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Introduction

The Structural Mechanics Module 3.4 is an optional package that extends the
COMSOL Multiphysics modeling environment with customized user interfaces
and functionality optimized for structural analysis. Like all modules in the
COMSOL family, it provides a library of prewritten ready-to-run models that make
it quicker and easier to analyze discipline-specific problems.

This particular module solves problems in the fields of structural and solid
mechanics, adding special elements such as beams, plates, and shells. It provides
static, eigenfrequency, time-dependent, quasi-static transient, parametric, linear
buckling, and frequency response analysis capabilities. You can use both linear and
nonlinear material models such as elasto-plastic models and include large
deformation effects as well as contact and friction in an analysis. Material models
can be isotropic, orthotropic, or fully anisotropic. Define loads, constraints, and
material models in local, user-defined coordinate systems or in a global coordinate
system. Piezoelectric materials can be analyzed with the constitutive relations on

either stress-charge or strain-charge form.

All application modes in this module are fully multiphysics enabled, making it
possible to couple to any other physics application mode in COMSOL Multiphysics
or the other modules. Coupling structural analysis with thermal analysis is one
example of multiphysics easily implemented with the Structural Mechanics
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Module. Piezoelectric materials, coupling the electric field and strain in both directions
are fully supported inside the module through special application modes solving for
both the electric potential and displacement. Structural mechanics couplings are
common in simulations done with COMSOL Multiphysics and occur in interaction
with fluid flow (ESI), chemical reactions, acoustics, electric fields, magnetic fields, and

optical wave propagation.

The underlying equations for structural mechanics are automatically available in all of
the application modes—a feature unique to COMSOL Multiphysics. This also makes
nonstandard modeling easily accessible. For example, you can change the constitutive
equations to model hyperelastic material. The Structural Mechanics Module also

features extensible material and beam cross-section libraries.

The documentation set for the Structural Mechanics Module consists of the
Structural Mechanics Module User’s Guide, the Structural Mechanics Module
Model Library, and this Structural Mechanics Module Reference Guide. All books
are available in PDF and HTML versions from the COMSOL Help Desk. This book
contains reference information about application mode variables, command-line
programming, and command-line functions that are specific to the Structural

Mechanics Module (shape-function classes for special element types).

Typographical Conventions

All COMSOL manuals use a set of consistent typographical conventions that should
make it easy for you to follow the discussion, realize what you can expect to see on the
screen, and know which data you must enter into various data-entry fields. In

particular, you should be aware of these conventions:

* A boldface font of the shown size and style indicates that the given word(s) appear
exactly that way on the COMSOL graphical user interface (for toolbar buttons in
the corresponding tooltip). For instance, we often refer to the Model Navigator,
which is the window that appears when you start a new modeling session in
COMSOL; the corresponding window on the screen has the title Model Navigator.
As another example, the instructions might say to click the Multiphysics button, and
the boldface font indicates that you can expect to see a button with that exact label
on the COMSOL user interface.

* The names of other items on the graphical user interface that do not have direct
labels contain a leading uppercase letter. For instance, we often refer to the Draw
toolbar; this vertical bar containing many icons appears on the left side of the user

interface during geometry modeling. However, nowhere on the screen will you see

INTRODUCTION



the term “Draw” referring to this toolbar (if it were on the screen, we would print

it in this manual as the Draw menu).

* The symbol > indicates a menu item or an item in a folder in the Model Navigator.
For example, Physics>Equation System>Subdomain Settings is cquivalent to: On the
Physics menu, point to Equation System and then click Subdomain Settings.

COMSOL Multiphysics>Heat Transfer>Conduction means: Open the COMSOL
Multiphysics folder, open the Heat Transfer folder, and select Conduction.

* A Code (monospace) font indicates keyboard entries in the user interface. You might
see an instruction such as “Type 1.25 in the Current density edit field.” The
monospace font also indicates COMSOL Script codes.

* An stalic font indicates the introduction of important terminology. Expect to find
an explanation in the same paragraph or in the Glossary. The names of books in the
COMSOL documentation set also appear using an italic font.
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Application Modes Variables

This chapter provides listings of the application mode variables that you have

access to in the Structural Mechanics Module’s application modes.



Variables in the Application Modes

A large number of variables are available for use in expressions and postprocessing. This
chapter lists the variables defined in each application mode. In addition to the variables
listed herein, you have always access to variable related to the geometry and the mesh,
for example.

The application mode variable tables are organized as follows:

* The Name column lists the names of the variables that you can use in the equations
or for postprocessing. Almost all variables, such as stresses and strains, are also
available as the amplitude and phase of those variables by appending _amp or _ph to
the variable name. Exceptions are variables defined using a nonlinear operator such
asmises,disp, Tresca,or s1. Asingle index i on the displacement, ui, means that
ui runs over the available global displacements, for example (u, v, w) in 3D. A single
index on other names, for example si, means that i runs over the global space
variables (X, y, z). A double index si7j means that i3 runs over the combination of
the space variables (xy, yz, xz). Exceptions to these conventions are noted in the
tables. For example, si means the principle stresses when i runs over (1, 2, 3). For
elasto-plastic materials the plastic strain, effective strain, effective stress, principal
stress, and all stress components have two different variables defined: the normally
defined variable and the Gauss-point evaluated variable. Notationally, the latter are
distinguished by an added suffix Gp to the variable name, for example, sxGp instead
of sx. It is only possible to use the Gauss-point evaluated variables for
postprocessing.

e The Symbol column lists the symbol notation for each variable.

* In the Analysis column you can see the availability of variables for the different
analysis types. The following abbreviations are used:

ANALYSIS ABBREVIATION
Static S
Frequency response F
Parametric P
Time dependent T
Eigenfrequency E

¢ The Domain column lists whether variables are available on subdomains (S),
boundaries (B), edges (E), points (P), or all domains (All).

6 | CHAPTER 2: APPLICATION MODES VARIABLES



* In the Description column you can find a short description for each variable.

* Where applicable, the Expression column lists the expression used for determining

each variable.

VARIABLES IN THE APPLICATION MODES | 7



Continuum Application Modes

Solid, Stress-Strain

A large number of variables are available for use in expressions and postprocessing. In
addition to the variables in Table 2-1, almost all application-mode parameters are
available as variables. Some variables change their availability with the type of analysis,
as noted in the Analysis column. For frequency-response analysis a number of
additional variables are available. Furthermore, the amplitudes and phases of variables
such as strains and stresses are available; to access them, append _amp or _ph to the

variable name. For example:

e sx_amp is the amplitude of the normal stress in the x direction

* ex_ph is the phase of the normal strain in the x direction

The exception to this scheme consists of variables defined using a nonlinear operator

such as mises, disp, Tresca, or s1.

Table 2-1 uses a convention where indices z, j, ... (or i, 7, ...) run over the geometry’s
Cartesian coordinate axes, x, y, and 2. In particular, u; (ui) refers to the global

displacements (u, v, w).

For elasto-plastic materials the plastic strain, effective strain, effective stress, principal
stress, and all stress components have two different variables defined: the normally
defined variable and the Gauss-point evaluated variable. Notationally, the latter are
distinguished by an added suffix Gp to the variable name, for example, sxGp instead of
sx. It is only possible to use the Gauss-point evaluated variables for postprocessing.

TABLE 2-1: SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION

ui u; All All x; displacement u;

uit Ut T All x; velocity Ujs

ui_amp Ujamp F All x; displacement |z;|
amplitude

ui_ph Uiph F All x; displacement 180°

— p. 4 —_— .

phase 11: mod(angle(u;), 2m)

ui_t U F All x; velocity Jjou;

ui_t_amp Uitamp F All x; velocity amplitude  ®u;5pmy

ui_t_ph Uitph F All x; velocity phase mod (¢, +90°, 360°)

8 | CHAPTER 2: APPLICATION MODES VARIABLES



TABLE 2-1:

SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui_tt Ujss F All x; acceleration —(02ui
ui_tt_amp Ujstamp F All x; acceleration (02uiamp
amplitude
ui_tt_ph Uittph F All x; acceleration phase  mod (;pp, + 180°, 360°)
p p All All Pressure p
p_amp Pamp F All Pressure amplitude Ip|
p_ph F All Pressure phase o
Pph P 180 mod(angle(p), 27)
disp disp All All Total displacement 2
Z(real(ui))
i
ei, eij &, & All S Strain, global coord.  Engineering or Green strain depending if
system small or large deformation.
epi, epij €pir Epij ST S Plastic strain, global
coord. system
epe €pe ST S Effective plastic
strain
eil,eijl &1 &1 All S Strain, user-defined TcoordTSTcoord
coord. system
ei_t, eij_t &t Ejjt FT S Velocity strain, global ~ Engineering or Green strain time derivative
coord system depending if small or large deformation
ei_tl, eij tl gp, &y FT S Velocity strain, TcoordTSt Teoord
user-defined coord.
system
Si, $ij G, T All S Cauchy stress, global  Defined differently depending of coordinate
coord. system system, material model, and if mixed or
displacement formulation, and if loss factor
damping is used
sil, sijl G, Tjj All S Cauchy stress, Defined differently depending of coordinate
user-defined coord.  system, material model, and if mixed or
system displacement formulation, and if loss factor
damping is used
si_t, sij_t Ot Tijs FT S Time derivative of Defined differently depending of coordinate

Cauchy stress, global
coord. system

system, material model, and if mixed or
displacement formulation, and if loss factor
damping is used

CONTINUUM APPLICATION MODES



TABLE 2-1: SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION

sil_t, sijl t oy, Tijle FT S Time derivative of Defined differently depending of coordinate
Cauchy stress, system, material model, and if mixed or
user-defined local displacement formulation, and if loss factor
coord. system damping is used

Si, Sij Si, Sij All S Second Piola Defined differently depending of coordinate
Kirchhoff stress, system, material model, and if mixed or
global coord. system  displacement formulation, and if loss factor

damping is used

Sil, Sijl Silv Sijl All S Second Piola Defined differently depending of coordinate
Kirchhoff stress, system, material model, and if mixed or
user-defined local displacement formulation, and if loss factor
coord. system damping is used

Si_t, Sij_t S, Sijt T S Time derivative of Defined differently depending of coordinate
second Piola system, material model, and if mixed or
Kirchhoff stress, displacement formulation, and if loss factor
global coord. system  damping is used

Sil_t Sap Sy T S Time derivative of Defined differently depending of coordinate
second Piola system, material model, and if mixed or
Kirchhoff stress, displacement formulation, and if loss factor
user-defined local damping is used
coord. system

Pi, Pij P, Pij All S First Piola Kirchhoff ~ Only defined for hyperelastic material.
stress, global coord.  Defined differently if loss factor damping is
system used

si c; All S Principal stresses,
1=1,2,3

el g; All S Principal strains,
1=1,2,3

SiXj Ojyj All S Principal stress
directions,
1j=1,2,3

eixj €ixj All S Principal strain
directions,
1j=1,2,3

evol €y0l All All volumetric strain Defined differently for small and large

deformations
Fij FU All All Deformation ox
1y=1,2,3 gradient X

10 | CHAPTER 2: APPLICATION MODES VARIABLES



TABLE 2-1: SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Cij cij» All All Right Cauchy-Green FT'F
iyj=1,23 symmetric tensor all
components are
defined
invFij invFy;, All All Inverse of F1 (calculated symbolically from F;)
iyj=1,23 deformation gradient
detF detF All All Determinant of detF
deformation gradient
J J All All Volume ratio detF
Jel Jel All All Elastic volume ratio  Defined differently if thermal loads or not
I1 I All Al First strain invariant  trace(C2) = C142 + Cg? + C352
12 I, All All Second strain 1 .2 2
invariant Q(Il —trace(C™))
13 I All All Third strain invariant Jelz
I I All All First modified strain 2 1
. . t 3 _ 3
invarian 1,J, ° = L,
112 Iy All All Second modified 4 2
t . . . t 3 _ 3
strain invarian I, ° = 1,1,
tresca Ctresca All S Tresca stress max(max(’cl — 0y, [0y - 63’)),
[61-03])
mises Omises All S von Mises stress
Ws W All S Strain energy density Defined differently depending of material
model and mixed or displacement
formulation
Ent Selast All All Entropy per unit Defined only for small deformations and
volume either no damping or loss factor damping.
See definition in theory section
Qdamp Qq F All Heat associated with  Defined only for loss factor damping
mechanical losses in 0.50onReal(e - Conj(De))
material
Tai Ta All B Surface traction Defined differently depending of large or

(force/area) in
x;-direction

small deformation

CONTINUUM APPLICATION MODES



TABLE 2-1: SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Fig Fig All All Body load, face load, Defined differently depending of force
edge load, point definition
load, in global
x;-direction
Ftij Fy; All B Deformation &j+u;Tx;
gradient projected
on the tangent plane
wen_cpi Wep, SP B Contact help nojac(T,,,) - T,
variable for contact
pair i
wetxj_cpi Weyj P B Contact help See definition in theory section
variable for contact
pair i
slipxj cpi slip,.; P B Slip vector x; dir. m
- J J N+x.
reference frame, map(x;) +%;" 14
contact pair i
slip_cpi slip P B Slip vector g
magnitude reference sqrtZ(shpxj )
frame, contact pair i J
slipdxrj_cpi  slip,,; P B Slip vector x,; dir. .
deformed frame, ZmaP(Ftij)Shpxj
contact pair i k
slipd_cpi slipd P B Slip vector 9
magnitude deformed Sqrt(Z(Slipdxrj )]
frame, contact pair i j
Tnp_cpi Tnp SP B Penalized contact See definition in theory section
pressure, contact
pair i
Ttpxj_cpi Ttpj P B Penalized friction See definition in theory section
traction x; dir,,
contact pair i
Tttrialxj_cpi Tttrialj P B Trial friction force.: x; See definition in theory section
dir., contact pair ¢
vslipxrj_cpi Vgwj P B Slip velocity vector Slipdxrj
x; dir,, contact pair i m

12 | CHAPTER 2: APPLICATION MODES VARIABLES



TABLE 2-1: SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
vslip cpi Ug P B Slip velocity 9
magnitude, contact Sqrt(ZVSprrJ’ ]
pair i j
mu_cpi u SP B Frictional coefficient, ~See definition in theory section
contact pair i
Tterit_cpi I P B Maximum friction See definition in theory section
traction, contact pair
i
gap_cpi g SP B Gap distance Geomgap,; - offset, ; - map(offset
including offsets,
contact pair i
contact_cpi contact SP B In contact variable, Defined differently depending on the pair
contact pair i setting
friction_cpi friction SP B Enabling friction contact_cpi_old
variable, contact pair
i
PMLx1 PMLx; F S PML coordinate x;, . n
Cartesian PML sign(x; - X;o + eps)|x; - X;q + eps|
xL,(1-i)/dx;
n = PML scaling exponent
rx X F S r vector in PML O axis 2+ 2 i 2) (X —20) —
cylinder, x-coord.,
cylindrical PML (Vaxis( =Y 0) +Zaxis (2 —20)) X axis
r i 2 2
y 4 F S r V,eCtor in PML (Zaxis TXaxis )(y_yO) -
cylinder, y-coord.,
cylindrical PML (Zaxis(2—20) X axis(*—%0))Y axis
rz rz F S r V.eCtor in PML (xaxis2+yaxis2)(z_20) -
cylinder, z-coord.,
cylindrical PML (X axis(®—%0) +Yaxis(V =Y0))2axis
normr normr F S r vector in PML [rx2+ry2+rz2]1/2
cylinder, norm,
cylindrical PML
R R F S Scaled radial RO + (normr—RO)nLr(l— l)/drn
coordinate,

cylindrical PML

n = PML scaling exponent

CONTINUUM APPLICATION MODES



TABLE 2-1: SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
PMLx1 PMLu; F S PML coordinate x;,  x; + (-1+R/normr)rx; +
cylindrical PML .
(raxis"(X—%0))/| raxisl_ZO)an(l_l)/dzn_
2
Taxis'(X—X0)¥;axis/ | Paxis|
R R F S Scaled‘ radial Ry +(Ag—Ro)*(1=i)L,/d,"
coordinate, : 9 9:1/2
spherical PML Ag=llx—x0)* Hy—yo)*+Hz-20)"]
n = PML scaling exponent
PMLx1 PMLx; F S PML coordinate x;;,  R(x;—xq;) /A
spherical PML
Jxixj thxj F S PML 'transformation iPMLx
matrix, element x;x; axj v
invdxixj F S PML inverse (J,l)
transformation i
matrix, element x;x;
uiPMLx; F S PMLx; derivative of u,
x; displacement Za—x;(J )xux,
k
detd |J] F S Determinant of PML  det(J)

transformation
matrix

14 | CHAPTER 2: APPLICATION MODES VARIABLES

Plane Stress

A large number of variables are available for use in expressions and for postprocessing.

In addition to the variables listed in Table 2-2, almost all application-mode parameters

are available as variables. Some variables change their availability with the type of

analysis, as noted in the Analysis column. For frequency-response analysis a number of

additional variables are available. Furthermore, the amplitudes and phases of variables

such as strains and stresses are available; to access them, append _amp or _ph to the

variable name. For example:

* sx_amp is the amplitude of the normal stress in the x direction

e ex_ph is the phase of the normal strain in the x direction

The exception to this scheme consists of variables defined using a nonlinear operator

such as mises, disp, Tresca, or s1.



For elasto-plastic material the plastic strain, effective strain, effective stress, principal

stress, and all stress components have two different variables defined. The normal

defined variable and the Gauss point evaluated variable. The different being an added

Gp to the variable name. Example, sxGp instead of sx. The Gauss point evaluated

variables can only be used for postprocessing.

Table 2-2 uses a convention where indices Z, j, ..

.(ori, 7, ..

.) run over the geometry’s

Cartesian coordinate axes, x and y. In particular, u; (ui) refers to the global

displacements (u, v).

TABLE 2-2: PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui u; All All x; displacement u;
uit Ujs T All x; velocity Ujs
ui_amp Uiamp F All x; displacement |u;]
amplitude
ui_ph Uiph F All iiw jslseplacement 1i0°m0 d(angle(u,), 21)
ui_t U F All x; velocity Jou;
ui_t_amp Uitamp F All x; velocity OUjamp
amplitude
ui_t_ph Uitph F All x; velocity phase mod (u;p1, +90°, 360°)
ui_tt Ut F All x; acceleration —0? u;
ui_tt_amp Ujttamp F All x; acceleration w2uiamp
amplitude
ui_tt_ph Uittph F All x; acceleration mod (u;p, + 180°, 360°)
phase
p p All All Pressure P
p_amp Pamp F All Pressure amplitude  |p|
p_ph Pph F All Pressure phase %mod(angle(p), o)
disp disp All All Total displacement 2
Z(real(ui))
12
ei, €z, exy € & Exy All S Strain global system  Engineering or Green strain depending if small

or large deformation. €, defined differently if
loss factor damping is used.

CONTINUUM APPLICATION MODES
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TABLE 2-2: PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
epi, epz, €pi» Epr ST S Plastic strain global
epxy €pxy system
epe €pe ST S Effective plastic
strain
eil, exyl &1 Egyl All S Strain, user-defined TcoordTSTcoord
coord. system
ei_t, ez_t, €t Eop FT S Velocity strain, Defined differently depending of small or large
exy_t Exyt global coord. deformation and analysis type
system
eil_t, exyl t gy ey, FT S Velocity strain, Teoord: € Tevord
user-defined coord.
system
si, sXy O Ty All S Cauchy stress, Defined differently depending of material
global coord. model, mixed or displacement formulation,
system coordinate system, and if small or large
deformation, and if loss factor damping is used
sil, sxyl O Tyl All S Cauchy stress, Defined differently depending of material
user-defined coord.  model, and if loss factor damping is used
system
si_t, sxy_t Cits Tyys FT S Time derivative of  Defined differently depending of material
Cauchy stress, model, mixed or displacement formulation,
global coord. coordinate system, and if small or large
system deformation, and if loss factor damping is used
sil t, sxyl t o;,tT,; FT S Time derivative of  Defined differently depending of material
Cauchy stress, model, mixed or displacement formulation,
user-defined coord.  coordinate system, and if small or large
system deformation, and if loss factor damping is used
Si, Sxy S;) Syy All S Second Piola Defined differently depending of material
Kirchhoff stress, model, mixed or displacement formulation,
global coord. coordinate system, and if small or large
system deformation, and if loss factor damping is used
§il, Sxyl Sit Sen - All S Second Piola Defined differently depending of material

Kirchhoff stress,

user-defined coord.

system

model, and if loss factor damping is used
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TABLE 2-2: PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Si_t, Sxy_t SipSeye T S Time derivative of ~ Defined differently depending of material
second Piola model, mixed or displacement formulation,
Kirchhoff stress, coordinate system, and if small or large
global coord. deformation, and if loss factor damping is used
system
Sil_t, Sxyl_t Sitv Sxy T S Time derivative of Defined differently depending of material
second Piola model, mixed or displacement formulation,
Kirchhoff stress, coordinate system, and if small or large
user-defined coord.  deformation, and if loss factor damping is used
system
Pi, Pij P;, P;; All S First Piola Kirchhoff ~ Only defined for hyperelastic material. Defined
stress, global coord.  differently if loss factor damping is used
system
si c; All S Principal stresses,
1=1,2,3
ei g All S Principal strains,
1=1,2,3
§ixj Ojyj All S Principal stress
directions,
,7=1,2,3
€ixj €xj All S Principal strain
directions,
,7=1,2,3
evol €v0l All All volumetric strain Defined differently depending of small or large
displacement
Fij FlJ All All Deformation ox
1y=1,2,3 gradient X
cij cijh All All Right Cauchy-Green FIF
,j=1,2,3 symmetric tensor
all components are
defined
detF detF All All Determinant of detF
deformation
gradient
invFij InvF;;, All All Inverse of Fl (calculated symbolically from F';)
1,j=1,2,3 deformation
gradient
J J All All Volume ratio detF

CONTINUUM APPLICATION MODES
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TABLE 2-2: PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Jel Jel All All Elastic volume ratio  Defined differently if thermal loads or not
I I All All First strain invariant tracc(C2) = 0112 + 0222 + C332
12 I, All All Second strain 1 .2 2
invariant Q(Il —trace(C™))
13 Iy Al All Third strain J o2
invariant
II1 I All All First modified strain 2 1
invariant 3 _ 3
IlJel - III3
112 Iy All All Second modified 4 2
strain invariant 3 _ 3
IZJel - III3
tresca Ctresca All S Tresca stress max(max‘cl -0y, |69 — 03],
[61-53)))
mises Omises All S von Mises stress
Ws W All S Strain energy Defined differently depending of material model
density and if mixed or displacement formulation
Tai Ta; All B Surface traction Defined differently depending of small or large
(force/area) in deformation
x; direction
Fig Fiy All S Point, Edge, Body Defined differently depending of force definition
load, in global
x; direction
Ftij Fy; All B Deformation &+ u; Tx;
gradient projected
on the tangent
plane
wen_cpi Wen SP B Contact help nojac( Tnp) -T,
variable for contact
pair i
wetxj_cpi Wetj P B Contact help See definition in theory section
variable for contact
pair i
slipxj cpi slip,; P B Slip vector x; dir. m
— 9l J N+ X
reference frame, map(¥;) +Xjolg
contact pair i
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TABLE 2-2: PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS

DOMAIN

DESCRIPTION

EXPRESSION

slip_cpi1 slip P B

slipdxrj_cpi slipxrj P B

slipd_cpi slipd P B

Tnp_cpi Top SP B

Ttpxj_cpi Ty P B

Tttrialxj_cpi  Tigiql P B

vslipxrj_cpi

Usyj

vslip_cpi v

mu_cpi u SP B
Tterit_cpi u P B
g SP B

gap_cp1

contact_cpi contact SP B

Slip vector
magnitude
reference frame,
contact pair i

Slip vector xrj dir.
deformed frame,
contact pair i

Slip vector
magnitude
deformed frame,
contact pair i

Penalized contact
pressure, contact
pair i

Penalized friction
force x; dir,, contact
pair i

Trial friction force x;
dir., contact pair i

Slip velocity vector
x; dir., contact pair

Slip velocity, contact
pair i

Frictional
coefficient, contact
pair i

Maximum frictional
traction, contact
pair i

Gap distance
including offsets,
contact pair i

In contact variable,
contact pair i

sqrt(z slipx]g}

J

Zmap(Ftij)slipxj
J

sqrt(ZslipdxrﬁJ
J
See definition in theory section

See definition in theory section

See definition in theory section

Slipdxr]

t=toq

sqrt(Z(vsliper?)]
J

See definition in theory section

See definition in theory section

Geomgapcpi - offsetcpi - map(offsetcpi)

Defined differently depending on the pair
setting
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TABLE 2-2: PLANE STRESS APPLICATION MODE VARIABLES

NAME sYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION
friction_cpi  friction SP B Enabling friction contact_cpi_old
variable, contact
pair i
PMLx1 PMLx; F S PML coordinate x;, . n
Cartesian PML sign(x; - X;q + eps)|x; - X;q + eps|
xL,(1-i)/dx;
n = PML scaling exponent
R R F S Scaled‘ radial Ry + (50—R0)nLr(1— Ddr®
coordinate, )
cylindrical PML n = PML scaling exponent
PMLx1 PMLx; F S PML coordinate x;;,  R(x; —x¢;) /¢,
cylindrical PML
80 =10c—x0 2 +Hy—y) 212
Jxixj J F N PML transformation 9
% . =—PMLx;
matrix, element xx ij i
invdxixj F S PML inverse (J—l)
transformation it
matrix, element x;x;
detdJ [J] F S Determinant of det(dJ)
PML transformation
matrix
uiPMLx3 F S PMLx; derivative of . )
; displ t —(J :
x; displacemen Zaxk(J )y,
k
Plane Strain
A large number of variables are available for use in expressions and for postprocessing.
In addition to the variables in Table 2-3, almost all application-mode parameters are
available as variables. Some variables change their availability with the type of analysis,
as noted in the Analysis column. For frequency-response analysis a number of
additional variables are available. Furthermore, the amplitudes and phases of variables
such as strains and stresses are available; to access them, append _amp or _ph to the
variable name. For example:
e sx_amp is the amplitude of the normal stress in the x direction
e ex_ph is the phase of the normal strain in the x direction
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The exception to this scheme consists of variables defined using a nonlinear operator
such as mises, disp, Tresca, or s1.

For elasto-plastic material the plastic strain, effective strain, effective stress, principal
stress, and all stress components have two different variables defined. The normal
defined variable and the Gauss point evaluated variable. The different being an added
Gp to the variable name. Example, sxGp instead of sx. It is only possible to use the

Gauss point evaluated variables for postprocessing.

Table 2-3 uses a convention where indices Z, j, ... (or i, 7, ...) run over the geometry’s
Cartesian coordinate axes, x and y. In particular, u; (u1) refers to the global
displacements (u, v).

TABLE 2-3: PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui u; All All x; displacement  u;
uit Ujs T All x; velocity Ujs
u_amp, v_amp - uU;amp F All x;displacement  |u;|
amplitude
ui_ph Ujph F All x; displacement  18(0°
phase mod(angle(u;), 2m)
ui_t Uy F All x; velocity Jjou;
ui_t_amp Ujitamp F All x; velocity OUjamp
amplitude
ui_t_ph Uitph F All x; velocity mod (u;pp, +90°, 360°)
phase
ui_tt Uiyt F All x; acceleration —(02ui
ui_tt_amp Ujttamp F All x; acceleration 0’ Ujamp
amplitude
ui_tt_ph Uistph F All x; acceleration  mod (u;p,, +180°, 360°)
phase
disp disp All All Total 2
displacement Z(I‘eal(ui))
i
p p All All Pressure p
p_amp Pamp F All Pressure p|
amplitude
p_ph F All Pressure phase o
Pph P 180 mod(angle(p), 2n)
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TABLE 2-3: PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION

ei, exy € Exy All S Strain, global Engineering or Green strain depending if small
coord. system  or large deformation

epi, epxy €pir €pxy ST S Plastic strain,
global coord.
system

epe €pe ST S Effective plastic
strain, global
coord. system

eil, exyl el eyl Al s Strain, Teoord € Teoord
user-defined
coord. system

ei_t, exy_t €t Exyt FT S Velocity strain,  Defined differently depending of small or large
global coord. deformation and analysis type
system

eil t, exyl t g,e,); FT S Velocity strain, TcoordetTcoord
user-defined
coord. system

$i, Sz, SXy 0, 0, Ty Al S Cauchy stress,  Defined differently depending of material model,
global coord. mixed or displacement formulation, coordinate
system system, and if small or large deformation, and if

loss factor damping is used

sil, sxyl Ol Tayl All S Cauchy stress,  Defined differently depending of material model,
user-defined mixed or displacement formulation, coordinate
coord. system  system, and if small or large deformation, and if

loss factor damping is used

si_t, sz_t, G;p» Oy, FT S Time derivative  Defined differently depending of material model,

sxy_t Tayt of Cauchy mixed or displacement formulation, coordinate
stress, global system, and if small or large deformation, and if
coord. system  loss factor damping is used

sil t, sxyl t o;,T,; FT S Time derivative  Defined differently depending of material model,
of Cauchy mixed or displacement formulation, coordinate
stress, system, and if small or large deformation, and if
user-defined loss factor damping is used
coord. system

Si, Sz, Sxy S, S,, All S Second Piola Defined differently depending of material model,

Kirchhoff
stress, global
coord. system

mixed or displacement formulation, coordinate
system, and if small or large deformation, and if
loss factor damping is used
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TABLE 2-3: PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION

Sil, Sxyl S Sxyl All S Second Piola Defined differently depending of material model,
Kirchhoff mixed or displacement formulation, coordinate
stress, system, and if small or large deformation, and if
user-defined loss factor damping is used
coord. system

Si_t, Sz_t, Sitv Szt, T S Timederivative  Defined differently depending of material model,

Sxy_t xyt of second Piola  mixed or displacement formulation, coordinate
Kirchhoff system, and if small or large deformation, and if
stress, global loss factor damping is used
coord. system

Sil t, Sxyl t Sy, Sgyn T S Time derivative  Defined differently depending of material model,
of second Piola  mixed or displacement formulation, coordinate
Kirchhoff system, and if small or large deformation, and if
stress, loss factor damping is used
user-defined
coord. system

Pi, Pz, Pxy P, P, All S First Piola Only defined for hyperelastic material. Defined

P, Kirchhoff differently if loss factor damping is used

stress, global
coord. system

si G; All S Principal
stresses,
i=1,2,3

ei & All S Principal
strains,
i=1,2,3

SiXj Ojyj All S Principal stress
directions,
1,j=1,2,3

eixj €ixj All S Principal strain
directions,
1,j=1,2,3

evol €yl All All volumetric Defined differently for small and large
strain displacement

Fij F, All All Deformation ox

=123 gradient X
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TABLE 2-3: PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
cij ¢ All Al Right FTF
1J=1,2,3 Cauchy-Green
symmetric
tensor all
components
are defined
detF detF All All Determinantof  detF
deformation
gradient
invFij invFy;, All All Inverse of F1 (calculated symbolically from F;;)
,j=1,2,3 deformation
gradient
J J All All Volume ratio detF
Jel Ja All All Elastic volume  Defined differently if thermal loads or not
ratio
. . 2\ _ 2 2 2
I1 I All All First strain trace(C%) = C11” + Cog” + C33
invariant
12 I, All All Second strain 1 .2 2
invariant 5(11 — trace(C™))
13 Iy Al Al Third strain =~ 42
invariant
I I All Al First modified 2 1
train invariant 3 3
strain invariant 7 g % - [ ],
112 I All Al Second 4 2
i i 3 3
rnodlfled strain I, ° = 1,1,
invariant
tresca Otresca All S Tresca stress max(max‘cl — 0y, |09 — 04,
|61 -03)))
mises Omises All S von Mises
stress
Ws Wy All S Strain energy Defined differently depending of material model
density and if mixed or displacement formulation
Tai Ta All B Surface Defined differently depending of the force

traction (force/
area) in
x;-direction

definition
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TABLE 2-3: PLANE STRAIN APPLICATION MODE VARIABLES

NAME

SYMBOL

ANALYSIS

DOMAIN

DESCRIPTION

EXPRESSION

Fig

Ftij

wen_cpi

wectxj_cpi

slipxj_cpi

slip_cpi

slipdxrj_cpi

slipd_cpi

Tnp_cpi

Fiy

Fy;j

wctj

slip

SHpxrj

slipd

np

All S

All B

SP B

SP B

Point, Edge,
Body load in
global

x;-direction

Deformation
gradient
projected on
the tangent
plane

Contact help
variable for
contact pair i

Contact help
variable for
contact pair i

Slip vector x;
dir. reference
frame, contact
pair i

Slip vector
magnitude
reference
frame, contact
pair i

Slip vector x,;
dir. deformed
frame, contact
pair i

Slip vector
magnitude
deformed
frame, contact
pair i
Penalized
contact
pressure,
contact pair i

Defined differently depending on the force
definition

Sij + ulTx]

nojac(Ty,) — T,

See definition in theory section

m
map(xj) + X014

sqrt(Zslipxﬁ]

J

Zmap(Ftij)slipxj
J

sqrt(Z(slipdxrjz)]

J

See definition in theory section
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TABLE 2-3: PLANE STRAIN APPLICATION MODE VARIABLES

NAME

SYMBOL

ANALYSIS

DOMAIN

DESCRIPTION

EXPRESSION

Ttpxj_cpi

Tttrialxj_cpi

vslipxrj_cpi

vslip_cpi

mu_cpi

Tterit_cpi

gap_cpi

contact_cpi

friction_cpi

PMLx1

Ttpj

Tttrialj

Usxj

contact

friction

PMLx

P

SP

SP

SP

SP

B

Penalized
friction force xj
dir,, contact
pair i

Trial friction
force x; dir,,
contact pair i

Slip velocity
vector x; dir.,
contact pair i

Slip velocity,
contact pair i

Frictional
coefficient,
contact pair i

Maximum
friction
traction,
contact pair i

Gap distance
including
offsets, contact
pair i

In contact
variable,
contact pair i

Enabling
friction
variable,
contact pair i

PML
coordinate x;,
Cartesian PML

Scaled radial
coordinate,
cylindrical PML

See definition in theory section

See definition in theory section

slipd,,;
t=to1q

sqrt[Z(vslipxrjz)J
J

See definition in theory section

See definition in theory section

Geomgap,; - offset, ; —~map(offset ;)

Defined differently depending on the pair setting

contact_cpi_old

sign(x; - X;o + eps)|x; - X + eps]"
XL, (1-i)/dx}
n = PML scaling exponent

RO + (So—Ro)nLr(l— l)/drn

n = PML scaling exponent

CHAPTER 2: APPLICATION MODES VARIABLES



TABLE 2-3: PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN

DESCRIPTION

EXPRESSION

PMLxi PMLx; F S

PML
coordinate x;,
cylindrical PML

R(xi —xoi)/so,

80 =[(x —X0 )2 +(y —y())z] 172

Jxixj

invdxixj

detd

uiPMLx7j

J F S PML 9
transformation EPMin
matrix, J

element xx

PML inverse
transformation
matrix,

element x;x;

Determinant of
PML
transformation
matrix

PMLx;
derivative of x;
displacement

I Vs,

|J] F S det(dJ)

aui 1
ZE(J )x,x;
k

Axial Symmetry, Stress-Strain

A large number of variables are available for use in expressions and postprocessing. In
addition to the variables in Table 2-4, almost all application-mode parameters are
available as variables. Some variables change their availability with the type of analysis,
as noted in the Analysis column. For frequency-response analysis a number of
additional variables are available. Furthermore, the amplitudes and phases of variables
such as strains and stresses are available; to access them, append _amp or _ph to the

variable name. For example:

* sx_amp is the amplitude of the normal stress in the x direction

* ex_ph is the phase of the normal strain in the x direction

The exception to this scheme consists of variables defined using a nonlinear operator
such as mises, disp, Tresca, or s1.

For elasto-plastic material the plastic strain, effective strain, effective stress, principal
stress, and all stress components have two different variables defined. The normal
defined variable and the Gauss point evaluated variable. The different being an added
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Gp to the variable name. Example, sxGp instead of sx. It is only possible to use the

gauss point evaluated variables for postprocessing.

TABLE 2-4: AXIAL SYMMETRY, STRESS-STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION
uor uor All All r displacement uor
divided by r
uaxi uaxi All All r displacement uor-r
w w All All z displacement w
uort uory T All r velocity divided  uor,
by r
uaxi_t uaxi, T All r velocity uor;'r
w_t wy T All z velocity Wy
uaxi_amp uaxigy,, F All r displacement |uaxi|
amplitude
w_amp Wamp F All z displacement [w]
amplitude
uaxi_ph uaxiyp, F All r displacement 180°
— p .
phase mod(angle(uaxi), 2m)
w_ph Wyh F All z displacement 180°
- p _—
phase n mod(angle(w), 2m)
uaxi_t uaxi, F All r velocity Jjouaxi
w_t wy F All z velocity Jjow
uaxi_t_amp uaxigamp F All r velocity ®uaxigm,
amplitude
w_t_amp Wiamp F All 2 velocity OWamp
amplitude
uaxi_t_ph uaxispp F All r velocity phase mod (uaxipy +90° 360°)
w_t_ph Wiph F All 2z velocity phase mod(wg +90°, 360°)
uaxi_tt uaxiy F All r acceleration ~0? uaxi
w_tt Wy F All z acceleration —0?w
uaxi_tt_amp  uaxigm, F All r acceleration w? uaxiamy
amplitude
w_tt_amp Wamp F All z acceleration w? Wamp
amplitude
uaxi_tt_ph uaxispp F All r acceleration mod (uaxigp, + 180°, 360°)

phase
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TABLE 2-4: AXIAL SYMMETRY, STRESS-STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
w_tt_ph Wiph F All z acceleration mod (wp + 180°, 360°)
phase
disp disp All All Total m
displacement uaxi +w
p p All All Pressure p
p_amp Pamp F All Pressure |p|
amplitude
p_ph F All Pressure phase o
Pph P 1811:0 mod(angle(p), 2m)
er, ez, € € €4 All S Strain, global Engineering or Green strain depending if small or
ephi, erz €y coord. system large deformation
epr, epz, €0 Epz, ST S Plastic strain,
epphi, eprz e, . e global coord.
system
epe €pe ST S Plastic strain,
global coord.
system
eil, exyl &1:€xy1 All S Strains, Tcoorde Teoord
user-defined
coord. system
er_t, ez_t, &8st FT S Velocity strain, Defined differently depending of small or large
ephi_t, €gt » Erat global coord. displacement
erz_t system
eil_t, &1t Exyls FT S Velocity strain, TcoordTStTcoord
exyl_t user-defined
coord. system
sr, sphi, Op O4> All S Cauchy stress, Defined differently depending of material model,
sz, srz O, Tpy global coord. coordinate system, mixed or displacement
system formulation, and small or large displacement, and if
loss factor damping is used
sil, sxyl O Tyl All S Cauchy stress, Defined differently depending of material model,
user-defined coordinate system, mixed or displacement
coord. system formulation, and small or large displacement, and if
loss factor damping is used
sr_t, Ot Og1 > FT S Time derivative Defined differently depending of material model,
sphi_t, Ot Opst of Cauchy stress, coordinate system, mixed or displacement
sz_t, srz_t global coord. formulation, and small or large displacement, and if
system loss factor damping is used
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TABLE 2-4: AXIAL SYMMETRY, STRESS-STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION
sil_t, Gilp Tyly  F T S Time derivative Defined differently depending of material model,
sxyl_t of Cauchy stress, coordinate system, mixed or displacement
user-defined formulation, and small or large displacement, and if
coord. system loss factor damping is used
Sr, Sphi, S, Sw, All S Second Piola Defined differently depending of material model,
Sz, Srz S, Sy, Kirchhoff stress,  coordinate system, mixed or displacement
global coord. formulation, and small or large displacement, and if
system I
loss factor damping is used
§il, Sxyl Sit Syl All S Second Piola Defined differently depending of material model,
Kirchhoff stress,  coordinate system, mixed or displacement
user-defined formulation, and small or large displacement, and if
coord. system o
loss factor damping is used
Sr_t, S, Swt, T S Time der. of Defined differently depending of material model,
Sphi_t, St Srat second Piola coordinate system, mixed or displacement
Sz_t, Srz_t Kirchhoff stress,  formulation, and small or large displacement, and if
global coord. loss factor damping is used
system
Sil_t, Sie Seye T S Time der. of Defined differently depending of material model,
Sxyl_t second Piola coordinate system, mixed or displacement
Kirchhoff stress,  formulation, and small or large displacement, and if
user-defined loss factor damping is used
coord. system
Pi, Pij P; P;; All S First Piola Only defined for hyperelastic material. Defined
Kirchhoff stress,  differently if loss factor damping is used
global coord.
system
si o; All S Principal stresses,
1=1,2,3
el € All S Principal strains,
i=1,2,3
SiXj Ojyj All S Principal stress
directions,
1J=1,2,3
eixj €ixj All S Principal strain
directions,
1J=1,2,3
evol £yol All All volumetric strain  Defined differently for small and large displacement

30 |

CHAPTER 2: APPLICATION MODES VARIABLES



TABLE 2-4: AXIAL SYMMETRY, STRESS-STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Fij Fij All All Deformation ox
i, 7j=1,2,3 gradient X
cij cij Al All Right FTF
,j=1,2,3 Cauchy-Green
symmetric tensor
all components
are defined
detF detF All All Determinant of detF
deformation
gradient
invFij invFy;, All All Inverse of F! (calculated symbolically from F;;)
;,j=1,2,3 deformation
gradient
J J All All Volume ratio detF
Jel Jel All All Elastic volume Defined differently if thermal loads or not
ratio
. . 2\ _ 2 2 2
I1 I All All First strain trace (C°) =C11“ + C99” + C33
invariant
12 I, All All Second strain 1 2 2
invariant Q(Il —trace(C))
13 A Al Al Third strain Ty
invariant
II1 L Al Al First modified 2 1
t . . . t 3 _ 3
strain invarian 1, ° = L,
112 I, All All Second modified 4 2
t . . . t 3 _ 3
strain invarian I, ° = L,
tresca Otresca All S Tresca stress max(max(|ol—02, 02_03|)),
|61 -03/))
mises Omises All S von Mises stress
Ws W All S Strain energy Defined differently depending on material model
density and if mixed or displacement formulation
Tar, Taz Ta,, Ta, All B Surface traction Defined differently depending on small or large

(force/area) in r
and z directions

deformation
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TABLE 2-4: AXIAL SYMMETRY, STRESS-STRAIN APPLICATION MODE VARIABLES

32 |

NAME SYMBOL DESCRIPTION EXPRESSION
Frg, Fzg Frg Fop Body, edge, point  Defined differently depending on force definition
load in global r
and z directions
PMLP PMLr PML coordinater, Ro+|r—Ry+ eps|nLr(1—i)/drn
cylindrical PML .
n = PML scaling exponent
PMLZ PMLz PML coordinate  sign(z —zq) |z — Zg + eps|*L,(1 — 1)/dz"
2, cylindrical PML
R R Scaled. radial RO +|A0 _RolnLr(l_ l)/drn
coordinate, 9 92:1/2
spherical PML Ag=[x—x0)" +y—y¢)"
n = PML scaling exponent
PMLr PMLr PMLcoordinater, Rr/§
spherical PML
P 8o=Ir+(z—20)21"2
PMLz PMLz PML coordinate (2 —zg) R/
2, spherical PML
Jxixj Jij PML 9
transformation Bx T T ML,
matrix, element
Ui x;,%=1,2
invdxixj PML inverse (Jfl)
transformation ik
matrix, element
Ui x;,%=1,2
detdJ [J] Determinant of det(dJ)
PML transfor-
mation matrix
PMLuor PMLuor r displacement uor-r/PMLr
divided by PMLr
PMLuorr PMLuor, r derivative of P wor-r-dJ
PMLuor ((a—uor) r+uor + WLN) /(PMLr)
r
PMLuorPMLr PMLr derivative -1 -1
of PMLuor PMLuor,(J “)rr+uor, - r(J ")z;r/PMLr
PMLuorPMLz PMLz derivative -1 -1
of PMLuor PMLuor,.(J “)rz+uor, - r(J ")zz/PMLr
uaxiPMLr PML.r derivative ur(J_l)rr 4 uz(J_l)zr
of r displacement
CHAPTER 2: APPLICATION MODES VARIABLES



TABLE 2-4: AXIAL SYMMETRY, STRESS-STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION
uaxiPMLz ivati 1 -1
i F S PML.Z derivative Up( I Dt u (),
of r displacement
PMLPr ivati -1 -1

w F S PML?" derivative w, Y, +w, D,
of z displacement

wPMLZz F S PMLz derivative

. wr(J_l)rz Tw, (J_l)zz
of z displacement
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TABLE 2-5: MINDLIN APPLICATION MODE VARIABLES

Plates, Beams, Trusses, and Shells

Mindlin Plate

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below, almost all application-mode
parameters are available as variables. Some variables change their availability with the
type of analysis, as noted in the Analysis column. For frequency-response analysis a
number of additional variables are available. Furthermore, the amplitudes and phases
of variables such as strains and stresses are available; to access them, append _amp or
_ph to the variable name. For example:

e sx_amp, the amplitude of the normal stress in the x direction

* ex_ph, the phase of the normal strain in the x direction

The exception being variables defined using a nonlinear operator such asmises, disp,
Tresca, s1, etc.

The table uses a convention where indices i, j,

...(or i, 7, ...) run over the geometry’s

Cartesian coordinate axes, x and y. The Analysis column uses the following

abbreviations:

ANALYSIS ABBREVIATION
Static S

Frequency response F

Time dependent T
Eigenfrequency E

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION

w w All All z displacement w

thxi 0, All All X; rotation 0,

wt wy T All z velocity wy

thxit 0, T All x; angular 0,
velocity

w_amp Wamp F All z displacement  |w|

amplitude
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TABLE 2-5: MINDLIN APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
thxi_amp Ogjamp F All X; rotation |0
amplitude
w_ph Wph F All z displacement  18(°
- P
phase 11: mod(angle(w), 2m)
thxi_ph O,ioh F All x; rotation 180°
— p. 13
phase mod(angle(6,;), 2n)
w_t wy F All z velocity Jow
thxi_t Oyt F All x; angular Job,,;
velocity
w_t_amp Wigamp  F All z velocity OWamp
amplitude
thxi_t_amp  Ousamp F All x; angular 08yjamp
velocity
amplitude
w_t_ph Wisph F All z velocity mod(wyg, +90°, 360°)
phase
thxi_t_ph Bitph F All x; angular mod (8, +90°, 360°)
velocity phase
w_tt Wy F All z acceleration 02w
thxi_tt Ot F All x; angular —0? 0,
acceleration
w_tt_amp Witamp F All z acceleration @ wgyp,
amplitude
thxi_tt_amp  Oyamp F All x; angular 0 Oiamp
acceleration
amplitude
w_tt_ph Weiph F All z acceleration  mod(wyy, + 180°, 360°)
phase
thxi tt ph  Ouypn F All x; angular mod (8, + 180°, 360°)
acceleration
phase
totrot totrot Al All Total rotation

2
Z(real(exi))
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TABLE 2-5: MINDLIN APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
postheight =z All S Postprocessing Dependent on the settings on the
height for postprocessing page
stress and
strain
evaluation
ex €y All S €, normal 20
strain global 2=
0x
coord. system
ey € All S € |
y y norma 09,
strain global 257
coord. system Y
exy €y All S €y shear strain 2 aey 26,
global coord. 5 3y 9x
system
eyz €y, All S €y, shear strain 5 -
global coord. ngz —
system th
exz €4y All S €, shear strain 9
5 4z
global coord. g'sz 1- —
system th
ex1 €4 All S €, normal 20
strain local z(a—y)
coord. system x /1
eyl €] All S €, normal 20
strain local —z(a—x)
coord. system v /1
exyl €yl All S €y shear strain . aey 20,
local coord. 5\3v " Ix
system Y x1
eyzl € All S €,,, shear strain
! gf;bal coord 5 - 4—22
’ gyyzl 2
system th
exz1l €401 All S €, shear strain 2
5 4z
global coord. Syl 1=
g fxzl 2
system th
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TABLE 2-5: MINDLIN APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
Mx ip My, All S M., plate If material is defined in global coord. sys.
bending 3
moment global @[D (@ _ M_ @H +M._.
system 12 P th : pr
With loss factor damping in global coord. sys.
3
(th) . Oy AT
W[Dp (1 +JT])®— th _®i :|+Mpi
If material is defined in user def. coord. sys.
T
TcoordM pl Tcoord
Mxyp Mxyp All S Mxyp plate If material is defined in global coord. sys.
torsional
3
moment global (th) -[D (@ _ a_VecAT_ @H +M._.
system 12 P th g Pt
With loss factor damping in global coord. sys.
3
(th) . OyecAT
W[Dp (1+JT])®— Vth _®i :|+Mpi
If material is defined in user def. coord. sys.
T
TcoordM pl Tcoord
Mxipl M, All S M,;, plate 3 AT
. (th) Oyec
bendmg T[Dp G)l_vt_h_@i }"’Mpi
moment local
system With loss factor damping
3
(th) . OyecAT
W[Dp (1+Jn)®l— Vth _®i :|+Mpi
M 1
Xyp Mym Al S Mxy.p ple:te (th)S b (@ ) avecAT_ @) iy
torsiona _12 p\ 71 th i pi
moment local
system With loss factor damping
3
(th) . o ecAT
T[Dp (1 +]1’])®1— Vth _®i :|+Mpi
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TABLE 2-5: MINDLIN APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
Qxip Quip All S Qy;p plate If material is defined in global coord. sys.
shear force
global system .
DS sz _ szl + Qpl
Xz Vzi
With loss factor damping in global coord. sys.
N Vyzi
D (1+jm)| 22 - B2l e @,
Vxz Yxzi
If material is defined in user def. coord. sys.
Qyp QyP 1
Qxipl Quip All S Qy;p plate -
Ishealr fot;ctran th-D, [sz] _ [szi] " Qpi
ocal syste sy Yasi
With loss factor damping
.| Y Vyzi
th-D 1 +m)| Y% - |7 [+ @
L xz|] xz1
SX Oy All S 6, normal M
xp
stress global 12—32
coord. system th
sy . All S G, normal
! i 1920,
stress global 3
coord. system th
SXy Tyy All S Tyy shear 12]uxyp
stress global —3°%
coord. system th
sx1 Oyl All S O, hormal M
xpl
stress local 12 —3?
th

coord. system
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TABLE 2-5: MINDLIN APPLICATION MODE VARIABLES

NAME

SYMBOL

ANALYSIS DOMAIN

DESCRIPTION

EXPRESSION

syl

sxyl

sixJ

eixj

tresca

mises

Fzg

Gyl

Oixj

€ixj

Otresca

Omises

F.q

All S

All S

All S

All S

All S

All S

All S

All S

All S

Oy normal
stress local

coord. system

Tyy shear
stress global
coord. system

Principal
stresses,
1=1,2,3

Principal
strains,
1=1,2,3

Principal stress
directions,
1yj=1,2,3
Principal strain
directions,
1yj=1,2,3

Tresca stress

von Mises
stress

Body, edge,
point load, in
global z dir.

12My pl,

th

19Merpl,

th

max(max|G; - Oy

3

|o1-03)))

s

Gg—G3

s

Defined differently depending on how the force
is defined
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TABLE 2-5: MINDLIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION

Mxig Mo All S Body, edge, Defined differently depending on how the
point moment, moment is defined
in global x; dir.

Ws W All S Strain energy  If global coordinate system

—
ensity 1 <aeyM aexM (aey Bﬁx)M )
2\0x e gy Tp gy Tax /e

1

52 @yp + V22 Qup)

If other coordinate system

Q(& M.p "y My + (@ T ox )Mxylp)

1
Q(szlep + szllep)

In-Plane Euler Beam

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below almost all application mode
parameters are available as variables. Some variables are different for different analyses,
which is seen in the Analysis column. For frequency response analysis, a number of
additional variables are available. Furthermore, the amplitudes and phases of variables
such as strains and stresses are available; to access them, append _amp or _ph to the
variable name. For example:

e M_amp, the amplitude of the bending moment
* sn_ph, the phase of the axial stress

The exception to this scheme consists of variables defined using a nonlinear operator
such as snmax, snmin, disp, etc.

The table below uses a convention where the indext (or i) runs over the geometry’s
Cartesian coordinate axes, x and y. In particular, u; (ui) refers to the global

displacements (u, v). The Analysis column uses the following abbreviations:

ANALYSIS ABBREVIATION
Static S
Frequency response F
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ANALYSIS

ABBREVIATION

Time dependent

Eigenfrequency

T
E

TABLE 2-6: IN-PLANE EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
ui u; All All x; u;
displacement
th 0 All All z rotation 0
uit Ujs T All x; velocity Ujs
tht 6, T All z angular 6,
velocity
ui_amp Uigmp F All x; |
displacement
amplitude
th_amp Bamp F All Z rotation 9]
amplitude
ui_ph Uiph F All x; 180°
displacement P mod(angle(w;), 2m)
phase
th_ph 0 F All z rotation 180°
- ph el
phase - mod(angle(0), 27)
ui_t Uy F All x; velocity Jjou;
th_t 0, F All z angular Job
velocity
ui_t_amp  ujamp F All x; velocity OUjamp
amplitude
th_t_amp  O,mp F All z angular 00;mp
velocity
amplitude
ui_t_ph Uitph F All x; velocity mod (u;pp +90°, 360°)
phase
th_t_ph O4ph F All z angular mod (8, +90°, 360°)
velocity phase
ui_tt Uit F All x; —(02uL
acceleration
th_tt 04 F All z angular -020

acceleration
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TABLE 2-6: IN-PLANE EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
ui_tt_amp  u;yamp F All x; ®2 Ujamp
acceleration
amplitude
th_tt_amp O4amp F All z angular mZGamp
acceleration
amplitude
ui_tt_ph Uittph F All X; mod(uiph + 180°, 360°)
acceleration
phase
th_tt_ph 64y F All z angular mod (8, +180°, 360°)
acceleration
phase
disp disp All All Total 2
displacement Z(real(ui))
i
N N All B Axial force du... Ou._.
a a
EAK ) ij — AT T, |+ N,
With loss factor damping in frequency response analysis
C OUgyy (Ol
EAK(l +jM) asm - ( asm)i) -o(T- Tref)} +N;
M M All B Moment 20 (00 AT
B[22 (%) - —} M,
|:88 ds i o h * t
With loss factor damping in frequency response analysis
. .d0 (89) AT
-EI|(1 ——|=] —a=—|+M,
(g -(5),-o% |+
T T All B Shear force 2
EI 970
Y542
With loss factor damping in frequency response analysis
2
. .00
EI yy(1+ JN—;
ds
sn o, All B Axial stress EaL;aXi
s
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TABLE 2-6: IN-PLANE EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
en €, All B Axial strain Uy
ds
sbtop Obtop All B Bending Mh,
stress at top YA
of section yy
sbbot Obbot All B Bending Mh,
stress at 57
21
bottom of ¥y
section
snmax Opmax Al B Max normal  max(real(c, + Gyy,p) real(G, + Oppor))
stress
snmin Cpmin Al B Min normal min(real(c, + Gy,p), real(s, + Opp,¢))
stress
N_t Ny All B Time 0y
derivative of ~ EA [(Tﬂ
axial force
With loss factor damping in frequency response analysis
o,
jcoEA[(l +jm) a";’“}
M_t M, All B Time 26,
derivative of -EI ¥ s
moment
With loss factor damping in frequency response analysis
. . .00
—](oEIyy(l +]n)g
Fig Fig All B P Edge, point Defined differently depending on how the force is
load in global  defined and what analysis type
x; direction
Mzg M, All B P Edge, point Defined differently depending on how the moment is
moment in defined and what analysis type
z direction
Ws Wy All B Strain energy

density

—%(GSM— uvtsN)
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3D Euler Beam

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below almost all application mode
parameters are available as variables. Some variables are different for different analyses,
which is seen in the Analysis column. For frequency-response analysis a number of
additional variables are available. Furthermore, the amplitudes and phases of variables
such as strains and stresses are available; to access them, append _amp or _ph to the
variable name. For example:

e Myl_amp, the amplitude of the bending moment in the local y direction
e sn_ph, the phase of the axial stress

The exception to this scheme consists of variables defined using a nonlinear operator
such as snmax, snmin, disp, and so on.

The table below uses a convention where indices i, j, ... (or i, j, ...) run over the
geometry’s Cartesian coordinate axes, x, ¥, and z. In particular, u; (ui) refers to the
global displacements (u, v, w). The Analysis column uses the following abbreviations:

ANALYSIS ABBREVIATION
Static S
Frequency response F
Time dependent T
Eigenfrequency E

TABLE 2-7: 3D EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION

ui u; All All X; u;
displacement

thi 0; All All x; rotation 0;

uit Ujs T All x; velocity U

thit 0;; T All x; angular 0;;
velocity

ui_amp Wiamp F Al x; |
displacement
amplitude

thi_amp jamp | F All x; rotation [6;]
amplitude
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TABLE 2-7: 3D EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui_ph Uiph F All x; 180°
displacement P mod(angle(u;), 2r)
phase
thi_ph 0;5n F All x; rotation 180°
— p. 13
phase mod(angle(9,), 2m)
ui_t U F All x; velocity Jjou;
thi_t 6;; F All x; angular J0;
velocity
ui_t_amp Uitamp F All x; velocity OUjamp
amplitude
thi_t amp  O;amp F All x; angular 08;amp
velocity
amplitude
ui_t_ph Ujtph F All x; velocity mod (u;pp, + 90°, 360°)
phase
thi_t_ph Bitph F All x; angular mod (8,1, + 90°, 360°)
velocity phase
ui_tt Ujss F All x; —0? u;
acceleration
thi_tt 04 F All x; angular —0? 0;
acceleration
ui_tt amp  wuyemp F All x; o’ Ujamp
acceleration
amplitude
thi_tt_amp  6;,mp F All x; angular w2 B;amp
acceleration
amplitude
ui_tt_ph Uigph  F All x; mod (u;pp, + 180°, 360°)
acceleration
phase
thi_tt_ph eittph F All X; angular mOd(eiph +180°, 3600)
acceleration
phase
disp disp All All Total

displacement

2
Z(real(ui))
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TABLE 2-7: 3D EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
totrot totrot  All All Total rotation 2
Z(real(ﬁi))
i
N N All E Axial force du. . U
a a
EAK 2 asm),-) —UT =Ty |+,
With loss factor damping in frequency response analysis
. auaxi auaxi
EAK(I +jMn) s —(T)) —(x(T—Tref)}+Ni
Mx1 My, All E Torsional E J 00, (aexl) Iy
mo!nen'? local m [ 3s s l] +M,;
x direction
With loss factor damping in frequency response analysis
E . aexl (aexl)
2(1 + D)J[(l *Jn) ds \0s l] +My,
Myl My All E Bending 30 20 AT
yl yl z
moment local Elyy Ds (g} - 7 } +Myi
y direction - ' z
With loss factor damping in frequency response analysis
r a6 29 AT
)2l (_yl) —a—2 .
Elyyi(l'un) ds ds /i O(hZ]FMyl
Mz1 My All E Bending r96,, (90, AT,
moment local EI,, —( ) - OC—} +M,,
9 ds /i h 2
z direction L o8 7 Y
With loss factor damping in frequency response analysis
00, (06, AT
. _ _ —3, .
Elzz[(l"'.]n) Js (as )i o hy:|+M2l
Tyl Ty All E Shear force 826 |
local -EI, z
y direction 2s”

With loss factor damping in frequency response analysis
2

-EI_(1+jn) 5
Jds
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TABLE 2-7: 3D EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION

Tz1 T, All E Shear force 829
local E]yy_zll
z direction ds

With loss factor damping in frequency response analysis
2

. d eyl
EL, (1+jn)—;
ds
sn o, All E Axial stress auaxi
ds
en €, All E Axial strain U,y
ds
sbytop Opytop Al E Bending M ,h,
stress aty oI
top fiber 22
sbybot Opybot Al E Bending M \h,
stress aty oI
bottom fiber 2
sbztop Opztop Al E Bending M, h,
stress at z oI
top fiber Y
sbzbot Obzbot Al E Bending Mylhz
stress at z 97
bottom fiber ry
snmaxy Opmaxy All E Max normal max(real(s, + Oy,yop),
stress y fiber
real(c, + Op,pot))
snminy Opminy All E Min normal min(real(c, + Gp,40p)>
stress y fiber
real(c, + Op,p,))
snmaxz Opmaxz Al E Max normal max(real(c, +Oyp,40p),
stress z fiber
real(cn + szbot))
snminz Opminz  All E Min normal min(real(c, + 6p,4,p),

stress z fiber
real(c, + G,10t))
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TABLE 2-7: 3D EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION
N_t N, All E Time 0y i
derivative of EA [(Tﬂ
axial force
With loss factor damping in frequency response analysis
u, .
EA[(I +jn)jo a{:ﬂ}
Mx1_t M,y All E Tim.e . E 00,1,
derlYatlve of 2—(1 V) s
torsional
moment local  With loss factor damping in frequency response analysis
x direction 3
E . 1
2(1 +v)J(1 Mo ds
Myl t Mylt All E Time 20
derivative of EI 21t
YY 0s
bending
moment local  \ith loss factor damping in frequency response analysis
y direction 0
. . yl
E’Iyy(l +]T])_]0)—as
Mzl t My, All E Time 96
z1t
derivative of El,, 9s
bending
moment local  ith loss factor damping in frequency response analysis
z direction
EI (1 +jn)jcoa 1
zz as
Fig Fig All E Edge, point Different depending on how the force is defined and
load in global ~ what analysis type
x; direction
Mig Mig All E Edge, point Different depending on how the moment is defined and
moment in what analysis type
global
x; direction
Filocal Fiocar Al EP Edge/point Different depending on how the moment is defined and
load in local what analysis type
x; direction
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TABLE 2-7: 3D EULER BEAM APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION  EXPRESSION

Milocal Mioear Al EP Edge/point Different depending on how the force is defined and
moment in what analysis type
local
x; direction

Ws W All E Strain energy

1
density Q(estxl +0, M, +6, M, +uvwtsN)

In-Plane Truss

A large number of variables are available for use in expressions and for postprocessing
purposes. almost all application mode parameters are available as variables. Some
variables change their availability with the type of analysis, as noted in the Analysis
column. For frequency-response analysis a number of additional variables are available.
Furthermore, the amplitudes and phases of variables such as strains and stresses are
available; to access them, append _amp or _ph to the variable name. For example:

en_amp is the amplitude of the axial strain
* sn_ph is the phase of the axial stres

Table 2-8 uses a convention where indices Z, j, ... (or i, 7, ...) run over the geometry’s
Cartesian coordinate axes, x and y. In particular, u; (ui) refers to the global

displacements (u, v). The Analysis column uses the following abbreviations:

ANALYSIS ABBREVIATION
Static S
Frequency response F
Time dependent T
Eigenfrequency E

TABLE 2-8: IN PLANE TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui u; All All X; u;
displacement
uit Uy T All x; velocity Uy
ui_amp Uiamp F All x; |u;]
displacement
amplitude
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TABLE 2-8: IN PLANE TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION
displacement P mod(angle(x;), 2m)
phase
ui_t Ut F All x; velocity Jjou;
ui_t_amp  uuam, F All x; velocity OUjamp
amplitude
ui_t_ph Uitph F All x; velocity mod (u;pp, +90°, 360°)
phase
ui_tt Wiy F Al x; ~0%u;
acceleration
ui_tt amp  wipamp F All x; m2u~amp
acceleration
amplitude
ui_tt ph  wuyn  F All x; mod (u;pp + 180°, 360°)
acceleration
phase
disp disp All All Total 2
displacement Z(real(ui))
i
Xn X, All B Parameter x(xy—2%1) +Y(¥g —¥1)
along edge 3 5
only used for J(xg—xl) +(e-y1)
linear
constraint
exixjT &igr Al B Tangential If large deformation
strain tensor 3 3 3 3
%(a_ui N
else
en €, All B Axial strain (et + SxyTty) + ty(exyTtx + SyTty)
sn o, All B Axial stress E(e,-o(T-T,.p) —€,;) +O,;
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TABLE 2-8: IN PLANE TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
exixjT_t  eyup T B Tangential If large deformation
strain rate
tensor 1 dut; +8utj +8utk 'auk +8uk 'autk
2(0x; ox; ox; | Ox;| =~ ox;| ox;
7T tlr Lir T g Y
else
l[a“ti R/
2(0x; r ox;
exixjT_t e, . m F B Tangential 1(0u; dul )
strain rate Sl + | jo
2\ 0x; 0x;
tensor Jlp i
exixjT_b ey, Buckling B Tangential out,| ou,| ou,| dut,
strain a5 | 3l ol am
buckling Yilp Plp PKilp 9%
tensor
en_t Ent FT B Axial strain te(Eopity + Exyrity) + 1, (€ pity + €yt
rate
en_b Enb FT B Axial buckling ¢ (e pp,t, +&.,mpty) + (g, ity + Eyrply)
strain
sn_t Oy FT B Axial stress Ee,,
rate
N N All Axial force Ac,
Fig Fig STE BP Edge, point If global coordinate system
load in global _
x; direction Fool _ |F,
,Fyg, Fy

If other coordinate system

Fxg — d Fx
coor
_Fyg_ Fy
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TABLE 2-8: IN PLANE TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION

Fig F; F B P Edge, point If global coordinate system
load in global e
x; direction QT

Fig = FiFipmpe

If other coordinate system

Fxg =T FxeAmpe
F ~ “coord .
pZ JFyth

F F e

¥y yAmp

Ws Wy All B Strain energy A
density E(Sncn)
3D Truss

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below almost all application mode
parameters are available as variables. Some variables change their availability with the
type of analysis, as noted in the Analysis column. For frequency-response analysis a
number of additional variables are available. Furthermore, the amplitudes and phases
of variables such as strains and stresses are available; to access them, append _amp or
_ph to the variable name. For example:

en_amp is the amplitude of the bending moment in the local y direction

e sn_ph is the phase of the axial stress
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Table 2-9 uses a convention where indices Z, j, ... (or i, 7, ...) run over the geometry’s
Cartesian coordinate axes, x, ¥, and 2. In particular, u; (ui) refers to the global

displacements (u, v, w). The Analysis column uses the following abbreviations:

ANALYSIS ABBREVIATION
Static S
Frequency response F
Time dependent T
Eigenfrequency E

TABLE 2-9: 3D TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION

ui u; All All X; u;
displacement

uit Ujs T All x; velocity Ujy

ui_amp Uiamp F All x; |u;]
displacement
amplitude

ui_ph Uivh F All X; 180°

— p. 13

displacement mod(angle(x;), 21)
phase

ui_t U F All x; velocity Jou;

ui_t_amp Uitamp F All x; velocity OUjamp
amplitude

ui_t_ph Uitph F All x; velocity mod (u;pp, +90°, 360°)
phase

ui_tt Wigy F All x; —0?u;
acceleration

ui_tt_amp  wigamp F All x; w2 Uiamp
acceleration
amplitude

ui_tt_ph Uigph  F All x; mod (u;pp, + 180°, 360°)
acceleration
phase

disp disp All All Total

2
displacement > (real(y;))
i
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TABLE 2-9: 3D TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION
Xn Xn All E Parameter x(x2_x1)+y(y2_y1)+z(z2_zl)
along edge
2 2 2
only used for /\/(xg —Xx1) +(a-y1) +(23-29)
linear
constraint
exixjT &gt Al E Tangential If large deformation
strain tensor
1(*’% LOul o) 9
2 ij r ox; r ox; r ij
else
1(3% L
2 ij r ox;
en i i
€, All E Axial strain t (et + €y Tty +e.,pt,)+

ty (&l + €ty + €, pt,) +

tz(gsztx + Sszty + 82th)

sn o, All E Axial stress E(e,~ (T ~T,op) —€,;) + O
exixjT_t CviniTt | E Tangential If large deformation
strain rate
2( 0x; r ox; r ox; r ox; r ox; r ox;
else
1(auti out;
it I
2(dx; r ox;
exixjT_t gt [ E Tangential 1(u, du.
strain rate Sl | jo
2\ dx; ox;
tensor Jlp i
exixjT_b  &yym Buckling E Tangential 1outy,| du,|  ou,| out,
strain 295 | 3! el 3e
buckling i T X T X T Xj
tensor
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TABLE 2-9: 3D TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
en_t €, FT E A);lal strain (€t + EpyTily + €orils) +
rate
ty(exyTttx + eyTtty + sszttZ) +
tz(eszttx + Esztty + Ethtz)
en_b €4 FT E Axna.l buckling (€t + SxyTbty +€,mpt,) +
strain
ty(sxyTbtx + syTty + eszbtz) +
tz(eszbtx + Eszbty + EZ'Tbtz)
sn_t Ont FT E Axial stress Ee,,;
rate
N N All E Axial force Ag,
Fig Fig STE EP Edge, point If global coordinate system
load in global  _  _
x; direction F., F,
F, o = Fy
F, gl F,

If other coordinate system

Fxg F,
Fyg = Tcoord Fy
Fzg_ Fy
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TABLE 2-9: 3D TRUSS APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
Fig F; F E/P Edge, point If global coordinate system
Ioa: in global P
x; direction 180
Fig = FiF;p e
If other coordinate system
. T
JFipnTon
180
F F e
2" xAm
Fxg P
Fyg Teoord FF eJ **180
F ¥~ yAmp
zg . b3
JFanl-s_O
7FzeAmpe i
Ws Wy All E Strain energy A
density E(Sncn)
Shell

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below almost all application mode
parameters are available as variables. Some variables change their availability with the
type of analysis, as noted in the Analysis column. For frequency-response analysis a
number of additional variables are available. Furthermore, the amplitudes and phases
of variables such as strains and stresses are available; to access them, append _amp or
_ph to the variable name. For example:

sx_amp, the amplitude of the normal stress in the x direction.
e ex_ph, the phase of the normal strain in the x direction

The exception to this scheme consists of variables defined using a nonlinear operator
such as mises, disp, Tresca, s1, and so on.
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The table below uses a convention where indices i, j, ... (or i, 7,

geometry’s Cartesian coordinate axes, x, y, and z. In particular, u; (ui) refers to the

...) run over the

global displacements (u, v, w). The Analysis column uses the following abbreviations:

ANALYSIS ABBREVIATION
Static S
Frequency response F
Time dependent T
Eigenfrequency E
TABLE 2-10: SHELL APPLICATION MODE VARIABLES
NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
ui u; All All X; u;
displacement
thi 0; All All X; rotation 0;
uit Uj T All x; velocity U
thit 0;; T All x; angular 0;;
velocity
ui_amp Uiamp F All x; |u;]
displacement
amplitude
thi_amp Oiamp F All x; rotation [6;]
amplitude
ui_ph Uinh F All Xx; 180°
— P i
displacement mod(angle(w;), 2m)
phase
thi_ph 6;5h F All x; rotation 180°
- p v o0
phase - mod(angle(6;), 2m)
ui_t Uy F All x; velocity Jou;
thi_t 6;; F All x; angular J0o;
velocity
ui_t_amp Ujtamp F All x; velocity OUjamp
amplitude
thi_t amp  Oyamp F All x; angular 08;amp
velocity
amplitude
ui_t_ph Ujtph F All x; velocity mod (u;pp, +90°, 360°)
phase

PLATES,

BEAMS,
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TABLE 2-10: SHELL APPLICATION MODE VARIABLES

NAME SYMBOL  ANALYSIS DOMAIN DESCRIPTION EXPRESSION
thi_t_ph 0;tph F All x; angular mod (6;p, +90°, 360°)
velocity phase
ui_tt Ujst F All x; acceleration —wZui
thi_tt Ozt F All x; angular —(ozﬁi
acceleration
ui_tt_amp Ujttamp T All x; acceleration o? Ujamp
amplitude
thi_tt_amp  6;amp F All x; angular ©%8jamp
acceleration
amplitude
ui_tt_ph Uigph  F All x; acceleration  mod (u;p, + 180°, 360°)
phase
thi_tt_ph 6, F All x; angular mod (6;p, + 180°, 360°)
acceleration
phase
disp disp All All Total 2
displacement Z(real(ui))
i
totrot totrot  All All Total rotation 2
Z(real(ﬁi))
i
postheight 2z All B Postprocessing Dependent on the settings on the
height for postprocessing page
stress and
strain
evaluation
si o; All B o; normal D(e—0,eo(T-T,op)
stress global
coord. system  With loss factor damping in frequency
response analysis
D((l +jn)8 - O(Vec(T'_ TrEf))
Ssij T All B T shear stress  D(e - Oyoe(T=T\op)

global coord.
system

With loss factor damping in frequency
response analysis

D((1+jn)e =0y o(T = Tyep))
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TABLE 2-10: SHELL APPLICATION MODE VARIABLES

NAME SYMBOL

ANALYSIS DOMAIN

DESCRIPTION

EXPRESSION

sil O; All B

sijl All B

si c, All B

ei g Al B

eij & Al B

eil €)1 All B

eijl £U] All B

ei g Al B

SiXj Gixj All B

eiXj Sixj All B

tresca All B

Otresca

G; normal
stress shell
local coord.
system

T;j shear stress
shell local
coord. system

Principal
stresses,
1=1,2,3

€; normal
strain global
system

€;; shear strain
global coord.

system

€;] normal
strain user
defined coord.
system

€;7 shear strain
user defined
coord. system

Principal
strains,
1=1,2,3

Principal stress
directions,
1Jj=12,3
Principal strain
directions,
1,j=12,3

Tresca stress

D(Sl - O(vec(T_ Tref))

With loss factor damping in frequency
response analysis

D((1 +jn)81 - (Xvec(T_ Tref))

D(Sl - O(vec(T_ Tref))

With loss factor damping in frequency
response analysis

D((1 +jn)81 - (Xvec(T_ Tref))

Defined by the elshell_arg2 element

Defined by the elshell_arg2 element

Defined by the elshell_arg2 element

Defined by the elshell_arg2 element

max(rnax(‘cs1 -0,
‘61 —(53‘ )

Gy — 03‘))7

s
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TABLE 2-10: SHELL APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION

mises Omises Al B von Mises

stress

Nxil N, All B Local in-plane  Defined by the elshell_arg2 element
normal force
X; dir.

Nxyl Ny All B Local in-plane  Defined by the elshell_arg2 element

shear force

Mx il M, All B Local bending  Defined by the elshell_arg2 element
moment
x; direction
Mxyl Mxyl All B Local torsion Defined by the elshell_arg2 element
moment

axil Quil All B Local out Defined by the elshell_arg2 element
of-plane shear
force
x; direction

exilxj €xilxj All B Local shell Defined by the elshell_arg2 element
coordinate
system base
vectors

Fig Fig All BEP Body,edge, Defined differently depending on how the force
point load in is defined and what analysis type
global
x; direction
Mig M;g, All BEP Body, edge, Defined differently depending on how the
point moment  moment is defined and what analysis type
in global
x; direction

Filocal Filocal  All BEP Body, edge, Defined differently depending on how the force
point load in is defined and what analysis type
local
x; direction

Milocal Mioca1 Al BEP Body, edge, Defined differently depending on how the
point moment  moment is defined and what analysis type
in local
x; direction
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Piezoelectric Application Modes

Piezo Solid

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below, almost all application mode
parameters are available as variables. Some variables change their availability with the
type of analysis, as noted in the Analysis column. For frequency-response analysis a
number of additional variables are available. Furthermore, the amplitudes and phases
of variables such as strains and stresses are available; to access them, append _amp or

_ph to the variable name. For example:

* sx_amp represents the amplitude of the normal stress in the x direction
* ex_ph represents the phase of the normal strain in the x direction

The exception to this scheme consists of variables defined using a nonlinear operator
such as mises, disp, Tresca, or s1.

a convention where indices i, j, ... (or i, 7, ...) run over the geometry’s Cartesian
coordinate axes, x,y, and z. In particular, u; (ui) refers to the global displacements (u,

v, w). The Analysis column uses the following abbreviations:

ANALYSIS ABBREVIATION
Static S
Frequency response F
Time dependent T
VARIABLES
TABLE 2-11: PIEZO SOLID APPLICATION MODE VARIABLES
NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui u; All All x; displacement  u;
Vv \% All All Electric \%4
potential
uit U T All x; velocity U
ui_amp Uiamp F All x; displacement  |u;|
amplitude
ui_ph Uiph F All x; displacement  180°

phase mod(angle(u;), 2m)

PIEZOELECTRIC APPLICATION MODES
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TABLE 2-11: PIEZO SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
V_amp Vamp F All Electric 4
potential
amplitude
V_ph V. F All Electric 180°
— ph
potential phase mod(angle(V), 2m)
ui_t Ut F All x; velocity Jjou;
ui_t_amp  ujamg F All x; velocity OUjamp
amplitude
ui_t_ph Uitph F All x; velocity mod (¢, +90°, 360°)
phase
ui_tt Ujs F All x; acceleration —0)2ui
ui_tt amp  wamg F All x; acceleration w2uiamp
amplitude
ui_tt ph F All x; acceleration  mod (u;py, + 180°, 360°)
phase
disp disp All All Total 2
displacement ,Z(real(ui))
i
ei g All S g;normal strain o
global coord. a—’
system X
eij &; All S €;; shear strain wu. ou
global coord. l(l + J]
system 2\0x; * Jx;
Ei E; All S Electric field P
&)
normg E; All S Electric field JEE
eil €1 All S €;1 normal TcoordTSTcoord
strain,
user-defined
coord. system
eijl &1 All S €71 shear strain, TcoordTSTcoord

user-defined
coord. system
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TABLE 2-11: PIEZO SOLID APPLICATION MODE VARIABLES

NAME SYMBOL

ANALYSIS

DOMAIN

DESCRIPTION

EXPRESSION

Eil Eil

eij_t €

e lj_t Sijt

ei l_t Silt

e 1_7 l_t Sijlt

CE CE

All

All

FT

FT

All

S

Electric field,
user-defined
coord. system

Electric
potential
gradient,
user-defined
coord. system

€;; normal
velocity strain,
global system

€;; normal
velocity strain,
global system
&;js shear
velocity strain,
global coord.
system

&;js shear
velocity strain,
global coord.
system

€;1; normal
velocity strain,
user-defined
coord. system

€1t shear .
velocity strain,
user-defined
coord. system

Stiffness matrix
components

T. TE

coord

TcoordT Vv

1 %t+aijt
2 ij ox;

l%+% 10}
2 ij ox;

T
Tcoord & Tcoord

T
Tcoord & Tcoord

-1 . s . .
sg ,if material is specified on strain-charge

form, calculated by a special
inverting-matrices element.
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63



64 |

TABLE 2-11: PIEZO SOLID APPLICATION MODE VARIABLES

NAME

SYMBOL

ANALYSIS

DOMAIN

DESCRIPTION

EXPRESSION

e

epsilonT

epsilonS

epsilon

sigma

e

er

€S

All

All

All

All

All

freq

All

S

Piezoelectric
coupling
matrix, if
material is
specified on
strain-charge
form

Electric
permittivity
with stress field
constant

Electric
permittivity
with strain field
constant

Stiffness matrix
components

Electric
permittivity
matrix
components

Electric
conductivity
matrix
components

G; normal
stress, global
coord. system

-1
dsg

€08

If material defined on stress-charge from

€0&rS
If material defined on strain-charge from

-1 t
SOSI‘T_d ‘Sp -d

For isotropic and anisotropic material

€€, for isotropic and anisotropic material

For isotropic and anisotropic material

If material defined in global coord. sys.
Cpe— ¢'E or De
With loss factor damping in frequency
response analysis

(1+jn)cge — e E or (1+ m)De

If material defined in user-def. coord. sys.

T
Tcoord 0] Tcoord

CHAPTER 2: APPLICATION MODES VARIABLES



TABLE 2-11:

PIEZO SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Di D; All S Electric If material defined in global coord. sys.
displacement, ee +egE or g, E
X; component
t P If material defined in user-def. coord. sys.
Tcoorle
Ji J; TF S Total current Jaitdpiordg;
density, x;
component If material defined in user-def. coord. sys.
TcoordJl
Jdi Jai T S Displacement aD.
current density, — °
ot
X; component
Jdi Ja; F S Displacement  jwD;
current density,
X; component
Jpi Iy TF S Potential c.E
current density, |t material defined in user-def. coord. sys.
X; component
' Teoorad
Sij T All S T;j shear stress,  If material defined in global coord. sys.
global coord. cge —¢'E or De
system
Y With loss factor damping in frequency
response analysis
(1+jn)cge — e E or (1 +m)De
If material defined in user-def. coord. sys.
T
Tcoord o] Tcoord
sil o; All S ©; normal CRe — etEl or Dg;
stress, ) With loss factor damping in frequency
user-defined response analysis
local coord. :
system (1 +jn)cge —e Ky or (1+,M)Dey
Dil Dil All S Electric eg) + SSEI or g, E]

displacement,
X; component,
local coord. sys.

PIEZOELECTRIC APPLICATION MODES

65



66 |

TABLE 2-11:

PIEZO SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Jil J; TF S Total current Jaiat+dpiaordgi
density, x;
component,
local coord. sys.
Jdil Ja il T S Displacement aD.
current density, 5% il
X; component,
local coord. sys.
Jdil Ja il F S Displacement  jwD;
current density,
X; component,
local coord. sys.
Jpil Jpil F S Potential c.E;
current density,
X; component,
local coord. sys.
sijl T All S T;j shear stress, cpg - etEl or Dg
user-defined With loss factor damping in frequency
local coord. response analysis
system :
(1 +jT])CE81 —e E] or (1 +jT])D81
si_t (o FT S O;; time If material defined in global coord. sys.
farecl epeior e
r ress, . L
With loss factor damping in frequency
global coord. .
response analysis
system
1 +jm)jocge; or (1 +jn)jwDe
If material defined in user-def. coord. sys.
T
Tcoord Ol Tcoord
sij_t Tij T S T;j; time If material defined in global coord. sys.

derivative of
shear stress,
global coord.
system

cg€; or Dg,
With loss factor damping in frequency
response analysis

(1 +jn)yjocge or (1 +jn)joDe

If material defined in user-def. coord. sys.

T
Tcoord Olt Tcoord
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TABLE 2-11:

PIEZO SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION

sil_t GC;1; FT S GC;1; time Cg€ or DS]t
derivative of With loss factor damping in frequency
normal stress,  osponse analysis
user-defined N L.
local coord. (1 +jm)jocge or (1 +jn)joDeg;
system

sijl t Tijle FT S T;j1; time cgey or Dey;
derivative of With loss factor damping in frequency
shear stress, response analysis
user-defined

1+my r (1 +jn)joD:

local coord. (1 +jmyjocge or (1 +jn)yoDe
system

si C; All S Principal Defined by elpric element
stresses,
1=1,2,3

ei g All S Principal Defined by elpric element
strains, 1=1,2,3

Sixj Ojxj All S Principal stress  Defined by elpric element
directions,
1,j=1,2,3

eixj &y All S Principal strain  Defined by elpric element
directions,
1,j=1,2,3

tresca Otresca All S Tresca stress max(max(’cl — 0y, [0y - 63‘)),

01— 03))

mises Omises All S von Mises
stress

normD D All S Electric

displacement,
norm

~D-D
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TABLE 2-11: PIEZO SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Ws W All S Strain energy If material properties defined in global
density coord. sys.
0.56'¢
c-e 1 . .
5 éreal(c - conj(g)) in frequency
response analyses
If material properties defined in local
user-defined coord. sys.
SuE Ly . in f
—5 érca (0] - conj(&)) in freq. resp.
We W, All S Electric energy  If material properties defined in global
density coord. sys.
E-D/2, real(conj(E)-D)/2 in freq. resp.
If material properties defined in local
user-defined coord. sys.
E;'D,;/2, real(conj(E;)-D})/2 in freq.
resp.
Tai Ta; All B Surface traction
(force/area) in Ta, Oy Tay Tz |«
x; direction Ta | = |1, 0, T,.| |2,
TaZ TJCZ Tyz GZ n’z
nD nD All B Suﬁéce charge n,,- (Dyown — Dup)
density
nJ nd FT B Currentdensity n-J
outflow
nds nds F B Source current  Only for unsymmetric electric currents.
density

Nyp- (Jdown _Jup) or,

with weak constraints, the Lagrange
multiplier for V.
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TABLE 2-11: PIEZO SOLID APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Fig F; All All Body load, face  If global coordinate system
load, edge load, _ _
point load, in F., F,
global F = |F
x; direction Fyg Fy
zg| z

If other coordinate system

Fyg = Tcoord Fy
_Fzg_ F,
smon smon All S Structural lor0
equation
available
eson eson All S Electrical lor0
equation
available

Piezo Plane Stress

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below, almost all application mode
parameters are available as variables. Some variables change their availability with the
type of analysis, as noted in the Analysis column. For frequency-response analysis a
number of additional variables are available. Furthermore, the amplitudes and phases
of variables such as strains and stresses are available; to access them, append _amp or

_ph to the variable name. For example:

* sx_amp represents the amplitude of the normal stress in the x direction.

* ex_ph represents the phase of the normal strain in the x direction

The exception to this scheme consists of variables defined using a nonlinear operator

such as mises, disp, Tresca, or s1.
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The table uses a convention where indices Z, j, ... (or i, 7, ...) run over the geometry’s
Cartesian coordinate axes, x, y, and 2. In particular, u; (ui) refers to the global

displacements (u, v, w). The Analysis column employs the following abbreviations:

ANALYSIS ABBREVIATION
Static S

Frequency response F

Time dependent T
VARIABLES

TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui u; All All x; displacement  u;
v \4 All All Electric \%4
potential
uit Ui T All x; velocity Uy
ui_amp Ujamp F All x; displacement  |u;|
amplitude
ui_ph Uiph F All x; displacement  180°
phase —n—mod(angle(ui), 2m)
V_amp Vamp F All Electric V]
potential
amplitude
V_ph V. F All Electric 180°
_ ph
potential phase T mod(angle(V), 2m)
ui_t U F All x; velocity Jjou;
ui_t_amp Uitamp F All x; velocity OUjamp
amplitude
ui_t_ph Uitph F All x; velocity mod (u;pp, +90°, 360°)
phase
ui_tt Ujpy F All x; acceleration —u)zui
ui_tt_amp  uiypamp F All x; acceleration wzuiamp
amplitude
ui_tt_ph Uittph F All x; acceleration  mod (u;p, + 180°, 360°)

phase
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TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
disp disp All All Total 2
displacement /Z(real(ui))
i
ei € All S €; normal du.
. 12
strain, global prs
coord. system *i
ez €, All S €, normal
strain, out of (zengj - Z (CE)3k£kJ
the xy-plane j k=124
or
(CE)33
- ) Dz
k=124
(D33
With loss factor damping in frequency
response analysis
(ZeﬁEj— Z (1 +jn)(CE)3k3kJ
j k=1,2,4
(1 +j71)(CE)33
- Z (1 +jn)(CE)3k3k
k=124
or -
(1 +JT\)(CE)33
exy €y All S Eyyshearstrain, 1. o)
global coord. é(@ o
system
Ei E; All S Electric field IV
%)
norme E; All S Electric field JEE
eil €1 All S €;1 normal TcoordTSTcoord
strain,
user-defined
coord. system
eijl &l All S €;j1 shear strain, TcoordTSTcoord

user-defined
coord. system
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TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME

SYMBOL

ANALYSIS

DOMAIN

DESCRIPTION

EXPRESSION

Eil

Vil

ei_t

Ey

il

All

All

S

Electric field,
user-defined
coord. system

Electric
potential
gradient,
user-defined
coord. system

€;; normal
velocity strain,
global system

T. TE

coord

T. Tvv

coord

du;,

0x;

1

ez_t €, FT S €, normal
velocity strain
out of the

xy-plane

5 ol

k=124
(M)33

(M is cg or D)

€;; normal ou
velocity strain,
global system i

exy_t €4yt Shear
velocity strain
global coord.

system

du, 0
3oy *3)

exy_t €yyt shear 19w ov).
velocity strain, é(a + m)
global coord.

system

€1z normal TcoordTSt Teoord
velocity strain,

user-defined

coord. system

eil t €1 FT S

T
€xyls Shear Teoord” € Teoord
velocity strain,

user-defined
coord. system

exyl_t €yt FT S

CE CE All S Stiffness matrix

-1 . . . .
S ,if material is specified on strain-charge
components

form, calculated by a special

inverting-matrices element.
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TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN DESCRIPTION EXPRESSION

e e All S Piezoelectric dsJ
coupling E
matrix, if
material is
specified on
strain-charge
form

epsilonT ep All S Electric €0&,T
permittivity
with stress field
constant

epsilonS £g All S Electric If material defined on stress-charge from
permittivity
with strain field
constant

€0&rs
If material defined on strain-charge from

-1 t
808,,T—d *Sg -d

D D All S Stiffness matrix  For isotropic and anisotropic material
components

epsilon €, All S Electric £y€,, for isotropic and anisotropic material
permittivity
matrix
components

sigma G, freq S Electric For isotropic and anisotropic material
conductivity
matrix
components

si c; All S G; normal If material defined in global coord. sys.

stress, global cge - &'E or Ds
coord. system

4 With loss factor damping in frequency
response analysis

(1+jn)cge — e E or (1+, m)De

If material defined in user-def. coord. sys.

T
Tcoord o1 Tcoord
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TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Di D; All S Electric If material defined in global coord. sys.
displacement, ee+egE or e, E
X; component
v P If material defined in user-def. coord. sys.
Tcoorle
Ji J; TF S Total current Jaitdpiordy;
density, x;
component If material defined in user-def. coord. sys.
TcoordJl
Jdi Jai T S Displacement aD.
current density, — °
ot
X; component
Jdi Ja; F S Displacement  joD;
current density,
X; component
Jpi Iy TF S Potential o.E
current density,  |f material defined in user-def. coord. sys.
X; component
! Teooradl
Sij T All S T;j shear stress,  If material defined in global coord. sys.
global coord. cgpe - o' E or De
system
4 With loss factor damping in frequency
response analysis
(1+jn)cge — €' E or (1+ m)De
If material defined in user-def. coord. sys.
T
Tcoord 01 Tcoord
sil o; All S ©; normal CRe — etEl or Dg;
stress, With loss factor damping in frequency
user-defined response analysis
local coord. ;
system (1 +jn)cge; —e Eyor (1+,M)De
Dil Dil All S Electric eg + SSEI or SeEl

displacement,
X; component,
local coord. sys.
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TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Jil J; TF S Total current Jaat+dpiordg
density, x;
component,
local coord. sys.
Jdil Ja il T S Displacement aD.
current density, 3 i
X; component,
local coord. sys.
Jdil Ja il F S Displacement  jwD;
current density,
X; component,
local coord. sys.
Jpil Jp,il F S Potential c.E;
current density,
X; component,
local coord. sys.
sijl Tjj All S T;j shear stress,  cgg - etEl or Dg;
user-defined With loss factor damping in frequency
local coord. response analysis
system ;
(1 +jT])CE81 —e E] or (1 +j'|’])D81
si_t Ojy FT S Oj; time If material defined in global coord. sys.
derivative of cge, or De,
normal stress, . o
With loss factor damping in frequency
global coord. .
response analysis
system
A +jn)yjocge; or (1 +jn)yjwDe
If material defined in user-def. coord. sys.
T
Tcoord Ol Tcoord
sij_t Tije T S T;j; time If material defined in global coord. sys.

derivative of
shear stress,
global coord.
system

cgg; or Dg,;
With loss factor damping in frequency
response analysis

(1 +jm)jocge or (1 +jn)jwDe

If material defined in user-def. coord. sys.

T
Tcoord Ol Tcoord
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TABLE 2-12:

PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION

sil_t ;1 FT S ;1 time Cg€); or DS]t
derivative of With loss factor damping in frequency
normal stress,  rosponse analysis
user-defined L. L.
local coord. (1 +jn)jocge; or (1 +jn)jwDg;
system

sijl_t Tl FT S T;j1¢ time cgey or Dey,
derivative of With loss factor damping in frequency
shear stfress, response analysis
user-defined

1+jm) r (1+jn)joD

local coord. (1 +mywcge or (1+m)joDeg
system

si C; All S Principal Defined by elpric element
stresses,
1=1,2,3

ei g All S Principal Defined by elpric element
strains,
1=1,2,3

Sixj Ojyj All S Principal stress  Defined by elpric element
directions,
1j=1,2,3

eixj €y All S Principal strain  Defined by elpric element
directions,
1,j=1,2,3

tresca Otresca All S Tresca stress max(max(’cl—cz, (52_63’)),

[061-03])

mises Omises All S von Mises
stress

normb normD All S Electric

displacement,
norm

~D-D
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TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Ws W All S Strain energy If material properties defined in global
density coord. sys.
GT'Sth, %real(c - conj(g))th infreqency
resp.
If material properties defined in local
user-defined coord. sys.
2%, Lreal i(e))th infi
—5 th, Qrca (0] - conj(gy)) in freq.
resp.
We W, All S Electric energy  If material properties defined in global
density coord. sys.
E'Z—Dth, %real(conj(E) -D)th in
fregency resp.
If material properties defined in local
user-defined coord. sys.
E D 1 .
5 th, ércal(con](El) -Dpth in
frequency response analyses.
Tai Ta; All B Surface traction
(force/area) in Ta,| _ [0 Ty (R
x; direction Ta, Tey Oyl |7y
nD nD All B Surfa'ce charge n, - Daown— Dup)
density
nJ nd FT B Currentdensity n-dJ
outflow
nds nds F B Source current  Only for unsymmetric electric currents.
density

Dype (Jdown_ Jup) or,

with weak constraints, the Lagrange
multiplier for V.
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TABLE 2-12: PIEZO PLANE STRESS APPLICATION MODE VARIABLES

NAME sYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Fig F; All All Body load, edge  If global coordinate system
load, point
load, in global Frgl _ |Fx
x; direction
' Fy |F:

xg X
F Tcoord F
g y
smon smon All S Structural l or0
equation
available
eson eson All S Electrical l or0
equation
available

Piezo Plane Strain

A large number of variables are available for use in expressions and for postprocessing
purposes. In addition to the variables listed below, almost all application-mode
parameters are available as variables. Some variables change their availability with the
type of analysis, as noted in the Analysis column. For frequency-response analysis a
number of additional variables are available. Furthermore, the amplitudes and phases
of variables such as strains and stresses are available; to access them, append _amp or

_ph to the variable name. For example:

e sx_amp represents the amplitude of the normal stress in the x direction

* ex_ph represents the phase of the normal strain in the x direction.

The exception to this scheme consists of variables defined using a nonlinear operator
such as mises, disp, Tresca, or si.
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The table uses a convention where indices Z, j,

... (or i, 7, ...) run over the geometry’s

Cartesian coordinate axes, x, ¥, and 2. In particular, u; (ui) refers to the global

displacements (u, v, w). The Analysis column uses the following abbreviations:

ANALYSIS ABBREVIATION
Static S
Frequency response F
Time dependent T

VARIABLES

TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
ui u; All All x; displacement  u;
Vv \4 All All Electric \%4
potential
uit U T All x; velocity Ujs
ui_amp Ujamp F All x; displacement  |u;|
amplitude
ui_ph Uiph F All x; displacement  180°
phase —n—mod(angle(ui), 2m)
V_amp Vamp F All Electric V]|
potential
amplitude
V_ph 1% F All Electric 180°
— ph
potential phase T mod(angle(V), 2m)
ui_t U F All x; velocity Jou;
ui_t_amp Uitamp F All x; velocity OUjamp
amplitude
ui_t_ph Uitph F All x; velocity mod (u;pp, + 90°, 360°)
phase
ui_tt Ujpy F All x; acceleration —0? u;
ui_tt_amp  uipamp F All x; acceleration o? Ujamp
amplitude
ui_tt_ph Uittph F All x; acceleration  mod(u;p, + 180°, 360°)

phase
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TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
disp disp All All Total 2
displacement ,Z(real(ui))
i
ei € All S €; normal ou.
strain, global -
ox;
coord. system i
exy €y All S €yyshearstrain, 1.5, 5
global coord. Q(@ 9%
system
Ei E; All S Electric field (E)V)
norme E; All S Electric field JEE
eil €1 All S €;; normal TwordeTcoord
strain,
user-defined
coord. system
eijl &j1 All S €;j shear strain, TcoordTSTcoord
user-defined
coord. system
Eil E; All S Electric field,  Teoora’ E
user-defined
coord. system
Vil Vi All S Electric TcoordT vv
potential
gradient,
user-defined
coord. system
ei_t € T S €;; normal ou.
. . it
velocity strain, 3
global system i
ei_t € F S €;; normal ou.
velocity strain, a—lju)
global system i
exy_t Exyt T S €yt Shear 1/0u, v,
velocity strain, é(a— + E)
global coord. Y
system
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TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
exy_t Exyt F S Exyt s.hear . 1/ou o).
velocity strain, 5 3y + % J ®
global coord.
system
, T
eil t &1t FT S €74 normal Teoora” €T eoord
velocity strain,
user-defined
coord. system
T
exyl_t Exylt FT S €yyit shear Teoora” €T eoord
velocity strain,
user-defined
coord. system
cE CE All S Stiffness matrix -1 . s . .
Sg ,if material is specified on strain-charge
components
form, calculated by a special
inverting-matrices element.
e e All S Piezoelectric -1
. . dsg
coupling matrix
if material is
specified on
strain-charge
form
epsilonT ep All S Electric €0&,T
permittivity
with stress field
constant
epsilonS £g All S Electric If material defined on stress-charge from
permittivity €08rg
T
with strain field . )
If material defined on strain-charge from
constant
-1 gt
gge,p—d-sg - d
D D All S Stiffness matrix  For isotropic and anisotropic material
components
epsilon €, All S Electric £0€,, for isotropic and anisotropic material
permittivity
matrix
components
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TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
sigma C, freq S Electric For isotropic and anisotropic material
conductivity
matrix
components
si c; All S G; normal If material defined in global coord. sys.
streszl, global e — ' E or Ds
coord. system
4 With loss factor damping in frequency
response analysis
(1+jn)cge — €' E or (1+ m)De
If material defined in user-def. coord. sys.
T
Tcoord 01 Tcoord
Di D; All S Electric If material defined in global coord. sys.
displacement, ee+egE or g, E
X; component
L P If material defined in user-def. coord. sys.
Teoora D1
Ji J; TF S Total current Jait+dpiordg;
density, x;
component If material defined in user-def. coord. sys.
TcoordJl
Jdi Ja; T S Displacement aD.
current density, 5% :
X; component
Jdi Ja; F S Displacement  joD;
current density,
X; component
Jpi Iy TF S Potential c.E

current density,
x; component

If material defined in user-def. coord. sys.
TcoordJl
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TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Sij T All S T;j shear stress,  If material defined in global coord. sys.
global coord. cge —e'E or D
system
Y With loss factor damping in frequency
response analysis
(1 +jn)cge —e'E or (1 +jm)De
If material defined in user-def. coord. sys.
T
Tcoord o] Tcoord
sil o; All S ©; normal CEpel— etEl or Dg;
stress, With loss factor damping in frequency
user-defined response analysis
local coord. ‘
system (1 +jm)cge - e Ey or (1 +;1)Dey
Dil D, All S Electric eg +egE;or e, E;
displacement,
X; component,
local coord. sys.
Jil Ji TF S Total current Jaatdpinordgi
density, x;
component,
local coord. sys.
Jdil Ja il T S Displacement aD.
current density, 5 i
X; component,
local coord. sys.
Jdil Jai1 F S Displacement  jwD;
current density,
X; component,
local coord. sys.
Jpil Iy il F S Potential o E
current density,
X; component,
local coord. sys.
sijl T All S T;; shear stress, cp€ — etEl or Dg;

ij

user-defined
local coord.
system

With loss factor damping in frequency
response analysis

(1 +jT])CE£1 - etEl or (]. +jn)D£1

PIEZOELECTRIC APPLICATION MODES

83



84 |

TABLE 2-13:

PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
si_t Ot FT S o;; time If material defined in global coord. sys.
derivative of cge, or De,
normal stress, . L
With loss factor damping in frequency
global coord. .
response analysis
system o o
(1 +jm)jocge; or (1 +jn)jwDe
If material defined in user-def. coord. sys.
T
Tcoord Oz Tcoord
sij_t Tij T S T;j; time If material defined in global coord. sys.
derivative of cge, or De,
shear stress, . L
With loss factor damping in frequency
global coord. .
response analysis
system
1 +jm)jocge or (1 +jn)ywDe
If material defined in user-def. coord. sys.
T
Tcoord Ol Tcoord
sil_t o1t FT S o;1; time cgey or Dey,
derivative of With loss factor damping in frequency
normal :tress, response analysis
user-defined L. .
local coord. (1 +nywcge or (1+/M)joDe
system
sijl_t Tijle FT S Tijle time CE€ or DS]t

derivative of
shear stress,
user-defined
local coord.
system

With loss factor damping in frequency
response analysis

(1 +jn)jocge; or (1 +jn)jwDg;
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TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
sz o, All S G, normal If material defined in global coord. sys.
stress
Z(CE)3k8k - Zej3Ej, or Z“(D)%s]e
k J k

With loss factor damping in frequency
response analysis

Z(l +JM)(Cg) gL — Zej3Ej, or
k J

Z(l +JM)(D) 38
k

If material defined in user-def. coord. sys.

Z(CE)3k(81)k - zej3(E1)] , or

k J
Z(D )Sk(sl)k
k
sz_t Oyt All S G, time If material defined in global coord. sys.

derivative of
normal stress Z(D)Sk(st)k (M is cg or D)
k

With loss factor damping in frequency
response analysis

D A+ (M)g,joe;, (Mis cg or D)
k

If material defined in user-def. coord. sys.

Z(M)3k(£1t)k (M is cg or D)

k
si G; All S Principal Defined by elpric element
stresses,
1=1,2,3
ei g All S Principal Defined by elpric element
strains,
1=1,2,3
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TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Sixj Ojyj All S Principal stress  Defined by elpric element
directions,
1,j=1,2,3
eixj €y All S Principal strain  Defined by elpric element
directions,
iJj=1,2,3
tresca Ctresca All S Tresca stress max(max(’cl -0y, log— 63’)),
01-03)))
mises Omises All S von Mises
stress
normb normD All S Electric /DD
displacement,
norm
Ws W All S Strain energy If material properties defined in global
density coord. sys.
Eth, lrcal(c-conj(i—:))th in
2 2
frequency response analyses.
If material properties defined in local
user-defined coord. sys.
28, Lieal j(e))th infi
—5 th, érca (0] - conj(g)) in freq.
resp.
We w, All S Electric energy  If material properties defined in global

density

coord. sys.

Eé—Dth, %real(conj(E) -D)th in

frequency response analyses.

If material properties defined in local

user-defined coord. sys.

E, - D,
2

frequency response analyses.

th, %rcal(conj(El) -Dpth in
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TABLE 2-13: PIEZO PLANE STRAIN APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Tai Ta; All B Surface traction T
(force/area) in | _ | Ox Tyl |
x; direction Tay Tey Oy |7y
nD . —
nD All B Surfa{ce charge n,, (Dgown Dup)
density
nJ nd FT B Currentdensity n-dJ
outflow
nJs nds F B Source current  Only for unsymmetric electric currents.
density
Dyp- (Jgown~ Jup) or,
with weak constraints, the Lagrange
multiplier for V.
Fig Fig All All Body load, edge  If global coordinate system
load, point g
load, in global F..| _ |F,
x; direction h
i _Fy gl F,
If other coordinate system
Fool _ T F,
F — “coord F
L 8l Y
smon smon All S Structural lor0
equation
available
eson eson All S Electrical lor0
equation
available

Piezo Axial Symmetry

A large number of variables are available for use in expressions and for postprocessing

purposes. In addition to the variables listed below, almost all application-mode

parameters are available as variables. Some variables change their availability with the

type of analysis, as noted in the Analysis column. For frequency-response analysis a

number of additional variables are available. Furthermore, the amplitudes and phases
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of variables such as strains and stresses are available; to access them, append _amp or

_ph to the variable name. For example:

e sr_amp represents amplitude of the normal stress in the r direction.

* ephi_ph represents the phase of the normal strain in the @ direction

The exception to this scheme consists of variables defined using a nonlinear operator

such as mises, disp, Tresca, or s1. The Analysis column uses the following

abbreviations:

ANALYSIS ABBREVIATION
Static S

Frequency response F

Time dependent T

VARIABLES

TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
uor uor All All r displacement  uor
divided by r
uaxi uaxi All All r displacement  uor-r
w w All All z displacement  w
\ \%4 All All Electric \4
potential
uort uor; T All r velocity uor;
divided by r
uaxi_t uaxi, T All r velocity uor,'r
w_t wy T All z velocity wy
uaxi_amp uaxigy, F All r displacement  |uaxi|
amplitude
w_amp Wamp F All z displacement  |w)|
amplitude
uaxi_ph uaxiyp F All r displacement  180°
- P 180° .
phase = mod(angle(uaxi), 2m)
w_ph Wph F All z displacement  180°

phase

mod(angle(w), 2m)
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
V_amp Vamp F All Electric V]
potential
amplitude
V_ph V. F All Electric 180°
— ph
potential phase mod(angle(V), 2m)
uaxi_t uaxi, F All r velocity Jouaxi
w_t wy F All z velocity jow
uaxi_t_amp  uaxizgmp, F All r velocity ®uaxigy,
amplitude
w_t_amp Wamp F All 2z velocity OWamp
amplitude
uaxi_t_ph uaxisgn F All r velocity phase  mod (uaxiyy, +90°, 360°)
w_t_ph Wiph F All z velocity phase  mod (wpp, +90°, 360°)
uaxi_tt uaxiy, F All r acceleration —w?uaxi
w_tt Wy F All 2 acceleration —0?w
uaxi_tt_amp uaXisy, F All r acceleration w? uaxismp
amplitude
w_tt_amp Wamp F All z acceleration O Wamp
amplitude
uaxi_tt_ph  uaxig, F All r acceleration mod (uaxigy + 180°, 360°)
phase
w_tt_ph Wiph F All z acceleration mod(wph + 180°, 360°)
phase
disp disp All All Total m
displacement uaxi +uw
er €, All S €, normal 0
strain, global uor+ E(uor) T
system
ez €, All S €, normal ow
strain, global 3z
system
ephi € All S € normal uor
strain
erz €., All S €,., shear strain,

global coord.
system

%(a%(uor) -+ %))
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS

DOMAIN

DESCRIPTION

EXPRESSION

exl, eyl All S

€xb €1

exyl €y

)1 All S

er_t

er_t

ez_t €

ez_t €

ephi_t €
ephi_t €

erz_t €rot

erz_t €0t

exl_t,

Exlp Eyle
eyl t

exyl_t Exylt

€41 ?yl normal
strains,
user-defined
coord. system

€y shear strain,
user-defined
coord. system

€,4 velocity
normal strain,
global system

€,4 velocity
normal strain,
global system

€, velocity
normal strain,
global system

€,; velocity
normal strain,
global system

€pt velocity
normal strain

€ot velocity

normal strain
€, shear
strain, global
coord. system

€, shear
strain, global
coord. system

Exltr Eylt
velocity normal
strain,
user-defined
coord. system

€xy1z Velocity
shear strain,
user-defined
coord. system

T,

T,

¢

T
coord € Tcoord

T
oord € Tcoord

d
uor, + y(uort) -r

jo

or

ow,

0z

jo(3:)

uo

JoO

1/0
Q(f(uort) T+ P

T,

Cf

T,

Cf

Ty

uor

dz

T
oord €t Tcoord

T
oord €t Tcoord

(uor + inI‘ . 7‘)

)
4
)

1(9 .
2(E(uor) r+ 3
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
disp disp All All Total 2
displacement Z (real(u;))
i
Ei E; All S Electric field P
st
normE |E| All S Electric field JEE
Eil E; All S Electric field,  Topord. E
user-defined
coord. system
Vil Va All S Electric TcoordT vv
potential
gradient,
user-defined
coord. system
cE ) All S Stiffness matrix -1 . o .
s , if material is specified on
components
strain-charge form, calculated by a
special inverting-matrices element.
e e All S Piezoelectric -1
) . dsg
coupling matrix
if material is
specified on
strain-charge
form
epsilonT er All S Electric €0&,T
permittivity
with stress field
constant
epsilon$ £g All S Electric If material defined on
permittivity stress-charge from
ith in field
comsmnt |07
If material defined on
strain-charge from
-1
€0, r—d - sp - d’
D D All S Stiffness matrix  For isotropic and anisotropic

components

material
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION

epsilon €, All S Electric €y€,, for isotropic and anisotropic
permittivity material
matrix
components

sigma G, freq S Electric For isotropic and anisotropic
conductivity material
matrix
components

sr, sz G, O, All S G, , hormal If material defined in global coord.

stress, global
coord. system

sphi c All S G, normal
stress, global
coord. system

sys.
CRE— ¢'E or De

With loss factor damping in
frequency response analysis

(1+jn)cge — e E or (1+, n)De

If material defined in user-def.
coord. sys.
Teo0rd 1 Teoord .

coord ©14 coord
If material defined in global coord.
sys.
CRE— ¢'E or De
With loss factor damping in
frequency response analysis

(1 +jn)cge —e'Eor (1 +jn)De

If material defined in user-def.
coord. sys.

CE€ — etEl
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
srz Ty All S T,, shear If material defined in global coord.
stress, global sys.
coord. system cgpe - o' E or De
With loss factor damping in
frequency response analysis
(1+jn)cge — €' E or (1+ m)De
If material defined in user-def.
coord. sys.
T
TeoordS1¢ Teoord
si o; All S G; normal If material defined in global coord.
stress, global sys.
coord. system e —¢'E or D¢
With loss factor damping in
frequency response analysis
1+ jn)cge— ¢'Eor (L+jyn)De
If material defined in user-def.
coord. sys.
Te00ra01 Teoord .
coord ©14 coord
Di D; All S Electric If material defined in global coord.
displacement, sys.
xjcomponent  o¢ 4 egE or g, E
If material defined in user-def.
coord. sys.
Tcoorle
Ji J; TF S Total current Jaitdpiordy;
density, x;
component If material defined in user-def.
coord. sys.
TcoordJl
Jdi Ja; T S Displacement D.
current density, — °
X; component t
Jdi Ja; F S Displacement  joD;

current density,
X; component
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Jpi Iy TF S Potential c.E
currentdensity, |t material defined in user-def.
Xj component  coord. sys.
TcoordJl
sij T;j All S T;j shear stress,  If material defined in global coord.
global coord. sys.
system cge —e'E or De
With loss factor damping in
frequency response analysis
(1 +jncge —e"E or (1+jm)De
If material defined in user-def.
coord. sys.
T
Teoord 1T coord
sil G; All S G; normal CE€ — etEl or DE]
stress, With loss factor damping in
user-defined frequency response analysis
local coord. :
system (1 +m)cger—e Epor (1+)1)Dgy
Dil D, All S Electric eg +egE) or e, K}
displacement,
X; component,
local coord. sys.
Jil Jil TF S Total current Jd,il + Jp,il or Jd,il
density, x;
component,
local coord. sys.
Jdil Jai T S Displacement aD.
current density, 3% i
X; component,
local coord. sys.
Jdil Jai F S Displacement  jwD;

current density,
X; component,

local coord. sys.
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
Jpil Jpil F S Potential o E;
current density,
X; component,
local coord. sys.
- t
sijl T All S T;j shear stress,  cpg —e Ej or Deg
user-defined With loss factor damping in
local coord. frequency response analysis
system ;
(1 +j'|’])CE81 —e E] or (1 +jT])D81
si_t (o FT S G;; time If material defined in global coord.
derivative of sys.
normal stress, cge, or De,
global coord. . o
system With loss factor damping in
frequency response analysis
1 +jnyocge; or (1 +jn)jwDe
If material defined in user-def.
coord. sys.
T
TeoordO1¢ Teoord
sij_t Tijt T S T;j; time If material defined in global coord.
derivative of sys.
v anorDy
f stem ’ With loss factor damping in
4 frequency response analysis
(1 +jnyocge or (1 +jn)jwDe
If material defined in user-def.
coord. sys.
T
Tcoord Ot Tcoord
sil_t o1t FT S o;1; time cgey or Dey,

derivative of
normal stress,
user-defined
local coord.
system

With loss factor damping in
frequency response analysis

(1 +jnyocge or (1 +jn)joDg
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
sijl_t Tiﬂt FT S Tiﬂt time CE€; or DS]t
derivative of With loss factor damping in
shear stress, frequency response analysis
user-defined 14 imYioene 1+ imioDs
local coord. (I+mywcge; or (1 +/m)j0De
system
sr_t, sz_t 0,40, FT S O Oy time If material defined in global coord.
derivative of sys.
normal stress, cge; or De,
lobal coord.
f stem With loss factor damping in
4 frequency response analysis
1+ myocge or (1 +jn)joDe
If material defined in user-def.
coord. sys.
TeooraO1: Teoord .
coord ©1¢ £ coord
sphi_t c FT S c,, time If material defined in global coord.
ot A
derivative of sys.
nlor;’mlal stredss, cge, or De,
obal coord.
f stem With loss factor damping in
Y frequency response analysis
A +jn)yjocge; or (1 +jn)yjwDe
If material defined in user-def.
coord. sys.
CEEl
si o; All S Principal Defined by elpric element
stresses, i =
1,2,3
ei € All S Principal Defined by elpric element
strains, i =
1,2,3
sixj Oixj All S Principal stress  Defined by elpric element
directions, i,j =
1,2,3
eixj €jxj All S Principal strain  Defined by elpric element

directions, i,j =
1,2,3
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
tresca Otresca All S Tresca stress max(max(|6; — Gy, |55 — Gg|)),
[01-03])
mises Omises All S von Mises
stress
normb normD All S Electric /DD
displacement,
norm
Ws W All S Strain energy If material properties defined in
density global coord. sys.
c-e 1 . .
5 2rca1(6 - conj(g)) in
frequency response analyses.
If material properties defined in
local user-defined coord. sys.
61 N 81
5
real(o; - conj(g;)) real(cw . conj(i—:(p))
+
2 2
in freq. resp.
We W, All S Electric energy  If material properties defined in
density global coord. sys.
E-D/2, real(conj(E)-D)/2 in
freq. resp.
If material properties defined in
local user-defined coord. sys.
E;-Dy/2, real(conj(E))-Dy)/2 in
freq. resp.
Tai Ta; All B Surface traction
(force/area) in Ta,| _ |0, 1|1,
x; direction Ta, T, 0,||n,
nD nD All B Surfa.ce charge n,,- (Dyown — Dup)
density
smon smon All S Structural lor0
equation
available
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TABLE 2-14: PIEZO AXIAL SYMMETRY APPLICATION MODE VARIABLES

NAME SYMBOL ANALYSIS DOMAIN  DESCRIPTION EXPRESSION
eson eson All S Electrical | or0
equation
available
nJ nd FT B Currentdensity n-J¢
outflow
nds nds F B Source current  Only for unsymmetric electric
density currents.
Nype (Jdown_ Jup) or,
with weak constraints, the
Lagrange multiplier for V.
Fig Fig All All Body load, edge  If global coordinate system

load, point
load, in global
x; direction

F| _|F,
F, |F,

If other coordinate system

Fe _p  |F
~ “coord
Fzg F,
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Application Mode Programming
Reference

This chapter provides details about the fields in the application mode structure for

the structural and piezoelectric application modes.
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Application Mode Programming
Reference

This reference chapter tabulates the application mode dependent fields of the

application structure. For each application mode these are the following sections:

e Dependent and independent variables, which gives the variables in appl.dim and
appl.sdim. In the GUI the dependent variables are given in the Dependent variables
text field in the Model Navigator.

o Application mode class and name, which specifies which values to use in
appl.mode and gives the default value of appl.name. In the user interface, you
provide appl.name in the Application mode name edit field in the Model Navigator.

e Scalar variable, which specifies the variable in appl.var. The corresponding
dialog box is the Application Scalar Variables dialog box.

* Properties, which specifies all fields in appl.prop, for example which type of
analysis to perform or which elements to use. In the user interface you specify the
properties in the Application Mode Properties dialog box.

o Application mode parameters, which specifies the parameters in appl.equ,
appl.bnd, appl.edg, and appl.pnt. The dialog boxes corresponding to these
fields are the Subdomain Settings, Boundary Settings, Edge Settings, and Point Settings
dialog boxes.

In the tables below, words written in code format means that the structure field is
given as a string (' iso"); the word “expression” means that the structure field or cell
array component is given either as a numeric value (a floating point value, 2.0E11) or

as a string.

fem.appl is a cell array of structures, one for each application mode. fem.appl{i}
refers to the application mode in question.

In the application mode parameters tables the field column means a field on a specific
domain level given in the domain column. Example: field alpha, domain equ, refers
to the field fem.appl{i}.equ.alpha, thermal expansion coefficient on subdomain

level. Some fields exist in all domains, such as loads and constraints.
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Solid, Stress-Strain

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u','v','w','p'} Dependent variable names, global
displacements in x, y, z directions and
pressure

appl.sdim {'x','y','z"'} Independent variable names, space

coordinates in global x, y, z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl{i}.mode.class SmeSo01id3
appl{i}.name smsld

SCALAR VARIABLE

FIELD VALUE DEFAULT DESCRIPTION
appl.var cell array with variable {'freq' '100' Excitation frequency for
name and value ‘t_old_ini' '-1'}  frequency response analysis

and initial value for previous
time step used for contact
with dynamic friction.
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PROPERTIES

FIELD VALUE DEFAULT DESCRIPTION

appl.prop.elemdefault Lagl | Lag2 | Lag2 Default element to
Lag3 | Lag4 | use. Lagrange
Lag5 | LagU2P1 element of order |-
| LaguspP2 | 5 and mixed
LagU4P3 | L | ¢
LagUsPa agrange element o

order 2-5

appl.prop.analysis static | static Analysis to be
s‘Faticp}astic | performed, static,
eig | time | static elasto-plastic,
freq | para | eigenfrequency,
quasi | time dependent
buckling ’

appl.prop.eigtype

appl.prop.largedef

appl.prop.frame

appl.prop.createframe

appl.prop.deformframe

lambda | freq | freq
loadfactor

on | off off
name of the ref
frame

on | off off

name of the deform

deformed frame

frequency response
parametric,
quasi-static
transient, or linear
buckling analysis;
see note below.

Should eigenvalues,
eigenfrequencies or
load factors be used

Include large
deformation,
nonlinear geometry
effects.

The name of the
frame where the
application mode
lives

Controls if the
application mode
should create a
deformed frame

The name of the by
the application
mode created
deformed frame

APPLICATION MODE PARAMETERS
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TABLE 3-1: APPLICATION MODE PARAMETERS FOR SOLID, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
matmodel iso | ortho | aniso | iso equ Material model isotropic, orthotropic,
plastic | hyper anisotropic, elasto-plastic, or
hyperelastic
mixedform 1]0 0 equ Flag specifying whether mixed or
displacement formulation should be
used, 1 use mixed formulation, 0 use
displacement formulation.
E expression 2.0e11 equ Young's modulus for isotropic material
nu expression 0.33 equ Poisson's ratio for isotropic material
alpha expression 1.2e-5 equ Thermal expansion coefficient for
isotropic material
rho expression 7850 equ Density
EXx, Ey, Ez expression 2.0e11 equ Young's modulus for orthotropic
material
Gxy, Gyz, Gxz expression 7.52e10 equ Shear modulus for orthotropic
material
nuxy, NUyz, NUXz  expression 0.33 equ Poisson's ratios for orthotropic
material
alphax, alphay, expression 1.2e-5 equ Thermal expansion coefficients for
alphaz orthotropic material
D cell array of expressions isotropic D equ Elasticity 6-by-6 matrix for anisotropic
matrix material, saved in symmetric format,
2| components
alphavector cell array of expressions isotropic equ Thermal expansion coefficient vector
expansion for anisotropic material
dampingtype Rayleigh | lossfactor| Rayleigh equ Type of damping; lossfactor can only
nodamping be used for frequency reponse analysis
alphadM expression 1 equ Mass damping parameter
betadK expression 0.001 equ Stiffness damping parameter
matcoord global | name of global equ Coordinate system where the
user-defined coordinate material properties and initial stress
system and strain are defined
hardeningmodel iso |kin |ideal iso equ Hardening model isotropic, kinematic
or ideal-plastic
yieldtype mises | userdef mises equ Yield function, mises or user-defined
Sys expression 2.0e8 equ Yield stress level
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TABLE 3-1: APPLICATION MODE PARAMETERS FOR SOLID, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION

Syfunc expression mises equ User-defined yield function

isodata tangent | userdef tangent equ Isotropic hardening specification,
tangent data or user-defined function

Syhard expression 9. 1010 equ User-defined hardening function

———
pe
210"
1- 11
2-10

ETiso expression 2.0e10 equ Tangent modulus for isotropic
hardening

ETkin expression 2.0e10 equ Tangent modulus for kinematic
hardening

hypertype neo_hookean | neo_hookean equ Hyperelastic model

mooney_rivlin

mu expression 8e5 equ Neo-Hookean hyperelastic material
parameters, initial shear modulus

C10, CO1 expression 2e5 equ Mooney-Rivlin hyperelastic material
parameters

kappa expression 1e10 equ Hyperelastic material parameters,
initial bulk modulus

Tflag 1|0 0 equ Flag specifying whether thermal
expansion should be included, 1
include thermal expansion, 0 do not.

Temp expression 0 equ Thermal strain temperature

Tempref expression 0 equ Thermal strain stress free reference
temperature

ini_stress 1|0 0 equ Flag specifying whether initial stresses
should be included, 1 include stresses,
0 do not.

ini_strain 1|0 0 equ Flag specifying whether initial strains
should be included, 1 include strains, 0
do not.

S§Xi, syi, szi  expression 0 equ Initial normal stresses

sxyi, syzi, expression 0 equ Initial shear stresses

sxzi

exi, eyi, ezi  expression 0 equ Initial normal strains

exyi, eyzi, exzi expression 0 equ Initial shear strains
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TABLE 3-1: APPLICATION MODE PARAMETERS FOR SOLID, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
constrcond free | fixed | free equ, Type of constraint condition.
roller (bnd only) | bnd
displacement |
sym (bnd only) |
symxy (bnd only) | symyz
(bnd only) | symxz (bnd
only) | antisym (bnd only) |
antisymxy (bnd only) |
antisymyz (bnd only) |
antisymxz (bnd only) |
velocity (freq only) |
acceleration (freq only)
constrcoord global | local (bndonly)| global all Coordinate system where constraints
name of user-defined are defined
coordinate system
loadcond distr_force | distr_force bnd Type of load
follower_press
P expression 0 bnd Follower pressure, only used for
loadcond=follower_press
loadcoord global| local (bnd only) global all Coordinate system where loads are
| name of user-defined defined, not used for
coordinate system loadcond=follower_press
Fx, Fy, Fz expression 0 all Body load, face load, edge load, point
load, x, y, z direction
FxPh, FyPh, FzPh expression 0 all Phase angle in degrees specifying the
load’s phases
constrtype standard | general standard all Constraint notation, for standard
use Hx, Hy, Hz, Rx, Ry, Rz; for
general use Hand R
Hx, Hy, Hz 1]0 0 all Constraint flag controlling if x,y,2
direction is constrained. 1
constrained, O free, used with
standard notation
Rx, Ry, Rz expression 0 all Constraint value in x, y, z direction,
used with standard notation
H cell array of expressions {000,000;000} all H matrix used for general notation
constraints, Hu=R
R cell array of expressions {0;0;0} all R vector used for general notation

constraints, Hu=R
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TABLE 3-1: APPLICATION MODE PARAMETERS FOR SOLID, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
offset expression 0 bnd Contact surface offset from geometric
surface
pn expression min(1e-4*5"(a bnd Contact normal penalty factor
uglagiter-1),
0.1)E/h
pt expression min(1e-4*5~(a bnd Contact tangential penalty factor
uglagiter-1),
0.1)E/h
frictiontype nofric | coulomb nofric bnd Friction model
mustat expression 0 bnd Static coefficient of friction
cohe expression 0 bnd Cobhesion sliding resistance
Ttmax expression Inf bnd Maximum tangential traction
dynfric 0]1 0 bnd Should a dynamic friction model be
used
mudyn expression 0 bnd Dynamic coefficient of friction
defric expression 0 bnd Friction decay coefficient
contacttol auto | man auto bnd Method to calculate if slave and
master are incontact
mantol expression 1e-6 bnd Distance when slave and master are
assumed to be in contact, used
together with contacttol=man
searchdist auto | man auto bnd Method to calculate the distance to
search for contact
mandist expression 1e-2 bnd Distance to search if the slave and
master are in contact, used together
with searchdist=man
searchmethod fast | direct fast bnd Method used when calculating if
master and slave are in contact.
contact_oldi 0]1 0 bnd If they where in contact in the
previous time step
Tni expression 1e6 bnd Initial value for the contact pressure
Ttxi expression 1e6 bnd Initial value for the friction forces
xim_old expression 1e6 bnd The value of the mapped coordinates

in the previous time step
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Plane Stress

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u','v','p'} Dependent variable names, global
displacements s in x, y directions and
pressure

appl.sdim {'x','y','z"} Independent variable names, space

coordinates in global x, y directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class SmePlaneStress
appl.name smps

SCALAR VARIABLE

See the solid, stress-strain application mode specification on page 101.

PROPERTIES

See the solid, stress-strain application mode specification on page 102.

APPLICATION MODE PARAMETERS

TABLE 3-2: APPLICATION MODE PARAMETERS FOR PLANE STRESS

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
matmodel iso|ortho | aniso | iso equ Material model isotropic, orthotropic,
plastic | hyper anisotropic, elasto-plastic, or

hyperelastic

mixedform 1|0 0 equ Flag specifying whether mixed or
displacement formulation should be
used, 1 use mixed formulation, 0 use
displacement formulation.

E expression 2.0e11 equ Young's modulus for isotropic material

nu expression 0.33 equ Poisson's ratio for isotropic material

alpha expression 1.2e-5 equ Thermal expansion coefficient for
isotropic material

rho expression 7850 equ Density
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TABLE 3-2: APPLICATION MODE PARAMETERS FOR PLANE STRESS

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
thickness expression 0.01 equ Thickness of the plate
dampingtype Rayleigh | lossfactor| Rayleigh equ Type of damping; lossfactor can only be
nodamping used for frequency reponse analysis
alphadm expression 1 equ Mass damping parameter
betadK expression 0.001 equ Stiffness damping parameter
Ex, Ey, Ez expression 2.0e11 equ Young's modulus for orthotropic
material
Gxy expression 7.52e10 equ Shear modulus for orthotropic
material
nuxy, NUyz, NUXz  expression 0.33 equ Poisson's ratios for orthotropic
material
alphax, alphay, expression 1.2e-5 equ Thermal expansion coefficients for
alphaz orthotropic material
D cell array of expressions isotropic D equ Elasticity 4-by-4 matrix for anisotropic
matrix material, saved in symmetric format,
10 components
alphavector cell array of expressions isotropic equ Thermal expansion coefficient vector
expansion for anisotropic material
matcoord global | name of global equ Coordinate system where the material
user-defined coordinate properties and initial stress and strain
system are defined
hardeningmodel iso | kin | ideal iso equ Hardening model isotropic, kinematic
or ideal-plastic
yieldtype mises | userdef mises equ Yield function, mises or user defined
Sys expression 2.0e8 equ Yield stress level
Syfunc expression mises equ User-defined yield function
isodata tangent | userdef tangent equ Isotropic hardening specification,
tangent data or user-defined function
Syhard expression 9.10% equ User-defined hardening function
—t
pe
210"
1- 11
2-10
ETiso expression 2.0e10 equ Tangent modulus for isotropic
hardening
ETkin expression 2.0e10 equ Tangent modulus for kinematic

hardening
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TABLE 3-2: APPLICATION MODE PARAMETERS FOR PLANE STRESS

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
hypertype neo_hookean | neo_hookean equ Hyperelastic model
mooney_rivlin
mu expression 8e5 equ Neo-Hookean hyperelastic material
parameters, initial shear modulus
C10, Co1 expression 2e5 equ Mooney-Rivlin hyperelastic material
parameters
kappa expression 1e10 equ Hyperelastic material parameters,
initial bulk modulus
Tflag 1|0 0 equ Flag specifying whether thermal
expansion should be included, 1
include thermal expansion, 0 do not.
Temp expression 0 equ Thermal strain temperature
Tempref expression 0 equ Thermal strain stress free reference
temperature
ini_stress 1|0 0 equ Flag specifying whether initial stresses
should be included, 1 include stresses,
0 do not.
ini_strain 1|0 0 equ Flag specifying whether initial strains
should be included, 1 include strains, 0
do not.
sxi, syi, szi expression 0 equ Initial normal stresses
sxyi expression 0 equ Initial shear stress
exi, eyi, ezi expression 0 equ Initial normal strains
exyi expression 0 equ Initial shear strain
constrcond free | fixed | free equ, Type of constraint condition.
roller (bnd only) | bnd
displacement | sym
(bnd only) | symyz
(bnd only) | symxz
(bnd only) | antisym
(bnd only) | antisymyz
(bnd only) | antisymxz
(bnd only) | velocity
(freq only) |
acceleration (freq only)
constrcoord global|local (bndonly) global all Coordinate system where constraints

| name of user-defined
coordinate system

are defined
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TABLE 3-2: APPLICATION MODE PARAMETERS FOR PLANE STRESS

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
loadcond distr_force | distr_force bnd Type of load
follower_press
P expression 0 bnd Follower pressure, only used for
loadcond=follower_press
loadcoord global| local (bnd only) global all Coordinate system where loads are
| name of user-defined defined, not used for
coordinate system loadcond=follower_press
Fx, Fy expression 0 all Body load, edge load, point load, x,
y direction
loadtype area | volume area equ Body load definition, load/volume or
load/area
loadtype area | length length bnd Edge load definition, load/length or
load/area
FxPh, FyPh expression 0 all Phase angle in degrees specifying the
load’s phases
constrtype standard | general standard all Constraint notation for standard use
Hx, Hy, Rx, Ry; for general use H and
R
Hx, Hy 1|0 0 all Constraint flag controlling if x,y

direction is constrained. 1 constrained,
0 free, used with standard notation

Rx, Ry expression 0 all Constraint value in x, y direction, used
with standard notation
H cell array of expressions {0 0;0 0} all H matrix used for general notation
constraints, Hu=R
R cell array of expressions {0;0} all R vector used for general notation
constraints, Hu=R
offset expression 0 bnd Contact surface offset from geometric
surface
pn expression min(1e-4*5~(a bnd Contact normal penalty factor
uglagiter-1),
0.1)E/h
pt expression min(1e-4*5~(a bnd Contact tangential penalty factor
uglagiter-1),
0.1)E/h
frictiontype nofric | coulomb nofric bnd Friction model
mustat expression 0 bnd Static coefficient of friction
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TABLE 3-2: APPLICATION MODE PARAMETERS FOR PLANE STRESS

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION

cohe expression 0 bnd Cohesion sliding resistance

Ttmax expression Inf bnd Maximum tangential traction

dynfric 0]1 0 bnd Should a dynamic friction model be
used

mudyn expression 0 bnd Dynamic coefficient of friction

dcfric expression 0 bnd Friction decay coefficient

contacttol auto | man auto bnd Method to calculate if slave and master
are incontact

mantol expression 1e-6 bnd Distance when slave and master are
assumed to be in contact, used
together with contacttol=man

searchdist auto | man auto bnd Method to calculate the distance to
search for contact

mandist expression 1e-2 bnd Distance to search if the slave and
master are in contact, used together
with searchdist=man

searchmethod fast | direct fast bnd Method used when calculating if
master and slave are in contact

contact_oldi 0]1 0 bnd If they where in contact in the previous
time step

Tni expression 1e6 bnd Initial value for the contact pressure

Ttxi expression 1e6 bnd Initial value for the friction forces

xim_old expression 1e6 bnd The value of the mapped coordinates

in the previous time step

APPLICATION MODE PROGRAMMING REFERENCE |



Plane Strain

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u','v','p'} Dependent variable names, global
displacements in x,y directions and pressure

appl.sdim {'x','y','z"} Independent variable names, space

coordinates in global x,y directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class SmePlaneStrain
appl.name smpn

SCALAR VARIABLE

See the solid, stress-strain application mode specification on page 101 for details.

PROPERTIES

See the solid, stress-strain application mode specification on page 102 for details.

APPLICATION MODE PARAMETERS

TABLE 3-3: APPLICATION MODE PARAMETERS FOR PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
matmodel iso | ortho | aniso | iso equ Material model isotropic,
plastic | hyper orthotropic, anisotropic,

elasto-plastic, or hyperelastic

mixedform 1]0 0 equ Flag specifying whether mixed or
displacement formulation should be
used: 1 use mixed formulation, 0 use
displacement formulation

E expression 2.0e11 equ Young's modulus for isotropic
material

nu expression 0.33 equ Poisson's ratio for isotropic material

alpha expression 1.2e-5 equ Thermal expansion coefficient for
isotropic material

rho expression 7850 equ Density
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TABLE 3-3: APPLICATION MODE PARAMETERS FOR PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
thickness expression 1 equ Thickness of the plate
dampingtype Rayleigh | lossfactor | Rayleigh equ Type of damping; lossfactor can only
nodamping be used for frequency reponse
analysis
alphadM expression 1 equ Mass damping parameter
betadK expression 0.001 equ Stiffness damping parameter
Ex, Ey, Ez expression 2.0e11 equ Young's modulus for orthotropic
material
Gxy expression 7.52e10 equ Shear modulus for orthotropic
material
nuxy, NUyz, nUXz  expression 0.33 equ Poisson's ratios for orthotropic
material
alphax, alphay, expression 1.2e-5 equ Thermal expansion coefficients for
alphaz orthotropic material
D cell array of expressions isotropic D equ Elasticity 4x4 matrix for anisotropic
matrix material, saved in symmetric format,
10 components
alphavector cell array of expressions isotropic equ Thermal expansion coefficient vector
expansion for anisotropic material
matcoord global | name of global equ Coordinate system where the
user-defined coordinate material properties and initial stress
system and strain are defined
hardeningmodel iso|kin |ideal iso equ Hardening model isotropic, kinematic
or ideal-plastic
yieldtype mises | userdef mises equ Yield function, mises or user defined
Sys expression 2.0e8 equ Yield stress level
Syfunc expression mises equ User-defined yield function
isodata tangent | userdef tangent equ Isotropic hardening specification,
tangent data or user-defined function
Syhard expression 9.10 equ User-defined hardening function
——
pe
2-10"
1- 11
2-10
ETiso expression 2.0e10 equ Tangent modulus for isotropic

hardening
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TABLE 3-3: APPLICATION MODE PARAMETERS FOR PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
ETkin expression 2.0e10 equ Tangent modulus for kinematic
hardening
hypertype neo_hookean | neo_hookean equ Hyperelastic model
mooney_rivlin
mu expression 8e5 equ Neo-Hookean hyperelastic material
parameters, initial shear modulus
c10, cot expression 2e5 equ Mooney-Rivlin hyperelastic material
parameters
kappa expression 1e10 equ Hyperelastic material parameters,
initial bulk modulus
Tflag 1|0 0 equ Flag specifying whether thermal
expansion should be included: 1
include thermal expansion, 0 do not.
Temp expression 0 equ Thermal strain temperature
Tempref expression 0 equ Thermal strain stress free reference
temperature
ini_stress 1|0 0 equ Flag specifying whether initial stresses
should be included: 1 include stresses,
0 do not
ini_strain 1|0 0 equ Flag specifying whether initial strains
should be included: 1 include strains,
0 do not
sxi, syi, szi expression 0 equ Initial normal stresses
sxyi expression 0 equ Initial shear stress
exi, eyi, ezi expression 0 equ Initial normal strains
exyi expression 0 equ Initial shear strain
constrcond free | fixed | roller free equ, Type of constraint condition
(bnd only) | displacement | bnd
sym (bnd only) | symyz
(bnd only) | symxz (bnd only)
| antisym (bnd only) |
antisymyz (bnd only) |
antisymxz (bnd only) |
velocity (freq only) |
acceleration (freq only)
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TABLE 3-3: APPLICATION MODE PARAMETERS FOR PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
constrcoord global | local (bnd only) | global all Coordinate system where constraints
name of user-defined are defined
coordinate system
loadcond distr_force | distr_force bnd Type of load
follower_press
P expression 0 bnd Follower pressure, only used for
loadcond=follower_press
loadcoord global | local (bnd only) | global all Coordinate system where load are
name of user-defined defined
coordinate system
Fx, Fy expression 0 all Body load, edge load, point load,
x, y direction
loadtype area | volume volume equ Body load definition, load/volume or
load/area
loadtype area | length area bnd Edge load definition, load/length or
load/area
FxPh, FyPh expression 0 all Phase angle in degrees specifying the
load’s phases
constrtype standard | general standard all Constraint notation: for standard
use Hx, Hy, Rx, Ry; for general use H
and R
Hx, Hy 1]0 0 all Constraint flag controlling if x,y
direction is constrained: 1
constrained, O free, used with
standard notation
Rx, Ry expression 0 all Constraint value in x, y direction,
used with standard notation
H cell array of expressions {0 0;0 0} all H matrix used for general notation
constraints, Hu=R
R cell array of expressions {0;0} all R vector used for general notation

constraints, Hu=R
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Axial Symmetry, Stress-Strain

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'uor','w','p'} Dependent variable names, global
displacements in r, z directions and
pressure

appl.sdim {'r','phi','z"'} Independent variable names, space

coordinates in global , @, z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class SmeAxialSolid
appl.name smaxi
SCALAR VARIABLE
FIELD VALUE DEFAULT DESCRIPTION
appl.var cell array with variable {'freq' '100'} Excitation frequency for

name and value

frequency response analysis

PROPERTIES

All continuum application modes have the same application mode properties. See the

solid, stress-strain application mode specification on page 102 for details.

APPLICATION MODE PARAMETERS

TABLE 3-4: APPLICATION MODE PARAMETERS FOR AXIAL SYMMETRY, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
matmodel iso|ortho | aniso | iso equ Material model isotropic,
plastic | hyper orthotropic, anisotropic,

elasto-plastic, or hyperelastic

mixedform 110 0 equ Flag specifying whether mixed or
displacement formulation should be
used, 1 use mixed formulation, 0 use
displacement formulation.

E expression 2.0e11 equ Young's modulus for isotropic
material
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TABLE 3-4: APPLICATION MODE PARAMETERS FOR AXIAL SYMMETRY, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
nu expression 0.33 equ Poisson's ratio for isotropic material
alpha expression 1.2e-5 equ Thermal expansion coefficient for
isotropic material
rho expression 7850 equ Density
thickness expression 1 equ Thickness of the plate
dampingtype  Rayleigh | Rayleigh equ Type of damping; lossfactor can only
lossfactor | be used for frequency reponse
nodamping analysis
alphadM expression 1 equ Mass damping parameter
betadK expression 0.001 equ Stiffness damping parameter
Er, Ephi, Ez expression 2.0e11 equ Young's modulus for orthotropic
material
Grz expression 7.52e10 equ Shear modulus for orthotropic
material
nurphi, expression 0.33 equ Poisson's ratios for orthotropic
nuphiz, nurz material
alphar, expression 1.2e-5 equ Thermal expansion coefficients for
alphaphi, orthotropic material
alphaz
D cell array of expressions  isotropic D equ Elasticity 4x4 matrix for anisotropic
matrix material, saved in symmetric format,
10 components
alphavector  cell array of expressions isotropic equ Thermal expansion coefficient vector
expansion for anisotropic material
matcoord global | name of global equ Coordinate system where the
user-defined coordinate material properties and initial stress
system and strain are defined
matcoord global | name of global equ Coordinate system where the
user-defined coordinate material properties and initial stress
system and strain are defined
hardeningmo iso | kin | ideal iso equ Hardening model isotropic, kinematic
del or ideal-plastic
yieldtype mises | userdef mises equ Yield function, mises or user defined
Sys expression 2.0e8 equ Yield stress level
Syfunc expression mises equ User-defined yield function
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TABLE 3-4: APPLICATION MODE PARAMETERS FOR AXIAL SYMMETRY, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION

isodata tangent | userdef tangent equ Isotropic hardening specification,
tangent data or user-defined function

Syhard expression 9.10% equ User-defined hardening function

——t
pe
2.10"
1- 11
2-10

ETiso expression 2.0e10 equ Tangent modulus for isotropic
hardening

ETkin expression 2.0e10 equ Tangent modulus for kinematic
hardening

hypertype neo_hookean | neo_hookean equ Hyperelastic model

mooney_rivlin

mu expression 8e5 equ Neo-Hookean hyperelastic material
parameters, initial shear modulus

C10, CO1 expression 2e5 equ Mooney-Rivlin hyperelastic material
parameters

kappa expression 1e10 equ Hyperelastic material parameters,
initial bulk modulus

Tflag 1]0 0 equ Flag specifying whether thermal
expansion should be included: 1
include thermal expansion, 0 do not

Temp expression 0 equ Thermal strain temperature

Tempref expression 0 equ Thermal strain stress free reference
temperature

ini_stress 1]0 0 equ Flag specifying whether initial stresses
should be included: 1 include stresses,
0 do not

ini_strain 1|0 0 equ Flag specifying whether initial strains
should be included: 1 include strains,
0 do not

sri, sphii, expression 0 equ Initial normal stresses

szi

srzi expression 0 equ Initial shear stress

eri, ephii, expression 0 equ Initial normal strains

ezi

erzi expression 0 equ Initial shear strain
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TABLE 3-4: APPLICATION MODE PARAMETERS FOR AXIAL SYMMETRY, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN DESCRIPTION
constrcond free | fixed | roller free equ, Type of constraint condition
(bnd only) | bnd
displacement | sym
(bnd only) | symrphi
(bnd only) | symphiz
(bnd only) | antisym
(bnd only) |
antisymrphi (bnd only)
| antisymphiz (bnd
only) | velocity (freq
only) | acceleration
(freq only)
constrcoord global | local (bnd global all Coordinate system where constraints
only) | name of are defined
user-defined coordinate
system
loadcond distr_force | distr_force bnd Type of load
follower_press
P expression 0 bnd Follower pressure, only used for
loadcond=follower_press
loadcoord global | local (bnd global all Coordinate system where loads are
only) | name of defined
user-defined coordinate
system
Fr,Fz expression 0 all Body load, edge load, point load,
1, z direction
loadtype area | volume volume equ Body load definition, load/volume or
load/area
loadtype area | length area bnd Edge load definition, load/length or
load/area
FrPh, FzPh expression 0 all Phase angle in degrees specifying the
load’s phases
constrtype standard | general standard all Constraint notation: for standard
use Hx, Hy, Rx, Ry; for general use H
and R
Hr, Hz 1]0 0 all Constraint flag controlling if

x, y direction is constrained: 1
constrained, 0 free, used with
standard notation
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TABLE 3-4: APPLICATION MODE PARAMETERS FOR AXIAL SYMMETRY, STRESS-STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION

Rr, Rz expression 0 all Constraint value in x, y direction,
used with standard notation

H cell array of expressions {0 0;0 0} all H matrix used for general notation
constraints, Hu=R

R cell array of expressions  {0;0} all R vector used for general notation

constraints, Hu=R

CHAPTER 3:

Mindlin Plate

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT

DESCRIPTION

appl.dim {'w', " "thx',"'thy'}

appl.sdim {'x",'y','z"}

Dependent variable names, global
displacements in z direction and
rotations about global x,y-axes

Independent variable names, space
coordinates in global x,y,z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class SmeMindlin
appl.name smdrm

SCALAR VARIABLE

See the Axial Symmetry, Stress-Strain application mode specification on page 116.
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PROPERTIES

FIELD VALUE DEFAULT DESCRIPTION
appl.elemdefault drmplate drmplate Default element to
be used. Mindlin
plate element.
appl.prop.analysis static | eig | static Analysis to be
time | freq| para performed, static,
| quasi eigenfrequency,
timedependent,
frequency response
parametric,
quasi-static
transient.
appl.prop.eigtype lambda | freq freq Should eigenvalues
or eigenfrequencies
be used
APPLICATION MODE PARAMETERS
TABLE 3-5: APPLICATION MODE PARAMETERS FOR MINDLIN PLATE
FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
matmodel iso | ortho | aniso iso equ Material model isotropic, orthotropic,
anisotropic
E expression 2.0e11 equ Young's modulus for isotropic
material
ST expression 1.2 equ Shear factor
nu expression 0.33 equ Poisson's ratio for isotropic material
alpha expression 1.2e-5 equ Thermal expansion coefficient for
isotropic material
rho expression 7850 equ Density
thickness expression 0.01 equ Thickness of the plate
dampingtype  Rayleigh | Rayleigh equ Type of damping; lossfactor can only
lossfactor | be used for frequency reponse
nodamping analysis
alphadM expression 1 equ Mass damping parameter
betadK expression 0.001 equ Stiffness damping parameter
Ex, Ey expression 2.0e11 equ Young's modulus for orthotropic

material
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TABLE 3-5: APPLICATION MODE PARAMETERS FOR MINDLIN PLATE

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
Gxy, Gyz, Gxz  expression 7.52e10 equ Shear modulus for orthotropic
material
nuxy expression 0.33 equ Poisson's ratio for orthotropic
material
alphax, expression 1.2e-5 equ Thermal expansion coefficients for
alphay orthotropic material
Sfyz, Sfxz expression 1.2 equ Shear factors for orthotropic material
Dp cell array of isotropic Dp equ In-plane elasticity 3-by-3 matrix for
expressions matrix anisotropic material, saved in
symmetric format, 6 components
Ds cell array of isotropic Ds equ Shear elasticity 2-by-2 matrix for
expressions matrix anisotropic material, saved in
symmetric format, 3 components
alphavector  cell array of isotropic equ Thermal expansion coefficient vector
expressions expansion for anisotropic material
matcoord global | name of global equ Coordinate system where the
user-defined material properties and initial stress
coordinate system and strain are defined
Tflag 1|0 0 equ Flag specifying whether thermal
expansion should be included: 1
include thermal expansion, 0 do not
daT expression 0 equ Temperature difference through plate
ini_load 1|0 0 equ Flag specifying whether initial loads
should be included: 1 include loads, 0
do not
ini_strain 1|0 0 equ Flag specifying whether initial strains
should be included: 1 include strains,
0 do not
Mxpi, Mypi expression 0 equ Initial plate bending moments
Mxypi expression 0 equ Initial plate torsional moments
Qxpi, Qypi expression 0 equ Initial shear forces
thxyi, thyxi  expression 0 equ Initial curvature
thyymthxxi expression 0 equ Initial warping
gyzi, gxzi expression 0 equ Initial average shear strain
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TABLE 3-5: APPLICATION MODE PARAMETERS FOR MINDLIN PLATE

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
constrcoord global]|local (bnd global all Coordinate system where constraints
only) | name of are defined
user-defined
coordinate system
loadcoord global|local (bnd global all Coordinate system where load are
only) | name of defined
user-defined
coordinate system
Fz expression 0 all Body load, edge load, point load,
2z direction
Mx, My expression 0 all Body moment, edge moment, point
moment, X, y direction
loadtype area | volume area equ Body load definition, load/volume or
load/area
loadtype area | length length bnd Edge load definition, load/length or
load/area
FzAmp expression 1 all Amplitude factor specifying the load’s
dependence on the excitation
frequency f
FzPh expression 0 all Phase angle in degrees specifying the
load’s phase’s dependence on the
excitation frequency f
MxAmp, MyAmp  expression 1 all Amplitude factor specifying the
moment’s dependence on the
excitation frequency f
MxPh, MyPh expression 0 all Phase angle in degrees specifying the
moment’s phase’s dependence on the
excitation frequency f
constrtype standard | general standard all Constraint notation: for standard
use Hx, Hy, Rx, Ry; for general use H
and R
constrlocal free | simply | free bnd Local constraint condition on
type fixed | rotation | boundaries. Free, simply supported,
general fixed, rotation constrained, and
general description
Hthx, Hthy 1]0 0 all Constraint flag controlling if rotation

about x,y-axes is constrained: 1
constrained, 0 free
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TABLE 3-5: APPLICATION MODE PARAMETERS FOR MINDLIN PLATE

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
Hz 1|0 0 all Constraint flag controlling if
2z direction displacement is
constrained: 1 constrained, 0 free
Rthx, Rthy expression 0 all Constraint value for rotation about x,
y-axes
Rz expression 0 all Constraint value in z direction
Rzl expression 0 bnd Constraint value in z direction used
with simply supported in local
coordinate system
Rthl expression 0 bnd Constraint value for tangential
rotation used with rotation in local
coordinate system
H cell array of {0 0 0;0 0 0} all H matrix used for general notation
expressions constraints, Hu=R
R cell array of {0;0;0} all R vector used for general notation
expressions constraints, Hu=R
postcontr top | bottom |mid|  top all Evaluation height for stress and strain
other
height expression 0 bnd User specified evaluation height for
stress and strain, used with other
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In-Plane Euler Beam

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u','v','th'} Dependent variable names, global
displacements in x,y directions and
rotation about global z-axis

appl.sdim {'x",'y','z"}

Independent variable names, space
coordinates in global x,y,z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class SmeInPlaneEulerBeam
appl.name smeulip

SCALAR VARIABLE

See the Axial Symmetry, Stress-Strain application mode specification on page 116.
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PROPERTIES

FIELD VALUE DEFAULT  DESCRIPTION
appl.elemdefault beam2d beam2d Default element to be
used. In plane Euler
beam element
appl.prop.analysis static|eig|time| static  Analysis to be
freq | para| quasi performed, static,
eigenfrequency,
timedependent,
frequency response
parametric,
quasi-static transient
appl.prop.eigtype lambda | freq freq Should eigenvalues or
eigenfrequencies be
used
APPLICATION MODE PARAMETERS
TABLE 3-6: APPLICATION MODE PARAMETERS FOR IN-PLANE EULER BEAM
FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
E expression 2.0e11 bnd Young's modulus for isotropic
material
alpha expression 1.2e-5 bnd Thermal expansion coefficient
rho expression 7850 bnd Density
A expression 0.01 bnd Cross section area
Iyy expression 8.33e-6 bnd Area moment of inertia
heightz expression 0.1 bnd Total section height
dampingtype Rayleigh | lossfactor| Rayleigh bnd Type of damping; lossfactor can only
nodamping be used for frequency reponse
analysis
alphadM expression 1 bnd Mass damping parameter
betadK expression 0.001 bnd Stiffness damping parameter
m expression 0 pnt Point mass
Jz expression 0 pnt Mass moment of inertia about z-axis
alphadM expression 0 pnt Mass damping parameter for point
mass and mass moment of inertia
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TABLE 3-6: APPLICATION MODE PARAMETERS FOR IN-PLANE EULER BEAM

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
Tflag 1]0 0 bnd Flag specifying whether thermal
expansion should be included: 1
include thermal expansion, 0 do not
Temp expression 0 bnd Thermal strain temperature
Tempref expression 0 bnd Thermal strain stress free reference
temperature
dTz expression 0 bnd Temperature difference through beam
ini_load 1]0 0 bnd Flag specifying whether initial loads
should be included: 1 include loads, 0
do not
ini_strain 1]0 0 bnd Flag specifying whether initial strains
should be included: 1 include strains,
0 do not
Ni expression 0 bnd Initial axial force
Mzi expression 0 bnd Initial bending moment
eni expression 0 bnd Initial axial strain
thsi expression 0 bnd Initial curvature
constrcond free | fixed | pinned | free all Type of constraint condition
norot | displacement |
sym (bnd only) | symyz (bnd
only) | symxz (bnd only) |
antisym (bnd only) |
antisymyz (bnd only) |
antisymxz (bnd only) |
velocity (freq only) |
acceleration (freq only)
constrcoord global|local (bndonly)| global all Coordinate system where constraints
name of user-defined are defined
coordinate system
loadcoord global|local (bndonly)| global all Coordinate system where load are
name of user-defined defined
coordinate system
Fx, Fy expression 0 all Edge load, point load, x, y directions
Mz expression 0 all Edge moment, point moment,

z direction
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TABLE 3-6: APPLICATION MODE PARAMETERS FOR IN-PLANE EULER BEAM

FIELD

VALUE

DEFAULT

DOMAIN

DESCRIPTION

FxAmp, FyAmp

FxPh, FyPh

MzAmp

MzPh

constrtype

Hth

Hx, Hy

Rth

Rx, Ry

expression

expression

expression

expression

standard | general

expression

expression

cell array of expressions

cell array of expressions

1

standard

0
{0 0 0;0 0 0}

{0;0;0}

all

all

all

all

all

all

all

all

all

all

all

Amplitude factor specifying the load’s
dependence on the excitation
frequency [

Phase angle in degrees specifying the
load’s phase’s dependence on the
excitation frequency f

Amplitude factor specifying the
moment’s dependence on the
excitation frequency f

Phase angle in degrees specifying the
moment’s phase’s dependence on the
excitation frequency f

Constraint notation: for standard
use Hx, Hy, Hth, Rx, Ry, Rth; for
general use Hand R

Constraint flag controlling if rotation

about z-axis is constrained. 1
constrained, O free

Constraint flag controlling if x,
y direction displacement is
constrained: 1 constrained, O free

Constraint value for rotation about
zZ-axis

Constraint value in x, y directions

H matrix used for general notation
constraints, Hu=R

R vector used for general notation
constraints, Hu=R
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3D Euler Beam

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u','v','w', "thx',"thy", 'thz'} Dependent variable names, global
displacements in x,y,z directions and
rotations about global x,y,z-axes
appl.sdim {'x','y','z'} Independent variable names, space
coordinates in global x,y,z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class Sme3DEulerBeam
appl.name smeul3d

SCALAR VARIABLE

See the Axial Symmetry, Stress-Strain application mode specification on page 116.
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PROPERTIES

FIELD VALUE DEFAULT  DESCRIPTION
appl.elemdefault beam3D beam3D Default element to be
used. Euler 3D beam
element.
appl.prop.analysis static|eig|time| static  Analysis to be
freq | para | quasi performed, linear
static, eigenfrequency,
timedependent,
frequency response
parametric,
quasi-static transient.
appl.prop.eigtype lambda | freq freq Should eigenvalues or
eigenfrequencies be
used
APPLICATION MODE PARAMETERS
TABLE 3-7: APPLICATION MODE PARAMETERS FOR 3D EULER BEAM
FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
E expression 2.0e11 edg Young's modulus for isotropic
material
nu expression 0.33 edg Poisson's ratio
alpha expression 1.2e-5 edg Thermal expansion coefficient
rho expression 7850 edg Density
A expression 0.01 edg Cross section area
Iyy, Izz expression 8.33e-6 edg Area moment of inertia about local y-
and z-axes
heighty, expression 0.1 edg Total section height in local y and
heightz z direction
localxp, expression 1 edg x,y-coordinate for point defining local
localyp xy-plane
localzp expression 1 edg z-coordinate for point defining local
xy-plane
dampingtype Rayleigh | lossfactor | Rayleigh edg Type of damping; lossfactor can only
nodamping be used for frequency reponse
analysis
alphadm expression 1 edg Mass damping parameter
betadK expression 0.001 edg Stiffness damping parameter
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TABLE 3-7: APPLICATION MODE PARAMETERS FOR 3D EULER BEAM

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION

m expression 0 pnt Point mass

Jx, Jy, Jz expression 0 pnt Mass moment of inertia about x, y,
z-axes

alphadM expression 0 pnt Mass damping parameter for point
mass and mass moment of inertia

masscoord global | name of global pnt Coordinate system where mass

user-defined coordinate moment of inertias are defined
system

Tflag 1]0 0 edg Flag specifying whether thermal
expansion should be included: 1
include thermal expansion, 0 do not

Temp expression 0 edg Thermal strain temperature

Tempref expression 0 edg Thermal strain stress-free reference
temperature

dTy, dTz expression 0 edg Temperature difference through beam
in local y and z direction

ini_load 1]0 0 edg Flag specifying whether initial loads
should be included: 1 include loads, 0
do not

ini_strain 1]0 0 edg Flag specifying whether initial strains
should be included: 1 include strains,
0 do not

Ni expression 0 edg Initial axial force

Mx1i expression 0 edg Initial torsional moment

Myli, Mz1i expression 0 edg Initial bending moment

eni expression 0 edg Initial axial strain

thxsi expression 0 edg Initial torsional angle derivative

thysi, thzsi  expression 0 edg Initial curvature
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TABLE 3-7: APPLICATION MODE PARAMETERS FOR 3D EULER BEAM

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
constrcond free | fixed | pinned | free all Type of constraint condition.
norot | displacement |
sym (bnd only) | symxy (bnd
only) | symyz (bnd only) |
symxz (bnd only) | antisym
(bnd only) | antisymxy (bnd
only) | antisymyz (bnd only)
| antisymxz (bnd only) |
velocity (freq only) |
acceleration (freq only)
constrcoord global|local (bndonly)| global all Coordinate system where constraints
name of user-defined are defined
coordinate system
loadcoord global | local (bnd only) | global all Coordinate system where load are
name of user-defined defined
coordinate system
Fx, Fy, Fz expression 0 all Edge load, point load, x,y,z direction
Mx, My, Mz expression 0 all Edge moment, point moment,
x,y,2 direction
FxAmp, FyAmp,  expression 1 all Amplitude factor specifying the load’s
FzAmp dependence on the excitation
frequency f
FxPh, FyPh, expression 0 all Phase angle in degrees specifying the
FzPh load’s phase’s dependence on the
excitation frequency f
MxAmp, MyAmp,  expression 1 all Amplitude factor specifying the
MzAmp moment’s dependence on the
excitation frequency f
MxPh, MyPh, expression 0 all Phase angle in degrees specifying the
MzPh moment’s phase’s dependence on the
excitation frequency f
constrtype standard | general standard all Constraint notation: for standard
use Hx, Hy, Hth, Rx, Ry, Rth; for
general use Hand R
Hthx, Hthy, 1]0 0 all Constraint flag controlling if rotation
Hthz about x,y,z-axes is constrained: 1

constrained, O free
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TABLE 3-7: APPLICATION MODE PARAMETERS FOR 3D EULER BEAM

FIELD VALUE DEFAULT DOMAIN DESCRIPTION

Hx, Hy, Hz 1]0 0 all Constraint flag controlling if
x,y,2 direction displacement is
constrained: 1 constrained, 0 free

Rthx, Rthy, expression 0 all Constraint value for rotation about x,

Rthz y, z-axes

Rx, Ry, Rz expression 0 all Constraint value in x, y directions

H cell array of expressions {000000;0 al H matrix used for general notation
00000} constraints, Hu = R

R cell array of expressions {0;0;0;0;0;0} all R vector used for general notation

constraints, Hu = R

In-Plane Truss

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u','v'} Dependent variable names, global
displacements in x,y directions

appl.sdim {'x",'y','z"} Independent variable names, space
coordinates in global x,y,z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class SmeTruss2D
appl.name smtr2d

SCALAR VARIABLE
See the Axial Symmetry, Stress-Strain application mode specification on page 116.
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PROPERTIES
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FIELD VALUE DEFAULT  DESCRIPTION
appl.elemdefault Lagl | Lag2|Lag3| Lagl Default element to be
Lag4 | Lag5 used
appl.prop.analysis static|eig|time| static  Analysis to be
freq | para | quasi | performed, static,
buckling eigenfrequency, time
dependent, frequency
response parametric,
quasi-static transient,
or linear buckling
analysis; see note
below
appl.prop.eigtype lambda | freq | freq Should eigenvalues,
loadfactor eigenfrequencies or
load factors be used
appl.prop.largedef on | off off Include large
deformation, nonlinear
geometry effects
APPLICATION MODE PARAMETERS
TABLE 3-8: APPLICATION MODE PARAMETERS FOR IN-PLANE TRUSS
FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
E expression 2.0e1 bnd Young's modulus for isotropic
material
alpha expression 1.2e-5 bnd Thermal expansion coefficient
rho expression 7850 bnd Density
A expression 0.01 bnd Cross section area
dampingtype Rayleigh | lossfactor| Rayleigh bnd Type of damping; lossfactor can only
nodamping be used for frequency reponse
analysis
alphadM expression 1 bnd Mass damping parameter
betadK expression 0.001 bnd Stiffness damping parameter
m expression 0 pnt Point mass
alphadM expression 0 pnt Mass damping parameter for point
mass
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TABLE 3-8: APPLICATION MODE PARAMETERS FOR IN-PLANE TRUSS

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
Tflag 1|0 0 bnd Flag specifying whether thermal
expansion should be included: 1
include thermal expansion, 0 do not
Temp expression 0 bnd Thermal strain temperature
Tempref expression 0 bnd Thermal strain stress free reference
temperature
ini_stress 1|0 0 bnd Flag specifying whether initial stress
should be included: 1 include stresses,
0 do not
ini_strain 1|0 0 bnd Flag specifying whether initial strains
should be included: 1 include strains,
0 do not
sni expression 0 bnd Initial axial stress
eni expression 0 bnd Initial axial strain
straight 1|0 1 bnd Flag specifying whether constrains
should be added to enforce boundary
to be straight: 1 enforce boundary, 0
do not
constrcond free | pinned | roller free bnd/ Type of constraint condition
(bnd only) | displacement | edg,
sym (bnd only) | symxy (bnd pnt
only) | symyz (bnd only) |
symxz (bnd only) | antisym
(bnd only) | antisymxy (bnd
only) | antisymyz (bnd
only) | antisymxz (bnd
only) | velocity (freq only)
| acceleration (freq only)
constrcoord global | local (bnd only)| global all Coordinate system where constraints
name of user-defined are defined
coordinate system
loadcoord global | local (bnd only) | global all Coordinate system where load are
name of user-defined defined
coordinate system
Fx, Fy, Fz expression 0 all Edge load, point load, x, ¥, z direction
FxAmp, FyAmp,  expression 1 all Amplitude factor specifying the load’s

FzAmp

dependence on the excitation
frequency f
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TABLE 3-8: APPLICATION MODE PARAMETERS FOR IN-PLANE TRUSS
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FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
FxPh, FyPh, expression 0 all Phase angle in degrees specifying the
FzPh load’s phase’s dependence on the
excitation frequency [
constrtype standard | general standard all Constraint notation: standard use
Hx, Hy, Hz Rx, Ry, Rz; general use H
and R
Hx, Hy, Hz 1]0 0 all Constraint flag controlling if x, y,
z direction displacement is
constrained: 1 constrained, O free
Rx, Ry, Rz expression 0 all Constraint value in x, y, z directions
H cell array of expressions {0 0;0 0} all H matrix used for general notation
constraints, Hu=R
R cell array of expressions {0;0} all R vector used for general notation
constraints, Hu=R
3D Truss
DEPENDENT AND INDEPENDENT VARIABLES
FIELD DEFAULT DESCRIPTION
appl.dim {'u','v','w'} Dependent variable names, global
displacements in x, ¥, z directions
appl.sdim {'x",'y','z"} Independent variable names, space coordinates
in global x, y, z directions
APPLICATION MODE CLASS AND NAME
FIELD VALUE DEFAULT
appl.mode.class SmeTruss3D
appl.name smtr3d
SCALAR VARIABLE
See the Axial Symmetry, Stress-Strain application mode specification on page 116.
PROPERTIES
Same as In-Plane Truss application mode.
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APPLICATION MODE PARAMETERS
Same as for In-Plane Truss application mode but three instead of two space variables,
resulting in three load components and three constraints.

Shell

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u','v','w', "thx',"thy', "thz'} Dependent variable names, global
displacements in x, y, z directions and
rotations about global x, y, z-axes

appl.sdim {'x','y','z'} Independent variable names, space
coordinates in global x, y, z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl.mode.class SmeShell
appl.name shell

SCALAR VARIABLE

See the Axial Symmetry, Stress-Strain application mode specification on page 116.
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PROPERTIES

FIELD VALUE DEFAULT  DESCRIPTION
appl.elemdefault shell shell Default element to
use. Shell element
appl.prop.analysis static|eig|time| static  Analysis to perform:
freq | para| quasi static, eigenfrequency,
timedependent,
frequency response
parametric, quasi-static
transient
appl.prop.eigtype lambda | freq freq Should eigenvalues or
eigenfrequencies be
used
APPLICATION MODE PARAMETERS
TABLE 3-9: APPLICATION MODE PARAMETERS FOR SHELLS
FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
E expression 2.0e11 bnd Young's modulus for isotropic
material
nu expression 0.33 bnd Poisson's ratio
alpha expression 1.2e-5 bnd Thermal expansion coefficient for
isotropic material
rho expression 7850 bnd Density
Sf expression 1.2 bnd Shear factor
thickness expression 0.01 bnd Thickness of the shell
Tflag 1|0 0 bnd Flag specifying whether thermal
expansion should be included: 1
include thermal expansion, 0 do not.
Temp expression 0 bnd Thermal strain temperature
Tempref expression 0 bnd Thermal strain stress free reference
temperature
aT expression 0 bnd Temperature difference through shell
in local z direction
xlocalx, expression t1x, t1y, t1z bnd x,y,2-components for projection
xlocaly, vector defining local x-axis
xlocalz
CHAPTER 3: APPLICATION MODE PROGRAMMING REFERENCE
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TABLE 3-9: APPLICATION MODE PARAMETERS FOR SHELLS

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
nsidex, expression x+nx, y+ny, z+nz  bnd x, %, 2-coordinates for point defining
nsidey, side of shell with positive z
nsidez
dampingtype Rayleigh | lossfactor | Rayleigh bnd Type of damping; lossfactor can only
nodamping be used for frequency reponse
analysis
alphadm expression 1 bnd Mass damping parameter
betadK expression 0.001 bnd Stiffness damping parameter
constrcond free | fixed | pinned | free bnd, Type of constraint condition.
norot | displacement | edg
sym (bnd only) | symxy (bnd
only) | symyz (bnd only) |
symxz (bnd only) | antisym
(bnd only) | antisymxy (bnd
only) | antisymyz (bnd
only) | antisymxz (bnd
only) | velocity (freq only)
| acceleration (freq only)
constrcoord  global | post (bndonly)| global all Coordinate system where constraints
local (bnd only) | name of are defined
user-defined coordinate
system
loadcoord global | post (bnd only) |  global all Coordinate system where load are
local (bnd only) | name of defined
user-defined coordinate
system
loadtype area | volume area bnd Body load definition, load/volume or
load/area
loadtype area | length length edg Body load, edge load definition, load/
length or load/area
Fx, Fy, Fz expression 0 all Body load, edge load, point load, x, ¥,
z directions
Mx, My, Mz expression 0 all Body load, edge moment, point
moment, X, Y, z directions
FxAmp, FyAmp,  expression 1 all Amplitude factor specifying the load’s

FzAmp

dependence on the excitation
frequency f
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TABLE 3-9: APPLICATION MODE PARAMETERS FOR SHELLS
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FIELD VALUE DEFAULT DOMAIN  DESCRIPTION

FxPh, FyPh, expression 0 all Phase angle in degrees specifying the

FzPh load’s phase’s dependence on the
excitation frequency f

MxAmp, MyAmp,  expression 1 all Amplitude factor specifying the

MzAmp moment’s dependence on the
excitation frequency f

MxPh, MyPh, expression 0 all Phase angle in degrees specifying the

MzPh moment’s phase’s dependence on the
excitation frequency f

constrtype standard | general standard all Constraint notation: for standard
use Hx, Hy, Hth, Rx, Ry, Rth; for
general use Hand R

Hthx, Hthy, 1|0 0 all Constraint flag controlling if rotation

Hthz about x,y,z-axes is constrained: 1
constrained, 0 free

Hx, Hy, Hz 1|0 0 all Constraint flag controlling if
x,y,2 direction displacement is
constrained: 1 constrained, O free

Rthx, Rthy, expression 0 all Constraint value for rotation about x,

Rthz y, z-axes

Rx, Ry, Rz expression 0 all Constraint value in x, y directions

H cell array of expressions {000000;0 al H matrix used for general notation

00000} constraints, Hu = R

R cell array of expressions {0;0;0;0;0;0} all R vector used for general notation
constraints, Hu = R

postcontr top | bottom | mid | other top all Evaluation height for stress and strain

height expression 0 bnd User specified evaluation height for
stress and strain, used with other
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Piezo Solid

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u',

v twt, V) Dependent variable names, global
displacements in x, y, z directions and
electric potential

appl.sdim {'x','y','z"} Independent variable names, space

coordinates in global x, y, z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl{i}.mode.class PiezoS0lid3
appl{i}.name smpz3d
SCALAR VARIABLE
FIELD DEFAULT DESCRIPTION
appl.var.freq 1e6 Excitation frequency for
frequency response analysis
appl.var.epsilonO 8.854187817e-12 Permittivity of vacuum
PROPERTIES
FIELD VALUE DEFAULT DESCRIPTION
appl.elemdefault Lagl|Lag2|Lag3| Lag2 Default element to
Lag4 | Lag5 use: Lagrange element
of order 1-5
appl.prop.analysis static|eig|time| static Analysis to perform:
freq linear static,

eigenfrequency,
timedependent, and
frequency response.

APPLICATION MODE PROGRAMMING REFERENCE
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FIELD VALUE DEFAULT DESCRIPTION

appl.prop.eigtype lambda | freq freq Should eigenvalues or
eigenfrequencies be
used

appl.prop.esform symmetric_es | unsymmetric_ec Defines the form of

unsymmetric_es |
unsymmetric_ec

the electrostatic part
of the equation

APPLICATION MODE PARAMETERS

TABLE 3-10: APPLICATION MODE PARAMETERS FOR PIEZO SOLID

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
materialmodel  piezoelectric |aniso| piezoelectric equ Defines the material model for each
iso subdomain
constform strain | stress strain equ Form for the constitutive relation,
strain-charge, stress-charge, for
piezoelectric material
structuralon 1|0 1 equ Defines wheter structural part of the
equation is active. For iso and aniso
materials.
electricalon 1]0 0 equ Defines wheter electrical part of the
equation is active. For iso and aniso
materials.
rho expression 7850 equ Density
rhov expression 0 equ Space charge density
sE cell array of expressions Piezo material equ Compliance matrix 6-by-6 matrix,
(PZT-5H) used for strain-charge form, saved in
symmetric format, 2|1 components
CE cell array of expressions Piezo material equ Elasticity matrix 6-by-6 matrix, used
(PZT-5H) for stress-charge form, saved in
symmetric format, 2|1 components
d cell array of expressions Piezo material equ Piezoelectric coupling matrix for
(PZT-5H) strain-charge form 3-by-6 matrix
e cell array of expressions Piezo material equ Piezoelectric coupling matrix for
(PZT-5H) stress-charge form 3-by-6 matrix
epsilonrT cell array of expressions Piezo material equ Relative electric permittivity matrix
(PZT-35H) 3-by-3 matrix, used for strain-charge

form, saved in symmetric format, 6
components
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TABLE 3-10: APPLICATION MODE PARAMETERS FOR PIEZO SOLID

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
epsilonrsS cell array of expressions Piezo material equ Relative electric permittivity matrix
(PZT-5H) 3-by-3 matrix, used for stress-charge
form, saved in symmetric format, 6
components
D cell array of expressions Elasticity equ Elasticity 6-by-6 matrix for anisotropic
matrix of material, saved in symmetric format,
PZT-5H 2| components
E expression 2.0e11 equ Young's modulus for isotropic material
nu expression 0.33 equ Poisson's ratio for isotropic material
epsilonr expression 1 equ Relative permittivity for isotropic
material
epsilonrtensor cell array of expressions Isotropic equ Relative electric permittivity for
relative anisotropic material, 3-by-3 matrix,
permittivity 1 saved in symmetric format, 6
components
sigma expression 5.99e7 equ Electrical conductivity for isotropic
material
sigmatensor cell array of expressions Isotropic equ Electrical conductivity for anisotropic
conductivity material, 3-by-3 matrix, saved in
5.99e7 symmetric format, 6 components
dampingtype Rayleigh | lossfactor| nodamping equ Type of damping; lossfactor can only
nodamping | be used for frequency reponse analysis
equiviscous
alphadum expression 0 equ Mass damping parameter
betadK expression 0 equ Stiffness damping parameter
eta expression 0 equ Loss factor can only be used for
frequency response damping
matcoord global | name of global equ Coordinate system where the
user-defined coordinate material properties are defined
system
rhos expression 0 bnd Surface charge density
DO cell array of expressions 0 bnd Electric displacement
Vo expression 0 bnd Electric potential
Jo cell array of expressions 0 bnd Electric current density
Jn expression 0 bnd Inward electric current density

APPLICATION
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TABLE 3-10: APPLICATION MODE PARAMETERS FOR PIEZO SOLID

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
electrictype VO|cont|D|V|r|nDO| VOorcont bnd The type of electric boundary
J|nd|ndo|dnJd|fp condition. Available conditions depend
on the esform property
constrcond free | fixed | roller free equ, Type of constraint condition
(bnd only) | displacement bnd
| sym (bnd only) | symxy
(bnd only) | symyz (bnd
only) | symxz (bnd only) |
antisym (bnd only) |
antisymxy (bnd only) |
antisymyz (bnd only) |
antisymxz (bnd only) |
velocity (freq only) |
acceleration (freq only)
constrcoord global | local (bnd only) global all Coordinate system where constraints
| name of user-defined are defined
coordinate system
loadcoord global | local (bnd only) global all Coordinate system where loads are
| name of user-defined defined
coordinate system
Fx, Fy, Fz expression 0 all Body load, face load, edge load, point
load, x, y, z directions
Hx, Hy, Hz 1|0 0 all Constraint flag controlling if
x,,2 direction is constrained: 1
constrained, 0 free
Rx, Ry, Rz expression 0 all Constraint value in x, y, z direction
HVO 1|0 0 edg | Constraint flag controlling if potential
pnt is constrained: 1 constrained, 0 free
Vo expression 0 edg | Electric potential
pnt
0l expression 0 edg Line charge
Qo expression 0 pnt Point charge
Qo expression 0 bnd Total charge on the floating potential
boundary
10 expression 0 bnd Total inward current through the
floating potential boundary
index expression 0 bnd Grouping index for floating potential

144 | CHAPTER 3:

APPLICATION MODE PROGRAMMING REFERENCE



Piezo Plane Stress and Piezo Plane Strain

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'u’

appl.sdim {'x','y','z"}

BEVARRLVAR

Dependent variable names, global

displacements in x, y directions and electric

potential

Independent variable names, space

coordinates in global x, y, z directions

APPLICATION MODE CLASS AND NAME

FIELD VALUE DEFAULT
appl{i}.mode.class PiezoPlaneStress
PiezoPlaneStrain
appl{i}.name smpps, smppn
SCALAR VARIABLE
FIELD DEFAULT DESCRIPTION
appl.var.freq 1e6 Excitation frequency for
frequency response analysis
appl.var.epsilonO 8.854187817e-12 Permittivity of vacuum
PROPERTIES
FIELD VALUE DEFAULT DESCRIPTION

appl.elemdefault

appl.prop.analysis

Lagl | Lag2|Lag3| Lag2
Lag4 | Lag5

static|eig|time| static
freq

Default element to
use: Lagrange element
of order 1-5

Analysis to perform:
linear static,
eigenfrequency,
timedependent, and
frequency response.
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FIELD VALUE DEFAULT DESCRIPTION

appl.prop.eigtype lambda | freq freq Should eigenvalues or
eigenfrequencies be
used
appl.prop.esform symmetric_es | unsymmetric_ec Defines the form of
unsymmetric_es | the electrostatic part
unsymmetric_ec of the equation

APPLICATION MODE PARAMETERS

TABLE 3-11: APPLICATION MODE PARAMETERS FOR PIEZO PLANE STRESS AND PIEZO PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN DESCRIPTION

materialmodel  piezoelectric|aniso piezoelectric equ Defines the material model for each
| iso subdomain

constform strain | stress strain equ Form for the constitutive relation,

strain-charge, stress-charge, for
piezoelectric material

structuralon 1|0 1 equ Defines wheter structural part of the
equation is active. For iso and aniso
materials.
electricalon 1|0 0 equ Defines wheter electrical part of the
equation is active. For iso and aniso
materials.
rho expression 7850 equ Density
rhov expression 0 equ Space charge density
SE cell array of expressions Piezo material equ Compliance matrix 6-by-6 matrix,
(PZT-5H) used for strain-charge form, saved in
symmetric format, 2|1 components
CE cell array of expressions Piezo material equ Elasticity matrix 6-by-6 matrix, used
(PZT-5H) for stress-charge form, saved in
symmetric format, 21 components
d cell array of expressions Piezo material equ Piezoelectric coupling matrix for
(PZT-5H) strain-charge form 3-by-6 matrix
e cell array of expressions Piezo material equ Piezoelectric coupling matrix for
(PZT-5H) stress-charge form 3-by-6 matrix
epsilonrT cell array of expressions Piezo material equ Relative electric permittivity matrix
(PZT-3H) 3-by-3 matrix, used for strain-charge
form, saved in symmetric format, 6
components
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TABLE 3-11: APPLICATION MODE PARAMETERS FOR PIEZO PLANE STRESS AND PIEZO PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
epsilonrS cell array of expressions Piezo material equ Relative electric permittivity matrix
(PZT-5H) 3-by-3 matrix, used for stress-charge
form, saved in symmetric format, 6
components
D cell array of expressions Elasticity equ Elasticity 6-by-6 matrix for anisotropic
matrix of material, saved in symmetric format,
PZT-5H 2| components
E expression 2.0e11 equ Young's modulus for isotropic material
nu expression 0.33 equ Poisson's ratio for isotropic material
epsilonr expression 1 equ Relative permittivity for isotropic
material
epsilonrtensor cell array of expressions Isotropic equ Relative electric permittivity for
relative anisotropic material, 3-by-3 matrix,
permittivity 1 saved in symmetric format, 6
components
sigma expression 5.99e7 equ Electrical conductivity for isotropic
material
sigmatensor cell array of expressions Isotropic equ Electrical conductivity for anisotropic
conductivity material, 3-by-3 matrix, saved in
5.99e7 symmetric format, 6 components
dampingtype Rayleigh | lossfactor nodamping equ Type of damping; lossfactor can only
| nodamping | be used for frequency reponse analysis
equiviscous
alphadM expression 0 equ Mass damping parameter
betadK expression 0 equ Stiffness damping parameter
eta expression 0 equ Loss factor can only be used for
frequency response damping
matcoord global | name of global equ Coordinate system where the
user-defined coordinate material properties are defined
system
materialori Xy |yx|zx|yx|zy| xz Xz equ Material orientation. how the 3D
material properties is oriented relative
the 2D analysis plane
thickness expression 1 equ Thickness of the material
rhos expression 0 bnd Surface charge density
DO cell array of expressions 0 bnd Electric displacement
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TABLE 3-11: APPLICATION MODE PARAMETERS FOR PIEZO PLANE STRESS AND PIEZO PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
Vo expression 0 bnd Electric potential
Jo cell array of expressions 0 bnd Electric current density
Jn expression 0 bnd Inward electric current density
electrictype VO |cont|D|V|r|nDO VO orcont bnd The type of electric boundary
|J|nd|ndo|dnd|fp condition. Available conditions depend
on the esform property
constrcond free | fixed | roller free equ, Type of constraint condition.
(bnd only) | bnd
displacement | sym
(bnd only) | symyz (bnd
only) | symxz (bnd only) |
antisym (bnd only) |
antisymyz (bnd only) |
antisymxz (bnd only) |
velocity (freq only) |
acceleration (freq
only)
constrcoord global | local (bnd global all Coordinate system where constraints
only) | name of are defined
user-defined coordinate
system
loadcoord global | local (bnd global all Coordinate system where loads are
only) | name of defined
user-defined coordinate
system
Fx, Fy expression 0 all Body load, face load, edge load, point
load, x, y directions
Hx, Hy 1]0 0 all Constraint flag controlling if
x,y direction is constrained: 1
constrained, 0 free
Rx, Ry expression 0 all Constraint value in x, y direction
HVO 1|0 0 pnt Constraint flag controlling if potential
is constrained: 1 constrained, 0 free
VO expression 0 pnt Electric potential
Qo expression 0 pnt Point charge
Qo expression 0 bnd Total charge on the floating potential

boundary
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TABLE 3-11: APPLICATION MODE PARAMETERS FOR PIEZO PLANE STRESS AND PIEZO PLANE STRAIN

FIELD VALUE DEFAULT DOMAIN DESCRIPTION

10 expression 0 bnd Total inward current through the
floating potential boundary

index expression 0 bnd Grouping index for floating potential
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Piezo Axial Symmetry

DEPENDENT AND INDEPENDENT VARIABLES

FIELD DEFAULT DESCRIPTION

appl.dim {'uor','w','V'} Dependent variable names, global
displacements in r, z directions and electric
potential. uor is the radial displacement
divided by the radius

appl.sdim {'r','phi','z"'} Independent variable names, space

coordinates in global 7, @, z directions

APPLICATION MODE CLASS AND NAME

FIELD

VALUE DEFAULT
appl{i}.mode.class PiezoAxialSymmetry
appl{i}.name smpaxi
SCALAR VARIABLE
FIELD DEFAULT DESCRIPTION
appl.var.freq 1e6

appl.var.epsilon0

8.854187817e-12

Excitation frequency for
frequency response analysis

Permittivity of vacuum

PROPERTIES
FIELD VALUE DEFAULT DESCRIPTION
appl.elemdefault Lag1 | Lag2 | Lag3 | Default element to
Lag4 | Lag5 use: Lagrange element
of order 1-5
appl.prop.analysis static|eig|time| static Analysis to performe:
freq linear static,
eigenfrequency,

timedependent, and
frequency response
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FIELD

VALUE

DEFAULT

DESCRIPTION

appl.prop.eigtype

appl.prop.esform

lambda | freq

symmetric_es |

unsymmetric_es |
unsymmetric_ec

freq

unsymmetric_ec

Should eigenvalues or
eigenfrequencies be
used

Defines the form of
the electrostatic part
of the equation

APPLICATION MODE PARAMETERS

TABLE 3-12: APPLICATION MODE PARAMETERS FOR PIEZO AXIAL SYMMETRY

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
materialmodel piezoelectric|aniso piezoelectric equ Defines the material model:
| iso piezoelectric, isotropic, anisotropic
constform strain | stress strain equ Form for the constitutive relation,
strain-charge, stress-charge, for
piezoelectric material
structuralon 1]0 1 equ Defines wheter structural part of the
equation is active. For isotropic and
anisotropic materials.
electricalon 1]0 0 equ Defines wheter electrical part of the
equation is active. For isotropic and
anisotropic materials.
rho expression 7850 equ Density
rhov expression 0 equ Space charge density
sE cell array of expressions Piezo material equ Compliance matrix 6-by-6 matrix,
(PZT-5H) used for strain-charge form, saved in
symmetric format, 2|1 components
cE cell array of expressions Piezo material equ Elasticity matrix 6-by-6 matrix, used
(PZT-5H) for stress-charge form, saved in
symmetric format, 2|1 components
d cell array of expressions Piezo material equ Piezoelectric coupling matrix for
(PZT-5H) strain-charge form 3-by-6 matrix
e cell array of expressions Piezo material equ Piezoelectric coupling matrix for
(PZT-5H) stress-charge form 3-by-6 matrix
epsilonrT cell array of expressions Piezo material equ Relative electric permittivity matrix

(PZT-5H)

3-by-3 matrix, used for strain-charge
form, saved in symmetric format, 6
components
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TABLE 3-12: APPLICATION MODE PARAMETERS FOR PIEZO AXIAL SYMMETRY

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
epsilonrS cell array of expressions Piezo material equ Relative electric permittivity matrix
(PZT-5H) 3-by-3 matrix, used for stress-charge
form, saved in symmetric format, 6
components
D cell array of expressions Elasticity equ Elasticity 6-by-6 matrix for anisotropic
matrix of material, saved in symmetric format,
PZT-5H 2| components
E expression 2.0e11 equ Young's modulus for isotropic material
nu expression 0.33 equ Poisson's ratio for isotropic material
epsilonr expression 1 equ Relative permittivity for isotropic
material
epsilonrtensor cell array of expressions Isotropic equ Relative electric permittivity for
relative anisotropic material, 3-by-3 matrix,
permittivity 1 saved in symmetric format, 6
components
sigma expression 5.99e7 equ Electrical conductivity for isotropic
material
sigmatensor cell array of expressions Isotropic equ Electrical conductivity for anisotropic
conductivity material, 3-by-3 matrix, saved in
5.99e7 symmetric format, 6 components
dampingtype Rayleigh | lossfactor nodamping equ Type of damping; lossfactor can only
| nodamping | be used for frequency reponse analysis
equiviscous
alphadMm expression 0 equ Mass damping parameter
betadK expression 0 equ Stiffness damping parameter
eta expression 0 equ Loss factor can only be used for
frequency response damping
matcoord global | name of global equ Coordinate system where the
user-defined coordinate material properties are defined
system
materialori xy|yx|zx|yx|zy|xz xz equ Material orientation. how the 3D
material properties is oriented relative
the 2D analysis plane
rhos expression 0 bnd Surface charge density
DO cell array of expressions 0 bnd Electric displacement
Vo expression 0 bnd Electric potential
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TABLE 3-12: APPLICATION MODE PARAMETERS FOR PIEZO AXIAL SYMMETRY

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION
Jo cell array of expressions 0 bnd Electric current density
Jn expression 0 bnd Inward electric current density
electrictype VO|cont|D|V|r|nDO VO orcont bnd The type of electric boundary
[J|nd|ndo]|dnd|fp condition. Available conditions depend
on the esform property
constrcond free | fixed | roller free equ, Type of constraint condition.
(bnd only) | bnd
displacement | sym
(bnd only) | symrphi (bnd
only) | symphiz (bnd
only) | antisym (bnd
only) | antisymrphi
(bnd only) |
antisymphiz (bnd only)
| velocity (freq only) |
acceleration (freq
only)
constrcoord global | local (bnd global all Coordinate system where constraints
only) | name of are defined
user-defined coordinate
system
loadcoord global | local (bnd global all Coordinate system where loads are
only) | name of defined
user-defined coordinate
system
Fr,Fz expression 0 all Body load, face load, edge load, point
load, 7, z directions
Hr, Hz 1]0 0 all Constraint flag controlling if 7;
2z direction is constrained: 1
constrained, O free
Rr, Rz expression 0 all Constraint value in 7; z direction
HVO 1]0 0 pnt Constraint flag controlling if potential
is constrained: 1 constrained, O free
Vo expression 0 pnt Electric potential
Qo expression 0 pnt Point charge
Qo expression 0 bnd Total charge on the floating potential

boundary
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TABLE 3-12: APPLICATION MODE PARAMETERS FOR PIEZO AXIAL SYMMETRY

FIELD VALUE DEFAULT DOMAIN  DESCRIPTION

I0 expression 0 bnd Total inward current through the
floating potential boundary

index expression 0 bnd Grouping index for floating potential
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Summary of Commands

shbar on page 158
shdrm on page 160
sheulb3d on page 162
sheulbps on page 166
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Commands Grouped by Function

Shape Function Classes

FUNCTION PURPOSE

shbar Bar element shape function object. Can be used to model bars
in 1D, 2D, and 3D.

shdrm Mindlin plate shape function object. Used to model Mindlin
plates in 2D.

sheulb3d 3D Euler beam shape function object. Used to model 3D Euler
beams.

sheulbps 2D in plane Euler beam shape function object. Used to model

2D Euler beams.
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shbar

Purpose Create an nD bar shape function object.
Syntax obj = shbar(dispnames)
obj = shbar(dispvarnames,dispdofnames)
obj = shbar(dispvarnames,dispdofnames,tangdername)
obj = shbar(...)
Description obj = shbar (dispnames) The bar shape function object is used to implement nD

bar elements. The cell array dispnames contains variable names for the

displacements and the displacements degrees of freedom.

obj = shbar(dispvarnames,dispdofnames) The cell arrays dispvarnames and
dispdofnames contain the displacement variable names and the displacement
degrees of freedom names, respectively.

obj = shbar(dispvarnames,dispdofnames,tangdername) The variable
tangdofnames additionally contains the variable name of the tangential derivative

of the axial displacement.

obj = shbar(...) Alternate syntax based on property/values. The following
property values are allowed:

TABLE 4-1: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION
dispnames cell array of Default for displacement
string of length variable names and degree of
sdim freedom variable names
dispvarnames  cell array of dispnames  Displacement variable names
string of length
sdim
dispdofnames  cell array of dispnames  Degree of freedom variable
string of length names
sdim
tangdername string See below Tangential derivative of the

axial displacement

The property names cannot be abbreviated and must be written in lower case.
Node points: The end points of the bar element.

Degrees of freedom names: The variables in dispdofnames.
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shbar

Compatibility

The option to manually define different degrees of freedom names and variables
makes it possible to couple a bar to a solid using the degrees of freedom without

having the same variables.

Degrees of freedom: The global displacements at both endpoints of the bar
clement.

Variables:

* The variables names in the cell array dispvarnames, signifying the displacements.

e [dispvarnames{:} 'ts'] defined on edges, meaning the tangential derivative of the
axial displacement. the variable name can also be explicitly given using the
property tangdername.

The global space coordinates are expressed as linear (affine) functions in the local
coordinates.

The FEMLAB 2.3 syntax is obsolete but still supported:

obj shbar3d(uname, vname, wname)
obj = shbar3d(uname, vname, wname, udof, vdof, wdof)
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shdrm

Purpose Create a discrete Reissner-Mindlin triangular plate bending shape function object

Syntax obj = shdrm(dispname,rxname,ryname)
obj = shdrm(dispname,rxname,ryname,applname)
obj = shdrm(...)

Description obj = shdrm(dispname,rxname,ryname,applname) The DRM shape function
object is used to implement discrete Reissner-Mindlin plate elements. The variable
dispname denotes the displacement perpendicular to the plate (global z direction).
The variables rxname and ryname denote the rotations around the global x and
y-axis.
obj = shdrm(...) Alternate syntax based on property/values. The following

property values are allowed:

TABLE 4-2: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION
dispname string Displacement
rotnames cell array of two Variable names of rotations
strings
shearnames cell array of two  {gxz gyz} Shear strain components
strings variable names
tangrotname  string thn Degree of freedom name
rot axis | axis Rotation style
gradient

The property names cannot be abbreviated and must be written in lower case.

In the following when the symbols are not provided as property names, let
extraname = ['_' applname] if applname is given, otherwise ' ', rotnames =
{rxname, ryname}, shearnames = ['g' indepname 'z' extraname], and
tangrotname = ['thn' extraname].

Depending on the settings of rot, rotations can be with respect to the coordinate
axes (default) or be like gradient components.

The DRM element is a triangular element of order 1 in displacements, partly of
order 2 in rotations (rotations around element 1D edges vary linearly), and partly

of order 1 in shears (shear components along element 1D edges are constant).

Node points: Node points are second order Lagrange points. The element shape is
computed from the corner points only.
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shdrm

Degrees of freedom names:
dispname meaning the displacement perpendicular to the plane of the element. And

the variables in rotnames are the rotations.

tangrotname at each 1D edge midpoint, meaning rotation around axis

perpendicular to side (with a direction convention).

Degrees of freedom:

The displacement perpendicular to the plane at each corner point. Rotation in each

corner point. Rotation normal to the edge at each 1D edge midpoint.

Variables:

* dispname meaning the displacement perpendicular to the plane of the element
(global z direction).

* The elements of rotnames are the rotations.

* [rname indepname], where rname is a rotation, meaning the first space
derivative of rotations defined for edim==2.

* shearnames meaning shear strain components, defined for edim==2.
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sheulb3d
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Purpose

Syntax

Description

Create an Euler 3D beam shape function object.

obj = sheulb3d(uname, vname, wname, thxname, thyname, thzname,
point)

obj = sheulb3d(uname, vname, wname, thxname, thyname, thzname,
point, udof, vdof, wdof, thxdof, thydof, thzdof)

obj = sheulb3d(uname, vname, wname, thxname, thyname, thzname)

obj = sheulb3d(uname, vname, wname, thxname, thyname, thzname,
udof, vdof, wdof, thxdof, thydof, thzdof)

obj = sheulb3d(...)

The Euler 3D beam shape function object is used to implement Euler beam
elements in 3D. The beams local coordinate system is defined by the direction of
the edge=local x-axis and the coordinates of a point defining the local xy-plane.

obj = sheulb3d(uname, vname, wname, thxname, thyname, thzname,
point) or obj = sheulb3d(uname, vname, wname, thxname, thyname,
thzname, point, udof, vdof, wdof, thxdof, thydof, thzdof) The variables
uname, vname, and wname denote the components of the displacement of the beam
in the global coordinate system. The variables thxname, thyname, and thzname
denote the rotation angles around the global coordinate axes. point is a vector with
global coordinates for the point that defines the local xy-plane. point can be
omitted and then defaults to [1,1,0]. The normal components of the
displacements in the local xy- and xz-plane are assumed to vary as Hermitian cubic
polynomials of the arclength along the beam. The displacement in the local

x direction (edge direction) and rotation about the local x-axis are assumed to vary
linearly along the beam.

obj = sheulb3d(...) Alternate syntax based on property/values. The following

property values are allowed:

TABLE 4-3: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION

dispnames cell array of Displacement variable names
three strings and degrees of freedom names

default

dispvarnames cell array of dispnames Displacement variable names
three strings

dispdofnames cell array of dispnames Displacement degrees of
three strings freedom names

localdispvarnames cell array of [dispvarnames[i] + '17, Displacement degrees of
three strings  i=1-3 freedom names
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TABLE 4-3: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION
rotnames cell array of Rotation variable name and
three strings degrees of freedom names
default
rotvarnames cell array of rotnames Rotation variable names
three strings
rotdofnames cell array of rotnames Rotation degrees of freedom
three strings names
localrotvarnames cell array of [rotvarnames(i) + '1, Local rotation variable name
three strings  i=1-3
tangdisptangdername  string [dispvarnames(1)+dispvar Name of tangential derivative of
names (2)+dispvarnames(3) the axial displacement
+'ts']
tangrottangdername string [rotvarnames(1) + 's'] Name of tangential derivative of
rotations
normrottangdernames  cell array of [rotvarnames(i) + 's'], Name of tangential derivative
two strings i=2-3 of the rotation around the
local y- and z-axis
normrottangder2names cell array of [rotvarnames(i) + 'ss'], Name of second tangential
two strings i=2-3 derivative of the rotation
around the local y- and z-axis
point cell array of {1 | 0}

three strings

The property names cannot be abbreviated and must be written in lower case.

The arguments uname, vname, and wname are equivalent with the property

dispnames if there are seven inputs, and dispvarnames if there are thirteen inputs.

The arguments thxname, thyname, and thzname is equivalent with the property

rotnames if there are seven inputs, and rotvarnames if there are thirteen input. If

there are thirteen inputs, udof, vdof, wdof are equivalent with the property

vardofnames and thxdof, thydof, and thzdof is equivalent with the property

rotdofnames.

Node points: The end points of the beam element.

Degrees of freedom names:

The strings uname, vname, wname, thxname, thyname, and thzname if six or seven

inputs or as provided with the properties dispvarnames and rotvarnames.
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The strings udof, vdof, wdof, thxdof, thydof, and thzdof if twelve or thirteen
inputs or as provided with the properties dispdofnames and rotdofnames.

The option to manually define different degrees of freedom names and variables

makes it possible to couple a beam to a solid using the degrees of freedom without

having the same variables.

Degrees of freedom:

The global displacements and rotations at each endpoint of the beam element.

Variables:

FUNCTION REFERENCE

uname defined on edges and points, meaning the x component of the global
displacement.

vname defined on edges and points, meaning the y component of the global
displacement.

wname defined on edges and points, meaning the z component of the global
displacement.

thxname defined on edges and points, meaning the rotation around the global
X-axis.

thyname defined on edges and points, meaning the rotation around the global
y-axis.

thzname defined on edges and points, meaning the rotation around the global
Z-axis.

[uname '1'] defined on edges, meaning the x component of the local

displacement.

[vname '1'] defined on edges, meaning the y component of the local
displacement.

[wname '1'] defined on edges, meaning the z component of the local
displacement.

[thxname '1'] defined on edges, meaning the rotation around the local x-axis.
[thyname '1'] defined on edges, meaning the rotation around the local y-axis.
[thzname '1'] defined on edges, meaning the rotation around the local z-axis.

[uname vname wname 'ts'] or the property tangdisptangdername defined

on edges, meaning the tangential derivative of the axial displacement.
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Compatibility

* [thxname 's'] or the property tangrottangdername defined on edges,

meaning the tangential derivative of the rotation around the local x-axis.

* [thyname 's'] or the first element of the property rottangdername defined
on edges, meaning the tangential derivative of the rotation around the local
y-axis.

* [thzname 's'] orthe second element of the property rottangdername defined
on edges, meaning the tangential derivative of the rotation around the local
Z-axis.

* [thyname 'ss'] or the first element of the property normrottangder2names
defined on edges, meaning the second tangential derivative of the rotation

around the local y-axis.

* [thzname 'ss'] or the second element of the property
normrottangder2names defined on edges, meaning the second tangential

derivative of the rotation around the local z-axis.

The global space coordinates are expressed as linear (affine) functions in the local
coordinates.

The FEMLAB 2.3 default mechanism for handling the local coordinate system if the
point vector for node 1 is close to parallel with the edge has been removed, instead

an error is reported.
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Purpose

Syntax

Description

Create a beam shape function object.

obj = sheulbps(uname, vname, rotname)
obj = sheulbps(uname, vname, rotname, udof, vdof, rotdof)
obj = sheulbps(...)

obj = sheulbps(uname, vname, rotname) or obj = sheulbps(uname,
vname, rotname, udof, vdof, rotdof) The beam shape function object is used
to implement in-plane Euler beam elements in 2D. The variables uname and vname
denote the components of the displacement of the beam in the plane. The variable
rotname denotes the rotation angle of the beam. The normal components of the
displacements are assumed to vary as Hermitian cubic polynomials in the arclength
along the beam. The displacement in the local x direction (edge direction) is

assumed to vary linearly along the beam.

obj = sheulbps(...) Alternate syntax based on property/values. The following
property values are allowed:

TABLE 4-4: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION
dispnames cell array of Displacement variable names and
two strings degrees of freedom names default
dispvarnames cell array of dispnames Displacement variable names
two strings
dispdofnames cell array of dispnames Displacement degrees of freedom names
two strings
rotname string Rotation variable name and degrees of
freedom name default
rotvarname string rotname Rotation variable name
rotdofname string rotname Rotation degrees of freedom name
disptangdername  string [dispvarnames(1)+dis Name of tangential derivative of
pvarnames(2)+'ts'] displacement
rottangdername string [rotvarname+'s'] Name of tangential derivative of rotation
rottangder2name  string [rotvarname+'ss"'] Name of tangential second derivative of

rotation

The property names cannot be abbreviated and must be written in lower case.

The arguments uname and vname are equivalent with the property dispnames if

there are three inputs, and dispvarnames if there are six inputs. The argument

rotname is equivalent with the property rotname if there are three inputs, and
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rotvarnames if there are six input. If there are six inputs, udof, vdof are equivalent
to the property vardofnames and rotdof is equivalent to the property
rotdofnames.

Node points: The end points of the beam.

Degrees of freedom names:
The strings uname, vname, and rotname at each endpoint if 3 input arguments.
The strings udof, vdof, and rotdof at each endpoint if 6 input arguments.

The option to manually define different degrees of freedom names and variables
makes it possible to couple a beam to a membrane using the degrees of freedom
without having the same variables.

Degrees of freedom:

The global displacement inx and y direction and the rotation angle about the global
z-axis.

Variables:
* uname defined on boundaries and points, meaning the x component of the
displacement.

* vname defined on boundaries and points, meaning the y component of the
displacement.

* rotname defined on boundaries and points, meaning the rotation angle of the
beam.

* [uname vname 'ts'] or the property disptangdername defined on

boundaries, meaning the tangential derivative of the axial displacement.

* [rotname 's'] or the property rottangdername defined on boundaries,
meaning the tangential derivative of the rotation.

* [rotname 'ss'] or the property rottangder2name defined on boundaries,
meaning the second tangential derivative of the rotation.

The global space coordinates are expressed as linear (affine) functions in the local
coordinates.
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Fatigue Function Reference

This chapter describes the fatigue analysis functions included in the Structural
Mechanics Module.
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Summary of Commands

circumcircle on page 172
elastic2plastic on page 173
fatiguedamage on page 174
hcfmultiax on page 177
lcfmultiaxlin on page 179
lcfmultiaxpla on page 18I
matlibfatigue on page 184
rainflow on page 186
sn2cycles on page 187
swt2cycles on page 189
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Commands Grouped by Function

Fatigue Analysis Main Functions

FUNCTION PURPOSE

fatiguedamage High cycle fatigue analysis with proportional loading and non-constant
loading using Palmgren-Miner accumulated damage rule together with
rainflow count.

hcfmultiax High cycle fatigue analysis with non-proportional loading using critical
plane method.

lefmultiaxlin Low cycle fatigue analysis with non-proportional loading based on a
linear elastic analysis.

lcfmultiaxpla Low cycle fatigue analysis with non-proportional loading based on a

full elasto-plastic analysis.

Utility Functions

FUNCTION

PURPOSE

circumcircle

rainflow

sn2cycles

swt2cycles

Calculates the minimal enclosing circles of 2D point sets. Used
to find maximum shear stress in Findleys method used in
hcfmultiax.

Performs a rainflow count on a load data resulting in a count
matrix. Used to get input data to Palmgren-Miner accumulated
damage rule used in fatiguedamage.

Compute number of cycles to fatigue, given one or two
SN-curves

where the stress amplitude is given as a function of number of
cycles.

Compute number of cycles to fatigue given SWT parameter
values and SWT model parameters.

elastic2plastic  Compute principal stress and strain from a linear-elastic

matlibfatigue

analysis using a Ramberg-Osgood elasto-plastic material law
model.

Extracts fatigue data from Material Library and creates an S-N
function.

COMMANDS GROUPED BY FUNCTION
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Purpose

Syntax

Description

Examples

See Also

Calculates the minimal enclosing circles of 2D point sets.
[x y r] = circumcircle(coord)

[x y r] = circumcircle(coord) returns n-vectors of x-coordinates,

y-coordinates, and radii given the coordinate matrix coord with dimensions
2-by-n-by-m. Each of the n cases consists of m points; coord (1, :, :) and

coord(2, :, :) contain x- and y-coordinates respectively.

coord = rand(2, 1, 10);

[x y r] = circumcircle(coord);

clf

plot(coord(1, :), coord(2, :), '*")
hold on

v = 2*pi*0.01*(0:100);
plot(x+r*cos(v), y+r*sin(v))

axis equal

hcfmultiax
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Purpose

Syntax

Description

Examples

See Also

Compute principal stress and strain from a linear-elastic analysis using a

Ramberg-Osgood elasto-plastic material law model.
[spric1, epric1] = elastic2plastic(spric, 'params', para)

[spric1, eprici1] = elastic2plastic(spric, 'params', para)

Calculates the major principal strain epric1 and corresponding principal stress
sprici1 from principal stresses spric from a linear-elastic analysis. Input are the
principal stresses spric and the Ramberg-Osgood material law parameters given in
the struct para. spric1 and epric1 are vectors of size nloc, where nloc are the
number of locations where we like to compute the strains and stresses. spric are
the principal stress with size 3 x nloc ordered sl, s2, s3. The principal stresses from
the linear-elastic analysis are transformed to plastic stresses and strains using an
approximative method assuming a Ramberg-Osgood material law and was
developed by Hoffman-Seeger.

elastic2plastic accepts the following property/value pairs:

TABLE 5-1: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION

elplmethod string ‘hoffman_seeger' What method should
be used to calculate
the plastic strains
from linear elastic

stresses.
params struct containing Ramberg-Osgood
the material law
Ramberg-Osgood parameters

parameters, E, K,
nu, and n stored as
double in para.E,
para.K, para.nu, and
para.n.

Used in 1lcfmultiaxlin.

lcfmultiaxlin
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Purpose

Syntax

Description

Compute fatigue usage factor for proportional loading with non-constant

amplitude using Palmgren-Miner accumulation.

damtot = fatiguedamage('amprange', amprange, ...)
[damtot, damdistr] = fatiguedamage('amprange', amprange, ...)

damtot = fatiguedamage('amprange', amprange, 'meanrange',...
meanrange, 'count', count, 'fatiguelim', fatiguelim,...
‘sncurve', {'SN_func'})

Calculates the total accumulated damage damtot from the loading history specified
in count, amprange, and meanrange, and the material fatigue data specified
through fatiguelim and the S-N function 'SN_func'.

[damtot, damdistr] = fatiguedamage('amprange', amprange,...
'meanrange', meanrange, 'count', count, 'fatiguelim',...
fatiguelim, 'sncurve', {'sn_func'})

Calculates also the damage distribution matrix damdistr of the same size as the
count matrix.

The minimum compulsory input to fatiguedamage are the following property/

value pairs

TABLE 5-2: MINIMUM COMPULSORY PROPERTY/VALUE PAIRS

PROPERTY VALUE DESCRIPTION

amprange double array [minstress maxstress]  The range of the stress
amplitude.

meanrange double array [minstress maxstress]  The range of the mean
stress.

count double array namp x nmean Array with stress values

counted in bins of equal
size namp x nmean with
the stress ranges
specified through
amprange and
meanrange
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TABLE 5-2: MINIMUM COMPULSORY PROPERTY/VALUE PAIRS

PROPERTY VALUE DESCRIPTION
fatiguelim double array of the same size as the  Fatigue limit (below
number of S-N curves. which no number of
damage occurs) for the
corresponding S-N
curve
sncurve cell array of strings Names of functions

giving stress amplitude
as function of cycles to
cracking for a specific
R-value

The property names cannot be abbreviated.

In addition to the compulsory property pairs given above fatiguedamage accepts

the following optional property/value pairs:

TABLE 5-3: OPTIONAL PROPERTY/VALUE PAIRS

PROPERTY  VALUE DEFAULT  DESCRIPTION
nrepeat  double | Number of occurances of the
count matrix during total life.
rvalue double array of the [-1] R-values for the different
same size as the sn-curves.
number of sn-curves
_ mean-ampl
mean + ampl
R=-1 corresponds to
alternating loading
R=0 corresponds to pulse
loading
method ‘none' | 'goodman'  ‘'none’ Name of mean correction
| 'gerber’ method only used if a single
sn-curve is given
params struct containing Method specific parameters.

method parameters.
For goodman and
gerber
para.ultstress

Ultimate stress for the
goodman and gerber method

The property names cannot be abbreviated.
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Examples See script frame_with_cutout_fatigue.m for model frame_with_cutout in the
Fatigue Lab model library.

See Also hcfmultiax, rainflow, lcfmultiaxpla, lcfmultiaxlin, sn2cyles
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Purpose

Syntax

Description

Compute fatigue usage factor for high cycle multi axial fatigue with

non-proportional loading.

fus = hcfmultiax(sigma, 'params', para)

[fus, sigmamax, deltatau] = hcfmultiax(sigma, 'params', para)

[fus, sigmamax, deltatau, maxind, stresshis] = hcfmultiax(sigma,...
'params', para)

fus = hcfmultiax(sigma, 'params', para) calculates the fatigue usage factor
fus for the critical plane from the stress tensor sigma and the fatigue model
parameters given in the structure para. fus is a vector of size nloc, where nloc is
the number of locations for the computation of the fatigue usage factor. sigma is
the stress tensor with size 6 x nloc x nblc, ordered xx, vy, zz, XV, yz, Xz, where
nblc is the number of basic load cases.

[fus, sigmamax, deltatau] = hcfmultiax(sigma, 'params', para) also
calculates the maximum normal stress sigmamax and the shear stress amplitude
deltatau on the critical plane.

[fus, sigmamax, deltatau, maxind, stresshis] = hcfmultiax(sigma,
'params', para) also calculates the index maxind to the location with the highest
fatigue usage factor together with the stress history stresshis at this location.

hcfmultiax accepts the following property/value pairs:

TABLE 5-4: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION
method string ' findley' ‘findley' Method to be used for fatigue
usage factor calculation.
params struct with fields containing Method specific parameters
method parameters, for
findley and
normal_stress (see table
below)
lccomb matrix of size nlcc x nblc {eye(nblc, Matrix containing the load
where nlcc is the number of nblc)} case combinations of the
load case combinations basic load cases, used to

obtain stresses from the basic
load cases for the fatigue
calculations. 1ccomb (i, j) =
weight factor for basic load
case j in load case
combination 1i.
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TABLE 5-4: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION

anglestep double {10} Step size in degrees used in
search for critical planes

opt {'quick'} | 'full’ '‘quick’ Method used in calculating

the shear stress range.

The property names cannot be abbreviated.

TABLE 5-5: FIELDS IN THE STRUCT FOR THE PROPERTY PARAMS

FIELD VALUE EQUATION DESCRIPTION
NAME

f double f Material parameter for the
Findley fatigue criteria

k double k Material parameter for the
Findley fatigue criteria

fatlim double Fatigue stress limit used in
the normal stress fatigue
criteria

ultstress double Ultimate stress used in the
normal stress fatigue criteria

yield double Yield stress used in the

normal stress fatigue criteria

See script shaft_with_fillet.m for the model shaft_with_fillet in the

Structural Mechanics Module Model Library.

Examples
See Also
lcfmultiaxlin
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Purpose

Syntax

Description

Compute number of cycles to fatigue for low cycle multiaxial fatigue with

non-proportional loading based on a linear elastic analysis.
ncycle = lcfmultiaxlin(spric, 'params', para)

ncycle = lcfmultiaxlin(spric, 'params', para)

Calculates the number of cycles (ncycle) to fatigue. Input are the principal stresses
spric from a linear elastic analysis and the Ramberg-Osgood and fatigue model
parameters given in the struct para. ncycle is a vector of size nloc, where nloc are
the number of locations where we like to compute the number of cycles to fatigue.
spric are the principal stress with size 3 x nloc, ordered sl, s2, s3. The principal
stresses from the linear-elastic analysis are transformed to plastic stresses and strains
using an approximative method assuming a Ramberg-Osgood material law and was
developed by Hoffman-Seeger.

lcfmultiaxlin accepts the following property/value pairs:

TABLE 5-6: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION

method string ‘swt' What method should
be used to calculate
the number of cycles
to fatigue.

elplmethod  string "hoffman_seeger' What method should
be used to calculate
the plastic strains
from linear elastic
stresses.

params struct with fields Method specific
containing method parameters
parameters, for
swt and
Ramberg-Osgood
material law
parameters (see
table below)
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The property names cannot be abbreviated.

TABLE 5-7: FIELDS IN THE STRUCT FOR THE PROPERTY PARAMS

FIELD VALUE EQUATION DESCRIPTION
NAME

epsf double gf' Fatigue ductility coefficient
c double c Fatigue ductility exponent

sigmaf double Gf, Fatigue strength coefficient
b double b Fatigue strength exponent

E double E Young’s modulus

K double K Ramberg-Osgood material

law parameter

n double n Ramberg-Osgood material
law parameter

Examples See script cylinder_hole_linear_fatigue.m for the model cylinder_hole in
the Fatigue Lab model library.

See Also hcfmultiax, fatiguedamage, swt2cycles, lcfmultiaxpla
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Purpose

Syntax

Description

Compute number of cycles to fatigue for low cycle multiaxial fatigue with

non-proportional loading from an elasto-plastic analysis.

ncycle = lcfmultiaxpla(stress, strain, 'params', para)
[ncycle, sigmamax, maxdeltaeps, swt] = lcfmultiaxpla(stress,...
strain, 'params', para)

ncycle = lcfmultiaxpla(stress, strain, 'params', para)

Calculates the number of cycles (ncycle) to fatigue for the critical plane. Input are
the stress tensor stress and the strain tensor strain from an elasto-plastic analysis
and the fatigue model parameters given in the struct para. ncycle is a vector of size
nloc, where nloc is the number of locations where you want to compute the
number of cycles to fatigue. stress and strain are the stress and strain tensors
with size 6-by-nloc-by-np, ordered xx, yy, 2z, xy, ¥z, xz, where np is the number of
saved load steps in the elasto-plastic analysis.

[ncycle, sigmamax, maxdeltaeps, swt] = lcfmultiaxpla(stress,...
strain, 'params', para)

Calculates also the maximum normal stress sigmamax, the maximum strain
amplitude or strain amplitude maximizing the stress times strain product
maxdeltaeps depending of the selected critical plane method, and the SWT
(Smith-Watson-Topper) parameter.
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lcfmultiaxpla accepts the following property/value pairs:

TABLE 5-8: VALID PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION

method string "swt' What method should
be used to calculate
the number of cycles

to fatigue.
critplane 'strain' | ‘strain’ Option determining
'damage’ what method to use

when calculating the
critical plane to
determine the
damage parameter,
strain meaning
plane of maximum
strain range and
damage meaning
plane with maximum
damage parameter

params struct with fields Method specific
containing method parameters
parameters, for
swt (see table

below)

anglestep double {10} Step size in search for
critical planes,
degrees

The property names cannot be abbreviated.

TABLE 5-9: FIELDS IN THE STRUCT FOR THE PROPERTY PARAMS

FIELD VALUE EQUATION DESCRIPTION

NAME

epsf double gf' Fatigue ductility coefficient

c double c Fatigue ductility exponent

sigmaf double Gf, Fatigue strength coefficient

b double b Fatigue strength exponent

E double E Youngs modulus

Examples See script cylinder_hole_plastic_fatigue.m for the model cylinder_hole in

the Fatigue Lab model library.
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See Also

hcfmultiax, fatiguedamage, swt2cycles, lcfmultiaxlin
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Purpose

Syntax

Description

Extracts fatigue data from the Material Library and returns it in form of an S-N
function to be used in fatiguedamage for instance.

found = matlibfatigue('material', matname, 'phase', phase, 'ori',
ori, 'funcname', funcname, 'rvalue', r)

matlibfatigue('material', matname, 'phase', phase...
‘ori', ori, 'function', funcname, 'rvalue', r)
Locates S-N curves in Material Library for the material matname with the phase

phase and orientation ori. Returns true if an S-N curve was found and false if it
couldn’t be found. The function itself'is written to the file funcname. The S-N curve
is transformed (In Material Library the S-N curves are stored as maximum stress as
a function of number of cycles to fatigue.) to return stress amplitude as a function
of number of cycles to fatigue. To do this an R value need to specified. The S-N
values outside the definition interval are extrapolated to have the same value as the

value at the end of the interval.

Note: You need COMSOL Multiphysics Material Library in order to extract
fatigue data using this function. Smoothing is not supported through the script

interface.

The name of the material, the phase /condition, and the orientation/condition need
to be specified exactly as they are spelled out in the COMSOL Multiphysics Material
Library. The easiest way to find the names is to use COMSOL Multiphysics and
open the Materials/Coefficients Library dialog box from the options menu.

The minimum compulsory input to matlibfatigue are the following property/

value pairs

TABLE 5-10: MINIMUM COMPULSORY PROPERTY/VALUE PAIRS

PROPERTY VALUE DESCRIPTION

material string Name of the material

funcname string Name of file/function where the S-N function
will be defined

phase string Phase/condition for the material

ori string Orientation/condition for the material with

the specified phase/condition

The property names cannot be abbreviated.
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In addition to the compulsory property pairs given above matlibfatigue accepts
the following optional property/value pair:

TABLE 5-11: OPTIONAL PROPERTY/VALUE PAIRS

PROPERTY VALUE DEFAULT DESCRIPTION

rvalue double -1 R-value for the S-N-curve.
_ mean-ampl
mean + ampl
R=-1 corresponds to
alternating loading

R=0 corresponds to pulse

loading
The property names cannot be abbreviated.
Examples See script extractSNCurvesFromMatlib.m used in model frame_with_cutout
in the Fatigue Lab model library.
See Also fatiguedamage, extractSnCurvesFromMatlib
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Purpose

Syntax

Description

Examples

See Also

Rainflow counting of load data

[rangerange meanrange count] = rainfow(load, nrange, nmean)

[rangerange meanrange count] = rainfow(load, nrange, nmean) performs
rainflow counting of the loadvector 1oad. Ranges rangerange and meanrange for
ranges and mean values of load cycles are returned, as well as a count matrix with
discretized occurrence counts for (range,mean) pairs. count has size
nrange-by-nmean.

t = 1:1e3;

r = rand(2, length(t));

load = t."0.25.*(1+1*r(1, :))+(1+t.70.2.*(1+3*r(2, :))).*...
mod(t, 2);

nrange = 20;

nmean = 15;

[rr mr c] = rainflow(load, nrange, nmean);

r =rr(1t)+sort([(0:(nrange-1))+0.01 (1:nrange)-0.01])*...
diff(rr)/nrange;

m = mr(1)+sort([(0:(nmean-1))+0.01 (1:nmean)-0.01])*...
diff(mr)/nmean;

[R M] = meshgrid(m, r);

surf(R, M, c(floor(0.5*(2:(2*nrange+1))),
floor(0.5*(2:(2*nmean+1)))))

title('Cycle count as a function of (range, mean)')

fatiguedamage
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sn2cycles

Purpose

Syntax

Description

Compute number of cycles to fatigue, given one or two SN-curves where the stress

amplitude is given as a function of the number of cycles.

>
]

sn2cycles('amp', amp, 'mean', mean,

'fatiguelim', fatiguelim, 'sncurve', {'sn_func'})

>
]

sn2cycles('amp', amp, 'mean', mean,

‘fatiguelim', fatiguelim, 'sncurve', {'SN_func'})

Calculates the number of cycles to fatigue from the stress amplitude amp, the mean

stress mean, and the material fatigue data specified through fatiguelim and the

SN-function 'SN_func'.

The minimum compulsory input to sn2cycles are the following property/value

pairs:

TABLE 5-12: MINIMUM COMPULSORY PROPERTY/VALUE PAIRS

PROPERTY VALUE DESCRIPTION

amp double Stress amplitude.
mean double Mean stress
fatiguelim double array of the same size as the  Fatigue limit (below

number of S-N curves.

sncurve cell array of strings

which no damage
occurs) for the
corresponding S-N
curve

Names of functions
giving stress amplitude
as function of cycles to
cracking for a specific
r-value. If two or more
curves are specified they
must be given in
ascending r-value order
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In addition to the compulsory property pairs given above sn2cycles accepts the

following optional property/value pairs:

TABLE 5-13: OPTIONAL PROPERTY/VALUE PAIRS

PROPERTY  VALUE DEFAULT  DESCRIPTION
rvalue double array of the [-1] R-values for the different
same size as the sn-curves.

number of sn-curves
_ mean-ampl

~ mean +ampl

R=-1 corresponding to
alternating loading

R=0 corresponding to pulse

loading
method ‘none’ | 'goodman'  'none’ Name of mean correction
| 'gerber’ method only used if a single
sn-curve is given
params struct containing Method specific parameters.
method parameters. Ultimate stress for the
For goodman and goodman and gerber method
gerber

para.ultstress

The property names cannot be abbreviated.
Examples Used in fatiguedamage.m

See Also fatiguedamage
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swt2cycles

Purpose

Syntax

Description

Examples

See Also

Compute number of cycles to fatigue given SWT parameter values and SWT model

parameters.

ncycles = swt2cycles(swtvalues, 'params', para)

ncycles = swt2cycles(swtvalues, 'PARAMS', PARA)

Calculates the number of cycles (ncycles) to fatigue. Inputs are the SWT parameter
values swtvalues, a vector of size nloc and the SWT fatigue model parameters
given in the struct para. ncycles has the same size (nloc) as swtvalues, thatis,
the number of locations where you want to compute the number of cycles to
fatigue.

swt2cycles accepts the following property/value pairs:

TABLE 5-14: PROPERTY/VALUE PAIRS

PROPERTY VALUE DESCRIPTION

params struct with fields containing swt SWT model parameters
parameters (see table below)

The property names cannot be abbreviated.

TABLE 5-15: FIELDS IN THE STRUCT FOR THE PROPERTY PARAMS

FIELD VALUE EQUATION DESCRIPTION

NAME
epsf double gf' Fatigue ductility coefficient
¢ double c Fatigue ductility exponent
sigmaf double Gf, Fatigue strength coefficient
b double b Fatigue strength exponent
E double E Young’s modulus

Used in lcfmultiaxlin.mand lcfmultiaxlin.m

lcfmultiaxlin, lcfmultiaxlin, sn2cycles
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3D Euler Beam Plane Stress 14, 15
application mode parameters 130 Shell 56, 57
application mode variables 44 Solid, Stress-Strain 8
programming 129 Truss 52
shape function 162 Axial Symmetry Stress-Strain

3D Truss application mode parameters | 16
application mode variables 52, 53 programming |16
programming 136 Axial Symmetry, Stress-Strain

A acoustics 2 application mode variables 27

alphadM 108 B bar elements 158

amplitude beam element 166
variables 8, 27, 61, 69, 78, 88 beam elements

application mode 3D Euler Beam 162
class 100 In-plane Euler Beam 166

application mode parameters 100
3D Euler Beam 130

Axial Symmetry Stress-Strain |16

C chemical reactions 2
coefficient

thermal expansion 103, 143, 147, 152
In-Plane Euler Beam 126

In-Plane Truss 134 D damping

Mindlin plate 121 loss factor 143

Piezo axial symmetry I51 mass |17
default parameters 112
density 107, 108

DRM element 160

Piezo plane strain 146
Piezo plane stress 146

Plane Strain 112

Plane Stress 107 E element
Shell 138 3D Euler Beam 162
Solid, Stress-Strain 102, 142 bar 158
application mode variables beam 162, 166
3D Euler Beam 44 DRM 160
3D Truss 53 In-Plane Euler Beam 166
Axial Symmetry, Stress-Strain 27 plate 160
In Plane Truss 49 Reissner-Mindlin 160

In-Plane Euler Beam 40, 41
In-Plane Truss 49
Mindlin plate 34

F fluid flow 2
1 In-Plane Euler Beam

Plane Strain 20 application mode parameters 126
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application mode variables 40, 41
programming 125
shape function 166
In-Plane Truss
application mode parameters |34
application mode variables 49
In-Plane Truss Beam
application mode variables 49

programming 133
loss factor 143

mass damping | 17

Mindlin 160

Mindlin plate
application mode parameters 121
application mode variables 34
programming 120

shape function 160
optical wave propagation 2

phase
variables 8, 27, 61, 69, 78, 88
Piezo axial symmetry
application mode parameters |51
Piezo plane strain
application mode parameters 146
Piezo plane stress
application mode parameters 146
Plane Strain
application mode parameters |12
application mode variables 20
programming |12
Plane Stress
application mode parameters 107
application mode variables 14, 15
programming 107
plate element 160
Poisson’s ratio 103, 117

programming 100

3D Euler Beam 129

Axial Symmetry Stress-Strain 116
In-Plane Euler Beam 125

In-Plane Truss 133

Mindlin plate 120

Plane Strain 112

Plane Stress 107

Shell 137

Solid, Stress-Strain 101

Truss 136

Reissner-Mindlin element 160

shape function 157
Mindlin 160
shbar 158
shdrm 160
sheulb3d 162
sheulbps 166
shbar 158
shdrm 160
Shell
application mode parameters 138
application mode variables 56, 57
programming 137
sheulb3d 162
sheulbps 166
solid mechanics |
Solid, Stress-Strain
application mode parameters 102, 142
application mode variables 8

programming 101

temperature 104, 109, 114, 118, 127, 131,
138
flag 103, 104, 107, 109, 112, 114, I 16,
118, 122, 127, 131
thermal
expansion coefficient 103, 143, 147, 152

thermal expansion



orthotropic material |13
truss application modes ??-53

typographical conventions 2

V  variables
amplitude 8, 27, 61, 69, 78, 88
phase 8, 27, 61, 69, 78, 88
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