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Improved Code Reuse: Override base class members in derived
classes

You can now override certain members of base class in derived classes. For example, you can:

* Override the default values of base class parameters
* Override the default initial values, priorities, and other attributes of base class variables
* Override intermediates declared in the base class

e Override annotation attributes declared in the base class, such as Icon or ExternalAccess of
base class members

For more information, see “Overriding Base Class Members in Derived Classes”.

You cannot override the Access attribute of base class members. For example, if a base class
member is declared as protected, it stays protected in all derived classes.

You cannot override values or attributes of base class members declared as private.

In previous releases, if a parameter or variable referenced other parameters, it had to be declared as
protected or private. This restriction has now been removed. Instead, if the ExternalAccess
attribute of a parameter or variable derived from other parameters is modify, the compiler issues a
warning and sets the ExternalAccess attribute to observe. For example:

component Base

parameters
pl = 1;

end

variables
x1 = pl;
X2 = pl*2;

end

end

component Sub
< Base(x1l = 0)

end
Component Sub overrides the value of the base class variable x1, so it no longer depends on
parameter pl. However, variable x2 references parameter pl and cannot be modified independently.

Therefore, for the component Sub, the compiler leaves the ExternalAccess attribute of x1 as
modify, but sets ExternalAccess of x2 to observe and issues a warning.

Also, in previous releases, members of the base class with Access=private were always forced to
have ExternalAccess=none, to avoid potential collision of names between the base class and the
derived class. This restriction has now been relaxed. A member of the base class with
Access=private is forced to have ExternalAccess=none only if a member from the derived class
is declared with the same name. Lifting this limitation allows data logging for conditionally declared
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members of a base class. For more information, see “Defining Conditional Visibility of Component
Members”.
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Reservoir (2P) and Controlled Reservoir (2P) Blocks: Specify fluid
boundary conditions using extended set of options

The two-phase fluid reservoir blocks, Reservoir (2P) and Controlled Reservoir (2P), now have
additional options for specifying the fluid boundary conditions with the quantities most appropriate
for your applications. When modeling closed-loop systems, use these blocks to break the loop apart,
to model and validate each segment separately before connecting the segments together.

hydraulicTolsothermalLiquid Conversion Tool Enhancement: Easily
upgrade models containing customized hydraulic blocks

To facilitate conversion of models containing customized hydraulic blocks, such as masked library
blocks or custom blocks written in Simscape language, the hydraulicToIsothermallLiquid
conversion tool now additionally lets you specify two cell arrays of custom block names,
oldcustomblocks and newcustomblocks, after all the other input arguments. oldcustomblocks
contains the names of the customized hydraulic blocks to replace. newcustomblocks contains the
names of customized isothermal liquid blocks to use as replacements. The two cell arrays must have
the same number of elements. The respective blocks listed in each array must have the same number
of ports, matching port order, and the same programmatic parameter names.

If, during conversion, the tool encounters a block listed in oldcustomblocks, then the tool replaces
that block with the block listed as the respective element in newcustomblocks.

Before you can use this syntax, prepare the equivalent isothermal liquid version of the customized
blocks:

* For custom library blocks and subsystems that contain blocks from the Foundation > Hydraulic
library or Fluids > Hydraulics (Isothermal) library, run the conversion tool on these custom
libraries. In previous releases, if your custom library blocks were masked, the conversion tool
discarded the mask. Now, when the tool converts a masked hydraulic block or subsystem, it
retains the mask. You still need to verify that the number of ports, port order, and the mask
parameter names match between the hydraulic and the isothermal liquid versions.

* For custom hydraulic blocks written in Simscape language, manually create equivalent versions of
these blocks that use the isothermal liquid domain. If the custom hydraulic blocks were masked,
you can add masks to the custom isothermal liquid blocks as well. Make sure that the isothermal
liquid blocks have the same number of ports, matching port order, and the same programmatic
parameter names as the original hydraulic domain blocks.

simscape.Value and simscape.Unit Objects: Use MATLAB interface to
manipulate physical values with units

In physical modeling, block parameters, variables, and physical signals are represented as a value
with associated unit. Simscape unit manager automatically performs the necessary unit conversion
operations when solving a physical network. However, if you wanted to write simple MATLAB®
programs to do physical computations (such as postprocessing simulation data), performing
mathematical operations on values with units was not possible in previous releases. You had to strip
the Simscape values from the associated units, perform computations, and then manually perform the
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necessary unit conversions and reattach the new unit to the data. This process was cumbersome and
error-prone.

simscape.Value and simscape.Unit objects essentially implement a MATLAB interface that
replicates the unit manager functionality outside of Simscape:

* simscape.Value binds arrays of arithmetic values to units and propagates those units through
mathematical operations. All members of an array must have the same unit.

* simscape.Unit represents units of measure without an associated value, and therefore lets you
write MATLAB functions that emulate the unit propagation behavior.

Use simscape.Value and simscape.Unit to:
» Preprocess or postprocess simulation data with units in MATLAB, for example, calculate total fluid

mass or plot vehicle dynamics.

* Create value with unit objects in MATLAB and manipulate them during programmatic model
construction.

* Write MATLAB functions that operate on values with units.
For more information, see “Working with simscape.Value and simscape.Unit Objects”.

You can also use simscape.Value objects to create operating point targets. For more information,
see “Use simscape.Value to Create an Operating Point Target”.

Interface Specification for Simscape Connections: Lock down
connection types for Simscape Bus and Connection Port blocks

A new Simulink® object, Simulink.ConnectionBus, lets you design rigid interface specifications
for conserving connections. When you apply such rigid specification to a Simscape Bus or Connection
Port block, the block ports become typed by the interface and do not accept connections to a different
domain type.

To construct Simulink.ConnectionBus objects, add Simulink.ConnectionElement objects and
specify the names and domain types for these connection elements. You can construct or modify these
objects:

* Programmatically
* Using the Simulink Bus Editor
* Using the Model Explorer

To apply an existing connection bus specification to a Simscape Bus or Connection Port block, use the
Connection type parameter and select the bus name from the drop-down list.

To remove the rigid bus specification, set the Connection type parameter on the block to Inherit:
auto.

For more information, see “Design Rigid Interface Specifications for Conserving Connections”.
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System Composer Support for Simscape Models: Create physical
interfaces, ports, and connections on architecture components

If you have a System Composer™ license, you can now create physical interfaces, ports, and
connections on architecture components and implement physical behaviors using the System
Composer software together with the Simscape family of products.
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Scalable Compilation: Reduce compilation time for models containing
repeated reusable components

When your model contains a large number of repeated components, such as a transmission line or a
battery pack, you can reduce its compilation time by enabling scalable compilation. In order to
benefit from scalable compilation, the repeated components must be included in the model as either
referenced subsystems or linked subsystems. Scalable compilation helps reduce compilation time for
such models by compiling a repeated component once, and then reusing these compilation artifacts
for other instances of the same component. For more information, see “Scalable Compilation”.

Simscape Variable Scaling Analyzer Tool: Identify issues with model
scaling to improve performance

The Simscape Variable Scaling Analyzer tool performs an analysis of the model variables and
equations, highlights problem areas that may cause issues with performance or accuracy, and
provides scaling recommendations for nominal values. To learn more, see “Select Nominal Values
Using the Variable Scaling Analyzer”.

Stiffness Impact Analysis Tool Enhancement: Perform stiffness
analysis at multiple time points

In previous releases, the Stiffness Impact Analysis tool performed the stiffness analysis of a model at
initialization time only. Now you can specify multiple time points during simulation.

simscape.getLocalSolverFixCostinfo function: Expedite model
conversion to fixed-cost

When converting your model to fixed-cost, you can now easily determine the value for the Nonlinear
iterations parameter of the Solver Configuration block in your model using the
simscape.getLocalSolverFixedCostInfo function.

Data Logging Support for Rapid Accelerator Mode: Use rapid
accelerator mode to simulate models with data logging enabled

In previous releases, data logging was available only in normal simulation mode or accelerator mode.
If you wanted to simulate your model in rapid accelerator mode, you had to turn data logging off.

Now you can log simulation data when running the simulation in rapid accelerator mode. All the data
logging workflows available in the normal simulation mode are now available in rapid accelerator
mode as well.

Statistics Viewer Enhancement: View and trace secondary variables
for 1-D physical systems

The 1-D Physical System node in the Statistics Viewer contains information on the number of
variables in the system, with separate statistics for different categories of variables: continuous,
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discrete, differential, algebraic, and so on. During the compilation process, a model undergoes
multiple transformations, with some variables being eliminated and other, secondary, variables being
added to the system to make it solvable. The Statistics Viewer includes eliminated variables statistics
as a separate subcategory. In this release, statistics on secondary variables have also been added.

Secondary variables are generated by the compiler. In previous releases, you could see them as
Simulink states after running the simulation, but their names were cryptic. Now these secondary
variables have meaningful names and descriptions that let you trace the variable origin and
understand the transformation that introduced it. When you select a statistic for secondary variables,
the names and descriptions of these variables appear in the Sources section of the Statistics Viewer:

* The Source column contains the variable path, including the top-level model and the name of the
primary variable, with a link to the block containing the primary variable.
* The Value column contains the secondary variable description.

Improved Handling of Implicit Asserts: Avoid runtime errors without
impacting performance

You can now use isinf, isnan, and isfinite without triggering asserts when developing Simscape
library blocks. Instead, you can take advantage of the non-finite value protection that these functions
offer.

For scalar values, expressions such as
x == if (isfinite(x1l./x2)), x1./x2 else 0 end

no longer trigger asserts that generate a runtime error. This feature applies to all operations that
output nan or inf values in Simulink, including

* dividing by zero.

» taking the root of negative numbers.

» taking the logarithm of nonpositive numbers.

* using arcsin or arccos with numbers above one.

* raising negative numbers to non-integer powers or raising zero to negative powers.

Simscape ensures that the results are finite. Note that when using array values, these functions

return an array of logicals. You must convert these logicals to scalars when using conditional
expressions.

Simscape enforces finite intermediates, but when you use intermediates within isinf, isnan, or
isfinite, Simscape introduces duplicate intermediates to allow isinf, isnan, and isfinite
function correctly. Therefore, these functions may signal a non-finite value while the results show the
original intermediate as finite. Simscape does not support array values with intermediate
expressions.

Functionality being removed or changed

Specifying complex numbers as parameter values generates an error
Behavior change
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Simscape blocks and functions do not support complex numbers. In previous releases, if you specified
a complex number as a block parameter value, the compiler used the real part of the complex number
as the parameter value and ignored the imaginary part, which sometimes led to inconsistent behavior.

Starting in R2021Db, if you assign complex numbers, such as a noninteger power of a negative
number, as parameter values, the model generates an error upon simulation.

Compatibility Considerations

To preserve compatibility with previous releases, change the parameter value to the real part of the
complex number previously assigned.
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Variable Initialization Ranges: Specify acceptable minimum and
maximum values for variable initialization targets

In previous releases, when declaring a variable, you could specify its target value, unit, and
initialization priority. Now you can additionally specify the minimum and maximum acceptable values
for variable initialization, for example:

variables
x = {value={0, 'deg'},priority=priority.high,imin={0, 'deg'},imax={360, 'deg'}};
end

When multiple initialization solutions exist, this syntax lets you guide the solver towards the
preferred solution. For more information, see Block-Level Variable Initialization. If the specified range
cannot be satisfied during initialization, the solver issues an error.

The solver tries to satisfy the initialization range for a variable regardless of whether its initialization
priority is high, low, or none. It is recommended that you use the priority attribute sparingly. The
default priority value, priority.none (which is equivalent to leaving out the priority attribute
entirely), is suitable in most cases. The block user can modify the variable priority value, as needed,
in the Variables tab of the block dialog box prior to simulation. However, the block user does not
have control over the variable initialization range. Only the block author can specify the acceptable
minimum and maximum values for variable initialization in the component file, both for continuous
and for event variables.

When declaring custom domains, you can specify initialization ranges for domain Across variables, for
example, to exclude negative values for pressure or temperature.

The default initialization range is (-inf, inf). Therefore, you do not have to specify both values to
define the range, it is sufficient to specify only imin or imax. For example, use this syntax to limit the
temperature to positive values:

variables
T = {value={293.15,'K'},imin={0, 'K'}};
end

When you specify imin or imax, these values define an open range.

For model initialization using an operating point, the solver tries to satisfy initialization ranges only
for variables that do not have a target in the operating point data tree. For more information, see
Using Operating Point Data for Model Initialization.

Table Lookup for 1-D Array of Query Points: Specify table lookup
query arguments as row or column vectors

The tablelookup function lets you perform grid-based interpolations in Simscape blocks. The
tablelookup function supports one-dimensional, two-dimensional, three-dimensional, and four-
dimensional lookup tables. The full syntax is:

tablelookup(x1ld, x2d, x3d, x4d, fd, x1, x2, x3, x4, interpolation = linear|
smooth, extrapolation = linear|nearest|error)


https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/block-level-variable-initialization.html
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x1d, x2d, x3d, x4d, and fd are the data sets that form the grid. x1d, x2d, x3d, and x4d are one-
dimensional arrays representing the input data points along each of the axes. fd is the array of
output function values corresponding to these input data points, with the array size matching the
dimensions defined by the input data sets. For example, for two-dimensional table lookup, if x1d is a
1-by-m array, and x2d is a 1-by-n array, then fd must be an m-by-n matrix.

x1, x2, x3, and x4 are input values that represent the coordinates of the query point along each
direction. In previous releases, you could specify a single query point, which meant that each of these
query input values had to be a scalar, and the function returned a scalar value f by interpolating the
query point against the grid.

Now you can perform table lookup for a one-dimensional array of query points, by specifying x1, x2,
x3, and x4 as row or column vectors of the same size (1-by-k or k-by-1). The function performs the
interpolation of each of these query points against the grid and returns a one-dimensional array of
the same size as the input query vectors.

2-3
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Simscape Onramp: Self-paced, interactive tutorial for getting started
with Simscape

Simscape Onramp is a self-paced, interactive tutorial that helps you get started with Simscape. To

teach concepts incrementally, Simscape Onramp uses hands-on exercises. You receive automated
assessments and feedback after submitting tasks.

Training - Tasks L]

SimscapeOnramp Training - Assessment

«|B

1.2 Explore a Simscape Model

®

Task 1 Si 1]
[*a] simscapeonramp ask 1 Signal

Task 1

cy 10
This model describes a double mass-spring-damper = J
with an initial stretch in the springs. Compare the model = 0 NANAA—
10 the way it is typically depicted in a schematic
=]

Oom
v
S

e Ea :

You can ses that various Simscape blocks represent .30
the masses, springs, dampers, and reference position c R c R 0 5 10
In this training environment, clicking Submit will assess Time

your model, running it automatically when necessary. If

a block's value is part of the assessment, that value wil
be displayed. You can use the Run button in the
Simulink toolstrip to simulate your model before

Signal requirement

Inspect signal in figure window

assessing it. ———
o . 7 Does the following block value match the plotted requirement?
TASK Initial displacement: Initial displacement: Mass: v
Click Submit to run the model and see the velocity fx)=0 p 1m 1m
of Mass1 in the Assessment Pane on the right. Mass Mass1
Solver
Hint | See Solution | Reset Configuration

Your progress is saved if you exit the training, so you can complete the training in multiple sessions.
To open Simscape Onramp, use one of these options:

* On the Simulink Start Page, click Simscape Onramp.

In the MATLAB Command Window, enter learning.simulink.launchOnramp('simscape').

Simscape Onramp:

Introduces Simscape models, including an RC circuit and rotational mass damper
Explores simulation results for physical quantities using sensor blocks
* Models physical systems with external inputs or initial values

Demonstrates interactions between multiple physical domains with examples of electromechanical
conversion, fluids, and hydroelectric power

* Implements feedback control with Simscape and Simulink

Helps you practice what you learn with an electronic valve project

2-4
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Multibody Interface Blocks: Connect Simscape networks to Simscape
Multibody joints

You can model 3-D mechanical systems by using Simscape Multibody™ blocks that represent bodies,
joints, constraints, force elements, and sensors. These models can also include Simscape networks
that represent hydraulic, electrical, pneumatic, and other physical systems. However, you cannot
directly connect Simscape mechanical rotational and translational ports to Simscape Multibody
blocks. You need to establish bidirectional connections between the Simscape portions of a block
diagram and Simscape Multibody joints that involve both sensing and actuation, and in some cases
must pass position information as well.

The Mechanical library now has a Multibody Interfaces sublibrary, which contains blocks that let you

connect Simscape blocks with mechanical translational or rotational ports to Simscape Multibody

joints:

* The Translational Multibody Interface block matches the force and relative velocity across the
interface. You can connect it to any Simscape Multibody joint that has a prismatic primitive.

* The Rotational Multibody Interface block matches the torque and relative angular velocity across
the interface. You can connect it to any Simscape Multibody joint that has a revolute primitive.

For more information, see Connecting Simscape Networks to Simscape Multibody Joints.

Additionally, the following actuator blocks now have an optional input port that lets you pass position
information from a Multibody joint:

* Translational Mechanical Converter (IL)

» Rotational Mechanical Converter (IL)

* Translational Mechanical Converter (TL)

* Rotational Mechanical Converter (TL)

* Translational Mechanical Converter (2P)

» Rotational Mechanical Converter (2P)

* Translational Mechanical Converter (G)

* Rotational Mechanical Converter (G)

* Translational Mechanical Converter (MA)

* Rotational Mechanical Converter (MA)

* Translational Hydro-Mechanical Converter
* Rotational Hydro-Mechanical Converter

For more information on how to enable and use this input port, see How to Pass Position Information.

hydraulicTolsothermalLiquid Conversion Tool Enhancement: Easily
upgrade models containing model references, subsystem references,
and library links

To facilitate conversion of models containing model references, subsystem references, and library
links, the hydraulicToIsothermalLiquid conversion tool now additionally accepts either a list of
files or a path to the top-level folder as an input argument. The tool converts all the files that contain
hydraulic blocks, while preserving the links between them, and returns the list of converted files.
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Like in previous releases, the conversion tool does not overwrite the original files, but saves the new
file under a different name, by appending the converted suffix to the original file name. Unlike in
previous releases, if a file does not contain hydraulic blocks, the tool leaves it unchanged and does
not create a copy with the converted suffix.

If you specify a list of files or a path to the top-level folder as an input argument, the conversion tool
updates all the library links, model references, and subsystem references in these files to point to the
_converted versions of these files.

Once you are happy with the conversion, you can use the new
hydraulicToIsothermalLiquidPostProcess function to restore the original file names. This
function accepts either a list of converted files or a path to the top-level folder as an input argument.
The function warns you that it will overwrite the original files, and then removes the converted
suffixes and restores all the library links, model references, and subsystem references.

For more information, see Upgrading Hydraulic Models To Use Isothermal Liquid Blocks.

Compatibility Considerations

In previous releases, the conversion tool always created a new file by appending the converted
suffix to the original file name. If a file did not contain hydraulic blocks, the original file and the
converted file were identical. Now, if a file does not contain hydraulic blocks, the tool leaves it
unchanged and does not create a copy with the converted suffix.

In previous releases, the tool returned the block diagram name of the converted model, subsystem, or
library, as a character vector. Now, even if converting a single file, the tool always returns a cell array,
where each element is a converted block diagram name. The block diagram name is the file name
without the file path or extension.

Saturation Properties Sensor (2P) Block: Measure liquid and vapor
saturation properties

The new Saturation Properties Sensor (2P) block in the Two-Phase Fluid > Sensors library lets you
measure liquid and vapor saturation properties:

* Saturated temperature, specific volume, internal energy, or enthalpy, based on pressure
measurement
» Saturated pressure, based on temperature measurement

Physical Signals Library Enhancements: Expand modeling capabilities
using physical signal blocks

Several enhancements in the Physical Signals library provide additional modeling options within a
Simscape network, using physical signal blocks rather than Simulink signals. These enhancements
include:

* Three new blocks in the Physical Signals > Sources library, PS Ramp, PS Sine Wave, and PS Step,
let you generate a physical signal of the desired shape, rather than use a Simulink signal and a
Simulink-PS Converter block.

* The PS Integrator block is now resettable at events. You can specify that the block output resets to
the initial condition when the physical signal at port R triggers a reset. The initial condition
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source can now be either a physical signal or a block parameter. If you set the Initial condition
source parameter to External, the physical signal at port X0 supplies the initial condition value
for integration and reset. In its default configuration, with External reset parameter set to None
and Initial condition source set to Internal, the block functions exactly as in previous
releases.

* The PS Math Function block has an additional option, u.”v, where v is a block parameter. When
you use this option, the value of the output signal is the value of the input signal, u, to the power
of v. The unit of the output signal is the result of the operation of the function on the input signal
unit. Therefore, unless the input signal is unitless, changing the value of v changes the unit of the
output signal.

PS Lookup Table Block Enhancement: Use row or column vectors of
query points as input and output signals

The tablelookup function now lets you perform table lookup for a one-dimensional array of query
points, by specifying x1, x2, x3, and x4 as row or column vectors of the same size (1-by-k or k-by-1).
The function performs the interpolation of each of these query points against the grid and returns a
one-dimensional array of the same size as the input query vectors. For more information, see “Table
Lookup for 1-D Array of Query Points: Specify table lookup query arguments as row or column
vectors” on page 2-2.

As a result, the PS Lookup Table (1D), PS Lookup Table (2D), PS Lookup Table (3D), and PS Lookup
Table (4D) blocks now also accept one-dimensional arrays (row or column vectors) of query points as
their input signals. For multidirectional table lookup, all the input vectors must be of the same size.
The block output signal in this case is also a row or column vector of the same size. See the block
reference pages for details.

Expanded Support for Power Dissipation Data: View power_dissipated
simulation logging data for several Foundation library blocks

Several blocks in the Foundation library now calculate dissipated power and output it in their
simulation data log under the power dissipated node. You can now analyze data for a
power dissipated logging node for these blocks:

* Capacitor

* Diode

* Inductor

* Resistor

* Switch

* Thermal Resistor

* Variable Resistor

* Rotational Damper

* Translational Damper

* Rotational Friction

* Translational Friction

For more information on logging, viewing, and analyzing simulation data, see sscexplore. Also, if
you have a Simscape Electrical™ license, you can use functions like ee _getEfficiency (Simscape
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Electrical), ee_getPowerLossSummary (Simscape Electrical), and ee_getPowerLossTimeSeries
(Simscape Electrical) to collate and analyze power dissipation data for your model.

Variant Connector Block Enhancement: Limit scope of variant control
variables of Variant Connector blocks and include Simscape Bus
blocks in model variants

You can now use the Variant Connector block with mask and model workspace variables and
Simscape Bus blocks.

* Previously, you could define the variant control variable of the Variant Connector block only in a
base workspace or a data dictionary. From R2021a onward, you can also define the variant control
variable in the mask and the model workspace. This functionality limits the scope of the variables,
which helps you avoid name conflicts and establish clear ownership of the variable between the
blocks. It also enables you to use the same names for variables in different scopes. For more
information, see Mask Workspace Variable in Variant Connector Block.

* You can now place Simscape Bus blocks in a leaf region or a bounded region formed by a Variant
Connector block. For more information, see Variant Connector Block with Simscape Bus Block.


https://www.mathworks.com/help/releases/R2021a/physmod/sps/ref/ee_getpowerlosssummary.html
https://www.mathworks.com/help/releases/R2021a/physmod/sps/ref/ee_getpowerlosstimeseries.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ref/variantconnector.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/variant-control-from-mask-morkspace-for-variant-connector-block.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/variant-connector-block-with-simscape-bus-block.html

Simulation

Simulation

daessc Solver Enhancement: Use daessc solver as default variable-
step solver for new models

When you first create a model, the default Simulink solver is VariableStepAuto. Auto solver
chooses a suitable solver as described in Select Solver Using Auto Solver. For new models created in
this release and beyond, if your model contains Simscape blocks and Differential Algebraic Equations
(DAESs), auto solver defaults to the daessc solver.

The daessc variable-step Simulink solver, which was designed specifically for physical modeling, was
introduced in R2018b. In R20214, this solver has additional options that let you fine-tune the solver
performance. In the Solver pane of the Configuration Parameters dialog box, if Solver is set to
daessc (DAE solver for Simscape), the new Daessc mode parameter under Solver details
contains the following drop-down list:

* auto — Automatically selects the optimal daessc solver mode. This is the default setting. In
R2021a, auto is equivalent to Balanced, but this may change in future releases.

* Fast — The most efficient mode in terms of computation cost, but less robust.
* Balanced — Provides a balance between computational costs and robustness.

* Robust — More robust, but also more costly. This option is equivalent to the way daessc solver
worked in previous releases.

* Quick debug — Updates the solver Jacobian at every integration step, and is therefore even
more costly than Robust. Recommended only for interactive model development, to quickly find
issues with equations.

* Full debug — Updates the solver Jacobian at every integration step and every Newton iteration.
This mode is the most expensive in terms of computational cost. Recommended only for
interactive model development, to thoroughly check equations and find possible issues.

Compatibility Considerations

In previous releases, the default VariableStepAuto solver for models containing Simscape blocks
and DAEs was ode23t. If you open an existing model saved with VariableStepAuto, the solver
selection does not automatically change to daessc in R2021a. The model continues to use the same
auto solver that it used in previous releases and your simulation results will not change.

To upgrade your existing models to use daessc as the default auto solver, use the Check
integration method used by 'auto’ solver for Simscape DAEs check in the Upgrade Advisor.

Run-Time Parameters Editable in Fast Restart: Change run-time
parameter values in the Property Inspector while in fast restart mode

You can now change run-time parameter values in the block dialogs or the Property Inspector window
while simulating in fast restart mode. Once you restart the simulation, the new values will take effect.
You can still specify run-time parameters as workspace variables, if you choose.
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Partitioning Solver Enhancement: Improve stability of Partitioning
solver

When you use the Robust simulation mode of the Partitioning local solver, more equations are
now solved using the Backward Euler scheme. This enhancement results in increased solver stability
and extends the range of models that can be simulated using the Partitioning solver.

Simscape Hardware-in-the-Loop Workflow Enhancement: Use
Partitioning solver in Simscape models

If you have an HDL Coder™ license, you can now generate an HDL implementation model from
Simscape models that use a Partitioning solver. For more information, see Release Notes for HDL
Coder (HDL Coder).

Data Logging Support for Accelerator Mode: Use accelerator mode to
simulate models with data logging enabled

In previous releases, data logging was available only in normal simulation mode. If you wanted to
simulate your model in accelerator or rapid accelerator mode, you had to turn data logging off. Now
you can log simulation data when running the simulation in accelerator mode. All the data logging
workflows available in the normal simulation mode are now available in accelerator mode as well.

simscape.logging.timestamp Function: Determine whether the
simulation log is current or stale

You can now determine whether the simlog object in your workspace is current or stale by using the
simscape.logging.timestamp function. The function accepts a simscape.logging.Node object
as the input argument and returns the model timestamp associated with the node.

Numerical Solve Enhancement: Support wider range of high-
differential-index problems for equations with vector variables

The Simscape solver now supports a wider range of high-differential-index problems for equations
that include vector variables. This means that many models involving the three-phase electrical
domain and using Simscape Electrical blocks no longer require you to add parasitic components or
leakage paths in order to avoid numerical simulation issues. For example, wye-connected inductors
(which are used as a building block in many of the three-phase machine models) no longer require a
parasitic conductance to ground at the common connection.

For more information, see Differential Index and Avoiding Numerical Simulation Issues.
Improved Conservation Laws: Better conserve physical quantities,
such as momentum and charge, at events

The new algorithm for deriving conservation laws from the DAE system results in improved

simulation behavior at events. For example, you can see improvements in momentum conservation for
mechanical systems and in charge conservation for electrical systems.
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The algorithm handles a wide range of events, but has some limitations. For example, it does not
handle high-differential-index problems with index greater than two, or differential equations that
involve both differential and algebraic variables in the same nonlinear term.

Compatibility Considerations

Because of the new algorithm, your simulation results might be slightly different for some models:

If, in the previous releases, there was an event where momentum or charge was not conserved
properly during simulation, the results may change when the new algorithm ensures proper
conservation of these quantities.

If you are providing a wrong value of a derivative signal by using a Simulink-PS Converter block,
the simulation results may change because the derivative information is now used differently.
Therefore, if you notice a difference in results, check your model to ensure that the derivatives
provided using the Simulink-PS Converter blocks are correct.

New examples

Examples introduced in this version include:

Nonlinear Electromechanical Circuit with Partitioning Solver

PEM Fuel Cell System

Lithium Pack Thermal Runaway

Variant Connector Block with Simscape Bus Block

Mask Workspace Variable in Variant Connector Block

Lead-Acid Battery with Dashboard Blocks

Hydraulic Actuator with Analog Position Controller and Dashboard Blocks

2-11


https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/nonlinear-electromechanical-circuit-with-partitioning-solver.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/pem-fuel-cell-system.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/lithium-pack-thermal-runaway.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/variant-connector-block-with-simscape-bus-block.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/variant-control-from-mask-morkspace-for-variant-connector-block.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/lead-acid-battery-with-dashboard-blocks.html
https://www.mathworks.com/help/releases/R2021a/physmod/simscape/ug/hydraulic-actuator-with-analog-position-controller-il-dashboard.html




R2020b

Version: 5.0
New Features
Bug Fixes

Compatibility Considerations



R2020b

Simscape Language

3-2

State Reset: Reinitialize state variables at events

Event-based methods of state reinitialization and impulse handling let you model physical phenomena
such as collisions and bouncing balls. Using state reset methods provides a significant boost in
simulation speed for such models.

To implement a state reset, mode charts can now contain instantaneous modes and compound
transitions. An instantaneous mode is a mode that is active only for one event iteration. You specify
that a mode is instantaneous by using a compound transition:

A->B->C: t

The middle mode, B, is instantaneous. When predicate t becomes true, the system transitions from
mode A to mode B, performs one event iteration, and then immediately transitions to mode C.

You declare instantaneous modes the same way as regular modes, using the mode section of a mode
chart. To specify that a mode is instantaneous, list it as the middle mode in a compound transition.
Only one instantaneous mode is allowed per transition, therefore, a compound transition cannot
contain more than three modes.

In the majority of state reset use cases, the reset value is a function of the previous value of the
variable. For example, when modeling a bouncing ball, the new velocity depends on the velocity
before impact. The new entry section, declared within a mode section in a mode chart, lets you
specify the actions to be performed upon entering the mode. These actions let you perform event
variable updates based on the value of the respective continuous variable immediately before
entering the mode. You can use entry actions both in instantaneous and regular modes.

When you connect multiple ideal components that use state reset, the solver automatically detects
and propagates impulses in continuous states during variable reinitialization. Therefore, impulse
detection can add computational cost during transient initialization. Two new options in the Solver
Configuration block, Compute impulses and Impulse iterations, let you control the computational
cost of impulse detection during transient initialization.

For more information, see State Reset Modeling.

Extended Functionality for Component Arrays: Observe array
members during simulation

Arrays of components in Simscape language were introduced in R2020a. In R2020b, this functionality
has been extended:

* You can now set the ExternalAccess attribute of array members to observe, which makes their
variables visible in simulation logs, Variable Viewer, Statistics Viewer, and so on.

* You can use command-line interface to index into an array of components, for example, to plot
logged simulation data for an array member, or to create operating point targets. For more
information, see Indexing into Component Arrays.

Extended for Loop Functionality: Include equations in for loops

In R2020a, when arrays of components were introduced, for loops could be used only in the
declaration section, to declare an array of components, and the structure section, to declare the
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component connections. In R2020b, the for loop functionality has been extended to also include
equations.

Block Layout Annotation: Group and reorder parameters in the block
interface

In previous releases, custom Simscape blocks displayed the underlying component parameters on a
single tab of the block dialog box, titled Parameters. The parameters were listed on this tab in
declaration order.

A new class-level annotation, UILayout, lets you make the custom block layout more flexible by
defining titled groups of component parameters. When you deploy the component as a custom
Simscape block, these groups translate into dialog box tabs (as well as Property Inspector tree
nodes). This annotation also defines the order of the tabs and the order of parameters in each tab.
The annotation does not affect component variables: they are still listed on a separate Variables tab
in declaration order.

ssc_build Enhancement: Specify name and location for generated
custom libraries

You can now use an optional name-value pair argument with ssc_build to specify the output library
name and location. If you omit this argument, the custom library generated by ssc_build is
automatically named package 1ib and automatically placed in the package parent directory, the
same as in previous releases.
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Variant Connector Block: Selectively enable branches of a physical
network

The new Variant Connector block in the Utilities library lets you define bounded or leaf regions in a
physical network and then enable or disable them for simulation. Use the Variant Connector block to
define model variants, by including or excluding certain parts of the model.

Mass and Inertia Blocks with Two Graphical Ports: Enhance flexibility
of block diagram layout

In some applications, it is customary to display mass or inertia in series with other components in the
block diagram layout. To support this use case, you now have an option to display a second port on a
Mass or Inertia block icon. The two-port variant is purely graphical: the two ports have the same
velocity, so the block functions exactly the same whether it has one or two ports.

Isothermal Liquid Model Template: Create new isothermal liquid
models by using ssc_new or model templates

New Isothermal Liquid template is now available in the Simscape section of the Simulink Start
Page. The new template contains additional domain-specific blocks on the model canvas.

The ssc_new function has also been updated to provide an equivalent domain option. Typing
ssc_new( 'MyModel"', 'isothermal liquid')

creates a new model called MyModel by using the Isothermal Liquid template.

Sensor Blocks Enhancement: Eliminate unused variables

The source code for the following blocks has been streamlined to take advantage of the latest
Simscape language capabilities:

* Current Sensor

* Voltage Sensor

* Hydraulic Flow Rate Sensor

* Hydraulic Pressure Sensor

* Flux Sensor

* MMF Sensor

* Ideal Force Sensor

* Ideal Torque Sensor

* Ideal Rotational Motion Sensor

* Ideal Translational Motion Sensor

As a result, some unnecessary variable declarations have been removed. The block equations have
been rewritten to refer directly to the output, where possible. This enhancement results in increased


https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/variantconnector.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/mass.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/inertia.html
https://www.mathworks.com/help/releases/R2017b/physmod/simscape/ref/ssc_new.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/currentsensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/voltagesensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/hydraulicflowratesensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/hydraulicpressuresensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/fluxsensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/mmfsensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/idealforcesensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/idealtorquesensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/idealrotationalmotionsensor.html
https://www.mathworks.com/help/releases/R2020b/physmod/simscape/ref/idealtranslationalmotionsensor.html

Foundation Library

compilation speed due to more efficient variable elimination. The block functionality and simulation
results are unchanged, compared to the previous releases.

Compatibility Considerations

If you were logging a variable that has been eliminated, update your scripts by replacing this variable
with the corresponding output node. For example, if you were logging variable v1 in the Voltage
Sensor block, replace it with the output V.

Functionality being removed or changed

Spectrum Analyzer block default averaging method changed
Behavior change

Starting in R2020b, by default, the Spectrum Analyzer block uses the exponential averaging as the
averaging method. The default value of the Averaging method parameter is now Exponential.

Compatibility Considerations

For existing models with a Spectrum Analyzer, the averaging method is not changed. For new
visualizations with the Spectrum Analyzer block, you may see some changes in the output because of
the averaging method. If you want to use the previous defaults, set Averaging method to Running.
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Stiffness Impact Analysis Tool: Analyze effect of particular block
variables on overall system stiffness of a Simscape network

When you use an explicit solver, the simulation may become unstable because the system is stiff. For
more information, see Explicit Versus Implicit Continuous Solvers. In most models, the instability can
be removed by changing the block parameter values to reduce system stiffness. The new Stiffness
Impact Analysis tool lets you analyze the model and determine which of the variables and equations
have the most impact on system stiffness. You can then modify the values of parameters involved in
these equations to make the system less stiff.

To access the Stiffness Impact Analysis tool, select the Simscape Stiffness check box in the Solver
Profiler toolstrip. The Simscape Stiffness tab in the bottom pane lists variables with the most
impact on the system stiffness and lets you determine, for each of these variables, the corresponding
stiffness coefficient, as well as the block and equation where the variable is used.

Stiffness analysis is performed at initialization time only.

The tool performs stiffness analysis of the Simscape networks only. If a model does not contain
Simscape blocks, the tool does not show any results.

Variable Viewer Support for Component Arrays: View variable
initialization data for array members

When your model contains blocks with underlying arrays of components, Variable Viewer now
includes variables that belong to array members. For more information, see Component Array
Representation in Variable Viewer.

Operating Point Support for Component Arrays: Set and get operating
point targets for array members

When your model contains blocks with underlying arrays of components, operating point data now
includes variables that belong to array members. You can use command-line interface to index into an
array of components, for example, to get or set operating point targets for a particular array member.
For more information, see Indexing into Component Arrays.

Statistics Viewer Support for Component Arrays: View model statistics
for array members

When your model contains blocks with underlying arrays of components, Statistics Viewer now
includes data on array members. For more information, see Model Statistics for Component Arrays.

Data Logging Support for Component Arrays: Log and plot simulation
data for array members

When your model contains blocks with underlying arrays of components, you can now log and plot
simulation data for array members. Simulation data for array members is logged independent of the
logging method, whether you use logging to workspace or stream logged simulation data to disk.
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You can use either Simscape Results Explorer or Simulation Data Inspector to view logged simulation
data for individual array members. For more information, see Data Logging for Component Arrays.

You can also use command-line interface to index into an array of components, for example, to plot
logged simulation data for a particular array member. For more information, see Indexing into
Component Arrays.

Data Logging Enhancements: Improve simulation performance and
usability

In this release, multiple enhancements have been implemented for data logging.

You can now access simscape.logging.Node objects using block names, instead of IDs, by using
the new get object function. This object function supports tab completion when you type the path to
node. The path must start with a block name, for example:

n = get(simlog ssc_dcmotor, 'DC Motor/Friction/C');

simscape.logging.findNode and simscape.logging.findPath have been optimized to
perform much faster. As a result, simulation performance when streaming logged simulation data to
disk has been significantly improved. The file format for streaming logged simulation data to disk has
been changed from HDF5 to MLDATX. MLDATX files are binary files, commonly used by the
Simulation Data Inspector.

Also, series data is now automatically reshaped to match the dimensions of the logged variable. In
previous releases, if you logged an n-dimensional variable, the series data was logged as a one-
dimensional array of n*T length, where T is the number of time steps. Now, the series data for such
variable is automatically reshaped as an n-by-T array.

Compatibility Considerations

The file format when streaming logged simulation data to disk has changed from HDF5 (H5) to
MLDATX. As a result:

*  When you import an H5 file from a previous release using simscape.logging.import, the data
is automatically converted to the new format, loaded into the Node object, and copied to a binary
MLDATX file in the temporary directory. If there are two files with the same name and different
extensions (H5 and MLDATX), then the MLDATX file is loaded.

* When you use simscape.logging.export without specifying the file extension, the data is
stored in an MLDATX file in the temporary directory.

* Currently, you can still export data in H5 format, to share it with colleagues who are using older
software releases. To do this, specify Hb5 file extension when using simscape.logging.export.
The function stores the data in H5 format and issues a warning that this functionality will be
removed in a future release. If you specify a file extension other that H5 or MLDATX, you get an
error.

There is a slight change to the logging output from multidimensional variables because of the
automatic data reshaping. If your scripts relied on the series data being a one-dimensional array, you
have to update these scripts. If you applied manual reshaping to logged simulation data in previous
releases, your results will not change in this release.
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daessc Solver Enhancement: Improve simulation performance

Enhancements made to the daessc solver in this release result in improved simulation performance,
with more than a 10% speed increase in the majority of test cases.

The daessc variable-step Simulink solver, which was designed specifically for physical modeling, was
introduced in R2018b. To select this solver, open the Solver pane of the Configuration Parameters
dialog box, set Type to Variable-step, and then from the Solver drop-down list, select daessc
(DAE solver for Simscape).

Functionality being removed or changed

Initial equations ignored when initializing from operating point
Behavior change

Initial equations provide an alternative way to specify high-priority variable targets for model
initialization. However, when you initialize a model from an operating point, especially one that was
generated from logged simulation data, the operating point is likely to contain all the necessary high-
priority targets. In this case, applying initial equations results in an over-specified model. Moreover, if
you initialize the model by applying an operating point extracted from logged simulation data at time
t, variable targets supplied by initial equations for t=0 are no longer applicable.

In previous releases, the solver applied all the targets and then tried to resolve the conflict if the
model became over-specified. Now, if you initialize a model from an operating point, the solver
ignores all the initial equations that contain variables present in the operating point data. Initial
equations for other variables are still applied: for example, if you add a block to the model after
extracting the operating point data, initial equations for this block will be executed at initialization
time. For more information, see Initial Equations and Using Operating Point Data for Model
Initialization.

Compatibility Considerations

If your model uses both initialization from an operating point and blocks with initial equations, your
initialization results may be slightly different than in previous releases.
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Component Arrays: Define components using resizable arrays of
elements

You can now use arrays of components and for loop constructs in Simscape language. This feature
lets you create composite components that contain an arbitrary number of homogeneous members,
such as segmented pipelines, battery packs, or transmission lines.

Rules and restrictions:

* Arrays apply only to the component member class.
* Array members must have the ExternalAccess attribute set to none.

* Array members must all belong to the same class. However, they can have different parameter
values.

* The array size can be a parameter with the ExternalAccess attribute set to modify, which
means that the block users can modify this value.

* Use for loops to declare component arrays and to connect members of the array to each other.
* Use nested for loops to create multidimensional arrays of components.
* You cannot include conditional sections inside for loops.

For more information, see Component Arrays.

Compatibility Considerations

Some models with let and if expressions that used to work in previous releases may generate
errors in this release, as a result of improved semantics consistency of these expressions and
tightening of the lookup algorithms. For example, if an identifier in the declaration clause of a let
expression clashes with a member name in the same component, the old algorithm was able to
resolve the name clash, but this was inconsistent with general name lookup rules. The new lookup
algorithm, once it finds the identifier in the declaration clause, does not look outside the scope of the
let expression. This behaviour is consistent with other instances of name resolution semantics in the
language.

Local Simscape Functions: Define functions to be used within a
specific component, domain, or function

Simscape functions, introduced in R2017b, are intended to reuse expressions in equations and
member declarations of multiple components. Each of these functions must be in a separate
Simscape file, with the file name matching the function name.

In contrast, local Simscape functions reside inside a Simscape file that defines a component, domain,
or another function, and are accessible only by that component, domain, or main function. For
example, when you need to use a function in a single component only, defining it as a local function:

* Reduces the overhead of creating and packaging separate files.
* Restricts access, to ensure that only that specific component can use this function.

For more information, see Local Simscape Functions.
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Annotation for Port Location: Place ports on all four sides of the block

In previous releases, you customized both the name and location of a block port by supplying a
comment immediately after the respective node, input, or output declaration. This method allows you
to place ports only on two opposite sides of the block icon, either left and right or top and bottom, for
example:

nodes
H = foundation.thermal.thermal; % H:left
p = foundation.electrical.electrical; % +:left
n = foundation.electrical.electrical; % -:right
end

Now you can use the annotations section to specify port locations on the block icon. This method
allows you to place ports on all four sides of the block. For example, you can place the thermal port at
the top of the block icon, while keeping the two electrical ports on the left and right side, as before:

nodes
H = foundation.thermal.thermal;
p = foundation.electrical.electrical; % +
n = foundation.electrical.electrical; % -
end
annotations
H : Side = top;
p : Side = left;
n : Side = right;
end

You still customize the port label using the comment immediately after the declaration, similar to
specifying meaningful names for block parameters and variables.

The old method of using comments to specify port locations continues to work. However, using the
annotations section is the recommended method, because it provides more flexibility.

If you specify multiple locations for a port by using multiple annotations, you get a compilation error.
If you specify multiple locations for a port by using both the new and the old method, the location
specified in the annotations section takes precedence. For more information, see Control Port
Locations Using Annotations.

Compatibility Considerations

The old method of using comments to specify port locations continues to work. There is no change to
existing models saved in previous releases.

Going forward, if you use a combination of the new and old methods to specify port locations in the
same component file, consider the following:

» Ifyou specify multiple locations for the same port by using both the new and the old method, the
location specified in the annotations section takes precedence.

* In the old method, if you specify ports on the top and bottom of the block, the block icon is rotated
by 90 degrees during the library build. This behavior is preserved. However, if you add a Side
annotation to such a component, the block icon is no longer rotated.
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Isothermal Liquid Domain and Block Library: Model isothermal
hydraulic systems based on mass flow rate and pressure

The Foundation library now contains an isothermal liquid domain and the Isothermal Liquid block
library. This library contains chambers, reservoirs, local restrictions, energy converters, sources, and
sensors. The block equations assume that fluid temperature remains constant during the simulated
time interval. The library also contains the Isothermal Liquid Properties (IL) block, which controls
fluid properties for the attached circuit.

Use these blocks to model hydraulic power and control systems where temperature fluctuations are
small, such as hydraulic actuators operating at nearly constant temperature.

For more information, see Modeling Isothermal Liquid Systems and the block reference pages. Also
see Isothermal Liquid Domain for information about the isothermal liquid domain definition.

In the isothermal liquid domain, the Across variable is absolute pressure and the Through variable is
mass flow rate. (In the hydraulic domain, the variables are gauge pressure and volumetric flow rate.)
Note that the product of pressure and mass flow rate is not power, and therefore the result is a
pseudo-bond graph. However, using mass flow rate, instead of volumetric flow rate, as the Through
variable reduces the potential for small errors in mass conservation to accumulate over time (due to
conversion between mass and volumetric quantities) and thus results in increased accuracy.

It is recommended that, going forward, you use the Isothermal Liquid library for modeling isothermal
hydraulic systems. Unlike the Hydraulic library blocks, the pipe and actuator blocks in the Isothermal
Liquid library account for fluid compressibility by default, which reduces the likelihood of dry nodes.
Also, all blocks in the Isothermal Liquid library account for fluid density being a function of pressure,
as opposed to only certain blocks in the Hydraulic library. The Isothermal Liquid library makes it easy
to specify your working fluid by selecting the bulk modulus model and the desired option for
modeling the amount of entrained air, and have these selections reflected in all the block equations.
For more information, see Isothermal Liquid Modeling Options.

The Hydraulic library and the hydraulic domain definition are still included with the software, and all
the hydraulic blocks in your models continue to work as before. At this point, there are no plans to
remove them. However, using Isothermal Liquid library blocks to model isothermal hydraulic systems
provides improved usability, increased accuracy, and enhanced simulation robustness. For more
information, see Upgrading Hydraulic Models To Use Isothermal Liquid Blocks.

hydraulicTolsothermalLiquid Conversion Tool: Upgrade your hydraulic
models to use isothermal liquid blocks

The new Isothermal Liquid block libraries are structured similar to other fluid domains, such as
Thermal Liquid, to take advantage of the latest Simscape language features and to improve block
usability. As a result, often there is no one-to-one correspondence between the Isothermal Liquid and
Hydraulic library blocks and you cannot easily substitute one for another.

The hydraulicToIsothermallLiquid conversion tool facilitates the model upgrade process by
automatically replacing hydraulic blocks from the Foundation library with equivalent isothermal
liquid blocks, while preserving the parameter values and connections between the blocks, where
possible. The tool saves the converted model under a new name and generates an HTML report that
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lists any issues encountered during the conversion process. For more information, see Upgrading
Hydraulic Models To Use Isothermal Liquid Blocks.

Interface (H-IL) Block: Combine hydraulic and isothermal liquid
networks in one model

The new Interface (H-IL) block in the Hydraulic Utilities library represents a flow connection between
hydraulic and isothermal liquid networks:

* Pressure and mass flow rates are equal at the interface.

» Fluid properties are not shared across the interface. Each network has its own fluid properties.

Use this block in existing models with Hydraulic library blocks to implement parts of the model using
Isothermal Liquid library blocks, without converting the whole model.

Probe Block: Output block variables as signals during simulation

The new Probe block in the Utilities library lets you select variables from another block in the model
and output them as Simulink signals. The following rules apply:

» The selected block must be at the same level of the model hierarchy as the Probe block.

» After selecting the block, you can select only the variables exposed on its Variables tab (that is,
the same variables that can be used for block-level variable initialization).

* Each of the selected variables is output as a separate signal.

» The Probe block outputs Simulink signals. Therefore, you can connect it directly to Simulink
blocks, like scopes or buses.

* You can attach (bind) a Probe block to only one block at a time. In other words, you can bind a
Probe block to a block in a model, simulate, and then bind the Probe block to another block.
However, you can bind multiple Probe blocks to the same block in the model at the same time.

PS Transfer Function Block: Model low-pass and lead-lag filters

The new PS Transfer Function block in the Physical Signals/Linear Operators library lets you model
first-order low-pass filters or lead-lag filters as a Simscape block. Modeling both the plant and
controller in a Simscape network improves simulation efficiency.

Previously, if you wanted to model a low-pass and lead-lag filter as part of a Simscape network, you
had to use a combination of PS Integrator, PS Gain, and PS Subtract blocks. Such a model could
become complicated, especially for any-order lead-lag filters, and building it required knowledge of
control systems.

The PS Transfer Function block lets you easily parameterize a filter in the desired configuration:

* Lag — Model a first-order low-pass filter. You have to provide the lag time constant and the initial
output as block parameters.

* Lead-lag — Model a lead-lag filter of any order. You have to provide the lead time constant, the
lag time constant, and the initial output as block parameters.

The block assumes unity low-frequency gain. To model non-unity gain, connect a PS Gain block in
series with the PS Transfer Function block.
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New Option for Ideal Rotational Motion Sensor Block: Keep angle
measurement range between 0 and 360 degrees

The Ideal Rotational Motion Sensor block has a new parameter, Wrap angle to [0, 2*pi]. When set
to On, it keeps the sensor angular displacement output within the range from 0 to 2n radians (360
degrees), regardless of the number of revolutions performed by the object and the direction of
rotation. The default is Off.

Using this option simplifies development of models with complex relationships between model
parameters and the rotation angle, such as pumps and motors.
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Simulation

Run-Time Parameters Enhancement: Refer to structure fields in
parameter expressions

Simscape run-time parameters have been enhanced to make them more consistent with the Simulink
run-time parameter functionality. As a result, both structures and cell arrays are now supported. For
example, run-time parameter expressions can now refer to structure fields, such as spring.theta.

Numerical Solve Enhancement: Support wider range of high-
differential-index problems for scalar equations

Simscape solver now supports a wider range of high-differential-index problems for scalar equations.
This means that, in many cases, your models no longer require adding parasitic components to avoid
numerical simulation issues. For example:

* Nonlinear capacitors connected in parallel no longer require a parasitic series resistance.

* Delta-connected nonlinear capacitors (often used in transistor models) no longer require parasitic
series resistances.

* Nonlinear inductors connected in series no longer require a parasitic parallel conductance.

*  Wye-connected nonlinear inductors (often used in machine models) no longer require a parasitic
conductance to ground at the common connection.

For more information, see Differential Index (MATLAB) and Avoiding Numerical Simulation Issues.

Frequency-and-Time Simulation Performance Improvement: Simulate
with reduced compilation times

The frequency-and-time equation formulation now uses a more efficient method for variable
elimination. This enhancement results in reduced compilation times, particularly for large models.

Partitioning Solver Performance Improvement: Simulate without
recomputing linear solutions for each step

In previous releases, for linear partitions with a large number of states, the Partitioning solver
computed the solution for linear equations, switched linear, and nonlinear equations at each time step
in the simulation. Now the computational cost at each step is lower because the Partitioning solver
computes the linear solution for the simulation only at compile time. The lower computational cost
yields faster simulation times for the Partitioning solver.

Simscape Hardware-in-the-Loop Workflow Enhancement: Generate
HDL implementation model from multiple Simscape networks

If you have an HDL Coder license, you can now generate an HDL implementation model from
multiple Simscape networks. For more information, see Release Notes for HDL Coder (HDL Coder).

4-7


https://www.mathworks.com/help/releases/R2020a/matlab/math/solve-differential-algebraic-equations-daes.html#bu75a7z-4
https://www.mathworks.com/help/releases/R2020a/physmod/simscape/ug/modeling-best-practices.html#brbikg1

R2020a

Simulink Toolstrip Changes: New location for Statistics Viewer and
Variable Viewer

The Statistics Viewer and Variable Viewer, previously available on the Apps tab of the Simulink
Toolstrip, are now located on the Debug tab, in the Diagnostics section.

Tool R2019b R2020a

Statistics Viewer On the Apps tab, in the On the Debug tab, click
Physical Modeling gallery, Diagnostics > Simscape >
click Simscape Statistics Statistics Viewer.

Viewer.

Variable Viewer On the Apps tab, in the On the Apps tab, click
Physical Modeling gallery, Diagnostics > Simscape >
click Simscape Variable Variable Viewer.

Viewer.

Improved Interoperability: Support UTF-8 encoding of Simscape files

When using Save as, you now have a choice of encodings available for Simscape files, including
UTF-8. Automatic character set detection, also implemented in this release, ensures that localized
Simscape files load and execute correctly across platforms and locales.

Table lookup algorithm unification

The Simscape table lookup functionality, which is used by tablelookup and blocks in the Lookup
Tables library, has been streamlined and unified with the table lookup functionality in MATLAB and
Simulink. This change increases computation efficiency.

Compatibility Considerations

Consistent Akima interpolation algorithms are now used for both Simscape and MATLAB
computations. As a result, the numerical results of Akima (smooth) interpolation by tablelookup
and blocks in the Lookup Tables library might be slightly different than in previous releases.

Private variables now included in operating points extracted from
data logged using the Simulation Data Inspector

In previous releases, when you logged simulation data by recording it in the Simulation Data
Inspector, the simulation log did not contain private Simscape language data. Therefore, if you
extracted an operating point from data logged using the Simulation Data Inspector, private data was
not included.

This limitation has now been removed. When you extract an operating point from data logged using
the Simulation Data Inspector, private variables are now included by default in the operating point
data. For more information, see hasPrivateData.
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Functionality being removed or changed

simscape.logging.sli.findNode is being removed
Warns

simscape.logging.sli.findNode will be removed in a future release. Use
simscape.logging. findNode instead. The syntax and arguments of the two functions are
identical, but the new function is more efficient.

simscape.logging.sli.findPath is being removed
Warns

simscape.logging.sli.findPath will be removed in a future release. Use
simscape.logging. findPath instead. The syntax and arguments of the two functions are
identical, but the new function is more efficient.
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sschewfile function: Use Simscape file templates to create custom
components, domains, or functions

The sscnewfile function lets you create a new Simscape file based on a library of predefined
templates for components, domains, and functions, or based on an existing Simscape file.
Conceptually, it is similar to the ssc_new function, which creates a new Simscape model based on a
library of predefined templates. Just as a model created using ssc_new contains the required and
commonly used blocks for each domain, a Simscape file created using sscnewfile contains the
required keywords and constructs that help you get started.

The function takes the name of the new component, domain, or function as the first argument in
single or double quotes. This name is also used as the file name. The second argument is optional,
and can either indicate the domain type (similar to ssc_new) or provide the full path and name of an
existing Simscape file to be used as a template for the new file.

Examples:

* sscnewfile('MyComponent') creates a component named MyComponent using the default
component template and saves it as MyComponent. ssc in the current folder.

* sscnewfile('MyResistor', 'electrical') creates a component named MyResistor using
the default component template for the electrical domain and saves it as MyResistor.ssc in the
current folder.

+ sscnewfile('MyGasDomain', 'foundation.gas.gas') creates a domain named
MyGasDomain using the Foundation gas domain as a template and saves it as MyGasDomain.ssc
in the current folder. You can then modify the domain parameters and properties to suit your
application.

Initial Equations: Specify equations to be executed during model
initialization only

A new attribute, (Initial=true), lets you specify equations that should only be executed during
model initialization.

Regular component equations alone are not sufficient to initialize a DAE system. Consider a system
with n continuous differential variables and m continuous algebraic variables. During simulation, this
system has n+m degrees of freedom and must provide n+m equations. The initialization problem has
up to n additional unknowns corresponding to the derivative variables. Until now, these additional
unknowns were satisfied by using initial targets for block variables. Initial equations provide another
way to initialize a system.

In general, the maximum number of high-priority targets you can specify is equal to the number of
additional unknowns in the initialization problem. Besides the unknowns coming from differential
variables, the initialization problem also has one more unknown for each event variable. These
additional unknowns determine the maximum combined number of initial equations and high-priority
variable targets. If there are too many high-priority targets, they cannot all be met. For more
information, see Block-Level Variable Initialization.

Because the default value of the Initial attribute for equations is false, you can omit this
attribute when declaring regular equations:
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equations (Initial
[...]
end

true) % initial equations

equations (Initial
[...]
end

false) % regular equations

equations % regular equations

[...]
end

Initial equations use the same syntax as regular equations, except:

* der(x) is treated as an unknown value.
* delay and integ operators are not allowed.

For more information, see Initial Equations.

Compatibility Considerations

In previous releases, event variables were not part of the initial solve and event variable targets
always had high priority. In R2019b, event variables are treated the same as any other type of
variable during the initial solve. Therefore, their default priority is none, and you might have to
explicitly declare them as high-priority to achieve the previous model behavior during initialization.

All Simscape libraries have been updated to use the correct priority for event variables. A new
Upgrade Advisor check, Check usage of Simscape event variables with unspecified priority,
flags legacy models where a custom component has an event variable with an unspecified priority
that is used outside of a when clause. This situation can lead to different initialization results. Review
the model and the underlying source code and modify it, if necessary.
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Simulink Toolstrip: Simscape apps and contextual tab

In R2019b, the Simulink Toolstrip replaces the Simulink Editor menu bar. See “Simulink Toolstrip:
Access and discover Simulink capabilities when you need them” for more details. The location of
several Simscape tools and features has changed. Some items are now located in contextual that
appear only when you need them.

To access the Simscape Block tab, select a Simscape block in your model. This tab provides
shortcuts to items that were previously available only by right-clicking the block, such as block
variants, logging and viewing simulation data, and viewing source code.

Note Most of the blocks in the Utilities library do not open the Simscape Block tab because actions
like viewing their source code, or logging and viewing simulation data, are not applicable in their
context. Therefore, these blocks open the regular Block contextual tab when selected.

This table lists Simscape tools and features that were formerly accessed through the Simulink Editor
menu bar and maps them to their new locations in the Simulink Toolstrip.

R2019a Simulink Editor Menu Bar Item Simulink Toolstrip Equivalent

Display > Simscape > Domain Styles On the Debug tab, select Information Overlays
> Simscape Domains.

Display > Simscape > Legend On the Debug tab, select Information Overlays
> Simscape Legend.

Display > Simscape > Toggle Sparklines * On the Debug tab, in the Tools section, in the

When Clicked

Output Values button group, expand &~ X
In the Sparkline Plots (Simscape) section,
click Enable Sparkline Plots.

* On the Simscape Block tab, in the Review
Results section, click Sparkline Plot >
Enable Sparkline Plots.

Display > Simscape > Remove All Sparklines On the Debug tab, in the Tools section, in the

Output Values button group, expand @~
In the Sparkline Plots (Simscape) section,
click Remove Sparklines.

* On the Simscape Block tab, in the Review
Results section, click Sparkline Plot >
Remove Sparklines.

Analysis > Simscape > Statistics Viewer On the Apps tab, in the Physical Modeling
gallery, click Simscape Statistics Viewer.

Analysis > Simscape > Variable Viewer On the Apps tab, in the Physical Modeling

gallery, click Simscape Variable Viewer.
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Connection Label Block: Reduce diagram clutter by using virtual
connections between conserving ports

The new Connection Label block in the Utilities library lets you specify virtual connections between
conserving ports, similar to the Goto and From blocks in Simulink diagrams. Physical connection lines
are nondirectional, therefore, both sides of the virtual connection use the same type of block.

The virtual connection is established by the label name. If two or more Connection Label blocks in a
model subsystem have the same label, then the conserving ports of other blocks connected to them
behave as though they were physically connected. Virtual connections cannot cross subsystem
boundaries.

Use the Connection Label block to reduce diagram clutter by breaking off tangled connection lines.

Run-Time Parameters for Gas, Moist Air, Thermal Liquid, and Two-
Phase Fluid Blocks: Modify parameter values without regenerating C
code

The underlying source code for the Gas, Moist Air, Thermal Liquid, and Two-Phase Fluid library
blocks has been streamlined and enhanced in this release, and now takes advantage of the latest
Simscape language features. As a result, all block and domain parameters are now run-time capable.
For more information, see Manage Simscape Run-Time Parameters.

Conditional Port Visibility for Gas, Moist Air, and Thermal Liquid
Blocks: Expose additional ports in block variants

The underlying source code for the Gas, Moist Air, and Thermal Liquid library blocks has been
updated to take advantage of the conditional port visibility feature that was implemented in R2019a.
As a result, these block libraries have been streamlined by combining similar blocks that differed
primarily by the number of ports:

* Constant volume chambers in each domain can now have between one and four ports. The four-
port option is new. If a chamber has four ports, you can use it as a junction in a cross connection.
Separate two-port and three-port blocks are no longer available. This change has no compatibility
impact. All two-port and three-port chamber blocks in existing models are automatically replaced
by a new block with the appropriate number of conserving ports.

* Local restrictions can now have an optional input physical signal port, to model the variable
restrictions of flow area in each domain. Separate variable restriction blocks are no longer
available. This change has no compatibility impact. All variable restriction blocks in existing
models are automatically replaced by local restriction blocks with an exposed control port.

Additionally, all Moist Air library blocks with a finite moist air volume now have a new parameter,
Moisture and trace gas source, which controls the visibility of port S and provides these options
for modeling moisture and trace gas levels inside the component:

* None — No moisture or trace gas is injected to or extracted from the block. Port S is hidden. This
is the default.

* Constant — Moisture and trace gas are injected to or extracted from the block at a constant rate.
The same parameters as in the Moisture Source (MA) and Trace Gas Source (MA) blocks become
available in the Moisture and Trace Gas section of the block interface. Port S is hidden.
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* Controlled — Moisture and trace gas are injected to or extracted from the block at a time-
varying rate. Port S is exposed. Connect the Controlled Moisture Source (MA) and Controlled
Trace Gas Source (MA) blocks to this port.

For more information, see Modeling Moisture and Trace Gas Levels.

Compatibility Considerations

The conditional visibility of port S for Moist Air library blocks makes the Moisture & Trace Gas Cap
(MA) block obsolete. In previous releases, you needed this block to cap unused ports S in the model.
Now, ports S should be exposed only when in use.

Currently, legacy models using this block work the same as in previous releases. However, this block
will be removed in the future. To update your legacy models, in each block connected to a Moisture &
Trace Gas Cap (MA) block, set the Moisture and trace gas source parameter to None. Then delete
the Moisture & Trace Gas Cap (MA) blocks and unused connection lines.

Additional Measurement Option for Thermodynamic Properties Sensor
(MA) Block: Measure thermodynamic properties based on a unit mass
of dry air

In previous releases, the Thermodynamic Properties Sensor (MA) block measured each quantity, such
as mixture specific enthalpy, as the total amount of that quantity in a volume of moist air mixture
divided by the total mass of moist air mixture in that volume. This approach is applicable both for
general multi-species gas modeling and HVAC modeling.

However, the American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE)
standards contain property data normalized by the mass of dry air, because in HVAC modeling, where
moisture gets added and removed, it is more convenient to normalize the mixture properties by a
fixed mass.

Therefore, the Thermodynamic Properties Sensor (MA) block now has a parameter, Measurements
based on, that lets you select the measurement convention:

* Unit mass of moist air mixture — For each thermodynamic property, the measured mass
of that property in a moist air volume is divided my the mass of the most air mixture. This option
is the same as in previous releases.

* Unit mass of dry air and trace gas — For each thermodynamic property, the measured
mass of that property in a moist air volume is divided my the mass of dry air and trace gas
(leaving out the mass of the water vapor). Use this option when you need to compare your
measurements with ASHRAE figures and charts.

Two-Phase Fluid Properties Visualization: Plot the two-phase fluid
domain data

You can plot domain data specified using the Two-Phase Fluid Properties (2P) block in your model.
Plotting the properties lets you visualize the data before simulating the model.

To plot the data, right-click a Two-Phase Fluid Properties (2P) block in your model and, from the
context menu, select Foundation Library > Plot Fluid Properties (3D) or Foundation Library >
Plot Fluid Properties (Contours).
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Simulink-PS Converter and PS-Simulink Converter Block
Enhancements: Input filtering and unit propagation

The following usability enhancements have been implemented in this release:

* For the Simulink-PS Converter block, the block icon now indicates input filtering. Block parameter
options have not changed, but the icon appearance changes depending on the Input filtering
order parameter option selected.

» For the PS-Simulink Converter block, the new Input signal unit parameter option, inherit,
automatically sets the unit at the block output port to match the unit of the input physical signal
coming into the block, based on unit propagation rules. This enhancement lets you easily connect
a PS-Simulink Converter block to any signal, without worrying about setting the commensurate
output unit.

inherit is now the default value of the Input signal unit parameter for new PS-Simulink
Converter blocks. For existing instances of PS-Simulink Converter blocks, in models created prior
to this release, the Input signal unit parameter value stays unchanged.

See the block reference pages for details.

Unconnected Conserving Ports: Treat unconnected conserving ports
as open circuit

The restriction that disallowed unconnected conserving ports in Simscape models has been lifted.
Now, if you leave a conserving port unconnected, the physical network sets all the Through variables
at this port to 0.

You no longer need to cap unconnected conserving ports with terminator blocks for each domain,
such as Open Circuit, Perfect Insulator, and so on. However, you can still use these blocks to improve
the diagram readability. You can also use these blocks to set the initial targets for the node variables,
to assist with model initialization. See the block reference pages for details.

There are no plans to remove the terminator blocks. All the existing models using these blocks work
the same as in previous releases.

Additional Plotting Option for Data Logging: Plot logged data for a
node in the Simulation Data Inspector

The simscape.logging.plot function has a new name-value pair argument that lets you plot
logged simulation data for a Node object in the Simulation Data Inspector. The name-value pair is
'viewer', 'datainspector'. This argument is also valid for the plot function of a Node object.
The argument is ignored if the object is a Series.

Memory Caching: Improve model compilation performance

Memory caching is now used for model compilation artifacts, which can lead to shorter compilation
times for subsequent compilations of the same model during the same MATLAB session. This
enhancement results in improved performance for repeated model simulations and block diagram
updates.
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Lookup Algorithm Enhancements: Improve lookup performance and
consistency

Lookup algorithm enhancements, implemented in this release, provide fast and consistent results that
can lead to improved compilation performance and avoid name clashes.

Compatibility Considerations

In the new algorithm, a local identifier always has precedence over classes, objects, and packages on
the path. Therefore, models that relied on namespace resolution in previous releases might no longer
compile in this release. For example, if you have a component that declares a member m and also calls
a function located in a package +m, compilation will fail to find the function m. foo because the local
identifier for member m has precedence over the package name.
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annotations Section: Define conditional visibility of ports and
parameters in block variants

The new annotations section in the component file lets you control visibility of component
members, such as parameters and nodes, in block icons and dialog boxes.

When you declare a component member, the ExternalAccess attribute sets the visibility of the
member in the user interface, that is, in block dialog boxes, simulation logs, variable viewer, and so
on. The annotations section serves a similar purpose, but it is especially useful for block variants
because it lets you define conditional visibility of component members, based on a predicate
condition.

When you define component variants using conditional declarations, certain parameters or ports can
be used in one block variant, but not in others. Suppose you have a component that models hydraulic
pipelines with circular and noncircular cross sections. For a circular pipe, you need to specify the
internal diameter. For a noncircular pipe, you need to specify the hydraulic diameter and pipe cross-
sectional area. You can now use the annotations section to control the visibility of these
parameters in the block dialog box:

component MyPipe

parameters
circular = true; % Circular pipe?
d in ={0.01, 'm"' }; % Pipe internal diameter
area = { le-4, 'm™2' }; % Noncircular pipe cross-sectional area
D h = { 1.12e-2, 'm' }; % Noncircular pipe hydraulic diameter
end

if circular
% Hide inapplicable parameters

annotations
[area, D _h] : ExternalAccess=none;
end
equations
% First set of equations, for circular pipe
end
else
% Hide inapplicable parameter
annotations
d in : ExternalAccess=none;
end
equations
% Second set of equations, for noncircular pipe
end
end

[...] % Other parameters, variables, branches, equations
end

Similar to other types of conditional declarations, the predicate of a conditional annotation must be a
parametric expression that evaluates to true or false. However, there is an additional restriction that
all the parameters used in the predicate of a conditional annotation must be either of type logical or

enumerated. In this example, the circular parameter is of type logical.

The annotations section also lets you specify conditional custom icons. This is especially useful if
the number of ports changes for different variants. For example:

component MyPipe
parameters
thermal variant = false; % Model thermal effects?
end
if thermal variant
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% Use icon with additional thermal port
annotations
Icon = 'pipe thermal.jpg';
end
else
% Use regular icon, with two fluid ports
annotations
Icon = 'pipe.jpg';
end
end
[...] % Other parameters, variables, nodes, branches, equations
end

For more information on using custom block icons, see Customize the Block Icon.

Physical Signal Propagation: Specify units for physical signals and
propagate them through the model

Simscape blocks can contain Physical Signal input and output ports, directional ports that carry
signals with associated units. These ports are defined in the inputs and outputs declaration blocks
of a component file. In previous releases, you could declare each input or output only as a value with
unit.

To facilitate unit propagation, you can now also declare inputs and outputs as untyped identifiers and
use these identifiers in the component equations. This way, the unit and size of the physical signal are
propagated through the components that perform physical signal manipulation.

For example, this component implements a custom block that multiplies the input signal. The Gain
parameter specifies the multiplication factor.

component MyGain

parameters

gain = {1, '1'}; % Gain
end
inputs

I; % :left
end
outputs

0; % :right
end
equations

0 == gain * I;
end
annotations

gain : UnitDropdown = common
end

end

Input I and output O are declared as untyped identifiers. The signal type at port I is determined by
the connection. For example, if port I is connected to the output port F of an Ideal Force Sensor
block, which outputs the signal in N, then the input signal unit at port I is also N. The MyGain block
propagates the physical signal type by multiplying the value and unit of the input signal by the value
and unit specified for the Gain parameter. By default, the unit of the Gain parameter is 1 (unitless),
which means that the output signal at port O has the same unit as the input signal, N. However, if the
block user specifies the Gain parameter unit as m, the physical signal at port O has the unit of N*m.

The annotations entry specifies the units prepopulated in the drop-down list for the Gain
parameter. UnitDropdown = common includes a list of common units, such as those available in the
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Simulink-PS Converter and the PS-Simulink Converter block dialog boxes. The drop-down list also
contains a field where the block user can type a unit name or expression. For more information, see
How to Specify Units in Block Dialogs.

Compatibility Considerations

* Untyped inputs and outputs have been implemented for blocks in the Physical Signals library. For
compatibility considerations, see “PS Block Library with Unit Propagation: Propagate physical
signal units throughout the model” on page 6-7.

* The new library with unit propagation retains the name Physical Signals, but the package name is
different. It is now +foundation/+signal. The old package (+physical signal) is no longer
part of the Foundation library. If your custom composite components use blocks from the old
package, you have to update the package name and also ensure that the unit propagation works
as expected.

* Arguments passed to rounding functions (round, ceil, floor, fix) must be dimensionless.
Previously, these functions accepted a value with unit as an argument, but did not handle units.
For example, if x is a length, in cm, round (x) would round x to the nearest whole number, but x
may have been converted to a different length unit before rounding. With unit propagation, such
behavior can lead to unexpected results.

Now you have to pass a dimensionless argument to these functions, by converting to units of 1
before applying the function. In the example above, instead of round(x), you now have to use
round(value(x, 'cm')), or equivalently round (x/{1, 'cm'}).

Parameterized Inputs and Outputs: Specify signal size by referencing
a parameter

Besides declaring untyped inputs and outputs, you can also reference component parameters in input
and output declarations. This enhancement lets you control the signal size by using a block
parameter. For example:

component MyTransformer
parameters
N = 3; % Number of windings
end
inputs
I = {zeros(N, 1), 'A'};
end

end

Run-Time Domain Parameters: Modify domain parameter values
without regenerating C code

In previous releases, only component parameters were run-time capable. Domain parameters are now
run-time capable as well. You can specify domain parameters as Run-time by using the drop-down in
the respective source component that controls the domain parameter value. For Foundation domains,
the source component is typically located in the Utilities sublibrary of the respective block library. For
example, the Gas Properties block controls the values of the gas domain parameters. For more
information on specifying block parameters as run-time configurable, see Manage Simscape Run-
Time Parameters.
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Unlike component parameters, domain parameters propagate to other components connected to the
circuit. Therefore, when you set the parameter as Run-time in the source component, it is possible
that another component connected to the same circuit is using this parameter in the context which
prevents it from being run-time configurable. For example, if one of the components connected to the
circuit uses a domain parameter in its setup function, you get an error when trying to simulate the
model.

Compatibility Considerations

To avoid errors when using run-time domain parameters, it is recommended that you avoid using the
setup function in your custom components. Other constructs available in Simscape language let you
achieve the same results without compromising run-time capabilities.

Task Recommended Technique

Validate parameters Use an assert construct. For more information, see
Programming Run-Time Errors and Warnings.

Compute derived parameters Use declaration functions. For more information, see
Declaration Functions.

Set initial conditions Assign variable priority and target value. For more
information, see Variable Priority for Model Initialization.

Designate source for domain Use direct assignment to a domain parameter in the

parameters component node declaration. For more information, see

Source Components.

Parametric Assert Actions: Specify assert action based on parameter
evaluation

The assert action determines whether triggering the assert results in a warning or an error during
simulation. In previous releases, you used the optional Warn attribute to specify whether simulation
errors out when the predicate condition is violated (Warn = false), or continues with a warning (Warn
= true). This syntax requires you to write conditional statements if the assert action needs to be
controlled parametrically, for example:

% Stepper motor action on slipping: warn, error, none
if assert if slipping ==
assert(slipping<1l, 'Stepper motor slip',Warn=true)
elseif assert if slipping ==
assert(slipping<1l, 'Stepper motor slip')
else
% No assertion
end

The new Action attribute lets you specify the assert action based on an enumerated parameter
value. A built-in enumeration simscape.enum.assert.action allows three possible actions when
the assertion is triggered: warn, error, and none. You can provide an enumerated value directly to
the Action attribute:

assert(u > 0, Action = simscape.enum.assert.action.warn)

or create an enumerated parameter and let the block user control the assert action:
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parameters

assert action = simscape.enum.assert.action.warn % has 3 values - none, warn, error

end

equations
assert(u > 0, Action
end

assert _action)

The stepper motor code above can now be rewritten as:

parameters

assert action = simscape.enum.assert.action.warn % Action on slipping

end

equations

assert(slipping<l, 'Stepper motor slip',Action = assert action)

end

Compatibility Considerations

In previous releases, you specified the assert action by using the Warn = true|false attribute.
This attribute still works. Internally, its values are automatically mapped to the appropriate values of

the new Action attribute:

Old Syntax

New Syntax

Warn = false

Action = simscape.enum.assert.action.error

Warn = true

Action = simscape.enum.assert.action.warn

You cannot use the Warn and Action attributes together in a single assert construct. When
authoring new components, use the Action attribute because it provides more flexibility.
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PS Block Library with Unit Propagation: Propagate physical signal
units throughout the model

All blocks in the Physical Signals library have been reimplemented with untyped inputs and outputs,
to facilitate signal size and unit propagation. For more information, see “Physical Signal Propagation:
Specify units for physical signals and propagate them through the model” on page 6-3. Most of the
block names remain the same, but several block names have changed slightly, to improve consistency.

Old Name New Name

Asynchronous Sample & Hold PS Asynchronous Sample & Hold
Counter PS Counter

Random Number PS Random Number

Repeating Sequence PS Repeating Sequence

Uniform Random Number PS Uniform Random Number

A new block in the Physical Signals/Utilities library, PS Signal Specification, lets you explicitly specify
the size and unit of a physical signal. Use this block when the signal size and unit cannot be
determined implicitly, based on port connections in the model.

Compatibility Considerations

The new Physical Signals library consists of new blocks, with unit propagation. These blocks do not
automatically replace the respective legacy blocks in your model. The former Physical Signals library
is no longer part of the Foundation library, but the legacy blocks in your models continue to work as
before. However, these blocks can be removed in a future release. To upgrade your blocks to the
latest version, use the Check and update outdated Simscape Physical Signal blocks check in the
Upgrade Advisor.

For better differentiation, the Model Advisor check Check for outdated Simscape blocks,
introduced in R2013a, has now been renamed to Check for outdated AC source blocks. This check
detects a pre-R2013a version of AC Voltage Source and AC Current Source blocks in your model.

Slider-Crank Block: Model piston engines and pumps

The new Slider-Crank block in the Mechanisms library represents the slider-crank mechanism as a
converter between mechanical rotational and mechanical translational motions.

The mechanism has two connections:

» Port C corresponds to the crank and is a mechanical rotational conserving port.
* Port S corresponds to the slider and is a mechanical translational conserving port.

Volumetric Flow Rate Sources and Sensor for Gas Domain: Specify and
measure volumetric flow rate of gas

Three new blocks are available for the gas domain:


https://www.mathworks.com/help/releases/R2019a/physmod/simscape/ref/pssignalspecification.html
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* Volumetric Flow Rate Source (G) — Generate constant volumetric flow rate of gas.
* Controlled Volumetric Flow Rate Source (G) — Generate time-varying volumetric flow rate of gas.

* Volumetric Flow Rate Sensor (G) — Measure volumetric flow rate of gas.

See the block reference pages for details.

Partition Method Selection: Prioritize speed or robustness when using
Partitioning local solver

The Solver Configuration block has a new parameter, Partition method, which lets you select
between two options:

* Robust simulation — Increase simulation robustness. This is the default method for new
models.

* Fast simulation — Improve simulation performance. This is the same method as in previous
releases, and therefore it is the default for existing models.

Steady-State Initialization for Frequency-and-Time Compatible Models:
Start a time simulation in steady state using frequency-time
equations

For models compatible with frequency-and-time equation formulation, when you select the Start
simulation from steady state check box in the Solver Configuration block dialog, the solver now
attempts to perform sinusoidal steady-state initialization. In other words, initialization is performed
using frequency-time equations, and then the simulation proceeds using the actual equation
formulation and other options selected in the Solver Configuration block. For more information, see
Frequency and Time Simulation Mode.

If the model is not frequency-and-time compatible, the initialization behavior with Start simulation
from steady state is the same as in previous releases.

Compilation Status: Display model compilation and initialization
progress in Simulink status bar

When you run a model simulation, the first phase of simulation invokes the model compiler. The
model compiler converts the model to an executable form, a process called compilation. Compilation
and initialization of a large Simscape model can take several minutes. The simulation status bar in
the bottom-right corner of the model window now displays a series of messages that correspond to
the various stages of physical network compilation and initialization, such as:

* Constructing equation systems for Simscape physical networks

* Analyzing equation systems for Simscape physical networks

» Setting up simulation for Simscape physical networks

* [Initializing equation systems for Simscape physical networks

These messages help you monitor compilation progress.
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Run-Time Capable Foundation Domains: Leverage run-time domain
parameters to sweep more parameters faster

Run-time domain parameters, implemented in this release, allow several Foundation library blocks
that set the domain parameters to have more parameters run-time capable. These include the Custom
Hydraulic Fluid block, Gas Properties (G) block, Moist Air Properties (MA) block, and Two-Phase
Fluid Properties (2P) block. For more information, see “Run-Time Domain Parameters: Modify domain
parameter values without regenerating C code” on page 6-4.

Spectrum Analyzer improvements for exponential averaging, mixed-
complexity inputs

The Spectrum Analyzer block now allows mixed-complexity inputs and exponential averaging.
Smooth data with exponential averaging

The Spectrum Analyzer block now has two averaging modes for smoothing input samples: running
averages (existing) and exponential averages (new). To specify the smoothing options for your input
data, use these properties:

* Averaging method (AveragingMethod) — Choose Running or Exponential.

* Averages (SpectralAverages) — For running averages, choose the number of spectrum
estimates to include in the running average.

* Forgetting factor (ForgettingFactor) — For exponential averaging, weigh previous spectrum
estimates with a forgetting factor in the range (0,1].

For more details about the averaging methods, see Spectrum Analyzer Algorithms.
Display block inputs with different complexity

In the Spectrum Analyzer block, you can now visualize frequencies of inputs with different
complexities. The signals must have the same sample rate and frame size, but can have both real and
complex values.
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intermediates Section: Streamline code by declaring reusable
equation terms

The new intermediates section in a component file lets you define named intermediate terms for
use in equations. This functionality is similar to a let statement, except that a named intermediate
term has an expanded scope. You can reuse it in any equations section within the same file or an
enclosing composite component. When an intermediate is used in an equation, it is ultimately
substituted with the expression that it refers to.

You can also include an intermediates section in a domain file and reuse these intermediate terms
in any component that has nodes of that domain type.

You can include intermediate terms in simulation data logs by specifying the appropriate
ExternalAccess attribute value. This is another advantage of using intermediate terms instead of
let statements.

For more information, see Using Intermediate Terms in Equations.

subsystem2ssc Function: Convert a physical modeling subsystem to a
Simscape file

The subsystem2ssc function lets you convert a subsystem consisting entirely of Simscape blocks
into a single Simscape file. The function generates a composite component file based on the
subsystem configuration. You can mark member block and subsystem parameters for promotion to
the top level, and the function automatically generates the corresponding code, similar to composite
components.

If the subsystem being converted contains nested subsystems, then the function generates several
Simscape files, one for each subsystem.

For more information, see Converting Subsystems into Composite Components.
String Support: Simscape functions now accept MATLAB strings as
input

You can now use MATLAB strings as input for Simscape functions. For information on MATLAB
strings, see Create String Arrays (MATLAB).
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HDL Code Generation from Simscape Models: Convert models to HDL
code for simulation on FPGA devices

If you have an HDL Coder license, you can now deploy switched linear plant models developed using
Simscape blocks to a target FPGA device.

To deploy the plant model to an FPGA device:

1 Create a Simscape model using switched linear blocks and configure it for HDL code generation
compatibility. To find out whether blocks in your model are linear, switched linear, or nonlinear,
use the simscape.findNonlinearBlocks function.

2 Run the Simscape to HDL code generation advisor to convert the Simscape design to an HDL
native floating-point implementation model from which you can generate code.

3  Use the HDL Workflow Advisor to generate native floating-point HDL code from the
implementation model.

Simscape Bus Block: Create buses from Simscape physical connection
lines

The new Simscape Bus block in the Utilities library lets you bundle conserving connections into a
Simscape Bus line. You can also use this block to access one or more connections from an existing
Simscape Bus line.

daessc Solver for Simscape: Simulate models using a solver
specifically developed for DAEs

A new variable-step Simulink solver, daessc (DAE solver for Simscape), is designed
specifically for physical modeling. The solver computes the model's state at the next time step by
solving systems of differential-algebraic equations resulting from Simscape models. daessc provides
robust algorithms specifically designed to simulate differential-algebraic equations arising from
modeling physical systems.

The daessc solver is available with a Simscape license only. To select this solver, open the Solver
pane of the Configuration Parameters dialog box, set Type to Variable-step, and then from the
Solver drop-down list, select daessc (DAE solver for Simscape).

Automatic Matrix Handling Option: Simulate your model more quickly
using optimized linear algebra settings

The Linear Algebra parameter of the Solver Configuration block has a new option, auto, which is

now the default. With this setting, the solver automatically selects the appropriate option, either
sparse or full, for treating the matrices.
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Supercritical Fluid Systems: Model fluids above the critical point using
the Two-Phase Fluid domain and block library

The Two-Phase Fluid library and domain have been extended to allow modeling supercritical fluids:

* The twoPhaseFluidTables function can now return data in the supercritical region.
* Library blocks can handle pressure going above critical.

* Chambers, mechanical converters, pipe, and reservoir blocks have new options for specifying
initial conditions. No need to specify the phase.

* New Vapor Quality Sensor (2P) block dedicated to measuring vapor quality. Thermodynamic
Properties Sensor (2P) block now outputs entropy instead of vapor quality.

Compatibility Considerations

» The Pipe (2P) block heat transfer coefficient has been updated to use a different correlation in the
two-phase mixture region. Therefore, your simulation results might be slightly different compared
to previous releases.

+ Existing models, if they contain a Thermodynamic Properties Sensor (2P) block with connections
at port x, will now have the new Vapor Quality Sensor (2P) block automatically added to the model
and these connections moved to port x of the Vapor Quality Sensor (2P) block.

Gas Properties Visualization: Plot the data for gas domain

You can plot Gas domain data specified using the Gas Properties (G) block in your model. Plotting the
properties lets you visualize the data before simulating the model.

To plot the data, right-click the Gas Properties (G) block in your model and, from the context menu,
select Foundation Library > Plot Gas Properties.

Frequency and Time Simulation Enhancements: Log amplitude, phase,
and offset of frequency variables and specify variable initialization
priority

Frequency-and-time simulation mode was introduced in R2018a (see “Frequency and Time
Formulation: Increase simulation speed for systems with a single base frequency” on page 8-3).
This functionality has been extended:

» Data logging now preserves the sinusoidal shape of frequency variables. You no longer have to use
scopes to view the simulation results.

* The logged data for frequency variables now contains subnodes that let you examine the
amplitude, phase, and offset data separately.

 Initialization priority and targets for frequency variables are no longer ignored.

* The Representation column in the Variable Viewer shows Frequency or Time designation for all
variables, including the eliminated ones.
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Partitioning Local Solver Enhancements: Optimize solver, view
statistics, and log simulation data

Partitioning local solver was introduced in R2018a (see “Partitioning Local Solver: Increase real-time
simulation speed” on page 8-3). This functionality has been extended:

* New Solver Configuration block options improve performance.
* Limitations on data logging, variable initialization, and model statistics have been removed.

Converter Block Icons: Convey signal conversion in minimal canvas
space

Block icons for the Simulink-PS Converter and PS-Simulink Converter blocks have been updated.
They are now smaller and unobtrusive to signify the signal type conversion using minimal space.

New examples

Examples introduced in this version are:

* Oxygen Concentrator
» Transcritical CO2 (R744) Refrigeration Cycle
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tablelookup Usability Improvements: Use enumerations for
interpolation and extrapolation options

The tablelookup function has several usability improvements in this release:

* You can now use built-in enumerations, included in Foundation library, for interpolation and
extrapolation options. For more information, see Using Enumeration in Function Arguments. All
Foundation library blocks now use these enumerations for table lookup.

* The error extrapolation option, previously implemented at the block level for some Foundation
library blocks, is now available at the function level. If you choose error for extrapolation, the
function generates an error when the query value is greater than the upper boundary or less than
the lower boundary of the provided grid values.

* The function introduces no zero crossings.

These enhancements let you reduce the number of function calls from inside the block, increase code
efficiency, and improve simulation performance.

Compatibility Considerations

The tablelookup function algorithm has changes, to ensure that the function introduces no zero
crossings. Therefore, your simulation results might be slightly different compared to previous
releases.

Improved Error Reporting: Report stack trace for assertions

Improved error handling now reports the correct assert location if an assert comes from an member
component inside a composite component, or from a Simscape function that is called from another
Simscape function.


https://www.mathworks.com/help/releases/R2018a/physmod/simscape/lang/tablelookup.html
https://www.mathworks.com/help/releases/R2018a/physmod/simscape/lang/enumerations.html#bvmwa3w-1
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Foundation Library and Simulation

Moist Air Domain and Block Library: Model HVAC and environmental
control systems

The Foundation library now contains the Moist Air block library and two new domains: moist air and
moist air source. The library contains chambers, reservoirs, local restrictions, energy converters,
sources and sensors. It also contains the Moist Air Properties (MA) block, which controls the air
mixture properties for the attached circuit and gives you several options for modeling trace gas
properties. You increase and decrease levels of moisture and trace gas in the air mixture by using the
blocks in the Moisture & Trace Gas Sources library.

Use the Moist Air library to perform the following tasks:
* Develop requirements of an HVAC system for an environment, such as a building, automobile,
aircraft

* Ensure acceptable temperature, pressure, humidity, condensation within the environment

* Determine capacity of an HVAC system to match heating, cooling, and dehumidification
requirements

* Analyze HVAC system performance, efficiency, cost

* Validate HVAC system model against test data

* Design and simulate HVAC components, tune component models to test rig data

* Simulate models including an HVAC system, environment model, and controller

* Design controllers for valves, fans, compressors to ensure safe and optimal operation
* Perform HIL testing

For more information, see Modeling Moist Air Systems, Modeling Moisture and Trace Gas Levels, and
the block reference pages. See also Moist Air Domain and Moist Air Source Domain for information
on the domain definitions.

Frequency and Time Formulation: Increase simulation speed for
systems with a single base frequency

Frequency and time simulation mode speeds up simulation of systems with a single nominal
frequency by letting you increase the maximum step size for variable solvers. This mode also lets you
perform phasor analysis of such systems by using the blocks in the Periodic Operators sublibrary of
the Physical Signals library.

You can switch between time and frequency-and-time simulation modes, depending on your task,
without modifying the model. For example, use the time simulation mode to study transient effects,
and then switch to the frequency-and-time mode to perform the phasor analysis of a model.

For more information, see Frequency and Time Simulation Mode.

Partitioning Local Solver: Increase real-time simulation speed

A new local solver option lets you increase real-time simulation speed of certain Simscape models by
partitioning the entire system of equations corresponding to a Simscape network into a cascade of
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smaller equation systems. Not all networks can be partitioned. However, when a system can be
partitioned, then it is more efficient to solve several smaller equation systems than a very large one.
Therefore, real-time simulation is approximately 5 times faster with the new local solver, compared to
existing local solvers.

To switch to the new local solver, open the Solver Configuration block dialog box, select the Use local
solver check box, and then set the Solver type parameter to Partitioning.

For more information, see Increase Simulation Speed Using the Partitioning Solver.

twoPhaseFluidTables Function with CoolProp Support: Generate fluid
property tables from CoolProp software

In previous releases, the twoPhaseFluidTables function required the use of the National Institute
of Standards and Technology (NIST) REFPROP software. CoolProp is open-source software that has
similar capabilities. You can now use the twoPhaseFluidTables function with either CoolProp or
REFPROP software.

Live-Stream Data Logging: Display logged data from Simscape
network in Simulation Data Inspector while simulating

New model configuration option, Record data in Simulation Data Inspector, lets you stream the
time-series data, while it is being logged, and view the data in Simulation Data Inspector during
simulation. After the simulation, you can view the logged data either in Simulation Data Inspector or
in the Simscape Results Explorer.

To stream simulation data:

1  Set up your model to log simulation data, either for the whole model or on a block-by-block basis.

2 Enable data streaming by selecting the Record data in Simulation Data Inspector check box
on the Simscape pane of the Configuration Parameters dialog box.

3  Start simulating the model. As soon as the streamed data becomes available, the Simulation Data
Inspector button in the model toolbar highlights.

4 Open the Simulation Data Inspector to view the data during simulation and to compare data for
different simulation runs. For detailed information on how to configure and use the Simulation
Data Inspector, see Inspect and Analyze Simulation Results.

If you select the Record data in Simulation Data Inspector check box, then selecting Open
viewer after simulation results in the Simulation Data Inspector opening after simulation, instead
of the Simscape Results Explorer. To view the data in the Simscape Results Explorer, you must open it
by right-clicking a block or by using sscexplore.

The Record logged workspace data in Simulation Data Inspector option on the Data Import/
Export pane of the Configuration Parameters dialog box works the same way as before, that is, it lets
you use the Simulation Data Inspector to view the logged Simscape data after simulation. The
advantage of the new Record data in Simulation Data Inspector check box on the Simscape pane
is that it lets you view the data both during and after the simulation.


https://www.mathworks.com/help/releases/R2018a/physmod/simscape/ug/increase-simulation-speed-using-the-partitioning-solver.html
https://www.mathworks.com/help/releases/R2018a/simulink/inspect-and-analyze-simulation-results.html
https://www.mathworks.com/help/releases/R2018a/physmod/simscape/ref/sscexplore.html
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Compatibility Considerations

The loggingMode property of the simscape.logging.Node object has been replaced with two
properties, savable and exportable. When you retrieve a simlog object from a previous release,
these properties are set automatically:

» If loggingMode was memory, then savable is 1 and exportable is 0.
* If loggingMode was disk, then savable is 0 and exportable is 1.

If you select the Record data in Simulation Data Inspector check box on the Simscape pane,
then the simlog object has both savable and exportable properties set to 0. You must use the
Simulation Data Inspector data management functions to save and retrieve this data. For more
information, see Inspect and Analyze Simulation Results.

Improved Operating Point Indexing and Robustness: Modify in place
and restore private variables

Initializing models from saved operating points was introduced in R2017b (see “Operating Point
Management: Initialize models from saved operating points” on page 9-4). This functionality has
been extended:

* OperatingPoint and Target objects now use the subsref and subsasgn methods. This
enhancement lets you use in-place editing and tab completion for traversing the operating point
hierarchy, for example:

op('DC Motor/Inductor 1/i L') = simscape.op.Target(14, 'mA');

* Private variables are now included by default in the operating point data. These variables are not
observable by definition, therefore you cannot see them in the operating point data, but their
inclusion helps restore the simulation state of the model during initialization. Two new methods,
hasPrivateData and removePrivateData, let you find out whether an operating point has
hidden data and, if necessary, remove it.

Note When you log simulation data by recording it in the Simulation Data Inspector, the
simulation log does not contain private Simscape language data. Therefore, if you extract an
operating point from data logged using the Simulation Data Inspector, private data is not included.

Code Generation Improvements for Lookup Tables: Generate faster
and smaller code

In this release, there have been several enhancements to the tablelookup function (see
“tablelookup Usability Improvements: Use enumerations for interpolation and extrapolation options”
on page 8-2). These enhancements reduce the number of function calls from inside the block,
increase code efficiency, and improve simulation performance. As a result, code generated for models
that use lookup tables has become smaller and faster.

New examples

Examples introduced in this version are:

* Operating Point RLC Transient Response


https://www.mathworks.com/help/releases/R2018a/simulink/inspect-and-analyze-simulation-results.html
https://www.mathworks.com/help/releases/R2018a/matlab/ref/subsref.html
https://www.mathworks.com/help/releases/R2018a/matlab/ref/subsasgn.html
https://www.mathworks.com/help/releases/R2018a/physmod/simscape/ref/simscape.op.operatingpoint.hasprivatedata.html
https://www.mathworks.com/help/releases/R2018a/physmod/simscape/ref/simscape.op.operatingpoint.removeprivatedata.html
https://www.mathworks.com/help/releases/R2018a/physmod/simscape/examples/operating-point-rlc-transient-response.html
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» Aircraft Environmental Control System
* Medical Ventilator with Lung Model
* Pneumatic Actuator with Humidity

Also, the Vehicle HVAC System example has been updated to use Moist Air library blocks.
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Simscape Functions: Reuse expressions in equations and member
declarations of multiple components

Simscape functions model a class of pure first-order mathematical functions with explicit input-output
relationship. These functions explicitly map the inputs of numerical values into outputs of numerical
values by using declarative expressions. When a component calls a Simscape function, numerical
input values are passed to the function, which then evaluates these declarative expressions to
compute the output values.

Each function must be in a separate Simscape file. The file name must match the function name. For
example, function foo must be in a file called foo.ssc.

initialevent Operator: Initialize event variables

initialevent is a new Simscape language operator that lets you specify initial values of event
variables at the start of simulation. It returns true, and triggers an event, only once during
simulation, right after initialization of continuous variables is finished.

The initialevent keyword is valid only inside a when clause predicate. For more information, see
initialevent.

Enhanced import Statement: Apply specified context to resolving
functions and enumerations

The import statement syntax remains the same as in previous releases. However, the functionality
has been extended to support Simscape functions, MATLAB functions, and enumerations.
Enumerations can now be located inside packages.

Compatibility Considerations

Simscape import now uses a consistent precedence order when loading files and calling functions.
Previously, when both a Simscape and a MATLAB file on the path had the same name, sometimes the
Simscape file was preferred. Now, the precedence order is always the same as that of the which
function.


https://www.mathworks.com/help/releases/R2017b/physmod/simscape/lang/initialevent.html
https://www.mathworks.com/help/releases/R2017b/matlab/ref/which.html
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Foundation Library and Simulation

Nominal Value Specification: Improve simulation robustness by
providing scale of variables to the solver

Nominal values provide a way to specify the expected magnitude of a variable in a model, similar to
specifying a transformer rating, or setting a range on a voltmeter. Using system scaling based on
nominal values increases the simulation robustness. This functionality provides a new way to fine-
tune scaling of individual variables in a model. It is especially helpful for initial conditions
convergence and maintaining a minimum step size.

To enable system scaling by nominal values:

1 Open the Configuration Parameters dialog box.
2  On the Simscape pane, select the Normalize using nominal values check box.

Note The Normalize using nominal values configuration option is selected by default for new
models, but disabled for the existing models, to preserve the simulation results.

If scaling by nominal values is enabled, then the model provides the scaling information to the solver
based on the specified nominal values. The scaling of each variable is determined by its nominal value
and physical units. Nominal values can come from different sources:

* Block — You can specify nominal value and unit as variable declaration attributes in a Simscape
component file underlying the block. These attributes translate into block parameters
x_nominal value and x nominal unit (where X is the variable name). You can also override
these values on individual blocks in the model by setting the corresponding block parameter
x _nominal specifyto 'on' and supplying different values for x nominal value and
x_nominal unit. These parameters are not visible in the block dialog box, but you can use
either the Property Inspector or set _param and get param functions to view and change their
values. For more information, see Modify Nominal Values for a Block Variable.

* Model — In absence of a nominal value specified for the block, a variable uses the nominal value
for the commensurate physical unit specified in the model table. All models have a default table of
nominal values and units (factory default). To view, add, and edit the value-unit pairs for the
model, click the Specify nominal values button next to the Normalize using nominal values
check box. For more information, see Specify Nominal Value-Unit Pairs for a Model.

* Derived — If the model table of nominal values does not contain a row for a unit commensurate
with the physical unit of a variable, then the nominal value for this variable is derived from
fundamental dimensions. For example, if the variable's initial value is in 1bf, and there is no entry
in the table for force, but the table contains {10, 'lbm'}, {12, 'ft'}, and {2, 'min'}, then the
nominal value for that variable is {10*12/272, ' lTbm*ft/min"2"'}.

* Fixed — Event variables, top-level model inputs, and Simscape Multibody variables cannot be
scaled according to nominal values.

The Variable Viewer in advanced configuration shows the nominal value and unit for each variable,
along with the source.

9-3


https://www.mathworks.com/help/releases/R2017b/physmod/simscape/ug/system-scaling-by-nominal-values.html#mw_3cc30ae6-fec4-4118-a0d3-032dbf0901cc
https://www.mathworks.com/help/releases/R2017b/physmod/simscape/ug/system-scaling-by-nominal-values.html#mw_8bea8b28-7e74-4042-a509-6741ded1db05

R2017b

9-4

Compatibility Considerations

For compatibility reasons, scaling by nominal values is disabled for models created in previous
releases, and their simulation results are the same. However, if you open a model created in or before
R2007b and not saved in a later release, it gets a default configuration set, with nominal scaling
enabled, and the simulation results might change. To preserve the old simulation results, open the
Configuration Parameters dialog box, go to the Simscape pane, clear the Normalize using nominal
values check box, and save the model.

Operating Point Management: Initialize models from saved operating
points

A new set of functions lets you save sets of data necessary to initialize a model, manipulate this data,
and then use it to initialize another model, or the same model before another simulation run. These
sets of data contain a hierarchy of operating point targets, each target consisting of a variable value,
unit, and initialization priority.

For example, this command creates an empty OperatingPoint object named op:
op = simscape.op.OperatingPoint;

This command creates a new operating point target t:
t = simscape.op.Target(1.5, 'V', 'High')

And this command adds target t to the operating point op by assigning this target to the variable
named vO:

op = set(op, 'vO', t)

Instead of adding targets one-by-one, you can create an OperatingPoint object by extracting data
from an existing model or from logged simulation data.

For more information, see Initialize Model Using Operating Point from Logged Simulation Data.

Lookup Table Visualization: Plot the data based on specified
interpolation and extrapolation methods

You can plot lookup table data specified for the PS Lookup Table (1D) and PS Lookup Table (2D)
blocks in your model. Plotting the tables lets you visualize the data before simulating the model, to
make sure that the table is correct. The plots reflect tabulated data specified for the block, as well as
the selected interpolation and extrapolation options.

To plot the data, right-click the block in your model and, from the context menu, select Foundation
Library > Plot Table. For more information, see Plot Lookup Tables.

Thermal Liquid Properties Visualization: Plot the data over pressure
and temperature domains

You can now plot the properties of thermal liquids over their pressure and temperature domains. The
plots are available through the context-sensitive menu of the Thermal Liquid Settings (TL) block. To
generate them, right-click the block and select Foundation Library > Plot Fluid Properties.


https://www.mathworks.com/help/releases/R2017b/physmod/simscape/ug/initialize-model-from-operating-point.html
https://www.mathworks.com/help/releases/R2017b/physmod/simscape/ref/pslookuptable1d.html
https://www.mathworks.com/help/releases/R2017b/physmod/simscape/ref/pslookuptable2d.html
https://www.mathworks.com/help/releases/R2017b/physmod/simscape/ug/plot-lookup-tables.html
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Use the plots to visualize the dependence of the properties on pressure and temperature—for
example, to catch anomalies in the specified data. You can view the plots one at a time. Use the drop-
down list provided in the plot window to select the property to plot. Click the Reload button to
regenerate the plots after you update the block parameters.
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Thermal Liquid Properties Plot

Each plot depends on the block parameterization used. If you use a 2-D tabular parameterization, the
properties are shown as functions of both pressure and temperature. If you use a 1-D tabular
parameterization, the properties are shown as constant over the pressure axis—with the exception of
density and any calculated properties that depend on it.

The dependence of density on pressure is important in a model and it is captured, in the 1-D tabular
parameterization, by the Constant isothermal bulk modulus parameter. If the block is configured
to not accept either the specific internal energy or the specific heat as an input, that quantity is
calculated from an analytical expression that depends partly on density. Its plot then shows a
dependence on pressure even if it is ultimately derived from 1-D tabular data.

Thermal Liquid Properties Specification: Provide partial data for
selected properties

The Thermal Liquid Settings (TL) block adds simpler parameterizations for the various fluid
properties. You can specify most properties as 2-D tables over pressure and temperature domains or

as 1-D tables over the temperature domain alone. Properties such as density have an analytical option
that requires only scalar coefficients and parameters at a known temperature and pressure.
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The properties that you must specify depend on the parameterization that you select. For example,
specific heat is no longer required if the Table dimensions parameter is set to 1D vectors based
on temperature (T) and the Internal energy parameterization parameter is set to Specific
internal energy vecto