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== Key Takeaways

1. Complex mechanisms require specialized and sophisticated calculation
tools to guide the implementation, with the goal to be friendly and robust.

2. An example is presented with the vehicle steering column mechanism
for improvement of the driver steering feeling.

3. First, it is created the mechanism with Simscape Multibody library.

4. After, the Simscape Multibody model is exported like a .dll embedded
code to be integrated into an Excel calculation sheet.
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Innovation Challenges and Achievements

= Excel manage the input variables of coordinates and angles, runs the .dll
code, and finally the exported MATLAB data are visualized into Excel.

= As aresult, the end users of the calculation program need to install Excel
and MathWorks Component Runtime - MCR (free download).
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From the concept to the realization
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https://www.youtube.com/watch?v=jRrSVcaiirl
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== SChema of the Steering Column Mechanism
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3D REPRESENTATION OF THE STEERING COLUMN MECHANISM
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3D MECHANISM WITH SIMULINK / SIMSCAPE MULTIBODY
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= 3D MECHANISM OUTPUTS = SPEED DISCONTINUITY
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MODEL DEPLOYMENT

1. Run BuildExportModel('sm_steering_column’)

2. Run Compiler - Excel Add-in

3. Software created STEERING COLUMN RELEASE 3.exe

Z Editor - D:\Isabel\CI002880\FERRARNCOMPONENTS\STEERING_COLUMN\y20180518 Ferrari - OK Release 3 - per conference\xls-plugin\StartupSteering.m

=y
command-line arguments : see previous definition of

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VC\INCLUDE\math.n(289) : warning C4005: 'isnan' : macre redefinition
command-line arguments : see previous definition of 'isnan'

€l -c -DCRTAPT1= cdecl -DCRTAPI2= cdecl -nologo -GS -D_AMD64_=1 -DWIN64 -D_WIN64 -DWIN32 -D WIN32 -W¢ —D WINNT -D WIN32_ WINNT=0x0502 -I

sm_steering_column 40659a9_1_gateway.c

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isinf' : macro redefinition
comma snts :  ses previous definition of 'ising'
C:\Program aft Visual Studic 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isnan' : macro redefinition
see previous definition of 'isnan’
el 1PI2=_cdecl -nologo -G5 -D_AMDE4_=1 -DWIN€4 -D_WINE¢ -DWINS2 -D_WIN32 -Wé¢ -D_WINNT -D_WIN32_WINNT=0x0502 -T
rt_bac]
el 12=_cdecl -nologo -GS -D_EMDE4_=1 -DWIN&4 —D_WINE4 -DWIN32 -D_WINS2 -W¢ -D_WINNT -D_WIN32_WINNT=0x0502 -L
rc_for
cl PI2= cdecl -nologo -GS -D_AMDG4 =1 -DWING4 -D_WING4 -DWIN32 -D_WIN32 -Wé —D_WINNT -D_WIN32_WINNT=0x0502 -L
re_lu rf
C:\Progra, “t Visual Studio 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isinf' : macro redefinition

con. ls : see previous definition of 'isinf'
C:\Program Filel -icrosoft Visual Studio 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isnan' : macro redefinition
command-line arguments : see previous definition of 'isnan'
€l -c -DCRIAPI1= cdecl -DCRTAPI2= cdecl -nologo -GS -D AMD64 =1 -DWIN64 -D WIN64 -DWIN32 -D WIN32 -W¢ —-D WINNT -D WIN32 WINNT=0x0502 -L

rt_matrixlib_dbl.c

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isinf' : macro redefinition
command-line arguments : see previous definition of 'isinf’

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VC\INCLUDE\math.h({289) : warning C4005: 'isnan' : macro redefinition
command-line arguments : ses previous definition of 'isnan’

€l -c -DCRTAPT1=_cdecl -DCRTAPI2= cdecl -nologo -G5 -D_AMDé4_=1 -DWIN€4 -D_WIN64¢ -DWIN32 -D WIN32 -W4 -D_WINNT -D_WIN32_WINNT=0x0502 -T

sm_steering column.c

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isinf' : macro redefinition
command-line arguments : See previous definition of 'ising’

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VG\INCLUDE\math.h(289) : warning C4005: 'isnan' : macro redefinition
command-line arguments : see previous definition of 'isnan'

cl -c -DCRTAPI1= cdecl -DCRTAPI2= cdecl -nologo -GS -D_EMD64_=1 -DWIN64 -D_WIN&4 -DWIN32 -D_WIN32 -W& —-D WINNT -D WIN32_WINNT=0x0502 -I

sm_steering_column data.c

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isinf' : macro redefinition
command-line arguments : see previous definition of 'isinf'

C:\Program Files (x86)\Microsoft Visual Studio 12.0\VC\INCLUDE\math.h(288) : warning C4005: 'isnan' : macro redefinition
command-line arguments : see previous definition of 'isnan'

### Creating shared library "..\sm steering column win64.dll"
link /RELEASE /INCREMENTAL:NO /NOLCGO -subsystem:console,5.02 kernel32.lib ws2_32.1ib mswsock.lib advapi32.lib -dll -def:sm steering_
Creating library ..\sm steering_column win&4.lib and object ..\sm steering column winé4.exp

### Created: ..\sm_steering_column_wing4.dll

### Successfully generated all binary outputs.

fx ### Successful completion of build procedurs for model: sm_steering column

MATLAB EXPO 2018

4\ MATLAB Compile:
COMPILER

=] | CShared Libra
22 0 Be 4

C++ Shared Library

from web| COLUMN_RELEASE 3 |8 MB @ 4

‘i %) Comp g dh O Runt

New Open Save |[FOiepyam ‘ . © Runtime included in package | COLUNIN_RELEASE 3 |757 MB  Seftings  Package
> |Proect| ¥ =, ~Ona - oy >
FILE TYPE ] EXPORTED FUNCTIONS PACKAGING OFTIONS SETTINGS | PACKAGE

© Classl ® [olog] = ComputeAngualarVelocity (InputVar, ParamVar, LogVar) +

¥ Additional installer options

Default folder: | %ProgramFilest v | _ML_Addn\

Installation notes

Select custom Ioge

Package =
222
Files required for your library to run | @ @ @ ]
#) cardan_rotation.m ] Get_Ri kring_colu.
£ circle_3D.m £ plotsty LLiCie .m
[¥] Open output folder when process completes

Files installed for your end user

% _install.bat | readme.txt || SteeringWheel_M... @] SteeringWheel M...
2] libe dil 2] ssl 2.dll @ IM...

onal runtime settings

[7] Register the resulting component for you only on the development machine

[7] Create log file
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EXCEL CALCULATION SHEET
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Concluding Remarks

= The mechanism is well represented by Simulink / Simscape / Multibody
library

= As soon the model is compiled with Excel Add-in it generates a software to
distribute for installation to the End Users

« The Excel calculation sheet is easy to use, and the graphical representation
helps to the proper placement into the space the steering column
mechanism
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