeetabaa e eeseeeeaeesasasaesesaseesssssnnnassseeessesrsnnn 4-1043
LINK180: 3-D Finite STrain SPar (OF TIUSS) «.icceuuiuuiieeeeeeeiitiiiiiiineeeeeeettiiiisneeeeeeessnssnnneseseesssnsssnnneeesaenns 4-1047
SHELL181: 4-Node Finite Strain SRell ..........uueunee s 4-1053
PLANE182: 2-D 4-Node Structural SOl ......ccoeeieeiieieieieeeeeeeeececeeeeceeeeeeeeeeee e e e e e e e e e e 4-1067
PLANE183: 2-D 8-Node Structural SOl ......ccooeeeiiieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e 4-1075
MPC184: Multipoint Constraint Elements: Rigid Link, Rigid Beam, Slider, Spherical, Revolute, Univer-
T | IRt 4-1083
SOLID185: 3-D 8-Node Structural SOl ........ccoiiieeiiiiiieeice e nen 4-1103
SOLID186: 3-D 20-Node Structural SOlId ..........uvviiiiiiiiiiiiiiiiiiiiiiiiirereieerrrrererererererereree———————. 4-1111
SOLID187: 3-D 10-Node Tetrahedral Structural SOlid .............euvvviiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeereee. 4-1119
BEAM188: 3-D Linear Finite Strain BEAM ......cccoiiiiiiiiiiiiieie et e e eeeevvaiss e e s e e e eeeaaaaanes 4-1125
BEAM189: 3-D Quadratic Finite Strain BEAM ...........uuviuiiiiiiiiiiiiiiiiiiiiiiiiieieieieeererereiereeererr———.. 4-1139
SOLID191: 3-D 20-Node Layered Structural SOlid ...........ccooiiiiiiiiiiiiiiiiiiiniiieee et 4-1153
INTER192: 2-D 4-Node Gasket .....cooiiiiiiiii 4-1163
INTER193: 2-D 6-Node Gasket .....ccooiiiiiiiii 4-1167
INTERT94: 3-D T6-NOUE GASKEL ....ieieieieieieieieieieieieiesesesesesesesesesesese s e s e s e s e sesesesesesese s sesesasesesesasasasasnses 4-1171
INTER195: 3-D 8-Node Gasket .....ccoiiiiiiiiii 4-1175
MESH200: MeShing Facet .....ccooeiiiiiiiiic e 4-1179
SHELL208: 2-Node Finite Strain Axisymmetric Shell ... 4-1183
SHELL209: 3-Node Finite Strain Axisymmetric Shell ... 4-1191
PLANE223: 2-D 8-Node Coupled-Field SOlid ...........uuuuriuiiiuiiiiiiiiiiiiiiiiiiieiiieieieieiereeeeeeereeererenaee... 4-1199
SOLID226: 3-D 20-Node Coupled-Field Solid .......cccooviiiiiiiiiii, 4-1205
SOLID227: 3-D 10-Node Coupled-Field Solid ........ccooviiiiiiiiiiiiie, 4-1211
PLANE230: 2-D 8-Node Electric Solid .......cooviiiiiiiiii 4-1217
SOLID231:3-D 20-Node EIeCtric SOl ... .uuuiieiiieccieiecceeceee s aen 4-1223
SOLID232: 3-D 10-Node Tetrahedral Electric Solid ..........cooovviiiiiiiii, 4-1227
2] o] [TeTe ] c=T o] 1) AR OO U P TP SUPPUPRROPPPP 1231
[T L2 PP PPPPPPPPRS Index-1

List of Figures

2.1. Shape MemOry AlIOY PRASES ......cciiiiiiiiiiiiieee ittt e e ettt e s et e e s e bt e e s sbbeeeessrneeesaans 2-53
2.2. Generalized Plane Strain Deformation ..........cc.ueeiiiiiiieeiiiiiee ettt e e e e e 2-62
2.3. Axisymmetric Radial, Axial, Torsion and Moment LOadings .........ceeeerireeeiriiieeeiniiieeeeieeeeesieeee e 2-65

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.



ANSYS Elements Reference

2.4.Bending and Shear Loading (ISYM = 1) ...ccuiiiiiiiiiiiiiieiiiieeeereeeeieesesesesereseseseseserererereserererererare.. 2-66
ST VT 11 (o) 4 WY (T =1 Mo To 11 Yo L3 2-67
2.6. Bending and Shear Loading (ISYM = =T) ....uuuuuu e ananaen 2-67
2.7. Displacement and Force Loading Associated with MODE=2and ISYM =1 ......cccovvrrririirriiriieereereeennen, 2-68
List of Tables

2.1. Output Available through ETABLE ...........uuuuuuiuitiititirieeteeetirerereeeeeeeerereeeeeeeeereseeesesseseeeseere.. 2-6
2.2. Orthotropic Material Failure Criteria Data .........uuuueieeiieeieiiicciee e e e e e e et e e e e e e e eearsneeeeeeeseeens 2-8
2.3. LiN€ar Material PrOPEITIES ......ccceviiiiiiiie e e eeeeeeiciee e e e e e e ee et eee e e e e e e ee ettt eaaeeeeeeeasssnnanaeeeeeesessssnnnnaseseessenes 2-15
[ g o [ @ =Y =Y o3 =le [N =Y Lo o 1SR 2-43
2.5. Shape Memory Aoy CONSTANTS ...cciviiiiiiiiiiiiiiiiiieiieeeee et eeee e e e eeeeeeeeeeeeeeeeeeaeaeeeeeeeeeeeasasaeens 2-52
2.6. Material Model Combination POSSIDIlITIES ........civiiiiiiiiiiiiiiiiiiiiiiieiieieieeeeeeeeeeereeeeereeerereeerereeesesesesesereee 2-56
2.7. Surface Loads Available in EACh DiSCIPIINE .......uvvvviiiriiiiiiiiiiiiiiiiiiiiiiririrererererererererererererrrerararererara.———.. 2-59
2.8. Body Loads Available in Each DiSCIPIiNG ......uuueuiieieieresrere s 2-59
2.9. Elements Having Nonlinear Geometric Capability ...........uuuuieiiiiiiiiiiiiiii e 2-69
2.10. Number of Independent Pressure DOFs in ONne EIEMENT ..........vvvvvriiiiiiiiiiiiiiiiirirererriereeerererererene... 2-72
2.11. Recommendation Criteria for Element Technology (Linear Material) ...........cceeevvvvvieeeeriesccciireeeeeeenn, 2-74
2.12. Recommendation Criteria for Element Technology (Nonlinear Materials) .........cccovveeeeeeiercccrieeeennnn. 2-75
3.1. List of Elements by ClassifiCation ...........cciieiiereioiiiieieeeeeeecciieeeee e e eeseirree e e e e s e s snrrreeeeesesesnnrnnaeeeaeeeeas 3-2

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc. Xi



xii



Chapter 1: About This Manual

Welcome to the ANSYS Elements Reference. This manual contains a complete library of detailed ANSYS element
descriptions, arranged in order by element number. It is the definitive reference for element documentation.

1.1. Guide to the ANSYS Documentation

This manual is just one part of the ANSYS product documentation set, which includes the ANSYS Operations
Guide, the ANSYS Modeling and Meshing Guide, the ANSYS Basic Analysis Guide, the ANSYS Advanced Analysis
Techniques Guide, specific analysis guides, the ANSYS Commands Reference, the ANSYS Elements Reference, and
the ANSYS, Inc. Theory Reference. Taken together, these manuals provide descriptions of the procedures, commands,
elements, and theoretical details needed to use the ANSYS program. A brief description of the information found
in each of the manuals follows:

ANSYS Operations Guide: Describes basic ANSYS operations (starting, stopping,etc.) and use of the graphical user
interface (GUI).

ANSYS Modeling and Meshing Guide: Explains how to build a finite element model and mesh it.

ANSYS Basic Analysis Guide: Describes tasks that apply to any type of analysis, including applying loads to a
model, obtaining a solution, and using the ANSYS program's graphics capabilities to review results.

ANSYS Advanced Analysis Techniques Guide: Discusses techniques commonly used for complex analyses or by
experienced ANSYS users, including design optimization, submodeling, and substructuring.

ANSYS Structural Analysis Guide: Describes how to perform structural analyses: static, modal, harmonic, transient,
spectrum, buckling, nonlinear, contact, fracture, composite, fatigue, p-method, explicit dynamics, and beam.

ANSYS Thermal Analysis Guide: Describes how to do steady-state or transient thermal analyses.

ANSYS Low-Frequency Electromagnetic Analysis Guide: Explains techniques for doing transient, static, or harmonic
magnetic analyses; current conduction analysis; and electrostatic and circuit analysis.

ANSYS Fluids Analysis Guide: Describes how to perform laminar or turbulent, thermal or adiabatic and compressible
or incompressible flow analysis and how to do multiple species transport and volume of fluid analyses.

ANSYS Coupled-Field Analysis Guide: Explains how to do indirect and direct coupled-field analysis (an analysis that
accounts for the interaction between two or more engineering disciplines).

ANSYS Commands Reference: Describes the syntax of all ANSYS commands and is organized alphabetically.

ANSYS Elements Reference: Describes the ANSYS element library: figures, input data, output data, and other details
of all ANSYS elements.

ANSYS, Inc. Theory Reference: Describes theory and ANSYS implementation of all ANSYS features: finite elements,
solvers, postprocessors, elements, etc. This manual describes the relationship between input data and output
results produced by the program and is essential for a thorough understanding of how the program functions.

All of the above manuals are available online through the ANSYS Help System, which can be accessed either as
a stand-alone system or from within the ANSYS program.

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.



Chapter 1: About This Manual

NOTICE

The following manuals provide the complete specification of the ANSYS program referenced in your license
agreement:
« ANSYS Basic Analysis Guide
ANSYS Advanced Analysis Techniques Guide
ANSYS Operations Guide
ANSYS Modeling and Meshing Guide
ANSYS Structural Analysis Guide
«  ANSYS Thermal Analysis Guide
+  ANSYS Low-Frequency Electromagnetic Analysis Guide
+  ANSYS Fluids Analysis Guide
« ANSYS Coupled-Field Analysis Guide
+  ANSYS Elements Reference
+ ANSYS Commands Reference
« ANSYS, Inc. Theory Reference

This specification describes how to use the program, input required for commands and elements, and how the
input data relate to the output.

Other documents (such as the ANSYS Tutorials and seminars, various Supplements, etc.) may be referenced by or
listed in the ANSYS manuals listed above. However, these other documents are offered solely as aids, and do not
undergo the same rigorous verification that the ANSYS manuals listed above do. No documents other than the

manuals listed above are considered to be part of the formal program specification as stated in your license agreement.

1.2. The ANSYS Elements Reference

The ANSYS Elements Reference is intended to give you information on individual ANSYS elements. See Chapter 2,
“General Element Features” for detailed information on the features included in element documentation. See
Chapter 3, “Element Characteristics” for lists of element characteristics.

This manual is not intended to be your primary source of procedural information - look in the appropriate ana-
lysis guides for introductory and procedural guidelines.

1.2.1. Conventions Used in this Manual

ANSYS manuals use the following conventions to help you identify various types of information:

Typestyle or text|Indicates

BOLD Uppercase, bold text indicates command names (such as K,DDELE)
or elements (LINK1).

Bold>Bold Bold text in mixed case indicates a GUI menu path, which is a series
of menu picks used to access acommand from the GUI. One or more
angle brackets (>) separate menu items in a menu path. Frequently
in text, an ANSYS command is followed by its GUI equivalent in
parentheses: the *GET command (Utility Menu> Parameters> Get
Scalar Data)
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Type style ortext|Indicates

ITALICS Uppercase italic letters indicate command arguments for numeric
values (such as VALUE, I NC, TI ME). On some commands, non-numeric
convenience labels (for example, ALL and P) can also be entered for
these arguments.

Italics Mixed case italic letters indicate command arguments for alphanu-
meric values (for example, Lab or Fname). The manual also uses italic
text for emphasis.

TYPEWRI TER Typewriter fontindicates command input listings and ANSYS output
listings.

Note-- This text introduces note paragraphs. A note contains information
that supplements the main topic being discussed.

Any mention of a command or element name in this volume implies a reference to the appropriate command
or element description (in the ANSYS Commands Reference or ANSYS Elements Reference manuals, respectively)
for more detailed information.

1.2.1.1. Product Codes

Near the top of the first page of each element description, you will see a list of product codes. These codes rep-
resent the products in the ANSYS Family of Products. The element is valid only for those products whose symbols
are listed. An element that is valid in the entire set of products would have the following list of products:

MP ME ST DY <> PREM <> FL PP ED

The codes represent each of the products in the ANSYS suite of products:

Code Product Code Product
MP ANSYS Multiphysics EM ANSYS Emag - Low Frequency
ME ANSYS Mechanical EH ANSYS Emag - High Frequency
ST ANSYS Structural FL ANSYS FLOTRAN
DY ANSYS LS-DYNA PP ANSYS PrepPost
\2) ANSYS DesignXplorer VT ED ANSYS ED
PR ANSYS Professional DP ANSYS LS-DYNA PrepPost

Note — While DP (ANSYS/LS-DYNA PrepPost) does not appear as a unique product code in the product
listings for commands and elements, it does appear as a separate product in other places in the manuals.

For a brief description of each product, see Section 1.2.2: Applicable ANSYS Products.

If the symbol for a product does not appear, then that element is either not valid or not applicable in the corres-
ponding product, and should not be used. For example, if the PR and FL symbols are not listed, the pertinent
element is not valid in the ANSYS Professional or ANSYS FLOTRAN products, but is valid in each of the remaining
ANSYS products.

1.2.2. Applicable ANSYS Products

This manual applies to the following ANSYS products:

ANSYS Multiphysics (includes all structural, thermal, electromagnetics, and computational fluid dynamics
(CFD) capabilities, excludes explicit dynamics)
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ANSYS Mechanical (includes all structural and thermal capabilities; excludes electromagnetics, CFD, and ex-
plicit dynamics capabilities)

ANSYS Structural (includes all structural linear and nonlinear capabilities)

ANSYS Professional

ANSYS Emag (Low Frequency and High Frequency)

ANSYS FLOTRAN

ANSYS LS-DYNA

ANSYS LS-DYNA PrepPost

ANSYS PrepPost

ANSYS ED

Some command arguments and element KEYOPT settings have defaults in the derived products that are different
from those in ANSYS Multiphysics. These cases are clearly documented under the "Product Restrictions" section
of the affected commands and elements. If you plan to use your derived product input file in ANSYS Multiphysics,
you should explicitly input these settings in the derived product, rather than letting them default; otherwise,
behavior in ANSYS Multiphysics will be different.

Note — While ANSYS Connection, Parallel Performance for ANSYS, and ANSYS LSF/Batch are included
as part of the ANSYS release distribution, they are separately-licensed products. Consult your ASD if you
want to install and run any of the separately-licensed products at your site.

Even though an element may be available in a particular product, some of its options may not be. Most element
descriptions contain a "Product Restrictions" section which details the specific restrictions the element has in
each of the products.

1.2.3. ANSYS Product Capabilities

Here is a complete list of engineering capabilities and the various ANSYS products in which these capabilities
can be found.

Capability Product Availability
Structural Linear
Static MP ME ST <> <> PR <> <> <> <> ED
Transient MP ME ST DY <> PR <> <> <> <> ED

3
m

Substructuring ST <> <> <> <> <> <> <> ED

Structural Nonlinear

Static MP ME ST <> <> PR <> <> <> <> ED
Transient MP ME ST DY <> <> <> <> <> <> ED
Geometric MP ME ST DY <> PR <> <> <> <> ED
Material MP ME ST DY <> <> <> <> <> <> ED
Element MP ME ST DY <> PR <> <> <> <> ED

Structural Contact/Common Boundaries

?
m

Surface to Surface ST DY <> PR <> <> <> <> ED

9
m

Node to Surface ST DY <> <> <> <> <> <> ED
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Capability

Product Availability

Node to Node MP ME ST <> <> PR <> <> <> <> ED
Pretension (bolts, etc.) MP ME ST <> <> <> <> <> <> <> ED
Interface (gaskets) MP ME ST <> <> <> <> <> <> <> ED
Structural Dynamic
Modal MP ME ST <> <> PR <> <> <> <> ED
Spectrum MP ME ST <> <> PR <> <> <> <> ED
Harmonic MP ME ST <> <> PR <> <> <> <> ED
Random Vibration MP ME ST <> <> <> <> <> <> <> ED
Structural Buckling
Linear MP ME ST <> <> PR <> <> <> <> ED
Nonlinear MP ME ST DY <> <> <> <> <> <> ED
Thermal Analysis
Steady State MP ME <> <> <> PR <> <> FL <> ED
Transient MP ME <> <> <> PR <> <> FL <> ED
Conduction MP ME <> <> <> PR <> <> FL <> ED
Convection MP ME <> <> <> PR <> <> FL <> ED
Radiation MP ME <> <> <> PR <> <> FL <> ED
Phase Change MP ME <> <> <> PR <> <> <> <> ED
CFD Analysis
Steady State MP <> <> <> <> <> <> <> FL <> ED
Transient MP <> <> <> <> <> <> <> FL <> ED
Incompressible MP <> <> <> <> <> <> <> FL <> ED
Compressible MP <> <> <> <> <> <> <> FL <> ED
Laminar MP <> <> <> <> <> <> <> FL <> ED
Turbulent MP <> <> <> <> <> <> <> FL <> ED
Forced Convection MP <> <> <> <> <> <> <> FL <> ED
Natural Convection MP <> <> <> <> <> <> <> FL <> ED
Conjugate Heat Transfer MP <> <> <> <> <> <> <> FL <> ED
Radiation Heat Transfer MP <> <> <> <> <> <> <> FL <> ED
Multiple Species Transport MP <> <> <> <> <> <> <> FL <> ED
MP <> <> <> <> <> <> <> FL <> ED

Newtonian Viscosity Model
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Capability Product Availability
Non-Newtonian Viscosity Model MW <> <> <> <> <> <> <> FL <> BD
Rotating Frames of Reference MP <> <> <> <> <> <> <> FL <> BED
Distributed Resistances & Sources MW <> <> <> <> <> <> <> FL <> BD
2-D Free Surface by VOF Method MP <> <> <> <> <> <> <> FL <> ED
Deformable Meshes (ALE Formulation) MW <> <> <> <> <> <> <> FL <> BED

Electromagnetic - Low Frequency

Electrostatics MP <> <> <> <> <> EM <> <> <> ED
Magnetostatics MP <> <> <> <> <> EM <> <> <> ED
LF-Electromagnetics MP <> <> <> <> <> EM <> <> <> ED
Current Conduction MP <> <> <> <> <> EM <> <> <> ED
Circuit Analysis &Coupling MP <> <> <> <> <> EM <> <> <> ED
Harmonic MP <> <> <> <> <> EM <> <> <> ED
Transient MP <> <> <> <> <> EM <> <> <> ED

Electromagnetics - High Frequency

Modal 2D-Waveguide/Cavity <> <> <> <> <> <> EH <> <> ED
Modal 3D-Waveguide/Cavity <> <> <> <> <> <> EH <> <> ED
Scattering <S> <> <> <> <> <> BEH <> <> ED
Harmonic <> <> <> <> <> <> EH <> <> ED

Perfect Electric & Magnetic Conductors <> <> <> <> <> <> EH <> <> ED

Impedance Boundaries <> <> <> <> <> <> EH <> <> BED

<> <> <> <> <> <> BEH <> <> ED

Perfectly Matched Absorber Boundaries

Near & Far Electromagnetic Field Extension <> <> <> <> <> <> EH <> <> ED

Antenna Radiation Patterns <> <> <> <> <> <> EH <> <> ED

Radar Cross Section <> <> <> <> <> <> EH <> <> ED

<> <> <> <> <> <> BH <> <> ED

High Frequency Modal

3 3| 3| 3| 3| 3I| 3| 3| 3| 3| 3 B

<> <> <> <> <> <> BH <> <> ED

High Frequency AC Harmonic

Field and Coupled-Field Analysis

Acoustics

Acoustics-Structural

EIectric—Magnetic <> <> <> <> <> EM<> <> <> ED

3 3| 3| 3

Fhﬂd_snuctura| <> <> <> <> <> <> <> <> <> ED
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Capability

Product Availability

Fluid-Thermal MP <> <> <> <> <> <> <> FL <> ED
Electromagnetic-Fluid M <> <> <> <> <> <> <> <> <> BD
Magnetic-Structural MP <> <> <> <> <> <> <> <> <> BED
Electromagnetic-Thermal M <> <> <> <> <> <> <> <> <> ED
Piezoelectric MP ME <> <> <> <> <> <> <> <> ED
Piezoresistive MP <> <> <> <> <> <> <> <> <> ED
Thermal-Electric MP ME <> <> <> PR <> <> <> <> ED
Thermal-Structural MP ME <> <> <> PR <> <> <> <> ED
Electric-Electromagnetic-Thermal-Structural [P ME <> <> <> <> <> <> <> <> ED
Solvers
Iterative MP ME ST <> <> PR EM EH FL <> ED
Sparse MP ME ST <> <> PR EM EH <> PP ED
Frontal MP ME ST <> <> PR EM EH <> PP ED
Explicit <> <> <> DY < <> <> <> <> <> ED
Preprocessing
Solid Modeling MP ME ST DY <> PR EM <> FL PP ED
Defeaturing MP ME ST DY <> PR EM <> FL PP ED
IGES Geometry Transfer MP ME ST DY <> PR EM <> FL PP ED
Meshing MP ME ST DY <> PR EM <> FL PP ED
Loads and Boundary Conditions (Solid Model, |MP ME ST DY <> PR EM EH FL PP ED
Tabular, & Function)
Postprocessing
Contour Displays MP ME ST DY <> PR EM EH FL PP ED
Vector Displays MP ME ST DY <> PR EM EH FL PP ED
Isosurface Displays MP ME ST DY <> PR EM EH FL PP ED
Slicing planes MP ME ST DY <> PR EM EH FL PP ED
Particle Tracing MP <> <> <> <> <> EM EH FL PP ED
Animation MP ME ST DY <> PR EM EH FL PP ED
Results Listing MP ME ST DY <> PR EM EH FL PP ED
Output (VRML, Postscript, TIFF) MP ME ST DY <> PR EM EH FL PP ED
General Features

MP ME ST DY <> PR EM EH FL PP ED

HTML Report Generation
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Capability Product Availability

Probabilistic Design System (PDS) ST DY <> PR EM EH FL <> ED

Submodeling ST <> <> PR EMEH FL PP ED

Optimization ST DY <> PR EM EH FL <> ED

ANSDPS Parametric Design Language (APDL) ST DY <> PR EM EH FL PP ED

3 3| 3| 3| 3
m| m| m| @ m

Parametric Simulation ST DY <> PR EM EH FL PP ED

VariationaITechno|ogy <> <> <> <> VT <> <> <> <> <> <>
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2.1. Element Input

Many features are common to all ANSYS elements in the element library. These features are discussed in this
chapter. The individual elements are described in Chapter 4, “Element Library”, which includes a summary table
of element input. See BEAM3 Input Summary for a sample input data table. This table usually contains the fol-
lowing items:

Element Name
Nodes

Degrees of Freedom
Real Constants
Material Properties
Surface Loads

Body Loads

Special Features
KEYOPTS

Details on these items follow:

2.1.1. Element Name

The ANSYS element library consists of more than 100 different element formulations or types. (Not all element
types or features are available in all ANSYS products. These restrictions are detailed in Section 4.n.4, "Product
Restrictions," for each element.) An element type is identified by a name (8 characters maximum), such as BEAM3,
consisting of a group label (BEAM) and a unique, identifying number (3). The element descriptions in Chapter 4,
“Element Library” are arranged in order of these identification numbers. The element is selected from the library
for use in the analysis by inputting its name on the element type command [ET]. See Section 3.1: Lists of Element
Types for a list of all available elements.

2.1.2. Nodes

The nodes associated with the element are listed as |, J, K, etc. Elements are connected to the nodes in the sequence
and orientation shown on the input figure for each element type. This connectivity can be defined by automatic
meshing, or may be input directly by the user with the E command. The node numbers must correspond to the
order indicated in the "Nodes" list. The | node is the first node of the element. The node order determines the
element coordinate system orientation for some element types. See Section 2.3: Coordinate Systems for a de-
scription of the element coordinate system.

2.1.3. Degrees of Freedom

Each element type has a degree of freedom set, which constitute the primary nodal unknowns to be determined
by the analysis. They may be displacements, rotations, temperatures, pressures, voltages, etc. Derived results,
such as stresses, heat flows, etc., are computed from these degree of freedom results. Degrees of freedom are
not defined on the nodes explicitly by the user, but rather are implied by the element types attached to them.
The choice of element types is therefore, an important one in any ANSYS analysis.
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2.1.4. Real Constants

Data which are required for the calculation of the element matrix, but which cannot be determined from the
node locations or material properties, are input as "real constants." Typical real constants include area, thickness,
inner diameter, outer diameter, etc. A basic description of the real constants is given with each element type.
The ANSYS, Inc. Theory Reference section describing each element type shows how the real constants are used
within the element. The real constants are input with the R command. The real constant values input on the
command must correspond to the order indicated in the "Real Constants" list.

2.1.5. Material Properties

Various material properties are used for each element type. Typical material properties include Young's modulus
(of elasticity), density, coefficient of thermal expansion, thermal conductivity, etc. Each property is referenced
by an ANSYS label - EX, EY, and EZ for the directional components of Young's modulus, DENS for density, and so
on. All material properties can be input as functions of temperature.

Some properties for non-thermal analyses are called linear properties because typical solutions with these
properties require only a single iteration. Properties such as stress-strain data are called nonlinear because an
analysis with these properties requires an iterative solution. A basic description of the linear material properties
is given in Section 2.4: Linear Material Properties and of the nonlinear properties in Section 2.5: Data Tables -
Implicit Analysis. Linear material properties are input with the MP family of commands while nonlinear properties
are input with the TB family of commands. Some elements require other special data which need to be input in
tabular form. These tabular data are also input with the TB commands and are described with the element in
Chapter 4, “Element Library”, or in Section 2.5: Data Tables - Implicit Analysis if they apply to a family of elements.
The ANSYS, Inc. Theory Reference shows how the properties and special data are actually used within the element.

Material models used in explicit dynamic analyses are discussed in Material Models in the ANSYS LS-DYNA User's
Guide.

2.1.6. Surface Loads

Various element types allow surface loads. Surface loads are typically pressures for structural element types,
convections or heat fluxes for thermal element types, etc. See Section 2.8:Node and Element Loads for additional
details.

2.1.7.Body Loads

Various element types allow body loads. Body loads are typically temperatures for structural element types, heat
generation rates for thermal element types, etc. See Section 2.8: Node and Element Loads for details. Body loads
are designated in the "Input Summary" table of each element by a label and a list of load values at various locations
within the element. For example, for element type PLANE42, the body load list of "Temperatures: T(1), T(J), T(K),
T(L)" indicates that temperature body loads are allowed at the |, J, K, and L node locations of the element. Body
loads are input with the BF or BFE commands. The load values input on the BFE command must correspond to
the order indicated in the "Body Load" list.

2.1.8. Special Features

The keywords in the "Special Features" list indicate that certain additional capabilities are available for the element.
Most often these features make the element nonlinear and require that an iterative solution be done. For a de-
scription of the special feature "Plasticity," see Section 2.5.1: Nonlinear Stress-Strain Materials; for "Creep," see
Section 2.5.11: Creep Equations; and for "Swelling," see Section 2.5.13: Swelling Equations. See Nonlinear Struc-
tural Analysis in the ANSYS Structural Analysis Guide and the ANSYS, Inc. Theory Reference for information about
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"Large Deflection," "Large Strain," "Stress Stiffening," "Adaptive Descent,"” "Error Estimation,” "Birth and Death,"
"Hyperelasticity," and "Viscoelasticity."

2.1.9. KEYOPTS

KEYOPTS (or key options) are switches, used to turn various element options on or off. KEYOPT options include
stiffness formulation choices, printout controls, element coordinate system choices, etc. A basic description of
the KEYOPTS is given with each element type. The ANSYS, Inc. Theory Reference section for the element type
shows how some of the KEYOPTS are used within the element. KEYOPTS are identified by number, such as KEY-
OPT(1), KEYOPT(2), etc., with each numbered KEYOPT able to be set to a specific value. Values for the first six
KEYOPTS (KEYOPT(1) through KEYOPT(6)) may be input with the ET or KEYOPT commands. Values for KEYOPT(7)
or greater on any element are input with the KEYOPT command.

Note — The defaults for element key options are chosen to be most convenient for the ANSYS product
you are using, which means that some of the defaults may be different in some of the ANSYS products.
These cases are clearly documented under the "Product Restrictions" section of the affected elements.

If you plan to use your input file in more than one ANSYS product, you should explicitly input these set-
tings, rather than letting them default; otherwise, behavior in the other ANSYS product may be different.

2.2. Solution Output

The output from the solution consists of the nodal solution (or the primary degree of freedom solution) and the
element solution (or the derived solution). Each of these solutions is described below. Solution output is written
to the output file (Jobname.OUT, also known as the “printout”), the database, and the results file Jobname.RST,
Jobname.RTH, Jobname.RMG, or Jobname.RFL). The output file can be viewed through the GUI, while the
database and results file data (sometimes called the “post data”) can be postprocessed.

The output file contains the nodal DOF solution, nodal and reaction loads, and the element solutions, depending
on the OUTPR settings. The element solutions are primarily the centroidal solution values for each element.
Most elements have KEYOPTS to output more information (e.g. integration points).

The results file contains data for all requested [OUTRES] solutions, or load steps. In POST1, you issue the SET
command to identify the load step you wish to postprocess. Results items for the area and volume elements are
generally retrieved from the database by commands such as PRNSOL, PLNSOL, PRESOL, PLESOL, etc. The labels
on these commands correspond to the labels shown in the input and output description tables for each element
(such as PLANE42 Input Summary and Table 42.1: “PLANE42 Element Output Definitions” for PLANE42). For ex-
ample, postprocessing the X-stress (typically labeled SX) is identified as item S and component X on the postpro-
cessing commands. Coordinate locations XC, YC, ZC are identified as item CENT and component X, Y, or Z. Only
items shown both on the individual command and in the element input/output tables are available for use with
that command. An exception is EPTO, the total strain, which is available for all structural solid and shell elements
even though it is not shown in the output description tables for those elements.

Generic labels do not exist for some results data, such as integration point data, all derived data for structural
line elements (such as spars, beams, and pipes) and contact elements, all derived data for thermal line elements,
and layer data for layered elements. Instead, a sequence number is used to identify these items (described below).

2.2.1. Nodal Solution

The nodal solution from an analysis consists of:

+ the degree of freedom (DOF) solution, such as nodal displacements, temperatures, and pressures
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+ the reaction solution calculated at constrained nodes - forces at displacement constraints, heat flows at
temperature DOF constraints, fluid flows at pressure DOF constraints, and so on.

The DOF solution is calculated for all active degrees of freedom in the model, which are determined by the union
of all DOF labels associated with all the active element types. It is output at all degrees of freedom that have a
nonzero stiffness or conductivity and can be controlled by OUTPR,NSOL (for printed output) and OUTRES,NSOL
(for results file output).

The reaction solution is calculated at all nodes that are constrained (D, DSYM, etc.). Its output can be controlled
by OUTPR,RSOL and OUTRES,RSOL.

For vector degrees of freedom and corresponding reactions, the output during solution is in the nodal coordinate
system. If a node was input with a rotated nodal coordinate system, the output nodal solution will also be in the
rotated coordinate system. For a node with the rotation 6,, = 90°, the printed UX solution will be in the nodal X

direction, which in this case corresponds to the global Y direction. Rotational displacements (ROTX, ROTY, ROTZ)
are output in radians, and phase angles from a harmonic analysis are output in degrees.

2.2.2. Element Solution

The element output items (and their definitions) are shown along with the element type description. Not all of
the items shown in the output table will appear at all times for the element. Normally, items not appearing are
either not applicable to the solution or have all zero results and are suppressed to save space. However, except
for the coupled-field elements PLANE223, SOLID226, and SOLID227, coupled-field forces appear if they are
computed to be zero. The output is, in some cases, dependent on the input. For example, for thermal elements
accepting either surface convection (CONV) or nodal heat flux (HFLUX), the output will be either in terms of
convection or heat flux. Most of the output items shown appear in the element solution listing. Some items do
not appear in the solution listing but are written to the results file.

Most elements have 2 tables which describe the output data and ways to access that data for the element. These
tables are the "Element Output Definitions" table and the "ltem and Sequence Numbers" tables used for accessing
data through the ETABLE and ESOL commands.

2.2.2.1. The Element Output Definitions Table

The first table, "Element Output Definitions," describes possible output for the element. In addition, this table
outlines which data are available for solution printout (Jobname.OUT and/or display to the terminal), and which
data are available on the results file (Jobname.RST, Jobname.RTH, Jobname.RMG, etc.). It's important to re-
member that only the data which you request with the solution commands OUTPR and OUTRES are included
in printout and on the results file, respectively. See Table 3.1: “BEAM3 Element Output Definitions” for a sample
element output definitions table. As an added convenience, items in this table which are available through the
Component Name method of the ETABLE command are identified by special notation (;) included in the output
label. See The General Postprocessor (POST1) in the ANSYS Basic Analysis Guide for more information. The label
portion before the colon corresponds to the Item field on the ETABLE command, and the portion after the colon
corresponds to the Comp field. For example, S:EQV is defined as equivalent stress, and the ETABLE command
for accessing this data would be:

ETABLE,ABC,S,EQV

where ABC is a user-defined label for future identification on listings and displays. Other data having labels
without colons can be accessed through the Sequence Number method, discussed with the “Item and Sequence
Number” tables below.
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In some cases there is more than one label which can be used after the colon, in which case they are listed and
separated by commas. The Definition column defines each label and, in some instances, also lists the label used
on the printout, if different. The O column indicates those items which are written to the output window and/or
the output file. The R column indicates items which are written to the results file and which can be obtained in
postprocessing.

Note — If an item is not marked in the R column, it cannot be stored in the "element table."

2.2.2.2. The Item and Sequence Number Table

Many elements also have a table, or set of tables, that list the ltem and sequence number required for data access
using the Sequence Number method of the ETABLE command. See The General Postprocessor (POST1) in the
ANSYS Basic Analysis Guide for an example. The number of columns in each table and the number of tables per
element vary depending on the type of data available and the number of locations on the element where data
was calculated. For structural line elements, for example, the KEYOPT(9) setting will determine the number of
locations (intermediate points) along the element where data is to be calculated.

For example, assume we want to determine the sequence number required to access the member moment in
the Z direction (MMOMZ) for a BEAM3 element. Assume also that the data we want to obtain is at end J, and that
KEYOPT(9) = 1, that is, data has also been calculated at one intermediate location. See Table 3.4: “'BEAM3 Item
and Sequence Numbers (KEYOPT(9) = 3)” for a sample item and sequence numbers table. Locate MMOMZ under
the "Name" column. Notice that the Item is listed as SMISC. SMISC refers to summable miscellaneous items, while
NMISC refers to nonsummable miscellaneous items (see the ANSYS Basic Analysis Guide for more details). Follow
across the row until you find the sequence number, 18, in the J column. The correct command to move MMOMZ
at end J for BEAM3 (KEYOPT(9) = 1) to the element table is:

ETABLE,ABC,SMISC,18

ABC is a user-defined label for later identification on listings and displays.

2.2.2.3. Surface Loads

Pressure output for structural elements shows the input pressures expanded to the element's full tapered-load
capability. See the SF, SFE, and SFBEAM commands for pressure input. For example, for element type PLANE42,
which has an input load list of "Pressures: Face 1 (J-1), Face 2 (K-J), Face 3 (L-K), Face 4 (I-L)," the output PRESSURE
line expands the pressures to P1(J), P1(1); P2(K), P2(J); P3(L), P3(K); and P4(l), P4(L). P1(J) should be interpreted as
the pressure for load key 1 (the pressure normal toface 1) at node J; P1(l) is load key 1 at node [; etc. If the pressure
is input as a constant instead of tapered, both nodal values of the pressure will be the same. Beam elements
which allow an offset from the node have addition output labeled OFFST. To save space, pressure output is often
omitted when values are zero. Similarly, other surface load items (such as convection (CONV) and heat flux
(HFLUX)), and body load input items (such as temperature (TEMP), fluence (FLUE), and heat generation (HGEN)),
are often omitted when the values are zero (or, for temperatures, when the T-TREF values are zero).

2.2.2.4. Centroidal Solution [output listing only]

Output such as stress, strain, temperature, etc. in the output listing is given at the centroid (or near center) of
the element. The location of the centroid is updated if large deflections are used. The output quantities are cal-
culated as the average of the integration point values (see the ANSYS, Inc. Theory Reference). The component
output directions for vector quantities correspond to the input material directions which, in turn, are a function
of the element coordinate system. For example, the SX stress is in the same direction as EX. In postprocessing,
ETABLE may be used to compute the centroidal solution of each element from its nodal values.
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2.2.2.5. Surface Solution

Surface output is available in the output listing on certain free surfaces of solid elements. A free surfaceis a surface
not connected to any other element and not having any DOF constraint or nodal force load on the surface. Surface
output is not valid on surfaces which are not free or for elements having nonlinear material properties. Surface
outputis also not valid for elements deactivated [EKILL] and then reactivated [EALIVE]. Surface output does not
include large strain effects.

The surface output is automatically suppressed if the element has nonlinear material properties. Surface calcula-
tions are of the same accuracy as the displacement calculations. Values are not extrapolated to the surface from
the integration points but are calculated from the nodal displacements, face load, and the material property re-
lationships. Transverse surface shear stresses are assumed to be zero. The surface normal stress is set equal to
the surface pressure. Surface output should not be requested on condensed faces or on the zero-radius face
(center line) of an axisymmetric model.

For 3-D solid elements, the face coordinate system has the x-axis in the same general direction as the first two
nodes of the face, as defined with pressure loading. The exact direction of the x-axis is on the line connecting
the midside nodes or midpoints of the two opposite edges. The y-axis is normal to the x-axis, in the plane of the
face.

Table 2.1: “Output Available through ETABLE” lists output available through the ETABLE command using the
Sequence Number method (Item = SURF). See the appropriate table (4.xx.2) in the individual element descriptions
for definitions of the output quantities.

Table 2.1 Output Available through ETABLE

Element Dimensionality

shum 3-D 2-D Axisymm

1 FACE FACE FACE

2 AREA AREA AREA

3 TEMP TEMP TEMP

4 PRES PRES PRES

5 EPX EPPAR EPPAR

6 EPY EPPER EPPER

7 EPZ EPZ EPZ

8 EPXY 0 EPSH [1]

9 SX SPAR SPAR

10 Sy SPER SPER

1 Sz SZ SZ

12 SXY 0 0

13 0 0

14 0 SSH [1]

15 S1 S1 S1

16 S2 S2 S2

17 S3 S3 S3

18 SINT SINT SINT

19 SEQV SEQV SEQV
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1. Axiharmonic only
If an additional face has surface output requested, then snum 1-19 are repeated as snum 20-38.

Convection heat flow output may be given on convection surfaces of solid thermal elements. Output is valid on
interior as well as exterior surfaces. Convection conditions should not be defined on condensed faces or on the
zero-radius face (center line) of an axisymmetric model.

2.2.2.6. Integration Point Solution [output listing only]

Integration point output is available in the output listing with certain elements. The location of the integration
point is updated if large deflections are used. See the element descriptions in the ANSYS, Inc. Theory Reference
for details about integration point locations and output. Also the ERESX command may be used to request in-
tegration point data to be written as nodal data on the results file.

2.2.2.7. Element Nodal Solution

The term element nodal means element data reported for each element at its nodes. This type of output is
available for 2-D and 3-D solid elements, shell elements, and various other elements. Element nodal data consist
of the element derived data (e.g. strains, stresses, fluxes, gradients, etc.) evaluated at each of the element's nodes.
These data are usually calculated at the interior integration points and then extrapolated to the nodes. Exceptions
occur if an element has active (nonzero) plasticity, creep, or swelling at an integration point or if ERESX,NO is
input. In such cases the nodal solution is the value at the integration point nearest the node. See the ANSYS, Inc.
Theory Reference for details. Output is usually in the element coordinate system. Averaging of the nodal data
from adjacent elements is done within POST1.

2.2.2.8. Element Nodal Loads

These are an element's loads (forces) acting on each of its nodes. They are printed out at the end of each element
output in the nodal coordinate system and are labeled as static loads. If the problem is dynamic, the damping
loads and inertia loads are also printed. The output of element nodal loads can be controlled by OUTPR,NLOAD
(for printed output) and OUTRES,NLOAD (for results file output).

Element nodal loads relate to the reaction solution in the following way: the sum of the static, damping, and in-
ertia loads at a particular degree of freedom, summed over all elements connected to that degree of freedom,
plus the applied nodal load (F or FK command), is equal to the negative of the reaction solution at that same
degree of freedom.

2.2.2.9. Nonlinear Solution

For information about nonlinear solution due to material nonlinearities, see the ANSYS, Inc. Theory Reference.
Nonlinear strain data (EPPL, EPCR, EPSW, etc.) is always the value from the nearest integration point. If creep is
present, stresses are computed after the plasticity correction but before the creep correction. The elastic strains
are printed after the creep corrections.

2.2.2.10. Plane and Axisymmetric Solutions

A 2-D solid analysis is based upon a "per unit of depth” calculation and all appropriate output data are on a "per
unit of depth" basis. Many 2-D solids, however, allow an option to specify the depth (thickness). A 2-D axisym-
metric analysis is based on a full 360°. Calculation and all appropriate output data are on a full 360° basis. In
particular, the total forces for the 360° model are output for an axisymmetric structural analysis and the total
convection heat flow for the 360° model is output for an axisymmetric thermal analysis. For axisymmetric analyses,
the X, Y, Z, and XY stresses and strains correspond to the radial, axial, hoop, and in-plane shear stresses and

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SASIP, Inc. 2-7



Chapter 2: General Element Features

strains, respectively. The global Y axis must be the axis of symmetry, and the structure should be modeled in the
+X quadrants.

2.2.2.11. Member Force Solution

Member force output is available with most structural line elements. The listing of this output is activated with
a KEYOPT described with the element and is in addition to the nodal load output. Member forces are in the element
coordinate system and the components correspond to the degrees of freedom available with the element. For
example, member forces printed for BEAM3 would be MFORX, MFORY, MMOMZ.

For BEAM3, BEAM4, BEAM44, BEAM54, SHELL51, SHELL61, PIPE16, PIPE17, PIPE18, PIPE20, PIPE59, and PIPEG60,
the signs of their member forces at all locations along the length of the elements are based on force equilibrium
of the member segment from end | to that location. For example, for the simple one-element cantilever beam
loaded as shown, the tensile force and the bending moments are positive at all points along the element, including
both ends.

2.2.2.12. Failure Criteria

Failure criteria are commonly used for orthotropic materials. They can be input using either the FC commands
or the TB commands. The FC command input is used in POST1. The TB command input is used directly in the
composite elements and is described below.

The failure criteria table is started by using the TB command (with Lab = FAIL). The data table is input in two
parts:

+ thefailure criterion keys

+ thefailure stress/strain data.
Data not input are assumed to be zero. See the ANSYS, Inc. Theory Reference for an explanation of the predefined
failure criteria. The six failure criterion keys are defined with the TBDATA command following a special form of

the TBTEMP command [TBTEMP,,CRIT] to indicate that the failure criterion keys are defined next. The constants
(C1-Cé) entered on the TBDATA command are:

Table 2.2 Orthotropic Material Failure Criteria Data

Constant Meaning

1 Maximum Strain Failure Criterion - Output as FC1 (uses strain constants 1-9)

0 - Do not include this predefined criterion.
1 - Include this predefined criterion.
-1 - Include user-defined criterion with subroutine USRFC1.

2 Maximum Stress Failure Criterion - Output as FC2 (uses stress constants 10-18)

Options are the same as for constant 1, except subroutine is USRFC2.
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Constant Meaning

3 Tsai-Wu Failure Criterion - Output as FC3 (uses constants 10-21)

0 - Do not include this predefined criterion

1 - Include the Tsai-Wu strength index

2 - Include the inverse of the Tsai-Wu strength ratio

-1 - Include user-defined criterion with subroutine USRFC3

4-6 User-defined Failure Criteria - Output as FC4 TO FC6

0 - Do not include this criterion.
-1 - Include user-defined criteria with subroutines USRFC4, USRFC5, USRFC6, respectively.

The failure data, which may be temperature-dependent, must be defined with the TBDATA command following
a temperature definition on the TBTEMP command. Strains must have absolute values less than 1.0. Up to six
temperatures (NTEMP = 6 maximum on the TB command) may be defined with the TBTEMP commands. The
constants (C1-C21) entered on the TBDATA command (6 per command), after each TBTEMP command, are:

TBDATA Constants for the TBTEMP Command

Constant - (Symbol) - Meaning

f
1- (&) - Failure strain in material x-direction in tension (must be positive).

f f
2 - (¥xc) - Failure strain in material x-direction in compression (default = - Ext) (may not be positive).

f
3- ("Y' - Failure strain in material y-direction in tension (must be positive).

f f
€ . .. . . L . € .
4 - ("YC) - Failure strain in material y-direction in compression (default =-"Y!) (may not be positive).

f
5- (SZt) - Failure strain in material z-direction in tension (must be positive).

f f
6 - (%z¢) - Failure strain in material z-direction in compression (default = - €at) (may not be positive).

f
3 . . . .
7 - () - Failure strain in material x-y plane (shear) (must be positive).

f
3
8- ( Y2) - Failure strain in material y-z plane (shear) (must be positive).

f
9 - (8x2) - Failure strain in material x-z plane (shear) (must be positive).

f
10 - (Oxt) - Failure stress in material x-direction in tension (must be positive).

f f
11 - (9xc) - Failure stress in material x-direction in compression (default = - Oxt) (may not be positive).

f
o . . . o . .
12- (Y!) - Failure stress in material y-direction in tension (must be positive).
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f f
o . . . s . o o
13- (Y°) - Failure stress in material y-direction in compression (default = -~ Y') (may not be positive).

f
14 - (°zt) - Failure stress in material z-direction in tension (must be positive).

f f
15 - (9zc) - Failure stress in material z-direction in compression (default = - Ozt) (may not be positive).

f
o . . . .\
16 - (V) - Failure stress in material x-y plane (shear) (must be positive).

f
o . . . .
17 - (" Y?) - Failure stress in material y-z plane (shear) (must be positive).

f
18- (9x2) - Failure stress in material x-z plane (shear) (must be positive).

*

19- (CXy) - x-y coupling coefficient for Tsai-Wu Theory (default =-1.0).

*

20- (Cyz ) - y-z coupling coefficient for Tsai-Wu Theory (default = -1.0).

*

21- (CXZ ) - X-z coupling coefficient for Tsai-Wu Theory (default =-1.0).

Note — Tsai-Wu coupling coefficients must be between -2.0 and 2.0. Values between -1.0 and 0.0 are

fof of f
recommended. For 2-D analysis, set Ozt, Ozc , ©YZ \and 9%z toavalue several orders of magnitude larger

fo o f
o
than 9xt, Oxc, or ~;and set C,,and C,, to zero.

See the TB command for a listing of the elements that can be used with the FAIL material option.

See Specifying Failure Criteria in the ANSYS Structural Analysis Guide for more information on this material option.

2.3. Coordinate Systems

2.3.1. Element Coordinate Systems

The element coordinate system is used for orthotropic material input directions, applied pressure directions,
and, under some circumstances, stress output directions. (See Rotating Results to a Different Coordinate System
in the ANSYS Basic Analysis Guide for a discussion of the circumstances in which the program uses the element
coordinate system for stress output directions.) A default element coordinate system orientation is associated
with each element type. In general, these systems are described below. Elements departing from this description
have their default element coordinate system orientation described in Chapter 4, “Element Library”.

Element coordinate systems are right-handed, orthogonal systems. For line elements (such as LINK1), the default
orientation is generally with the x-axis along the element I-J line. For solid elements (such as PLANE42 or SOLID45),
the default orientation is generally parallel to the global Cartesian coordinate system. For area shell elements
(such as SHELL63), the default orientation generally has the x-axis aligned with element I-J side, the z-axis normal
to the shell surface (with the outward direction determined by the right-hand rule around the element from
node | to J to K), and the y-axis perpendicular to the x and z-axes.
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Unless otherwise changed, the element coordinate system orientation is the default orientation for that element
type as described above. The orientation may be changed for area and volume elements by making it parallel
to a previously defined local system (see the ESYS command) or, for some elements, by a KEYOPT selection (see
KEYOPT(1) for PLANE42). If both are specified, the ESYS definition overrides. A further rotation, relative to the
previous orientation, is allowed for some elements by a real constant angle specification (see, for example, the
real constant THETA for SHELL63). Note that if no ESYS or KEYOPT orientation is specified, the real constant angle
rotation (if any) is relative to the default orientation. The coordinate systems of axisymmetric elements may only
be rotated about the global Z-axis.

For shell elements, the ESYS orientation uses the projection of the local system on the shell surface. The element
x-axis is determined from the projection of the local x-axis on the shell surface. If the projection is a point (or the
angle between the local x-axis and the normal to the shell is 0° (plus a tolerance of 45°)), the local y-axis projection
is used for the element x-axis direction. The zand y-axes are determined as described for the default orientation.
For non-midside-node elements, the projection is evaluated at the element centroid and is assumed constant
in direction throughout the element. For midside-node elements, the projection is evaluated at each integration
point and may vary in direction throughout the element. For axisymmetric elements, only rotations in the X-Y
plane are valid. Some elements also allow element coordinate system orientations to be defined by user written
subroutines (see the Guide to ANSYS User Programmable Features).

All element coordinate systems shown in the element figures assume that no ESYS orientation is specified. Element
coordinate systems may be displayed as a triad with the /PSYMB command or as an ESYS number (if specified)
with the /PNUM command. Triad displays do not include the effects of any real constant angle, except for BEAM4
elements. For large deflection analyses, the element coordinate system rotates from the initial orientation described
above by the amount of rigid body rotation of the element.

2.3.2. Elements that Operate in the Nodal Coordinate System

A few special elements operate totally in the nodal coordinate system:

COMBIN14 Spring-Damper with KEYOPT(2) =1, 2, 3,4,5,0r 6
MASS21 Structural Mass with KEYOPT(2) =1

MATRIX27 Stiffness, Damping, or Mass Matrix

COMBIN37 Control Element

FLUID38 Dynamic Fluid Coupling

COMBIN39 Nonlinear Spring with KEYOPT(4) =0

COMBIN40 Combination Element

TRANS126 Electromechanical Transducer

These elements are defined in the nodal coordinate systems. This allows for easy directional control, especially
for the case of 2-node elements with coincident nodes. If UX, UY, or UZ degrees of freedom are being used, the
nodes are not coincident, and the load is not acting parallel to the line connecting the 2 nodes, there is no
mechanism for the element to transfer the resulting moment load, resulting in loss of moment equilibrium. The
one exception is MATRIX27, which can include moment coupling when appropriate additional terms are added
to the matrix.

There are some things to consider if any of the nodes have been rotated, for example with the NROTAT command:

+ If the nodes of elements containing more than one node are not rotated in the exact same way, force
equilibrium may not be maintained.

+ Accelerations operate normally in the global Cartesian system. But since there is no transformation done
between the nodal and global systems, the accelerations will effectively act on any element mass in the
nodal system, giving unexpected results. Therefore, it is recommended not to apply accelerations when
these elements use rotated nodes.
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« Mass and inertia relief calculations will not be correct.

2.4. Linear Material Properties

The linear material properties used by the element type are listed under "Material Properties" in the input table
for each element type and are input using the MP command. A brief description (including the label used in the
MP command) of all linear material properties is given in Table 2.3: “Linear Material Properties ” at the end of this
section. These properties (which may be functions of temperature) are called linear properties because typical
non-thermal analyses with these properties require only a single iteration. Conversely, if properties needed for
a thermal analysis (e.g., KXX) are temperature-dependent, the problem is nonlinear. Properties such as stress-
strain data (described in Section 2.5.1: Nonlinear Stress-Strain Materials) are called nonlinear properties because
an analysis with these properties requires an iterative solution.

Linear material properties that are required for an element, but which are not defined, use the default values as
described below (except that EX and KXX must be input with a nonzero value where applicable). Any additional
material properties are ignored.

The X, Y, and Z refer to the element coordinate system. In general, if a material is isotropic, only the “X” and
possibly the “XY” term is input. See the ANSYS, Inc. Theory Reference for material property details.

Structural material properties must be input as an isotropic, orthotropic, or anisotropic material.

If the material is isotropic: Young's modulus (EX) must be input. Poisson's ratio (PRXY or NUXY) defaults to 0.3. If
a zero value is desired, input PRXY or NUXY with a zero or blank value. The shear modulus (GXY) defaults to
EX/(2(1+NUXY)). If GXY is input, it must match EX/(2 (1+NUXY)). Hence, the only reason for inputting GXY is to
ensure consistency with the other two properties. Also, Poisson's ratio should not be equal to or greater than
0.5.

If the material is orthotropic: EX, EY, EZ, (PRXY, PRYZ, PRXZ, or NUXY, NUYZ, NUXZ), GXY, GYZ, and GXZ must all
be input if the element type uses the material property. There are no defaults. Note that, for example, if only EX
and EY are input (with different values) to a plane stress element, an error will result indicating that the material
is orthotropic and that GXY and NUXY are also needed.

Poisson's ratio may be input in either major (PRXY, PRYZ, PRXZ) or minor (NUXY, NUYZ, NUXZ) form, but not both
for a particular material. The major form is converted to the minor form during the solve operation [SOLVE].
Solution output is in terms of the minor form, regardless of how the data was input. If zero values are desired,
input the labels with a zero (or blank) value.

For axisymmetric analyses, the X, Y, and Z labels refer to the radial (R), axial (Z), and hoop (6) directions, respectively.
Orthotropic properties given in the R, Z, 8 system should be input as follows: EX = ER, EY =EZ,and EZ=E 6. An
additional transformation is required for Poisson's ratios. If the given R, Z, 6 properties are column-normalized
(see the ANSYS, Inc. Theory Reference), NUXY = NURZ, NUYZ = NUZ 6 = (ET/EZ) *NU 6Z, and NUXZ = NUR 6. If the
given R, Z, 0 properties are row-normalized, NUXY = (EZ/ER)*NURZ, NUYZ = (E 6/EZ)*NUZ 6 = NU 6Z, and NUXZ
= (E6/ER)*NUR 6.

If the material is anisotropic: The input for this is described in Section 2.5.5: Anisotropic Elastic Materials.

For all other orthotropic materials (including ALPX, ALPY, and ALPZ), the X, Y, and Z part of the label (e.g. KXX,
KYY, and KZZ) refers to the direction (in the element coordinate system) in which that particular property acts.
The Y and Z directions of the properties default to the X direction (e.g., KYY and KZZ default to KXX) to reduce
the amount of input required.

Material dependent damping (DAMP) is an additional method of including structural damping for dynamic
analyses and is useful when different parts of the model have different damping values. If DAMP is included, the
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DAMP value is added to the value defined with BETAD as appropriate (see the ANSYS, Inc. Theory Reference).
DAMP is not assumed to be temperature dependent and is always evaluated at T=0.0. Special purpose elements,
such as COMBIN7, LINK11, CONTAC12, MATRIX27, FLUID29, and VISCO88, generally do not require damping.
However, if material property DAMP is specified for these elements, the value will be used to create the damping
matrix at solution time.

Constant material damping coefficient (DMPR) is a material-dependent damping coefficient that is constant
with respect to the excitation frequency in harmonic analysis and is useful when different parts of the model
have different damping values (see Section 15.3: Damping Matrices in the ANSYS, Inc. Theory Reference). DMPR
is not temperature dependent and is always evaluated at T = 0.0. See Section 5.10.3: Damping in the ANSYS
Structural Analysis Guide for more information about DMPR.

EMIS defaults to 1.0 if not defined; however, if defined with a 0.0 (or blank) value, EMIS is taken to be 0.0.
The uniform temperature does not default to REFT (but does default to TREF on the TREF command).
The effects of thermal expansion can be accounted for in three different (and mutually exclusive) ways:

+ secant coefficient of thermal expansion (ALPX, ALPY, ALPZ)
+ instantaneous coefficient of thermal expansion (CTEX, CTEY, CTEZ)
+ thermal strain (THSX, THSY, THSZ)

When you use ALPX to enter values for the secant coefficient of thermal expansion (%), the program interprets
those values as secant or mean values, taken with respect to some common datum or definition temperature.
For instance, suppose you measured thermal strains in a test laboratory, starting at 23°C, and took readings at
200°,400° 600°, 800°, and 1000°. When you plot this strain-temperature data, you could input this directly using
THSX. The slopes of the secants to the strain-temperature curve would be the mean (or secant) values of the
coefficient of thermal expansion, defined with respect to the common temperature of 23° (T,). You can also input

the instantaneous coefficient of thermal expansion (™, using CTEX). The slopes of the tangents to this curve
represent the instantaneous values. Hence, the figure below shows how the alternate ways of inputting coefficients
of thermal expansion relate to each other.

eth

To T, T
The program calculates structural thermal strain as follows:
= o*(T) * (T - TREF)
where:

T = element evaluation temperature
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TREF = temperature at which zero thermal strains exist (TREF command or REFT)

o’%(T) = secant coefficient of thermal expansion, with respect to a definition temperature (in this case, same
as TREF) (ALPX)

If the material property data is in terms of instantaneous values of o, then the program will convert those instant-
aneous values into secant values as follows:

Th .
a™(T)*dT
GSE(T ) - {)
" (T, - TREF)

where:

T, = temperature at which an o’ value is being evaluated
T, = definition temperature at which the o*° values are defined (in this case, same as TREF)

o" = instantaneous coefficient of thermal expansion (CTEX )

If the o values are based upon a definition temperature other than TREF, then you need to convert those values
to TREF. This can be done using the MPAMOD command. Also see the ANSYS, Inc. Theory Reference.

Specific heat effects may be input with either the C (specific heat) property or the ENTH (enthalpy) property.
Enthalpy has units of heat/volume and is the integral of C x DENS over temperature. If both C and ENTH are
specified, ENTH will be used. ENTH should be used only in a transient thermal analysis. For phase change problems,
the user must input ENTH as a function of temperature using the MP family of commands [MP, MPTEMP, MPTGEN,
and MPDATA].

Temperature-dependent properties may be input in tabular form (value vs. temperature) or as a fourth order
polynomial (value = f(temperature)). If input as a polynomial, however, evaluation is done by PREP7 at discrete
temperature points and converted to tabular form. The tabular properties are then available to the elements.

Material properties are evaluated at or near the centroid of the element or at each of the integration points, as
follows:

« For heat transfer elements, all properties are evaluated at the centroid (except for the specific heat or
enthalpy, which is evaluated at the integration points).

«  For structural elements PLANE2, PLANE42, SOLID45, PLANES2, SOLID92, SOLID95, VISCO106, VISCO107,
VISCO108, BEAM161, PLANE162, SHELL163, SOLID164, SOLID168, SHELL181, PLANE182, PLANE183, SOL-
ID185,SOLID186, SOLID187, BEAM188,and BEAM189, all properties are evaluated at the integration points.

+ Forlayered elements SOLID46, SHELL91, SHELL99, and SOLID191, all properties are evaluated at the
centroid of each element.

+ For all other elements, all properties are evaluated at the centroid.

If the temperature of the centroid or integration point falls below or rises above the defined temperature range
of tabular data, ANSYS assumes the defined extreme minimum or maximum value, respectively, for the material
property outside the defined range.

Film coefficients are evaluated as described with the SF command. See the ANSYS, Inc. Theory Reference for addi-
tional details. Property evaluation at element temperatures beyond the supplied tabular range assumes a constant
property at the extreme range value. An exception occurs for the ENTH property, which continues along the last
supplied slope.
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Table 2.3 Linear Material Properties

(Time*Area*Temp)

tz?nt::a“r,\l: Units Description

EX Elastic modulus, element x direction

EY Force/Area Elastic modulus, element y direction

EZ Elastic modulus, element z direction

PRXY Major Poisson's ratio, x-y plane

PRYZ Major Poisson's ratio, y-z plane

PRXZ Major Poisson's ratio, x-z plane

NUXY None Minor Poisson's ratio, x-y plane

NUYZ Minor Poisson's ratio, y-z plane

NUXZ Minor Poisson's ratio, x-z plane

GXY Shear modulus, x-y plane

GYZ Force/Area Shear modulus, y-z plane

GXZ Shear modulus, x-z plane

ALPX Secant coefficient of thermal expansion, element x direction

ALPY Strain/Temp Secant coefficient of thermal expansion, element y direction

ALPZ Secant coefficient of thermal expansion, element z direction

CTEX Ipstantaneous coefficient of thermal expansion, element x direc-
tion

CTEY Strain/Temp L?os;c]antaneous coefficient of thermal expansion, element y direc-

CTEZ Ipstantaneous coefficient of thermal expansion, element z direc-
tion

THSX Thermal strain, element x direction

THSY Strain Thermal strain, element y direction

THSZ Thermal strain, element z direction

REFT Temp Reference temperature (as a property) [see also TREF]

MU None Coefficient of flfiction (or, for FLUID29 and FLUID30 elements,
boundary admittance)

DAMP None K matrix multiplier for damping [see also BETAD]

DMPR None Constant material damping coefficient

DENS Mass/Vol Mass density

KXX Thermal conductivity, element x direction

KYY Heat"Length/ Thermal conductivity, element y direction

KzZzZ Thermal conductivity, element z direction

C Heat/Mass*Temp Specific heat

ENTH Heat/Vol Enthalpy (.r DENS*C d(Temp))

HF Heat / (Time*Area*Temp) Convection (or film) coefficient

EMIS None Emissivity

QRATE Heat/Time Heat generation rate (MASS71 element only)
VISC Force*Time/ Length’ Viscosity
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t:)?nt::a“r,\l: Units Description

SONC Length/Time ?T:)enr:svs:ﬁ;)ity (FLUID29, FLUID30, FLUID129, and FLUID130 ele-
MURX Magnetic relative permeability, element x direction
MURY None Magnetic relative permeability, element y direction
MURZ Magnetic relative permeability, element z direction
MGXX Magnetic coercive force, element x direction
MGYY Charge/ (Length*Time) Magnetic coercive force, element y direction
MGZZ Magnetic coercive force, element z direction

RSVX Electrical resistivity, element x direction

RSVY Resistance*Area/Length Electrical resistivity, element y direction

RSVZ Electrical resistivity, element z direction

PERX Electric relative permittivity, element x direction
PERY Chargez/ (Force*Lengthz) Electric relative permittivity, element y direction
PERZ Electric relative permittivity, element z direction
LSST None Dielectric loss tangent

2.5. Data Tables - Implicit Analysis

A data table is a series of constants that are interpreted when they are used. Data tables are always associated
with a material number and are most often used to define nonlinear material data (stress-strain curves, creep
constants, swelling constants, and magnetization curves). Other material properties are described in Section 2.4:
Linear Material Properties. For some element types, the data table is used for special element input data other
than material properties. The form of the data table (referred to as the TB table) depends upon the data being
defined. Where the form is peculiar to only one element type, the table is described with the element in Chapter 4,
“Element Library”. If the form applies to more than one element, it is described below and referenced in the
element description. The following topics are described in this section:

+ Section 2.5.1: Nonlinear Stress-Strain Materials

+  Section 2.5.1.12: Cast Iron Plasticity

+  Section 2.5.2: Hyperelastic Material Constants

+  Section 2.5.3: Viscoelastic Material Constants

+ Section 2.5.4: Magnetic Materials

+ Section 2.5.5: Anisotropic Elastic Materials

+ Section 2.5.6: Piezoelectric Materials

+ Section 2.5.7: Piezoresistive Materials

+ Section 2.5.8: Anisotropic Electric Permittivity Materials
+ Section 2.5.9: Rate-Dependent Plastic (Viscoplastic) Materials
+ Section 2.5.10: Gasket Materials

+ Section 2.5.11: Creep Equations

+  Section 2.5.12: Shape Memory Alloys

+ Section 2.5.13: Swelling Equations

+ Section 2.5.14: MPC184 Joint Materials

Explicit dynamics materials are discussed in Material Models in the ANSYS LS-DYNA User's Guide.

See Nonlinear Structural Analysis in the ANSYS Structural Analysis Guide for additional details.
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2.5.1. Nonlinear Stress-Strain Materials

If Table 4.n-1 lists "plasticity" as a "Special Feature," then several options are available to describe the material
behavior of that element. Ten rate-independent plasticity options, two rate-dependent plasticity options, an
elasticity option, and a user option are shown below. Select the material behavior option via menu path Main
Menu> Preprocessor> Material Props> Material Models [TB,Lab].

Lab Material Behavior Option

BKIN Bilinear Kinematic Hardening (Rate-independent plasticity)
MKIN Multilinear Kinematic Hardening (Rate-independent plasticity)
KINH Multilinear Kinematic Hardening (Rate-independent plasticity)
CHABOCHE Chaboche Nonlinear Kinematic Hardening (Rate-independent plasticity)
MISO Multilinear Isotropic Hardening (Rate-independent plasticity)
BISO Bilinear Isotropic Hardening (Rate-independent plasticity)
NLISO Nonlinear Isotropic Hardening (Rate-independent plasticity)
ANISO Anisotropic (Rate-independent plasticity)

HILL Hill Anisotropic Potential

DP Drucker-Prager (Rate-independent plasticity)

ANAND Anand's Model (Rate-dependent plasticity)

MELAS Multilinear Elastic

USER User-defined Nonlinear Stress-Strain Material Option

All options except CHABOCHE, NLISO, HILL, DP, ANAND, and USER require a uniaxial stress-strain curve to be input.
All options except HILL, ANISO, and USER must have elastically isotropic (EX =EY = EZ) materials. Required values
that aren'tincluded in the data table are assumed to be zero. If the data table is not defined (or contains all zero
values), the material is assumed to be linear. The material behavior options are briefly described below. See the
ANSYS, Inc. Theory Reference for more detail.

2.5.1.1. Bilinear Kinematic Hardening

This option (BKIN) assumes the total stress range is equal to twice the yield stress, so that the Bauschinger effect
is included. BKIN may be used for materials that obey von Mises yield criteria (which includes most metals). The
material behavior is described by a bilinear total stress-total strain curve starting at the origin and with positive
stress and strain values. The initial slope of the curve is taken as the elastic modulus of the material. At the specified
yield stress (C1), the curve continues along the second slope defined by the tangent modulus, C2 (having the
same units as the elastic modulus). The tangent modulus cannot be less than zero nor greater than the elastic
modulus.

Initialize the stress-strain table with TB,BKIN. For each stress-strain curve, define the temperature [TBTEMP],
then define C1 and C2 [TBDATA]. You can define up to six temperature-dependent stress-strain curves (NTEMP
=6 maximum on the TB command) in this manner. The constants C1 and C2 are:

Constant  Meaning
i Yield stress (Force/Area)
Q2 Tangent modulus (Force/Area)

BKIN can be used with the TBOPT option. In this case, TBOPT takes two arguments. For TB,BKIN,,,,0, there is no
stress relaxation with an increase in temperature. This option is not recommended for nonisothermal problems.
For TB,BKIN,,,, 1, Rice's hardening rule is applied (which does take stress relaxation with temperature increase
into account). This is the default.
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See the TB command for a listing of the elements that can be used with this material option.
See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

You can combine this option with other material options to simulate more complex material behaviors. See
Section 2.6: Material Model Combinations for further information.

2.5.1.2. Multilinear Kinematic Hardening

There are two options, namely, TB,KINH, and TB,MKIN, available to model metal plasticity behavior under cyclic
loading. These two options use the Besseling model (see the ANSYS, Inc. Theory Reference), also called the sublayer
or overlay model. The material response is represented by multiple layers of perfectly plastic material; the total
response is obtained by weighted average behavior of all the layers. Individual weights are derived from the
uniaxial stress-strain curve. The uniaxial behavior is described by a piece-wise linear "total stress-total strain
curve", starting at the origin, with positive stress and strain values. The slope of the first segment of the curve
must correspond to the elastic modulus of the material and no segment slope should be larger. In the following,
the option TB,KINH is described first, followed by that of TB,MKIN.

The KINH option is recommended because layers are scaled (Rice's model), providing better representations.
The KINH option allows you to define up to 40 temperature-dependent stress-strain curves. If you define more
than one stress-strain curve for temperature-dependent properties, then each curve should contain the same
number of points (up to a maximum of 20 points in each curve). The assumption is that the corresponding points
on the different stress-strain curves represent the temperature dependent yield behavior of a particular sublayer.

Initialize the stress-strain table with TB,KINH. Input the temperature of the first curve with the TBTEMP, then
input stress and strain values using the TBPT. Input the remaining temperatures and stress-strain values using
the same sequence (TBTEMP followed by TBPT).

See the TB command for a listing of the elements that can be used with this material option.
See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

You can combine this option with other material options to simulate more complex material behaviors. See
Section 2.6: Material Model Combinations for further information.

The curve defined with the MKIN option is continuous from the origin with a maximum of five total stress-total
strain points. The slope of the first segment of the curve must correspond to the elastic modulus of the material
and no segment slope should be larger.

The MKIN option has the following restrictions:

* You may define up to five temperature dependent stress-strain curves.
*  You may use only five points for each stress-strain curve.
« Each stress-strain curve must have the same set of strain values.

This option is used as follows:

Initialize the stress-strain table with TB,MKIN, followed by a special form of the TBTEMP command (TB-

TEMP, STRAIN) to indicate that strains are defined next. The constants (C1-C5), entered on the next TBDATA
command, are the five corresponding strain values (the origin strain is not input). The temperature of the first
curve is then input with TBTEMP, followed by the TBDATA command with the constants C1-C5 representing
the five stresses corresponding to the strains at that temperature. You can define up to five temperature-depend-
ent stress-strain curves (NTEMP = 5 max on the TB command) with the TBTEMP command.
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MKIN can also be used in conjunction with the TBOPT option (TB,MKIN,,,, TBOPT). TBOPT has the following three
valid arguments:

0 - No stress relaxation with temperature increase (this is not recommended for nonisothermal problems);
also produces thermal ratcheting.

1 - Recalculate total plastic strain using new weight factors of the subvolume.

2 - Scale layer plastic strains to keep total plastic strain constant; agrees with Rice's model (TB, BKIN with
TBOPT = 1). Produces stable stress-strain cycles.

See the TB command for a listing of the elements that can be used with this material option.
Note — The mechanical behavior of the TB,KINH option is the same as TB,MKIN with TBOPT = 2.
See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

You can combine this option with other material options to simulate more complex material behaviors. See
Section 2.6: Material Model Combinations for further information.

2.5.1.3. Nonlinear Kinematic Hardening

This option (CHABOCHE) uses the Chaboche model (see the ANSYS, Inc. Theory Reference) for simulating the
cyclic behavior of materials. Like the BKIN and MKIN options, you can use this model to simulate monotonic
hardening and the Bauschinger effect. In addition, you can superpose up to five kinematic hardening models
and an isotropic hardening model to simulate the complicated cyclic plastic behavior of materials, such as cyclic
hardening or softening, and ratcheting or shakedown.

The Chaboche model implemented in ANSYS is:

. . 2 o .pl . 1 dC; .
X=9 Xi=2 Y CigP —yixp + T~ -1 6X;
IZ 3 Z C; do

where:

X = back stress tensor

e = plastic strain tensor

p = accumulated equivalent plastic strain

0 = temperature

[A dot located above any of these quantities indicates the first derivative of the quantity with respect to time.]
G, and ~; = material constants that you enter as inputs

n = number of nonlinear kinematic models that you specify as NPTS in the TB command
The yield function is:
f(oe”)=0-k=0

where:

O = effective equivalent stress
k = yield stress of materials that you enter as an input. You can also define k using BISO, MISO, or NLISO,
through the TB command.

Initialize the data table with TB,CHABOCHE. For each set of data, define the temperature [TBTEMP], then define
C1 through Cm[TBDATA], where m= 1 + 2NPTS. The maximum number of constants, mis 11, which corresponds
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to 5 kinematic models [NPTS = 5 on the TB command]. The default value for mis 3, which corresponds to one

kinematic model [NPTS = 1]. You can define up to 1000 temperature-dependent constants (INTEMP x m < 1000]
maximum on the TB command) in this manner. The constants C1 through C(1 + 2NPTS) are:

Constant  Meaning

c1 k =Yield stress

C2 C, = Material constant for first kinematic model

a3 ~; = Material constant for first kinematic model

c4 C, = Material constant for second kinematic model
c5 ~, = Material constant for second kinematic model

C(2NPTS) Cyprs = Material constant for last kinematic model

C(1+2NPTS)  ~prs = Material constant for last kinematic model

k, and all C and ~ values in the right column are material constants in the Chaboche model (see the ANSYS, Inc.
Theory Reference for details).

See the TB command for a listing of the elements that can be used with this material option.
See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

As mentioned above, you can combine this option with other material options to simulate more complex mater-
ial behaviors. See Section 2.6: Material Model Combinations for further information.

2.5.1.4. Bilinear Isotropic Hardening

This option (BISO) uses the von Mises yield criteria coupled with an isotropic work hardening assumption. The

material behavior is described by a bilinear stress-strain curve starting at the origin with positive stress and strain
values. The initial slope of the curve is taken as the elastic modulus of the material. At the specified yield stress

(C1), the curve continues along the second slope defined by the tangent modulus C2 (having the same units as
the elastic modulus). The tangent modulus cannot be less than zero nor greater than the elastic modulus.

Initialize the stress-strain table with TB,BISO. For each stress-strain curve, define the temperature [TBTEMP],
then define C1 and C2 [TBDATA]. Define up to six temperature-dependent stress-strain curves (NTEMP = 6 max
on the TB command) in this manner. The constants C1 and C2 are:

Constant  Meaning
Cc1 Yield stress (Force/Area)

c2 Tangent modulus (Force/Area)

See the TB command for a listing of the elements that can be used with this material option.
See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

You can combine this option with other material options to simulate more complex material behaviors. See
Section 2.6: Material Model Combinations for further information.

2.5.1.5. Multilinear Isotropic Hardening

This option (MISO) is similar to BISO except that a multilinear curve is used instead of a bilinear curve. It can be
used for non-cyclic load histories or for those elements that do not support the multilinear kinematic hardening
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option (MKIN). This option may be preferred for large strain cycling where kinematic hardening could exaggerate
the Bauchinger effect. The uniaxial behavior is described by a piece-wise linear total stress-total strain curve,
starting at the origin, with positive stress and strain values. The curve is continuous from the origin through 100
(max) stress-strain points. The slope of the first segment of the curve must correspond to the elastic modulus of
the material and no segment slope should be larger. No segment can have a slope less than zero.

You can specify up to 20 temperature-dependent stress-strain curves. Initialize the curves with TB,MISO. Input
the temperature for the first curve [TBTEMP], followed by up to 100 stress-strain points (the origin stress-strain
point is not input) [TBPT]. Define up to 20 temperature-dependent stress-strain curves (NTEMP = 20, maximum
on the TB command) in this manner. The constants (X, Y) entered on the TBPT command (two per command)
are:

Constant  Meaning
X Strain value (Dimensionless)

Y Corresponding stress value (Force/Area)

See the TB command for a listing of the elements that can be used with this material option.
See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

You can combine this option with other material options to simulate more complex material behaviors. See
Section 2.6: Material Model Combinations for further information.

2.5.1.6. Nonlinear Isotropic Hardening

This option (NLISO) uses the Voce hardening law for describing the isotropic hardening behavior of materials. It
is recommended for large deformation analyses, and differs from the MISO option in that the material behavior
is described by a specific equation with 4 constants (see the ANSYS, Inc. Theory Reference for details). In addition,
you can combine this option with other material options to simulate more complex material behaviors. See
Section 2.6: Material Model Combinations for further information. In particular, combining NLISO with the
CHABOCHE nonlinear kinematic hardening option simulates cyclic hardening or softening behavior of materials.

Initialize the data table with TB,NLISO. For each set of data, define the temperature [TBTEMP], then define C1
through C4 [TBDATA]. Define up to twenty temperature-dependent stress-strain curves (NTEMP = 20, maximum
on the TB command) in this manner. The constants C1 through C4 are:

Constant  Meaning

al k = Yield stress
Cc2 R, = Material constant in Voce hardening law
a R

® = Material constant in Voce hardening law

c4 b = Material constant in Voce hardening law

See the TB command for a listing of the elements that can be used with this material option.

See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.1.7. Anisotropic

This option (ANISO) allows for different stress-strain behavior in the material x, y, and z directions as well as dif-
ferent behavior in tension and compression (see Section 2.5.5: Anisotropic Elastic Materials). A modified von
Mises yield criterion is used to determine yielding. The theory is an extension of Hill's formulation as noted in
the ANSYS, Inc. Theory Reference. This option is not recommended for cyclic or highly nonproportional load his-

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc. 2-21



Chapter 2: General Element Features

tories since work hardening is assumed. The principal axes of anisotropy coincide with the material (or element)
coordinate system and are assumed not to change over the load history.

The material behavior is described by the uniaxial tensile and compressive stress-strain curves in three orthogonal
directions and the shear stress-engineering shear strain curves in the corresponding directions. A bilinear response
in each direction is assumed. The initial slope of the curve is taken as the elastic moduli of the material. At the
specified yield stress, the curve continues along the second slope defined by the tangent modulus (having the
same units as the elastic modulus). The tangent modulus cannot be less than zero or greater than the elastic
modulus. Temperature dependent curves cannot be input. All values must be input as no defaults are defined.
Input the magnitude of the yield stresses (without signs). No yield stress can have a zero value. The tensile x-
direction is used as the reference curve for output quantities SEPL and EPEQ.

Initialize the stress-strain table with TB,ANISO. You can define up to 18 constants with TBDATA commands. The
constants (C1-C18) entered on TBDATA commands (6 per command) are:

Constant Meaning (all units are Force/Area)

c1-C3 Tensile yield stresses in the material x, y, and z directions
C4-C6 Corresponding tangent moduli
c7-C9 Compressive yield stresses in the material x, y, and z directions

c10-C12 Corresponding tangent moduli
C13-C15 Shear yield stresses in the material xy, yz, and xz directions

C16-C18 Corresponding tangent moduli

See the TB command for a listing of the elements that can be used with this material option.

See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.1.8. Hill's Anisotropy

This option (HILL), is used to define stress ratios for anisotropic yield and creep. Specifically, the following simu-
lations are available by combining the HILL option with other material options, as noted:

*  Rate-independent anisotropic plasticity with isotropic hardening - TB,HILL combined with TB,BISO or TB,MISO
or TB,NLISO.

Rate-independent anisotropic plasticity with kinematic hardening - TB,HILL combined with TB,BKIN or
TB,MKIN or TB,KINH or TB,CHAB.

Rate-independent anisotropic plasticity with combined hardening - TB,HILL combined with TB,CHAB and
TB,BISO or TB,MISO or TB,NLISO.

*  Rate-dependent anisotropic plasticity (anisotropic viscoplasticity) with isotropic hardening - TB,HILL combined
with TB,BISO or TB,MISO or TB,NLISO and TB,RATE.

*  Anisotropic creep - TB,HILL combined with TB,CREEP (implicit).

* Anisotropic creep and anisotropic plasticity with isotropic hardening - TB,HILL combined with TB,CREEP and
TB,BISO or TB,MISO or TB,NLISO (implicit).

Anisotropic creep and anisotropic plasticity with kinematic hardening - TB,HILL combined with TB,CREEP
and TB,BKIN (implicit)

See Section 2.6: Material Model Combinations for more information on combining the HILL option with the
plasticity and creep options.
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The HILL option's material behavior is described by six constants that define the stress ratios in different directions
(see the ANSYS, Inc. Theory Reference for details). All cases can be used with the following elements: PLANE42,
SOLID45, PLANE82, SOLID92, SOLID95, LINK180, SHELL181, PLANE182, PLANE183, SOLID185, SOLID 186, SOLID187,
BEAM188, and BEAM189.

Initialize the data table with TB,HILL. For each set of data, you then define the temperatures using the TBTEMP
command, then define C1 through C6 using the TBDATA command. The input must then be followed by the
TB command again, but with one of the plasticity and / or creep options.

For each set of data, you then define the temperature using the TBTEMP command, and then define the constants
using the TBDATA command.

The constants C1 through C6 for the HILL option are:

Constant Meaning
cl M Tension / Compression ii
2 fyy
a ry
C4 Iy Shear ij
(€5 fyz
C6 Mz

For plasticity, r;; is the ratio of the yield stress in the ij direction, to the yield stress specified for the plasticity input
as part of the TB command.

For creep, r; is the ratio of the creep strain in the ij direction to the reference value calculated by the implicit
creep equation.

2.5.1.9. Drucker-Prager

This option (DP) is applicable to granular (frictional) material such as soils, rock, and concrete and uses the outer
cone approximation to the Mohr-Coulomb law (see the ANSYS, Inc. Theory Reference). The input consists of only
three constants:
the cohesion value (must be > 0)

+ the angle of internal friction

+ thedilatancy angle.
The amount of dilatancy (the increase in material volume due to yielding) can be controlled with the dilatancy
angle. If the dilatancy angle is equal to the friction angle, the flow rule is associative. If the dilatancy angle is zero

(or less than the friction angle), there is no (or less of an) increase in material volume when yielding and the flow
rule is nonassociated. Temperature-dependent curves are not allowed.

Initialize the constant table with TB,DP. You can define up to three constants with TBDATA commands. The
constants (C1-C3) entered on TBDATA are:

Constant  Meaning

Ci1 Cohesion value (Force/Area)
c2 Angle (in degrees) of internal friction
c3 dilatancy angle (in degrees)
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See the TB command for a listing of the elements that can be used with this material option.

See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.
2.,5.1.10. Anand's Model

This option (ANAND) has input consisting of 9 constants. The Anand model is applicable to viscoplastic elements
VISCO106, VISCO107, and VISCO108. See the ANSYS, Inc. Theory Reference for details. Initialize the constant table
with TB,ANAND. You can define up to nine constants (C1-C9) with TBDATA commands (6 per command):

Constant Meaning Material Property Units
1 So initial value of deformation resistance stress
c2 Q/R Q = activation energy energy /volume
R = universal gas constant energy /(volume temp)
a A pre-exponential factor 1/time
c4 Xi multiplier of stress dimensionless
(@) m strain rate sensitivity of stress dimensionless
ceé h, hardening / softening constant stress
c7 n coefficient for deformation resistance saturation |stress
S value
c8 n strain rate sensitivity of saturation (deformation dimensionless
resistance) value
(@) a strain rate sensitivity of hardening or softening dimensionless

See Viscoplasticity in the ANSYS Structural Analysis Guide for more information on this material option.
2.5.1.11. Multilinear Elastic

This option (MELAS) is such that unloading occurs along the same path as loading. This behavior, unlike the
other options, is conservative (path-independent). The plastic strain (g, for this option should be interpreted

as a "pseudo plastic strain” since it returns to zero when the material is unloaded (no hysteresis). See the ANSYS,
Inc. Theory Reference for details. The material behavior is described by a piece-wise linear stress-strain curve,
starting at the origin, with positive stress and strain values. The curve is continuous from the origin through 100
(max) stress-strain points. Successive slopes can be greater than the preceding slope; however, no slope can be
greater than the elastic modulus of the material. The slope of the first curve segment usually corresponds to the
elastic modulus of the material, although the elastic modulus can be input as greater than the first slope to ensure
that all slopes are less than or equal to the elastic modulus.

Specify up to 20 temperature-dependent stress-strain curves. Initialize the curves with TB,MELAS. The temperature
for the first curve isinput with TBTEMP, followed by TBPT commands for up to 100 stress-strain points (the origin
stress-strain point is not input). You can define up to 20 temperature- dependent stress-strain curves (NTEMP =
20 max on the TB command) in this manner. The constants (X, Y) entered on TBPT (two per command) are:

Constant Meaning
X Strain value (Dimensionless)

Y Corresponding stress value (Force/Area)

See the TB command for a listing of the elements that can be used with this material option.
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See Multilinear Elasticity in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.1.12. Cast Iron Plasticity

The cast iron plasticity option uses a composite yield surface to describe the different behavior in tension and
compression. In tension the yielding is pressure-dependent and the Rankine maximum stress criterion is used.
In compression, the behavior is pressure independent and the Mises yield criterion is used. A modified Mises
potential is used as the flow potential. The elastic behavior is isotropic and is the same in tension and compression.
Cast Iron Plasticity with isotropic hardening is intended for monotonic loading only and cannot be combined
with any other material model.

Initiate the cast iron material model with TB,CAST. Activate the stress-strain table in tension using TB, UNIAXIAL
with the TENSI ON option, then enter the stress-strain relation using the TBPT command. Activate the stress-
strain table in compression using theTB, UNIAXIAL with the COVPRESSI ON option, then enter the stress-strain
relation using the TBPT command.

The NROPT,UNSYM command should be used at the solution level as the flow rule is not associated and the
material Jacobian matrix is unsymmetric.

Initialize the database with TB,CAST. For each set of data, define the temperature using TBTEMP, then define
the constant C1.

Constant  Meaning

i Plastic Poisson's ratio in tension

See the TB command description for a listing of the elements that can be used with this material option.

See Plastic Material Options in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.1.13. User

The User Defined (USER) material option describes input parameters for defining a material model based on
either of two subroutines, which are ANSYS user-programmable features (see the Guide to ANSYS User Program-
mable Features). The choice of which subroutine to use is based on which element you are using.

The USER option works with the USERMAT subroutine in defining any material model (except incompressible
materials), when you use any of the following elements: LINK180, SHELL181, PLANE182, PLANE183, SOLID185,
SOLID186, SOLID187, BEAM188, and BEAM189.

The USER option works with the USERPL subroutine in defining plasticity or viscoplasticity material models, when
you use any of the following elements: LINK1, PLANE2, LINK8, PIPE20, BEAM23, BEAM24, PLANE42, SHELL43,
SOLID45, SHELL51, PIPE60, SOLID62, SOLID65, PLANE82, SHELL91, SOLID92, SHELL93, SOLID95.

The USER option's input is determined by user-defined constants. The number of constants can be any combin-
ation of the number of temperatures (NTEMP) and the number of data points per temperature (NPTS), to a max-
imum limit of NTEMP x NPTS = 1000. Initialize the constant table with TB,USER. The constants are defined with
TBDATA commands (6 per command).

State variables can also be used in the USERMAT subroutine (not in USERPL). To use state variables, initialize the
constant table with TB,STATE then define the constants with the TBDATA command. You can define a maximum
of 1000 state variables (NPTS = 1000). See User Defined Material in the ANSYS Structural Analysis Guide for more
information on this material option.
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2.5.2. Hyperelastic Material Constants

Hyperelasticity is listed in the Special Features section of the Input Summary for elements SHELL181, PLANE182,
PLANE183, SOLID185, SOLID186, and SOLID187. The options described in the following sections are available to
describe the material behavior for these elements. As described in these sections, you choose the option using
TBOPT with TB,HYPER. Several forms of strain energy potentials are used to describe the hyperelasticity of ma-
terials. These are based on either strain invariants or principal stretches. The behavior of materials is assumed to
be incompressible or nearly incompressible.

2.5.2.1. Neo-Hookean Hyperelastic Material Constants

The option, TB,HYPER,,,,NEO uses the Neo-Hookean form of strain energy potential, which is given by:
_HKT 1 2
W==(11-3)+=(J-1
> (11=3)+-(-1)

where:

W = strain energy per unit reference volume

Il = first deviatoric strain invariant
p = initial shear modulus of the material
d = material incompressibility parameter.
J = determinant of the elastic deformation gradient F

The initial bulk modulus is defined by:

K:g
d

The constants p and d are defined using the TBDATA command.
See the TB command for a listing of the elements that can be used with this material option.

See Neo-Hookean Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this mater-
ial option.

2.5.2.2. Mooney-Rivlin Hyperelastic Material Constants (TB,HYPER)

Note that this section applies to the Mooney-Rivlin model with elements SHELL181, PLANE182, PLANE183,
SOLID185, SOLID186, and SOLID187.

If you want to use the Mooney-Rivlin model with elements HYPER56, HYPER58, HYPER74, HYPER84, HYPERS86,
HYPER158, see Section 2.5.2.11: Mooney-Rivlin Hyperelastic Material Constants (TB,MOONEY).

This option, TB,HYPER,,,,MOONEY allows you to define 2, 3, 5, or 9 parameter Mooney-Rivlin models using NPTS
=2,3,5,0r9, respectively.

For NPTS =2 (2 parameter Mooney-Rivlin option, which is also the default), the form of the strain energy potential
is:

- - 1
W =c10(l=3) + coa(l2 ~8) + 2 (3-1°

where:
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W = strain energy potential
1

1 = first deviatoric strain invariant

I
2 =second deviatoric strain invariant
C;0 Co7 = Material constants characterizing the deviatoric deformation of the material

d = material incompressibility parameter

The initial shear modulus is defined as:
M =2(Cc10 *Co1)

and the initial bulk modulus is defined as:
2

d
where:
d=(1-2*%)/(Cyy+Cqy)
The constants ¢, ¢y;, and d are defined by C1, C2, and C3 using the TBDATA command.

For NPTS = 3 (3 parameter Mooney-Rivlin option, which is also the default), the form of the strain energy potential
is:

W = c1o(T1 =3) +cor(1p ~3) + e11(1y ~3)(T ~3) + S (3-1)

The constants ¢;, €y, ;1 and d are defined by C1, C2, C3, and C4 using the TBDATA command.

For NPTS =5 (5 parameter Mooney-Rivlin option), the form of the strain energy potential is:
- T T T 2
W =cy0(l1 =3) +Cpa(l2 =3) +Coo(l1 —3)

- - - 1
+cq1(17 = 3)(T2 = 3) +cop(1y —3)? +0 -1)?
The constants ¢y, Cy;, Cor €171 Co2r @and d are material constants defined by C1, C2, C3, C4, C5, and C6 using the
TBDATA command.

For NPTS = 9 (9 parameter Mooney-Rivlin option), the form of the strain energy potential is:
— T T T 2
W =cy0(l1=3) +coa(l2 =3) + (11 = 3)

N n T 2 T 3
+C11(11 = 3)(12 =3) + (12 =3)" +c30(l2 —3)
- - - - - 1
+021(11 = 3)*(12 = 3) + 12(11 ~3)(12 ~3)* +coa (12 = 3)° +5(I-1)?
The constants ¢;y, €y Cor €170 Cor C30 €215 120 Co3 @and d are material constants defined by C1, C2, C3, C4, C5, C6,
C7,C8,C9, and C10 using the TBDATA command.

See Mooney-Rivlin Hyperelastic Option (TB,HYPER) in the ANSYS Structural Analysis Guide for more information
on this material option.
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2.5.2.3. Polynomial Form Hyperelastic Material Constants

The option, TB,HYPER,,,,POLY allows you to define a polynomial form of strain energy potential. The form of the
strain energy potential for the Polynomial option is given by:
N N
_ . . 1 2K
W=% c(lp-3)(I2=3)+ 5 —@I-1)
i+]z=l ’ kzl dy

where:

W = strain energy potential

I
1 = first deviatoric strain invariant

2 = second deviatoric strain invariant
J = determinant of the elastic deformation gradient F

N, ¢;, and d = material constants

In general there is no limitation on the value of Nin ANSYS (see the TB command). A higher value of N can provide
a better fit to the exact solution. It may however cause a numerical difficulty in fitting the material constants,
and it also requests enough data to cover the whole range of deformation for which you may be interested. For
these reasons, a very high value of N is not recommended.

The initial shear modulus p is defined by:
H=2(Ccy0 +Cp1)

and the initial bulk modulus is defined as:

2
K==
dl

For N =1 and cy; =0, the polynomial form option is equivalent to the Neo-Hookean option. For N = 1, it is equi-

valent to the 2 parameter Mooney-Rivlin option. For N = 2, it is equivalent to the 5 parameter Mooney-Rivlin
option, and for N = 3, it is equivalent to the 9 parameter Mooney-Rivlin option.

The constants ¢; and d are defined using the TBDATA command in the following order:
For N (NPTS) = 1:
Cro Conr d;
For N (NPTS) = 2:
C1or Co1r €200 €111 Cozr Ay, dy
For N (NPTS) =3:
C10: Co1r €200 €111 Cozr C300 €210 €121 Co30 s A,
For N (NPTS) = k:
C10r Co1r €200 €110 Co2r €300 €215 C121 €031 vt Chor Cih-1y1s w1 ok A1y v wor A

See the TB command for a listing of the elements that can be used with this material option.
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See Polynomial Form Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this
material option.

2.5.2.4. Ogden Hyperelastic Material Constants

This option, TB,HYPER,,,,OGDEN uses the Ogden form of strain energy potential. The Ogden form is based on
the principal stretches of the left Cauchy-Green tensor. The strain energy potential is:

N M ~ai |, y0i , 70 N o1 2k
W=y Z(\T+AST+A=3)+ Y —(J-))

;1 TR kzl dy

where:

W = strain energy potential
A
A (p=1,2,3 - 33\
P (P ) = deviatoric principal stretches, defined as P P
= principal stretches of the left Cauchy-Green tensor
determinant of the elastic deformation gradient

» M &, @and d, = material constants

>\P
J=
N

In general there is no limitation on the value of Nin ANSYS (see the TB command). A higher value of N can provide
a better fit to the exact solution. It may however cause numerical difficulties in fitting the material constants. For
this reason, very high values of N are not recommended.

The initial shear modulus p is defined by:
N

:E,: aj M

The initial bulk modulus K is defined by:

2
K==
dl

For N =1and o, = 2, the Ogden option is equivalent to the Neo-Hookean option. For N =2, o, =2,and o, =-2,
the Ogden option is equivalent to the 2 parameter Mooney-Rivlin option.

The constants p, o, and d, are defined using the TBDATA command in the following order:
For N (NPTS) = 1:
My, oy, dy
For N (NPTS) = 2:
M1, O, My 0, dy, dy
For N (NPTS) = 3:
M1, Q4 Hgs O, M3, O, dy, dy, ds

For N (NPTS) = k:
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M1, Qs My Qg vy Mg Qg Ay, Ay ooy di
See the TB command for a listing of the elements that can be used with this material option.
See Ogden Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this material option.
2.5.2.5. Arruda-Boyce Hyperelastic Material Constants

This option, TB,HYPER,,,, BOYCE uses the Arruda-Boyce form of strain energy potential, given by:
11

W=u%(T1—3)+ 12(T12—9)+ 4(Tl3—27)
&4 20Af 1050\
0 1052
6(| —81)+i8(l —243)D+1 7l g
7000A 673750A ﬁ

where:

W = strain energy per unit reference volume

Il = first deviatoric strain invariant
J = determinant of the elastic deformation gradient F
M = initial shear modulus of materials
AL = limiting network stretch

d = material incompressibility parameter

The initial bulk modulus is defined as:
2

d
As )\, approaches infinity, the option becomes equivalent to the Neo-Hookean option.
The constants y, A\ and d are defined by C1, C2, and C3 using the TBDATA command.

See the TB command for a listing of the elements that can be used with this material option.

See Arruda-Boyce Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this mater-
ial option.

2.5.2.6. Gent Hyperelastic Material Constants

This option, TB HYPER,,,,GENT uses the Gent form of strain energy potential, given by:

0 T,-30%
\Nzuﬁﬂnﬁ 1 +—§i—— mJﬁ

where:

W = strain energy per unit reference volume
M = initial shear modulus of material

J., is the limiting value of =311 is the first deviatoric strain invariant
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J = determinant of the elastic deformation gradient F
d = material incompressibility parameter

The initial bulk modulus K is defined as:

K:g
d

As J., approaches infinity, the option becomes equivalent to the Neo-Hookean option.
The constants y, J,,, and d are defined by C1, C2, and C3 using the TBDATA command.

See the TB command for a listing of the elements that can be used with this material option.

See Gent Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.2.7. Yeoh Hyperelastic Material Constants

The option, TB,HYPER,,,,YEOH follows a reduced polynomial form of strain energy potential by Yeoh. The form
of the strain energy potential for the Yeoh option is given by:

N — . N 1
W=5cg(l-3)+ Yy —(3-1%
i=1 k:1dk

where:

W = strain energy potential

I

1 =first deviatoric strain invariant
J = determinant of the elastic deformation gradient F
N, ¢;o, and dy = material constants

In general there is no limitation on the value of N in ANSYS (see the TB command). A higher value of N can provide
a better fit to the exact solution. It may however cause a numerical difficulty in fitting the material constants,
and it also requests enough data to cover the whole range of deformation for which you may be interested. For
these reasons, a very high value of N is not recommended.

The initial shear modulus p is defined by:
H=2Cq

and the initial bulk modulus K is defined as:

k=2
dy

For N =1 the Yeoh form option is equivalent to the Neo-Hookean option.
The constants c;, and d, are defined using the TBDATA command in the following order:
For N (NPTS) = 1:

Crondy

For N (NPTS) = 2:
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Cro0 Coor A2 d
For N (NPTS) = 3:
Cror Coor C300 Ay, Ay d3
For N (NPTS) = k:
C10r Copr C30r wvr Cigr 7, Ay ooy Ay
See the TB command for a listing of the elements that can be used with this material option.

See Yeoh Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.2.8. Blatz-Ko Foam Hyperelastic Material Constants

This option, TB,HYPER,,,,BLATZ uses the Blatz-Ko form of strain energy potential, given by:

_k0p 0
W== +2.ln =5
25, * 21 =50

where:

W = strain energy per unit reference volume
M = initial strain shear modulus
I, and /5= second and third strain invariants

The initial bulk modulus k is defined as:
_5 u
3
The model has only one constant p and is defined by C1 using the TBDATA command.

See the TB command for a listing of the elements that can be used with this material option.

See Blatz-Ko Foam Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this ma-
terial option.

2.5.2.9. Ogden Compressible Foam Hyperelastic Material Constants

This option, TB,HYPER,,,,FOAM uses the Ogden form of strain energy potential for highly compressible elastomeric
foam material. The strain energy potential is based on the principal stretches of the left Cauchy-Green tensor
and is given by:

Nl /3 ~a  ~a ~q N @
W= 5 HUSR A +RG) -3y + 3 HL @R

i=1 0 i=1 a5

1= iPi
where:

W = strain energy potential
AG
P (p=1,2,3) = deviatoric principal stretch
J = determinant of the elastic deformation gradient
N, y;, o and 3, = material constants
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For this material option, the volumetric and deviatoric terms are tightly coupled. Hence, this model is meant to
simulate highly compressible elastomers.

In general there is no limitation on the value of N in ANSYS (see the TB command). A higher value of N can provide
a better fit to the exact solution. It may however cause numerical difficulties in fitting the material constants. For
this reason, very high values of N are not recommended.

The initial shear modulus p is defined by:

and the initial bulk modulus K is defined by:

N 1
K= igllJ-iO(i 5'57 +B; ﬁ

ForN=1, a; =-2, y; =-p, and 3; = 0.5, the Ogden foam option is equivalent to the Blatz-Ko option.
The constants p;, o and 3; are defined using the TBDATA command in the following order:
For N (NPTS) = 1:
M1, o, By
For N (NPTS) = 2:
M1, 0, Mg 0, By, 35
For N (NPTS) = 3:
M1, O, Mgy O, M3, 03, B, 32, B3
For N (NPTS) = k:
M1, Qg Mg Oy wees Mir Qs B9, B s B¢
See the TB command for a listing of the elements that can be used with this material option.

See Ogden Compressible Foam Hyperelastic Option in the ANSYS Structural Analysis Guide for more information
on this material option.

2.5.2.10. User-Defined Hyperelastic Material

You can define a strain energy potential by using the option TB,HYPER,,,,USER. This allows you to provide a
subroutine USERHYPER to define the derivatives of the strain energy potential with respect to the strain invariants.
Refer to the Guide to ANSYS User Programmable Features for a detailed description on writing a user hyperelasticity
subroutine.

See the TB command for a listing of the elements that can be used with this material option.

See User-Defined Hyperelastic Option in the ANSYS Structural Analysis Guide for more information on this mater-
ial option.
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2.5.2.11. Mooney-Rivlin Hyperelastic Material Constants (TB,MOONEY)

Note that this section applies to the Mooney-Rivlin model with elements HYPER56, HYPER58, HYPER74, HYPER84,
HYPER86, HYPER158. If you want to use the Mooney-Rivlin model with elements SHELL181, PLANE182, PLANE183,
SOLID185,SOLID186,and SOLID187, see Section 2.5.2.2: Mooney-Rivlin Hyperelastic Material Constants (TB,HYPER).

Note that for elements HYPER84 and HYPER86, only constants C1 and C2 are applicable. These 2 elements are
generally less desirable for modeling incompressible hyperelastic materials. Initialize the constant table with
TB,MOONEY. Define the temperature with TBTEMP, and then define up to nine constants on subsequent TBDATA
or *MOONEY commands. You can define up to six temperature-dependent sets of constants (NTEMP = 6 max
on the TB command) with TBTEMP commands (six per command).

Constant  Meaning

cl 1st strain energy constant (c;)

2 2nd strain energy constant (c,;)
c3 3rd strain energy constant (c,,)
c4 4th strain energy constant (c;;)
c5 5th strain energy constant (c,,)
C6 6th strain energy constant (c;,)
c7 7th strain energy constant (c,;)
c8 8th strain energy constant (c;,)
9 9th strain energy constant (c,3)

These constants have the units of strain energy per unit volume (Force/Area).

You can use the *MOONEY command to automatically determine 2-term, 5-term, or 9-term constants from
physical test data.

See Mooney-Rivlin Hyperelastic Option (TB,MOONEY) in the ANSYS Structural Analysis Guide for more information
on this material option.

2.5.3. Viscoelastic Material Constants

The viscoelastic material model is available with the viscoelastic elements VISCO88 and VISCO89 for small de-
formation viscoelasticity and LINK180, SHELL181, PLANE182, PLANE183, SOLID185,SOLID186,SOLID187, BEAM188,
and BEAM189 for small and large deformation viscoelasticity.

Elements VISCO88 and VISCO89 use a viscoelastic material model that is defined by entering the following data
in the data table with TB commands. Data not input are assumed to be zero. You must enter the data table to
perform the viscoelastic computation. A generalized Maxwell model is used to represent the material character-
istics. See the ANSYS, Inc. Theory Reference for an explanation of terms. Initialize the constant table with TB,EVISC.
You can define up to 95 constants (C1-C95) with TBDATA commands (6 per command):

Constant Meaning
1 Shift Function Constant 1 Value of C5.

C5 =0 H/R (activation energy divided by ideal constant R).
C5 =1 WLF constant C1.
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Constant
2

16-25

26-30

31-35

36-45
46
47

48
49

50

51-60

61-70

71

76-85

86-95

Meaning

Shift Function Constant 2 depending on C5.

C5 =0 Value of Constantx (0 < x < 1).
C5 =1 WLF constant C2.

No. of Maxwell elements (10 max) in volume decay function M,,.

Shift Function Constant 3 depending on C5.

C5 = 1 WLF reference temperature.
Shift Function Key.

C5 =0, Tool-Narayanaswamy Shift Function (applicable to glass).

C5 =1, Williams-Landau-Ferry Shift Function (applicable to polymers).
C5 =11, User Subroutine for Fictive Temperature/Shift Function (Usr-
Fictive.F).

C5 =20, User Subroutine for Viscoelasticity (UsrViscEl.F).

Up to ten values of C;(coefficients of the Maxwell element representing
the volume decay function M,). Used to define the fictive temperature.
¥ Cq=1.0)

Up to ten values of T4 (constants associated with a discrete relaxation
spectrum). Used to define the fictive temperature. Each 4 is also
known as a relaxation time.

Up to five values of C;; (coefficients of thermal expansion for the liquid
state). (oqy=Cp + C Tr+ C3 T + Cu T + Cis Ty, where T, = fictive
temperature)

Up to five values of C; (coefficients of thermal expansion for the glass
state). (0 = Cgy + CgyT+ CgsT + Cgy T+ Cys T, where T = actual tem-
perature)

Up to ten values of Ty (fictive temperature). Te= X C;;Ty;
GXY(0) (shear modulus at time = zero (the full shear modulus)).

GXY(®) (shear modulus at time =infinity (the residual shear modulus
after the full decay)). If no relaxation of the shear modulus, use GXY( %)
= GXY(0).

K(0) (bulk modulus at time = zero).

K(®) (bulk modulus at time = infinity). If no relaxation of the bulk
modulus, use K(* ) = K(0).

No. of Maxwell elements (10 max) used to approximate the shear
modulus (GXY(0) - GXY(®)) relaxation.

Up to ten values of C,,,,; (coefficients for shear modulus relaxation using
Maxwell elements, ¥ C,,; = 1.0 if shear modulus relaxes).

Up totenvalues of X\, (relaxation times for shear modulus relaxation
using Maxwell elements).

No. of Maxwell elements (10 max) used to approximate the bulk
modulus (K(0) - K(*)) relaxation.

Up to ten values of C,,,; (coefficients for bulk modulus relaxation using
Maxwell elements, ¥ C,,,; = 1.0 if bulk modulus relaxes).

Up to ten values of X\, (relaxation times for bulk modulus relaxation
using Maxwell elements).
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The viscoelasticity input for SHELL181, PLANE182, PLANE183, SOLID185, SOLID186, and SOLID187 consists of
elasticity properties and relaxation properties. The underlying elasticity is specified by either the MP command
(for hypoelasticity) or by the TB,HYPER command (for hyperelasticity). For LINK180, BEAM188, and BEAM189,
the underlying elasticity is specified by the MP command (hypoelasticity) only. Use the TB,PRONY or TB,SHIFT
commands to input the relaxation properties. Enter the required data using the TBDATA command using the
following constants.

For TB,PRONY:

Constant Meaning
C1 Relative modulus
C2 Relative time

For TB,SHIFT (Tbopt = WLF):

The William-Landel-Ferry shift function, A, takes the form:

Cyr(T-C
|oglo (A) = M
C3 +T - Cl
Constant Meaning
C1 Relative temperature (T,)

Cc2-C3 WLF constants
For TB,SHIFT (Tbopt =TN):

The Tool-Narayanaswamy shift function, A, takes the form:

A = exp U 01 10
= 20~ — = %
%: 1 T
Constant Meaning
C1 Relative temperature (T,)
c2 TN constant

See Viscoelasticity in the ANSYS Structural Analysis Guide for more information.

2.5.4. Magnetic Materials

Elements with magnetic capability use the TB table to input points characterizing B-H curves. See the ANSYS,
Inc. Theory Reference for details. These curves are available in elements SOLID5, PLANE13, PLANE53, SOLID62,
SOLID96, and SOLID98. Temperature-dependent curves cannot be input. Initialize the curves with TB,BH. Use
TBPT commands to define up to 500 points (H, B). The constants (X, Y) entered on TBPT (two per command) are:

Constant Meaning
X Magnetic field intensity (H) (Magnetomotive force/length)
Y Corresponding magnetic flux density (B) (Flux/Area)

Specify the system of units (MKS or user defined) with EMUNIT, which also determines the value of the permeab-
ility of free space. Free-space permeability is available in elements SOLID5, INFIN9, PLANE13, INFIN47, PLANE53,
SOLID62, SOLID96, SOLID97, SOLID98, INFIN110, and INFIN111. This value is used with the relative permeability
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property values [MP] to establish absolute permeability values. The defaults (also obtained for Lab = MKS) are
MKS units and free-space permeability of 4 TE-7 Henries/meter. You can specify Lab = MUZRO to define any
system of units, then input free-space permeability.

See Additional Guidelines for Defining Regional Material Properties and Real Constants in the ANSYS Low-Frequency
Electromagnetic Analysis Guide for more information on this material option.

2.5.5. Anisotropic Elastic Materials

Anisotropic elastic capability is available with the SOLID64, PLANE182, SOLID185, PLANE183, SOLID186, and
SOLID187 structural elements (see Section 2.5.1.7: Anisotropic) and the SOLID5, PLANE13, SOLID98, PLANE223,
SOLID226, and SOLID227 coupled-field elements. Input the elastic coefficient matrix [D] either by specifying the
stiffness constants (EX, EY, etc.) with MP commands, or by specifying the terms of the matrix with data table
commands as described below. The matrix should be symmetric and positive definite (requiring all determinants
to be positive).

The full 6 x 6 elastic coefficient matrix [D] relates terms ordered x, y, z, xy, yz, Xz via 21 constants as shown below.

D11 0
D O

21 D2 0
DD31 D3> D33 Symmetric B
%341 Dso Dyz Dag 0
ED51 Dsp Ds3 Dss Dsgs B
HPs1 De2 De3 Dss Dgs DeeH

For 2-D problems, a 4 x 4 matrix relates terms ordered x, y, z, xy via 10 constants (D, D5y, D55 D31, D35, D33, Day,
D, D43, D4s). Note, the order of the vector is expected as {x, y, z, Xy, yz, xz}, whereas for some published materials
the orderis given as {x, y, z, yz, xz, xy}. This difference requires the "D" matrix terms to be converted to the expected
format. The "D" matrix can be defined in either "stiffness" form (with units of Force/Area operating on the strain
vector) orin "compliance" form (with units of the inverse of Force/Area operating on the stress vector), whichever
is more convenient. Select a form using TBOPT on the TB command. Both forms use the same data table input

as described below.

Enter the constants of the elastic coefficient matrix in the data table with the TB commands. Initialize the constant
table with TB,ANEL. Define the temperature with TBTEMP, followed by up to 21 constants input with TBDATA
commands. The matrix may be input in either stiffness or flexibility form, based on the TBOPT value. For the
coupled-field elements, temperature- dependent matrix terms are not allowed. You can define up to six temper-
ature-dependent sets of constants (NTEMP =6 max on the TB command) in this manner. Matrix terms are linearly
interpolated between temperature points. The constants (C1-C21) entered on TBDATA (6 per command) are:

Constant Meaning

C1-Cé Terms Dy;, Dyq, D3y, Daqs D5y, Dgs
c7-C12 Terms Dy,, D3y, D4y, D5y, Dgys D33
C13-C18 Terms D3, Ds3, Dg3, Dags Dsay Dey
C19-C21 Terms Dgs, Dgs, Dgg

See the TB command for a listing of the elements that can be used with this material option.
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2.5.6. Piezoelectric Materials

Piezoelectric capability is available with the SOLID5, PLANE13, SOLID98, PLANE223, SOLID226, and SOLID227
coupled-field elements. SOLID5, PLANE13, and SOLID98 have this capability in the ANSYS Multiphysics and
Mechanical products; PLANE223, SOLID226, and SOLID227 have this capability in the ANSYS Multiphysics product.
Material properties required for the piezoelectric effects include the dielectric (relative permittivity) constants,
the elastic coefficient matrix, and the piezoelectric matrix.

Input the dielectric constants either by specifying orthotropic dielectric permittivity (PERX, PERY, PERZ) on the
MP command or by specifying the terms of the anisotropic permittivity matrix [c] on the TB,DPER command.
The values input on the MP command will be interpreted as permittivity at constant strain [€°]. Using TB,DPER,

you can specify either permittivity at constant strain [¢°] (TBOPT =0), or permittivity at constant stress [e'] (TBOPT
=1).

Input the elastic coefficient matrix [c] either by specifying the stiffness constants (EX, EY, etc.) with MP commands,
or by specifying the terms of the anisotropic elasticity matrix with TB commands as described in Section 2.5.1.7:
Anisotropic.

You can define the piezoelectric matrix in [e] form (piezoelectric stress matrix) or in [d] form (piezoelectric strain
matrix). The [e] matrix is typically associated with the input of the anisotropic elasticity in the form of the stiffness
matrix [c], and the permittivity at constant strain [°]. The [d] matrix is associated with the input of compliance

matrix [s] and permittivity at constant stress []. Select the appropriate matrix form for your analysis using the
TB,PIEZ command.

The full 6 x 3 piezoelectric matrix relates terms x, y, z, Xy, yz, Xz to x, y, z via 18 constants as shown:
(€11 €12 €130

d
%21 €22 €231

Lé e €q, U
o311 €32 €33
(€41 €42 €43

by ecr ecqU
£51 €52 s34

P61 €62 €630

For 2-D problems, a 4 x 2 matrix relates terms ordered x, y, z, Xy via 8 constants (€, €, €31, €52, €31, €32 €41, €4).

The order of the vector is expected as {x, y, z, Xy, yz, xz}, whereas for some published materials the order is given
as {x, Y, z, yz, xz, xy}. This difference requires the piezoelectric matrix terms to be converted to the expected
format.

Use the TB commands to enter the constants of the piezoelectric matrix in the data table. Initialize the constant
table with TB,PIEZ. You can define up to 18 constants (C1-C18) with TBDATA commands (6 per command):

Constant Meaning

C1-Cé Terms e, €15, €13, €57, €52, €53
c7-C12 Terms ey, €35, €33, €47, €4, €43
C13-C18 Terms es;, €55, €53, €41, €62 €63

See Piezoelectric Analysis in the ANSYS Coupled-Field Analysis Guide for more information on this material model.
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2.5.7. Piezoresistive Materials

Elements with piezoresistive capabilities (PLANE223, SOLID226, SOLID227) use TB,PZRS to calculate the change
in electric resistivity produced by elastic stress or strain. Material properties required to model piezoresistive
materials are electrical resistivity, the elastic coefficient matrix, and the piezoresistive matrix.

You can define the piezoresistive matrix either in the form of piezoresistive stress matrix [«] (TBOPT = 0) or
piezoresistive strain matrix [m] (TBOPT = 1).

The piezoresistive stress matrix [7] uses stress to calculate the change in electric resistivity due to piezoresistive
effect, while the piezoresistive strain matrix [m] (TBOPT = 1) uses strain to calculate the change in electric resistivity.
See Section 11.3: Piezoresistivity in the ANSYS, Inc. Theory Reference for more information.

The full 6x6 piezoresistive matrix relates the x, y, z, xy, yz, xz terms of stress to the x, y, z, xy, yz, xz terms of electric
resistivity via 36 constants:

UY; Ty2 Ty3 Ty Ths Thg Ul

Eszl Thy Thy Thg Ths Thg[

EhSl Tgy Ty Ty Ths Tigg %
(41 Tuz2 Tuz Tug Tus Tue[]
%-[51 Ty T3 Ty Ths Thg B
Hlb1

ey T3 Tea Thgs T

Constant Meaning

c1-Cé Terms ™1, T2 T3 Tia Tq5 T
c7-C12 Terms Ty, Ty Taz Toar Tasr Tag
c13-C18 Terms w3, T3o, T33, T34 T35 T3
C19-C24 Terms T4q, Taz Taz Taar Tasr Tag
C25-C30 Terms Ts;, Ts5y, Ts3, T4 Tssr Tsg
C31-C36 Terms g1, Tear T3 Toar Tosr Tes

For 2-D problems, a 4x4 matrix relates terms ordered X, y, z, xy via 16 constants.

Constant Meaning

C1-C4 Terms mqq, T2 T3, Tqa
C7-C10 Terms w5, Ty Toz, Toa
C13-C16 Terms T3, T3y, T3, T3g
C19-C22 Terms T4q, T4 Tyzs Taa

The order of the vector is expected as {X, y, z, Xy, yz, xz}, whereas for some published materials the order is given
as {x, Y, z, yz, xz, xy}. This difference requires the piezoresistive matrix terms to be converted to the expected
format.

See Piezoresistive Analysis in the ANSYS Coupled-Field Analysis Guide for more information on this material
model.
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2.5.8. Anisotropic Electric Permittivity Materials

Elements with piezoelectric capabilities (PLANE223, SOLID226, SOLID227) use TB,DPER to specify anisotropic
relative electric permittivity. You can define electric permittivity at constant strain [€*] (TBOPT = 0) or constant
stress [sT] (TBOPT =1)

Note — ANSYS will convert matrix [e'] to [£°] using piezoelectric strain and stress matrices.
The full 3x3 electric permittivity matrix relates x, y, zcomponents of electric field to the x, y, z components of
electric flux density via 6 constants:

Le11 &2 £30
O
0 €22 €23

Eym e33H
Constant Meaning
C1-Cé €11r €22/ €33/ €120 €23/ €13

For 2-D problems, a 2x2 matrix relates terms ordered x, y via 3 constants (g, €55 €15):

Constant Meaning
C1,C2, 4 €11/ €22/ €12

2.5.9. Rate-Dependent Plastic (Viscoplastic) Materials

The RATE option, when combined with other material options, defines the strain rate dependency of isotropic
plasticity. To simulate viscoplasticity, you combine the RATE option with the BISO, MISO, or NLISO options. To
simulate anisotropic viscoplasticity, you combine the RATE option and the HILL option with the BISO, MISO, or
NLISO options. See Section 2.6: Material Model Combinations for further information. The RATE option is applicable
toelements: PLANE42, SOLID45, PLANE82, SOLID92, SOLID95, LINK180, SHELL181, PLANE182, PLANE183, SOLID185,
SOLID186, SOLID187, BEAM188, and BEAM189.

There are two models available for use with the RATE option, the Perzyna model or the Peirce model. You specify
the model using TBOPT in the form TB,RATE,,,,PERZYNA or TB,RATE,,,,PEIRCE. Each of these models is described
below.

The Perzyna model has the following form:
o= %_+ v @ %50
= B

and the Peirce model has the following form:

0 gl
o=[0+—0 o,
B YE

-pl
In both cases o is the material yield stress, &P is the equivalent plastic strain rate, m is the strain rate hardening
parameter, ~ is the material viscosity parameter, and o, is the static yield stress of material. o, is a function of

some hardening parameter and can be defined by isotropic plasticity (for example, TB,BISO). As ~ approaches
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pl
% ormapproaches zero, or &P approaches zero, the solution approaches the static (rate-independent) solution.

When m is very small, the Peirce model has less difficulty converging, compared to the Perzyna model. See the
ANSYS, Inc. Theory Reference for details.

The two constants for either model that are defined by TBDATA are:

Constant  Meaning
cl m - material strain rate hardening parameter

2 ~ - material viscosity parameter

Initialize the data table with TB,RATE, and specify the model option using TBOPT. For each set of data, define
the temperature [TBTEMP], then define material constants C1 and C2 [TBDATA]. The data table command for
the combination option must also be defined for the same material number to specify the static hardening be-
havior of the materials (rate-independent and isotropic).

See Viscoplasticity in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.10. Gasket Materials

The GASKET option allows you to simulate gasket joints with the ANSYS interface elements INTER192, INTER193,
INTER194, and INTER195. The gasket material is usually under compression and is highly nonlinear. The material
also exhibits quite complicated unloading behavior when compression is released. The GASKET option allows
you to define some general parameters including the initial gap, stable stiffness for numerical stabilization, and
stress cap for a gasket in tension. The GASKET option also allows you to directly input data for the experimentally
measured complex pressure closure curves for the gaskets. The GASKET option also offers two sub-options to
define gasket unloading behavior including linear and nonlinear unloading. The linear unloading option simplifies
the input by defining the starting closure at the compression curves and the slope. The nonlinear unloading
option allows you to directly input unloading curves to more accurately model the gasket unloading behavior.
When no unloading curves are defined, the material behavior follows the compression curve while itis unloaded.

You enter the general parameters and the pressure closure behavior data using the TBOPT field when issuing
TB,GASKET. You then input the material data using either the TBDATA command or the TBPT command as
shown in the table below that describes the various gasket data types and presents the command input format.

You can enter temperature dependent data using the TBTEMP command for any of the gasket data types. For
thefirst temperature curve, you issue TB,GASKET,,,, TBOPT, then input the first temperature using TBTEMP, followed
by the data using either TBDATA or TBPT depending on the value of TBOPT as shown in the table. ANSYS
automatically interpolates the temperature data to the material points using linear interpolation. When the
temperature is out of the specified range, the closest temperature point is used.

Gasket Data Type TBOPT Constants Meaning Input Format

Initial gap (default = 0, meaning

c there is no initial gap).

Stable stiffness (default = 0, mean-
ing there is no stable stiffness. [1] |1 GaskeT, | |, PARA
TBDATA, 1, C1, C2, C3

2

General paramet- PARA
ers Maximum tension stress allowed

when the gasket material is in ten-
c3 sion (default = 0, meaning there is
no tension stress in the gasket ma-
terial).
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Gasket Data Type TBOPT Constants Meaning Input Format
, Xi Closure value. TB, GASKET, , , 2, COW
Compression load COMP : TBPT, , X1, Y1
closure curve Yi Pressure value. TBPT, , X2, Y2
. ) Xi Closure value on compression curve | TB, GASKET, , , 2, LUNL
Linear unloading LUNL where unloading started. TBPT, , X1, Y1
data TBPT, , X2, Y2
Yi Unloading slope value.
. Xi Closure value. TB, GASKET, , , 2, NUNL
Nonlinear unload- NUNL . TBPT, , X1, Y1
ing data [2] Yi Pressure value. TBPT, , X2, Y2
XY, XZ Transverse shear values TB, GASKET, , , 2, TSS
Transverse shear TSS TBDATA, 1, TSSXY, TSSXZ

1. Stable stiffness is used for numerical stabilization such as the case when the gasket is opened up and
thus no stiffness is contributed to the element nodes, which in turn may cause numerical difficulty.

2. Multiple curves may be required to define the complex nonlinear unloading behavior of a gasket mater-
ial.

When there are several nonlinear unloading curves defined, ANSYS requires that the starting point of
each unloading curve be on the compression curve to ensure the gasket unloading behavior is correctly
simulated. Though it is not a requirement that the temperature dependency of unloading data be the
same as the compression data, when there is a missing temperature, ANSYS uses linear interpolation to
obtain the material data of the missing temperature. This may result in a mismatch between the com-
pression data and the unloading data. Therefore, it is generally recommended that the number of tem-
peratures and temperature points be the same for each unloading curve and compression curve.

When using the material GUI to enter data for the nonlinear unloading curves, an indicator at the top of
the dialog box states the number of the unloading curve whose data is currently displayed along with
the total number of unloading curves defined for the particular material (example: Curve number 2/5).
To enter data for the multiple unloading curves, type the data for the first unloading curve, then click
on the Add Curve button and type the data for the second curve. Repeat this procedure for entering
data for the remaining curves. Click the Del Curve button if you want to remove the curve whose data
is currently displayed. Click the > button to view the data for the next curve in the sequence, or click the
< button to view the data for the previous curve in the sequence. To insert a curve at a particular location
in the sequence, click on the > or < buttons to move to the curve before the insertion location point
and click on the Add Curve button. For example, if the data for Curve number 2/5 is currently displayed
and you click on the Add Curve button, the dialog box changes to allow you to enter data for Curve
number 3/6. You can define a total of 100 nonlinear unloading curves per material.

For a more detailed description of the gasket joint simulation capability in ANSYS, see the Gasket Joints Simulation
chapter in the ANSYS Structural Analysis Guide.

2.5.11. Creep Equations
If Table 4.n-1 lists "creep” as a "Special Feature," then the element can model creep behavior.
The creep strain rate, € «» €an be a function of stress, strain, temperature, and neutron flux level. Libraries of

creep strain rate equations are included under the Section 2.5.11.1: Implicit Creep Equations and Section 2.5.11.2:
Explicit Creep Equations sections. Enter the constants shown in these equations using TB,CREEP and TBDATA
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as described below. These equations (expressed in incremental form) are characteristic of materials being used
in creep design applications (see the ANSYS, Inc. Theory Reference for details).

Three different types of creep equations are available:

*  Primary creep
+ Secondary creep
+ Irradiation induced creep

You can define the combined effects of more than one type of creep using the implicit equations specified by
TBOPT = 11 or 12, the explicit equations, or a user-defined creep equation.

ANSYS analyzes creep using the implicit and the explicit time integration method. The implicit method is robust,
fast, accurate, and recommended for general use, especially with problems involving large creep strain and large
deformation. It has provisions for including temperature-dependent constants. ANSYS can model pure creep,
creep with isotropic hardening plasticity, and creep with kinematic hardening plasticity, using both von Mises
and Hill potentials. See Section 2.6: Material Model Combinations for further information. Since the creep and
plasticity are modeled simultaneously (no superposition), the implicit method is more accurate and efficient
than the explicit method. Temperature dependency can also be incorporated by the Arrhenius function (see the
ANSYS, Inc. Theory Reference for details).

The explicit method is useful for cases involving very small time steps, such as in transient analyses. There are
no provisions for temperature-dependent constants, nor simultaneous modeling of creep with any other mater-
ial models such as plasticity. However, there is temperature dependency using the Arrhenius function, and you
can combine explicit creep with other plasticity options using non-simultaneous modeling (superposition). In
these cases, ANSYS first performs the plastic analysis, then the creep calculation.

Note — The terms “implicit” and “explicit” as applied to creep, have no relationship to “explicit dynamics,”
or any elements referred to as “explicit elements.”

2.5.11.1. Implicit Creep Equations

Enter an implicit creep equation using TBOPT within the TB command. Enter the value of TBOPT corresponding
to the equation, as shown in Table 2.4: “Implicit Creep Equations”.

Table 2.4 Implicit Creep Equations

Creep Model
(TBOPT) Name Equation Type
1 Strain Hardening Ecr :ClcczschSe_CA'/T Primary
2 Time Hardening €cr =C1crcztc3e_C4/T Primary
3 Generalized Exponential Ecr =C10C2re_rt’ |’=C50C3e_C4/T Primary
4 Generalized Graham Ecr :Clcyc2 (tc3 + C4tc5 + C6tc7 )e_CB/T Primary

gy =f1-e ™M)+ gt
5 Generalized Blackburn Coo c Coo Primary
f=Cie72”,r=C3(0/Cy)>,g=Cge~’

6 Modified Time Hardening E€or = C10C2 {C3+1g=CalT /(C3 +1) Primary
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7 Modified Strain Hardening | &, :{C10C2 [(Cs +1)(»:Cr]C3 }]J(C3 tHe=CaIT Primary
8 Generalized Garofalo Ecr =C1[sinh(C2cr)]C3 e C4lT Secondary
9 Exponential form Ecr :Clec’/c2 e Ca/T Secondary
10 Norton Ecr =C1002e_c3/T Secondary
— Cr,C3+1 _—Cy/T
, . ger =Cr0 273 e 41 /(Cg +1) Primary +
1 Time Hardening Con —CoIT S d
+C50 6te™C7 econdary
. 0€ cpt .
€, =Ci—% €. = +Ent
cr 175 % "1+ ot m |
12 Rational polynomial ¢ = C210C3CGC4 :Zcr:\;rdya-ir-y
m
c= C7é%8 6%9, p=CyeSitcti2
g =t e Ce/T
13 Generalized Time Hardening f=C10+Cy g2 +C3 o3 Primary
r =C4 + C50'
100 User Creep

where:

g, = equivalent creep strain

€ « = change in equivalent creep strain with respect to time

o = equivalent stress

T = temperature (absolute). The offset temperature (from TOFFST), is internally added to all temperatures
for convenience.

C, through C,, = constants defined by the TBDATA command

t = time at end of substep

e = natural logarithm base

You can define the user creep option by setting TBOPT = 100, and using TB,STATE to specify the number of state
variables for the user creep routine. See the Guide to ANSYS User Programmable Features for more information.
The RATE command is necessary to activate implicit creep for specific elements (see the RATE command descrip-
tion for details). The RATE command has no effect for explicit creep.

For temperature dependent constants, define the temperature using TBTEMP for each set of data. Then, define
constants C1 through Cmusing TBDATA (where mis the number of constants, and depends on the creep model
you choose).

The following example shows how you would define the implicit creep model represented by TBOPT = 1 at two
temperature points.

TB, CREEP, 1, ,,1 l'Activate creep data table, specify creep nodel 1
TBTEMP, 100 !Define first tenperature

TBDATA, 1, c11, c12,c13,cl14 ! Creep constants cl1l, cl1l2, c13, c14 at first tenp.
TBTEMP, 200 | Define second tenperature

TBDATA, 1, ¢21, ¢22, ¢23,c24 ! Creep constants c21, c22, c¢23, c24 at second tenp.
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See the TB command for a listing of the elements that can be used with this material option.

See Creep in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.11.2. Explicit Creep Equations

Enter an explicit creep equation by setting TBOPT =0 (or leaving it blank) within the TB command, then specifying
the constants associated with the creep equations using the TBDATA command.

Specify primary creep with constant Cg. Section 2.5.11.2.1: Primary Explicit Creep Equation for C6 = 0, through
Section 2.5.11.2.11: Primary Explicit Creep Equation for C6 = 100, show the available equations. You select an
equation with the appropriate value of C; (0to 15). If C; = 0, 0rif T+ T gy < 0, nO primary creep is computed.

Specify secondary creep with constant C;,. Section 2.5.11.2.12: Secondary Explicit Creep Equation for C12=0
and Section 2.5.11.2.13: Secondary Explicit Creep Equation for C12 = 1 show the available equations. You select
an equation with the appropriate value of C;, (0 or 1).If C; = 0, orif T+ Ty = 0, N0 secondary creep is com-
puted. Also, primary creep equations C; =9, 10, 11, 13, 14, and 15 bypass any secondary creep equations since
secondary effects are included in the primary part.

Specify irradiation induced creep with constant Cge. Section 2.5.11.2.14: Irradiation Induced Explicit Creep
Equation for C66 = 5 shows the single equation currently available; select it with C44 = 5. This equation can be
used in conjunction with equations C,=0to 11. The constants should be entered into the data table as indicated

by their subscripts. If Css = 0and Cg; = 0, 0rif T+ T gy < 0, no irradiation induced creep is computed.

Alinear stepping function is used to calculate the change in the creep strain within a time step (A e, = (€ o (AD).
The creep strain rate is evaluated at the condition corresponding to the beginning of the time interval and is
assumed to remain constant over the time interval. If the time step is less than 1.0e-6, then no creep strain incre-
ment is computed. Primary equivalent stresses and strains are used to evaluate the creep strain rate. For highly
nonlinear creep strain vs. time curves, use a small time step if you are using the explicit creep algorithm. A creep
time step optimization procedure is available for automatically increasing the time step whenever possible. A
nonlinear stepping function (based on an exponential decay) is also available (C,, = 1) but should be used with
caution since it can underestimate the total creep strain where primary stresses dominate. This function is
available only for creep equations C; =0, 1 and 2. Temperatures used in the creep equations should be based

on an absolute scale [TOFFST].

Use the BF or BFE commands to enter temperature and fluence values. The input fluence (®,) includes the integ-

rated effect of time and time explicitly input is not used in the fluence calculation. Also, for the usual case of a
constant flux (®), the fluence should be linearly ramp changed.

Temperature dependent creep constants are not permitted for explicit creep. You can incorporate other creep
options by setting C6 = 100. See the Guide to ANSYS User Programmable Features for more information.

The following example shows how you would use the explicit creep equation defined by C6 = 1.

TB, CREEP, 1 I'Activate creep data table
TBDATA, 1,c1,c2,c3,c4,,1 !Creep constants cl, c2, c3, c4 for equation C6=1

The explicit creep constants that you enter with the TBDATA are:
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Constant Meaning

C1-CN Constants C;, C,, C5, etc. (as defined in Section 2.5.11.2.1: Primary Ex-

plicit Creep Equation for C6 = 0 to Section 2.5.11.2.14: Irradiation In-
duced Explicit Creep Equation for C66 = 5) These are obtained by curve
fitting test results for your material to the equation you choose. Excep-
tions are defined below.

2.5.11.2.1. Primary Explicit Creep Equation for C6 =0

¢, =C,0%2, C3eCHT

where:

€= change in equivalent strain with respect to time

o = equivalent stress

T = temperature (absolute). The offset temperature (from TOFFST) is internally added to all temperatures
for convenience.

t = time at end of substep

e = natural logarithm base

2.5.11.2.2. Primary Explicit Creep Equation for C6 = 1

¢, =C0C%C3eCHT

2.5.11.2.3. Primary Explicit Creep Equation for C6 = 2

£er =C10%%re ™

where:

r=Cs oC3e=C4/T

2.5.11.2.4. Primary Explicit Creep Equation for C6 =9
Annealed 304 Stainless Steel:

Ogc.
1ot

2.5.11.2.4.1. Double Exponential Creep Equation (C4 = 0)

To use the following Double Exponential creep equation to calculate ¢, enter C, = 0.0:

ec=e, (1-€) +¢, (1-e™ + €t
where:

e, =0for o = C,
C, = 6000 psi (default), C; = 25000 psi (default)

s, € m G, and H = functions of temperature and stress as described in the reference.
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This double exponential equation is valid for Annealed 304 Stainless Steel over a temperature range from 800
to 1100°F. The equation, known as the Blackburn creep equation when C, = 1, is described completely in the

[1.]. The first two terms describe the primary creep strain and the last term describes the secondary creep strain.

To use this equation, input a nonzero value for C;, C, =9.0, and C; = 0.0. Temperatures should be in °R (or °F with
Toftset = 460.0). Conversion to °K for the built-in property tables is done internally. If the temperature is below the

valid range, no creep is computed. Time should be in hours and stress in psi. The valid stress range is 6,000 -
25,000 psi.

2.5.11.2.4.2. Rational Polynomial Creep Equation with Metric Units (C4 = 1)

To use the following standard Rational Polynomial creep equation (with metric units) to calculate €, enter C, =
1.0:
N cpt

£
€ 1+pt

+épt

where:

¢ = limiting value of primary creep strain
p = primary creep time factor

€ =secondary (minimum) creep strain rate

This standard rational polynomial creep equation is valid for Annealed 304 SS over a temperature range from
427°Cto 704°C. The equation is described completely in the [1.]. The first term describes the primary creep strain.

The last term describes the secondary creep strain. The average "lot constant” is used to calculate € me

To use this equation, input C; = 1.0, C, = 1.0, C; = 9.0, and C, = 0.0. Temperature must be in °C and T ., Mmust

be 273 (because of the built-in property tables). If the temperature is below the valid range, no creep is computed.
Also, time must be in hours and stress in Megapascals (MPa).

Various hardening rules governing the rate of change of creep strain during load reversal may be selected with
the C; value: 0.0 - time hardening, 1.0 - total creep strain hardening, 2.0 - primary creep strain hardening. These

options are available only with the standard rational polynomial creep equation.
2.5.11.2.4.3. Rational Polynomial Creep Equation with English Units (C4 = 2)
To use the above standard Rational Polynomial creep equation (with English units), enter C, = 2.0.

This standard rational polynomial equation is the same as described above except that temperature must be in
°F, Tofrset Must be 460, and stress must be in psi. The equivalent valid temperature range is 800 - 1300°F.

2.5.11.2.5. Primary Explicit Creep Equation for C6 = 10
Annealed 316 Stainless Steel:

Og¢.
1ot
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2.5.11.2.5.1. Double Exponential Creep Equation (C4 = 0)

To use the same form of the Double Exponential creep equation as described for Annealed 304 SS (C,=9.0,C,
=0.0) in Section 2.5.11.2.4: Primary Explicit Creep Equation for C6 = 9 to calculate €., enter C, = 0.0.

This equation, also described in [1.], differs from the Annealed 304 SS equation in that the built-in property tables
are for Annealed 316 SS, the valid stress range is 4000 - 30,000 psi, C, defaults to 4000 psi, C; defaults to 30,000

psi, and the equation is called with C; = 10.0 instead of C4 = 9.0.

2.5.11.2.5.2. Rational Polynomial Creep Equation with Metric Units (C4 = 1)

To use the same form of the standard Rational Polynomial creep equation with metric units as described for An-
nealed 304 SS (C4 = 9.0, C, = 1.0) in Section 2.5.11.2.4: Primary Explicit Creep Equation for C6 =9, enter C, = 1.0.

This standard rational polynomial equation, also described in [1.], differs from the Annealed 304 SS equation in
that the built-in property tables are for Annealed 316 SS, the valid temperature range is 482 - 704°C, and the
equation is called with C4 = 10.0 instead of C; = 9.0. The hardening rules for load reversal described for the C;=

9.0 standard Rational Polynomial creep equation are also available. The average "lot constant” from [1.] is used
in the calculation of € me

2.5.11.2.5.3. Rational Polynomial Creep Equation with English Units (C4 = 2)

To use the previous standard Rational Polynomial creep equation with English units, enter C, = 2.0.

This standard rational polynomial equation is the same as described above except that the temperatures must
be in °F, T g, must be 460, and the stress must be in psi (with a valid range from 0.0 to 24220 psi). The equivalent

valid temperature range is 900 - 1300°F.
2.5.11.2.6. Primary Explicit Creep Equation for C6 =11
Annealed 2 1/4 Cr - 1 Mo Low Alloy Steel:

. o€
€er =Cq 6_'[C

2.5.11.2.6.1. Modified Rational Polynomial Creep Equation (C4 = 0)

To use the following Modified Rational Polynomial creep equation to calculate €, enter C,=0.0:
t
A +Bt

€= +Emt

A,B,and € m are functions of temperature and stress as described in the reference.

This modified rational polynomial equation is valid for Annealed 2 1/4 Cr-1 Mo Low Alloy steel over a temperature
range of 700 - 1100°F. The equation is described completely in the [2.]. The first term describes the primary creep
strain and the last term describes the secondary creep strain. No modification is made for plastic strains.

To use this equation, input C; = 1.0, C, = 11.0, and C; = 0.0. Temperatures must be in °R (or °F with T .. = 460.0).

Conversion to °K for the built-in property tables is done internally. If the temperature is below the valid range,
no creep is computed. Time should be in hours and stress in psi. Valid stress range is 1000 - 65,000 psi.
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2.5.11.2.6.2. Rational Polynomial Creep Equation with Metric Units (C4 = 1)

To use the following standard Rational Polynomial creep equation (with metric units) to calculate ¢, enter C, =

1.0:

N cpt
1+pt

€ +E&nt

where:

¢ = limiting value of primary creep strain
p = primary creep time factor

€ = secondary (minimum) creep strain rate

This standard rational polynomial creep equation is valid for Annealed 2 1/4 Cr - 1 Mo Low Alloy Steel over a
temperature range from 371°Cto 593°C. The equation is described completely in the [2.]. The first term describes
the primary creep strain and the last term describes the secondary creep strain. No tertiary creep strain is calculated.
Only Type | (and not Type Il) creep is supported. No modification is made for plastic strains.

To use this equation, input C; = 1.0, C, = 1.0, Cg = 11.0, and C; = 0.0. Temperatures must be in °Cand T, must
be 273 (because of the built-in property tables). If the temperature is below the valid range, no creep is computed.

Also, time must be in hours and stress in Megapascals (MPa). The hardening rules for load reversal described for
the C; = 9.0 standard Rational Polynomial creep equation are also available.
2.5.11.2.6.3. Rational Polynomial Creep Equation with English Units (C4 = 2)

To use the above standard Rational Polynomial creep equation with English units, enter C, = 2.0.

This standard rational polynomial equation is the same as described above except that temperatures must be
in °F, Tgeer Must be 460, and stress must be in psi. The equivalent valid temperature range is 700 - 1100°F.

2.5.11.2.7. Primary Explicit Creep Equation for C6 = 12
€ . =MK(C,o)" tMP
where:

C, = Scaling constant
M, N, K = Function of temperature (determined by linear interpolation within table) as follows:

Cs Number of temperature values to describe M, N, or
K function (2 minimum, 6 maximum)

Cyo First absolute temperature value

Cs Second absolute temperature value

Chg+GCs Csth absolute temperature value

Chg+Cs+1 First M value

Cyg +2C; Csth M value

Cyg +2C; Csth M value
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Cug +2C; Csth M value

Chg+2C5+1 First N value
Cyg+ 3G Csth N value
Chg+3C5+1 First K value

This power function creep law having temperature dependent coefficients is similar to Equation Cg = 1.0 except
with C, =f,(T), C, =f,(T), C; =15(T), and C, = 0. Temperatures must not be input in decreasing order.

2.5.11.2.8. Primary Explicit Creep Equation for C6 Equals 13

Sterling Power Function:

€acc
A10(3A+ZB+C)

Ecr = B
BeaccO

where:

€acc - Creep strain accumulated to this time (calculated by the program). Internally set to 1 x 10 at the first
substep with nonzero time to prevent division by zero.

A:C-I/T
C=C,/T+Cs

This equation is often referred to as the Sterling Power Function creep equation. Constant C, should be 0.0.
Constant C, should not be 0.0, unless no creep is to be calculated.

2.5.11.2.9. Primary Explicit Creep Equation for C6 = 14
0€

. :C C

€r=C1 ot

where:

Ec-Cpt/(1+pt) + € m
In c=-1.350 - 5620/T - 50.6 x 10° ¢ + 1.918 In (5/1000)

Inp=31.0-67310/T +330.6x 10° 5 - 1885.0x 10™'* 5*

In €, =43.69-106400/T + 294.0 x 10° 6 + 2.596 In (5/1000)

This creep law is valid for Annealed 316 SS over a temperature range from 800°F to 1300°F. The equation is sim-
ilar to that given for C; = 10.0 and is also described in [1.].

To use equation, input C; = 1.0 and C; = 14.0. Temperatures should be in °R (or °F with T .. = 460). Time should

be in hours. Constants are only valid for English units (pounds and inches). Valid temperature range: 800° - 1300°F.
Maximum stress allowed for e_ calculation: 45,000 psi; minimum stress: 0.0 psi. If T + T g.; < 1160, no creep is

computed.
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2.5.11.2.10. Primary Explicit Creep Equation for C6 = 15
General Material Rational Polynomial:

. o€
€er =C1 a_tc

where:

cpt
1+pt

€+ +Eqt

€m=C>o 10%3% g4 (C, must not be negative)
c=C,£58 ¢©9

_~ «C11 C
p=Cioém 012

This rational polynomial creep equation is a generalized form of the standard rational polynomial equations
givenas C4=9.0,10.0,and 11.0 (C, = 1.0 and 2.0). This equation reduces to the standard equations for isothermal

cases. The hardening rules for load reversal described for the C; = 9.0 standard Rational Polynomial creep
equation are also available.

2.5.11.2.11. Primary Explicit Creep Equation for C6 = 100

A user-defined creep equation is used. See the Guide to ANSYS User Programmable Features for more information.

2.5.11.2.12. Secondary Explicit Creep Equation for C12=0
Ecr =C7eG/C8 e—C]_o/T

where:

o = equivalent stress
T = temperature (absolute). The offset temperature (from TOFFST), is internally added to all temperatures
for convenience.
t=time
e = natural logarithm base
2.5.11.2.13. Secondary Explicit Creep Equation for C12 =1

2.5.11.2.14. Irradiation Induced Explicit Creep Equation for C66 = 5

. . —_ /C .
£ =Cgs 0ge” #0.5/%56 +.C.Bo@

where:

F=—°

Csg +Cgoe 577
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G=1-e ®05/Ce24

o = equivalent stress

T = temperature (absolute). The offset temperature (from TOFFST) is internally added to all temperatures
for convenience.

®, . = neutron fluence (input on BF or BFE command)

e = natural logarithm base
t=time

This irradiation induced creep equation is valid for 20% Cold Worked 316 SS over a temperature range from 700°
to 1300°F. Constants 56, 57, 58 and 62 must be positive if the B term is included.

See the TB command for a listing of the elements that can be used with this material option.

See Creep in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.12. Shape Memory Alloys

This option (SMA) is used to model the superelastic behavior of shape memory alloys. Use this with the MP
command to define the elastic behavior in the austenite state. The SMA model can be used with these elements:
PLANE182, PLANE183, SOLID185, SOLID186, and SOLID187.

The SMA option is described by seven constants that define the stress-strain behavior in loading and unloading
for the uniaxial stress-state.

Initialize the data table with TB,SMA. For each data set, define the temperature using TBTEMP, then define
constants C1 through C6 using TBDATA. You may define up to six sets of temperature-dependent constants in
this manner. See Section 8.3.1.6: Shape Memory Alloy or more information and an example.

Table 2.5 Shape Memory Alloy Constants

Constant Meaning
SIG-SAS ghS Starting stress value for the forward phase transformation
(cn s
SIG-FAS ohS Final stress value for the forward phase transformation
(C2) f
SIG-SSA oSA Starting stress value for the reverse phase transformation
(C3) s
SIG-FSA GSA Final stress value for the reverse phase transformation
(C4) f
EPSILON e Maximum residual strain
(C5)
ALPHA Q Parameter measuring the difference between material responses in
(Ce) tension and compression
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Figure 2.1 Shape Memory Alloy Phases

2.5.13. Swelling Equations

If Table 4.n-1 lists "swelling" as a "Special Feature," then the element can model swelling behavior. Swelling is a
material enlargement due to neutron bombardment and other effects (see the ANSYS, Inc. Theory Reference). The
swelling strain rate may be a function of temperature, time, neutron flux level, and stress.

The fluence (which is the flux x time) is input on the BF or BFE command. A linear stepping function is used to
calculate the change in the swelling strain within a load step:

_dSSW A
o qt)( (@)

JAY

where ®t is the fluence and the swelling strain rate equation is as defined in subroutine USERSW.

Because of the many empirical swelling equations available, the programming of the actual swelling equation
is left to the user. In fact, the equation and the "fluence" input may be totally unrelated to nuclear swelling. See
the Guide to ANSYS User Programmable Features for user programmable features.

For highly nonlinear swelling strain vs. fluence curves a small fluence step should be used. Note that since fluence
(®t), and not flux (P), is input, a constant flux requires that a linearly changing fluence be input if time is changing.
Temperatures used in the swelling equations should be based on an absolute scale [TOFFST]. Temperature and
fluence values are entered with the BF or BFE command. Swelling calculations for the current substep are based
upon the previous substep results.

Initialize the swelling table with TB,SWELL. The constants entered on the TBDATA commands (6 per command)
are:
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Constant Meaning

C1-CN Constants C;, C,, C5, etc. (as required by the user swelling equations).
C,, must equal 10.

See the TB command for a listing of the elements that can be used with this material option.

See Swelling in the ANSYS Structural Analysis Guide for more information on this material option.

2.5.14. MPC184 Joint Materials

The JOINT material option allows you to impose linear and nonlinear elastic stiffness and damping behavior or
hysteretic friction behavior on the available components of relative motion of an MPC184 joint element.

2.5.14.1. Linear Elastic Stiffness and Damping Behavior

Input the linear stiffness or damping behavior for the relevant components of relative motion of a joint element
by specifying the terms as part of a 6 x 6 matrix with data table commands as described below.

The 6 x 6 matrix for linear stiffness or damping behavior is as follows:

%321 D22 E
(D3 D3 D33 E
%341 Ds2 Dsz Day 0
%351 Ds, Dsz Dsg Dss %
M1 De2 De3 Des Des DesD

Enter the stiffness or damping coefficient of the matrix in the data table with TB commands. Initialize the constant
table with TB,JO N. Define the temperature with TBTEMP, followed by the relevant constants input with TBDATA
commands. Matrix terms are linearly interpolated between temperature points. Based on the joint type, the rel-
evant constant specification is as follows:

Joint Element Constant Meaning
Revolute C16 Terms Dy,

Universal C16,C18, C21 Terms Dy, Deas Deg

The following example shows how you would define the uncoupled linear elastic stiffness behavior for a universal
joint at the two available components of relative motion, with two temperature points:

TB,JON,1,2,,STIF! Activate JON naterial nodel with linear elastic stiffness
TBTEMP, 100.0 ! Define first tenperature

TBDATA, 16, D44 | Define constant D44 in the local ROTX direction

TBDATA, 21,066 ! Define constant D66 in the |local ROTZ direction

TBTEMP, 200.0 ! Define second tenperature

TBDATA, 16, D44 | Define constant D44 in the local ROTX direction.

TBDATA, 21,066 ! Define constant D66 in the |ocal ROTZ direction.

2.5.14.2. Nonlinear Elastic Stiffness and Damping Behavior

You can specify nonlinear elastic stiffness as a displacement (rotation) versus force (moment) curve using the
TB,JOIN command with a suitable TBOPT setting. Use the TBPT command to specify the data points. The values
may be temperature dependent. You can specify nonlinear damping behavior in a similar manner by supplying
velocity versus damping force (or moment).
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The following example illustrates the specification of nonlinear stiffness behavior for a revolute joint that has
only one available component of relative motion (the rotation around the axis of revolution). Two temperature
points are specified.

TB,JAN, 1, 2, 2, INS4

TBTEMP, 100.

TBPT, ,rotati on_val ue_1, nonent _val ue_1

TBPT, ,rotati on_val ue_2, nonent _val ue_2

TBTEMP, 200. 0

TBPT, ,rotati on_val ue_1, nonent _val ue_1
TBPT, , rot ati on_val ue_2, norment _val ue_2

2.5.14.3. Hysteretic Frictional Behavior

You can specify hysteretic frictional behavior as a relative displacement (rotation) versus frictional force curve
using the TB,JOIN command with a suitable TBOPT setting. Use the TBPT command to specify the data points.
The values may be temperature dependent. Only the upper half of the X-Y plane values is necessary. The curve
is then reflected onto the lower half of the X-Y plane.

You may specify a stick stiffness value using TBOPT = FRIC on the TB,JOIN command. The stick stiffness value is
used to model the elastic behavior inside the two bounding curves specified. Input the stick stiffness for the
relevant components of relative motion of a joint element by specifying the terms as part of a 6 x 6 matrix with
data table commands as described below.

The 6 x 6 matrix for stick stiffness is as follows:
|:|D11 U

g)sl Dsp Ds3 Dss Dss

O
O
O
%) O
41 Dap Dyz Dayy O
O
O
Me1 D2 De3 Des Dgs DesO

The relevant stick stiffness values are based on the joint type as follows:

Joint Element Constant Meaning

Revolute ci16 Terms Dy,

Universal C16, C21 Terms Dy, Dgg

The following example illustrates the specification of the hysteretic frictional behavior for a revolute joint.

Specify the stick stiffness value as follows:

TB,JAON1,,,FRIC
TBDATA, 16, D44

Specify the displacement (rotation) versus force (moment) curve as follows:

TB,JAN, 1,, 2, JNF4
TBPT, , rot ati on_val ue_1, norment _val ue_1
TBPT, , rot ati on_val ue_2, norment _val ue_2

Note that the moment values must be positive in the above specification. If the stick stiffness value is not specified,
it is computed by default as 100 times the first force value specified on the hysteretic curve.
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2.6. Material Model Combinations

You can combine several of the material model options discussed in this chapter to simulate various material
behaviors. Table 2.6: “Material Model Combination Possibilities” presents the model options you can combine
along with the associated TB command labels, and links to sample input listings located under Material Model
Combinations in the ANSYS Structural Analysis Guide.

Table 2.6 Material Model Combination Possibilities

Model With ... Combination Type | Command, La- Link to Example
bel
Plasticit Combined Bilinear TB,BISO + BISO and CHAB Example
Y Hardening TB,CHAB
Plasticit Combined Multilinear TB,MISO + MISO and CHAB Example
y Hardening TB,CHAB
Plasticit Combined Nonlinear TB,NLISO + NLISO and CHAB Example
y Hardening TB,CHAB
. .. Isotropic - TB,BISO + BISO and RATE Example
Viscoplasticity Hardening Bilinear TB.RATE
. - Isotropic s TB,MISO + MISO and RATE Example
Viscoplasticity Hardening Multilinear TB.RATE
Viscoplasticit Isotropic Nonlinear TB,NLISO + NLISO and RATE Example
P y Hardening TB,RATE
- . ..\ |Isotropic s TB,BISO + BISO and CREEP Example
Plasticity and Creep (Implicit) Hardening Bilinear TB.CREEP
. . ..\ |Isotropic - TB,MISO + MISO and CREEP Example
Plasticity and Creep (Implicit) Hardening Multilinear TB.CREEP
.. . ... |Isotropic . TB,NLISO + NLISO and CREEP Ex-
Plasticity and Creep (Implicit) Hardening Nonlinear TB.CREEP ample
.. . ... |Kinematic - TB,BKIN + BKIN and CREEP Example
Plasticity and Creep (Implicit) Hardening Bilinear TB.CREEP
. . - Isotropic . TBHILL + HILL and BISO Example
Anisotropic Plasticity Hardening Bilinear TB.BISO
. . - Isotropic s TBHILL + HILL and MISO Example
Anisotropic Plasticity Hardening Multilinear TBMISO
. . . Isotropic . TBHILL + HILL and NLISO Example
Anisotropic Plasticity Hardening Nonlinear TBNLSIO
. . . Kinematic - TBHILL + HILL and BKIN Example
Anisotropic Plasticity Hardening Bilinear TB.BKIN
. . .. Kinematic - TB,HILL + HILL and MKIN Example,
Anisotropic Plasticity Hardening Multilinear TB,MKIN/ KINH |HILL and KINH Example
. . .. Kinematic TB,HILL + HILL and CHAB Example
Anisotropic Plasticity Hardening Chaboche TB.CHAB
. - . TBHILL + HILL and BISO and CHAB
. . . Combined Bilinear Isotropic and
Anisotropic Plasticity Hardenin Chaboche TB,BISO + Example
g TB,CHAB
. - . |TB,HILL + HILL and MISO and CHAB
. . - Combined Multilinear Isotropic
Anisotropic Plasticity . TB,MISO + Example
Hardening and Chaboche TB.CHAB

2-56
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Model With ... Combination Type | Command, La- Link to Example
bel
. . . |TBHILL + HILL and NLISO and CHAB
. . - Combined Nonlinear Isotropic
Anisotropic Plasticity Hardening and Chaboche TB,NLISO + Example
TB,CHAB
lsotropic TBHILL + HILL and RATE and BISO
Anisotropic Viscoplasticity HardeFr)ﬁng Bilinear TB,RATE + Example
TB,BISO
Isotronic TBHILL + HILL and RATE and MISO
Anisotropic Viscoplasticity Harderr)wing Multilinear TB,RATE + Example
TB,MISO
sotronic TBHILL + HILL and RATE and NLISO
Anisotropic Viscoplasticity HardeFr)ﬂng Nonlinear TB,RATE + Example
TB,NLISO
Anisotropic Creep (Implicit) Ig’ELLELE; HILL and CREEP Example
Anisotropic Creep and Plasti- |Isotropic Bilinear I:’E'IIRLELE; + E)l(;;ar}g CREEP and BISO
city (Implicit) Hardening TBIBISO P
. . . . TBHILL + HILL and CREEP and MISO
Anisotropic Creep and Plasti- |Isotropic Multilinear TB.CREEP + Example
city (Implicit) Hardening !
TB,MISO
. . . . TBHILL + HILL and CREEP and
Anisotropic Creep and Plasti- |Isotropic Nonlinear TB.CREEP + NLISO Example
city (Implicit) Hardening !
TB,NLISO
Anisotropic Creep and Plasti- | Kinematic Bilinear I:IEII?LELE; N Ei)l(lél;nanlg CREEP and BKIN
city (Implicit) Hardening TBIBKIN P

Presented below are cross-reference links to other sections in this chapter, and to other locations in the docu-
mentation that provide descriptions of the individual material model options represented in the table above.

Bilinear Isotropic Hardening [TB,BISO] - Section 2.5.1.4: Bilinear Isotropic Hardening [1].
Bilinear Kinematic Hardening [TB,BKIN] - Section 2.5.1.1: Bilinear Kinematic Hardening [1].

Chaboche Nonlinear Kinematic Hardening [TB,CHAB] - Section 2.5.1.3: Nonlinear Kinematic Hardening

(1.

Creep (Implicit) [TB,CREEP] - Section 2.5.11: Creep Equations; Creep in the ANSYS Structural Analysis Guide.
Hill Anisotropy [TB,HILL] - Section 2.5.1.8: Hill's Anisotropy [1].

Multilinear Isotropic Hardening [TB,MISO] - Section 2.5.1.5: Multilinear Isotropic Hardening [1].
Multilinear Kinematic Hardening [TB,MKIN or KINH] - Section 2.5.1.2: Multilinear Kinematic Hardening [1].
Nonlinear Isotropic Hardening [TB,NLISO] - Section 2.5.1.6: Nonlinear Isotropic Hardening [1].
Rate-Dependent Plasticity [TB,RATE] - Section 2.5.9: Rate-Dependent Plastic (Viscoplastic) Materials; Vis-
coplasticity in the ANSYS Structural Analysis Guide.

Further information on this option is available under Plastic Material Options in the ANSYS Structural
Analysis Guide.
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2.7. Explicit Dynamics Materials

Material properties used in explicit dynamic analyses (ANSYS LS-DYNA User's Guide program) differ somewhat
from those used in ANSYS implicit analyses. (Those used in ANSYS implicit analyses are discussed in Section 2.4:
Linear Material Properties and Section 2.5: Data Tables - Implicit Analysis.) Most explicit dynamics material
models require data table input. A data table is a series of constants that are interpreted when they are used.
Data tables are always associated with a material number and are most often used to define nonlinear material
data (e.g., stress-strain curves). The form of the data table (referred to as the TB table) depends on the material
model being defined.

For a complete description of all explicit dynamics material models, including detailed data table input, see
Material Models in the ANSYS LS-DYNA User's Guide.

2.8. Node and Element Loads

Loadings are defined to be of two types: nodal and element. Nodal loads are defined at the nodes and are not
directly related to the elements. These nodal loads are associated with the degrees of freedom at the node and
are typically entered with the D and F commands (such as nodal displacement constraints and nodal force loads).
Element loads are surface loads, body loads, and inertia loads. Element loads are always associated with a partic-
ular element (even if the input is at the nodes). Certain elements may also have "flags."

Flags are not actually loads, but are used to indicate that a certain type of calculation is to be performed. For
example, when the FSI (fluid-structure interaction) flag is turned on, a specified face of an acoustic element is
treated as an interface between a fluid portion and a structural portion of the model. Similarly, MXWF and MVDI
are flags used to trigger magnetic force (Maxwell surface) and Jacobian force (virtual displacement) calculations,
respectively, in certain magnetics elements. Details of these flags are discussed under the applicable elements
in Chapter 4, “Element Library”.

Flags are associated either with a surface (FSI and MXWF) and are applied as surface loads (below), or with an
element (MVDI) and are applied as body loads (below). For the FSI and MXWF flags, values have no meaning -
these flags are simply turned on by specifying their label on the appropriate command. For the MVDI flag, its
value (which can range from zero to one) is specified, along with the label, on the appropriate command. Flags
are always step-applied (i.e., the KBC command does not affect them).

Surface loads (pressures for structural elements, convections for thermal element, etc.) may be input in a nodal
format or an element format. For example, surface loading may be applied to an element face or, for convenience,
to the face nodes of an element (which are then processed like face input). Nodal input of surface loads also allows
a more general entry of tapered values. Surface loads are typically input with the SF and SFE commands. Some
elements allow multiple types of surface loads (as shown with the load labels listed under "Surface Loads" in the
input table for each element type). Also, some elements allow multiple loads on a single element face (as indicated
with the load numbers after the load labels). Load numbers are shown on the element figures (within circles)
and point in the direction of positive load to the face upon which the load acts. A surface load applied on the
edge of a shell element is on a per unit length basis, not per unit area.

Surface loads are designated by a label and a key. The label indicates the type of surface load and the key indicates
where on the element the load acts. For example, for element type PLANE42, the surface load list of "Pressure:
face 1 (J-1), face 2 (K-J), face 3 (L-K), face 4 (I-L)" indicates that pressure loads are available on 4 faces: the line from
node J to node | defines the element's face 1 (identified on surface load commands with key = 1), and K-J (key
=2), L-K (key = 3), and IL (key = 4). Likewise, for thermal element type PLANES55, the surface load list shows that
convections and heat fluxes can be applied to the 4 faces of the element by using surface load commands.

The surface load can be defined on element faces with the SFE command by using key (i.e., LKEY), the load label
(Lab), and the load value. The SF command can be used to define surface loads by using nodes to identify element
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faces. The CONV load label requires two values, the first value being the film coefficient and the second being
the bulk temperature.

A tapered surface load, which allows different values to be defined at the nodes of an element, may be entered
with the SFE command. Tapered loads are input in the same order that the face nodes are listed. For example,
for element type PLANE42 with load label PRES and key = 1, the pressures are input in the node J to | order. For
element type SOLID45, which has a surface load list of "Pressures: face 1 (J-I-L-K), etc.," the corresponding pressures
are inputin the node J, |, L, K order.

Table 2.7: “Surface Loads Available in Each Discipline” shows surface loads available in each discipline and their
corresponding ANSYS labels.

Table 2.7 Surface Loads Available in Each Discipline

Discipline Surface Load ANSYS Label
Structural Pressure PRES[1]
Thermal Convection, Heat Flux, Infinite Surface CONV, HFLUX, INF
Magnetic Maxwell Surface, Infinite Surface MXWEF, INF
Electric Maxwell Surface, Surface Charge Density, Infinite Surface, Temperature | MXWF, CHRGS, INF, TEMP
Fluid Fluid-Structure Interface, Impedance FSI, IMPD
All Superelement Load Vector SELV

1. Not to be confused with the PRES degree of freedom

Body loads (temperatures for structural elements, heat generation rates for thermal elements, etc.) may be input
in a nodal format or an element format. For some structural elements, the temperature does not contribute to
the element load vector but is only used for material property evaluation. For thermal elements using the diag-
onalized specified heat matrix option in a transient analyses, a spatially varying heat generation rate is averaged
over the element. Heat generation rates are input per unit volume unless otherwise noted with the element.
The element format is usually in terms of the element nodes but may be in terms of fictitious corner points as
described for each element. Corner point numbers are shown on the element figures where applicable. Either
the nodal or the element loading format may be used for an element, with the element format taking precedence.
Nodal body loads are internally converted to element body loads. Body loads are typically entered with the BF,
BFE, and BFUNIF commands. See also Section 2.1.7: Body Loads for additional details.

Table 2.8: “Body Loads Available in Each Discipline” shows all body loads available in each discipline and their
corresponding ANSYS labels.

Table 2.8 Body Loads Available in Each Discipline

Discipline Body Load ANSYS Label
Structural Temperature, Fluence TEMPI[1], FLUE

Thermal Heat Generation Rate HGEN

Magnetic Temperature, Current Density, Virtual Displacement, Voltage Drop |TEMP[1], JS, MVDI, VLTG
Electric Temperature, Charge Density TEMP[1], CHRGD
Fluid[1] Heat Generation Rate, Force Density HGEN, FORC

1. Not to be confused with the TEMP degree of freedom
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Inertial loads (gravity, spinning, etc.), are applicable to all elements with structural DOFs and having mass (i.e.,
elements having mass as an input real constant or having a density (DENS) material property). Inertia loads are
typically entered with the ACEL and OMEGA commands.

Initial stresses can be set as constant or read in from a file for the following element types: PLANE2, PLANE42,
SOLIDA45, PLANE82, SOLID92, SOLID95, LINK180, SHELL181, PLANE182, PLANE183, SOLID185, SOLID186, SOLID187,
BEAM188, and BEAM189. The ISTRESS command allows you to set constant initial stress for selected elements
and, optionally, only for specified materials. The ISFILE command allows you to read in a file specifying the initial
stresses. The stresses specified in the input file can be applied to the element centroids or element integration
points, and can be applied to the same points for all selected elements or can be applied differently for each
element. The stresses can also optionally be applied only to specified materials. ISFILE also allows you to list or
delete initial stresses for any elements. The ISWRITE command allows you to write the resulting initial stresses
to afile. See Initial Stress Loading in the ANSYS Basic Analysis Guide for more information on initial stress features.

2.9. Triangle, Prism and Tetrahedral Elements

Degenerated elements are elements whose characteristic face shape is quadrilateral, but is modeled with at least
one triangular face. For example, PLANE42 triangles, SOLID45 wedges, and SOLID45 tetrahedra are all degenerated
shapes.

Degenerated elements are often used for modeling transition regions between fine and coarse meshes, for
modeling irregular and warped surfaces, etc. Degenerated elements formed from quadrilateral and brick elements
without midside nodes are much less accurate than those formed from elements with midside nodes and should
not be used in high stress gradient regions. If used elsewhere, they should be used with caution.

An exception where triangular shell elements are preferred is for severely skewed or warped elements. Quadri-
lateral shaped elements should not be skewed such that the included angle between two adjacent faces is outside
the range of 90° + 45° for non-midside-node elements or 90° + 60° for midside-node elements. Warping occurs
when the 4 nodes of a quadrilateral shell element (or solid element face) are not in the same plane, either atinput
or during large deflection. Warping is measured by the relative angle between the normals to the face at the
nodes. A flat face (no warping) has all normals parallel (zero relative angle). A warning message is output if
warping is beyond a small, but tolerable value. If warping is excessive, the problem will abort. See the ANSYS,
Inc. Theory Reference for element warping details and other element checking details. Triangular (or prism) elements
should be used in place of a quadrilateral (or brick) element with large warping.

When using triangular elements in a rectangular array of nodes, best results are obtained from an element pattern
having alternating diagonal directions. Also, for shell elements, since the element coordinate system is relative
to the I-J line, the stress results are most easily interpreted if the I-J lines of the elements are all parallel.

Degenerated triangular 2-D solid and shell elements may be formed from 4-node quadrilateral elements by de-
fining duplicate node numbers for the third and fourth (Kand L) node locations. The node pattern then becomes
I, J, K, K. If the L node is not input, it defaults to node K. If extra shape functions are included in the element, they
are automatically suppressed (degenerating the element to a lower order). Element loads specified on a nodal
basis should have the same loads specified at the duplicate node locations. When forming a degenerated trian-
gular element by repeating node numbers, the face numbering remains the same. Face 3, however, condenses
to a point. The centroid location printed for a degenerated triangular element is usually at the geometric centroid
of the element. Elements should be oriented with alternating diagonals, if possible.

Degenerated triangular prism elements may be formed from 8-node 3-D solid elements by defining duplicate
node numbers for the third and fourth (Kand L) and the seventh and eighth (O and P) node locations. The node
pattern then becomes |, J, K, K, M, N, O, O. When forming a degenerated prism element by repeating node
numbers, the face numbering remains the same. Face 4, however, condenses to a line. The centroid location
printed for a degenerated element is not at the geometric centroid but is at an average nodal location. The in-
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tegration points are proportionately rearranged within the element. Elements should be oriented with alternating
diagonals, if possible. If extra shape functions are included in the element, they are partially suppressed. Element
loads should have the same loads specified at the duplicate node locations.

A degenerated tetrahedral element may be formed from a triangular prism element by a further condensation
of face 6 to a point. The input node pattern should be |, J, K, K, M, M, M, M. If extra shape functions are included
in the element, they are automatically suppressed. Element nodal loads should have the same loads specified
at the duplicate node locations.

Warning: Surface stress (or convection heat flow) printout (see Section 2.2.2.5: Surface Solution) should not be
requested on a condensed face. Also, pressures (or convection conditions) should not be defined on a condensed
face.

2.10. Shell Elements

Shell elements are a special class of elements that are designed to efficiently model thin structures. They take
advantage of the fact that the only shear on the free surfaces is in-plane. Normals to the shell middle surface
stay straight, but not necessarily normal. As a result, the in-plane strain variation through the thickness cannot
be more complex than linear.

The assumption of linear in-plane strain variation through the thickness is definitely not valid at the edges of
layered composite shell elements that have different material properties at each layer. For accurate stresses in
this area, you should use submodeling.

There are no hard rules as to when is it valid to use shell elements. But if the structure acts like a shell, then you
may use shell elements. The program does not check to see if the element thickness exceeds its width (or many
times its width) since such an element may be part of a fine mesh of alarger model that acts as a shell. If the initial
shape of the model is curved, then the radius/thickness ratio is important since the strain distribution through

the thickness will depart from linear as the ratio decreases. With the exception of SHELL51, SHELL61, and SHELL63,
all shell elements allow shear deformation. This is important for relatively thick shells.

The element coordinate system for all shell elements has the z-axis normal to the plane. The element x-axis is in
the plane, with its orientation determined by one of the following: the ESYS command, side I-J of the element,
or real constants.

Various shell element types tolerate a different degree of warping before their results become questionable (see
Section 13.7.13: Warping Factor in the ANSYS, Inc. Theory Reference). Four-node shell elements that do not have
all their nodes in the same plane are considered to be warped. Eight-node shell elements can accept a much
greater degree of warping, but unlike other midside-node elements, their midside nodes cannot be dropped.

The in-plane rotational (drill) stiffness is added at the nodes for solution stability, as shell elements do not have
a true in-plane stiffness. Consequently, you should never expect the in-plane rotational stiffness to carry a load.

Nodes are normally located on the center plane of the element. You can offset nodes from the center plane using
one of the following: the SECOFFSET command, an element KEYOPT, or a rigid link (MPC184) that connects a
middle surface node to an out-of-plane node. You must use node offsets with care when modeling initially curved
structures with either flat or curved elements. For curved elements, an increased mesh density in the circumfer-
ential direction may improve the results.

2.11. Generalized Plane Strain Option of 18x Solid Elements

The generalized plane strain option is a feature developed for PLANE182 and PLANE183. The generalized plane
strain feature assumes a finite deformation domain length in the Z direction, as opposed to the infinite value
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assumed for standard plane strain. Generalized plane strain, therefore, will give more practical results for deform-
ation problems where the Z-direction dimension is not long enough. It will also give users a more efficient way
to simulate certain 3-D deformations using 2-D element options.

The deformation domain or structure is formed by extruding a plane area along a curve with a constant curvature,
as shown in Figure 2.2: “Generalized Plane Strain Deformation”. The extruding begins at the starting (or reference)
plane and stops at the ending plane. The curve direction along the extrusion path is called the fiber direction.
The starting and ending planes must be perpendicular to this fiber direction at the beginning and ending inter-
sections. If the boundary conditions and loads in the fiber direction do not change over the course of the curve,
and if the starting plane and ending plane remain perpendicular to the fiber direction during deformation, then
the amount of deformation of all cross sections will be identical throughout the curve, and will not vary at any
curve position in the fiber direction. Therefore, any deformation can be represented by the deformation on the
starting plane, and the 3-D deformation can be simulated by solving the deformation problem on the starting
plane. The existing plane strain and axisymmetric options will be particular cases of the generalized plane strain
option.

Figure 2.2 Generalized Plane Strain Deformation

Y

Starting Point

Starting Plane

Ending Plane

Fiber Direction

Ending Point

All inputs and outputs are in the global Cartesian coordinate system. The starting plane must be the X-Y plane,
and must be meshed. The applied nodal force on the starting plane is the total force along the fiber length. The
geometry in the fiber direction is specified by the rotation about X and Y of the ending plane and the fiber length
passing through a user-specified point on the starting plane called the starting or reference point. The starting
point creates an ending point on the ending plane through the extrusion process. The boundary conditions and
loads in the fiber direction are specified by applying displacements or forces at the ending point. This ending
point can be different from regular nodes, in that it is designated by the same X - Y coordinates that are fixed in
plane during deformation.

The generalized plane strain option introduces three new degrees of freedom for each element. Two internal
nodes will be created automatically at the solution stage for the generalized plane strain option to carry the extra
three DOF's. Users can apply boundary conditions and loads and check the results of the fiber length and rotation
angle changes, and reaction forces, using the commands GSBDATA, GSGDATA, GSSOL, and GSLIST. The results
of the fiber length change, rotation angle change, and reaction forces can also be viewed through OUTPR.
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The fiber length change is positive when the fiber length increases. The sign of the rotation angle or angle change
is determined by how the fiber length changes when the coordinates of the ending point change. If the fiber
length decreases when the X coordinate of the ending point increases, the rotation angle about Y is positive. If
the fiber length increases when the Y coordinate of the ending point increases, the rotation angle about X is
positive.

In Eigenvalue analyses, such as Eigen buckling and modal analysis, the generalized plane strain option usually
reports fewer Eigenvalues and Eigenvectors than you would obtain in a 3-D analysis. Because it reports only
homogenous deformation in the fiber direction, generalized plane strain employs only three DOFs to account
for these deformations. The same 3-D analysis would incorporate many more DOFs in the fiber direction.

Because the mass matrix terms relating to DOFs in the fiber direction are approximated for modal and transient
analyses, you cannot use the lumped mass matrix for these types of analyses, and the solution may be slightly
different from regular 3-D simulations when any of the three designated DOFs is not restrained.

2.12. Axisymmetric Elements

An axisymmetric structure may be represented by a plane (X, Y) finite-element model. The use of an axisymmetric
model greatly reduces the modeling and analysis time compared to that of an equivalent 3-D model. A special
class of ANSYS axisymmetric elements (called harmonic elements: PLANE25, SHELL61, PLANE75, PLANE78, FLUID81,
and PLANES83) allow a nonaxisymmetric load and are discussed in Section 2.13: Axisymmetric Elements with
Nonaxisymmetric Loads.

All axisymmetric elements are modeled on a 360° basis. Hence, all input and output nodal heat flows, forces,
moments, fluid flows, current flows, electric charges, magnetic fluxes, and magnetic current segments must be
input in this manner. Similarly, input real constants representing volumes, convection areas, thermal capacitances,
heat generations, spring constants, and damping coefficients must also be input in on a 360° basis.

Unless otherwise stated, the model must be defined in the Z = 0.0 plane. The global Cartesian Y-axis is assumed
to be the axis of symmetry. Further, the model is developed only in the +X quadrants. Hence, the radial direction
is in the +X direction.

The boundary conditions are described in terms of the structural elements. The forces (FX, FY, etc.) and displace-
ments (UX, UY, etc.) for the structural elements are input and output in the nodal coordinate system. All nodes
along the y-axis centerline (at x = 0.0) should have the radial displacements (UX if not rotated) specified as zero,
unless a pinhole effect is desired. At least one value of UY should be specified or constrained to prevent rigid
body motions. Torsion, while axisymmetric, is available only for a few element types. If an element type allows
torsion, all UZ degrees of freedom should be set to 0.0 on the centerline, and one node with a positive X coordinate
must also have a specified or constrained value of UZ. Pressures and temperatures may be applied directly. Ac-
celeration, if any, is usually input only in the axial (Y) direction. Similarly, angular velocity, if any, is usually input
only about the Y axis. See Section 2.13: Axisymmetric Elements with Nonaxisymmetric Loads, Case A for an ex-
panded discussion.

2.13. Axisymmetric Elements with Nonaxisymmetric Loads

An axisymmetric structure (defined with the axial direction along the global Y axis and the radial direction parallel
to the global X axis) may be represented by a plane (X, Y) finite-element model. The use of an axisymmetric
model greatly reduces the modeling and analysis time compared to that of an equivalent 3-D model. A special
class of ANSYS axisymmetric elements (called harmonic elements) allows a nonaxisymmetric load. For these
elements (PLANE25, SHELL61, PLANE75, PLANE78, FLUID81, and PLANES3), the load is defined as a series of
harmonic functions (Fourier series). For example, a load F is given by:

FO)=Ay+A;cos0+B;sin0+A,cos26+B,sin20+A;cos30+B3sin30+..
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Each term of the above series must be defined as a separate load step. A term is defined by the load coefficient
(A ¢ orB !), the number of harmonic waves (£ ), and the symmetry condition (cos ¢ 6 orsin ¢ ). The number

of harmonic waves, or the mode number, is input with the MODE command. Note that ¢ = 0 represents the
axisymmetric term (A,). 0is the circumferential coordinate implied in the model. The load coefficient is determined
from the standard ANSYS boundary condition input (i.e., displacements, forces, pressures, etc.). Input values for
temperature, displacement, and pressure should be the peak value. The input value for force and heat flow
should be a number equal to the peak value per unit length times the circumference. The symmetry condition
is determined from the ISYM value also input on the MODE command. The description of the element given in
Chapter 4, “Element Library” and in the appropriate sections of the ANSYS, Inc. Theory Reference should be reviewed
to see which deformation shape corresponds to the symmetry conditions.

Results of the analysis are written to the results file. The deflections and stresses are output at the peak value of
the sinusoidal function. The results may be scaled and summed at various circumferential (0) locations with
POST1. This may be done by storing results data at the desired 6 location using the ANGLE argument of the SET
command. A load case may be defined with LCWRITE. Repeat for each set of results, then combine or scale the
load cases as desired with LCOPER. Stress (and temperature) contour displays and distorted shape displays of
the combined results can also be made.

Caution should be used if the harmonic elements are mixed with other, nonharmonic elements. The harmonic
elements should not be used in nonlinear analyses, such as large deflection and/or contact analyses.

The element matrices for harmonic elements are dependent upon the number of harmonic waves (MODE) and
the symmetry condition (ISYM). For this reason, neither the element matrices nor the triangularized matrix is reused
in succeeding substeps if the MODE and ISYM parameters are changed. In addition, a superelement generated
with particular MODE and ISYM values must have the same values in the "use" pass.

For stress stiffened (prestressed) structures, the ANSYS program uses only the stress state of the most recent
previous MODE = 0 load case, regardless of the current value of MODE.

Loading Cases - The following cases are provided to aid the user in obtaining a physical understanding of the
MODE parameter and the symmetric (ISYM=1) and antisymmetric (ISYM=-1) loading conditions. The loading
cases are described in terms of the structural elements. The forces (FX, FY, etc.) and displacements (UX, UY, etc.)
for the structural elements are input and output in the nodal coordinate system. In all cases illustrated, it is assumed
that the nodal coordinate system is parallel to the global Cartesian coordinate system. The loading description
may be extended to any number of modes. The harmonic thermal elements (PLANE75 and PLANE78) are treated
the same as PLANE25 and PLANES3, respectively, with the following substitutions: UY to TEMP, and FY to HEAT.
The effects of UX, UZ, ROTZ, FX, FZ and MZ are all ignored for thermal elements.

Case A: (MODE = 0, ISYM not used) - This is the case of axisymmetric loading (similar to the axisymmetric option
of PLANE42, etc.) except that torsional effects are included. Figure 2.3: “Axisymmetric Radial, Axial, Torsion and
Moment Loadings” shows the various axisymmetric loadings. Pressures and temperatures may be applied directly.
Acceleration, if any, is usually input only in the axial (Y) direction. Similarly, angular velocity, if any, is usually input
only about the Y axis.
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Figure 2.3 Axisymmetric Radial, Axial, Torsion and Moment Loadings
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The total force (F) acting in the axial direction due to an axial input force (FY) is:
I 2T
F=dJ4 0 (force per unit length) * (increment length)

I 21T
F=J4 0 (FY/2=R)*(Rd0)=FY
where FY is on a full 360° basis.

The total applied moment (M) due to a tangential input force (FZ) acting about the global axis is:
I 21
M= J o (force per unit length) * (lever arm) * (increment length)

IEW
M=42 10 (-FZ/2xR)*(R)*(Rd0O)=-R*FZ

where FZ is on a full 360° basis. Calculated reaction forces are also on a full 360° basis and the above expressions
may be used to find the total force. Nodes at the centerline (X = 0.0) should have UX and UZ (and ROTZ, for
SHELL61) specified as zero, unless a pinhole effect is desired. At least one value of UY should be specified or
constrained to prevent rigid body motions. Also, one node with a nonzero, positive X coordinate must have a
specified or constrained value of UZ if applicable. When Case A defines the stress state used in stress stiffened
analyses, torsional stress is not allowed.

Case B: (MODE = 1, ISYM=1) - An example of this case is the bending of a pipe. Figure 2.4: “Bending and Shear

Loading (ISYM = 1)" shows the corresponding forces or displacements on a nodal circle. All functions are based
on sin 0 or cos 0. The input and output values of UX, FX, etc., represent the peak values of the displacements or
forces. The peak values of UX, UY, FX and FY (and ROTZ and MZ for SHELL61) occur at 8 = 0°, whereas the peak
values of UZ and FZ occur at 6 =90°. Pressures and temperatures are applied directly as their peak values at 6 =
0°. The thermal load vector is computed from T, where T, is the input element or nodal temperature. The

reference temperature for thermal strain calculations [TREF] is internally set to zero in the thermal strain calcu-
lation for the harmonic elements if MODE > 0. Gravity (g) acting in the global X direction should be input [ACEL]
as ACELX =g, ACELY = 0.0, and ACELZ = -g. The peak values of o,, 0, 0,and o,, occuratf=0°, whereas the

peak values of o, and o, occur at 90 °.
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Figure 2.4 Bending and Shear Loading (ISYM = 1)
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The total applied force in the global X direction (F) due to both an input radial force (FX) and a tangential force
(FZ)is:

2T
F= -r 0 (force per unit length) * (directional cosine) * (increment length)

2
F= -r 0 ((FX(cos 0) /2 ~R) * (cos 6) + (FZ(sin 6/2 =R) * (-sin 0)) * (Rd 6)
F=(FX-F2)/2

where FX and FZ are the peak forces on a full 360° basis. Calculated reaction forces are also the peak values on
a full 360° basis and the above expression may be used to find the total force. These net forces are independent
of radius so that they may be applied at any radius (including X = 0.0) for the same net effect.

An applied moment (M) due to an axial input force (FY) for this case can be computed as follows:
I 21
M= J o (force per unit length) * (lever arm) * (increment length)

J' 21
M=dJ& 0 (FY(cos 0)/2 wR)* (R cos0) * (Rd 0) = (FY)R/2

An additional applied moment (M) is generated based on the input moment (MZ):
I 21
M=J 0 (moment per unit length) * (directional cosine) * (increment length)

I 21
M=J4 0 (MZ(cos9)/2vR)* (cos9) (Rd 0) =(MZ)/2

If it is desired to impose a uniform lateral displacement (or force) on the cross section of a cylindrical structure
in the global X direction, equal magnitudes of UX and UZ (or FX and FZ) may be combined as shown in Fig-
ure 2.5: “Uniform Lateral Loadings”.
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Figure 2.5 Uniform Lateral Loadings
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When UX and UZ are input in this manner, the nodal circle moves in an uniform manner. When FX and FZ are
input in this manner, a uniform load is applied about the circumference, but the resulting UX and UZ will not, in
general, be the same magnitude. If it is desired to have the nodal circle moving in a rigid manner, it can be done
by using constraint equations [CE] so that UX =-UZ.

Node points on the centerline (X = 0.0) should have UY specified as zero. Further, UX must equal -UZ at all points
along the centerline, which may be enforced with constraint equations. In practice, however, it seems necessary
to do this only for the harmonic fluid element, FLUID81, since this element has no static shear stiffness. To prevent
rigid body motions, at least one value of UX or UZ, as well as one value of UY (not at the centerline), or ROTZ,
should be specified or constrained in some manner. For SHELL61, if plane sections (Y = constant) are to remain
plane, ROTZ should be related to UY by means of constraint equations at the loaded nodes.

Case C:(MODE=1,ISYM =-1) - This case (shown in Figure 2.6: “Bending and Shear Loading (ISYM =-1)") represents
a pipe bending in a direction 90° to that described in Case B.

Figure 2.6 Bending and Shear Loading (ISYM =-1)
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The same description applying to Case B applies also to Case C, except that the negative signs on UZ, FZ, and
the direction cosine are changed to positive signs. Also, the location of the peak values of various quantities are
switched between the 0° and 90° locations.

Case D: (MODE = 2,ISYM = 1) - The displacement and force loadings associated with this case are shown in Fig-
ure 2.7: “Displacement and Force Loading Associated with MODE = 2 and ISYM = 1”. All functions are based on
sin 20 and cos 2 6.
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Figure 2.7 Displacement and Force Loading Associated with MODE = 2 and ISYM =1
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Additional Cases: There is no programmed limit to the value of MODE. Additional cases may be defined by the
user.

2.14. Shear Deflection

Shear deflection effects are often significant in the lateral deflection of short beams. The significance decreases
as the ratio of the radius of gyration of the beam cross-section to the beam length becomes small compared to
unity. Shear deflection effects are activated in the stiffness matrices of ANSYS beam elements by including a
nonzero shear deflection constant (SHEAR_) in the real constant list for that element type.

The shear deflection constant is defined as the ratio of the actual beam cross-sectional area to the effective area
resisting shear deformation. The shear constant should be equal to or greater than zero. The element shear
stiffness decreases with increasing values of the shear deflection constant. A zero shear deflection constant may
be used to neglect shear deflection. Shear deflection constants for several common sections are as follows:
rectangle (6/5), solid circle (10/9), hollow (thin-walled) circle (2), hollow (thin-walled) square (12/5). Shear deflection
constants for other cross-sections can be found in structural handbooks.

2.15. Geometric Nonlinearities

Geometric nonlinearities refer to the nonlinearities in the structure or component due to the changing geometry
as it deflects. That is, the stiffness [K] is a function of the displacements {u}. The stiffness changes because the
shape changes and/or the material rotates. The program can account for five types of geometric nonlinearities:

1. Large strain assumes that the strains are no longer infinitesimal (they are finite). Shape changes (e.g.,
area, thickness, etc.) are also taken into account. Deflections and rotations may be arbitrarily large.

2. Largerotation assumes that the rotations are large but the mechanical strains (those that cause stresses)
are evaluated using linearized expressions. The structure is assumed not to change shape except for rigid
body motions. The elements of this class refer to the original configuration.

3.  Stress stiffening assumes that both strains and rotations are small. A first order approximation to the ro-
tations is used to capture some nonlinear rotation effects.

4.  Spin softening also assumes that both strains and rotations are small. This option accounts for the radial
motion of a body's structural mass as it is subjected to an angular velocity. Hence it is a type of large
deflection but small rotation approximation.

5. Pressureload stiffness accounts for the change of stiffness caused by the follower load effect of a rotating
pressure load. In a large deflection run, this can affect the convergence rate.

All elements support the spin softening capability, while only some of the elements support the other options.
Table 2.9: “ Elements Having Nonlinear Geometric Capability” lists the elements that have large strain, large de-
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flection, stress stiffening capability, and/or pressure load stiffness. Explicit Dynamics elements (160 to 167) are

not included in this table.

Table 2.9 Elements Having Nonlinear Geometric Capability

Element Name - Description NLGEOM=ON Stress Stiffening | Pressure Load
Stiffness

LINK1 - 2-D Spar LR AN -
PLANE2 - 2-D 6-Node Triangular Structural Solid LS AN X
BEAM3 - 2-D Elastic Beam LR AN -
BEAM4 - 3-D Elastic Beam LR AN -
SOLIDS5 - 3-D Coupled-Field Solid LRM ANE -
COMBIN7 - Revolute Joint LR X -
LINK8 - 3-D Spar LR AN -
LINK10 - Tension-only or Compression-only Spar LR X -
LINK11 - Linear Actuator LR X -
PLANE13 - 2-D Coupled-Field Solid LS ANZ -
COMBIN14 - Spring-Damper LR X -
PIPE16 - Elastic Straight Pipe LR X -
PIPE17 - Elastic Pipe Tee LR X -
PIPE18 - Elastic Curved Pipe (Elbow) LR - -
PIPE20 - Plastic Straight Pipe LR X -
MASS21 - Structural Mass LR - -
BEAM23 - 2-D Plastic Beam LR AN -
BEAM24 - 3-D Thin-walled Beam LR AN -
PLANE25 - 4-Node Axisymmetric-Harmonic Structural - X -
Solid

SHELL28 - Shear/Twist Panel - AN -
COMBIN39 - Nonlinear Spring LR X -
SHELL41 - Membrane Shell LR AN -
PLANE42 - 2-D Structural Solid LS AN X
SHELL43 - Plastic Large Strain Shell LS AN -
BEAMA44 - 3-D Tapered Unsymmetric Beam LR AN -
SOLIDA45 - 3-D Structural Solid LS AN X
SOLID46 - 3-D Layered Structural Solid LR AN X
MATRIX50 - Superelement LR - -
SHELL51 - Axisymmetric Structural Shell LR AN -
BEAMS54 - 2-D Elastic Tapered Unsymmetric Beam LR AN -
HYPERS56 - 2-D 4-Node Mixed u-P Hyperelastic Solid LS AN -
HYPERS58 - 3-D 8-Node Mixed u-P Hyperelastic Solid LS AN -
PIPE59 - Immersed Pipe or Cable LR X -
PIPE60 - Plastic Curved Pipe (Elbow) LR - -
SHELL61 - Axisymmetric-Harmonic Structural Shell - X -
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Element Name - Description NLGEOM=ON Stress Stiffening | Pressure Load
Stiffness
SOLID62 - 3-D Magneto-Structural Solid LS X -
SHELL63 - Elastic Shell LR AN -
SOLID64 - 3-D Anisotropic Solid LR AN X
SOLID65 - 3-D Reinforced Concrete Solid LS AN X
HYPER74 - 2-D 8-Node Mixed u-P Hyperelastic Solid LS AN -
PLANES82 - 2-D 8-Node Structural Solid LS AN X
PLANES83 - 8-Node Axisymmetric-Harmonic Structural - X -
Solid
HYPER84 - 2-D 8-Node Hyperelastic Solid LS AN -
HYPER86 - 3-D Hyperelastic Solid LS AN -
VISCO88 - 2-D 8-Node Viscoelastic Solid LS AN X
VISCO89 - 3-D 20-Node Viscoelastic Solid LS AN X
SHELL91 - Nonlinear Layered Structural Shell LS AN -
SOLID92 - 3-D 10-Node Tetrahedral Structural Solid LS AN X
SHELL93 - 8-Node Structural Shell LS AN -
SOLID95 - 3-D 20-Node Structural Solid LS AN X
SOLID98 - Tetrahedral Coupled-Field Solid LRM ANM -
SHELL99 - Linear Layered Structural Shell LR AN -
VISCO106 - 2-D Large Strain Solid LS AN -
VISCO107 - 3-D Large Strain Solid LS AN -
VISCO108 - 2-D 8-Node Large Strain Solid LS AN -
SHELL143 - Plastic Shell LR AN -
SURF153 - 2-D Structural Surface Effect SC X X
SURF154 - 3-D Structural Surface Effect SC X X
HYPER158 - 3-D 10-Node Tetrahedral Mixed u-P Hyper- LS AN -
elastic Solid
TARGE169 - 2-D Target Segment SC - -
TARGE170 - 3-D Target Segment SC - -
CONTA171 - 2-D Surface-to-Surface Contact SC - -
CONTA172 - 2-D 3-Node Surface-to-Surface Contact SC - -
CONTA173 - 3-D Surface-to-Surface Contact SC - -
CONTA174 - 3-D 8-Node Surface-to-Surface Contact SC - -
CONTA175 - 2-D/3-D Point-to-Surface and Edge-to- SC - -
Surface Contact
LINK180 - 3-D Finite Strain Spar LS AB -
SHELL181 - Finite Strain Shell LS AB X
PLANE182 - 2-D Structural Solid LS AB X
PLANE183 - 2-D 8-Node Structural Solid LS AB X
SOLID185 - 3-D 8-Node Structural Solid LS AB X
SOLID186 - 3-D 20-Node Structural Solid LS AB X
SOLID187 - 3-D 10-Node Tetrahedral Structural Solid LS AB X
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Element Name - Description NLGEOM=ON Stress Stiffening | Pressure Load
Stiffness
BEAM188 - 3-D Finite Strain Beam LS AB X
BEAM189 - 3-D Finite Strain Beam LS AB X
SOLID191 - 3-D 20-Node Layered Structural Solid - X X

Codes associated with NLGEOM = 1:
LS = large strain element

LR = Element that can do a rigid body rotation. The NLGEOM = 1 provides only a rigid body rotation. Strains,
if any, are linear.

1. For structural and piezoelectric analyses.

SC = surface or contact element. The element follows the underlying element.

Codes associated with stress stiffening:
x = has option of computing stress stiffness matrix

AN =if NLGEOM = 1, stress stiffening is automatically included. However, the element is not capable of linear
buckling using ANTYPE,BUCKLE.

2. For structural analyses.

AB = if NLGEOM = 1, stress stiffening is automatically included, and the element is also capable of linear
buckling using ANTYPE,BUCKLE.

Code associated with pressure load stiffness:
x=has option of computing symmetric or unsymmetric pressure load stiffness matrix using SOLCONTROL,,,IN-
CP.

2.16. Mixed u-P Formulation Elements

Mixed u-P elements use both displacement and hydrostatic pressure as primary unknown variables. These elements
include the hyperelastic elements HYPER56, HYPER58, HYPER74, HYPER84, HYPER86, HYPER158, and the 18x
elements PLANE182, PLANE183, SOLID185, SOLID186, SOLID187 with KEYOPT(6) > 0.

2.16.1. Element Technologies

Incompressible material behavior may lead to some difficulties in numerical simulation, such as volumetric
locking, inaccuracy of solution, checkerboard pattern of stress distributions, or, occasionally, divergence. Mixed
u-P elements are intended to overcome these problems.

The hyperelastic elements (HYPERXx) are penalty-based u-P elements. They were specially developed for simulating
hyperelastic material and use a penalty-based extension of the elastic potential function to explicitly constrain
two pressure variables: the pressure obtained from displacements and a separately interpolated pressure. For
more details, see the ANSYS, Inc. Theory Reference.

Lagrange multiplier based mixed u-P elements (18x solid elements with KEYOPT(6) > 0) can also be used to
overcome incompressible material problems They are designed to model material behavior with high incom-
pressibility such as fully or nearly incompressible hyperelastic materials and nearly incompressible elastoplastic
materials (high Poisson ratio or undergoing large plastic strain). Lagrange multipliers extend the internal virtual
work so that the volume constraint equation is included explicitly. This introduces hydrostatic pressure as a new
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independent variable. Unlike the hyperelastic elements, the hydrostatic pressure variables are not condensed
on the element level, but are solved at the global level. See the ANSYS, Inc. Theory Reference for further details.

The mixed u-P formulation of the 18x solid elements offers you more choices in handling incompressible mater-

ial behavior. You can combine the mixed u-P formulation with other element technologies such as the B
method (also known as the selective reduced integration method), the uniform reduced integration method,
and the enhanced strain formulation method. Furthermore, the mixed u-P formulation is associated with hyper-
elastic models, such as Mooney-Rivlin, Neo-Hookean, Ogden, Arruda-Boyce, polynomial form, and user-defined.

2.16.2. 18x Mixed u-P Elements

The number of independent hydrostatic pressure DOFs depends on the element type, element technology, and
the value of KEYOPT(6), as shown in Table 2.10: “Number of Independent Pressure DOFs in One Element”.

Table 2.10 Number of Independent Pressure DOFs in One Element

Element Basic Element Technology KEYOPT(6) | Number of | Interpolation
Pressure Function
DOFs
PLANE182 1 1 Constant

B method (selective reduced integration) or
uniform reduced integration

PLANE182 Enhanced strain formulation 1 3 Linear
PLANE183 Uniform reduced integration 1 3 Linear
SOLID185 1 1 Constant

B method (selective reduced integration) or
uniform reduced integration

SOLID185 Enhanced strain formulation 1 4 Linear
SOLID186 Uniform reduced integration 1 4 Linear
SOLID187 4-point integration 1 1 Constant
SOLID187 4-point integration 2 4 Linear

The hydrostatic pressure has an interpolation function one order lower than the one for volumetric strain in
elements PLANE182, SOLID185 with enhanced strain formulation method, PLANE183, SOLID186, and SOLID187
with constant pressure. Therefore, elastic strain only agrees with stress in an element on the average instead of
point-wise.

The volume constraint equation is checked for each element of a nonlinear analysis. The number of elements in
which the constraint equation is not satisfied is reported in the output file. The default tolerance for the volumetric
compatibility or volume constraint check is 1.0 x 10™. You can change this value using the SOLCONTROL com-
mand. For more details, see the ANSYS, Inc. Theory Reference.

The mixed u-P formulation is not needed in plane stress; the incompressibility condition is assumed, and the
thickness is adjusted based on thisincompressible assumption. For 2-D elements PLANE182 and PLANE183, using
the mixed u-P formulation with either of the plane stress options [KEYOPT(3) = 0 or 3], ANSYS will automatically
reset any KEYOPT(6) setting to O for pure displacement formulation.

2.16.3. Applications of Mixed u-P Formulations

Incompressible material behavior can be divided into two categories: fully incompressible materials and nearly
incompressible materials. Typical fully incompressible materials are hyperelastic materials. You must choose the
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18x elements with mixed u-P formulation to model this material behavior. For element SOLID187, you should
set KEYOPT(6) = 1.

Nearly incompressible materials include hyperelastic materials and elastoplastic materials. The following choices
are available for nearly incompressible hyperelastic materials:

1. 18x elements with mixed u-P formulation: The elements include PLANE182, PLANE183, SOLID185, SOL-
ID186, SOLID187. These have several material models available, including Mooney-Rivlin, Neo-Hookean,
Polynomial, Gent, Arruda-Boyce, Ogden, and user-defined potential. See TB,HYPER for more details.

2. Hyperelastic elements: The HYPER56, HYPER58, HYPER74, HYPER84, HYPER86, and HYPER158 elements
support only the Mooney-Rivlin hyperelastic material model. See TB,MOONEY for details.

The best choice of these options varies from problem to problem. The general guidelines are:
+ For material behavior with very small compressibility, use a 18x element with mixed u-P formulation.

For mid compressibility, you can use the PLANE182/SOLID 185 with B (most efficient), or the hyperelastic
element (keep in mind that you are limited to only the Mooney-Rivlin material model), or use the 18x
element with mixed u-P formulation.

*  When deformation is highly confined, using a 18x element with mixed u-P formulation is recommended.

Nearly incompressible elastoplastic materials are materials with Poisson's ratio close to 0.5, or elastoplastic ma-
terials undergoing very large plastic deformation. For such cases, especially when the deformation is close to
being fully incompressible, the mixed u-P formulation of the 18x elements is more robust, yielding better per-
formance. However, you should try pure displacement formulation [KEYOPT(6) = O] first since the extra pressure
DOFs are involved in mixed formulation. If you are using mixed formulation with element SOLID187, it is recom-
mended that you use KEYOPT(6) = 2.

2.16.4. Overconstrained Models and No Unique Solution

You should avoid overconstrained models when you are using elements with the mixed u-P formulation. An
overconstrained model means that globally or locally, the number of displacement DOFs without any prescribed
values, Nd, is less than the number of hydrostatic pressure DOFs, Np. Np can be calculated by the number of ele-
ments times the number of pressure DOFs within each element (see Table 2.10: “Number of Independent Pressure
DOFs in One Element” for the specific numbers used with the 18x elements). If different type elements are included,
Np is the summation of the products over each type of mixed formulation element. The overconstrained problem
can be overcome by increasing the number of nodes without any displacement boundary conditions, or by re-
fining the mesh. The optimal values for Np and Nd are Nd/ Np = 2 for 2-D problems and Nd/ Np = 3 for 3-D problems.
See the ANSYS, Inc. Theory Reference for more details.

In addition to overconstrained models, when the mixed u-P formulation of the 18x plane and solid elements is
applied to fully incompressible hyperelastic materials, you must also avoid the 'no unique solution’ situation.

No unique solution occurs if all boundary nodes have prescribed displacements in each direction and the mater-
ial is fully incompressible. Since hydrostatic pressure is independent from deformation, it should be determined
by the force/pressure boundary condition. If no force/pressure boundary condition is applied, the hydrostatic
pressure cannot be determined, or the solution is not unique. In this case, any stress field in equilibrium would
be still in equilibrium and not cause any further deformation by adding an arbitrary value of hydrostatic pressure.
This problem can be solved simply by having at least one node on the boundary in at least one direction without
a prescribed displacement boundary condition. This direction cannot be the tangential direction of the boundary
at this node. That means the solution is the particular one with zero force at the node in that direction where no
displacement is prescribed.
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2.17. Automatic Selection of Element Technologies

With the variety of element technologies available in many elements, choosing the right settings to solve your
problem robustly and efficiently can be a challenge. Particularly in the newer structural and solid elements for
stress analysis, each element might have two to four technologies available. ANSYS can offer suggestions or reset
the technology settings to help you achieve the best solution through the ETCONTROL command. This command
assists you in selecting the appropriate element technologies by looking at the stress state, the options set on
the element type, and the associated constitutive models of the element type. It works for a selected group of
elements: SHELL181, PLANE182, PLANE183,SOLID185,SOLID186,SOLID187, BEAM188, BEAM189, SHELL208 and
SHELL209.

The materials associated with each element type are detected at solution stage and are classified as:
+ Elastoplastic materials, including:

- Linear elastic materials with Poisson's ratio <= 0.49
— Linear elastic materials with Poisson's ratio > 0.49
- Anisotropic materials

- Elastoplastic materials (other nonlinear materials except hyperelastic materials)

* Hyperelastic materials, including:

— Nearly incompressible hyperelastic materials

— Fully incompressible hyperelastic materials

In practical application, one element type could be associated with more than one constitutive model, for example,
linear elastic and elastoplastic materials. For this case, the suggestions/resettings are based on elastoplastic
materials, which need more complicated element technology. The list of constitutive models above is organized
in order of complexity, with the bottom ones more difficult to solve numerically. When an element type is asso-
ciated with multiple constitutive models, the more complex one is used in the automatic selection of the element
technology.

When using ETCONTROL the suggestions given or settings changed are described in the tables below.

Table 2.11 Recommendation Criteria for Element Technology (Linear Material)

Linear Materials Only

Element Stress State / Option Poisson's ratio (1) <= 0.49 Poisson's ratio (v) > 0.49 (or
anisotropic materials)
SHELL181 default KEYOPT(3) = 2 for higher accuracy of membrane stress, otherwise,
KEYOPT(3) = 0; KEYOPT(8) = 2 for all cases
membrane only option KEYOPT(3) = 2 for higher accuracy of stress, otherwise, KEYOPT(3)
(KEYOPT(1) =1 = 0; KEYOPT(8) = 0 for all cases
PLANE182 plane stress KEYOPT(1)=2
not plane stress KEYOPT(1) =3 KEYOPT(1) =2
PLANE183 plane stress no change (default element settings are best)
not plane stress no change (default element settings are best)
SOLID185 KEYOPT(2) =3 KEYOPT(2) =2
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Linear Materials Only

Element Stress State / Option Poisson's ratio (1) <= 0.49 Poisson's ratio (v) > 0.49 (or
anisotropic materials)

SOLID186 KEYOPT(2) =0

SOLID187 no change (default element settings are best)

BEAM188 KEYOPT(3) = 2, KEYOPT(1) = 1[1]

BEAM189 KEYOPT(1) = 1[1]

SHELL208 KEYOPT(8) =2

SHELL209 KEYOPT(8) = 2

1. Only when the beam section is not circular, otherwise KEYOPT(1) =0

Table 2.12 Recommendation Criteria for Element Technology (Nonlinear Materials)

Nonlinear Materials

Element Stress State / Option Elastoplastic materials |Hyperelastic materials only
(mayalso have hyperelast-
ic materials)

SHELL181 default KEYOPT(3) = 2 for higher |KEYOPT(3) =0, KEYOPT(8) =0

accuracy of membrane
stress, otherwise, KEY-
OPT(3) = 0; KEYOPT(8) = 2

for all cases
membrane only option KEYOPT(3) = 2 for higher |KEYOPT(3) =0, KEYOPT(8) =0
(KEYOPT(1) =1 accuracy of stress, other-

wise, KEYOPT(3) = 0; KEY-
OPT(8) = 0 for all cases

PLANE182 plane stress KEYOPT(1) =2 KEYOPT(1) =0
not plane stress KEYOPT(1) = 2[1] KEYOPT(1) = 0[1]
PLANE183 plane stress no change (default element settings are best)
not plane stress no change (default element settings are best)[1]
SOLID185 KEYOPT(2) = 2[1] KEYOPT(2) = 0[1]
SOLID186 KEYOPT(2) = 0[1]
SOLID187 no change (default element settings are best)[1]
BEAM188 KEYOPT(3) = 2, KEYOPT(1) = 1[2]
BEAM189 KEYOPT(1) = 1[2]
SHELL208 KEYOPT(8) =2 KEYOPT(8) =0
SHELL209 KEYOPT(8) =2 KEYOPT(8) =0

1. If even only one of your hyperelastic materials is fully incompressible, then KEYOPT(6) = 1 must also be
used.

2. Only when the beam section is not circular, otherwise KEYOPT(1) = 0.

For the solid elements listed above, ETCONTROL provides suggestions or resets the KEYOPTs for the element
technology settings (i.e., KEYOPT(1) for PLANE182, KEYOPT(2) for SOLID185 and SOLID186). The Mixed u-P for-
mulation KEYOPT(6) is reset when necessary; that is, when fully incompressible hyperelastic materials are associated
with non-plane stress states.
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For BEAM188 and BEAM189, KEYOPT(1) is always suggested for non-circular cross section beams and should be
reset when ETCONTROL,SET,.. is issued. However, the KEYOPT setting changes the number of DOFs at each
node, so it must be set before you issue any D, DK, DA, and similar commands. Because the ETCONTROL reset
is done at the beginning of the solution stage, ANSYS displays a message stating that you should change KEYOPT(1)
to 1, but it does not make the change automatically.

For SHELL181, the setting for KEYOPT(3) depends on your problem and your purpose if the element type is asso-
ciated with any non-hyperelastic materials. In this case, ANSYS cannot reset it automatically, but it displays a
message with the recommended setting (even if you used ETCONTROL,SET,..). You should reset this manually
if the defined criteria matches your problem.

If an element type is defined but not associated with any material, no suggestions or resets are done for that
element type. The stress states and options are mentioned only when they affect the suggestions or settings.
The suggstions are available in output.
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3.1. Lists of Element Types

The ANSYS program has a large library of element types. Some of the characteristics of the element types, and
their groupings, are described in this chapter to make element type selection easier. The detailed element type
descriptions are given in Chapter 4, “"Element Library”.

The ANSYS element library consists of almost 200 different element formulations or types. An element type is
identified by a name (8 characters maximum), such as BEAM3, consisting of a group label (BEAM) and a unique
identifying number (3). The element descriptions in Chapter 4, “Element Library” are arranged in order of these
identification numbers. The element is selected from the library for use in the analysis by inputting its name on
the element type command [ET ].

3.1.1. 2-D versus 3-D Models

ANSYS models may be either 2-D or 3-D depending upon the element types used. A 2-D model must be defined
in an X-Y plane. They are easier to set up, and run faster than equivalent 3-D models. Axisymmetric models are
also considered to be 2-D.

If any 3-D element type (such as BEAM4) is included in the element type [ET ] set, the model becomes 3-D. Some
element types (such as COMBIN14) may be 2-D or 3-D, depending upon the KEYOPT value selected. Other element
types (such as COMBIN40) have no influence in determining the model dimensions. A 2-D element type may be
used (with caution) in 3-D models.

3.1.2. Element Characteristic Shape

In general, four shapes are possible: point, line, area, or volume. A point element is typically defined by one node,
e.g., a mass element. A line element is typically represented by a line or arc connecting two or three nodes. Ex-
amples are beams, spars, pipes, and axisymmetric shells. An area element has a triangular or quadrilateral shape
and may be a 2-D solid element or a shell element. A volume element has a tetrahedral or brick shape and is
usually a 3-D solid element.

3.1.3. Degrees of Freedom and Discipline

The degrees of freedom of the element determine the discipline for which the element is applicable: structural,
thermal, fluid, electric, magnetic, or coupled-field. The element type should be chosen such that the degrees of
freedom are sufficient to characterize the model's response. Including unnecessary degrees of freedom increases
the solution memory requirements and running time. Similarly, selecting element types with unnecessary features,
such as using an element type with plastic capability in an elastic solution, also unnecessarily increases the ana-
lysis run time.

3.1.4. User Elements

You may also create your own element type and use it in an analysis as a user element. User elements and other
user programmable features (UPFs) are described in the Guide to ANSYS User Programmable Features.

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.



Chapter 3: Element Characteristics

3.2. Element Classifications

Table 3.1 List of Elements by Classification

Classification Elements
Structural Point MASS21
Structural Line 2-D LINK1
3-D LINK8 , LINK10, LINK11, LINK180
Structural Beam 2-D BEAMS3, BEAM23, BEAM54
3-D BEAM4, BEAM24, BEAM44, BEAM188, BEAM189
Structural Solid 2-D PLANE2, PLANE25, PLANE42, PLANE82, PLANE83, PLANE145, PLANE146,
PLANE182, PLANE183
3-D SOLID45, SOLID64, SOLID65, SOLID92, SOLID95, SOLID147,SOLID 148, SOLID185,
SOLID186, SOLID187
Structural Shell 2-D SHELL51, SHELL61, SHELL208, SHELL209
3-D SHELL28,SHELL41,SHELL43,SHELL63, SHELL93, SHELL143,SHELL150, SHELL181
Structural Pipe PIPE16, PIPE17, PIPE18, PIPE20, PIPE59, PIPE60
Structural Interface INTER192, INTER193, INTER194, INTER195
Structural Multipoint MPC184
Constraint Elements
Structural Layered SOLID46, SHELL91, SHELL99, SOLID191
Composite
Explicit Dynamics LINK160, BEAM161, PLANE162, SHELL163, SOLID164, COMBI165, MASS166,
LINK167, SOLID168
Hyperelastic Solid HYPER56, HYPER58, HYPER74, HYPER84, HYPER86, HYPER158
Visco Solid VISCO88, VISCO89, VISCO106, VISCO107, VISCO108
Thermal Point MASS71
Thermal Line LINK31, LINK32, LINK33, LINK34
Thermal Solid 2-D PLANE35, PLANES55, PLANE75, PLANE77, PLANE78
3-D SOLID70, SOLID87, SOLID90
Thermal Shell SHELL57, SHELL131, SHELL132

Thermal Electric

PLANEG67, LINK68, SOLID69, SHELL157

Fluid

FLUID29, FLUID30, FLUID38, FLUID79, FLUID80, FLUID81, FLUID116, FLUID129,
FLUID130, FLUID136, FLUID138, FLUID139, FLUID141, FLUID142

Magnetic Electric

PLANE53, SOLID96, SOLID97, INTER115, SOLID117, HF118, HF119, HF120,
PLANE121, SOLID122, SOLID123, SOLID127, SOLID128, PLANE230, SOLID231.
SOLID232

Electric Circuit

SOURC36, CIRCU94, CIRCU124, CIRCU125

Electromechanical

TRANS109, TRANS126

Coupled-Field

SOLIDS5, PLANE13, SOLID62, SOLID98, ROM 144, PLANE223, SOLID226, SOLID227

Contact

CONTAC12, CONTAC52, TARGE169, TARGE170, CONTA171, CONTA172, CON-
TA173, CONTA174, CONTA175, CONTA178

Combination

COMBIN7, COMBIN14, COMBIN37, COMBIN39, COMBIN40, PRETS179

Matrix

MATRIX27, MATRIX50
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Classification Elements

Infinite INFIN9, INFIN47, INFINT10, INFINT11
Surface SURF151, SURF152, SURF153, SURF154
Meshing MESH200

3.3. Pictorial Summary

Thefollowing tables contain numerically listed elements by group name with graphic pictorial, element description,

and product availability.

BEAM Elements CIRCU Elements COMBIN Elements
FLUID Elements HF Elements HYPER Elements
INTER Elements LINK Elements MASS Elements
MESH Elements MPC Elements PIPE Elements
PRETS Elements ROM Elements SHELL Elements
SOURC Elements SURF Elements TARGE Elements
VISCO Elements

CONTAC Elements
INFIN Elements
MATRIX Elements
PLANE Elements
SOLID Elements
TRANS Elements

The codes represent each of the products in the ANSYS suite of products:

Code Product Code Product
MP ANSYS Multiphysics EM ANSYS Emag - Low Frequency
ME ANSYS Mechanical EH ANSYS Emag - High Frequency
ST ANSYS Structural FL ANSYS FLOTRAN
DY ANSYS LS-DYNA PP ANSYS PrepPost
VT ANSYS DesignXplorer VT ED ANSYS ED
PR ANSYS Professional DP ANSYS LS-DYNA PrepPost

Note — While DP (ANSYS/LS-DYNA PrepPost) does not appear as a unique product code in the product
listings for commands and elements, it does appear as a separate product in other places in the manuals.

BEAM Elements

Structural 2-D Beam

\

BEAM3

2-D Elastic Beam

2 nodes 2-D space
DOF: UX, UY, ROTZ

MP ME ST <> <> PR <> <> <> PP ED

Structural 3-D Beam

\

BEAM4

3-D Elastic Beam

2 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

MP ME ST <> <> PR <> <> <> PP ED

Structural 2-D Beam

\

BEAM23

2-D Plastic Beam

2 nodes 2-D space
DOF: UX, UY, ROTZ

MP ME ST <> <> <> <> <> <> PP ED

Structural 3-D Beam

\

BEAM24

3-D Thin-Walled Beam

2 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

MP ME ST <> <> <> <> <> <> PP ED
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BEAM Elements

Structural 3-D Beam (BEAM44 MP ME ST <> <> PR <> <> <> PP ED
3-D Elastic Tapered Unsymmetric Beam
2 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural 2-D Beam |BEAM54 MP ME ST <> <> PR <> <> <> PP ED
2-D Elastic Tapered Unsymmetric Beam
2 nodes 2-D space
DOF: UX, UY, ROTZ
Explicit Dynamics BEAM161 <> <> <> DY <> <> <> <> <> <> BED
° Explicit 3-D Beam
3 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ, VX, VY, AX,
AY, AZ
Structural 3-D Beam |BEAM188 MP ME ST <> <> PR <> <> <> PP ED
f" —— 3-D Linear Finite Strain Beam
/ 2 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural 3-D Beam |BEAM189 MP ME ST <> <> PR <> <> <> PP ED
/0‘ - — 3-D Quadratic Finite Strain Beam
/ 3 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
CIRCU Elements
Coupled-Field CIRCU94 M <> <> <> <> <> <> <> <> PPED
Piezoelectric Circuit
2 or 3 nodes 2-D space
DOF: VOLT, CURR
Magnetic Electric |CIRCU124 MW <> <> <> <> <> EM<> <> PP ED
Electric Circuit
2-6 nodes 3-D space
DOF: VOLT, CURR, EMF
Magnetic Electric  |CIRCU125 MW <> <> <> <> <> EM<> <> PP ED
Diode
2 nodes 3-D space
DOF: VOLT
COMBIN Elements
Combination COMBIN? MP ME ST <> <> <> <> <> <> PP ED
Y Revolute Joint
X 5 nodes 3-D space
. DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Combination COMBIN14 MP ME ST <> <> PR <> <> <> PP ED

o 2

Spring-Damper
2 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
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COMBIN Elements

Combination COMBIN37 MP ME ST <> <> <> <> <> <> PP ED
Control

4 nodes 3-D space

DOF: UX, UY, UZ,ROTX, ROTY, ROTZ, PRES, TEMP

{3

Combination COMBIN39 MP ME ST <> <> <> <> <> <> PP ED
Nonlinear Spring

2 nodes 3-D space

DOF: UX, UY, UZ,ROTX, ROTY, ROTZ, PRES, TEMP

Combination COMBIN40 MP ME ST <> <> PR <> <> <> PP ED
Combination

2 nodes 3-D space

4o |DOF: UX, UY, UZ,ROTX, ROTY, ROTZ, PRES, TEMP

i

Explicit Dynamics |COMBI165 <> <> <> DY <> <> <> <> <> <> BD
Explicit Spring-Damper

2 nodes 3-D space

=0 |DOF: UX, UY, UZ, ROTX, ROTY, ROTZ, VX, VY, VZ,
AX, AV, AZ

=

CONTAC Elements

Contact CONTAC12 MP ME ST <> <> PR <> <> <> PP ED
2-D Point-to-Point Contact

x 2 nodes 2-D space

DOF: UX, UY
Contact CONTAC52 MP ME ST <> <> PR <> <> <> PP ED
— A 3-D Point-to-Point Contact
2 nodes 3-D space
DOF: UX, UY, Uz
Contact CONTA171 MP ME ST <> <> PR EM <> <> PP ED
/ 2-D 2-Node Surface-to-Surface Contact
2 nodes 2-D space
DOF: UX, UY, TEMP, VOLT
Contact CONTA172 MP ME ST <> <> PR EM <> <> PP ED
O// 2-D 3-Node Surface-to-Surface Contact
3 nodes 2-D space
DOF: UX, UY, TEMP, VOLT
Contact CONTA173 MP ME ST <> <> PR EM <> <> PP ED

3-D 4-Node Surface-to-Surface Contact
4 nodes 3-D space
DOF: UX, UY, UZ, TEMP, VOLT
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CONTAC Elements

Contact

v

CONTA174

3-D 8-Node Surface-to-Surface Contact
8 nodes 3-D space

DOF: UX, UY, UZ, TEMP, VOLT

ST

<>

<>

PR

EM <>

<>

PP

ED

Contact
( ]

CONTA175

2-D/3-D Node-to-Surface Contact
1 node 2-D/3-D space

DOF: UX, UY, Uz

ST

<>

<>

PR

<>

<>

<>

PP

ED

Contact

2

CONTA178

3-D Node-to-Node Contact
2 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

FLUID Elements

Fluid

FLUID29

2-D Acoustic Fluid
4 nodes 2-D space
DOF: UX, UY, PRES

<>

<>

<>

<>

<>

<>

<>

PP

ED

FLUID30

3-D Acoustic Fluid

8 nodes 3-D space
DOF: UX, UY, UZ, PRES

<>

<>

<>

<>

<>

<>

<>

PP

ED

FLUID38

Dynamic Fluid Coupling
2 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

Fluid

FLUID79

2-D Contained Fluid
4 nodes 2-D space
DOF: UX, UY

ST

<>

<>

<>

<>

<>

<>

PP

ED

FLUID80

3-D Contained Fluid
8 nodes 3-D space
DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

FLUID81

Axisymmetric-Harmonic Contained Fluid
4 nodes 2-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED
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FLUID Elements

Fluid FLUID116 MP ME <> <> <> PR <> <> <> PP ED
Coupled Thermal-Fluid Pipe
2 nodes 3-D space

DOF: PRES, TEMP

Fluid FLUID129 MP ME <> <> <> <> <> <> <> PP ED
2-D Infinite Acoustic
2 nodes 2-D space
DOF: PRES

FLUID130 MP ME <> <> <> <> <> <> <> PP ED
3-D Infinite Acoustic
4 nodes 3-D space
DOF: PRES

FLUID136 MP ME <> <> <> <> <> <> <> PP ED

3-D Squeeze Film Fluid
4, 8 nodes 3-D space

DOF: PRES
Fluid Link FLUID138 MP ME <> <> <> <> <> <> <> PP ED
/ 3-D Viscous Fluid Link
2 nodes 3-D space
DOF: PRES
Fluid FLUID139 MP ME <> <> <> <> <> <> <> PP ED
3-D Slide Film Fluid
2,32 nodes 3-D space
= 2 —° |DOF: UX, UY, UZ
Fluid FLUID141 MP <> <> <> <> <> <> <> FL PP ED
T 2-D Fluid-Thermal
4 nodes 2-D space
DOF: VX, VY, VZ, PRES, TEMP, ENKE, ENDS

FLUID142 MP <> <> <> <> <> <> <> FL PP ED
3-D Fluid-Thermal
8 nodes 3-D space
DOF: VX, VY, VZ, PRES, TEMP, ENKE, ENDS

HF Elements

Magnetic Electric HF118 MP <> <> <> <> <> <> EH <> PP ED
2-D High-Frequency Magnetic Quadrilateral
Solid

8 nodes 2-D space

DOF: AX

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SASIP, Inc. 3-7



Chapter 3: Element Characteristics

HF Elements

Magnetic Electric

HF119

3-D High-Frequency Magnetic Tetrahedral Solid
10 nodes 3-D space

DOF: AX

<>

<>

<>

<>

<>

<>

EH

<>

PP

ED

HF120

3-D High-Frequency Magnetic Brick Solid
20 nodes 3-D space

DOF: AX

<>

<>

<>

<>

<>

<>

EH

<>

PP

ED

HYPER Elements

Hyperelastic Solid

HYPER56

2-D 4-Node Mixed u-P Hyperelastic Solid
4 nodes 2-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

Hyperelastic Solid

HYPER58

3-D 8-Node Mixed u-P Hyperelastic Solid
8 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

Hyperelastic Solid

L

HYPER74

2-D 8-Node Mixed u-P Hyperelastic Solid
8 nodes 2-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

Hyperelastic Solid

L

HYPER84

2-D Hyperelastic Solid
8 nodes 2-D space
DOF: UX, UY, UZ

ST

<>

<>

<>

<>

<>

<>

PP

ED

Hyperelastic Solid

HYPER86

3-D Hyperelastic Solid
8 nodes 3-D space
DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

HYPER158

3-D 10-Node Tetrahedral Mixed u-P Hyperelastic
Solid

10 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED
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Section 3.3:

Pictorial Summary

INFIN Elements

Infinite INFIN9 ME <> <> <> <> EM <> <> PP ED
2-D Infinite Boundary
2 nodes 2-D space
DOF: AZ, TEMP
Infinite INFIN47 ME <> <> <> <> EM <> <> PP ED
) 3-D Infinite Boundary
.r//////%/ 4 nodes 3-D space
X7  |poF:maG TEWP
Infinite INFIN110 ME <> <> <> <> EM <> <> PP ED
2-D Infinite Solid
® 14 0r 8 nodes 2-D space
DOF: AZ, VOLT, TEMP
Infinite INFIN111 ME <> <> <> <> EM <> <> PP ED
2 3-D Infinite Solid
8 or 20 nodes 3-D space
DOF: MAG, AX, AY, AZ, VOLT, TEMP
INTER Elements
Magnetic Electric  |INTER115 <> <> <> <> <> EM <> <> PP ED
3-D Magnetic Interface
4 nodes 3-D space
DOF: AX, AY, AZ, MAG
Structural 2-D Interface INTER192 ME ST <> <> <> <> <> <> PP ED
'=' 2-D 4-Node Gasket
& & 4 nodes 2-D space
DOF: UX, UY
Structural 2-D Interface | INTER193 ME ST <> <> <> <> <> <> PP ED
2-D 6-Node Gasket
6 nodes 2-D space
DOF: UX, UY
INTER194 ME ST <> <> <> <> <> <> PP ED
3-D 16-Node Gasket
16 nodes 3-D space
DOF: UX, UY, Uz
|NTER195 ME ST <> <> <> <> <> <> PP ED

3-D 8-Node Gasket
8 nodes 3-D space
DOF: UX, UY, Uz
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LINK Elements

Structural 2-D Line |LINK1 MP ME ST <> <> PR <> <> <> PP ED
2-D Spar (or Truss)
2 nodes 2-D space
DOF: UX, UY
Structural 3-D Line |LINKS MP ME ST <> <> PR <> <> <> PP ED
3-D Spar (or Truss)
2 nodes 3-D space
DOF: UX, UY, UZ
Structural 3-D Line |LINK10 MP ME ST <> <> PR <> <> <> PP ED
Tension-only or Compression-only Spar
2 nodes 3-D space
DOF: UX, UY, Uz
Structural 3-D Line |LINK11 MP ME ST <> <> <> <> <> <> PP ED
\M Linear Actuator
2 nodes 3-D space
Ol =0 |DOF: UX, UY, UZ
Thermal Line LINK31 MP ME <> <> <> PR <> <> <> PP ED
"J.F’ Radiation Link
2 nodes 3-D space
o"'q DOF: TEMP
Thermal Line LINK32 MP ME <> <> <> PR <> <> <> PP ED
2-D Conduction Bar
2 nodes 2-D space
DOF: TEMP
Thermal Line LINK33 MP ME <> <> <> PR <> <> <> PP ED
3-D Conduction Bar
2 nodes 3-D space
DOF: TEMP
Thermal Line LINK34 MP ME <> <> <> PR <> <> <> PP ED
° Convection Link
_.-';q 2 nodes 3-D space
IS _.-"" DOF: TEMP
Thermal Electric LINK68 MP ME <> <> <> PR EM <> <> PP ED
Coupled Thermal-Electric Line
2 nodes 3-D space
DOF: TEMP, VOLT
Explicit Dynamics |LINK160 <> <> <> DY <> <> <> <> <> <> BD
o Explicit 3-D Spar (or Truss)
3 nodes 3-D space
DOF: UX, UY, UZ, VX, VY, VZ, AX, AY, AZ
Explicit Dynamics |LINK167 <> <> <> DY <> <> <> <> <> <> BD
° Explicit Tension-Only Spar
3 nodes 3-D space
DOF: UX, UY, UZ, VX, VY, VZ, AX, AY, AZ
Structural 3-D Line |LINK180 MP ME ST <> <> <> <> <> <> PP ED

\

3-D Finite Strain Spar (or Truss)
2 nodes 3-D space
DOF: UX, UY, UZ

3-10
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Section 3.3: Pictorial Summary

MASS Elements

Structural Point
( ]

MASS21

Structural Mass

1 node 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

ST <> <> PR <> <> <> PP ED

Thermal Point
®

MASS71
Thermal Mass

1 node 3-D space
DOF: TEMP

<> <> <> PR <> <> <> PP ED

Explicit Dynamics
[ J

MASS166

Explicit 3-D Structural Mass

1 node 3-D space

DOF: UX, UY, UZ, VX, VY, VZ, AX, AY, AZ

<> <> <> DY < <> <> <> <> <> ED

MATRIX Elements

Matrix

MATRIX27

Stiffness, Damping, or Mass Matrix
2 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

ST <> <> PR <> <> <> PP ED

Matrix

o O
o O

MATRIX50

Superelement (or Substructure)

2-D or 3-D space

DOF: Determined from included element types

ST <> <> PREM <> <> PP ED

MESH Elements

Meshing

&

MESH200

Meshing Facet

2-20 nodes 2-D/3-D space
DOF: None

KEYOPT Dependent

ST DY <> PR EM <> FL PP ED

MPC Elements

Structural Multipoint
Constraint Elements

o

MPC184

Multipoint Constraint Rigid Link and Rigid Beam
2 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

MP ME ST <> <> PR <> <> <> PP ED

PIPE Elements

Structural Pipe

<

PIPE16

Elastic Straight Pipe

3 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

MP ME ST <> <> PR <> <> <> PP ED
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PIPE Elements

Structural Pipe PIPE17 ST <> <> PR <> <> <> PP ED
Elastic Pipe Tee
4 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural Pipe PIPE18 ST <> <> PR <> <> <> PP ED
Elastic Curved Pipe (Elbow)
3 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural Pipe PIPE20 ST <> <> <> <> <> <> PP ED
Plastic Straight Pipe
2 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural Pipe PIPE59 ST <> <> <> <> <> <> PP ED
Immersed Pipe or Cable
2 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural Pipe PIPE60 ST <> <> <> <> <> <> PP ED
Plastic Curved Pipe (Elbow)
3 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
PLANE Elements
Structural 2-D Solid |PLANE2 ST <> <> PR <> <> <> PP ED
2-D 6-Node Triangular Structural Solid
6 nodes 2-D space
DOF: UX, UY
Coupled-Field PLANE13 <> <> <> <> EM <> <> PP ED
2-D Coupled-Field Solid
4 nodes 2-D space
DOF: TEMP, AZ, UX, UY, VOLT
Structural 2-D Solid |PLANE25 ST <> <> <> <> <> <> PP ED
Axisymmetric-Harmonic 4-Node Structural Solid
4 nodes 2-D space
DOF: UX, UY, Uz
Thermal 2-D Solid  |PLANE35 <> <> <> PR <> <> <> PP ED

2-D 6-Node Triangular Thermal Solid
6 nodes 2-D space
DOF: TEMP

3-12
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PLANE Elements

Structural 2-D Solid

[

PLANE42

2-D Structural Solid
4 nodes 2-D space
DOF: UX, UY

ST

<>

<> PR <> <> <> PP ED

Magnetic Electric

1

PLANE53

2-D 8-Node Magnetic Solid
8 nodes 2-D space

DOF: VOLT, AZ, CURR, EMF

<>

<>

<>

<> <> EM <> <> PP ED

Thermal 2-D Solid

[

PLANE55

2-D Thermal Solid
4 nodes 2-D space
DOF: TEMP

<>

<>

<> PR <> <> <> PP ED

Thermal Electric

PLANE67

2-D Coupled Thermal-Electric Solid
4 nodes 2-D space

DOF: TEMP, VOLT

<>

<>

<> PR EM <> <> PP ED

Thermal 2-D Solid

PLANE75

Axisymmetric-Harmonic 4-Node Thermal Solid
4 nodes 2-D space

DOF: TEMP

<>

<>

<> <> <> <> <> PP ED

Thermal 2-D Solid

PLANE77

2-D 8-Node Thermal Solid
8 nodes 2-D space

DOF: TEMP

<>

<>

<> PR <> <> <> PP ED

Thermal 2-D Solid

PLANE78

Axisymmetric-Harmonic 8-Node Thermal Solid
8 nodes 2-D space

DOF: TEMP

<>

<>

<> <> <> <> <> PP ED

Structural 2-D Solid

PLANES2

2-D 8-Node Structural Solid
8 nodes 2-D space

DOF: UX, UY

ST

<>

<> PR <> <> <> PP ED

Structural 2-D Solid

PLANES3

Axisymmetric-Harmonic 8-Node Structural Solid
8 nodes 2-D space

DOF: UX, UY, UZ

ST

<>

<> <> <> <> <> PP ED
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PLANE Elements
Magnetic Electric PLANE121 MW <> <> <> <> <> EM<> <> PP ED
2-D 8-Node Electrostatic Solid
8 nodes 2-D space
DOF: VOLT
Structural 2-D Solid |PLANE145 MP ME ST <> <> PR <> <> <> PP ED
2-D Quadrilateral Structural Solid p-Element
8 nodes 2-D space
DOF: UX, UY
Structural 2-D Solid (PLANE146 MP ME ST <> <> PR <> <> <> PP ED
2-D Triangular Structural Solid p-Element
6 nodes 2-D space
DOF: UX, UY
Explicit Dynamics PLANE162 <> <> <> DY <> <> <> <> <> <> ED
Explicit 2-D Structural Solid
4 nodes 2-D space
DOF: UX, UY, VX, VY, AX, AY
Structural 2-D Solid |PLANE182 MP ME ST <> <> <> <> <> <> PP ED
2-D 4-Node Structural Solid
4 nodes 2-D space
DOF: UX, UY
Structural 2-D Solid |PLANE183 MP ME ST <> <> <> <> <> <> PP ED
2-D 8-Node Structural Solid
8 nodes 2-D space
DOF: UX, UY
Coupled-Field Solid |PLANE223 M <> <> <> <> <> <> <> <> PPED
2-D 8-Node Coupled-Field Solid
8 nodes 2-D space
DOF: UX, UY, VOLT
Magnetic Electric  |PLANE230 MP <> <> <> <> <> EM <> <> PP ED
2-D 8-Node Electrostatic Solid
8 nodes 2-D space
DOF: VOLT
PRETS Elements
Combination PRETS179 MP ME ST <> <> <> <> <> <> PP ED
o |o 2-D/3-D Pretension

v

3 nodes 2-D/3-D space
DOF: UX
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ROM Elements

Coupled-Field

|

ROM144

Reduced Order Electrostatic-Structural
20 or 30 nodes 3-D space

DOF: EMF, VOLT, UX

MP <> <> <> <> <> <> <> <> PP ED

SHELL Elements

Structural 3-D Shell

<

SHELL28

Shear/Twist Panel

4 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

ST

<>

<>

PR

<>

<>

<>

PP

ED

Structural 3-D Shell

0

SHELL41
Membrane Shell
4 nodes 3-D space
DOF: UX, UY, UZ

ST

<>

<>

<>

<>

<>

<>

PP

ED

Structural 3-D Shell

Q

SHELLA43

4-Node Plastic Large Strain Shell

4 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

ST

<>

<>

<>

<>

<>

<>

PP

ED

Structural 2-D Shell

SHELL51

Axisymmetric Structural Shell
2 nodes 2-D space

DOF: UX, UY, UZ, ROTZ

ST

<>

<>

PR

<>

<>

<>

PP

ED

Thermal Shell

<

SHELL57

Thermal Shell

4 nodes 3-D space
DOF: TEMP

<>

<>

PR

<>

<>

<>

PP

ED

Structural 2-D Shell

SHELL61

Axisymmetric-Harmonic Structural Shell
2 nodes 2-D space

DOF: UX, UY, UZ, ROTZ

ST

<>

<>

<>

<>

<>

<>

PP

ED

Structural 3-D Shell

Q

SHELL63

Elastic Shell

4 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

ST

<>

<>

PR

<>

<>

<>

PP

ED

Structural 3-D Shell

<

SHELL91

Nonlinear Layered Structural Shell
8 nodes 3-D space

DOF: UX, UY, UZ, ROTX, ROTY, ROTZ

ST

<>

<>

<>

<>

<>

<>

PP

<>
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SHELL Elements

Structural 3-D Shell |SHELL93 MP ME ST <> <> PR <> <> <> PP ED
8-Node Structural Shell
8 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural 3-D Shell |SHELL99 MP ME ST <> <> PR <> <> <> PP <>
Linear Layered Structural Shell
8 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Thermal Shell SHELL131 MP ME <> <> <> PR <> <> <> PP ED
4 Node Layered Thermal Shell
4 nodes 3-D space
DOF: TBOT, TE2, TE3, TE4, ... TTOP
Thermal Shell SHELL132 MP ME <> <> <> PR <> <> <> PP ED
8 Node Layered Thermal Shell
8 nodes 3-D space
DOF:TBOT, TE2, TE3, TE4,...TTOP
Structural 3-D Shell |SHELL143 MP ME ST <> <> <> <> <> <> PP ED
4-Node Plastic Small Strain Shell
4 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Structural 3-D Shell |SHELL150 MP ME ST <> <> PR <> <> <> PP ED
8-Node Structural Shell p-Element
8 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
Thermal Electric SHELL157 MP ME <> <> <> PR EM <> <> PP ED
Thermal-Electric Shell
4 nodes 3-D space
DOF: TEMP, VOLT
Explicit Dynamics SHELL163 <> <> <> DY <> <> <> <> <> <> ED
Explicit Thin Structural Shell
4 nodes 3-D space
DOF: UX, UY, UZ, VX, VY, VZ, AX, AY, AZ, ROTX,
ROTY, ROTZ,
Structural 3-D Shell |SHELL181 MP ME ST <> <> PR <> <> <> PP ED

<

4-Node Finite Strain Layered Shell
4 nodes 3-D space
DOF: UX, UY, UZ, ROTX, ROTY, ROTZ
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Pictorial Summary

SHELL Elements

Structural 2-D Shell

/

SHELL208

Axisymmetric Structural Shell
2 nodes 2-D space

DOF: UX, UY, ROTZ

<>

<>

<>

PR

<>

<>

<>

PP

ED

Structural 2-D Shell

-/

SHELL209

Axisymmetric Structural Shell
3 nodes 2-D space

DOF: UX, UY, ROTZ

<>

<>

<>

PR

<>

<>

<>

PP

ED

SOLID Elements

Coupled-Field

SOLID5

3-D Coupled-Field Solid

8 nodes 3-D space

DOF: UX, UY, UZ, TEMP, VOLT, MAG

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID45

3-D Structural Solid
8 nodes 3-D space
DOF: UX, UY, UZ

ST

<>

<>

PR

<>

<>

<>

PP

ED

SOLID46

3-D 8-Node Layered Structural Solid
8 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

PR

<>

<>

<>

PP

<>

SOLID62

3-D Magneto-Structural Solid

8 nodes 3-D space

DOF: UX, UY, UZ, AX, AY, AZ, VOLT

<>

<>

<>

<>

<>

<>

<>

PP

ED

SOLID64

3-D Anisotropic Structural Solid
8 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

<>

<>

<>

<>

PP

ED

SOLID65

3-D Reinforced Concrete Solid
8 nodes 3-D space

DOF: UX, UY, UZ

ST

<>

<>

<>

<>

<>

<>

PP

ED

SOLID69

3-D Coupled Thermal-Electric Solid
8 nodes 3-D space

DOF: TEMP, VOLT

<>

<>

<>

PR

<>

<>

<>

PP

ED
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SOLID Elements

Thermal 3-D Solid

SOLID70

3-D Thermal Solid
8 nodes 3-D space
DOF: TEMP

<>

<>

<>

PR

<> <>

<>

PP

ED

SOLID87

3-D 10-Node Tetrahedral Thermal Solid
10 nodes 3-D space

DOF: TEMP

<>

<>

<>

PR

<> <>

<>

PP

ED

SOLID90

3-D 20-Node Thermal Solid
20 nodes 3-D space

DOF: TEMP

<>

<>

<>

PR

<> <>

<>

PP

ED

SOLID92

3-D 10-Node Tetrahedral Structural Solid
10 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

PR

<> <>

<>

PP

ED

SOLID95

3-D 20-Node Structural Solid
20 nodes 3-D space

DOF: UX, UY, UZ

ST

<>

<>

PR

<> <>

<>

PP

ED

SOLID96

3-D Magnetic Scalar Solid
8 nodes 3-D space

DOF: MAG

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID97

3-D Magnetic Solid

8 nodes 3-D space

DOF: AX, AY, AZ, VOLT, CURR, EMF

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID98

Tetrahedral Coupled-Field Solid

10 nodes 3-D space

DOF: UX, UY, UZ, TEMP, VOLT, MAG

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID117

3-D 20-Node Magnetic Edge
20 nodes 3-D space

DOF: AZ

<>

<>

<>

<>

<>

EM <>

<>

PP

ED
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SOLID Elements

Magnetic Electric

SOLID122

3-D 20-Node Electrostatic Solid
20 nodes 3-D space

DOF: VOLT

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID123

3-D 10-Node Tetrahedral Electrostatic Solid
10 nodes 3-D space

DOF: VOLT

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID127

3-D Tetrahedral Electrostatic Solid p-Element
10 nodes 3-D space

DOF: VOLT

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID128

3-D Brick Electrostatic Solid p-Element
20 nodes 3-D space

DOF: VOLT

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID147

3-D Brick Structural Solid p-Element
20 nodes 3-D space

DOF: UX, UY, UZ

ST

<>

<>

PR

<>

<>

<>

PP

ED

SOLID148

3-D Tetrahedral Structural Solid p-Element
10 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

PR

<>

<>

<>

PP

ED

SOLID164

Explicit 3-D Structural Solid

8 nodes 3-D space

DOF: UX, UY, UZ, VX, VY, VZ, AX, AY, AZ

<>

<>

<>

DY

<>

<>

<>

<>

<>

<>

ED

SOLID168

Explicit 3-D 10-Node Tetrahedral Structural Solid
10 nodes 3-D space

DOF: UX, UY, UZ, VX, VY, VZ, AX, AY, AZ

<>

<>

<>

DY

<>

<>

<>

<>

<>

<>

ED

SOLID185

3-D 8-Node Structural Solid
8 nodes 3-D space

DOF: UX, UY, UZ

ST

<>

<>

<>

<>

<>

<>

PP

ED
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SOLID Elements

Structural 3-D Solid

SOLID186

3-D 20-Node Structural Solid
20 nodes 3-D space

DOF: UX, UY, UZ

ST

<>

<>

PR

<>

<>

<>

PP

ED

SOLID187

3-D 10-Node Tetrahedral Structural Solid
10 nodes 3-D space

DOF: UX, UY, Uz

ST

<>

<>

PR

<>

<>

<>

PP

ED

SOLID191

3-D 20-Node Layered Structural Solid
20 nodes 3-D space

DOF: UX, UY, UZ

ST

<>

<>

<>

<>

<>

<>

PP

<>

SOLID226

3-D 20-Node Coupled-Field Solid
20 nodes 3-D space

DOF: UX, UY, UZ, VOLT

<>

<>

<>

<>

<>

<>

<>

<>

PP

ED

SOLID227

3-D 10-Node Coupled-Field Solid
10 nodes 3-D space

DOF: UX, UY, UZ, VOLT

<>

<>

<>

<>

<>

<>

<>

<>

PP

ED

SOLID231

3-D 20-Node Electrostatic Solid
20 nodes 3-D space

DOF: VOLT

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOLID232

3-D 10-Node Tetrahedral Electrostatic Solid
10 nodes 3-D space

DOF: VOLT

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SOURC Elements

Magnetic Electric

SOURC36
Current Source

3 nodes 3-D space
DOF: None

<>

<>

<>

<>

<>

EM <>

<>

PP

ED

SURF Elements

Surface

7

SURF151

2-D Thermal Surface Effect
2 or 4 nodes 2-D space
DOF: TEMP

<>

<>

<>

PR

<>

<>

<>

PP

ED
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SURF Elements

Surface

1

SURF152

3-D Thermal Surface Effect
4 to 9 nodes 3-D space
DOF: TEMP

MP ME <> <> <> PR <> <> <> PP ED

Surface

\.

SURF153

2-D Structural Surface Effect
2 or 3 nodes 2-D space
DOF: UX, UY

MP ME ST <> <> PR <> <> <> PP ED

Surface

1

SURF154

3-D Structural Surface Effect
4 to 8 nodes 3-D space
DOF: UX, UY, Uz

MP ME ST <> <> PR <> <> <> PP ED

TARGE Elements

Contact

\.

TARGE169

2-D Target Segment

3 nodes 2-D space

DOF: UX, UY, ROTZ, TEMP

MP ME ST <> <> PR EM <> <> PP ED

Contact

(2

TARGE170

3-D Target Segment

8 nodes 3-D space
DOF: UX, UY, UZ, TEMP

MP ME ST <> <> PR EM <> <> PP ED

TRANS Elements

Electromechanical

%

TRANS109

2-D Electromechanical Solid
3 nodes 2-D space

DOF: UX, UY, VOLT

MP <> <> <> <> <> <> <> <> PP ED

Electromechanical

N

TRANS126

Electromechanical Transducer

2 nodes 3-D space

DOF: UX-VOLT, UY-VOLT, UZ-VOLT

MP <> <> <> <> <> <> <> <> PP ED

VISCO Elements

Visco Solid

VISCO88

2-D 8-Node Viscoelastic Solid
8 nodes 2-D space

DOF: UX, UY

MP ME ST <> <> <> <> <> <> PP ED
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VISCO Elements

Visco Solid

VISCO89

3-D 20-Node Viscoelastic Solid
20 nodes 3-D space

DOF: UX, UY, UZ

MP ME ST

<>

<>

<>

<>

<>

PP ED

Visco Solid

VISCO106

2-D 4-Node Viscoplastic Solid
4 nodes 2-D space

DOF: UX, UY, Uz

MP ME ST

<>

<>

<>

<>

<>

PP ED

VISCO107

3-D 8-Node Viscoplastic Solid
8 nodes 3-D space

DOF: UX, UY, Uz

MP ME ST

<>

<>

<>

<>

<>

PP ED

Visco Solid

VISCO108

2-D 8-Node Viscoplastic Solid
8 nodes 2-D space

DOF: UX, UY, UZ

MP ME ST

<>

<>

<>

<>

<>

PP ED

3-22

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.




Part .







Chapter 4: Element Library

This chapter describes each element, in numerical order. Descriptions common to several elements appear in
separate sections of Chapter 2, “General Element Features” and are referenced where applicable. Read Chapter 1,
“About This Manual” and Chapter 2, “General Element Features” before reading the element descriptionsin Part .

The details of the element should also be reviewed in the ANSYS, Inc. Theory Reference, which explains how the
element input items (such as the real constants, material properties, KEYOPT switches, etc.) are used to produce
the element output.
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LINK1
2-D Spar (or Truss)

MP ME ST <> <>PR <> <><>PPED

LINK1 Element Description

LINK1 can be used in a variety of engineering applications. Depending upon the application, you can think of
the element as a truss, a link, a spring, etc. The 2-D spar element is a uniaxial tension-compression element with
two degrees of freedom at each node: translations in the nodal x and y directions. As in a pin-jointed structure,
no bending of the element is considered. See LINK1 in the ANSYS, Inc. Theory Reference for more details about
this element. See LINKS8 for a description of a 3-D spar element.

Figure 1.1 LINK1 Geometry

L.

LINK1 Input Data

Figure 1.1: “LINKT Geometry” shows the geometry, node locations, and the coordinate system for this element.
The element is defined by two nodes, the cross-sectional area, an initial strain, and the material properties. The
element x-axis is oriented along the length of the element from node | toward node J. The initial strain in the
element (ISTRN) is given by A/L, where A is the difference between the element length, L, (as defined by the |
and J node locations) and the zero-strain length.

Section 2.8:Node and Element Loads describes element loads. You can input temperatures and fluences as element
body loads at the nodes. The node | temperature T(l) defaults to TUNIF. The node J temperature defaults to T(l).
Similar defaults occur for fluence except that zero is used instead of TUNIF. You can request a lumped mass
matrix formulation, which may be useful for certain analyses such as wave propagation, with the LUMPM com-
mand.

LINK1 Input Summary summarizes the element input. Section 2.1: Element Input gives a general description of
element input.

LINK1 Input Summary
Nodes
l,J

Degrees of Freedom
UX, UY

Real Constants

AREA - Cross-sectional area
ISTRN - Initial strain
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Material Properties
EX, ALPX (or CTEX or THSX), DENS, DAMP

Surface Loads
None

Body Loads
Temperatures --
T(), T()
Fluences --
FL(I), FL(J)

Special Features

Plasticity

Creep

Swelling

Stress stiffening
Large deflection
Birth and death

KEYOPTS
None

LINK1 Output Data

The solution output associated with the element is in two forms:

Nodal displacements included in the overall nodal solution
Additional element output as shown in Table 1.1: “LINK1 Element Output Definitions”.

Figure 1.2: “LINK1 Stress Output” illustrates several items. A general description of solution output is given in
Section 2.2: Solution Output. See the ANSYS Basic Analysis Guide for ways to view results.

Figure 1.2 LINK1 Stress Output
.4

-®

L S(AXL)
J\/\ EPEL(AXL)

EPPL(AXL)
EPTH(AXL)
EPCR(AXL)
EPSW(AXL)

L.

The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.
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In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote

that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 1.1 LINK1 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Element node numbers (I and J) Y Y
MAT Material number for the element Y Y
VOLU: Element volume - Y
XC, YC Location where results are reported Y 2
TEMP Temperature at nodes | and J Y Y
FLUEN Fluence at nodes | and J Y Y
MFORX Member force in the element coordinate system X direction Y Y
SAXL Axial stress in the element Y Y
EPELAXL Axial elastic strain in the element Y Y
EPTHAXL Axial thermal strain in the element Y Y
EPINAXL Axial initial strain in the element Y Y
SEPL Equivalent stress from the stress-strain curve 1 1
SRAT Ratio of trial stress to the stress on yield surface 1 1
EPEQ Equivalent plastic strain 1 1
HPRES Hydrostatic pressure 1 1
EPPLAXL Axial plastic strain 1 1
EPCRAXL Axial creep strain 1 1
EPSWAXL Axial swelling strain 1 1

1. Only if the element has a nonlinear material

2. Available only at centroid as a *GET item.

The Item and Sequence Number... table lists output available through the ETABLE command using the Sequence
Number method. See The General Postprocessor (POST1) in the ANSYS Basic Analysis Guide and Section 2.2.2.2:

The Item and Sequence Number Table for further information. The table uses the following notation:

Name

output quantity as defined in the Element Output Definitions table.

Item

predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

1]

sequence number for data at nodes | and J

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.
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Table 1.2 LINK1 Item and Sequence Numbers

Output | ETABLE and ESOL Command Input
Quantity | o E | )
Name
SAXL LS 1 - -
EPELAXL LEPEL 1 - -
EPTHAXL LEPTH 1 - -
EPSWAXL LEPTH 2 - -
EPINAXL LEPTH 3 - -
EPPLAXL LEPPL 1 - -
EPCRAXL LEPCR 1 - -
SEPL NLIN 1 - -
SRAT NLIN 2 - -
HPRES NLIN 3 - -
EPEQ NLIN 4 - -
MFORX SMISC 1 - -
FLUEN NMISC - 1 2
TEMP LBFE - 1 2

LINK1 Assumptions and Restrictions

+ The sparelement assumes a straight bar, axially loaded at its ends, of uniform properties from end to end.
+ Thelength of the spar must be greater than zero, so nodes | and J must not be coincident.

« The spar must lie in an X-Y plane and must have an area greater than zero.

+ The temperature is assumed to vary linearly along the length of the spar.

+ The displacement shape function implies a uniform stress in the spar.

+ Theinitial strainis also used in calculating the stress stiffness matrix, if any, for the first cumulative iteration.

LINK1 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

+  The DAMP material property is not allowed.
*  Fluence body loads cannot be applied.

+ The only special features allowed are stress stiffening and large deflections.
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PLANE2
2-D 6-Node Triangular Structural Solid

MP ME ST <> <>PR <> <><>PPED

PLANE2 Element Description

PLANE2 element is a 6-node triangular element compatible with the 8-node PLANE82 element. The element has
a quadratic displacement behavior and is well suited to model irregular meshes (such as produced from various
CAD/CAM systems).

The element is defined by six nodes having two degrees of freedom at each node: translations in the nodal x
andy directions. You can use the element as a plane element (plane stress or plane strain) or as an axisymmetric
element. The element also has plasticity, creep, swelling, stress stiffening, large deflection, and large strain cap-
abilities. See PLANE2 in the ANSYS, Inc. Theory Reference for more details about this element.

Figure 2.1 PLANE2 Geometry

K
@
®

Y

(or axial)
I

T—> X (or radial) @ J

PLANE2 Input Data

Figure 2.1: “PLANE2 Geometry” shows the geometry and node locations for this element.

Besides the nodes, the element input data includes a thickness (only if KEYOPT(3) = 3) and the orthotropic ma-
terial properties. Orthotropic material directions correspond to the element coordinate directions. The element
coordinate system orientation is as described in Section 2.3: Coordinate Systems.

Section 2.8: Node and Element Loads describes element loads. Pressures may be input as surface loads on the
element faces, shown by the circled numbers in Figure 2.1: “PLANE2 Geometry”. Positive pressures act into the
element. You can specify temperatures and fluences as element body loads at the nodes. The node | temperature
T(I) defaults to TUNIF. If all other temperatures are unspecified, they default to T(l). If all corner node temperatures
are specified, each midside node temperature defaults to the average temperature of its adjacent corner nodes.
For any other input temperature pattern, unspecified temperatures default to TUNIF. Similar defaults occur for
fluence except that zero is used instead of TUNIF.

Specify the nodal forces, if any, per unit of depth for a plane analysis (except for KEYOPT(3) = 3) and on a full 360°
basis for an axisymmetric analysis.

You can apply an initial stress state to this element through the ISTRESS or ISFILE command. For more inform-
ation, see Initial Stress Loading in the ANSYS Basic Analysis Guide. Alternately, you can set KEYOPT(9) = 1 to read
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initial stresses from the user subroutine USTRESS. For details on user subroutines, see the Guide to ANSYS User
Programmable Features.

You can include the effects of pressure load stiffness in a geometric nonlinear analysis using SOLCONTROL,,,INCP.
Pressure load stiffness effects are included in linear eigenvalue buckling automatically. If an unsymmetric matrix
is needed for pressure load stiffness effects, use NROPT,UNSYM.

PLANE2 Input Summary gives a summary of the element input. Section 2.1: Element Input contains a general
description of element input. For axisymmetric applications see Section 2.12: Axisymmetric Elements.

PLANE2 Input Summary

Nodes
,LJ,KL,MN

Degrees of Freedom
UX, UY

Real Constants

None, if KEYOPT (3) =0, 1, or 2
THK - Thickness, if KEYOPT(3) = 3

Material Properties

EX, EY, EZ, PRXY, PRYZ, PRXZ (or NUXY, NUYZ, NUXZ),
ALPX, ALPY, ALPZ (or CTEX, CTEY, CTEZ or THSX, THSY, THSZ), DENS, GXY, DAMP

Surface Loads

Pressures --
face 1 (J-1), face 2 (K-J), face 3 (I-K)

Body Loads

Temperatures --
T(1), TQ), T(K), T(L), T(M), T(N)

Fluences --
FL(1), FL(J), FL(K), FL(L), FL(M), FL(N)

Special Features

Plasticity

Creep

Swelling

Stress stiffening
Large deflection
Large strain

Birth and death
Adaptive descent
Initial stress import

KEYOPT(3)
Element behavior:

O _—
Plane stress
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1--
Axisymmetric

2 -
Plane strain (Z strain = 0.0)
3--
Plane stress with thickness input
KEYOPT(5)
Extra stress output:
O —
Basic element printout
1--
Integration point stress printout
.
Nodal stress printout
KEYOPT(6)
Element output:
0--
Basic element printout
3--
Nonlinear solution at each integration point also
4 -
Surface printout for faces with nonzero pressure
KEYOPT(9)
Initial stress subroutine option (available only through direct input of the KEYOPT command):
O —
No user subroutine to provide initial stress (default)
1--
Read initial stress data from user subroutine USTRESS (see the Guide to ANSYS User Programmable Features
for user written subroutines)
PLANE2 Output Data

The solution output associated with the element is in two forms:

* Nodal displacements included in the overall nodal solution

« Additional element output as shown in Table 2.1: “PLANE2 Element Output Definitions”

Figure 2.2: “PLANE2 Stress Output” illustrates several items.

The element stress directions are parallel to the element coordinate system. Surface stresses are available on
any face having a nonzero pressure specification. Surface stresses are defined parallel and perpendicular to a
faceline (forexample, line I-J) and along the Z axis for a plane analysis or in the hoop direction for an axisymmetric
analysis. A general description of solution output is given in Section 2.2: Solution Output. See the ANSYS Basic
Analysis Guide for ways to view results.
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Figure 2.2 PLANE2 Stress Output

Y
(or axial)

I
T—> X (or radial) @ J

The Element Output Definitions table uses the following notation:

A colon (:) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 2.1 PLANE2 Element Output Definitions

Name Definition (o] R
EL Element number Y Y
NODES Element corner nodes (I, J and K) Y Y
MAT Material number for the element Y Y
THICK Average thickness of the element Y Y
VOLU: Element volume Y Y
XC, YC Location where results are reported Y 3
PRES Pressures P1 at nodes J, |; P2 at K, J; P3 at |, L Y Y
TEMP Temperatures - T(1), T(J), T(K), T(L), T(M), T(N) Y Y
FLUEN Fluences - FL(l), FL(J), FL(K), FL(L), FL(M), FL(N) Y Y
S:X Y, Z, XY Stresses (SZ = 0.0 for plane stress elements) Y Y
S:1,2,3 Principal stresses Y -
S:INT Stress intensity Y -
S:EQV Equivalent stress Y Y
EPEL: X, Y, Z, XY Elastic strain Y Y
EPEL:1,2,3 Principal elastic strains Y -
EPEL: EQV Equivalent elastic strain [4] - Y
EPTH: X, Y, Z, XY Average thermal strain Y Y
EPTH: EQV Equivalent thermal strain [4] - Y
EPPL: X,Y, Z, XY Plastic strain 2 2

4-10
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Name Definition (o] R
EPPL: EQV Equivalent plastic strain [4] - 2
EPCR: X, Y, Z, XY Creep strains 2 2
EPCR: EQV Creep strains [4] - 2
EPSW: Swelling strain 2 2
NL: EPEQ Equivalent plastic strain 2 2
NL: SRAT Ratio of trial stress to stress on yield surface 2 2
NL: SEPL Equivalent stress on stress-strain curve 2 2
NL: HPRES Hydrostatic pressure - 2
FACE Face label 1 1
EPEL(PAR, PER, Z) Surface elastic strains (parallel, perpendicular, Z or hoop) 1 1
TEMP Surface average temperature 1 1
S(PAR, PER, Z) Surface stress (parallel, perpendicular, Z or hoop) 1 1
SINT Surface stress intensity 1 1
SEQV Surface equivalent stress 1 1
LOCI: X, Y, Z Integration point locations - Y

1. Surface output if KEYOPT(6) = 4 and a nonzero pressure face.
Nonlinear solution, only if the element has a nonlinear material.

Available only at centroid as a *GET item.

> won

The equivalent strains use an effective Poisson's ratio: for elastic and thermal this value is set by the user
(MP,PRXY); for plastic and creep this value is set at 0.5.

Table 2.2 PLANE2 Miscellaneous Element Output

Description Names of Items Output (o] R
Nonlinear Integration Pt. EPPL, EPEQ, SRAT, SEPL, HPRES, EPCR, EPSW 1 -
Solution

Integration Point Stress Solu- | LOCATION, TEMP, SINT, SEQV, EPEL, S 2 -
tion

Nodal Stress Solution LOCATION, TEMP, S, SINT, SEQV 3 -

1. Output at each integration point, if the element has a nonlinear material and KEYOPT(6) = 3

2. Output at each integration point, if KEYOPT(5) = 1

3. Output at each vertex node, if KEYOPT(5) = 2
Table 2.3: “PLANE2 Item and Sequence Numbers” lists output available through the ETABLE command using
the Sequence Number method. See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and

Section 2.2.2.2: The Iltem and Sequence Number Table of this manual for more information. Table 2.3: “PLANE2
Item and Sequence Numbers” uses the following notation:

Name
output quantity as defined in the Table 2.1: “PLANE2 Element Output Definitions”

Item
predetermined Item label for ETABLE command
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sequence number for single-valued or constant element data

[,J,..N
sequence number for data at nodes I,J....,N

Table 2.3 PLANE2 Item and Sequence Numbers

Output ETABLE and ESOL Command Input
Quantity |0 E | ) K L
Name
P1 SMISC - 2 1 - -
P2 SMISC - - 4 -
P3 SMISC - 5 - 6 -

See Section 2.2.2.5: Surface Solution of this manual for the item and sequence numbers for surface output for

the ETABLE command.

PLANE2 Assumptions and Restrictions

The area of the element must be positive.

The element must lie in a global X-Y plane as shown in Figure 2.1: “PLANE2 Geometry”, and the Y-axis
must be the axis of symmetry for axisymmetric analyses. An axisymmetric structure should be modeled

in the +X quadrants.

Aface with aremoved midside node implies that the displacement varies linearly, rather than parabolically,
along that face. See Quadratic Elements (Midside Nodes) in the ANSYS Modeling and Meshing Guide for
information on the use of elements with midside nodes.

« Surface stress printout is valid only if the conditions described in Section 2.2.2: Element Solution are met.

PLANE2 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

The DAMP material property is not allowed.

Fluence body loads cannot be applied.

The only special feature allowed is stress stiffening.

+  KEYOPT(6) = 3 does not apply.
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BEAM3
2-D Elastic Beam

MP ME ST <> <>PR <> <><>PPED

BEAM3 Element Description

BEAM3 is a uniaxial element with tension, compression, and bending capabilities. The element has three degrees
of freedom at each node: translations in the nodal x and y directions and rotation about the nodal z-axis. See
BEAMS3 in the ANSYS, Inc. Theory Reference for more details about this element. Other 2-D beam elements are the
plastic beam (BEAM23) and the tapered unsymmetric beam (BEAM54).

Figure 3.1 BEAM3 Geometry
HEIGHT\
T4 )//@
A

3

—

@\@;,

y
Y T
T2
| .y O
BEAMS3 Input Data

Figure 3.1: “BEAM3 Geometry” shows the geometry, node locations, and the coordinate system for this element.
The element is defined by two nodes, the cross-sectional area, the area moment of inertia, the height, and the
material properties. The initial strain in the element (ISTRN) is given by A/L, where A is the difference between
the element length, L (as defined by the | and J node locations), and the zero strain length. The initial strain is
also used in calculating the stress stiffness matrix, if any, for the first cumulative iteration.

You can use the element in an axisymmetric analysis if hoop effects are negligible, such as for bolts, slotted cyl-
inders, etc. The area and moment of inertia must be input on a full 360° basis for an axisymmetric analysis. The
shear deflection constant (SHEARZ) is optional. You can use a zero value of SHEARZ to neglect shear deflection.
See Section 2.14: Shear Deflection for details. The shear modulus (GXY) is used only with shear deflection. You
can specify an added mass per unit length with the ADDMAS real constant.

Section 2.8: Node and Element Loads describes element loads. You can specify pressures as surface loads on the
element faces, shown by the circled numbers in Figure 3.1: “BEAM3 Geometry”. Positive normal pressures act
into the element. You specify lateral pressures as a force per unit length. End "pressures” are input as a force.
KEYOPT(10) allows tapered lateral pressures to be offset from the nodes. You can specify temperatures as element
body loads at the four "corner" locations shown in Figure 3.1: “BEAM3 Geometry”. The first corner temperature
T1 defaults to TUNIF. If all other temperatures are unspecified, they default to T1. If only T1 and T2 are input, T3
defaults to T2 and T4 defaults to T1. For any other input pattern, unspecified temperatures default to TUNIF.
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KEYOPT(9) is used to request output at intermediate locations. It is based on equilibrium (free body of a portion
of the element) considerations and is not valid if:
+  stress stiffening is turned on [SSTIF,ON]
* more than one component of angular velocity is applied [OMEGA]
any angular velocities or accelerations are applied with the CGOMGA, DOMEGA, or DCGOMG commands.

BEAMS3 Input Summary summarizes the element input. Section 2.1: Element Input contains a general description
of element input.

BEAMS3 Input Summary

Nodes
1)

Degrees of Freedom
UX, UY, ROTZ

Real Constants

AREA - Cross-sectional area

IZZ - Area moment of inertia

HEIGHT - Total beam height

SHEARZ - Shear deflection constant
ISTRN - Initial strain

ADDMAS - Added mass per unit length

Note — SHEARZ goes with the IZZ. If SHEARZ = 0, there is no shear deflection in the element Y direc-
tion.

Material Properties
EX, ALPX (or CTEX or THSX), DENS, GXY, DAMP

Surface Loads

Pressure --
face 1 (I-J) (-Y normal direction)
face 2 (I-)) (+X tangential direction)
face 3 (I) (+X axial direction)
face 4 (J) (-X axial direction) (use a negative value for loading in the opposite direction)
Body Loads
Temperatures --
T1,T2,T3,T4

Special Features

Stress stiffening
Large deflection
Birth and death

KEYOPT(6)
Member force and moment output:
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0--
No printout of member forces and moments

1--
Print out member forces and moments in the element coordinate system

KEYOPT(9)
Output at intermediate points between ends | and J:

N --
Output at N intermediate locations (N=0, 1, 3,5,7,9)

KEYOPT(10)
Load location, used in conjunction with the offset values input on the SFBEAM command):

0--
Offset is in terms of length units

1--
Offset is in terms of a length ratio (0.0 to 1.0)

BEAM3 Output Data

The solution output associated with the element is in two forms:

Nodal displacements included in the overall nodal solution

Additional element output as shown in Table 3.1: “BEAM3 Element Output Definitions”.

Figure 3.2: "BEAM3 Stress Output” illustrates several items. Section 2.2: Solution Output gives a general description
of solution output. See the ANSYS Basic Analysis Guide for ways to view results.

Figure 3.2 BEAM3 Stress Output

The Element Output Definitions table uses the following notation:

A colon (:) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.
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In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 3.1 BEAM3 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Element nodes - 1, J Y Y
MAT Element material number Y Y
VOLU: Element volume N Y
XC, YC Location where results are reported Y 3
TEMP Temperatures T1,T2, T3, T4 Y Y
PRES Pressure P1 at nodes I,J; OFFST1 at1,J; P2 atl,J; OFFST2 at |, J; P3 at|; Y Y

P4 at J

SDIR Axial direct stress 1 1
SBYT Bending stress on the element +Y side of the beam 1 1
SBYB Bending stress on the element -Y side of the beam 1 1
SMAX Maximum stress (direct stress + bending stress) 1 1
SMIN Minimum stress (direct stress - bending stress) 1 1
EPELDIR Axial elastic strain at the end 1 1
EPELBYT Bending elastic strain on the element +Y side of the beam 1 1
EPELBYB Bending elastic strain on the element -Y side of the beam 1 1
EPTHDIR Axial thermal strain at the end 1 1
EPTHBYT Bending thermal strain on the element +Y side of the beam 1 1
EPTHBYB Bending thermal strain on the element -Y side of the beam 1 1
EPINAXL Initial axial strain in the element 1 1
MFOR(X, Y) Member forces in the element coordinate system X and Y direction 2
MMOMZ Member moment in the element coordinate system Z direction 2

1. The item repeats for end |, intermediate locations (see KEYOPT(9)), and end J.
2. IfKEYOPT(6) =1.

3. Available only at centroid as a *GET item.

The following tables list output available through the ETABLE command using the Sequence Number method.
See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and Section 2.2.2.2: The ltem and Se-
guence Number Table of this manual for more information. Table 3.2: “BEAM3 Item and Sequence Numbers
(KEYOPT(9) = 0)" through Table 3.7: “BEAM3 Item and Sequence Numbers (KEYOPT(9) = 9)" all use the following
notation:

Name
output quantity as defined in the Table 3.1: “BEAM3 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data
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,J
sequence number for data at nodes | and J

ILN
sequence number for data at Intermediate Location N

Table 3.2 BEAM3 Item and Sequence Numbers (KEYOPT(9) = 0)

Output | ETABLE and ESOL Command Input
Quantity |0 E | J
Name
SDIR LS - 1 4
SBYT LS - 2 5
SBYB LS - 3 6
EPELDIR LEPEL - 1 4
EPELBYT LEPEL - 2 5
EPELBYB LEPEL - 3 6
EPTHDIR LEPTH - 1 4
EPTHBYT LEPTH - 2 5
EPTHBYB LEPTH - 3 6
EPINAXL LEPTH 7 - -
SMAX NMISC - 1 3
SMIN NMISC - 2 4
MFORX SMISC - 1 7
MFORY SMISC - 8
MMOMZ SMISC - 6 12
P1 SMISC - 13 14
OFFST1 SMISC - 15 16
P2 SMISC - 17 18
OFFST2 SMISC - 19 20
P3 SMISC - 21 -
P4 SMISC - - 22
Pseudo Node
1 2 3
TEMP |  LBFE 1| 2| 3| 4

Table 3.3 BEAM3 Item and Sequence Numbers (KEYOPT(9) = 1)

Output ETABLE and ESOL Command Input
Quantity | o E | ILl J
Name
SDIR LS - 1 4 7
SBYT LS - 2 5 8
SBYB LS - 3 6 9
EPELDIR LEPEL - 1 4 7
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Output ETABLE and ESOL Command Input
Quantity |0 E | ILI )
Name
EPELBYT LEPEL - 2 5 8
EPELBYB LEPEL - 3 6 9
EPTHDIR LEPTH - 1 4 7
EPTHBYT LEPTH - 2 5 8
EPTHBYB LEPTH - 3 6 9
EPINAXL LEPTH 10 - - -
SMAX NMISC - 1 3 5
SMIN NMISC - 2 4 6
MFORX SMISC - 1 7 13
MFORY SMISC - 8 14
MMOMZ SMISC - 6 12 18
P1 SMISC - 19 - 20
OFFST1 SMISC - 21 - 22
P2 SMISC - 23 - 24
OFFST2 SMISC - 25 - 26
P3 SMISC - 27 - -
P4 SMISC - - - 28
Pseudo Node
1 2 3
TEMP | LBFE 1| 2] 3| 4

Table 3.4 BEAM3 Item and Sequence Numbers (KEYOPT(9) = 3)

Output ETABLE and ESOL Command Input
Quantity |0 E Pl 2 [ s |
Name
SDIR LS - 1 4 7 10 13
SBYT LS - 2 5 8 11 14
SBYB LS - 3 6 9 12 15
EPELDIR LEPEL - 1 4 7 10 13
EPELBYT LEPEL - 2 5 8 11 14
EPELBYB LEPEL - 3 6 9 12 15
EPTHDIR LEPTH - 1 4 7 10 13
EPTHBYT LEPTH - 2 5 8 1 14
EPTHBYB LEPTH - 3 6 9 12 15
EPINAXL LEPTH 16 - - - - -
SMAX NMISC - 1 3 5 7 9
SMIN NMISC - 2 4 6 8 10
MFORX SMISC - 1 7 13 19 25
MFORY SMISC - 2 8 14 20 26
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Output ETABLE and ESOL Command Input
Quantity | 1o, E bl 2 [ w3 | oy
Name
MMOMZ | SMISC - 6 12 | 18 | 24 | 30
P1 SMISC - 31 - - - 32
OFFST1 SMISC - 33 - - - 34
P2 SMISC - 35 - - - 36
OFFST2 SMISC - 37 - - - 38
P3 SMISC - 39 - - - -
P4 SMISC - - - - - 40
Pseudo Node
1| 2| 3
TEMP | LBFE 1 2 | 3| a

Table 3.5 BEAM3 Item and Sequence Numbers (KEYOPT(9) = 5)

Output ETABLE and ESOL Command Input
Quantity | 4o, E I {1 |2 | I3 |14 | s | J
Name
SDIR LS - 1 4 | 7 |10 ] 13|16 | 19
SBYT LS - 2 [ 5 | 8 |11 |14]| 17| 2
SBYB LS - 30 6 | 9 | 12 15| 18 | 21
EPELDIR LEPEL - 1 4 | 7 10| 13|16 | 19
EPELBYT | LEPEL - 2 [ 5| 8 |11 |14]| 17| 2
EPELBYB | LEPEL - 306 | 9 | 12|15 | 18 | 21
EPTHDIR | LEPTH - 1 4 | 7 [ 10| 13| 16 | 19
EPTHBYT | LEPTH - 2 | 5 | 8 | 11|14 17| 2
EPTHBYB | LEPTH - 306 | 9 | 12|15 | 18 | 21
EPINAXL | LEPTH 22 - - - - - - -
SMAX NMISC - 1 30 5 7] 9 1113
SMIN NMISC - 2 | 4| 6 | 8 |10 12]14
MFORX SMISC - 1 7 | 13| 19 | 25 | 31 | 37
MFORY SMISC - 2 | 8 |14 ]2 | 26 | 32| 38
MMOMZ | SMISC - 6 | 12 | 18 | 24 | 30 | 36 | 42
P1 SMISC - 43 | - - - - - | 44
OFFST1 SMISC - 45 | - - - - - | 46
P2 SMISC - 47 | - - - - - | 48
OFFST2 SMISC - 49 | - - - - - | 50
P3 SMISC - 51 | - - - - - -
P4 SMISC - - - - - - - | 52
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Pseudo Node

2 3

TEMP \

LBFE

2 3

Table 3.6 BEAM3 Item and Sequence Numbers (KEYOPT(9) = 7)

Output ETABLE and ESOL Command Input
Quantity | 4o, E I [ IL1 [ 2 [ I3 |14 | IL5 |16 | IL7 | J
Name
SDIR LS - 1 4 | 7 10| 13|16 | 19| 22| 25
SBYT LS - 2 | 5 | 8 | 11|14 |17 ]2 | 23] 26
SBYB LS - 3 0 6 | 9 | 1215|1821 ] 24 27
EPELDIR LEPEL - 1 4 | 7 10| 13|16 | 19| 22| 25
EPELBYT | LEPEL - 2 | 5 | 8 | 11|14 |17 ]2 | 23] 26
EPELBYB | LEPEL - 30 6 | 9 | 12|15 |18 | 21 | 24 | 27
EPTHDIR | LEPTH - 1 4 | 7 10| 1316 |19 ] 22| 25
EPTHBYT | LEPTH - 2 | 5| 8 | 11|14 |17 ]2 ]| 23] 2
EPTHBYB | LEPTH - 306 | 9 | 12|15 |18 | 21 | 24 | 27
EPINAXL | LEPTH | 28 | - - - - - - - - -
SMAX NMISC - 1 3 5 | 7] 9 |11 ]3] 5|7
SMIN NMISC - 2 | 4| 6 10 | 12| 14 | 16 | 18
MFORX SMISC - 1 7 | 13| 19 | 25 | 31 | 37 | 43 | 49
MFORY SMISC - 8 [ 14 | 20 | 26 | 32 | 38 | 44 | 50
MMOMZ | SMISC - 6 | 12| 18 | 24 | 30 | 36 | 42 | 48 | 54
P1 SMISC - | 55 | - - - - - - - | 56
OFFST1 SMISC - |57 | - - - - - - - | 58
P2 SMISC - | 59 | - - - - - - - | 60
OFFST2 SMISC - |61 | - - - - - - - | 62
P3 SMISC - | 63 | - - - - - - - -
P4 SMISC - - - - - - - - | 64
Pseudo Node
1 2 | 3
TEMP |  LBFE 1 2 | 3| 4
Table 3.7 BEAM3 Item and Sequence Numbers (KEYOPT(9) =9)
Output ETABLE and ESOL Command Input
Quantity [ 4o, E I [ IL1 [ I2 [ I3 | IL4 | IL5 | IL6 | IL7 | IL8 | IL9 | J
Name
SDIR LS - 1 4 | 7 10| 13|16 | 19| 22| 25 | 28 | 31
SBYT LS - 2 | 5 | 8 |11 | 14|17 ]2 | 23] 2 | 29| 32
SBYB LS - 3 06 | 9 | 12|15 | 18 | 21 | 24 | 27 | 30 | 33
EPELDIR LEPEL - 1 4 | 7 10| 13|16 | 19 ] 22| 25 | 28 | 31
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Output ETABLE and ESOL Command Input
Quantity Item E | IL1 IL2 | IL3 | IL4 | IL5 | IL6 | IL7 | IL8 | IL9 J
Name
EPELBYT LEPEL - 2 5 8 11 14 17 20 23 26 29 32
EPELBYB LEPEL - 3 6 9 12 15 18 21 24 27 30 33
EPTHDIR LEPTH - 1 4 7 10 13 16 19 22 25 28 31
EPTHBYT LEPTH - 2 5 8 11 14 17 20 23 26 29 32
EPTHBYB LEPTH - 3 6 9 12 15 18 21 24 27 30 33
EPINAXL LEPTH 34 - - - - - - - - - - -
SMAX NMISC - 1 3 5 7 9 11 13 15 17 19 21
SMIN NMISC - 2 4 6 8 10 12 14 16 18 20 22
MFORX SMISC - 1 7 13 19 25 31 37 43 49 55 61
MFORY SMISC - 8 14 20 26 32 38 44 50 56 62
MMOMZ SMISC - 6 | 12 | 18 | 24 | 30 | 36 | 42 | 48 | 54 | 60 | 66
P1 SMISC - 67 - - - - - - - - - 68
OFFST1 SMISC - | 69 | - - - - - - - - - | 70
P2 SMISC - |7 : : : : : : : : - | 72
OFFST2 SMISC - 73| - - - - - - - - - | 74
P3 SMISC - 75 - - - - - - - - - -
P4 SMISC - - - - - - - - - - - | 76
Pseudo Node
1 2 3
TEMP | LBFE 1| 2] 3| 4

BEAM3 Assumptions and Restrictions

*  The beam element must lie in an X-Y plane and must not have a zero length or area.

+  The beam element can have any cross-sectional shape for which the moment of inertia can be computed.
However, the stresses are determined as if the distance from the neutral axis to the extreme fiber is one-
half of the height.

+ The element height is used only in the bending and thermal stress calculations.
+ The applied thermal gradient is assumed linear across the height and along the length.

+ The moment of inertia may be zero if large deflections are not used.

BEAMS3 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

+  The DAMP material property is not allowed.

+ The only special features allowed are stress stiffening and large deflections.

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc. 4-21



4-22



BEAM4
3-D Elastic Beam

MP ME ST <> <>PR <> <><>PPED

BEAM4 Element Description

BEAM4 is a uniaxial element with tension, compression, torsion, and bending capabilities. The element has six
degrees of freedom at each node: translations in the nodal x, y, and z directions and rotations about the nodal
X, ¥, and z axes. Stress stiffening and large deflection capabilities are included. A consistent tangent stiffness
matrix option is available for use in large deflection (finite rotation) analyses. See BEAM4 in the ANSYS, Inc. Theory
Reference for more details about this element. A tapered unsymmetrical elastic beam is described in BEAM44
and a 3-D plastic beam in BEAM24,

Figure 4.1 BEAM4 Geometry

(If node K is omitted and © = 0°, ¢ K (optional)
the element y axis is parallel to !
the global X-Y plane.)
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BEAM4 Input Data

The geometry, node locations, and coordinate systems for this element are shown in Figure 4.1: “BEAM4 Geometry”.
The element is defined by two or three nodes, the cross-sectional area, two area moments of inertia (IZZ and
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IYY), two thicknesses (TKY and TKZ), an angle of orientation (0) about the element x-axis, the torsional moment
of inertia (IXX), and the material properties. If IXX is not specified or is equal to 0.0, it is assumed equal to the
polar moment of inertia (IYY + 1ZZ). IXX should be positive and is usually less than the polar moment of inertia.
The element torsional stiffness decreases with decreasing values of IXX. An added mass per unit length may be
input with the ADDMAS value.

The element x-axis is oriented from node | toward node J. For the two-node option, the default (0 = 0°) orientation
of the element y-axis is automatically calculated to be parallel to the global X-Y plane. Several orientations are
shown in Figure 4.1: “BEAM4 Geometry”. For the case where the element is parallel to the global Z axis (or within
a 0.01 percent slope of it), the element y axis is oriented parallel to the global Y axis (as shown). For user control
of the element orientation about the element x-axis, use the 6 angle (THETA) or the third node option. If both
are defined, the third node option takes precedence. The third node (K), if used, defines a plane (with I and J)
containing the element x and z axes (as shown). If this element is used in a large deflection analysis, it should be
noted that the location of the third node (K), or the angle (THETA), is used only to initially orient the element.
(For information about orientation nodes and beam meshing, see Meshing Your Solid Model in the ANSYS Mod-
eling and Meshing Guide.)

The initial strain in the element (ISTRN) is given by A/L, where A is the difference between the element length,
L, (as defined by the I and J node locations) and the zero strain length. The shear deflection constants (SHEARZ
and SHEARY) are used only if shear deflection is to be included. A zero value of SHEAR_ may be used to neglect
shear deflection in a particular direction. See Section 2.14: Shear Deflection for details.

KEYOPT(2) is used to activate the consistent tangent stiffness matrix (i.e., a matrix composed of the main tangent
stiffness matrix plus the consistent stress stiffness matrix) in large deflection analyses [NLGEOM,ON]. You can
often obtain more rapid convergence in a geometrically nonlinear analysis, such as a nonlinear buckling or
postbuckling analysis, by activating this option. However, you should not use this option if you are using the
element to simulate a rigid link or a group of coupled nodes. The resulting abrupt changes in stiffness within
the structure make the consistent tangent stiffness matrix unsuitable for such applications.

KEYOPT(7) is used to compute an unsymmetric gyroscopic damping matrix (often used for rotordynamic analyses).
The rotational frequency is input with the SPIN real constant (radians/time, positive in the positive element x
direction). The element must be symmetric with this option (e.g., IYY = 1ZZ and SHEARY = SHEARZ).

Element loads are described in Section 2.8: Node and Element Loads. Pressures may be input as surface loads
on the element faces as shown by the circled numbers on Figure 4.1: “BEAM4 Geometry”. Positive normal pressures
act into the element. Lateral pressures are input as a force per unit length. End "pressures” are input as a force.
KEYOPT(10) allows tapered lateral pressures to be offset from the nodes. Temperatures may be input as element
body loads at the eight "corner" locations shown in Figure 4.1: “BEAM4 Geometry”. The first corner temperature
T1 defaults to TUNIF. If all other temperatures are unspecified, they default to T1. If only T1 and T2 are input, T3
defaults to T2 and T4 defaults to T1. If only T1 and T4 are input, T2 defaults to T1 and T3 defaults to T4. In both
cases, T5 through T8 default to T1 through T4. For any other input pattern, unspecified temperatures default to
TUNIF.

KEYOPT(9) is used to request output at intermediate locations. It is based on equilibrium (free body of a portion
of the element) considerations and is not valid if:

stress stiffening is turned on [SSTIF,ON]

more than one component of angular velocity is applied [OMEGA]

+ anyangularvelocities or accelerations are applied with the CGOMGA, DOMEGA, or DCGOMG commands.

A summary of the element input is given in BEAM4 Input Summary. A general description of element input is
given in Section 2.1: Element Input.
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BEAM4 Input Summary
Nodes
I, J, K (K orientation node is optional)

Degrees of Freedom
UX, UY, UZ, ROTX, ROTY, ROTZ

Real Constants
AREA, 1ZZ, 1YY, TKZ, TKY, THETA

ISTRN, IXX, SHEARZ, SHEARY, SPIN, ADDMAS
See Table 4.1: “BEAM4 Real Constants” for a description of the real constants.

Material Properties
EX, ALPX (or CTEX or THSX), DENS, GXY, DAMP

Surface Loads

Pressures --
face 1 (I-J) (-Z normal direction)
face 2 (I-)) (-Y normal direction)
face 3 (I-J) (+X tangential direction)
(I

face 5 (J) (-X axial direction)
(use negative value for opposite loading)

Body Loads

Temperatures --
T1,T2,T3,T4,T5,T6,T7, T8

Special Features

Stress stiffening
Large deflection
Birth and death

KEYOPT(2)
Stress stiffening option:

0--
Use only the main tangent stiffness matrix when NLGEOM is ON. (Stress stiffening effects used in linear
buckling or other linear prestressed analyses must be activated separately with PSTRES,ON.)

1--
Use the consistent tangent stiffness matrix (i.e., a matrix composed of the main tangent stiffness matrix
plus the consistent stress stiffness matrix) when NLGEOM is ON. (SSTIF,ON will be ignored for this element
when KEYOPT(2) = 1 is activated.) Note that if SOLCONTROL is ON and NLGEOM is ON, KEYOPT(2) is
automatically set to 1; i.e., the consistent tangent will be used.

2 -
Turn off consistent tangent stiffness matrix (i.e., a matrix composed of the main tangent stiffness matrix
plus the consistent stress stiffness matrix) when SOLCONTROL is ON. Sometimes it is necessary to turn
off the consistent tangent stiffness matrix if the element is used to simulate rigid bodies by using a very
large real constant number . KEYOPT(2) = 2 is the same as KEYOPT(2) = 0, however, KEYOPT(2) =0 is
controlled by SOLCONTROL, ON or OFF, while KEYOPT(2) = 2 is independent of SOLCONTROL.
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KEYOPT(6)
Member force and moment output:

0--
No printout of member forces or moments

1--
Print out member forces and moments in the element coordinate system

KEYOPT(7)
Gyroscopic damping matrix:

O _—
No gyroscopic damping matrix
1--
Compute gyroscopic damping matrix. Real constant SPIN must be greater than zero. 1YY must equal 1ZZ.

KEYOPT(9)
Output at intermediate points between ends | and J:

N --
Output at N intermediate locations (N=0, 1, 3,5,7,9)

KEYOPT(10)
Load location, used in conjunction with the offset values input on the SFBEAM command):

O —
Offset is in terms of length units

1--
Offset is in terms of a length ratio (0.0 to 1.0)

Table 4.1 BEAMA4 Real Constants

No. Name Description
1 AREA Cross-sectional area
2 V4 Area moment of inertia
3 IYY Area moment of inertia
4 TKZ Thickness along Z axis
5 TKY Thickness along Y axis
6 THETA Orientation about X axis
7 ISTRN Initial strain
8 IXX Torsional moment of inertia
9 SHEARZ Shear deflection constant Z [1]
10 SHEARY Shear deflection constant Y [2]
11 SPIN Rotational frequency (required if KEYOPT(7) = 1)
12 ADDMAS Added mass/unit length

1. SHEARZ goes with I1ZZ; if SHEARZ = 0, there is no shear deflection in the element Y direction.
2. SHEARY goes with IYY; if SHEARY = 0, there is no shear deflection in the element Z direction.
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BEAM4 Output Data

The solution output associated with the element is in two forms:

* Nodal displacements included in the overall nodal solution

« Additional element output as shown in Table 4.2: “BEAM4 Element Output Definitions”.
Several items are illustrated in Figure 4.2: “BEAM4 Stress Output”.

The maximum stress is computed as the direct stress plus the absolute values of both bending stresses. The
minimum stress is the direct stress minus the absolute value of both bending stresses. A general description of
solution output is given in Section 2.2: Solution Output. See the ANSYS Basic Analysis Guide for ways to view results.

Figure 4.2 BEAM4 Stress Output
A A

z

— ‘4— SDIR

=
— —p
L

— ‘4— SDIR — |<— SBYB

The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 4.2 BEAM4 Element Output Definitions

Name Definition (o] R
EL Element number Y Y
NODES Element node number (1 and J) Y Y
MAT Material number for the element Y Y
VOLU: Element volume - Y
XC YC, zC Location where results are reported Y 3
TEMP Temperatures at integration points T1, T2, T3, T4, T5, T6, T7, T8 Y Y
PRES Pressure P1 at nodes |, J; OFFST1 at |, J; P2 at |, J; OFFST2 at |, J; P3 at |, Y Y

J; OFFST3 at|, J; P4 at|; P5at )

SDIR Axial direct stress 1 1
SBYT Bending stress on the element +Y side of the beam 1 1
SBYB Bending stress on the element -Y side of the beam 1 1
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Name Definition (o] R
SBZT Bending stress on the element +Z side of the beam 1 1
SBZB Bending stress on the element -Z side of the beam 1 1
SMAX Maximum stress (direct stress + bending stress) 1 1
SMIN Minimum stress (direct stress - bending stress) 1 1
EPELDIR Axial elastic strain at the end 1 1
EPELBYT Bending elastic strain on the element +Y side of the beam 1 1
EPELBYB Bending elastic strain on the element -Y side of the beam 1 1
EPELBZT Bending elastic strain on the element +Z side of the beam 1 1
EPELBZB Bending elastic strain on the element -Z side of the beam 1 1
EPTHDIR Axial thermal strain at the end 1 1
EPTHBYT Bending thermal strain on the element +Y side of the beam 1 1
EPTHBYB Bending thermal strain on the element -Y side of the beam 1 1
EPTHBZT Bending thermal strain on the element +Z side of the beam 1 1
EPTHBZB Bending thermal strain on the element -Z side of the beam 1 1
EPINAXL Initial axial strain in the element 1 1
MFOR(X, Y, Z2) Member forces in the element coordinate system X, Y, Z directions 2 Y
MMOM(X, Y, Z) |Member momentsinthe element coordinate system X, Y, Z directions 2 Y

1. The item repeats for end |, intermediate locations (see KEYOPT(9)), and end J.
2. IfKEYOPT(6) =1.

3. Available only at centroid as a *GET item.

The following tables list output available through the ETABLE command using the Sequence Number method.
See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and Section 2.2.2.2: The ltem and Se-
quence Number Table of this manual for more information. The following notation is used in Table 4.3: “BEAM4
Item and Sequence Numbers (KEYOPT(9) = 0)" through Table 4.8: “BEAM4 Item and Sequence Numbers (KEYOPT(9)
=9)"

Name
output quantity as defined in the Table 4.2: “BEAM4 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

1]
sequence number for data at nodes | and J

ILN
sequence number for data at Intermediate Location N
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Table 4.3 BEAM4 Item and Sequence Numbers (KEYOPT(9) = 0)

Output ETABLE and ESOL Command Input
Quantity | o E | J
Name
SDIR LS - 1 6
SBYT LS - 2 7
SBYB LS - 3 8
SBZT LS - 4 9
SBZB LS - 5 10
EPELDIR LEPEL - 1 6
EPELBYT LEPEL - 2 7
EPELBYB LEPEL - 3 8
EPELBZT LEPEL - 4 9
EPELBZB LEPEL - 5 10
SMAX NMISC - 1 3
SMIN NMISC - 2 4
EPTHDIR LEPTH - 1 6
EPTHBYT LEPTH - 2 7
EPTHBYB LEPTH - 3 8
EPTHBZT LEPTH - 4 9
EPTHBZB LEPTH - 5 10
EPINAXL LEPTH 11 - -
MFORX SMISC - 1 7
MFORY SMISC - 2 8
MFORZ SMISC - 3 9
MMOMX SMISC - 4 10
MMOMY SMISC - 5 11
MMOMZ SMISC - 6 12
P1 SMISC - 13 14
OFFST1 SMISC - 15 16
P2 SMISC - 17 18
OFFST2 SMISC - 19 20
P3 SMISC - 21 22
OFFST3 SMISC - 23 24
P4 SMISC - 25 -
P5 SMISC - - 26
Pseudo Node
2 3 4 5 6 7
TEMP LBFE 4 5
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Table 4.4 BEAMA4 Item and Sequence Numbers (KEYOPT(9) = 1)

Output ETABLE and ESOL Command Input
Quantity | o E | IL1 )
Name
SDIR LS - 1 6 11
SBYT LS - 2 7 12
SBYB LS - 3 8 13
SBZT LS - 4 9 14
SBZB LS - 5 10 15
EPELDIR LEPEL - 1 6 11
EPELBYT LEPEL - 2 7 12
EPELBYB LEPEL - 3 8 13
EPELBZT LEPEL - 4 9 14
EPELBZB LEPEL - 5 10 15
SMAX NMISC - 1 3 5
SMIN NMISC - 2 4 6
EPTHDIR LEPTH - 1 6 11
EPTHBYT LEPTH - 2 7 12
EPTHBYB LEPTH - 3 8 13
EPTHBZT LEPTH - 4 9 14
EPTHBZB LEPTH - 5 10 15
EPINAXL LEPTH 16 - - -
MFORX SMISC - 1 7 13
MFORY SMISC - 2 8 14
MFORZ SMISC - 3 9 15
MMOMX SMISC - 4 10 16
MMOMY SMISC - 5 11 17
MMOMZ SMISC - 6 12 18
P1 SMISC - 19 - 20
OFFST1 SMISC - 21 - 22
P2 SMISC - 23 - 24
OFFST2 SMISC - 25 - 26
P3 SMISC - 27 - 28
OFFST3 SMISC - 29 - 30
P4 SMISC - 31 - -
P5 SMISC - - - 32
Pseudo Node
1 2 3 4 5 6 7
TEMP LBFE 1 2 3 4 5
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Table 4.5 BEAM4 Item and Sequence Numbers (KEYOPT(9) = 3)

Output ETABLE and ESOL Command Input
Quantity |0 E | wr | 2 [ w3 |
Name
SDIR LS - 1 6 11 16 21
SBYT LS - 2 7 12 17 22
SBYB LS - 3 8 13 18 23
SBZT LS - 4 9 14 19 24
SBZB LS - 5 10 15 20 25
EPELDIR LEPEL - 1 6 11 16 21
EPELBYT LEPEL - 2 7 12 17 22
EPELBYB LEPEL - 3 8 13 18 23
EPELBZT LEPEL - 4 9 14 19 24
EPELBZB LEPEL - 5 10 15 20 25
SMAX NMISC - 1 3 5 7 9
SMIN NMISC - 2 4 6 8 10
EPTHDIR LEPTH - 1 6 11 16 21
EPTHBYT LEPTH - 2 7 12 17 22
EPTHBYB LEPTH - 3 8 13 18 23
EPTHBZT LEPTH - 4 9 14 19 24
EPTHBZB LEPTH - 5 10 15 20 25
EPINAXL LEPTH 26 - - - - -
MFORX SMISC - 1 7 13 19 25
MFORY SMISC - 2 8 14 20 26
MFORZ SMISC - 3 9 15 21 27
MMOMX SMISC - 4 10 16 22 28
MMOMY SMISC - 5 11 17 23 29
MMOMZ SMISC - 6 12 18 24 30
P1 SMISC - 31 - - - 32
OFFST1 SMISC - 33 - - - 34
P2 SMISC - 35 - - - 36
OFFST2 SMISC - 37 - - - 38
P3 SMISC - 39 - - - 40
OFFST3 SMISC - 41 - - - 42
P4 SMISC - 43 - - -
P5 SMISC - - - - - 44
Pseudo Node
1 2 4 5
TEMP LBFE 1 4 5
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Table 4.6 BEAM4 Item and Sequence Numbers (KEYOPT(9) = 5)

Output ETABLE and ESOL Command Input
Quantity |0 E I I | 2 | 3 | s | s )
Name
SDIR LS - 1 6 11 16 21 26 31
SBYT LS - 2 7 12 17 22 27 32
SBYB LS - 3 8 13 18 23 28 33
SBZT LS - 4 9 14 19 24 29 34
SBZB LS - 5 10 15 20 25 30 35
EPELDIR LEPEL - 1 6 11 16 21 26 31
EPELBYT LEPEL - 2 7 12 17 22 27 32
EPELBYB LEPEL - 3 8 13 18 23 28 33
EPELBZT LEPEL - 4 9 14 19 24 29 34
EPELBZB LEPEL - 5 10 15 20 25 30 35
SMAX NMISC - 1 3 5 7 9 11 13
SMIN NMISC - 2 4 6 8 10 12 14
EPTHDIR LEPTH - 1 6 11 16 21 26 31
EPTHBYT LEPTH - 2 7 12 17 22 27 32
EPTHBYB LEPTH - 3 8 13 18 23 28 33
EPTHBZT LEPTH - 4 9 14 19 24 29 34
EPTHBZB LEPTH - 5 10 15 20 25 30 35
EPINAXL LEPTH 36 - - - - - - -
MFORX SMISC - 1 7 13 19 25 31 37
MFORY SMISC - 2 8 14 20 26 32 38
MFORZ SMISC - 3 9 15 21 27 33 39
MMOMX SMISC - 4 10 16 22 28 34 40
MMOMY SMISC - 5 11 17 23 29 35 41
MMOMZ SMISC - 6 12 18 24 30 36 42
P1 SMISC - 43 - - - - - 44
OFFST1 SMISC - 45 - - - - - 46
P2 SMISC - 47 - - - - - 48
OFFST2 SMISC - 49 - - - - - 50
P3 SMISC - 51 - - - - - 52
OFFST3 SMISC - 53 - - - - - 54
P4 SMISC - 55 - - - - - -
P5 SMISC - - - - - - - 56
Pseudo Node
1 2 4 5
TEMP LBFE 1 4 5
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Table 4.7 BEAMA4 Item and Sequence Numbers (KEYOPT(9) = 7)

Output ETABLE and ESOL Command Input
Quantity | o, E ol w2 |3 | wa | s | e |z |
Name
SDIR LS - 1 6 | 11|16 ] 21| 26| 31 | 36 | 4
SBYT LS -2 7 1217 | 22 ] 27| 32 37| 42
SBYB LS - | 3| 8 | 13|18 | 23| 28 33 38| 43
SBZT LS - | a4 | 9| 14|19 24|20 | 34| 39| 44
SBZB LS - | s 10| 15| 20| 25 | 30 | 35| 40 | 45
EPELDIR | LEPEL - 1 6 | 11|16 | 21 | 26 | 31 | 36 | 4
EPELBYT | LEPEL -l 2 7 27 2] 27 ] 3237 | 4
EPELBYB | LEPEL - | 3| 8 | 13|18 | 23| 28| 33| 38| 43
EPELBZT | LEPEL - 4| 9 | 14|19 24 ]2 | 3] 3|4
EPELBZB | LEPEL - | s | 10| 15| 20| 25 | 30 | 35 | 40 | 45
SMAX NMISC - 1 3 s | 7] 9 11|13 15] 17
SMIN NMISC -l 2] 4] 6| 8 |10]12]14]16] 18
EPTHDIR | LEPTH - 1 6 | 11|16 ] 21| 26| 31 | 36 | 4
EPTHBYT | LEPTH -2 7 1217 | 22 ] 27| 32| 37| 42
EPTHBYB | LEPTH - | 3| 8 | 13|18 | 23| 28| 33 38| 43
EPTHBZT | LEPTH - | a4 | 9| 14|19 24| 20| 34| 39| 44
EPTHBZB | LEPTH - | s 10| 15| 20| 25 | 30 | 35| 40 | 45
EPINAXL | LEPTH | 46 | - - - - - - - - -
MFORX SMISC - 1 7 | 13 19| 25 | 31| 37| 43 | 49
MFORY SMISC - 2] 8 | 14| 20| 26| 32 38| 44| 50
MFORZ SMISC - 3 ] 9 |15 | 21|27 ] 33| 39| 45 | 5
MMOMX | SMISC - | 4 | 10|16 | 22| 28| 34| 4 | 46 | 52
MMOMY | SMISC - s 1| 17| 23| 29| 35 | 41| 47| 53
MMOMZ | SMISC - | 6 | 12| 18| 24| 30| 36| 42| 48 | 54
P1 SMISC - | 55 | - - - - - - - | 56
OFFST1 SMISC - |57 | - - - - - - - | 58
P2 SMISC - | 59 | - - - - - - - | 60
OFFST2 SMISC - e | - - - - - - - | 62
P3 SMISC - | 63 | - - - - - - - | 64
OFFST3 SMISC - | 65 | - - - - - - - | 66
P4 SMISC -l e7 | - - - - - - - -
P5 SMISC - - - - - - - - - | 68
Pseudo Node
112|345 7
TEMP LBFE 1 4 | s
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Table 4.8 BEAM4 Item and Sequence Numbers (KEYOPT(9) =9)

Output ETABLE and ESOL Command Input
Quantity Item E I |[IL1 | IL2 | IL3 | IL4 |IL5 | IL6 |IL7 | IL8 |IL9 | J
Name
SDIR LS - 1 6 11 16 | 21 26 | 31 36 | 41 46 | 51
SBYT LS - 2 7 12 | 17 | 22 | 27 | 32 | 37 | 42 | 47 | 52
SBYB LS - 3 8 13 | 18 | 23 | 28 | 33 | 38 | 43 | 48 | 53
SBZT LS - 4 9 14 | 19 | 24 | 29 | 34 | 39 | 44 | 49 | 54
SBZB LS - 5 0 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
EPELDIR LEPEL - 1 6 | 11 |16 | 21 | 26 | 31 | 36 | 41 | 46 | 51
EPELBYT LEPEL - 2 7 12 | 17 | 22 | 27 | 32 | 37 | 42 | 47 | 52
EPELBYB LEPEL - 3 8 13 | 18 | 23 | 28 | 33 | 38 | 43 | 48 | 53
EPELBZT LEPEL - 4 9 14 | 19 | 24 | 29 | 34 | 39 | 44 | 49 | 54
EPELBZB LEPEL - 5 10 | 15| 20 | 25 [ 30 | 35 | 40 | 45 | 50 | 55
SMAX NMISC - 1 3 5 7 9 11 13 15 17 19 | 21
SMIN NMISC - 2 4 6 8 0 | 12 | 14 | 16 | 18 | 20 | 22
EPTHDIR LEPTH - 1 6 11 16 | 21 26 | 31 36 | 41 46 | 51
EPTHBYT LEPTH - 2 7 12 | 17 | 22 | 27 | 32 | 37 | 42 | 47 | 52
EPTHBYB LEPTH - 3 8 13 | 18 | 23 | 28 | 33 | 38 | 43 | 48 | 53
EPTHBZT LEPTH - 4 9 14 | 19 | 24 | 29 | 34 | 39 | 44 | 49 | 54
EPTHBZB LEPTH - 5 0 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
EPINAXL LEPTH 56 - - - - - - - - - - -
MFORX SMISC - 1 7 13 | 19 | 25 | 31 | 37 | 43 | 49 | 55 | 61
MFORY SMISC - 2 8 14 | 20 | 26 | 32 | 38 | 44 | 50 | 56 | 62
MFORZ SMISC - 3 9 15 21 | 27 | 33 | 39 | 45 | 51 | 57 | 63
MMOMX SMISC - 4 | 10 | 16 | 22 | 28 | 34 | 40 | 46 | 52 | 58 | 64
MMOMY SMISC - 5 1M | 17 | 23 | 29 | 35 | 41 | 47 | 53 | 59 | 65
MMOMZ SMISC - 6 12 | 18 | 24 | 30 | 36 | 42 | 48 | 54 | 60 | 66
P1 SMISC - 67 - - - - - - - - - 68
OFFST1 SMISC - 69 - - - - - - - - - 70
P2 SMISC - 71 - - - - - - - - - 72
OFFST2 SMISC - 73 - - - - - - - - - 74
P3 SMISC - 75 - - - - - - - - - 76
OFFST3 SMISC - 77 - - - - - - - - - 78
P4 SMISC - 79 - - - - - - - - - -
P5 SMISC - - - - - - - - - - - 80
Pseudo Node
1 2 3 4 7
TEMP LBFE 1 4
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BEAM4 Assumptions and Restrictions
+ The beam must not have a zero length or area. The moments of inertia, however, may be zero if large
deflections are not used.

+ The beam can have any cross-sectional shape for which the moments of inertia can be computed. The
stresses, however, will be determined as if the distance between the neutral axis and the extreme fiber is
one-half of the corresponding thickness.

+ The element thicknesses are used only in the bending and thermal stress calculations.

+ The applied thermal gradients are assumed to be linear across the thickness in both directions and along
the length of the element.

+ If you use the consistent tangent stiffness matrix (KEYOPT(2) = 1), take care to use realistic (that is, “to
scale”) element real constants. This precaution is necessary because the consistent stress-stiffening matrix
is based on the calculated stresses in the element. If you use artificially large or small cross-sectional
properties, the calculated stresses will become inaccurate, and the stress-stiffening matrix will suffer cor-
responding inaccuracies. (Certain components of the stress-stiffening matrix could even overshoot to
infinity.) Similar difficulties could arise if unrealistic real constants are used in a linear prestressed or linear
buckling analysis [PSTRES,ON].

+ Eigenvalues calculated in a gyroscopic modal analysis can be very sensitive to changes in the initial shift
value, leading to potential error in either the real or imaginary (or both) parts of the eigenvalues.

BEAM4 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

« The SPIN real constant (R11) is not available. Input R11 as a blank.
+ The DAMP material property is not allowed.

«  KEYOPT(2) can only be set to 0 (default).

«  KEYOPT(7) can only be set to 0 (default).

+ The only special features allowed are stress stiffening and large deflections.
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SOLID5
3-D Coupled-Field Solid

MP ME <> <> <> <>EM <> <>PPED

SOLID5 Element Description

SOLID5 has a 3-D magnetic, thermal, electric, piezoelectric, and structural field capability with limited coupling
between the fields. The element has eight nodes with up to six degrees of freedom at each node. Scalar potential
formulations (reduced RSP, difference DSP, or general GSP) are available for modeling magnetostatic fields in a
staticanalysis. When used in structural and piezoelectric analyses, SOLID5 has large deflection and stress stiffening
capabilities. See SOLID5 in the ANSYS, Inc. Theory Reference for more details about this element. Coupled field
elements with similar field capabilities are PLANE13, SOLID62, and SOLID98.

Figure 5.1 SOLID5 Geometry

X

SOLID5 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 5.1: “SOLID5
Geometry”. The element is defined by eight nodes and the material properties. The type of units (MKS or user
defined) is specified through the EMUNIT command. EMUNIT also determines the value of MUZERO. The EMUNIT

defaults are MKS units and MUZERO =4 «t x 10”7 Henries/meter. In addition to MUZERO, orthotropic relative
permeability is specified through the MURX, MURY, and MURZ material property labels.

MGXX, MGYY, and MGZZ represent vector components of the coercive force for permanent magnet materials.
The magnitude of the coercive force is the square root of the sum of the squares of the components. The direction
of polarization is determined by the components MGXX, MGYY, and MGZZ. Permanent magnet polarization
directions correspond to the element coordinate directions. Orthotropic material directions correspond to the
element coordinate directions. The element coordinate system orientation is as described in Section 2.3: Coordinate
Systems. Nonlinear magnetic, piezoelectric, and anisotropic elastic properties are entered with the TB command
as described in Section 2.5: Data Tables - Implicit Analysis. Nonlinear orthotropic magnetic properties may be
specified with a combination of a B-H curve and linear relative permeability. The B-H curve will be used in each
element coordinate direction where a zero value of relative permeability is specified. Only one B-H curve may
be specified per material.
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Various combinations of nodal loading are available for this element (depending upon the KEYOPT(1) value).
Nodal loads are defined with the D and the F commands. With the D command, the Lab variable corresponds
to the degree of freedom (UX, UY, UZ, TEMP, VOLT, MAG) and VALUE corresponds to the value (displacements,
temperature, voltage, scalar magnetic potential). With the F command, the Lab variable corresponds to the force
(F_, HEAT, AMPS, FLUX) and VALUE corresponds to the value (force, heat flow, current or charge, magnetic flux).

Element loads are described in Section 2.8: Node and Element Loads. Pressure, convection or heat flux (but not
both), radiation, and Maxwell force flags may be input on the element faces indicated by the circled numbers in
Figure 5.1: “SOLID5 Geometry” using the SF and SFE commands. Positive pressures act into the element. Surfaces
at which magnetic forces are to be calculated may be identified by using the MXWF label on the surface load
commands (no value is required.) A maxwell stress tensor calculation is performed at these surfaces to obtain
the magnetic forces. These forces are applied in solution as structural loads. The surface flag should be applied
to "air" elements adjacent to the body for which forces are required. Deleting the MXWF specification removes
the flag.

The body loads, temperature, heat generation rate and magnetic virtual displacement may be input based on
their value at the element's nodes or as a single element value [BF and BFE]. When the temperature degree of
freedom is active (KEYOPT(1) = 0,1 or 8), applied body force temperatures [BF, BFE] are ignored. In general, un-
specified nodal values of temperature and heat generation rate default to the uniform value specified with the
BFUNIF or TUNIF commands. Calculated Joule heating (JHEAT) is applied in subsequent iterations as heat gen-
eration rate.

If the temperature degree of freedom is present, the calculated temperatures override any input nodal temper-
atures.

Air elements in which Local Jacobian forces are to be calculated may be identified by using nodal values of 1
and 0 for the MVDI label [BF]. See the ANSYS Low-Frequency Electromagnetic Analysis Guide for details. These
forces are not applied in solution as structural loads.

Current for the scalar magnetic potential options is defined with the SOURC36 element the command macro
RACE, or through electromagnetic coupling. The various types of scalar magnetic potential solution options are
defined with the MAGOPT command.

A summary of the element input is given in SOLID5 Input Summary. A general description of element input is
given in Section 2.1: Element Input.

SOLIDS5 Input Summary

Nodes
,LJ,K,L,MN,O,P

Degrees of Freedom

UX, UY, UZ, TEMP, VOLT, MAG if KEYOPT (1) =0
TEMP, VOLT, MAG if KEYOPT (1) =1

UX, UY, UZ if KEYOPT (1) =2

UX, UY, UZ, VOLT if KEYOPT(1) =3

TEMP if KEYOPT (1) =8

VOLT if KEYOPT (1) =9

MAG if KEYOPT (1) =10

Real Constants
None
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Material Properties

EX, EY, EZ, (PRXY, PRYZ, PRXZ or NUXY, NUYZ, NUXZ),

ALPX, ALPY, ALPZ (or CTEX, CTEY, CTEZ or THSX, THSY, THSZ),

DENS, GXY, GYZ, GXZ, DAMP, KXX, KYY, KZZ, C,

ENTH, MUZERO, MURX, MURY, MURZ, RSVX, RSVY, RSVZ,

MGXX, MGYY, MGZZ, PERX, PERY, PERZ, plus BH, ANEL, and PIEZ data tables (see Section 2.5: Data Tables -

Implicit Analysis)

Surface Loads

Pressure, Convection or Heat Flux (but not both), Radiation (using Lab = RDSF), and Maxwell Force Flags --

face 1 (J-I-L-K), face 2 (I-J-N-M), face 3 (J-K-O-N),
face 4 (K-L-P-O), face 5 (L-I-M-P), face 6 (M-N-O-P)

Body Loads

Temperatures --
T(1), TQ), T(K), T(L), T(M), T(N), T(O), T(P)

Heat Generations --
HG(l), HG(J), HG(K), HG(L), HG(M), HG(N), HG(O), HG(P)

Magnetic Virtual Displacements --
VD(l), VD(), VD(K), VD(L), VD(M), VD(N), VD(O), VD(P)

Electric Field --
EFX, EFY, EFZ. See SOLID5 Assumptions and Restrictions.

Special Features

Requires an iterative solution for field coupling (displacement, temperature, electric, magnetic, but not
piezoelectric)

Large deflection

Stress stiffening

Birth and death

Adaptive descent

KEYOPT(1)
Element degrees of freedom:
0--
UX, UY, UZ, TEMP, VOLT, MAG

1--
TEMP, VOLT, MAG

2--
UX, UY, UZ

3--
UX, UY, UZ, VOLT

8 --
TEMP

9--
VOLT
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10 --
MAG

KEYOPT(3)
Extra shapes:

0--
Include extra shapes
1 --

Do not include extra shapes

KEYOPT(5)
Extra element output:

O -
Basic element printout

2 -
Nodal stress or magnetic field printout

SOLID5 Output Data

The solution output associated with the element is in two forms

Nodal degree of freedom results included in the overall nodal solution

Additional element output as shown in Table 5.1: “SOLID5 Element Output Definitions”.

Several items are illustrated in Figure 5.2: “SOLID5 Element Output”. The element stress directions are parallel
to the element coordinate system. The reaction forces, heat flow, current, and magnetic flux at the nodes can
be printed with the OUTPR command. A general description of solution output is given in Section 2.2: Solution
Output. See the ANSYS Basic Analysis Guide for ways to view results.

Figure 5.2 SOLID5 Element Output

The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.
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In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote

that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 5.1 SOLID5 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Element nodes -1, J,K, L, M, N, O, P Y Y
MAT Element material number Y Y
VOLU: Element volume Y Y
XC YC, zC Location where results are reported Y 3
PRES P1atnodesJ, |, L, K;P2atl,J,N,M;P3atJ), K O, N;P4atK L P,| Y Y

O;P5atL,I,M,P;P6atM,N, O, P

TEMP Input Temperatures: T(l), T(J), T(K), T(L), T(M), T(N), T(O), T(P)
HGEN Input Heat Generations: HG(I), HG(J), HG(K), HG(L), HG(M),

HG(N), HG(O), HG(P)

SX,Y,Z,XY,YZ, XZ

Com ponent stresses

S:1,2,3 Principal stresses 1 1
S:IINT Stress intensity 1 1
S:EQV Equivalent stress 1 1

EPEL:X, Y, Z, XY, YZ, XZ

Elastic strains

EPEL:1,2,3

Principal elastic strains

EPEL:EQV Equivalent elastic strains [4] 1 1
EPTH:X, Y, Z, XY, YZ, XZ |Thermal strains 1 1
EPTH:EQV Equivalent thermal strains [4] 1 1
LOC Output location (X, Y, Z) 1 1
MUX, MUY, MUZ Magnetic permeability 1 1
H:X,Y,Z Magnetic field intensity components 1 1
H:SUM Vector magnitude of H 1 1
B:X, Y, Z Magnetic flux density components 1 1
B:SUM Vector magnitude of B 1 1
FJB Lorentz magnetic force components (X, Y, Z) 1 -
FMX Maxwell magnetic force components (X, Y, Z) 1 -
FVW Virtual work force components (X, Y, Z) 1 1
FMAG:X, Y, Z Combined (FJB or FMX) force components - 1
EF:X,Y,Z Electric field components (X, Y, Z) 1 1
EF:SUM Vector magnitude of EF 1 1
JISX Y, Z Source current density components 1 1
JSSUM Vector magnitude of JS 1 1
JHEAT: Joule heat generation per unit volume 1 1
DX Y, Z Electric flux density components 1 1
D:SUM Vector magnitude of D 1 1
UE, UD, UM Elastic (UE), dielectric (UD), and electromechanical coupled 1 1

(UM) energies
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Name Definition (o] R
TGX, Y, Z Thermal gradient components 1 1
TG:SUM Vector magnitude of TG 1 1
TFX, Y, Z Thermal flux components 1 1
TF:SUM Vector magnitude of TF (heat flow rate/unit cross-section area) 1 1
FACE Face label 2 2
AREA Face area 2 2
NODES Face nodes 2 -
HFILM Film coefficient at each node of face 2 -
TBULK Bulk temperature at each node of face 2 -
TAVG Average face temperature 2 2
HEAT RATE Heat flow rate across face by convection 2 2
HEAT RATE/AREA Heat flow rate per unit area across face by convection 2 -
HFLUX Heat flux at each node of face 2 -
HFAVG Average film coefficient of the face 2 2
TBAVG Average face bulk temperature - 2
HFLXAVG Heat flow rate per unit area across face caused by input heat - 2

flux

1. Element solution at the centroid printed out only if calculated (based on input data).

2. Nodal stress or magnetic field solution (only if KEYOPT(5) = 2). The solution results are repeated at each
node and only if a surface load is input.

3. Available only at centroid as a *GET item.
4. Theequivalent strains use an effective Poisson's ratio: for elastic and thermal this value is set by the user
(MP,PRXY).

Table 5.2: “SOLID5 Item and Sequence Numbers” lists output available through the ETABLE command using the
Sequence Number method. The following notation is used in Table 5.2: “SOLID5 Item and Sequence Numbers”:

Name
output quantity as defined in the Table 5.1: “SOLID5 Element Output Definitions”

Item
predetermined Item label for ETABLE command

E

sequence number for single-valued or constant element data
1,J,...P

sequence number for data at nodes 1 J,...,P
FCn

sequence number for solution items for element Face n
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Table 5.2 SOLID5 Item and Sequence Numbers

SOLID5 Assumptions and Restrictions

Output ETABLE and ESOL Command Input
Quantity | o E | ) K L M N o P
Name
P1 SMISC - 2 1 4 3 - R R ]
P2 SMISC - 5 6 - - 8 7 - -
P3 SMISC - - 9 10 - - 12 11 -
P4 SMISC - - - 13 14 - - 16 15
P5 SMISC - 18 - - 17 19 - - 20
P6 SMISC - - - - - 21 22 23 24
MUX NMISC 1 - - - - - - - -
MUY NMISC 2 - - - - - - - -
MUZ NMISC 3 - - - - - - - -
FVWX NMISC 4 - - - - - - - -
FVYWY NMISC 5 - - - - - - - -
FYWz NMISC 6 - - - - - - - -
FVYWSUM NMISC 7 - - - - - - - -
UE NMISC 16 - - - - - - - -
ub NMISC 17 - - - - - - - -
UM NMISC 18 - - - - - - - -
Output Quant- ETABLE and ESOL Command Input
ity Name Item FC1 | FC2 | FC3 | FC4 | FC5 | FC6
AREA NMISC 19 25 31 37 43 49
HFAVG NMISC 20 26 32 38 44 50
TAVG NMISC 21 27 33 39 45 51
TBAVG NMISC 22 28 34 40 46 52
HEAT RATE NMISC 23 29 35 41 47 53
HFLXAVG NMISC 24 30 36 42 48 54

The element must not have a zero volume or a zero length side. This occurs most frequently when the
element is not numbered properly.

Elements may be numbered either as shown in Figure 5.1: “SOLID5 Geometry” or may have the planes
IJKL and MNOP interchanged.

A prism shaped element may be formed by defining duplicate node numbers as described in Section 2.9:
Triangle, Prism and Tetrahedral Elements.

The difference scalar magnetic potential option is restricted to singly-connected permeable regions, so
thatas p— ® inthese regions, the resulting field H -0. The reduced scalar and general scalar potential
options do not have this restriction.

At a free surface of the element (i.e., not adjacent to another element and not subjected to a boundary
constraint), the normal component of magnetic flux density (B) is assumed to be zero.
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+ Temperatures and heat generation rates, ifinternally calculated, include any user defined heat generation
rates.

« The thermal, electrical, magnetic, and structural terms are coupled through an iterative procedure.
+ Large deflection capabilities available for KEYOPT(1) = 2 and 3 are not available for KEYOPT(1)=0.
«  Stress stiffening is available for KEYOPT(1) =0, 2, and 3.

«  This element may not be compatible with other elements with the VOLT degree of freedom. To be com-
patible, the elements must have the same reaction force (see Element Compatibility in the ANSYS Low-
Frequency Electromagnetic Analysis Guide).

The electric field body load is not used during solution and is applicable only to POST1 charged particle
tracing.

SOLID5 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Mechanical
Unless the Emag option is enabled, the following restrictions apply:

This element does not have magnetic capability.
The MAG degree of freedom is not active.
KEYOPT(1) cannot be set to 10. If KEYOPT(1) = 0 (default) or 1, the MAG degree of freedom is inactive.
The magnetic material properties (MUZERO, MUR_, MG__, and the BH data table) are not allowed.

+ The Maxwell force flags and magnetic virtual displacements body loads are not applicable.

ANSYS Emag

+ This element has only magnetic and electric field capability, and does not have structural, thermal, or
piezoelectric capability.

« The only active degrees of freedom are MAG and VOLT.

«  KEYOPT(1) settings of 0, 1, 2, 3 and 8 are invalid.

The only allowable material properties are the magnetic and electric properties (MUZERO through PERZ,
plus the BH data table).

The only applicable surface loads are Maxwell force flags. The only applicable body loads are temperatures
(for material property evaluation only) and magnetic virtual displacements.

The element does not have stress stiffening or birth and death features.
KEYOPT(3) is not applicable.
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Revolute Joint
MP ME ST <> <><><><><>PPED

COMBIN7? Element Description

COMBIN7 is a 3-D pin (or revolute) joint which may be used to connect two or more parts of a modelatacommon
point. Capabilities of this element include joint flexibility (or stiffness), friction, damping, and certain control
features. An important feature of this element is a large deflection capability in which a local coordinate system
is fixed to and moves with the joint. This element is intended for use in kinetostatic and kinetodynamic analyses.
See COMBIN7 in the ANSYS, Inc. Theory Reference for more details about this element. A unidirectional control
element having less capability is described in COMBIN37. Similar elements (without remote control capability)
are COMBIN14, MASS21, COMBIN39, and COMBIN40.

Figure 7.1 COMBIN7 Geometry

Control Nodes

oL
oM
Z y
Coincident
Nodes | and J
X Y X
COMBIN7? Input Data

The geometry, node locations, and coordinate systems for this element are shown in Figure 7.1: “"COMBIN7
Geometry”. This element is defined in 3-D space by five nodes, these being active nodes (1, J), a node to define
the initial revolute axis (K), and control nodes (L, M). The active nodes should be coincident and represent the
actual pin joint which connects links A and B. A link can be an individual element or an assemblage of elements.
If node Kis not defined, then the initial revolute axis is taken to be the Z-direction of the global Cartesian system.
The local element coordinate system, when used with large deflection [NLGEOM)], follows the average translation
and rotation of nodes | and J. The element coordinate system x-y-z translates and rotates with the joint, and the
orientation of node K is inconsequential after the first iteration. The control nodes' primary aim is to introduce
feedback behavior to the element (discussed below).

The active nodes (1, J) are defined to have six degrees of freedom; however, five of these (UX, UY, UZ, ROTX, ROTY)
in the local joint system are intended to be constrained with a certain level of flexibility. This level of flexibility is
defined by three input stiffnesses: K1 for translational stiffness in the x-y plane, K2 for stiffness in the z direction,
and K3 for rotational stiffness about the x and y axes. Joint mass (MASS) and mass moment of inertia (IMASS)
input values are evenly distributed between nodes | and J.

The dynamics of the revolute rotation or primary degree of freedom (Figure 7.2: “COMBIN7 Real Constants and
Dynamic Behavior of Rotation about the Z (Revolute) Axis”) include friction torque (TF), rotational viscous friction
(CT), torsional stiffness (K4), preload torque (TLOAD), interference rotation (ROT), and two differential rotation

limits (STOPL and STOPU). A null value for TF corresponds to zero friction (or free rotation), while a negative value
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will remove friction capability from the element. Once removed (TF < 0), the joint is locked with stiffness K4. The
joint will also become locked with stiffness K4 when a stop is engaged. The upper stop (STOPU) represents the
allowed amount of forward rotation (node J rotates away from node I), and the lower stop (STOPL) represents
the allowed amount of reverse rotation (node J rotates towards node I). Null values for both stops will remove
locking action from the element; i.e., rotation damped only by viscous (CT) and friction (TF) damping torques.

Figure 7.2 COMBIN7 Real Constants and Dynamic Behavior of Rotation about the Z
(Revolute) Axis

STOPL—‘H| ‘4— STOPU

K4
ROT—

TLOAD | L \Tﬁ W Tl;/ogo
loX | J
\ /

| MASS/2 cT | MASS/2
ROTZ

5 Z
The rotational interference (ROT) is intended to correspond to a locally imposed joint rotation if the revolute
axis is locked (TF < 0) and stiffness is specified (K4 > 0). A starting status real constant (START) will set the initial
behavior of the revolute rotation: START = 0 implies no rotation (locked), START =1 or -1 implies forward or reverse

rotation, respectively. Initial rotation status (START = 1,-1) will be overruled if either START = 1, STOPU =0, and
STOPL = 0, or START =-1, STOPL = 0, and STOPU = 0.

—

Consistent units should be used. Units are force/length for K1 and K2 and length*force/radian for K3 and K4. CT
uses length*force*time/radian, while TF and TLOAD uses length*force. Force*timez/length is used with MASS
and Iength*force*timez/radian is for IMASS. ROT, STOPL, and STOPU use radians.

Feedback control behavior is associated with the control nodes (L, M). The KEYOPT values are used to define the
control value (CVAL). KEYOPT(3) selects the degree of freedom for the control nodes, KEYOPT(4) assigns the co-
ordinate system for the selected degree of freedom, and KEYOPT(7) specifies which real constant is to be modified
for the subsequent nonlinear analysis. The KEYOPT(1) option assigns to the control value either the value of the
degree of freedom, the first or second derivative of the value, the integral of the value, or time.

KEYOPT(2) defines the behavior of the revolute degree of freedom after a stop has been engaged. If KEYOPT(2)
=0, the pin may disengage (or bounce off) the stop. If KEYOPT(2) = 1, the pin axis is locked.

The element can exhibit nonlinear behavior according to the function: RVMOD = RVAL + C1|CVAL|“* + C3|CVAL|,
where RVMOD is the modified value of the input real constant value RVAL (identified by KEYOPT(7)), C1 through
C4 are other real constants and give the form of the real constant modification, and CVAL is the control value
(see KEYOPT(1)). RVMOD may also be defined by user subroutine USERRC and is accessed by KEYOPT(9) = 1. Ex-
amples of CVAL are:
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CVAL=UX, -UXy
CVAL=d(UZ, -Uz),)/dt?
CVAL=d?(ROTZ, -ROTZ),)/dt?

t
CVAL=[(UY_ -UYy)dt
[0}
CVAL=t

Control values calculated in the current substep are not used until the next substep. Control nodes need not be
connected to any other element. If node M is not defined, the control value is based only upon node L.

A summary of the element input is given in COMBIN7 Input Summary. A general description of element input is
given in Section 2.1: Element Input.

COMBIN7? Input Summary

Nodes
I,J,K L M(K L, M are optional)

Degrees of Freedom
UX, UY, UZ, ROTX, ROTY, ROTZ

Real Constants

K1, K2, K3, K4, CT, TF

MASS, IMASS, TLOAD, START, STOPL, STOPU

ROT, C1,C2,C3,C4

See Table 7.1: “COMBIN7 Real Constants” for a description of the real constants

Material Properties
DAMP

Surface Loads
None

Body Loads
None

Special Features

Large deflection
Nonlinear (if either stops or friction are specified)
Adaptive descent

KEYOPT(1)
Control Value:

0,1-
Control on value (UL-UM) (or UL if M not defined)

2 -
Control on first derivative of value with respect to time

3--
Control on second derivative of value with respect to time

4 -
Control on integral of value with respect to time
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5
Control on time value (KEYOPT(3) ignored)
KEYOPT(2)
Behavior when stop is engaged:
0--
Reverse pin-axis rotation is not prevented when a rotational stop is engaged.
1 --
Pin-axis is locked when a rotational stop is engaged (only after the first substep)
KEYOPT(3)
Degree of freedom for control nodes (L and M):
0,1-
UX (Displacement along X axes)
2 -
UY (Displacement along Y axes)
3--
UZ (Displacement along Z axes)
4 -
ROTX (rotation about X axes)
5
ROTY (rotation about Y axes)
6 -
ROTZ (rotation about Z axes
KEYOPT(4)
Control node coordinates:
O —
Control node degree of freedom is in nodal coordinates
1--
Control node degree of freedom is in element (moving) coordinates
KEYOPT(7)
Real constant used for RVMOD function (used if C1 or C3 is not equal to zero; see COMBIN7Z Input Data):
0,1-
Use K1 for nonlinear function
2 -
Use K2
3--
Use K3
4 -
Use K4
5 -
Use CT
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6 --

Use TF

7 --

Use MASS

8 --

Use IMASS

9--

Use TLOAD

10 --

Use START

11 --

Use STOPL

12 --

Use STOPU

13 --

Use ROT

KEYOPT(9)

Method to define nonlinear behavior:

0--

Use RVMOD expression for real constant modifications

1--

Real constants modified by user subroutine USERRC (see the Guide to ANSYS User Programmable Features
for information about user written subroutines)

Table 7.1 COMBIN7 Real Constants

No. Name Description

1 K1 X-Y translational stiffness

2 K2 Z direction stiffness

3 K3 Rotational-X and Rotational-Y stiffness
4 K4 Torsional stiffness

5 cT Rotational viscous friction

6 TF Friction torque

7 MASS Joint mass

8 IMASS Mass moment of inertia

9 TLOAD Preload torque

10 START Starting status

11 STOPL Lower stop (reverse rotation)

12 STOPU Upper stop (forward rotation)

13 ROT Rotational interference

14 cl First scalar in RVMOD equation

15 Q2 First exponential in RVMOD equation
16 a3 Second scalar in RVMOD equation
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No. Name Description
17 c4 Second exponential in RVMOD equation
COMBIN7 Output Data

The solution output associated with the element is in two forms:

* Nodal displacements included in the overall nodal solution

« Additional element output as shown in Table 7.2: “COMBIN7 Element Output Definitions”.

It is important to note that element forces and displacements are in the element (moving) coordinate system.
The amount of rotational sliding (ROTATE) differs from the total differential rotation (DRZ) about the local revolute
axis due to the flexible nature of the joint. STAT and OLDST refer to present and previous statuses, respectively,
of the revolute axis. A general description of solution output is given in Section 2.2: Solution Output. See the
ANSYS Basic Analysis Guide for ways to view results.

The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 7.2 COMBIN7 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Active nodes -1, J Y Y
XC YC, ZC Location where results are reported Y 2
ROTATE Amount of pin rotational sliding Y Y
CVAL Value (see KEYOPT(1)) of the control nodes Y Y
STAT Element status 1 1
OLDST Stat values of the previous time step 1 1
DUX, DUY, DUZ, DRX, | Differential pin displacements and rotations in element Y Y
DRY, DRZ coordinates. For example, DUX = UXJ-UXI.
RVMOD Modified real constant (see COMBIN7 Input Data) Y Y
FORCE(X, Y, Z2) Spring forces (in element coordinates) Y Y
MOMENT(X, Y, Z} Spring moments (in element coordinates) Y Y
RVOLD Modified real constant of previous time step Y Y

1. Element status values:
0 - No rotation (but no stop engaged)
1 - Forward rotation

-1 - Reverse rotation
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2 - Forward stop engaged

-2 - Reverse stop engaged
2. Available only at centroid as a *GET item.
Table 7.3: “"COMBIN? Item and Sequence Numbers” lists output available through the ETABLE command using
the Sequence Number method. See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and

Section 2.2.2.2: The Item and Sequence Number Table of this manual for more information. The following notation
is used in Table 7.3: “COMBIN7 Item and Sequence Numbers":

Name
output quantity as defined in the Table 7.2: “COMBIN7 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

Table 7.3 COMBIN7 Item and Sequence Numbers

Output | ETABLE and ESOL
Quantity | Command Input
Name Item E
FORCEX SMISC 1
FORCEY SMISC 2
FORCEZ SMISC 3
MOMENTX |  SMISC 4
MOMENTY |  SMISC 5
MOMENTZ |  SMISC 6

STAT NMISC 1
OLDST NMISC 2
DUX NMISC 3
DUY NMISC 4
DUz NMISC 5
DRX NMISC 6
DRY NMISC 7
DRZ NMISC 8
ROTATE NMISC 9
RVMOD NMISC 10
CVAL NMISC 11

COMBIN7 Assumptions and Restrictions

+ Thejoint element is valid only in a structural analysis.

« The active joint nodes (1, J) must be coincident. Node K, if defined, must not be coincident with the active
nodes. The control nodes (L, M) may be any active node in the model, including nodes |, J, and K.
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The nonlinear capabilities of the element operate only in static and nonlinear transient dynamic analyses.
If used in other analysis types, the element maintains its initial status throughout the analysis. An iterative
solution is required when using the nonlinear option.

The precise nature of the element behavior, whether nonlinearities are present or not, depends on several
input items. These include the presence of stops or friction; the selection of a large deflection analysis;
and the use of joint control features.

Stop input values (STOPL, STOPU) must be greater than or equal to zero. For stops to be engaged, a pos-
itive torsional stiffness (K4) should be specified. Negative values are ignored. Stop values represent forward
and reverse clearances about the revolute axis.

Revolute friction (TF), when specified, must be positive. A negative friction value removes friction from
the element and locks the revolute axis with torsional stiffness K4. A null friction value implies frictionless
rotation (unless CT is specified or a stop is engaged).

The element can not be deactivated with the EKILL command.
The real constants for this element can not be changed from their initial values.

Only the lumped mass matrix is available.

COMBIN7 Product Restrictions

There are no product-specific restrictions for this element.
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3-D Spar (or Truss)

MP ME ST <> <>PR <> <><>PPED

LINK8 Element Description

LINK8 is a spar which may be used in a variety of engineering applications. This element can be used to model
trusses, sagging cables, links, springs, etc. The 3-D spar element is a uniaxial tension-compression element with
three degrees of freedom at each node: translations in the nodal x, y, and z directions. As in a pin-jointed structure,
no bending of the element is considered. Plasticity, creep, swelling, stress stiffening, and large deflection capab-
ilities are included. See LINK8 in the ANSYS, Inc. Theory Reference for more details about this element. See LINK10
for a tension-only/compression-only element.

Figure 8.1 LINK8 Geometry

LINKS8 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 8.1: “LINK8 Geo-
metry”. The element is defined by two nodes, the cross-sectional area, an initial strain, and the material properties.
The element x-axis is oriented along the length of the element from node | toward node J. The initial strain in
the element (ISTRN) is given by A/L, where A is the difference between the element length, L, (as defined by
the I and J node locations) and the zero strain length.

Element loads are described in Section 2.8: Node and Element Loads. Temperatures and fluences may be input
as element body loads at the nodes. The node | temperature T(l) defaults to TUNIF. The node J temperature T(J)
defaults to T(l). Similar defaults occurs for fluence except that zero is used instead of TUNIF.

A summary of the element input is given in LINK8 Input Summary. A general description of element input is
given in Section 2.1: Element Input.

LINKS8 Input Summary
Nodes
l,J

Degrees of Freedom
UX, UY, Uz
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Real Constants
AREA - Cross-sectional area
ISTRN - Initial strain

Material Properties
EX, ALPX (or CTEX or THSX), DENS, DAMP

Surface Loads
None

Body Loads
Temperatures --
T(), TU)
Fluences --
FL(I), FL(J)

Special Features

Plasticity

Creep

Swelling

Stress stiffening
Large deflection
Birth and death

KEYOPTs
None

LINKS8 Output Data

The solution output associated with the element is in two forms:

Nodal displacements included in the overall nodal solution

+ Additional element output as shown in Table 8.1: “LINK8 Element Output Definitions”.

Several items are illustrated in Figure 8.2: “LINK8 3-D Spar Output”. A general description of solution output is
given in Section 2.2: Solution Output. See the ANSYS Basic Analysis Guide for ways to view results.
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Figure 8.2 LINKS8 3-D Spar Output
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The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 8.1 LINK8 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Nodes -1, J Y Y
MAT Material number Y Y
VOLU: Volume - Y
XC, YC, ZC Location where results are reported Y 2
TEMP Temperatures T(I), T(J) Y Y
FLUEN Fluences FL(l), FL(J) Y Y
MFORX Member force in the element coordinate system Y Y
SAXL Axial stress Y Y
EPELAXL Axial elastic strain Y Y
EPTHAXL Axial thermal strain Y Y
EPINAXL Axial initial strain Y Y
SEPL Equivalent stress from stress-strain curve 1 1
SRAT Ratio of trial stress to stress on yield surface 1 1
EPEQ Equivalent plastic strain 1 1
HPRES Hydrostatic pressure 1 1
EPPLAXL Axial plastic strain 1 1
EPCRAXL Axial creep strain 1 1
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Name Definition o R
EPSWAXL Axial swelling strain 1 1

1. Nonlinear solution, only if element has a nonlinear material.

2. Available only at centroid as a *GET item.
Table 8.2: “LINK8 Item and Sequence Numbers” lists output available through the ETABLE command using the
Sequence Number method. See The General Postprocessor (POST1) in the ANSYS Basic Analysis Guide and Sec-

tion 2.2.2.2: The Item and Sequence Number Table of this manual for more information. The following notation
is used in Table 8.2: “LINK8 Item and Sequence Numbers”:

Name
output quantity as defined in the Table 8.1: “LINK8 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

l,J
sequence number for data at nodes | and J

Table 8.2 LINK8 Item and Sequence Numbers

Output | ETABLE and ESOL Command Input
Quantity |0 E I )
Name
SAXL LS 1 - -
EPELAXL LEPEL 1 - -
EPTHAXL LEPTH 1 - -
EPSWAXL LEPTH 2 - -
EPINAXL LEPTH 3 - -
EPPLAXL LEPPL 1 - -
EPCRAXL LEPCR 1 - -
SEPL NLIN 1 - -
SRAT NLIN 2 - -
HPRES NLIN 3 - -
EPEQ NLIN 4 - -
MFORX SMISC 1 - -
FLUEN NMISC - 1
TEMP LBFE - 1

LINK8 Assumptions and Restrictions
* The spar element assumes a straight bar, axially loaded at its ends, and of uniform properties from end
to end.
+ The length of the spar must be greater than zero, so nodes | and J must not be coincident.

+ The area must be greater than zero.
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+ The temperature is assumed to vary linearly along the length of the spar.
+ The displacement shape function implies a uniform stress in the spar.

+ Theinitial strainis also used in calculating the stress stiffness matrix, if any, for the first cumulative iteration.

LINKS8 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

+  The DAMP material property is not allowed.
* Fluence body loads are not applicable.

+ The only special features allowed are stress stiffening and large deflections.
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INFINO
2-D Infinite Boundary

MP ME <> <> <> <>EM <> <>PPED

INFIN9 Element Description

INFIN9 is used to model an open boundary of a 2-D planar unbounded field problem. The element has two nodes
with a magnetic vector potential or temperature degree of freedom at each node. The enclosed element type
can be the PLANE13 or PLANE53 magnetic elements, or the PLANE55, PLANE77, and PLANE35 thermal elements.
With the magnetic degree of freedom (AZ) the analysis may be linear or nonlinear, static or dynamic. With the
thermal degree of freedom only linear steady-state analyses may be done. See INFIN9 in the ANSYS, Inc. Theory
Reference for more details about this element.

Figure 9.1 INFIN9 Geometry
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INFIN9 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 9.1: “INFIN9
Geometry”, and a typical application is shown in Figure 9.2: “INFIN9 Element Usage”. The element is defined by
two nodes and the material properties. Nonzero material properties must be defined. The element x-axis is oriented
along the length of the element from node | toward node J.

The coefficient matrix of this boundary element is, in general, unsymmetric. The matrix is made symmetric by
averaging the off-diagonal terms to take advantage of a symmetric solution with a slight decrease in accuracy.
KEYOPT(2) can be used to prevent an unsymmetric matrix from being made symmetric.

A summary of the element input is given in INFIN9 Input Summary. A general description of element input is
given in Section 2.1: Element Input.

INFIN9 Input Summary

Nodes
1)
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Degrees of Freedom

AZ if KEYOPT (1) =0
TEMP if KEYOPT (1) =1

Real Constants
None

Material Properties

MUZERO if KEYOPT (1) = 0 (has default value for MKS units or can be set with the EMUNIT command)
KXX if KEYOPT (1) =1

Surface Loads
None

Body Loads
None

Special Features
None

KEYOPT(1)
Element degree of freedom:

0--
Magnetic option (AZ degree of freedom)
1--
Thermal option (TEMP degree of freedom)

KEYOPT(2)
Coefficient matrix formation:

O —
Make the coefficient matrix symmetric

1--
Coefficient matrix is used as generated (symmetric or unsymmetric, depending on the problem)

INFIN9 Output Data

The boundary element has no output of its own since it is used only to provide a semi-infinite boundary condition
to a model consisting of other elements.
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Figure 9.2 INFIN9 Element Usage
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INFIN9 Assumptions and Restrictions

+ The boundary element assumes a straight line segment, the length of which must be nonzero.

+ The semi-infinite sector is assumed to be bound on three sides by the boundary element, by a semi-infinite
radial line from the global coordinate system origin through node |, and by a semi-infinite radial line from
the global coordinate system origin through node J. The boundary element should be as normal as possible
to the radial lines.

+ Acute or wide intersection angles should be avoided by "filling-in" the model with the other elements so
that the line of boundary elements around the model is smooth and concave when viewed from the
global coordinate system origin.

+ The boundary element must lie "against" an enclosed element (that is, share the same nodes).
« The origin of the global coordinate system must be inside the model and as centrally located as possible.

The line of boundary elements should be located away from the region of interest of the enclosed elements
for better accuracy.

The line of boundary elements need not totally surround the model.

The exterior semi-infinite domain is assumed to be homogeneous, isotropic, and linear without containing
any sources or sinks.

An axisymmetric option is not available.
*  The element cannot be deactivated with the EKILL command.

+ The element assumes that the degree of freedom (DOF) value at infinity is always zero (0.0). That is, the
DOF value at infinity is not affected by TUNIF, D, or other load commands.

*  When used in a model with the higher-order elements PLANE53, PLANE77, or PLANE35, the midside nodes
of these elements must be removed at the interface with INFIN9 [EMID].

« IfKEYOPT(2) = 1, the matrices are presumed to be unsymmetric.
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INFIN9 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Mechanical
Unless the Emag option is enabled, the following restrictions apply:

+ This element does not have magnetic field capability.

+ The AZ degree of freedom is not active.

+  KEYOPT(1) defaults to 1 (TEMP) instead of 0 and cannot be changed.
+ The material property MUZERO is not allowed.

ANSYS Emag

This element has only magnetic field capability, and does not have thermal capability.
The only active degree of freedom is AZ.
The only allowable material property is MUZERO.

«  KEYOPT(1) can only be set to 0 (default).

4-62 ANSYS Elements Reference. ANSYS Release 8.1.001972.© SAS IP, Inc.



LINK10

Tension-only or Compression-only Spar
MP ME ST <> <> PR <> <><>PPED

LINK10 Element Description

LINK10is a 3-D spar element having the unique feature of a bilinear stiffness matrix resulting in a uniaxial tension-
only (or compression-only) element. With the tension-only option, the stiffness is removed if the element goes
into compression (simulating a slack cable or slack chain condition). This feature is useful for static guy-wire ap-
plications where the entire guy wire is modeled with one element. It may also be used in dynamic analyses (with
inertia or damping effects) where slack element capability is desired but the motion of the slack elements is not
of primary interest. This element is a line version of SHELL41 with KEYOPT(1) = 2, the “cloth” option.

If the purpose of the analysis is to study the motion of the elements (with no slack elements), a similar element
which cannot go slack, such as LINK8 or PIPE59, should be used instead. LINK10 should also not be used for
static convergence applications where the final solution is known to be a taut structure but a slack condition is
possible while iterating to a final converged solution. For this case either a different element should be used or
the "slow dynamic" technique should be used if LINK10 is desired.

LINK10 has three degrees of freedom at each node: translations in the nodal x, y, and z directions. No bending
stiffness is included in either the tension-only (cable) option or the compression-only (gap) option but may be
added by superimposing a beam element with very small area on each LINK10 element. Stress stiffening and
large deflection capabilities are available. See LINK10 in the ANSYS, Inc. Theory Reference for more details about
this element.

Figure 10.1 LINK10 Geometry
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LINK10 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 10.1: “LINK10
Geometry”. The element is defined by two nodes, the cross-sectional area, an initial strain or gap, and the isotropic
material properties. The element x-axis is oriented along the length of the element from node | toward node J.

The initial strain in the element (ISTRN) is given by A/L, where A is the difference between the element length,
L, (as defined by the | and J node locations) and the zero strain length, L. For the cable option, a negative strain
indicates a slack condition. For the gap option, a positive strain indicates a gap condition (as shown in Fig-

ure 10.1: “LINK10 Geometry”). The gap must be input as a "per unit length" value.

Element loads are described in Section 2.8: Node and Element Loads. Temperatures may be input as element
body loads at the nodes. The node | temperature T(l) defaults to TUNIF. The node J temperature T(J) defaults to
T().

KEYOPT(2) is used to apply a small stiffness (AE x 1 0°/L) across an open gap or to a slack cable to prevent uncon-
strained portions of the structure from "floating free" if the gap opens or the cable goes slack.

A summary of the element input is given in LINK10 Input Summary. A general description of element input is
given in Section 2.1: Element Input.

LINK10 Input Summary

Nodes
1)

Degrees of Freedom
UX, Uy, Uz

Real Constants

AREA - Cross-sectional area

ISTRN - Initial strain

If KEYOPT(3) = 0 and ISTRN is less than zero, the cable is initially slack.

If KEYOPT(3) = 1 and ISTRN is greater than zero, the gap is initially open.

Material Properties
EX, ALPX (or CTEX or THSX), DENS, DAMP

Surface Loads
None
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Body Loads

Temperatures --
T(), T()

Special Features

Nonlinear

Stress stiffening
Large deflection
Birth and death

KEYOPT(2)
Stiffness for slack cable:

O —
No stiffness associated with slack cable
1--
Small stiffness assigned to slack cable for longitudinal motion
2 -
Small stiffness assigned to slack cable for both longitudinal and perpendicular motions (applicable only
with stress stiffening)
KEYOPT(3)
Tension / compression option:
0--
Tension-only (cable) option
1--
Compression-only (gap) option
LINK10 Output Data

The solution output associated with the element is in two forms:

* Nodal displacements included in the overall nodal solution

« Additional element output as shown in Table 10.1: “LINK10 Element Output Definitions”.

The axial force, stress, and strain in the element are printed. Only positive values are obtained with the cable
option and negative values with the gap option. The element condition (tension or slack, compression or gap)
at the end of this substep is indicated by the value of STAT. A general description of solution output is given in
Section 2.2: Solution Output. See the ANSYS Basic Analysis Guide for ways to view results.

The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.
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Table 10.1 LINK10 Element Output Definitions

Name Definition (o] R
EL Element number Y Y
NODES Nodes -1, J Y Y
MAT Material number Y Y
VOLU: Volume - Y
XC YC, zC Location where results are reported Y 2
STAT Element status 1 1
TEMP Temperatures T(1), T(J) Y Y
MFORX Member force in the element coordinate system Y Y
SAXL Axial stress Y Y
EPELAXL Axial elastic strain Y Y
EPTHAXL Axial thermal strain Y Y
EPINAXL Axial initial strain Y Y

1. Element status values:
1 - cable in tension or gap in compression

2 - cable slack or gap open
2. Available only at centroid as a *GET item.
Table 10.2: “LINK10 Item and Sequence Numbers” lists output available through the ETABLE command using
the Sequence Number method. See The General Postprocessor (POST1) in the ANSYS Basic Analysis Guide and

Section 2.2.2.2: The Iltem and Sequence Number Table in this manual for more information. The following notation
is used in Table 10.2: “LINK10 Item and Sequence Numbers":

Name
output quantity as defined in the Table 10.1: “LINK10 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

1J
sequence number for data at nodes | and J

Table 10.2 LINK10 Item and Sequence Numbers

Output | ETABLE and ESOL Command Input

Quantity | 1o, E I J
Name

SAXL LS
EPELAXL LEPEL
EPTHAXL LEPTH

EPINAXL LEPTH 3 - -

MFORX SMISC 1 - -
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Output | ETABLE and ESOL Command Input
Quantity |0 E | )
Name
STAT NMISC 1 - -
OLDST NMISC 2 - -
TEMP LBFE - 1 2

LINK10 Assumptions and Restrictions

The element length must be greater than zero, therefore nodes | and J must not be coincident.
The cross-sectional area must be greater than zero.

The temperature is assumed to vary linearly along the length of the element.

The element is nonlinear and requires an iterative solution.

If ISTRN is 0.0, the element stiffness is included in the first substep.

With the gap (compression-only) option, a positive axial displacement (in the element coordinate system)
of node J relative to node | tends to open the gap.

The solution procedure is as follows: The element condition at the beginning of the first substep is determ-
ined from the initial strain or gap input. If this value is less than zero for the cable option or greater than
zero for the gap option, the element stiffness is taken as zero for this substep. If at the end of the substep
STAT = 2, an element stiffness of zero is used for the next substep. If STAT = 1, the element stiffness is in-
cluded in the next substep. No significant stiffness is associated with the cable option having a negative
relative displacement or with the gap option having a positive relative displacement.

If the element status changes within a substep, the effect of the changed status is included in the next
substep.

Nonconverged substeps are not in equilibrium.
The initial strain is also used in calculating the stress stiffness matrix, if any, for the first cumulative iteration.

Stress stiffening should always be used for sagging cable problems to provide numerical stability. Stress
stiffening and large deflection effects may be used together for some cable problems (see the ANSYS, Inc.
Theory Reference).

LINK10 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition

to the general assumptions and restrictions given in the previous section.
ANSYS Professional

+  The DAMP material property is not allowed.

+ The birth and death special feature is not allowed.
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Linear Actuator
MP ME ST <> <><><><><>PPED

LINK11 Element Description

LINK11 may be used to model hydraulic cylinders and other applications undergoing large rotations. The element
is a uniaxial tension-compression element with three degrees of freedom at each node: translations in the nodal
X, ¥, and z directions. No bending or twist loads are considered. See LINK11 in the ANSYS, Inc. Theory Reference
for more details about this element.

Figure 11.1 LINK11 Geometry
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LINK11 Input Data

The geometry and node locations for the element are shown in Figure 11.1: “LINK11 Geometry”. The element is
defined by two nodes, a stiffness, viscous damping, and mass. The element initial length L, and orientation are

determined from the node locations.

Element loads are described in Section 2.8: Node and Element Loads. The stroke (length) is defined through the
surface load input using the PRES label. The stroke is relative to the zero force position of the element. A force
may be defined in the same manner as an alternate to the stroke.

A summary of the element input is given below. A general description of element input is given in Section 2.1:
Element Input.

LINK11 Input Summary
Nodes
1,J

Degrees of Freedom
UX, UY, Uz

Real Constants

K - Stiffness (force/length)
C - Viscous damping coefficient (force*time/length)

M - Mass (force*time?/length)

Material Properties
DAMP
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Surface Loads
Pressures --

face 1 - Stroke
face 2 - Axial Force

Body Loads
None

Special Features
Stress stiffening

Large deflection
Birth and death

KEYOPTs
None

LINK11 Output Data

The solution output associated with the element is in two forms:

+ Nodal displacements included in the overall nodal displacement solution

« Additional element output as shown in Table 11.1: “LINK11 Element Output Definitions”.

A general description of solution output is given in Section 2.2: Solution Output. See the ANSYS Basic Analysis
Guide for ways to view results.

The Element Output Definitions table uses the following notation:

A colon (:) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 11.1 LINK11 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Nodes -1, J Y Y
ILEN Initial element length Y Y
CLEN Current element length (this time step) Y Y
FORCE Axial force (spring force) Y Y
DFORCE Damping force Y Y
STROKE Applied stroke (element load) Y Y
MSTROKE Measured stroke Y Y

Table 11.2: “LINK11 Item and Sequence Numbers” lists output available through the ETABLE command using
the Sequence Number method. The following notation is used in Table 11.2: “LINK11 ltem and Sequence Numbers”:
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Name
output quantity as defined in Table 11.1: “LINK11 Element Output Definitions'’

d

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

Table 11.2 LINK11 Item and Sequence Numbers

Output | ETABLE and ESOL
Quantity | Command Input

Name Item E
FORCE SMISC 1
ILEN NMISC 1
CLEN NMISC 2
STROKE NMISC 3
MSTROKE NMISC 4
DFORCE NMISC 5

LINK11 Assumptions and Restrictions

+ The element must not have a zero length.
The element assumes a straight line, axially loaded at the ends.
A twist (torsion) about the element x-axis (defined from node | to node J) has no effect.
No bending of the element is considered, as in a pin-jointed structure.
The mass is equally divided between the nodes.

+  Only the lumped mass matrix is available.

LINK11 Product Restrictions

There are no product-specific restrictions for this element.
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CONTAC12
2-D Point-to-Point Contact

MP ME ST <> <>PR <> <><>PPED

CONTAC12 Element Description

CONTAC12 represents two surfaces which may maintain or break physical contact and may slide relative to each
other. The element is capable of supporting only compression in the direction normal to the surfaces and shear
(Coulomb friction) in the tangential direction. The element has two degrees of freedom at each node: translations
in the nodal x and y directions.

The element may be initially preloaded in the normal direction or it may be given a gap specification. A specified
stiffness acts in the normal and tangential directions when the gap is closed and not sliding. See CONTAC12 in
the ANSYS, Inc. Theory Reference for more details about this element. Other contact elements, such as COMBIN40
and CONTACS52, are also available.

Figure 12.1 CONTAC12 Geometry
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CONTAC12 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 12.1: “CONTAC12
Geometry”. The element is defined by two nodes, an angle to define the interface, two stiffnesses (KN and KS),
an initial displacement interference or gap (INTF), and an initial element status (START). An element coordinate
system (s-n) is defined on the interface. The angle 6 (THETA) is input (or calculated) in degrees and is measured
from the global X axis to the element s-axis. The orientation of the interface may be defined (KEYOPT(2)) by
THETA or by the node locations.

The normal stiffness, KN, should be based upon the stiffness of the surfaces in contact. See Contact of the ANSYS
Structural Analysis Guide for guidelines on choosing a value for KN. In some cases (such as initial interference
analyses, nonconvergence, or over penetration), it may be useful to change the KN value between load steps or
in a restart in order to obtain an accurate, converged solution. The sticking stiffness, KS, represents the stiffness
in the tangential direction when elastic Coulomb friction is selected (u > 0.0 and KEYOPT(1) = 0). The coefficient
of friction p is input as material property MU and is evaluated at the average of the two node temperatures.
Stiffnesses may also be computed from the maximum expected force divided by the maximum allowable surface
displacement. KS defaults to KN. Stiffnesses should be on a full 360° basis for an axisymmetric analysis.

The initial displacement interference, A, defines the displacement interference (if positive) or the gap size (if
negative). The value may be input as a real constant (INTF) or automatically calculated from the input node loc-
ations if KEYOPT(4) = 1. Stiffness is associated with a zero or positive interference. The initial element status
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(START) is used to define the "previous" condition of the interface to be used at the start of the first substep. This
input is used to override the condition implied by the interference specification and is useful in anticipating the
final interface configuration and in reducing the number of iterations required for convergence.

The force deflection relationships for the interface element can be separated into the normal and tangential
(sliding) directions as shown in Figure 12.2: “CONTAC12 Force-Deflection Relationship”. The element condition
atthe beginning of the first substep is determined from the START parameter. If the interface is open, no stiffness
is associated with this element for this substep. If the interface is closed and sticking, KN is used in the gap resist-
ance and KS is used in the sliding resistance. If the interface is closed but sliding, KN is used in the gap resistance
and the limit friction force uFN is used for the sliding resistance.

In the normal direction, when the normal force (FN) is negative, the interface remains in contact and responds
as a linear spring. As the normal force becomes positive, contact is broken and no force is transmitted.

KEYOPT(3) can be used to specify a "weak spring" across an open interface, which is useful for preventing rigid
body motion that could occur in a static analysis. The weak spring stiffness is computed by multiplying the normal
stiffness KN by a reduction factor. The default reduction factor of 1E-6 can be overridden with real constant
REDFACT.

In the tangential direction, for FN < 0 and the absolute value of the tangential force (FS) less than (u|FN|), the
interface sticks and responds as a linear spring in the tangential direction. For FN < 0 and FS = p|FN|, sliding occurs.

If KEYOPT(1) = 1, rigid Coulomb friction is selected, KS is not used, and the elastic sticking capability is removed.
This option is useful for displacement controlled problems or for certain dynamic problems where sliding dom-
inates. With this option, no tangential resistance is assumed for the first substep.

The only material property used is the interface coefficient of friction MU. A zero value should be used for fric-
tionless surfaces. Temperatures may be input at the element nodes (for material property evaluation only). The
node | temperature T(l) defaults to TUNIF. The node J temperature defaults to T(l). The circular gap option (KEY-
OPT(2)) is useful where the final contact point (and thus the orientation angle) is not known, such as with con-
centric cylinders. With this option the angular orientation THETA is initially set to 0.0 and then internally calculated
from the relative displacements of the nodes at the end of the substep for use in the next substep. The user
specified THETA (if any) is ignored. A negative interference (gap) and a zero coefficient of friction is used with
this option.

For analyses involving friction, using NROPT,UNSYM is useful (and, in fact, sometimes required) for problems
where the normal and tangential (sliding) motions are strongly coupled, such as in a wedge insertion problem.

A summary of the element input is given in CONTAC12 Input Summary. A general description of element input
is given in Section 2.1: Element Input.

CONTAC12 Input Summary
Nodes
1,J

Degrees of Freedom
UX, UY

Real Constants
See Table 12.1: “CONTAC12 Real Constants” for details on these real constants

Material Properties
DAMP, MU
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Surface Loads
None

Body Loads

Temperatures --
T(), T()

Special Features

Nonlinear
Adaptive descent
KEYOPT(1)
Type of friction (only with MU > 0.0):
0--
Elastic coulomb friction (KS used for sticking stiffness)
1--
Rigid coulomb friction (resisting force only)
KEYOPT(2)
Orientation angle:
0--
Orientation angle based on Theta real constant
1 --
Circular gap option (THETA orientation determined from direction of motion) (ignore THETA real constant)
KEYOPT(3)
Weak spring across open gap:
O —
No weak spring across an open gap
1--
Use a weak spring across an open gap
KEYOPT(4)
Interference or gap:
0--
Interference (or gap) based on INTF real constant
1--
Interference (or gap) based on initial node locations (ignore INTF real constant)
KEYOPT(7)

Element level time incrementation control. Note that this option should be activated first at the procedure
level if SOLCONTROL is ON. SOLCONTROL,ON,ON is the most frequent usage with this element. If SOLCON-
TROL,ON,OFF, this keyoption is not activated.

O —
Predictions are made to achieve the minimum time (or load) increment whenever a change in contact
status occurs
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1--
Predictions are made to maintain a reasonable time (or load) increment (recommended)

Table 12.1 CONTAC12 Real Constants

No. Name Description

1 THETA Interference angle

2 KN Normal stiffness

3 INTF Initial displacement interference or gap. A negative INTF (interference)

assumes an intially open gap.

4 START Initial element status

If = 0.0 or blank, initial condition of gap status is determined from real
constant INTF

If =1.0, gap is initially closed and not sliding (if MU = 0.0), or sliding node
Jis positive (if MU = 0.0)

If = 2.0, gap is initially closed and node J is sliding to the right of node |

If =-2.0, gap is initially closed and node J is sliding to the left of node |

If = 3.0, gap is initially open

5 KS Sticking stiffness
6 REDFACT KN reduction factor
CONTAC12 Output Data

The solution output associated with the element is in two forms:

+ nodal displacements included in the overall nodal solution

+ additional element output as shown in Table 12.2: “CONTAC12 Element Output Definitions”.
Several items are illustrated in Figure 12.2: “CONTAC12 Force-Deflection Relationship”.

The value of USEP is determined from the normal displacement (u,) (in the element x-direction) between the
interface nodes at the end of this substep. That is: USEP = (u,)) ;- (u,,) ;- A. This value is used in determining the

normal force, FN. For an axisymmetric analysis, the element forces are expressed on a full 360° basis. The value
represented by UT is the total translational displacement. The maximum value printed for the sliding force, FS,
is M|FN|. STAT describes the status of the element at the end of this substep. If STAT = 1, the gap is closed and no
sliding occurs. If STAT = 3, the gap is open. A value of STAT = +2 indicates the node J slides positive relative to
node | as shown in Figure 4.12-1. STAT =-2 indicates a negative slide. For a frictionless surface (u = 0.0), the element
status is either STAT = +2 or 3. The value of THETA is either the input orientation angle (if KEYOPT(2) = 0), or the
calculated angle (if KEYOPT(2) = 1). A general description of solution output is given in Section 2.2: Solution
Output. See the ANSYS Basic Analysis Guide for ways to view results.
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Figure 12.2 CONTAC12 Force-Deflection Relationship

FS
'y

plFN]|

KS

KN

(@)

(Un)J - (Un)l -0 (Us)J - (Us)l

— ——— |[-uIFN]|

For FN <0, and no
reversed loading

(b)

The Element Output Definitions table uses the following notation:

A colon (:) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 12.2 CONTAC12 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Nodes - 1, J Y Y
XC, YC Location where results are reported Y 3
TEMP Temperatures T(1), T(J) Y Y
USEP Gap size or interference Y Y
FN Normal force Y Y
STAT Element status 1 1
OLDST Stat value of the previous time step 1 1
THETA Orientation angle Y Y
MU Coefficient of friction 2 2
uT Relative displacement in tangential direction (positive 2 2

for node J moving to right of node I)

FS Tangential force 2 2

1. Element status values:

1 - Contact, no sliding

2 - Sliding contact with node J moving to right of node |

-2 - Sliding contact with node J moving to left of node |

3-Gap open
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2. Onlyif MU > 0.0 and KEYOPT(2) = 0.
3. Available only at centroid as a *GET item.
Table 12.3:“CONTAC12 Item and Sequence Numbers” lists output available through the ETABLE command using

the Sequence Number method. See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and
Section 2.2.2.2: The Item and Sequence Number Table of this manual for more information. The following notation

is used in Table 12.3: “CONTAC12 Item and Sequence Numbers”:

Name

output quantity as defined in the Table 12.2: “CONTAC12 Element Output Definitions”

Item

predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

Table 12.3 CONTAC12 Item and Sequence Numbers

Output | ETABLE and ESOL
Quantity | Command Input

Name Item E
FN SMISC 1
FS SMISC 2
STAT NMISC 1
OLDST NMISC 2
USEP NMISC 3
ut NMISC 4
MU NMISC 5
THETA NMISC 6

CONTAC12 Assumptions and Restrictions

The 2-D interface element must be defined in an X-Y plane and the Y-axis must be the axis of symmetry
for axisymmetric analyses. An axisymmetric structure should be modeled in the +X quadrants.

The element operates bilinearly only in a static or a nonlinear transient dynamic analysis.
If used in other analysis types, the element maintains its initial status throughout the analysis.
+ The element is nonlinear and requires an iterative solution.
+ Convergence is also based on forces when friction or the circular gap option is present.
+ Nodes |l and J may be coincident since the orientation of the interface is defined only by the angle THETA.

+ The orientation of the interface does not change (with KEYOPT(2) = 0) during a large deflection analysis.
Use CONTA175 if this effect is desired.

«  No moment effects due to noncoincident nodes are included. That is, if the nodes are offset from a line
perpendicular to the interface, moment equilibrium may not be satisfied.

+ The element is defined such that a positive normal displacement (in the element coordinate system) of
node J relative to node | tends to open the gap, as shown in Figure 12.1: “"CONTAC12 Geometry”. If, for a
given set of conditions, node | and J are interchanged, or if the interface is rotated by 180°, the gap element
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acts as a hook element, i.e., the gap closes as the nodes separate. The element may have rotated nodal
coordinates since a displacement transformation into the element coordinate system is included.

+ The element stiffness KN cannot be exactly zero.
+ Unreasonably high stiffness values also should be avoided.

« Therate of convergence decreases as the stiffness increases. Note that, although it is permissible to change
KN, it is not permissible to change any other real constants between load steps. Therefore, if you plan to
change KN, you cannot allow the value of KS to be defined by default, because the program would then
attempt to redefine KS as KN changed.

+  You must explicitly define KS whenever KN changes, to maintain a consistent value throughout all load
steps.

* The element may not be deactivated with the EKILL command.

« If pis nonzero, the element is nonconservative as well as nonlinear. Nonconservative elements require
that the load be applied very gradually, along the actual load history path, and in the proper sequence
(if multiple loadings exist).

CONTAC12 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

« This element is frictionless. Specifically, MU is not allowed as a material property and KS is not allowed as
areal constant.

+  Temperature body loads are not applicable.

« KEYOPT(1) is not applicable.

+ The DAMP material property is not allowed.
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PLANE13
2-D Coupled-Field Solid

MP ME <> <> <> <>EM <> <>PPED

PLANE13 Element Description

PLANE13 has a 2-D magnetic, thermal, electrical, piezoelectric, and structural field capability with limited coupling
between the fields. PLANE13 is defined by four nodes with up to four degrees of freedom per node. The element
has nonlinear magnetic capability for modeling B-H curves or permanent magnet demagnetization curves.
PLANE13 has large deflection and stress stiffening capabilities. When used in purely structural analyses, PLANE13
also has large strain capabilities. See PLANE13 in the ANSYS, Inc. Theory Reference for more details about this
element. Other coupled-field elements are SOLID5, SOLID98, and SOLID62.

Figure 13.1 PLANE13 Geometry
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PLANE13 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 13.1: “PLANE13
Geometry”. The element input data includes four nodes and magnetic, thermal, electrical, and structural mater-
ial properties. The type of units (MKS or user defined) is specified through the EMUNIT command. EMUNIT also

determines the value of MUZERO. The EMUNIT defaults are MKS units and MUZERO =4 &t x 10" henries/meter.
In addition to MUZERO, orthotropic relative permeability is specified through the MURX and MURY material
property labels.

MGXX and MGYY represent vector components of the coercive force for permanent magnet materials. The
magnitude of the coercive force is the square root of the sum of the squares of the components. The direction
of polarization is determined by the components MGXX and MGYY. Permanent magnet polarization and ortho-
tropic material directions correspond to the element coordinate directions. The element coordinate system ori-
entation is as described in Section 2.3: Coordinate Systems. Nonlinear magnetic B-H, piezoelectric, and anisotropic
elastic properties are entered with the TB command as described in Section 2.5: Data Tables - Implicit Analysis.
Nonlinear orthotropic magnetic properties may be specified with a combination of a B-H curve and linear relative
permeability. The B-H curve will be used in each element coordinate direction where a zero value of relative
permeability is specified. Only one B-H curve may be specified per material.

Various combinations of nodal loading are available for this element (depending upon the KEYOPT(1) value).
Nodal loads are defined with the D and the F commands. Nodal forces, if any, should be input per unit of depth
for a plane analysis and on a full 360° basis for an axisymmetric analysis.

Element loads are described in Section 2.8: Node and Element Loads. Pressure, convection or heat flux (but not
both), radiation, and Maxwell force flags may be input on the element faces indicated by the circled numbersin
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Figure 13.1: “PLANE13 Geometry” using the SF and SFE commands. Positive pressures act into the element.
Surfaces at which magnetic forces are to be calculated are identified by using the MXWF label on the surface
load commands (no value is required). A maxwell stress tensor calculation is performed at these surfaces to obtain
the magnetic forces. These forces are applied in solution as structural loads. The surface flag should be applied
to "air" elements adjacent to the body for which forces are required. Deleting the MXWF specification removes
the flag.

Body loads - temperature, heat generation rate, and magnetic virtual displacement - may be input at the element's
nodes or as a single element value [BF, BFE]. Source current density loads may be applied to an area [BFA] or
input as an element value [BFE]. When the temperature degree of freedom is active (KEYOPT(1) = 2 or 4), applied
body force temperatures [BF, BFE] are ignored. In general, unspecified nodal temperatures and heat generation
rates default to the uniform value specified with the BFUNIF or TUNIF command. Heat generation from Joule
heating is applied in Solution as thermal loading for static and transient analyses.

If the temperature degree of freedom is present, the calculated temperatures override any input nodal temper-
atures.

Air elements in which local Jacobian forces are to be calculated may be identified by using nodal values of 1 and
0 for the MVDI label [BF]. See the ANSYS Low-Frequency Electromagnetic Analysis Guide for details. These forces
are not applied in solution as structural loads.

A summary of the element input is given in PLANE13 Input Summary. A general description of element input is
given in Section 2.1: Element Input. For axisymmetric applications see Section 2.12: Axisymmetric Elements.

PLANE13 Input Summary

Nodes
1,J,K L

Degrees of Freedom

AZ if KEYOPT (1) =0

TEMP if KEYOPT (1) =2

UX, UY if KEYOPT (1) =3

UX, UY, TEMP, AZ if KEYOPT (1) =4
VOLT, AZ if KEYOPT (1) =6

UX, UY, VOLT if KEYOPT (1) =7

Real Constants
None

Material Properties

EX, EY, EZ, (PRXY, PRYZ, PRXZ or NUXY, NUYZ, NUXZ),

ALPX, ALPY, ALPZ, (or CTEX, CTEY,CTEZ or THSX, THSY,THSZ),

DENS, GXY, DAMP,

KXX, KYY, C, ENTH, MUZERO, MURX,

MURY, RSVZ, MGXX, MGYY, PERX, PERY,

plus BH, ANEL, and Piezoelectric data tables (see Section 2.5: Data Tables - Implicit Analysis)

Surface Loads

Pressure, Convection or Heat Flux (but not both), Radiation (using Lab = RDSF), and Maxwell Force Flags--
face 1 (J-1), face 2 (K-J), face 3 (L-K), face 4 (I-L)
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Body Loads

Temperatures --
T(1), T(), T(K), T(L)

Heat Generations --
HG(l), HG(J), HG(K), HG(L)

Magnetic Virtual Displacements --
VD(l), VD(), VD(K), VD(L)

Source Current Density --

spare, spare, JSZ(I), PHASE(I), spare, spare,
JSZ(J), PHASE()), spare, spare, JSZ(K), PHASE(K),
spare, spare, JSZ(L), PHASE(L)

Special Features

Requires an iterative solution for field coupling (displacement, temperature, electric, magnetic, but not
piezoelectric)

Large deflection

Large strain

Stress stiffening

Birth and death

Adaptive descent

KEYOPT(1)
Element degrees of freedom:

0--
AZ degree of freedom

2 --
TEMP degree of freedom

3--
UX, UY degrees of freedom

4 --
UX, UY, TEMP, AZ degrees of freedom

6 —
VOLT, AZ degrees of freedom

7 --
UX, UY, VOLT degrees of freedom

KEYOPT(2)
Extra shapes:

0--
Include extra shapes
1--

Do not include extra shapes

KEYOPT(3)
Element behavior:
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0--
Plane strain (with structural degrees of freedom)
1--
Axisymmetric
2 -
Plane stress (with structural degrees of freedom)
KEYOPT(4)
Element coordinate system defined:
O —
Element coordinate system is parallel to the global coordinate system
1--
Element coordinate system is based on the element I-J side
KEYOPT(5)
Extra element output:
0--
Basic element printout
1--
Repeat basic solution for all integration points
2 -
Nodal stress printout
PLANE13 Output Data

The solution output associated with the element is in two forms:

Nodal degrees of freedom included in the overall nodal solution

« Additional element output as shown in Table 13.1: “PLANE13 Element Output Definitions”.

Several items areillustrated in Figure 13.2: “PLANE13 Element Output”. The element output directions are parallel
to the element coordinate system. A general description of solution output is given in Section 2.2: Solution
Output. See the ANSYS Basic Analysis Guide for ways to view results.

Figure 13.2 PLANE13 Element Output

Y
SY, BY, etc. | Element output
X directions shown
y SX, BX, etc.| are for KEYOPT(4) =0
(or axial)

I
T—> X (or radial)

Because of different sign conventions for Cartesian and polar coordinate systems, magnetic flux density vectors
point in opposite directions for planar (KEYOPT(3) = 0) and axisymmetric (KEYOPT(3) =1) analyses.
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The Element Output Definitions table uses the following notation:

A colon (:) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote

that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 13.1 PLANE13 Element Output Definitions

Name Definition (o) R
EL Element Number Y Y
NODES Nodes -1, J, K, L Y Y
MAT Material number Y Y
VOLU: Volume Y Y
XC, YC Location where results are reported Y 3
PRES P1 atnodes J, |; P2 atK, J; P3 atL, K; P4 atl, L Y Y
TEMP Input temperatures T(l), T(J), T(K), T(L) Y Y
HGEN Input heat generations HG(l), HG(J), HG(K), HG(L) Y -
S:X, Y, Z, XY Stresses (SZ = 0.0 for plane stress elements) 1 1
S:1,2,3 Principal stresses 1 1
S:INT Stress intensity 1 1
S:EEQV Equivalent stress 1 1
EPEL:X, Y, Z, XY Elastic strains 1 1
EPEL:1, 2, 3 Principal elastic strains 1 -
EPEL:EQV Equivalent elastic strain [4] - 1
EPTH:X, Y, Z, XY Average thermal strains 1 1
EPTH:EQV Equivalent thermal strain [4] - 1
TG:X, Y, SUM Thermal gradient components and vector sum 1 1
TF:X, Y, SUM Thermal flux (heat flow rate/cross-sectional area) components 1 1

and vector sum
EF:X, Y Electric field components (X, Y) 1 1
EF:SUM Vector magnitude of EF 1 1
D:X, Y Electric flux density components (X, Y) 1 1
D:SUM Vector magnitude of D 1 1
UE, UD, UM Elastic (UE), dielectric (UD), and electromechanical coupled (UM) 1 1
energies

LOC Output location (X, Y) 1 -
MUX, MUY Magnetic permeability 1 1
H:X, Y Magnetic field intensity components 1 1
H:SUM Vector magnitude of H 1 1
B:X,Y Magnetic flux density components 1 1
B:SUM Vector magnitude of B 1 1
JSz Source current density, valid for static analysis only 1 1
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Name Definition (o] R
JTZ Total current density 1 1
JHEAT: Joule heat generation per unit volume 1 1
FJB(X,Y) Lorentz force components 1 1
FMX(X, Y) Maxwell force components 1 1
FYW(X, Y) Virtual work force components 1 1
FMAG:X, Y Combined (FJB and FMX) force components - 1
FACE Face label 2 2
AREA Face area 2 2
NODES Face nodes 2 -
HFILM Film coefficient at each node of face 2 -
TBULK Bulk temperature at each node of face 2 -
TAVG Average face temperature 2 2
HEAT RATE Heat flow rate across face by convection 2 2
HEAT RATE/AREA Heat flow rate per unit area across face by convection 2 -
HFLUX Heat flux at each node of face 2 -
HFAVG Average film coefficient of the face 2 2
TBAVG Average face bulk temperature - 2
HFLXAVG Heat flow rate per unit area across face caused by input heat flux - 2
TJB(Z) Lorentz torque about global Cartesian +Z axis 1 1
TMX(Z) Maxwell torque about global Cartesian +Z axis 1 1
TVW(Z) Virtual work torque about global Cartesian +Z axis 1 1

1. Solution values are output only if calculated (based on input data).

Note — For harmonic analysis, joule losses (JHEAT), forces (FJB(X, Y), FMX(X, Y), FVW(X, Y)), and
torque (TJB(Z), TMX(Z), TVW(Z)) represent time-average values. These values are stored in both
the “Real” and “Imaginary” data sets. The macros POWERH, FMAGSUM, and TORQSUM can be
used to retrieve this data.

2. Available only if a surface load is input.

Available only at centroid as a *GET item.

4. The equivalent strains use an effective Poisson's ratio: for elastic and thermal this value is set by the user

(MP,PRXY).

Table 13.2 PLANE13 Miscellaneous Element Output

Description Names of Items Output (o] R
Integration Pt. Solution SINT, SEQV, EPEL, S, MUX, MUY, H, HSUM, B, BSUM 1 -
Nodal Solution SINT, SEQV, S, H, HSUM, B, BSUM 2 -

1. Output at each integration point, if KEYOPT(5) = 1.
2. Output at each node, if KEYOPT(5) = 2.
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Note — JT represents the total measurable current density in a conductor, including eddy current effects,
and velocity effects if calculated.

For axisymmetric solutions with KEYOPT(4) = 0, the X and Y directions correspond to the radial and axial
directions, respectively. The X, Y, Z, and XY stress output correspond to the radial, axial, hoop, and in-
plane shear stresses, respectively.

For harmonic analysis, joule losses (JHEAT), forces (FJB(X, Y), FMX(X, Y), FVW(X, Y)), and torque (TJB(Z),
TMX(Z), TVW(Z)) represent time-average values. These values are stored in the "Real" data set. The macros
POWERH, FMAGSUM, and TORQSUM can be used to retrieve this data.

Table 13.3: “PLANE13 Item and Sequence Numbers” lists output available through the ETABLE command using
the Sequence Number method. See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and
Section 2.2.2.2: The Item and Sequence Number Table of this manual for more information. The following notation
is used in Table 13.3: “PLANE13 Item and Sequence Numbers”:

Name
output quantity as defined in the Table 13.1: “PLANE13 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

1)KL
sequence number for data at nodes |, J, K, L

FCN
sequence number for solution items for element Face N

Table 13.3 PLANE13 Item and Sequence Numbers

Output Quant- ETABLE and ESOL Command Input
ity Name Item E I J K L
1Sz SMISC 1 - - - -
P1 SMISC - 4 3 - -
P2 SMISC - - 6 5 -
P3 SMISC - - - 8
P4 SMISC - 9 - - 10
MUX NMISC 1 - - - -
MUY NMISC 2 - - - -
FVWX NMISC 3 - - - -
FVWY NMISC 4 - - - -
FVWSUM NMISC 5 - - - -
Tz NMISC 7 - - - -
UE NMISC 8 - - - -
uD NMISC 9 - - - -
UM NMISC 10 - - - -
TJB(Z) NMISC 35 - - - -
TMX(2) NMISC 36 - - - -
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Output Quant- ETABLE and ESOL Command Input
ity Name Item E I J K L
TVW(Z) NMISC 37 - - - -
Output Quant- ETABLE and ESOL Command Input
ity Name Item FC1 | FC2 | FC3 | FC4
AREA NMISC 11 17 23 29
HFAVG NMISC 12 18 24 30
TAVG NMISC 13 19 25 31
TBAVG NMISC 14 20 26 32
HEAT RATE NMISC 15 21 27 33
HFLXAVG NMISC 16 22 28 34

PLANE13 Assumptions and Restrictions

The area of the element must be positive.

The element must lie in a global X-Y plane as shown in Figure 13.1: “PLANE13 Geometry” and the Y-axis
must be the axis of symmetry for axisymmetric analyses.

An axisymmetric structure should be modeled in the +X quadrants.

For structural and piezoelectric problems, the extra displacement and VOLT shapes are automatically
deleted for triangular elements so that a constant strain element results.

Transient magnetic analyses should be performed in a nonlinear transient dynamic analysis.

A skin-effect analysis (where eddy current formation is permitted in conducting regions with impressed
currentloading) is performed by using KEYOPT(1) = 6, specifying a resistivity, and coupling all VOLT degrees
of freedom for elements in each of such regions. This is valid for both planar and axisymmetric models.

Current density loading (BFE,,JS) is only valid for the AZ option (KEYOPT(1) = 0). For the VOLT, AZ option
(KEYOPT(1) = 6) use F,,AMPS.

When this element does not have the VOLT degree of freedom (KEYOPT(1) = 4), for a harmonic or transient
analysis, its behavior depends on the applied load. For a BFE,,JS load, the element acts as a stranded
conductor. Without BFE,,JS loads, it acts as a solid conductor modeling eddy current effects.

Note — In this respect, PLANE13 (and PLANE53) are not like the 3-D elements SOLID97 and SOL-
ID117.When SOLID97 and SOLID117 do not have the VOLT degree of freedom, they act as stranded
conductors.

Permanent magnets are not permitted in a harmonic analysis.

If a model has at least one element with piezoelectric degrees of freedom (displacements and VOLT) ac-
tivated, then all elements where a VOLT degree of freedom is needed must be one of the piezoelectric
types, and they must all have the piezoelectric degrees of freedom activated. If the piezoelectric effect is
not desired in these elements, simply define very small piezoelectric material properties for them.

Note — For the axisymmetric option, the degree of freedom is VOLT*radius. See the ANSYS, Inc.
Theory Reference for details.
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+ This element may not be compatible with other elements with the VOLT degree of freedom. To be com-
patible, the elements must have the same reaction force (see Element Compatibility in the ANSYS Low-
Frequency Electromagnetic Analysis Guide).

PLANE13 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Mechanical
Unless the Emag option is enabled, the following restrictions apply:
+ This element has only structural, thermal, or piezoelectric capability, and does not have magnetic capab-
ility.
«  The AZ degree of freedom is not active.

+  KEYOPT(1) defaults to 4 (UX, UY, TEMP) instead of 0, and cannot be set to 0. If set to 4 or 6, the AZ degree
of freedom is not active.

+ The magnetic and electric material properties (MUZERO, MUR_, MG__, and the BH data table) are not al-
lowed.

« The Maxwell force flags surface loads are not applicable.
ANSYS Emag
+ This element has only magnetic and electric field capability, and does not have structural, thermal, or
piezoelectric capability.
+ The only active degrees of freedom are AZ and VOLT.

+ The only allowable material properties are the magnetic and electric properties (MUZERO through PERY,
plus the BH data table).

+ Theonlyapplicable surface loads are Maxwell force flags. The heat generation body loads are not applicable.
The temperature body load is only used for material property evaluation.

* The element does not allow any special features.

+  KEYOPT(1) can only be set to 0 (default) or 6. KEYOPT(3) = 2 is not applicable.
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Spring-Damper
MP ME ST <> <>PR <> <><>PPED

COMBIN14 Element Description

COMBIN14 has longitudinal or torsional capability in 1-D, 2-D, or 3-D applications. The longitudinal spring-damper
optionis a uniaxial tension-compression element with up to three degrees of freedom at each node: translations
in the nodal x, y, and z directions. No bending or torsion is considered. The torsional spring-damper option is a
purely rotational element with three degrees of freedom at each node: rotations about the nodal x, y, and z axes.
No bending or axial loads are considered.

The spring-damper element has no mass. Masses can be added by using the appropriate mass element (see
MASS21). The spring or the damping capability may be removed from the element. See COMBIN14 in the ANSYS,
Inc. Theory Reference for more details about this element. A general spring or damper is also available in the
stiffness matrix element (MATRIX27). Another spring-damper element (having its direction of action determined
by the nodal coordinate directions) is COMBIN40.

Figure 14.1 COMBIN14 Geometry
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2-D elements must lie in a z = constant plane
COMBIN14 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 14.1: “COMBIN 14
Geometry”. The element is defined by two nodes, a spring constant (k) and damping coefficients (c,), and (c,),.

The damping capability is not used for static or undamped modal analyses. The longitudinal spring constant
should have units of Force/Length, the damping coefficient units are Force*Time/Length. The torsional spring
constant and damping coefficient have units of Force*Length/Radian and Force*Length*Time/Radian, respectively.
For a 2-D axisymmetric analysis, these values should be on a full 360° basis.

The damping portion of the element contributes only damping coefficients to the structural damping matrix.
The damping force (F) or torque (T) is computed as:
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F,=-cdu/dtorTy=-c,d 6/dt
where ¢, is the damping coefficient given by c, = (c,), + (c,),V.

v is the velocity calculated in the previous substep. The second damping coefficient (c,), is available to produce
a nonlinear damping effect characteristic of some fluid environments. If (c,), is input (as real constant CV2),
KEYOPT(1) must be set to 1.

KEYOPT(2) =1 through 6 is used for defining the element as a one-dimensional element. With these options, the
element operates in the nodal coordinate system (see Section 2.3.2: Elements that Operate in the Nodal Coordinate
System). The KEYOPT(2) = 7 and 8 options allow the element to be used in a thermal or pressure analysis.

A summary of the element input is given in COMBIN14 Input Summary. A general description of element input
is given in Section 2.1: Element Input.

COMBIN14 Input Summary

Nodes
1)

Degrees of Freedom

UX, UY, UZ if KEYOPT (3) =0

ROTX, ROTY, ROTZ if KEYOPT (3) = 1
UX, UY if KEYOPT (3) =2

see list below if KEYOPT(2) > 0

Real Constants

K - Spring constant
CV1 - Damping coefficient
CV2 - Damping coefficient (KEYOPT(1) must be set to 1)

Material Properties
DAMP

Surface Loads
None

Body Loads
None

Special Features

Nonlinear (if CV2 is not zero)
Stress stiffening

Large deflection

Birth and death

KEYOPT(1)
Solution type:
O _—
Linear Solution (default)

1--
Nonlinear solution (required if CV2 is nonzero)

4-92 ANSYS Elements Reference. ANSYS Release 8.1.001972.© SAS IP, Inc.



COMBIN14

KEYOPT(2)
Degree of freedom selection for 1-D behavior:
0--
Use KEYOPT(3) options
1--
1-D longitudinal spring-damper (UX degree of freedom)
2 -
1-D longitudinal spring-damper (UY degree of freedom)
3--
1-D longitudinal spring-damper (UZ degree of freedom)
4 -
1-D Torsional spring-damper (ROTX degree of freedom)
5 —
1-D Torsional spring-damper (ROTY degree of freedom)
6 —
1-D Torsional spring-damper (ROTZ degree of freedom)
7 -
Pressure degree of freedom element
8 --
Temperature degree of freedom element
Note — KEYOPT(2) overrides KEYOPT(3)
KEYOPT(3)
Degree of freedom selection for 2-D and 3-D behavior:
0--
3-D longitudinal spring-damper
1--
3-D torsional spring-damper
2 -
2-D longitudinal spring-damper (2-D elements must lie in an X-Y plane)
COMBIN14 Output Data

The solution output associated with the element is in two forms:

* Nodal displacements included in the overall nodal solution

« Additional element output as shown in Table 14.1: “COMBIN14 Element Output Definitions”.

Several items are illustrated in Figure 14.2: “COMBIN14 Stress Output”. A general description of solution output
is given in Section 2.2: Solution Output. See the ANSYS Basic Analysis Guide for ways to view results.
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Figure 14.2 COMBIN14 Stress Output
" A

J .-~ ® Force
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The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 14.1 COMBIN14 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Nodes -1, J Y Y
XC YC, zC Location where results are reported Y 1
FORC or TORQ Spring force or moment Y Y
STRETCH or TWIST |Stretch of spring or twist of spring (radians) Y Y
RATE Spring constant Y Y
VELOCITY Velocity - Y
DAMPING FORCE or | Damping force or moment (zero unless ANTYPE, TRANS Y Y
TORQUE and damping present)

1. Available only at centroid as a *GET item.

Table 14.2:“COMBIN14 Item and Sequence Numbers” lists output available through the ETABLE command using
the Sequence Number method. See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and
Section 2.2.2.2: The Item and Sequence Number Table of this manual for more information. The following notation
is used in Table 14.2: “COMBIN14 Item and Sequence Numbers”:

Name
output quantity as defined in the Table 14.1: “COMBIN14 Element Output Definitions”

Item
predetermined ltem label for ETABLE command

sequence number for single-valued or constant element data
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Table 14.2 COMBIN14 Item and Sequence Numbers

. ETABLE and ESOL
Output Quantity| command Input
Name
Item E
FORC SMISC 1
STRETCH NMISC 1
VELOCITY NMISC 2
DAMPING FORCE NMISC

COMBIN14 Assumptions and Restrictions

If KEYOPT(2) is zero, the length of the spring-damper element must not be zero, i.e., nodes | and J should
not be coincident, since the node locations determine the spring orientation.

The longitudinal spring element stiffness acts only along its length. The torsion spring element stiffness
acts only about its length, as in a torsion bar.

The element allows only a uniform stress in the spring.

In a thermal analysis, the temperature or pressure degree of freedom acts in a manner analogous to the
displacement.

Only the KEYOPT(2) = 0 option supports stress stiffening or large deflection. Also, if KEYOPT(3) = 1 (torsion)
is used with large deflection, the coordinates will not be updated.

The spring or the damping capability may be deleted from the element by setting K or CV equal to zero,
respectively.

If CV2 is not zero, the element is nonlinear and requires an iterative solution (KEYOPT(1) = 1).

The restrictions described below only apply if KEYOPT(2) is greater than zero.

If KEYOPT(2) is greater than zero, the element has only one degree of freedom. This degree of freedom is
specified in the nodal coordinate system and is the same for both nodes (see Section 2.3.2: Elements that
Operate in the Nodal Coordinate System). If the nodal coordinate systems are rotated relative to each
other, the same degree of freedom may be in different directions (thereby giving possibly unexpected
results). The element, however, assumes only a 1-D action. Nodes | and J, then, may be anywhere in space
(preferably coincident).

For noncoincident nodes and KEYOPT(2) = 1, 2, or 3, no moment effects are included. That is, if the nodes
are offset from the line of action, moment equilibrium may not be satisfied.

The element is defined such that a positive displacement of node J relative to node | tends to stretch the
spring. If, for a given set of conditions, nodes | and J are interchanged, a positive displacement of node J
relative to node | tends to compress the spring.

COMBIN14 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

Structural Analysis:
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+ No damping capability; CV1 and CV2 are not allowed.

+  Only stress stiffening and large deflections are allowed.
+  KEYOPT(2) =7 or 8 is not allowed.

+ The DAMP material property is not allowed.

ANSYS Professional
Thermal Analysis:

+  KEYOPT(2) defaults to 8.
« KEYOPT(3) is not applicable.
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Elastic Straight Pipe

MP ME ST <> <>PR <> <><>PPED

PIPE16 Element Description

PIPE16 is a uniaxial element with tension-compression, torsion, and bending capabilities. The element has six
degrees of freedom at two nodes: translations in the nodal x, y, and z directions and rotations about the nodal
X, Y, and z axes. This element is based on the 3-D beam element (BEAM4), and includes simplifications due to its
symmetry and standard pipe geometry. See PIPE16 in the ANSYS, Inc. Theory Reference for more details about
this element. See PIPE18 for a curved pipe element. See PIPE17 for a pipe tee element. See PIPE20 for a plastic
straight pipe element.

Figure 16.1 PIPE16 Geometry

4 If node K is omitted, the element Y-axis is
parellelto the global X-Y plane

y xy,Zz defines the element coordinate
¥ system arientation

4

PIPE16 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 16.1: “PIPE16
Geometry”. The element input data include two or three nodes, the pipe outer diameter and wall thickness,
stress intensification and flexibility factors, internal fluid density, exterior insulation density and thickness, corrosion
thickness allowance, insulation surface area, pipe wall mass, axial pipe stiffness, rotordynamic spin, and the iso-
tropic material properties.

The element X-axis is oriented from node | toward node J. For the two-node option, the element Y-axis is auto-
matically calculated to be parallel to the global X-Y plane. Several orientations are shown in Figure 16.1: “PIPE16
Geometry”. For the case where the element is parallel to the global Z-axis (or within a 0.01 percent slope of it),
the element Y-axis is oriented parallel to the global Y-axis (as shown). For user control of the element orientation
about the element X-axis, use the third node option. The third node (K), if used, defines a plane (with I and J)
containing the element X and Z axes (as shown). Input and output locations around the pipe circumference
identified as being at 0° are located along the element Y-axis, and similarly 90° is along the element Z-axis.
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The stress intensification factor (SIF) modifies the bending stress. Stress intensification factors may be input at
end | (SIFI) and end J (SIF)), if KEYOPT(2) = 0, or determined by the program using a tee-joint calculation if KEY-
OPT(2) =1, 2, or 3. SIF values less than 1.0 are set equal to 1.0. The flexibility factor (FLEX) is divided into the cross-
sectional moment of inertia to produce a modified moment of inertia for the bending stiffness calculation. FLEX
defaults to 1.0 but may be input as any positive value.

The element mass is calculated from the pipe wall material, the external insulation, and the internal fluid. The
insulation and the fluid contribute only to the element mass matrix. The corrosion thickness allowance contributes
only to the stress calculations. A positive wall mass real constant overrides the pipe wall mass calculation. A
nonzero insulation area real constant overrides the insulation surface area calculation (from the pipe outer dia-
meter and length). A nonzero stiffness real constant overrides the calculated axial pipe stiffness.

Element loads are described in Section 2.8: Node and Element Loads. Pressures may be input as surface loads
on the element faces as shown by the circled numbers on Figure 16.1: “PIPE16 Geometry”. Internal pressure
(PINT) and external pressure (POUT) are input as positive values. The transverse pressures (PX, PY, and PZ) may
represent wind or drag loads (per unit length of the pipe) and are defined in the global Cartesian directions.
Positive transverse pressures act in the positive coordinate directions. The normal component or the projected
full pressure may be used (KEYOPT(5)). Tapered pressures are not recognized. Only constant pressures are sup-
ported for this element. See PIPE16 in the ANSYS, Inc. Theory Reference for more information.

Temperatures may be input as element body loads at the nodes. Temperatures may have wall gradients or dia-
metral gradients (KEYOPT(1)). The average wall temperature at § = 0° is computed as 2 * TAVG - T(180) and the
average wall temperature at 8 =-90° is computed as 2 * TAVG - T(90). The element temperatures are assumed
to be linear along the length. The first temperature at node | (TOUT() or TAVG(l)) defaults to TUNIF. If all temper-
atures after the first are unspecified, they default to the first. If all temperatures at node | are input, and all tem-
peratures at node J are unspecified, the node J temperatures default to the corresponding node | temperatures.
For any other pattern of input temperatures, unspecified temperatures default to TUNIF.

For piping analyses, the PIPE module of PREP7 may be used to generate the input for this element. KEYOPT(4)
is used to identify the element type for output labeling and for postprocessing operations.

KEYOPT(7) is used to compute an unsymmetric gyroscopic damping matrix (often used for rotordynamic analyses).
The rotational frequency is input with the SPIN real constant (radians/time, positive in the positive element x
direction).

A summary of the element input is given in PIPE16 Input Summary. A general description of element input is
given in Section 2.1: Element Input.

PIPE16 Input Summary

Nodes
I, J, K(K, the orientation node, is optional)

Degrees of Freedom
UX, UY, UZ, ROTX, ROTY, ROTZ

Real Constants

OD, TKWALL, SIFI, SIFJ, FLEX, DENSFL,

DENSIN, TKIN, TKCORR, AREAIN, MWALL, STIFF,

SPIN

See Table 16.1: “PIPE16 Real Constants” for a description of the real constants

Material Properties
EX, ALPX (or CTEX or THSX),
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PRXY (or NUXY), DENS, GXY, DAMP

Surface Loads

Pressures --
1-PINT, 2-PX, 3-PY, 4-PZ, 5-POUT

Body Loads
Temperatures --

TOUT(l), TIN(I), TOUT(J), TIN(J) if KEYOPT (1) =0, or

TAVG(l), T9O(l), T180(1), TAVG(J), T90(J), T180(J) if KEYOPT (1) =1

Special Features

Stress stiffening
Large deflection
Birth and death

KEYOPT(1)
Temperatures represent:

0--
The through-wall gradient
1--
The diametral gradient
KEYOPT(2)
Stress intensification factors:
O —
Stress intensity factors from SIFl and SIFJ
1--
Stress intensity factors at node | from tee joint calculation
2 -
Stress intensity factors at node J from tee joint calculation
3--
Stress intensity factors at both nodes from tee joint calculation
KEYOPT(4)
Element identification (for output and postprocessing):
0--
Straight pipe
1--
Valve
2
Reducer
3 —
Flange
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4 -
Expansion joint
5
Mitered bend
6 -
Tee branch
KEYOPT(5)
PX, PY, and PZ transverse pressures:
O —
Use only the normal component of pressure
1--
Use the full pressure (normal and shear components)
KEYOPT(6)
Member force and moment output:
0--
Do not print member forces or moments
2 -
Print member forces and moments in the element coordinate system
KEYOPT(7)

Gyroscopic damping matrix:

0--
No gyroscopic damping matrix

1--
Compute gyroscopic damping matrix. Real constant SPIN must be greater than zero. DENSFL and DENSIN
must be zero.

Note — The real constant MWALL is not used to compute the gyroscopic damping matrix.

Table 16.1 PIPE16 Real Constants

No. Name Description
1 oD Pipe outer diameter
2 TKWALL Wall thickness
3 SIFI Stress intensification factor (node I)
4 SIFJ Stress intensification factor (node J)
5 FLEX Flexibility factor
6 DENSFL Internal fluid density
7 DENSIN Exterior insulation density
8 TKIN Insulation thickness
9 TKCORR Corrosion thickness allowance
10 AREAIN Insulation surface area (replaces program-calculated value)
11 MWALL Pipe wall mass (replaces program-calculated value)
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No. Name Description

12 STIFF Axial pipe stiffness (replaces program-calculated value)

13 SPIN Rotordynamic spin (required if KEYOPT(7) = 1)
PIPE16 Output Data

The solution output associated with the element is in two forms:

* Nodal displacements included in the overall nodal solution

« Additional element output as shown in Table 16.2: “PIPE16 Element Output Definitions”
Several items are illustrated in Figure 16.2: “PIPE16 Stress Output”.

The direct stress (SAXL) includes the internal pressure (closed end) effect. The direct stress does not include the
axial component of the transverse thermal stress (STH). The principal stresses and the stress intensity include
the shear force stress component, and are based on the stresses at the two extreme points on opposite sides of
the neutral axis. These quantities are computed at the outer surface and might not occur at the same location
around the pipe circumference. Angles listed in the output are measured as shown (0) in Figure 16.2: “PIPE16
Stress Output”. A general description of solution output is given in Section 2.2: Solution Output. See the ANSYS
Basic Analysis Guide for ways to view results.

Figure 16.2 PIPE16 Stress Output
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The Element Output Definitions table uses the following notation:

A colon (;) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 16.2 PIPE16 Element Output Definitions

Name Definition (o] R
EL Element Number Y Y
NODES Nodes -1, J Y Y
MAT Material number Y Y
VOLU: Volume - Y
XC, YC, ZC Location where results are reported Y 6
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Name Definition (o] R
CORAL Corrosion thickness allowance 1 1
TEMP TOUT(I), TIN(I), TOUT(J), TIN(J) 2 2
TEMP TAVG(l), T90(l), T180(1), TAVG(J), T90(J), T180(J) 3 3
PRES PINT, PX, PY, PZ, POUT Y Y
SFACTI, SFACT) Stress intensification factors at nodes | and J Y Y
STH Stress due to maximum thermal gradient through the wall Y Y
thickness
SPR2 Hoop pressure stress for code calculations - Y
SMI, SMJ Moment stress at nodes | and J for code calculations - Y
SDIR Direct (axial) stress - Y
SBEND Maximum bending stress at outer surface - Y
ST Shear stress at outer surface due to torsion - Y
SSF Shear stress due to shear force - Y
S:(1MX, 3MN, INTMX, Maximum principal stress, minimum principal stress, maximum Y Y
EQVMX) stress intensity, maximum equivalent stress (all at the outer
surface)
S:(AXL, RAD, H, XH) Axial, radial, hoop, and shear stresses 4
S:(1, 3, INT, EQV) Maximum principal stress, minimum principal stress, stress
intensity, equivalent stress
EPEL:(AXL, RAD, H, XH) |Axial, radial, hoop, and shear strains
EPTH:(AXL, RAD, H) Axial, radial, and hoop thermal strain
MFOR:(X, Y, Z) Member forces for nodes | and J (in the element coordinate
system)
MMOM:(X, Y, Z) Member moments for nodes | and J (in the element coordinate 5 Y
system)

1. If the value is greater than 0.

If KEYOPT(1) =0

If KEYOPT(1) =1

The item repeats at 0°,45°,90°, 135°,180°, 225°,270°,315° at node |, then at node J, all at the outer surface.
If KEYOPT(6) = 2

Available only at centroid as a *GET item.

o v M W N

The following tables list output available through the ETABLE command using the Sequence Number method.
See The General Postprocessor (POST1) in the ANSYS Basic Analysis Guide and Section 2.2.2.2: The Item and Se-
quence Number Table of this manual for more information. The following notation is used in Table 16.3: “PIPE16
Item and Sequence Numbers (Node I)” through Table 16.5: “PIPE16 ltem and Sequence Numbers”:

Name
output quantity as defined in the Table 16.2: “PIPE16 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data
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l,J
sequence number for data at nodes | and J

Table 16.3 PIPE16 Item and Sequence Numbers (Node )

Output ETABLE and ESOL Command Input
Quantity Circumferential Location
Name ftem : 0° | 45° | 90° | 135° | 180° | 225° | 270° | 315°
SAXL LS - 1 5 9 13 17 21 25 29
SRAD LS - 2 6 10 14 18 22 26 30
SH LS - 3 7 11 15 19 23 27 31
SXH LS - 4 8 12 16 20 24 28 32
EPELAXL LEPEL - 1 5 9 13 17 21 25 29
EPELRAD LEPEL - 2 6 10 14 18 22 26 30
EPELH LEPEL - 3 7 11 15 19 23 27 31
EPELXH LEPEL - 4 8 12 16 20 24 28 32
EPTHAXL LEPTH - 1 5 9 13 17 21 25 29
EPTHRAD LEPTH - 2 6 10 14 18 22 26 30
EPTHH LEPTH - 3 7 11 15 19 23 27 31
MFORX SMISC 1 - - - - - - - -
MFORY SMISC 2 - - - - - - - -
MFORZ SMISC 3 - - - - - - - -
MMOMX SMISC 4 - - - - - - - -
MMOMY SMISC 5 - - - - - - - -
MMOMZ SMISC 6 - - - - - - - -
SDIR SMISC 13 - - - - - - - -
ST SMISC 14 - - - - - - - -
S1 NMISC - 1 6 11 16 21 26 31 36
S3 NMISC - 3 8 13 18 23 28 33 38
SINT NMISC - 4 9 14 19 24 29 34 39
SEQV NMISC - 5 10 15 20 25 30 35 40
SBEND NMISC 90 - - - - - - - -
SSF NMISC 91 - - - - - - - -
TOUT LBFE - 4 - 1 - 2 - 3 -
TIN LBFE - 8 - 5 - 6 - 7 -

Table 16.4 PIPE16 Item and Sequence Numbers (Node J)

Output ETABLE and ESOL Command Input
Quantity Circumferential Location
Name Item E
0° 45° | 90° | 135° | 180° | 225° | 270° | 315°
SAXL LS - 33 37 41 45 49 53 57 61
SRAD LS - 34 38 42 46 50 54 58 62
SH LS - 35 39 43 47 51 55 59 63
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ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name ftem : 0° | 45° | 90° | 135° | 180° | 225° | 270° | 315°
SXH LS - 36 40 44 48 52 56 60 64
EPELAXL LEPEL - 33 37 41 45 49 53 57 61
EPELRAD LEPEL - 34 38 42 46 50 54 58 62
EPELH LEPEL - 35 39 43 47 51 55 59 63
EPELXH LEPEL - 36 40 44 48 52 56 60 64
EPTHAXL LEPTH - 33 37 141 45 49 53 57 61
EPTHRAD LEPTH - 34 38 42 46 50 54 58 62
EPTHH LEPTH - 35 39 43 47 51 55 59 63
MFORX SMISC 7 - - - - - - - -
MFORY SMISC 8 - - - - - - - -
MFORZ SMISC 9 - - - - - - - -
MMOMX SMISC 10 - - - - - - - -
MMOMY SMISC 1 - - - - - - - -
MMOMZ SMISC 12 - - - - - - - -
SDIR SMISC 15 - - - - - - - -
ST SMISC 16 - - - - - - - -
S1 NMISC - 41 46 51 56 61 66 71 76
S3 NMISC - 43 48 53 58 63 68 73 78
SINT NMISC - 44 49 54 59 64 69 74 79
SEQV NMISC - 45 50 55 60 65 70 75 80
SBEND NMISC 92 - - - - - - - -
SSF NMISC 93 - - - - - - - -
TOUT LBFE - 12 - 9 - 10 - 1 -
TIN LBFE - 16 - 13 - 14 - 15 -

Table 16.5 PIPE16 Item and Sequence Numbers

Output | ETABLE and ESOL
Quantity | Command Input
Name Item E
STH SMISC 17
PINT SMISC 18

PX SMISC 19
PY SMISC 20
PZ SMISC 21
POUT SMISC 22
SFACTI NMISC 81
SFACT)J NMISC 82
SPR2 NMISC 83
SMI NMISC 84
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Output | ETABLE and ESOL
Quantity | Command Input

Name Item E

SMJ NMISC 85
STMX NMISC 86
S3MN NMISC 87

SINTMX NMISC 88

SEQVMX NMISC 89

PIPE16 Assumptions and Restrictions

The pipe must not have a zero length or wall thickness. In addition, the OD must not be less than or equal
to zero, the ID must not be less than zero, and the corrosion thickness allowance must be less than the
wall thickness.

The element temperatures are assumed to vary linearly along the length.

The element may be used for both thin and thick-walled situations; however, some of the stress calculations
are based on thin-wall theory.

The pipe element is assumed to have “closed ends” so that the axial pressure effect is included.
Shear deflection capability is also included in the element formulation.

Eigenvalues calculated in a gyroscopic modal analysis can be very sensitive to changes in the initial shift
value, leading to potential error in either the real or imaginary (or both) parts of the eigenvalues.

PIPE16 Product Restrictions

When used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition
to the general assumptions and restrictions given in the previous section.

ANSYS Professional

The SPIN real constant (R13) is not available.
The DAMP material property is not allowed.
The only special features allowed are stress stiffening and large deflections.

KEYOPT(7) (gyroscopic damping) is not allowed.
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Elastic Pipe Tee

MP ME ST <> <>PR <> <><>PPED

PIPE17 Element Description

PIPE17 is a combination of three uniaxial elastic straight pipe elements (PIPE16) arranged in a “tee” configuration,
with tension-compression, torsion, and bending capabilities. The element has six degrees of freedom at each
node: translations in the nodal x, y, and z directions and rotations about the nodal x, y, and z axes.

Options are available to include tee-joint flexibility and stress intensification factors and to print member forces.
The element can account for insulation, contained fluid, and a corrosion allowance. See PIPE17 in the ANSYS, Inc.
Theory Reference for more details about this element.

Theland J nomenclature used in the description of this element refers to the first and second end of each branch
of the element, i.e., I-J for branch 1, J-K for branch 2, and J-L for branch 3.

Figure 17.1 PIPE17 Geometry
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z
L
K y *
z I
Y
J
I
./J
I
¥ [] - Branch number ¥,y,Zz defines the element coordinate
8 - Surface load number system orientation. Each branch has
b O its own coordinate system.
PIPE17 Input Data

The geometry, node locations, and the coordinate system for this element are shown in Figure 17.1: “PIPE17
Geometry”. The element input data include four nodes, the branch outer diameters, wall thicknesses, material
numbers, flexibility factors, stress intensification factors, internal fluid densities, exterior insulation densities and
thicknesses, corrosion thickness allowance, and the isotropic material properties. The real constant material
number, if supplied, overrides the element material property number applied with the MAT command, and defaults
to the element material property number. The element degenerates to two branches if three nodes are input,
and to one pipe element if only two nodes are input. The real constants (except DFL, DIN, and TKIN) for the other
branches default to those of the first branch if not input.

The bending stiffness of this element is similar to that of BEAM4 except that it is modified by the flexibility factor.
Each branch has its own element coordinate system, with its origin at the first node of the branch and the element
X-axis along the branch axis. The orientation of the branch Y-axis is automatically calculated to be parallel to the
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global X-Y plane (see Figure 17.1: “PIPE17 Geometry”). For the case where the branch is parallel to the global Z
axis (or within a 0.01 percent slope of it), the branch Y-axis is oriented parallel to the global Y axis. Input and
output locations around the pipe circumference identified as being at 0° are located along the branch Y-axis,
and similarly 90°is along the branch Z-axis. The flexibility factor (FLEX) is divided into the cross-sectional moment
of inertia to produce a modified moment of inertia for the stiffness calculation. FLEX defaults to 1.0 but may be
input as any positive value. The internal fluid and external insulation constants are used only to determine the
added mass effects for these components.

Element loads are described in Section 2.8: Node and Element Loads. Pressures may be input as surface loads
on the element faces as shown by the circled numbers on Figure 17.1: “PIPE17 Geometry”. Internal pressure
(PINT) and external pressure (POUT) are input as positive values. The transverse pressures (PX, PY, and PZ) may
represent wind or drag loads (per unit length of the pipe) and are defined in the global Cartesian directions.
Positive transverse pressures act in the positive coordinate directions. Tapered pressures are not recognized.
Only constant pressures are supported for this element. See PIPE17 in the ANSYS, Inc. Theory Reference for details.

Temperatures may be input as element body loads at the nodes. Outer and inner wall temperatures may be
specified for each branch. Temperatures are assumed to be uniform along each branch. The first temperature
for branch 1 (TOUT1) defaults to TUNIF. If all temperatures after the first are unspecified, they default to the first.
If both temperatures at branch 1 are input, and all temperatures at branches 2 and 3 are unspecified, they default
to the corresponding branch 1 temperatures. For any other input pattern, unspecified temperatures default to
TUNIF.

Use the BETAD command to supply the global value of damping. If MP,DAMP is defined for the material number
of the element (assigned with the MAT command), itis used for the element instead of the value from the BETAD
command. Similarly, use the TREF command to supply the global value of reference temperature. If MP,REFT is
defined for the material number of the element, it is used for the element instead of the value from the TREF
command. But if MP,REFT is defined for the material number of the branch, it is used instead of either the global
or element value.

The KEYOPT(2) options for stress intensification factors are discussed in PIPE16 Input Data.

A summary of the element input is given in PIPE17 Input Summary. A general description of element input is
given in Section 2.1: Element Input.

PIPE17 Input Summary
Nodes

I, J, K, L for three branches (I-J, J-K, J-L), or
l, J, K for two branches (I-J, J-K), or
I, J for one branch (I-))

Degrees of Freedom
UX, UY, UZ, ROTX, ROTY, ROTZ

Real Constants

OD1, TK1, MAT1, FLEX1, SIF1l, SIF1J,

OD2, TK2, MAT2, FLEX2, SIF2J, SIF2K,

OD3, TK3, MAT3, FLEX3, SIF3J, SIF3L,

DFL1, DIN1, TKIN1, DFL2, DIN2, TKIN2,

DFL3, DIN3, TKIN3, TKCORR

See Table 17.1: “PIPE17 Real Constants” for a description of the real constants.
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Material Properties

EX, ALPX (or CTEX or THSX), PRXY (or NUXY), DENS, GXY, DAMP
REFT

Supply DAMP only once for the element (use MAT command to assign material property set). REFT may be
supplied once for the element, or may be assigned on a per branch basis. See the discussion in PIPE17 Input
Data for more details.

Surface Loads

Pressures --
1-PINT, 2-PX, 3-PY, 4-PZ, 5-POUT

Body Loads

Temperatures --
TOUT1, TIN1, TOUT2, TIN2, TOUT3, TIN3 (outer and inner for each branch)

Special Features

Stress stiffening
Large deflection
Birth and death

KEYOPT(2)
Stress intensification factors:

O —
Stress intensity factors from SIF real constants
1--
Tee stress intensity factors at first node of each branch from tee joint calculation
2
Tee stress intensity factors at second node of each branch from tee joint calculation
3--
Tee stress intensity factors at both nodes of each branch from tee joint calculation
KEYOPT(6)
Member force and moment output:
0--
No printout of member forces or moments
2

Print member forces and moments in the element coordinate system

Table 17.1 PIPE17 Real Constants

No. Name Description
1 OD1 Pipe outer diameter for branch 1
2 TK1 Thickness for branch 1
3 MAT1 Material number for branch 1
4 FLEX1 Flexibility factor for branch 1
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No. Name Description
5 SIF1I Stress intensification factor for branch 1, node |
6 SIF1J Stress intensification factor for branch 1, node J
7 0OD2 Pipe outer diameter for branch 2
8 TK2 Thickness for branch 2
9 MAT2 Material number for branch 2
10 FLEX2 Flexibility factor for branch 2
11 SIF2) Stress intensification factor for branch 2, node J
12 SIF2K Stress intensification factor for branch 2, node K
13 0oD3 Pipe outer diameter for branch 3
14 TK3 Thickness for branch 3
15 MAT3 Material number for branch 3
16 FLEX3 Flexibility factor for branch 3
17 SIF3) Stress intensification factor for branch 3, node J
18 SIF3L Stress intensification factor for branch 3, node L
19 DFL1 Internal fluid densities
20 DIN1 Exterior insulation densities
21 TKINT Insulation thickness for branch 1
22 DFL2 Internal fluid densities
23 DIN2 Exterior insulation densities
24 TKIN2 Insulation thickness for branch 2
25 DFL3 Internal fluid densities
26 DIN3 Exterior insulation densities
27 TKIN3 Insulation thickness for branch 3
28 TKCORR Corrosion thickness allowance
PIPE17 Output Data

The solution output associated with the element is in two forms:

* Nodal displacements included in the overall nodal solution

+ Additional element output as shown in Table 17.2: “PIPE17 Element Output Definitions”
Several items are illustrated in Figure 17.2: “PIPE17 Stress Output”.

The direct stress includes the internal pressure (closed end) effect. The direct stress does not include the axial
component of the transverse thermal stress. Also printed for each end of each branch are the maximum and
minimum principal stresses and the stress intensity. These quantities are computed at the outer surface and may
not occur at the same location around the pipe circumference. The effect of the corrosion allowance thickness
isalsoincluded as described in PIPE16 Input Data. The principal stresses and the stress intensity include the shear
force stress component. The output stresses and the stress intensification factors are calculated as shown in
PIPE16 Input Data. Angles listed in the output are measured as shown (6) in Figure 17.2: “PIPE17 Stress Output”.
A general description of solution output is given in Section 2.2: Solution Output. See the ANSYS Basic Analysis
Guide for ways to view results.
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Figure 17.2 PIPE17 Stress Output
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The Element Output Definitions table uses the following notation:

A colon (:) in the Name column indicates the item can be accessed by the Component Name method [ETABLE,
ESOL]. The O column indicates the availability of the items in the file Jobname.OUT. The R column indicates the
availability of the items in the results file.

In either the O or R columns, Y indicates that the item is always available, a number refers to a table footnote
that describes when the item is conditionally available, and a - indicates that the item is not available.

Table 17.2 PIPE17 Element Output Definitions

Name Definition 0 R
EL Element Number Y Y
NODES Nodes -1, J, K, L Y Y
VOLU: Volume - Y
XC YC, zC Location where results are reported 4
TEMP TOUT1, TIN1, TOUT2, TIN2, TOUT3, TIN3 (outer and inner Y
for each branch)
PRES PINT, PX, PY, PZ, POUT Y
MFOR(X, Y, Z2) Member forces at the ends of each branch (in the branch 1 Y
coordinate system)
MMOM(X, Y, Z) Member moments at the ends of each branch (in the 1 Y
branch coordinate system)
SFACTI, SFACT) Stress intensification factors 2 2
STH Stress due to maximum thermal gradient through the 2 2
wall thickness
SPR2 Hoop pressure stress for code calculations - 2
SMI, SMJ Moment stress at nodes | and J for code calculations - 2
SDIR Direct (axial) stress - 2
SBEND Maximum bending stress at outer surface - 2
ST Shear stress at outer surface due to torsion - 2
SSF Shear stress due to shear force - 2
S(1MX, 3MN, INTMX, | Maximum principal stress, minimum principal stress, 2 2
EQVMX) maximum stress intensity, maximum equivalent stress
(all at the outer surface)

ANSYS Elements Reference. ANSYS Release 8.1.001972. © SAS IP, Inc.

4-111



PIPE17

Name Definition o R
S(1, 3, INT, EQV) Maximum principal stress, minimum principal stress, 3
stress intensity, equivalent stress
S(AXL, RAD, H, XH) |Axial, radial, hoop, and shear stresses 3 3
EPEL(AXL, RAD, H, |Axial, radial, hoop, and shear strains 3 3
XH)
EPTH(AXL, RAD, H) |Axial, radial, and hoop thermal strain 3 3

1. Only if KEYOPT(6) = 2
2. Theitem repeats for each branch

3. Theitem repeats at 0°, 45°,90°, 135°, 180°, 225°, 270°, 315° at the ends of each branch (all at the outer
surface)

4. Available only at centroid as a *GET item.
The following tables list output available through the ETABLE command using the Sequence Number method.
See The General Postprocessor (POST1) of the ANSYS Basic Analysis Guide and Section 2.2.2.2: The ltem and Se-

quence Number Table of this manual for more information. The following notation is used in Table 17.3: “PIPE17
Item and Sequence Numbers (Branch 1, Node I)” through Table 17.12: “PIPE17 Item and Sequence Numbers”:

Name
output quantity as defined in the Table 17.2: “PIPE17 Element Output Definitions”

Item
predetermined Item label for ETABLE command

sequence number for single-valued or constant element data

1,J,K
sequence number for data at nodes I,J, and K

Table 17.3 PIPE17 Item and Sequence Numbers (Branch 1, Node I)

Output ETABLE and ESOL Command Input
Quantity Circumferential Location
Name tem : 0° | 45° | 90° | 135° | 180° | 225° | 270° | 315°
SAXL LS - 1 5 9 13 17 21 25 29
SRAD LS - 2 6 10 14 18 22 26 30
SH LS - 3 7 11 15 19 23 27 31
SXH LS - 4 8 12 16 20 24 28 32
EPELAXL LEPEL - 1 5 9 13 17 21 25 29
EPELRAD LEPEL - 2 6 10 14 18 22 26 30
EPELH LEPEL - 3 7 11 15 19 23 27 31
EPELXH LEPEL - 4 8 12 16 20 24 28 32
EPTHAXL LEPTH - 1 5 9 13 17 21 25 29
EPTHRAD LEPTH - 2 6 10 14 18 22 26 30
EPTHH LEPTH - 3 7 11 15 19 23 27 31
S1 NMISC - 1 6 1 16 21 26 31 36
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ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name frem oo [ a5 [ 90° |135° | 180° | 225° | 270° | 315°
S3 NMISC - 8 13 18 23 28 33 38
SINT NMISC - 4 9 14 19 24 29 34 39
SEQV NMISC - 10 15 20 25 30 35 40
SBEND NMISC 268 - - - - - - - -
SSF NMISC 269 - - - - - - - -
MFORX SMISC 1 - - - - - - - -
MFORY SMISC 2 - - - - - - - -
MFORZ SMISC 3 - - - - - - - -
MMOMX SMISC 4 - - - - - - - -
MMOMY SMISC 5 - - - - - - - -
MMOMZ SMISC 6 - - - - - - - -
SDIR SMISC 37 - - - - - - - -
ST SMISC 38 - - - - - - - -

Table 17.4 PIPE17 Item and Sequence Numbers (Branch 1, Node J)

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name Item ® [Too [ 450 | 90" [135° | 180° | 225° | 270° | 315°
SAXL LS - 33 37 141 45 49 53 57 61
SRAD LS - 34 38 42 46 50 54 58 62
SH LS - 35 39 43 47 51 55 59 63
SXH LS - 36 40 44 48 52 56 60 64
EPELAXL LEPEL - 33 37 41 45 49 53 57 61
EPELRAD LEPEL - 34 38 42 46 50 54 58 62
EPELH LEPEL - 35 39 43 47 51 55 59 63
EPELXH LEPEL - 36 40 44 48 52 56 60 64
EPTHAXL LEPTH - 33 37 41 45 49 53 57 61
EPTHRAD LEPTH - 34 38 42 46 50 54 58 62
EPTHH LEPTH - 35 39 43 47 51 55 59 63
S1 NMISC - 41 46 51 56 61 66 71 76
S3 NMISC - 43 48 53 58 63 68 73 78
SINT NMISC - 44 49 54 59 64 69 74 79
SEQV NMISC - 45 50 55 60 65 70 75 80
SBEND NMISC 270 - - - - - - - -
SSF NMISC 271 - - - - - - - -
MFORX SMISC - - - - - - - -
MFORY SMISC - - - - - - - -
MFORZ SMISC - - - - - - - -
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ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name Item E
0° 45° | 90° | 135° | 180° | 225° | 270° | 315°

MMOMX SMISC 10 - - - - - - - -
MMOMY SMISC 11 - - - - - - - -
MMOMZ SMISC 12 - - - - - - - -
SDIR SMISC 39 - - - - - - - -
ST SMISC 40 - - - - - - - -

Table 17.5 PIPE17 Item and Sequence Numbers (Branch 1)

Output ETABLE and ESOL Command Input
Quantity Circumferential Location
Name frem F o [ e [ 180° | 270°
SFACTI  |NMISC 241 - - - -
SFACTJ) |NMISC 242 - - - -
SPR2 NMISC 243 - - - -
SMI NMISC 244 - - - -
SMJ NMISC 245 - - - -
STMX NMISC 256 - - - -
S3MN  |NMISC 257 - - - -
SINTMX  |NMISC 258 - - - -
SEQVMX |NMISC 259 - - - -
STH SMISC 41 - - - -
TOUT  |LBFE - 4 1 2 3
TIN  |LBFE - 5 6 7

Table 17.6 PIPE17 Item and Sequence Numbers (Branch 2, Node J)

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name ftem : 0° | 45° | 90° | 135° | 180° | 225° | 270° | 315°
SAXL LS - 65 69 73 77 81 85 89 93
SRAD LS - 66 70 74 78 82 86 90 94
SH LS - 67 71 75 79 83 87 91 95
SXH LS - 68 72 76 80 84 88 92 96
EPELAXL LEPEL - 65 69 73 77 81 85 89 93
EPELRAD LEPEL - 66 70 74 78 82 86 90 94
EPELH LEPEL - 67 71 75 79 83 87 91 95
EPELXH LEPEL - 68 72 76 80 84 88 92 96
EPTHAXL LEPTH - 65 69 73 77 81 85 89 93
EPTHRAD LEPTH - 66 70 74 78 82 86 90 94
EPTHH LEPTH - 67 71 75 79 83 87 91 95
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PIPE17

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name frem oo [ a5 [ 90° |135° | 180° | 225° | 270° | 315°
S1 NMISC - 81 86 91 96 101 106 111 116
S3 NMISC - 83 88 93 98 103 108 113 118
SINT NMISC - 84 89 94 99 104 109 114 119
SEQV NMISC - 85 90 95 100 105 110 115 120
SBEND NMISC 272 - - - - - - - -
SSF NMISC 273 - - - - - - - -
MFORX SMISC 13 - - - - - - - -
MFORY SMISC 14 - - - - - - - -
MFORZ SMISC 15 - - - - - - - -
MMOMX SMISC 16 - - - - - - - -
MMOMY SMISC 17 - - - - - - - -
MMOMZ SMISC 18 - - - - - - - -
SDIR SMISC 42 - - - - - - - -
ST SMISC 43 - - - - - - - -

Table 17.7 PIPE17 Item and Sequence Numbers (Branch 2, Node K)

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name ftem : 0° | 45° | 90° | 135° | 180° | 225° | 270° | 315°
SAXL LS - 97 101 105 109 113 117 121 125
SRAD LS - 98 102 106 110 114 118 122 126
SH LS - 99 103 107 111 115 119 123 127
SXH LS - 100 104 108 112 116 120 124 128
EPELAXL LEPEL - 97 101 105 109 113 117 121 125
EPELRAD LEPEL - 98 102 106 110 114 118 122 126
EPELH LEPEL - 99 103 107 111 115 119 123 127
EPELXH LEPEL - 100 104 108 112 116 120 124 128
EPTHAXL LEPTH - 97 101 105 109 113 117 121 125
EPTHRAD LEPTH - 98 102 106 110 114 118 122 126
EPTHH LEPTH - 99 103 107 111 115 119 123 127
S1 NMISC - 121 126 131 136 141 146 151 156
S3 NMISC - 123 128 133 138 143 148 153 158
SINT NMISC - 124 129 134 139 144 149 154 159
SEQV NMISC - 125 130 135 140 145 150 155 160
SBEND NMISC 274 - - - - - - - -
SSF NMISC 275 - - - - - - - -
MFORX SMISC 19 - - - - - - - -
MFORY SMISC 20 - - - - - - - -
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PIPE17

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name Item E
0° 45° | 90° | 135° | 180° | 225° | 270° | 315°

MFORZ SMISC 21 - - - - - - - -
MMOMX SMISC 22 - - - - - - - -
MMOMY SMISC 23 - - - - - - - -
MMOMZ SMISC 24 - - - - - - - -
SDIR SMISC 44 - - - - - - - -
ST SMISC 45 - - - - - - - -

Table 17.8 PIPE17 Item and Sequence Numbers (Branch 2)

Output ETABLE and ESOL Command Input
Quantity Circumferential Location
Name ftem ; 0° | 90° | 180° | 270°
SFACTI NMISC 246 - - - -
SFACTJ NMISC 247 - - - -
SPR2 NMISC 248 - - - -
SMI NMISC 249 - - - -
SMJ NMISC 250 - - - -
STMX NMISC 260 - - - -
S3MN NMISC 261 - - - -
SINTMX NMISC 262 - - - -
SEQVMX NMISC 263 - - - -
STH SMISC 46 - - - -
TOUT LBFE - 12 9 10 1
TIN LBFE - 16 13 14 15

Table 17.9 PIPE17 Item and Sequence Numbers (Branch 3, Node J)

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name Item "o [ a5° | 90° [135° | 180° | 225° | 270° | 315°
SAXL LS - 129 133 137 141 145 149 153 157
SRAD LS - 130 134 138 142 146 150 154 158
SH LS - 131 135 139 143 147 151 155 159
SXH LS - 132 136 140 144 148 152 156 160
EPELAXL LEPEL - 129 133 137 141 145 149 153 157
EPELRAD LEPEL - 130 134 138 142 146 150 154 158
EPELH LEPEL - 131 135 139 143 147 151 155 159
EPELXH LEPEL - 132 136 140 144 148 152 156 160
EPTHAXL LEPTH - 129 133 137 141 145 149 153 157
EPTHRAD LEPTH - 130 134 138 142 146 150 154 158
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PIPE17

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name frem oo [ a5 [ 90° |135° | 180° | 225° | 270° | 315°
EPTHH LEPTH - 131 135 139 143 147 151 155 159
S1 NMISC - 161 166 171 176 181 186 191 196
S3 NMISC - 163 168 173 178 183 188 193 198
SINT NMISC - 164 169 174 179 184 189 194 199
SEQV NMISC - 165 170 175 180 185 190 195 200
SBEND NMISC 276 - - - - - - - -
SSF NMISC 277 - - - - - - - -
MFORX SMISC 25 - - - - - - - -
MFORY SMISC 26 - - - - - - - -
MFORZ SMISC 27 - - - - - - - -
MMOMX SMISC 28 - - - - - - - -
MMOMY SMISC 29 - - - - - - - -
MMOMZ SMISC 30 - - - - - - - -
SDIR SMISC 47 - - - - - - - -
ST SMISC 48 - - - - - - - -

Table 17.10 PIPE17 Item and Sequence Numbers (Branch 3, Node L)

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name ftem : 0° | 45° | 90° | 135° | 180° | 225° | 270° | 315°
SAXL LS - 161 165 169 173 177 181 185 189
SRAD LS - 162 166 170 174 178 182 186 190
SH LS - 163 167 171 175 179 183 187 191
SXH LS - 164 168 172 176 180 184 188 192
EPELAXL LEPEL - 161 165 169 173 177 181 185 189
EPELRAD LEPEL - 162 166 170 174 178 182 186 190
EPELH LEPEL - 163 167 171 175 179 183 187 191
EPELXH LEPEL - 164 168 172 176 180 184 188 192
EPTHAXL LEPTH - 161 165 169 173 177 181 185 189
EPTHRAD LEPTH - 162 166 170 174 178 182 186 190
EPTHH LEPTH - 163 167 171 175 179 183 187 191
S1 NMISC - 201 206 211 216 221 226 231 236
S3 NMISC - 203 208 213 218 223 228 233 238
SINT NMISC - 204 209 214 219 224 229 234 239
SEQV NMISC - 205 210 215 220 225 230 235 240
SBEND NMISC 278 - - - - - - - -
SSF NMISC 279 - - - - - - - -
MFORX SMISC 31 - - - - - - - -
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PIPE17

ETABLE and ESOL Command Input

Output
Quantity Circumferential Location
Name Item E
0° 45° | 90° | 135° | 180° | 225° | 270° | 315°

MFORY SMISC 32 - - - - - - - -

MFORZ SMISC 33 - - - - - - - -

MMOMX SMISC 34 - - - - - - - -

MMOMY SMISC 35 - - - - - - - -

MMOMZ SMISC 36 - - - - - - - -

SDIR SMISC 49 - - - - - - - -

ST SMISC 50 - - - - - - - -

Table 17.11 PIPE17 Item and Sequence Numbers (Branch 3)

Output ETABLE and ESOL Command Input
Quantity Circumferential Location
Name trem E e [ e | 180° | 270°
SFACTI NMISC 251 - - - -
SFACTJ NMISC 252 - - - -
SPR2 NMISC 253 - - - -
SMI NMISC 254 - - - -
SMJ NMISC 255 - - - -
STMX NMISC 264 - - - -
S3MN NMISC 265 - - - -
SINTMX NMISC 266 - - - -
SEQVMX NMISC 267 - - - -
STH SMISC 51 - - - -
TOUT LBFE - 20 17 18 19
TIN LBFE - 24 21 22 23

Table 17.12 PIPE17 Item and Sequence Numbers

Output | ETABLE and ESOL
Quantity | Command Input
Name Item E
PINT SMISC 52

PX SMISC 53
PY SMISC 54
Pz SMISC 55
POUT SMISC 56

PIPE17 Assumptions and Restrictions

* No branch can have a zero length or wall thickness (alt