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Thismemo isatutorial that demonstrates how you can combine a Simulink model withaVS Math
Model from BikeSim, CarSim, or TruckSim, and run the full system from within Simulink.

A simple antilock brake system (ABS) exampleis used in various forms in BikeSim, CarSim, and
TruckSim. This memo is not intended for specialistsin ABS or brake system modeling, and does
not go into detail about the brake system aspects of the Simulink model. Rather, the point is to
show how to set up a VS vehicle model to work in the Simulink environment.

In order to follow the tutorial, you must have both Simulink (from The MathWorks) and your
V ehicleSim product installed. The document assumes you are familiar with Simulink, and that you
have a basic understanding of how to use your VehicleSim product as achieved by going through
the Quick Start Guide.

Find the Existing Simulink ABS Example

The tutoria is based on an example Simulink ABS model that is used for several examplesin the
databases provided with each product. The installed Run Control library has a category that
includes Simulink runs (it is named Simulink and LabVIEW Modelsin CarSim and TruckSim,
and Simulink M odelsin BikeSim). Within that category, there are some ABS examples. InCarSim
and TruckSim, there is an example named Ext. ABS: Split Mu (Figure 1). For BikeSim, look for
the example ABS: Brakingin Turn —Low Mu (Figure 2).

Notice that each ABS example has an overlay of another simulation without ABS @

Begin by clicking the Video button to view the existing simulation results. You should see an
overlay of two vehicles braking. For CarSim and TruckSim, you should see a split-mu surface,
where one side |ooks like ice and the other like pavement (Figure 3). For BikeSim, you should see
awet tile surface on a closed track. In any of the cases (CarSim, TruckSim, or BikeSim), there are
two vehicles, and it should be clear which has ABS and which does not.

BikeSm, CarSm, and TruckSm 1/23 February 2018


http://www.carsim.com/

@ [CarSim_Data] CarSim Run Control; { Simulink and LabVIEW Models } Ext, ABS: Split Mu [L]

- O >

File Edit Datasets Libraries GoTo View Tools Help
= Run_9edc7912.. = i
<:jv ﬁ {P @ * D 02-20-2018 121807 : L ? a

Back Forward Home Previous Next Duplicate Undoc FRede  LibTool Parsfile

Siebar Refiesh  Help Lotk
‘CarSim Run Control

This example demonstrates an ABS A Simulated Test Specifications Run Control with Simulink Analyze Results (Post Processing)
et e WMath Madel: Ind_ind 5 Suna tu Zaal Models] S . S
(Libraries > Models > Models: ! Model: _ | Bun Now  Send to Simulink Models: Video Video + Plot Set color

i B-CI; Hatchback 2017 (Mo ABS] ™
Simulink) s, Ralchbac i ) ABS Controller | Front View, Road Ref, [Rr, Facing) |
Click on the blue link "ABS Procedure |= Do not set file type here Write all outputs Keep Last Most Recent Output
Controller’ to see how the Simulink

model is connected to CarSim, and Split Mu from 65 km/h | 5 Output Variables; [hs
how to define the import and export
repiblenthelisllowiCarsintand Some buttons are dimmed because the data set
Simulink to communicate. is locked

Plat More plots: |0
Show more options on this

This example is conceptually he

[=}{CarSim Run Control: Ext. ABS: Spli
Models: Simulink: ABS Controlle
Animator: Camera Setup: Front v
Wehicle: Assembly: B-Class, Hatck
Procedures: Split Mu from 65 km

Overlay vi

s and plots with other runs

Braking - Split Mu: No ABS @

< >

carsim

B-Class, Hatchback 2017 (Mo ABS) - -
MECHANICAL SIMULATION. {B-Class } View { Echofile with initial conditions i

Expand Collapse Refresh | Reset

Figure 1. Run Control screen for ABStest on a split-mu surface.
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Figure 2. Run Control screen for BikeSm ABStest in a turn.
Close VS Visudizer when you are through viewing the example.

In the following sections, you will create acopy of the Simulink controller and go through the steps
of connecting it to a VS Vehicle model. The figures will usualy show the steps for CarSim and
TruckSim. When needed, information will be given that is specific for the BikeSim example.
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Figure 3. Existing simulation results (CarSm).

Create a Copy for the Tutorial

Start by making a copy of an existing Run Control dataset that uses a vehicle with abrake system
that does not include ABS.

1. Viewing the dataset for the Simulink ABS example (Figure 1 or Figure 2), click on the blue
link for the Run Control dataset used for the overlay G% to view that dataset. In CarSim and
TruckSim, thisisadataset with thetitle Braking— Split Mu: NoABS; in BikeSimit isnamed
Brakingin Turn —Low Mu.

2. Createacopy of the example dataset by clicking the Duplicate button (1) (Figure 4). Y ou can
accept the default of appending #1 to the original name@.

3. Uncheck the box Overlay videos and pIots@ to disable any overlays.

4.  Click the Run Math Model button @ In a second or so, the ssimulation will complete and
the Video and Plot buttons will become active.

5. Click the Video button @ to view the simulation results. Y ou should see unstable vehicle
behavior without ABS. Close VS Visualizer when you are through.

Copy the Simulink Model
You will copy the existing Simulink model with the ABS controller and brake hydraulics, and use
that copy to build a new connection from the vehicle model. Start by locating the model file.

1. Select the last item on the Help menu: About CarSim (or TruckSim or BikeSim). This
shows a small window that gives the product name, version, date, and alink to the Windows
Working Directory @ (Figure5). The working directory is aso the current database for your
VehicleSim product. It is underlined, indicating that it is a hyperlink to the folder on your
machine.
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Figure 5.Usethe “ About” window to locate the current working directory.

2. Click on the pathname @ This will bring up a view of the database folder in Windows

(Figure 6).
| |ﬂ + | CarSim_Data — O *
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Figure 6. Windows view of VS database folder contents, including the folder named Extensions.
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3. Noticethat one of the foldersis named Ext ensi ons @ Double-click on that folder name
to view the contents (Figure 7).
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Figure 7. Windows view Extensions folder contents, including the folder named Smulink.

4. One of the folders in Ext ensi ons is named Si mul i nk. Double click to open the
Si mul i nk folder (Figure 8). The Si rrul i nk folder contains many Simulink files, along
with some folders with supporting MATLAB files.
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Figure 8. Duplicate the ABSmodel file and give the copy a new name.

5. Locate the ABS model file and duplicate it. For CarSim, the file is named abs_CS9. ndl
@; for TruckSim the file is named ABS TS9. ndl ; for BikeSim the file is named
abs_v90. ndl . Change the name of the duplicatetoabs_t ut ori al . ndl @

6. Go back to CarSim/TruckSim/BikeSim. Use Alt-Tab or click on a part of the window if
visible. The About window (Figure 5) is probably still visible. If so, closeit.

Link to the New Simulink Model

Y ou should now be viewing the duplicate Run Control dataset for the vehicle running without an
ABS controller (Figure 9).
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Figure 9. Link to the Models: Smulink library.

1. Use the Models drop-down control @ to choose the Models: Simulink library @ This
causes a potential link to appear below the M odel's control @ (Figure 10).
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Figure 10. Choose the option: [Link to New Dataset] .

Note Occasionaly, the potential link does not appear on the first attempt. If this

happens, please repeat the selection of M odels: Simulink from the drop-
down control.

2. Usethe drop-down control for the new link @ and select the option [Link to New Dataset]
@. You will be prompted to provide a name of the new dataset (Figure 11). Type a hame
suchasABS for Tutori al @ and then click the Create button @

@ Mew Dataset b4

Category for new dataset:

ABS for Tutorial

* Mame collisions will be made unique,

@ Create Cancel

Figure 11. Specify a name for the new dataset.
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3. Notice that the screen has new controls after the link is made to the new dataset @ (Figure
12). Thetitle in the center part of the screen now reads Run Control with Simulink @ and
there are two new buttons: Run Now @ and Send to Simulink @ Click onthelink for the
newly linked dataset (+) to view it (Figure 13).
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Figure 12. Appearance of Run Control screen with link to Smulink dataset.
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Figure 13. Salect the Smulink modd using the Windows file browser.

4. The first step in linking to a Simulink model is to specify a pathname to the file in the
pathname field on the screen @ Do this by clicking the adjacent browser button @ to bring
uptheWindowsfiIebrowser@. Browsetothe Ext ensi ons\ Si nul i nk folder and select
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7.

the abs_tutorial . ndl file you created earlier @ such that the relative pathname is
automatically inserted in the yellow field @

Use the Back button or the Home button to return to the Run Control screen (Figure 12).

Click the Send to Simulink button @ from the Run Control screen (Figure 12). The VS

Browser (CarSim/TruckSim/BikeSim)  will launch  Simulink using the file
abs_tutorial.ndl. Figure 14 shows the CarSim example model, with an S-Function

identified with the CarSim icon @ The TruckSim and BikeSim examples are similar, but
use the icons associated with those products.

¥ abs_tuterial * - Simulink - O X
File Edit Miew Display Diagram Simulation Analysis Code Tools Help
i = (ol (113
=8 s vvt@»d&%rfﬂb ARG ORE-
abs_tutorial
-
o I -
& R ]
| vs_sf I
= Car3im S-Function I
/)
3
Brake Actuator Model oo N
E‘ rare uator Mode Vehide Velocity
D Control M ode + Control Mode LF,RFLR,RR
wmpm --
O
Simple ABS Controller Model —
Velocity

s N '
N — [cy m—

Fressure Time (sec)

Figure 14. ABStutorial example before it is modified.

The model now in view is simply the copy you made earlier of the existing ABS controller.
For the purpose of thistutorial, remove the S-Function from the model. Do this by selecting
it and pressing the Delete key (Figure 15).

Note ThisSimulink has brake hydraulics (with dynamics) @ andasimple ABS
Controller @ However, there is no longer a vehicle dynamics plant to
control.
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Figure 15. Tutorial example without vehicle S-Function.

8. Open the Simulink Library Browser (see the Simulink View menu). Depending on your
products, there will be a CarSim, TruckSim, or BikeSim category (Figure 16). Locatethe VS
S-Function category (e.g., CarSim S-Function @) and click it to view the S-Function blocks

@, ), and ().
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Additional Math @eh&
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Contral System Toolbaox
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Brake Actuator Model Vehide Velocity

O/ & NE®S

Control M ode

T—W.’C P ressure
Figure 16. Drag and drop a VS S-Function block from the Smulink Library Browser.

Control Mode LFRFLR,RR

;

CarSim, TruckSim, and BikeSim each include three library S-Functions: a general-purpose
vehicle S-Function (3), an S-Function with support for acamera sensor (2), and an S-Function
that supports live video (+). Other than the names and icons, the S-Functions for CarSim are
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the same as those for TruckSim and BikeSim. (All use the same interna codeto connectaVs
Solver to Simulink.)

9. When making the Simulink model, you add the S-Function by dragging it as shown in the
figure () to the intended location (s). You next connect input (7) and output signals (¥), as
you would do with any block (Figure 17).

J}} abs_tuterial * - Simulink - O X
Eile Edit iew Display Diagram 5Simulation Analysis Code Tools Help
HE = Yam % Pid
= -8 e E-edOb = - -0
abs_tutorial
: (5) I
O Gy
@) N * [} & _I ‘
4 EI ‘ ‘
H vs_sf I
=t - -
CarsSim S-Function
Brake Actuator Model
& rake Actuator Mode Vehide Velocty
b
| Control M ode : S{Control Mode LFRF.LR RR
wmp --
" ~“—=
-—‘ Simple ABS Controller Model — 5
Velocity
s L) '
o B P O gy
4 Fressure Clod
» Time (sec)

Figure 17. Smulink model with one vehicle S-Function.
10. Savethe current version of the Simulink model using the File menu or type Ctrl+S.

11. Closethe Simulink window (type Ctrl+W).

Make a New Connection to Simulink

The connection between the VS Database and Simulink is made with a dataset from the M odels:
Simulink library. You just created a new dataset with the pathname for the Simulink model, and
you dragged a vehicle model icon into the Simulink model workspace. Next, you will provide the
rest of the information concerning the connection between the VS Solver (math model) and
Simulink.

You should be viewing the Run Control screen linked to your new Models Simulink dataset
(Figure 12, page 7). Once again, click on the blue link @ to view the Models: Simulink screen

(Figure 18).

This screen has various settings that specify how a vehicle model will be connected to Simulink.
First is the name of the Simulink Model file (1) that you set earlier.
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|:| Identify Simulink working directory
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Use the field below for data or commands associated with this model data set

Mumerical integration method. The AB-2 and Euler methods update
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Please see the tech memo "Mumerical Integration in V5 Solvers"
for more information.
The keyword for this pull-down list is OPT_INT_METHOD,

Figure 18. Models: Smulink dataset for the ABS controller.

In most cases, you will want to specify the integration method and time step in CarSim, in order to
ensure you are coordinating with the external Simulink model. Check the box @ to show the

controlsto do this.

The drop-down list control provides a choice among six options for performing numerical
integration @ Right-click to see a short description of the options @ The option used most is
the AB-2 method, with atime step of 0.0005s. However, this particular example involves an ABS
controller that switchesthe brakes on and off abruptly, leading to discontinuous hydraulic pressure.
When the expected behavior is highly discontinuous, the Euler method is recommended (Figure
19).

Set integration method and time step
Integration method: | Euler (1 update per step] ¥
Sync kinematical exports with force imports
Time step (5] Freq. [Hz)

Math model: 0.0005 2000
Cutput file: 0.025 @ 40
Figure 19. Options available when the Euler method is selected.

Besides the integration method @ controls are shown for selecting the time step @ Asindicated
by the right-click pop-up hint @ (Figure 18), a typical time step when using Euler or AB-2 is
0.0005s (6).

Another checkbox is shown for selecting an option to synchronize exports and imports. The choice

for enabling this option depends on the types of input and output variables that are exchanged with
the Simulink model, as will be described after we set up the imports and outputs.

First, we will create new datasets specifying the variable used for Import and Export:

1. Usethelmport drop-down control (8 ) to specify thelibrary /O Channels: Import @ (Figure
20). A potential link will appear below the control (Figure 21).
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Import: @‘ ¥ [MNo linked library]

Generic 3
Export: v| 1/Q Channels * /O Channels: Ports
Q) I/0 Channels: Import

Miscellaneous: [

Figure 20. Link to the I/O Channels Import library.

Import Channels v
Mo dataset selected ¥ [No Dataset]
- [ Ilink to New Dataset] (11)
Export: N
Brake system: Control and External Models L
Braking Imports 3
Miscellaneous: Y Powertrain: Sub-System Controls and External Models L4
RADAR: Active Cruise Control 4
Steering Controller: User-defined b —

Figure 21. Link to a new dataset for Import variables.

2. Use the drop-down control for the new potentia link to specify the option [Link to New
Dataset] @ (Figure 21). Y ou will be prompted to provide a name for the new dataset. Specify
ABS | nports for Tutorial . Thescreenwill show alink to the new dataset (Figure
22).

Import:

(D v
ABS Imports for Tutorial -
Export: ¥ [No linked library]
Generic 3

Miscellaneous: v| 1/0 Channels > /O Channels: Ports
Q-Zj /0 Channels: Export |

Figure 22. Link to the I/O Channels Export library.

3. UsetheExport drop-down control (8 ) (Figure 22) to specify thelibrary 1/0O Channels. Export
@. A potential link will appear below the control @ (Figure 23).

Import: @ b
ABS Imports for Tutoria hd
-

Expaort Channels
Mo dataset selected @‘ ¥ [Mo Dataset]

Viiscellancous: [__ILink to New Dataset] (14)

Brake System: Control and External Models ]
Braking Exports 3
Powertrain: Differential Controller r [

Figure 23. Link to a new dataset for export variables.

4. Aswasdonefor the Import link, use the drop-down control @ (Figure 23) for the new potential
link to specify the option [Link to New Dataset] . Y ou will be prompted to provide aname
for the new dataset. Specify ABS Exports for Tutori al . The screen will show alink
to the new dataset @ (Figure 24).
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Import Channels @

ABS Impaorts for Tutarial @ "

Export: "

ABS Exports for Tutorial "

Miscellaneous: il

Figure 24. Links to new Import and Export datasets from the Models: Smulink screen.

Import Variables
Click the Import Channels blue link to transfer to the I/O Channels: Import dataset for this
example. Initialy, thisis an empty dataset that does not name any Import variables (Figure 25).

@ [CarSim_Data] /0 Channels: Import; ABS Imports for Tutorial — O Y
File Edit Datasets Libraries GoTo View Tools Help

@~ = 4 £ | B Import320.. | %¢ = & (2| 3

02-20-2018 15:10:03
Back Forward Home Previous MNext Dupflicate Undo Redo Lib Teol  Parsfile Delete Sidebar  Refresh Help Lack

1I/0 Channels: Import

Specify file with import information 1 Spreadshest

| Choose run to get impart information (Mo tabbed text file is specified.)

¥ Specify file with import information Variables Activated for Import

This screen can show you all of the Import variables that are available for a Maove .

selected simulation as defined with a Run Control dataset. selected Name Mode | Inilial Value
variable

To view these variables, select a Run Control dataset with a model and up/down

conditions of interest. (Use the drop-down control above to select the option in the list

to choose a run, and then select the Run Control dataset with the above link.)

‘When you do this, a tabbed-text file is automatically generated. The name will G

appear in the yellow field above, That file is also used to generate the browse

information every time you return to view this /O Import dataset. Q

You can also specify an existing tabbed text file. (Use the drop-down control
to choose this option.)

Clear
MNote that an Excel file is also generated automatically; you can view it with the List
above "View Spreadsheet” button.

Figure 25. Import dataset that isinitially empty.

1. Usethedrop-down control to Chooserun to get import information @ When thisoptionis
selected, apotential link is shown for aRun Control dataset @ (Figure 26).

varigt Multiple Simulation Results
up/do  Output Options

* C5 2018 - Various Shift Duration 4
N * More Examples (Extra License Options) 3
) Channels: Impaort; ABS Imports for Tutorial ADAS and Active Safety »
Libraries GoTo View Tools Help AEB: Automated Emergency Braking 4
Aero Effects 3
= Impc
ﬁ ﬁ @ @ {/{9 D g2-21-  Alternate Vehicle Data Measurement 4
Home Previous Next Duplicate Undo Redo  Lib Tool Parsfile [ Brake Tests ¥ Brake Distance Test (Force Input w. ABS)
Driver Model *  Brake Distance Test [Force Input)
pr—— R ————— = Engine Torque Control *  Brake Distance Test (Pressure Input)
Mporin @ O dataset seleced Extended Models »  Braking - Split Mu: ABS
[No tabbed text file et a1 cantrol: COM, FMU, MATLAE, Python, VB *  Braking - Split Mu: No ABS
Handling and Stability Tests * [ Braking - Split Mu: No ABS =1 ( 3 )
& you all of the Import variables that are available for a MOV | ingarization » . 1
as defined with a Run Control dataset. select b Braking in Turn: Brake Temp. and Boaster Effects
L3

Braking: ABS Type A Ctrl, Legacy
Braking: ABS Type B Ctrl, Legacy

iles, select a Run Control dataset with a model and

Figure 26. Select a Run Control data with the vehicle of interest.

2. Use the drop-down control for the potential link @ to choose a Run Control dataset that
involvesthe vehicle of interest. For this example, select the braking run that was created earlier
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@. When you select the Run Control dataset, the VS Browser will jump to the Run Control
screen and then jump back to the Import screen. The Import screen now has information about
all of the Import variables that exist in the model and can potentialy be activated for use with
Simulink (Figure 27).

@ [CarSim_Data] I/O Channels: Import; ABS Imports for Tutorial _ O W
File Edit Datasets Libraries GoTo View Tools Help

-5 & (1¥ )

Home Previous Mext Dupflicate Undo  Redo

Import_3fc20...
ég D -31-29-1-3‘_3-:»9:3-3:24 e

Lib Tool  Parsfile Delete

= [l
= & [? |8
Sidebar  Refresh Help Lock
170 Channels: Import

Choose run to get import information * Braking - Split Mu: No ABS #1 ¥ | Results\Run_1684d57d-a723-4636-a% | view Spreadsheet

This tabbed text file lists 328 Import variables.
Available Variables

Categories Variables Activated for Import

Show all variables @ ¥ [IMP AV D3 F from in Move Name Mode  Initial Value
. IMP_AYV_D3_R (rpm) selected

¥ Show all variables IMF_AV_ENG (rpm) @ variable

| Select by type of component | IMP_AV_TC {rpm} up/down

IMP_AY_TRANS (rpm) in the list

SR [ FE IMP_AX_FIELD [m/s2)

IMP_AY_FIELD (m/s2)

IMP_BK_STAT [
IMP_CLT_D1_

-l
21
IMP_CLT D2_2 [}
IMP_CLT_D3_2 (1)
IMP_CLUTCH [}

IMP_CLUTCH
IMP_CLUTCH

IMP_AZ_FIELD (m/s2) ﬁ

Clear
List

o
D2
D3
IMP_CLUTCH_L
IMP_CLUTCH_L

IMP_CLUTCH_

:
2
Figure 27. Import screen appearance after a Run Control dataset was selected.

3. When the Run Control dataset was specified @ two documentation files were automatically
generated that list al variables in the math model that might potentially be imported from
Simulink. One of the filesis atabbed-text file. The pathname for this tabbed-text file is shown
intheyellow field @ and the number of variablesiswritten underneath (there are 328 import
variables available for this example). The other is a spreadsheet file.

4. If you have Excel or another spreadsheet programinstalled, click the View Spreadsheet button
@. The spreadsheet includes all available variables, their units, descriptions, and the type of
component. For example, Figure 28 shows a spreadsheet with the rows sorted based on the
Component type (column C), scrolled to view some variables related to Brakes.

Notes Depending on the spreadsheet tool and version, you might be given a
warning about the file format and extension not matching. The file hasthe
extension .x| s and the format is tabbed text. It's OK to open thefile.

Y ou might notice that Column E has either a 0 or the name VARI ABLE.

This providesthe GUI with theinformation need to support the drop-down
control @ (Figure 29) described below.

Close the spreadsheet when you are through viewing the contents.
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Import_954alfa2-91fc-426f-a56c-dbae35b570ef_imp.xls - Microsoft Excel = = 57
Pagmyout FDFE.#las E}E}a R?LFSW Vﬂiﬁv Adr:llﬁns -EDO%nter TEII%T bl @ = réle 23
5 TheL[?’x] component ofTorce atthe aerclj_c:l'\l,mamlc reference péﬁjc for the =5
A B c D E =
31 IMP_PBK_L2 MPa Brakes L2 brake wheel cylinder (chamber) pressure VARIABLE
32 IMP_PBK_R1 MPa Brakes R1 brake wheel cylinder (chamber) pressure VARIABLE
33 IMP_PBK_R2 MPa Brakes R2 brake wheel cylinder (chamber) pressure VARIABLE
34 IMP_PCON_BK MPa Brakes Brake master cylinder pressure VARIABLE
L1 brake delivery pressure after proportioning valve.
35 IMP_PDEL_L1 MPa Brakes Only type B 0
L2 brake delivery pressure after proportioning valve.
36 IMP_PDEL_L2 MPa Brakes Cnly type B 0
R1 brake delivery pressure after proportioning valve.
37 IMP_PDEL_R1 MPa Brakes Cnly type B 0
R2 brake delivery pressure after proportioning valve.
38 IMP_PDEL_R2 MPa Brakes Cnly type B 0 L
M 4 » v | Import_954alfa2-01fc-426f-aS6c- ¥ 4 » 1]
Ready | |[FEE M@ 100% (=) [} {+)

Figure 28. Soreadsheet with all potential import variables for an example vehicle.

5. Use the Categories drop-down control on the Imports screen @ (Figure 27) to choose the
option Select by type of component. Notice that alist of component typesis shown under the

control (Figure 29).

@ [CarSim_Data] I/0 Channels: Import; ABS Imports for Tutorial — O x
File Edit Datasets Libraries GoTo View Tools Help

«BE R AR EDEF O X T ERE

k Fornward Home Previous Mext Duplicate Undo Fedo LibTool Parsfile Delete Sidebar  Refresh Help Lock

170 Channels: Import

Choose run to get import information + Braking - Split Mu: Mo ABS #1 ¥ | Results\Run_1684d57d-a723-4636-a% | View Spreadsheet
This tabbed text file lists 328 Import variables,
Categories Available Variables Variables Activated for Import

Select by type of component @ - :R:E_mém_::‘lz Emm} " sgleoduzd Mame Made  Initial Value
. -m
EAerodynamlcs \/é\} . IME_MYSM_R (M- variable 1 IMP_PEE_L1 Replace | 0.0
- : IMP_MYSM_R2 (M-m) up/down @ @
Powertrain IMP_MYUSM_L1 (M-m) in the list
IMP_MYUSM_L2 [N-m)
Speed controller
Sprung mass IMP_MYUSM_R1 [N-m) @ G
Steering IMP_MYUSM_R2 [N-m)

. IMP_PEK_L1 (MPa
Suspensions IMF FEK_L2 [MFa) @

Tires
IMPI\vap_PEK_L2 (MPa)

:mg System: Brakes
M| Brake actuator pressure L2 Clear
IMP_PCTL_LZ [MPa) List

IMP_PCTL_R1 [MPa}
IMP_PCTL_R2 (MPa)
IMP_FDEL_L1 (MPa}
IMP_PDEL_L2 [MPFa}
IMP_PDEL_R1 {MPa) &
Double-click to activate a variable
Activated import variables can be calculated using equations that

you provide here, Two options are: Optional equations: (P TR G e (D I D) (G E R 2 R

Figure 29. Import screen showing variables for the Braking category.

6. Select the component type Brakes . The list of available variables @ is adjusted to show
only variablesrelated to Brakes.

7. Right-click on any of the available variables to see alonger name in a pop-up field @
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8. For CarSim and TruckSim, find the Import variable in the Available Variables list with the
name | MP_PBK L1 and double-click on it. The variable will appear in the list Variables
Activated for Import . A drop-down control is shown next to the variable name with
options Replace, Add, and Multiply @ The default option is Replace, which is appropriate
for this example.

9. Add three more variables by double-clicking on their names in the Available Variables list:
| MP_PBK L2, MP_PBK R1,andl MP_PBK R2.Thelist Variables Activated for Import
should match Figure 30.

This tabbed text file lists 320 Import variables.
Variables Activated for Import

IMP_MYSM_L2 (- w| [ Name Mode Initial Value
IMP_MYSM_R1 {N-m) selected

IMP_MYSM_R2 (N-m) variable |1 IMP_PBE_LT TolReptace v 00
IMP_MYUSM_LT (N-m) up/down | 5 e pgK_L2 \Z/Replace |¥| 00
IME_MYUSM_L2 (N-m) in the list RS

IMP_MYUSM_R1 [M-m) 3 IMP_PBK_R1 Replace |¥ 0.0
IMP_MYUSM_R2 (H-m) ﬁ 4 IMP_PBK_R2 Replace|¥| 00
IMF_PBK_L1 (MP3]

IMP_FEK_L2 (MPa)
4

Figure 30. Four variables activated for Import in CarSm and TruckSm examples.
For BikeSim, activate the Import variables| MP_PBK 1 and | MP_PBK_2 (Figure 31).

This tabbed text file lists 112 Import variables.
Categories Available Variables Variables Activated for Import
Select by type of component | NP FBK 110 (e Name Made  Initial Value
Fhered : | IMP_FEK_2 [N) selected
erodynamics © IMP_MYBK_1 (N-m) variable 1 IMP_PEK_1 10 Replace ¥ 0.0
P External actions :m_ggrfﬁ_[zdr;;n] @ up/down | 3 Mp_PEK_2 = |Replace|¥| 0.0
i N a
i Powertrain - o
Rider IMP_PEEK_2 [MPa)
| Speed controller {}

Figure 31. Two variables activated for Import in BikeSm.

Export Variables
A similar screen is used to define the set of variables that are exported from the VS solver to
Simulink. Navigate to the /O Channels: Export screen by first clicking the Back button to return
to the Models: Simulink screen (Figure 24, page 13) and then clicking on the blue link for the
Export Channels@.

You should now be viewing the I/O Channels: Export screen (Figure 32, shown for CarSim
during step 6 below). Initialy, there will be no variables shown (similar to the Import screen as
shown in Figure 25, page 13). You will go through similar steps to obtain information about all
available output variables, and select those that should be activated for export to Simulink.

1. Usethedrop-down control to Chooserun to get export information @ When thisoption is
selected, apotential link is shown for aRun Control dataset @
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@ [CarSim_Data] I/0 Channels: Expert; ABS Exports for Tutorial _ O %
File Edit Datasets Libraries GoTo View Teols Help

I Export_48437... il
€~ m ¥ B D & O Deortasssr. ¥ = & | ? |8
Back Forward Home Previous Mext Duplicate Undo FRedo Lib Teod  Parsfile Delete Sidebar  Refresh Help Lock
1/0 Channels: Export
Choose run to get export information + Braking - 5plit Mu: No ABS #1 ¥ | Results\Run_1684d57d-a723-4636-a8 | View Spreadshee
This tabbed text file lists 641 output variables.
Categories Output Variables ariables Activated for Export
Select by type of component @ hd Roll_R1 - Roll, wheel R1 [deg) " Move 1M L /10\
Aerodynamics Roll_R2 - Roll, wheel R2 (deg) selected
Axles Rot_L1 - Wheel L1 rotation (Euler) [rev] @ variable
Erakes Rot_L2 - Wheel L2 rotation (Euler) (rev) up/down
Camera Rot_R1 -Wheel R1 rotation (Euler] (rev) in the list

i : Rot_RZ - Wheel R2 rotation (Euler] [rey]
Ch t
Daf:;';;:o fon Wi L1 - Vx [equivalent), wheel L1 (km/h]

: Wx_L2 - Vx [equivalent]), wheel L2 {(km/h

gg:f;;";i;'oﬁzth ViR _Vx[[e?quivalent]], wheel R‘I[[km_a'r]1] ﬁ
Ground and road Wx_R2 - Vx (equivalent], wheel R2 (km/h} 9
Powertrain ﬁ Vx_L1 - Vx (equivalent), wheel L1 (km/h) @
Speed controller \x| Type Lengitudinal speed
gt“”"g, wx| Compenent: Wheel L1 (equivalent)
TiL:;;Jensmns vy| Component type: Wheels (il.ear
Tires Wy Extra info: Equivalent wheel speed is defined as ist
V5 Commands Vy| the spin (rad/sec) multiplied by the effective
(Wheels. (8) W] rolling radius. It is the translational speed

Vz -

Vo thﬁF corresponds to the angular rate during free |,

rolling.

DOUOOTE-LICE. OIT g varidore ramnme douve 10 guvgLle |t
Double-click on a variable

Export variables can be created using name above to deactivate it

equations that you provide here, The syntax is:

Ootional eauations:

Figure 32. Activating variables for export out of the vehicle S-Function block.

2. Use the drop-down control for the potential link @ to choose the same Run Control dataset
that you selected as areference for the Import variable screen (the new braking run). As before,
two documentation files are automatically generated. In this case, they list al variablesin the
math model that might potentially be exported to Simulink. One of the filesis the tabbed-text
file shownintheyellow field @ The number of variablesiswritten underneath (there are 641
output variables for this example). The other is a spreadsheet file, accessible with the View
Spreadsheet button (5).

3. Asbefore, use the Categories drop-down control @ to choose the option Select by type of
component. Notice that alist of component types is shown under the control .

4. Select the component type Wheels. The list of available variables@ is adjusted to show
only variablesrelated to Wheels.

5. Right-click on any of the available variables to see alonger name in a pop-up field @

Note Some of the right-click descriptions have extrainformation. For example,
the information shown for variable Vx_ L1 includes a description of how
it is defined mathematically. When there are groups of similar variables
applied for repeated parts, such as the four wheels of this vehicle, only the
first variable in the group has the extra information. If you right-click on
the next variable (Vx__L2), the description has only basic information.

6. For CarSim and TruckSim, find the output variable in the Available Variables list with the
name Vx_ L1 and double-click on it. The variable will appear in the list Variables Activated

for Export .
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Add three more wheel variables by double-clicking on their namesin the Available Variables
list: Vx_L2,Vx_R1,and Vx_R2.

Two more variables are needed for the CarSim and TruckSim examples that are not in the
Wheel category. To access them, use the Categories drop-down control @ to choose the
option Show all variables, and then select the variables Vx_ SMand Pbk_Con.

Thelist Variables Activated for Export (19) should match Figure 33.

PbkD_R1 - Delivery pressure, brake R1 [MPa)
PbkD R2 - Delivery prassure, brake R2 (MPa
- Brake control input (M/C} (MPa] a

Pctl_L1 - Pressure from controller L1 (MPa)

P! Pbk_Con - Brake control input (M/C) (MPa)

pct| Type: Pressure .

pit{ Component: Brake master cylinder

Pit] Component type: Brakes

Pitd Extra info: Control input for braking, This is

Pit{ typically the pressure from the master cylinder.

Pit (i FRz = PIICT OT grourTd, WITEET Rz [0eg]
DitrhBd _ Ditrh ral #n raad vahicla idanl

Categories Output Variables Variables Activated for Export
Show all variables @ hd PbkCh_L1 - Brake actuator pressure L1 [MPa) Move 1.V L]
PbkCh_L2 - Brake actuator pressure L2 (MPa) selected 2.V L2
PbkCh_R1 - Brake actuator pressure R1 [MPa) variable 3. Vx_R1
PbkCh_R2 - Brake actuator pressure R2 [MPa) up/down 4.V R2 @
PbkD_L1 - Delivery pressure, brake L1 (MPa) in the list 5. Vx_SM
PbkD_L2 - Delivery pressure, brake L2 [(MPa) 6. Pbk_Con

Clear
List

Figure 33. Sx variables activated for Export in CarSm and TruckSim examples.

For BikeSim, activate the five output variableslisted in Figure 34.

Choose run to get export information

@

ABS: Braking - Low Mu

pressure (MPa
PbkMs 1 - Front brake master/cyl. pressure (MFP3| a

PbkMs_2 - Rear brake master/cyl. pressure (MPa)
Pitch - Pitch, vehicle [deg)

PitchG1 - Pitch at ground, wheel 1 [deg)

Biteh (2 _ Biteh at araund whesl ? iden

Categories ariables Activated for Export
Show all variables @ hd N e twist torgue (MN-mj Maove i1, Vx 1
PbkCh_1 - Front brake chamber pressure (MPa) selected 2.V 2
PbkCh_2 - Rear brake chamber pressure [(MPa) variable 3 W
PbkD_1 - Front brake delivery pressure (MFPa) up/down 4, PbkMs_1
PbkD_2 - Rear brake delive in the list 5. PbkMs_2

&

w Results\Run_8f541a55-02e5-448b-a21 ViewSpreadsheet@
This tabbed text file lists 440 output variables.

Figure 34. Five variables activated for Export from BikeSm.

7. You have now completely specified al of the variables that will be exchanged between the

vehicle model and the external Simulink model for this example. Having done this, we will
now consider one more control on the Models: Simulink screen. Click the Back button to
return to this screen (Figure 35).

Right-click onthe checkbox Sync kinematical exportswith forcei mports@. This checkbox
is only shown when the integration method is Euler or AB-2; it is not applicable for other
methods. With these two integration methods (Euler and AB-2), VS Solvers support two
options for controlling the timing of the communication with outside software, specified with
the system parameter OPT_I O_SYNC_FMthat is set with this checkbox.
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@ [Car5im_Data] Models: Simulink; ABS for Tuterial _ 0 %
File Edit Datasets Libraries GoTo View Tools Help

<_|v |_>v ﬁ @ \Jl/ @ ég D Simlink_59ad... x = @ ? I:”I

02-21-2018 123540
Back Forward Home Previous Next Duplicate Undoc FRede LibTool Parsfie Delete Sidebar  Refresh Help Lock

Models: Simulink

Simulink Model: Extensions\Simulinkiabs_tutorial.mdl @

Live animator refresh rate: Hz

|:| Identify Simulink working directory
|:| Specify alternative VS Solver file(s)

2 )#] 5et integration method and time step . X i X
Use the field below for data or commands associated with this model data set

Integration method: | Euler (1 update per step) *
5 Sync kinematical exports with force imports

[ Check this box to synchronize exported kinematical cutputs with impaorted
forces and moments. This improves the connection to external models that
calculate forces and mements frem exported kinematical variables by providing
the kinematica variables for the next time step, If forces are exported, or
kinematical variables are imported, do not check this box. This option is
not used unless both import and export variables are activated.

For more information, please see the "VS Solver Reference Manual.”
The keyword for this checkbox is OPT_IO_SYMNC_FM.

Figure 35. The option to synchronize exports with force imports.

a. When the box is not checked (OPT_I O_SYNC_FM=0), al of the model calculations
aremadefor thesimulationtime T that isreceived from Simulink. This sequence works
perfectly if the variablesimported into the VS S-Function are based on factors external
to the vehicle model, such as clock time.

b. On the other hand, if the Simulink model calculates forces, moments, or brake
pressures for the vehicle model based on variables that were exported by the vehicle
model, then there is a time delay of one step introduced because the forces and
moments won't be provided to the model until the next time step. When the box @ is
checked (OPT_I O_SYNC_FM= 1), kinematical variables exported from the VS S
Function are calculated for the next time step (T + TSTEP). With this option, forces
and moment variables from Simulink will be synchronized for the next time step, when
they areimported.

In this ABS example, five of the exports are kinematical variables (speeds) and the sixth is a
control (master cylinder brake pressure). Be sure the box is checked.

For more information about this advanced feature, please see the VS Solver Programs
Reference Manual.

9. Returnto the Run Control screen by clicking the Home button @ (Figure 36).
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@ [CarSim_Data] CarSim Run Centrol; { Brake Tests } Braking - Split Mu: No ABS #1 — O K
File Edit Dataszets mries GoTo View Tools Help

~

> a ¥ B ) | J | () Run_1684d57d. = & 2
o 02-21-2018 111629 x = 2 ﬂ
Back Forward Home Previous Mext Duplicate Undo FRedo  libTeol Parsfile Delete Sidebar  Refresh Help Lock

CarSim Run Control

Simulated Test Specifications Run Control with Simulink Analyze Results (Post Processing)
Math Madel: Ind_Ind *| | RunNow| |send to Simulin Models|¥| | Video | | Video - Plot | [Set color I
B-Class, Hatchback 2017 [No ABS) hd ABS for Tutorial - Front View, Road Ref, (Rr, Facing)
Procedure hd Do not set file type here | [ |Write all outputs | Keep Last + Mast Recent Output -
SE M6 m65 KMy % S R il Plot Maore plots: |2 |:| Only these plots

L T P

Figure 36. The Run Control dataset.

10. Click the Send to Simulink button @ The VS Browser will again load the Simulink model
(Figure 37), using updated connection information.

J’i abs_tuterial * - Simulink — O X
Eile Edit View Display Diagram Simulation Analysis Code Tools Help
Hi = (ol (223
k- e vvc@qg,%-fub AN e &
abs_tutorial
@
4
- - i
4 aI
E vs_sf I
= - -
CarSim S-Function
mode
Brake Actuator Model Vehide Velocity
]
|:| Caontrol M ode . 4Cn|'hlﬂudel_F F,
WiC P I
‘ O
Simple ABS Controller Model — 3
Vielocity
o
L e O |
4 Pressure Clodck
5 Time (sec)

Figure 37. Smulink model with connectionsto the CarSm S-Function.

11. Display the signa dimensions. Note that Figure 37 shows four imports@ and six exports@
(CarSim and TruckSim), matching the setups made earlier with the Import and Export datasets.
Figure 38 shows similar information for BikeSim (two imports @ and five exports @).

12. Run the model from Simulink by clicking the Play button @ (Figure 37) and confirm that the
same results are obtained as were seen in the original example.
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z
vs_sf Iz |
I ‘
[

BikeSim S-Function
Figure 38. Smulink model with connectionsto the BikeSm S-Function.

2

Brake Actuator Model mode ‘
| ¢

Vehide Velocity

About the Vehicle S-Function Block

Now that the link between the vehicle model and the Simulink model has been specified and
confirmed, we will look at the S-Function block in the Simulink model shown in Figure 37.

TheV S S-Function has several propertiesthat are set automatically to both represent the vehicle as
specified in the VehicleSim product and to fit with the signal requirements of the Simulink model.
These include the organization of the import variables@ and the export variables@.

Note If you change the vehicle, its properties, or the sets of import or export
variables from the VS browser, you must click the Send to Simulink
button to update the model in Simulink.

Import and Export Variables

When you click the Send to Simulink button to update the model in Simulink, the VS S-Function
sets up import and export arrays based on settings from the Import and Export datasets that are
linked to the Models: Simulink dataset, as shown in the previous section.

In order for the Simulink model to work properly, itiscritical that the number of Import and Export
variables defined from the VS side match the signal dimension in the Simulink model. It isequally
critical that the variables be specified in the order expected in the Simulink model.

The selection process used in the previous section was specific to the design of the ABS controller
models provided in CarSim, TruckSim, and BikeSim. If the Simulink model expects different
variables for Import or Export, then the Import and Export datasets must be manually created to
match the requirements.

Simulink Configuration Parameters

The Simulink model may involve underlying differential equations that are solved by Simulink
using numerical methods. For example, the ABS controller models provided with CarSim,
TruckSim, and BikeSim each have a brake actuator system (the magenta box) with fluid dynamics
represented with transfer function blocks. Some of the methods used to solve the equations can be
viewed and adjusted. To do this, use the Simulink Simulation menu item M odel Configuration
Parametersto display adialog box (Figure 39).

21/23



& Configuration Parameters: abs_tutorial/Configuration (Active) - m] X

Category List

Select: Simulation time

Solver . _ ’—CI.\
Data Import/Export SlaiBiimed) 0 Stop time: (10 (1)

Optimization
Diagnastics
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Figure 39. Smulink Configuration Parameters.

The VS Solver always solves its own equations at a fixed time step, whether it runs by itself, with
Simulink, or with other software. From the point of view of Simulink, the VS S-Function block is
always a discrete system.

You can configure the Simulink model as a continuous system with either fixed or variable-step
solvers, so long as the Simulink parameter settings are compatible with the discrete time step used
by the VS solver.

When transferring control from the VS Browser to Simulink, simulation parameters such as the
start time and stop time are sent automatically. For example, the stop time of 10 s@ was specified
in the Procedur e dataset for this example smulation.

Multiple Ports

The V'S S-Function supports Simulink model s with multiple Import and Export ports. The database
for your VehicleSim product includes a multiport version of the ABS example, such asthe CarSim
example shown in Figure 40.

In comparing the multiport version to the single-port version shown earlier (Figure 37, page 20),
you see the same blocks for the Brake Actuator Mode! (&), the ABS Controller Model (9), and the
CarSim S-Function (s). However, in in the multiple-port case, there are four import ports for
CarSim @ and three export ports @

The setup for thismodel from the VS Browser isamost the same as shown earlier. Figure 41 shows
the lower-left part of the Models: Simulink dataset, with the sidebar visible in order to see the
linked datasets@. In this case, the blue links for Import @ and Export (8 ) channels are not used,
and alink is made to an I/O Channels: Ports dataset @ The 1/O Channels. Ports dataset is
shown in the background of Figure 40.

The 1/O Channels: Ports screen shows drop-down controls that specify four import ports @
(Figure 40) and three export ports @ Each Import port is represented with an Import dataset (1)
and each Export port is represented with an Export dataset @ The number of ports can be set to
anything between 0 and 20. The Import and Export datasets are made from the same libraries shown
for single-port models, in the previous section.
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Figure 40. Alternate version of the ABS Model using multiple ports.

Miscellaneous settings for advanced users

=HiCarSim Pun Control: Ext, ABS: Split Mu - Multi-Port:
= Models: Simulink: ABS Controller Mutli-Port @

E}- /O Channels: Ports: ABS Example - Multi-Port
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Figure 41. Models: Smulink dataset for multiport version of ABS example.
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