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Design Exploration

WHY?

Optimize components and moving systems for
best overall performance

HOW?

Variables — various motion entities such as
motor speed, actuator velocity, or spring-
damping rates. Part shape parametrics are best
controlled through sketches

Responses - monitor outputs coming from
specific entities

Objectives and Constraints - optimize for the
ideal Response conditions, or understand
behavior within Response boundaries

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

. Define Variables

Exploration Name:|Opi ~| TypeOptimi

B sumay [ Evamon | B temon | B3 SoaterPlt

Joint_ANG_DISP| ANG_VEL Objective_1 Objective_2 Constraint | Constraint_2 Constraint_3 Constraint 4 Co®

K1 D1
Ve 25613 Nrinm | 35.93 N's/_ | 75.976 deg 1.331rad/s |75 976 deg | 1331 rad/s

-
Run 43 2522 N/mm  35.605 N*s/_ -76.88 deg 1372rad/s -7688deg  1.372rz 76.88deg  1372rad/s 1372rad/s -76.88deg Feasi
Run 45 mm  24.054 N's/_ 9 2 rad/s leg 2.148rad. 2 rad/s leg  Violat
Run 46 N/mr N's; g 2 rad/s -88779d_ 2078 rad. s Violat
Run 48 30043 N/mm 35886 N's/_ -77.983deg 1414radss -77983deg 1414rad/s -77.983deg 1414rad/s 1414rad/s -77.983deg Feasi
Run 49 27329 N/mm 35.665 N's/_ -74.058 deg 1262rad/s -74058deg 1262rad/s -74.058deg 1262rad/s 1.262rad/s -74.058deg Feasi
: :
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Mame Active  Type Value Min Max Mode Preview
Hole_Dist @ Llengh  800mm = 300mm 1200mm Continuous Variable ._'..
Spring_K @  Stffress 25N/mm = 20 Ndmm 3.0 N/mm  Continuous Variable I_'I.
. Define Responses
MName Active  Response Type  Component Request Type  Set Type
T_MAX Motion Torgue Maximum Motor
. Define Objectives and Constraints
Active Response Expression Bound Yalue
T_MAX Minimize MNAA
T_MAX = 500.0 N'mm
Constraint  T_MAX = 575.0 N'mm
. Solve and View Results
Results Explorer B LIIIIIIIIIIIIInIIIIII I X




2024 .1
Design Exploration

Latch Mechanism — spring sensitivity DOE

Objectives:

Results Explorer

« Minimize motor actuation torque Exploration Name: ptimization_1 | Type: Optimization
[ somay | [ Evaaton | sl kermion . R Scater ot

R~ ANGLE SPRING_TORQUE Objective | Constraint 1 Conatrant 2 Condtion

constraints: Run19 2548 N'mmiad 188.702deg 7.644 N'mm 7544 N'mm  168.702 _ 163702deg Violated

Run3 3051 N'mwiad 13253deq  9.152N°'mm 9152 N'mm  132.53d_ 13253deg  Violated
Run14 3501 N'mmad |45.687deg  10.504 N'mm 10.504 N'mm | 45.687 d_  45687deg  Viclated
» Angle of grey part must exceed 3 deg of -
I"Otatlon Run 18 3854 N'mmfad 0.286deg  11.562 N'mm 11562 N'mm | 0.286 deg
Run16 3936 N'mmfad 0249deg  11.809 N'mm 11.809N'mm 0243deg  0.249 deg  Violated
<
Compare

Responses:
* Rotation of grey part

Variables:

» Spring Stiffness
~ 25 min for 20 iterations
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f&zréllfmation playback using Quality rendering

WHY? » Generate professional-looking animations

HOW? + After solving a motion analysis, set the render
mode to Quality Render

» Use the record button on the motion animation
play bar to record a rendered video

*  Maximum Samples can be adjusted for finer

resolution
¥ | Show Visible Edges Rendering Options  ©::0iiiiiiiiiiiii X
i Wireframe Quality Render
© Shaded Denciser
Denoiser starting pass: 8
- MatCap ¥ Tracing depth: 5

Febra Maximum samples
Denoiser shared memary (AMD

¥ _ Performance Render

= = A e e e !
_’I @ Qualty Render ] Rendering mode Peformance v
LE 1 f g
i Render { Cancel
@ Render Options s

J\ ALTAIR

Results stored in: Documents/Altair/captures
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Additional input signals support for Twin Activate

Expands use case potential by giving

WHY?

users more freedom in controlling

multibody plant model inputs

. . Signals Setup || MMKS (mm kg N s)

HOW? Twin Activate now supports all motor imput | Output

and actuator input types, such as + @

Angle, Speed and Velocity (previously ;“Twe

force and torque only) .

Actuators
Motors

Applyto : @ Twin Activate Co-Simulation

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Entity Name
Actuator 4
Actuator 5
Actuator &
Motor 2

State Space Matrices

Include Animation File

Export Close

J\ ALTAIR
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Improved multibody plant representation in Twin Activate

WHY? Improved visual representation for easier
understanding
HOW? Signals embedded within the plant versus

the command signals supplied by the user

are better distinguished \

Unit labels next to inputs and outputs —~

Outputs for Embedded signals
automatically generated when output for

main input signal is created \

Actuator 1 - Command Signal (mm)

Motor 1 - Command Sig

Motor 1 - Override Embedded Sig

uator 1 - Command Signal (Travel)

Embedded Signal (mm)

Motor 1 - Command Signal (Angular Velocity)

v

v

v

v
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Joint Limits

WHY?

Draggable Arrows

Define limiting boundaries to how far a joint is
allowed to translate or rotate, without the need
for geometry and motion contact

WHAT?

Stiffness and damping impact properties
defined through Property Editor - —

Plot resulting Limit force or Torque Allowed range

HOW?

Currently, all Inspire Motion joint types supported except Ball & Socket

Defined through the joint micro dialog

Select the manipulator arrows to activate micro
dialog for turning limits on/off and setting
values

Manipulator size based on joint graphic size.

* it 00deg| # DiZ: T50dea ¥ |

I\

Flip Limit Direction

J\ ALTAIR
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2025

Flex Bodies of Rigid Groups

WHY? * Quickly and easily flexify Rigid Groups

WHAT? | * Each part can have its own material properties

» Message pre-warns to check for gaps and/or
interferences between rigid group parts

HOW? * Individual parts of the Rigid Group are rigidly
bonded together

Rl Grotme & s oS T e S o T L S L e T e S e e e L e s T e aha s %

[SIE |
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New Design Variables

WHY? Quickly check sensitivity of model performance
to changes in friction properties

WHAT? Static and Dynamic Contact friction coefficients
Static and Dynamic joint friction coefficients

HOW? Contact friction defined through Contact

properties micro dialog

Joint friction defined through Property Editor

- Enable Friction: ~

Friction Type: Static and Dynamic v
Static Coefficient: 0.2 | fixbv

P e e e g
Dynamic Coefficient: 0.1 Lﬁiafq!ﬂaﬂe_.__l
Stiction Transition Velocity: 1.0 mm/s
Friction Transition Velocity: 1.5 mm/s

- Collision Type: Impact +~ ¥
- Force Computed At: Element Center v

Reset v

Contact Friction Coefficients

Results Explorer 1070010101010 iiininiii i x
Exploration Name: DOE_1 | Type: DOE

@ somay | B lnesrects [ Tedeoh | EH ScatterPlt

Mu_DYNAMIC Torque_Required

Nom 018 8030.856 N'mm
Runi1 008 7696206 N'mm
Run2 01 8326.42 N'mm
Run3 012 1.07224 N'mm

Run 4 7577.088 N'mm

Run 5 7817.719 N'mm

Run & 7640.783 N'mm
Run 7 8462.916 N'mm

Run &

822248 N'mm
Run 9

8113.987 N'mm
Run 10 0.26

7755 502 N'mm

Run 11 028 8510581 N'mm

v Friction Ef_

Effect Ty Stiction and Sliding
Static Co__ D.273rt@**_ —————
Dynamic . 0.25

Create Varable
Stiction T 2.0mm/s l_—l_ e

Joint Friction Coefficients

i reserved.

J\ ALTAIR



© Altair Engineering Inc. Proprietary and Confidential. All rights reserved.

fgiesfine Motion Contacts at Free Joints

WHY? * Quickly add multiple contact joints based on
pre-detected Free Joints

HOW?? | = Set Contacts find filter, click on free joint, click
accept, repeat... OR

» Box-select all free joints at once

/\ ALTAIR
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ggﬁne Motion Contacts at Free Joints

WHY? * Quickly add multiple contact joints based on
pre-detected Free Joints

HOW? ° Set Contacts flnd fll ier Edt Vew Sketch Geomety FobMesh PobNURBS impictModeing Smctre Motin Fuids DesgnBplorer Mandactre FPintdD Edensions Developer Rendemng @ q
accept, repeat... O|<4 @ 7> @ & QQ@@ ‘iﬁggw in / (072 0/8@9

®max

- Box-select all free j¢==

Define unknown
N (free) joints

z

» @GETEED D

& MMKS@migNs)
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FMU Export

WHY?

More freedom in representing multibod
systems inside Twin Activate

© Altair Engineering Inc. Proprietary and Confidential. All rights reserved.

Signals Setup || MMKS (mm kg Ns) foiiiiiiioioioiiiinininiiinininnnnnninnn

Input | Output
+ 1
Entity Type Entity Name Component
Motors Motor 1 Angle (Desired)
y Matars Mator 1 Speed
Mators Mator 1 Torque

HOW?

Under Run Settings, Export, use the

Input/Output Signals table to define the FMU

inputs and outputs, and export an .fmu

block
I— -_— oy
Apply to -8 @ FMU Block Twin Activate Co-Simulation State Space Matrices

— el

Reference Frame

Export Close

Mator 1 - Command Signal (Angular Displacement

Motor 1 - Command Signal (rad/s)

Mogor 1 - Command Signal (Angular Velocity’

Motor 1 - Command Signal (Torque!

Iotor 1 - Override Embedded Signal

Motor 1 - Embedded Signal (rad/s

Scope

J\ ALTAIR
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Display Joints as Detected Features

WHY?

Easily and quickly visualize the features of the
joint that bear the loads for use in Analyze Part
or Flex Body Connection Radius

HOW?

While editing a joint, click on the Show Detected
Features to toggle the view of the joint between
the kinematic representation and the associated
geometric feature

© Altair Engineering Inc. Proprietary and Confidential. All rights reserved.

" HexBody Connection Radius
Ovenmide __ -
Connection Radius y  Ertire Feature 1
L

. 1
DA K@y

/\ ALTAIR



MOTIONVIEW / MOTIONSOLVE
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Improvements for cable modeling

WHY?

Consider cables, wires, and hoses early on in your
design.

Detect interference, kinks, and estimate range of
motion

WHAT?

Users can model highly flexible slender elements in
contact with their surroundings

Define Deformable curves on Polybeam
Deformable Curve contact

HOW?

17

During polybeam creation:

Add deformable curves

Define radii along the curve
Define contact between curve and rigid/flex bodies

# W] 0+ | Sodyv | M Coble_Support1(1) | = | Detomoble Cuve | Il Detomab. hc0 () | -

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.
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System definitions in Entity Browser

WHY? * Enhance the workflow for System definitions
» Easy to store and access definitions
» Support for customer libraries

WHAT? | = Save Systems into the Entity Browser
» Access them easily to instantiate in any model

HOW? * Build a model with Systems
» Use right click option to “Store System Entity”

Session ‘Model Y Graphics~. Entity Browser BECEA X

* Fill in details along with an icon image a B e Tl ning, G35 e Ui L Sy

+ To restore, double click on the icon in‘the Entity> p /

Actuator

|9 DataSets (2 ock sys
Browser A
; C°‘"‘S a Create packed system x
et Anal Expand All Children 2 General Properties

o o Pl =
B :) Filter Selector Type Default Variablename

: Select Objectand Dependents Auor

L]

*-Required inpuls o create the packedsys

cuF2

18 ’ 2\ ALTAIR
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Enhancements
FrequencyResponse

* Frequencylnput capability has been extended to provide non-linear inputs such as a Curve or an Expression

77777 Entity Editor - Frequencylnput 3
Name Value
= General
Label Frequencyinput 0
Vamame: f.0
1D: o
B Active
Body. T @ Wheetet --
Origin Sifbam bl
Refarince Marka [ <A GlobwiFrama -
~ Properties
Type: Displacement
Ampliude Type: Expression
Expression (amplitude)  STEP(FREQ.0.1.20,100.
Phase Angle Type: Linear .
Linear
Value (phase_angle) kot
DOFs Spline3D
B x Expression
Oy
0Oz
O Rx:
O Ry
0 RZ:
: = = - Appearance
Type Displacement | v | B viible
: Amplitude  |0.1.20,100,100) ~ Notes & Tags
 Phase Angle 00000 ] Note:
—_— |8 Anachment Candidates
S IsesiLz
‘0 e O rRe [0 R

19 J\ ALTAIR



MotionSolve — RealTime for Vehicle

WHY? + Speed up simulation time without sacrificing accuracy

WHAT? + Solve small car/ truck model in realtime

HOW? » Speed up simulation using Proprietary Method
* 1-click automatic real-time simulation
* Run large DOEs, Optimization

MotionView

MotionSolve
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Steps to Run MotionSolve-RealTime from MotionView

tepoit  Vehicle Tools _Custom Wizards

GCa &0

Librares Events Road Tools  Leaf Sping  Updats modt
CanSmall truck - Model Type 1%
Page 1of 7

Select the model type
& Frort end of vehicle
© Rearend of veficle
€ Full vehicle with drver
€ Testrig
€ Powertrain model

Reset Selection | Message Log <Back Neat> Cancel

Select :
Build
Car/Small
truck Library assembly

sport Vehicle Tools  Custom Wizards

Eaee aveg )}

Libraries Assembly Events Road Tools Leaf Sping  Update model  Track Builder R

Madeling Tools

Setwizard library

Wizard lbrary [cawsmal wick ~]
Assembly wizard file: Iﬁ‘ C:/Program Files/Alair/ 2024 rwdes ktopeh/mdl/mdlib/modsl_wizard wad
Task wizard file: Iﬁ‘ C:/Program Files/Alair/ 2024 rwdes ktopehin/mdl/mdlib/task_wizard wzd

WDL standard nelude fie: || C./Program Fiesdahain/2024/Mwsdesktopshn/meimdlin/std inc.mal

Wizard lbrary directory: [ ce/Prooram Fiess i 2n24 mwsdeskrapin maimdiin

Repott log fle: [ e userssozneshs . repans

|

Entity Editor - Double lane change x
Name Value
~ Simulation settings
+ Analysis Parameters
Prnt inerval: "0.0100

" Advanced

Run

Add dynamic MotionSolve

in RealTime

event

Entity Browser BECHA X
4+ = Entiies » VehicleTools » Events ¥ Car Truck

e a8 a

BrkinTum ConstRadius {Daublelane JTumSteering
PulseSteering PwrOff StrLine RoadCourse SingleLane

/\ ALTAIR
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Example
Vehcle CG Displacement (m) - Y
* A two-Door Sedan model is built from car/small truck wizard
« The model comprises 383 kinematic degrees of freedom and
19 additional states
RMS Error — 0.08%
Vehcle CG Displacement (deg) - Roll
Simulation wall time — 40.1 sec Simulation wall time — 7.7 sec RMS Error_lm1e_21%

22 J\ ALTAIR
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Frequency response analysis enhancement

WHY? * Understand how a system reacts to excitations of
different frequencies and amplitudes

* Important for NVH analysis to identify potential
issues like resonance or instabilities.

WHAT? | = Frequency Dependent Force/Torque

* Modal participation factor

» Kinetic energy, dissipative energy, and strain
energy distribution.

» Transfer path analysis

HOW? * Add Force_FregDependent with FFOSUB

* Add write_mode_factor in Param_FreqResponse

* Add flag write_energy _dist in
Param_FreqResponse

* Add pfpath_flexbody id in Param_FreqResponse

23 Taurus model, flexbody vehicle A ALTAIR
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mkb matrices from Linear

» To represent the non-linear mechanical system at

. N . . . . % Mass Matrix = £ x £
the operating point in a continuous time-invariant Mas=
linear mkb format for stability analysis, control 5.00000000000000010E-04  0.00000000000000000E+00;
design and FE modeling. 0.00000000000000000E+00  1.00000000000000002E-03] ;
* MotionSolve calculates the Mass (.mas), _ _
. . . ¥ Stiffness Matrix = 2 x 2
Stiffness (.stf), and Damping matrices (.dmp) 5tf—-l[- farrix "

written file in oml and matlab formats similar to

. 1.80000000000462350E+01 -7.99959999956070166E+00;
state space matrices.

—T.99999599995960TT2T71E+00 T.995999599995960T01lecE+00Q]

* To enable mkb matrices from a linear state space
analysis use write_mkb = “true” in Param_Linear
statement

» These matrices are used for further processing in
Compose/Matlab or as inputs to FE model.

$ Damping Matrix = 2 x 2
Dmp=
1.799999937499999598E4+00 -7.99999937499599980E-01;

—-7.9595855937459598580E-01 7.5959558537495859580E-01] ;

24 J\ ALTAIR
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Higher Pair Force Contact - Deformable Curves, Deformable Surfaces

WHY? * Provide computational more efficient contact
definitions compared to the more generic
Force Contact

WHAT? | = higher pair force to define contact between
deformable curves, deformable surfaces and
graphics

HOW? * Using Force_PTdCV, Force_DCVCV,
Force DCVSF, Force_ GRADCV,
Force GRADSF

i
i

s Modet s s 1 Modeh
Transent:Time 000000 rame | Transnt:Teve =000 Frame Transnt:Tene =000 Frame 1 Transent:Time 000000 rame |

< >

Force PTdCV Force_ DCVCV Force GRADCV Force_ GRADSF Force DCVSF

25 /\ ALTAIR
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Jupyter Notebook for plotting results

WHY?

Provide an alternative to traditional reporting tools.

Lightweight, customizable and programmable.

WHAT?

Vehicle simulation reports in Jupyter Notebook.

HOW?

27

Auto-generated using result files.
Invoke the report from MotionView.

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

‘:Jupyter Frnt_susp_Run_comp_knc_0 (unsaved changes) A Logout

File  Edit  View

+ % @ B 4 ¥ PR B C W | warkdown v @

Index

« Ride Test: Toe

« Ride Test: Caster

« Ride Test: Camber

« Ride Test: Longitudinal displacement of WG
« Ride Test: Lateral displacement of WC

« Ride Test. Vertical force vs. Wheel travel

Ride Test: Toe

Left Whee Vertical Displacement (mm)
Lo

Insett  Cell  Kemel  Widgets  Help Trusted

| Python 3 (ipykemel) O

Ride Test; Toe

Left Wheel Vertical D) vs. Toe Right Wheel Vertical Di 5. To
0~ LA
0 \\ N
n ~ \
aN{ N
0 S N
e
-10 z -1
20 = HE
. E 3
30 -0 \
— Fnt_susp_Run,_1_knc_0.pit - [LEFT TOE] o — Fmt_susp_Aun_1_kne 0.pit - (RIGHT TOE] S
-0 Fint_susp_Run_2_knc_0.pt - [LEFT TOE) N -5 Fmt_cusp_ Aun_2 knc_0.pt - [RIGHT TOE]
12 -0l -0o8  -0os  -004 -002 o000 o0 <12 010 -008 -006  -004 002 000 002 004

Out < Left Toe (deg) -> In Out <- Right Toe (deg) -> In

J\ ALTAIR



Jupyter Notebook for plotting results

What is Jupyter Notebook?

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

An open-source web application that allows you to create and share documents
containing live code, equations, visualizations, and narrative text.

Jupyter Notebook reports are available for
* Full Vehicle Events with Altair Driver.

Vehicle Tools

Suspension KnC analysis (with SDF).

BTG

Road Tools LeafSpring

Update  Track Builder
maodel

Tools

Report

Solution

28

Z Jupyter Reports are add-on. These do not replace HV/HG reports.

/\ ALTAIR
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Jupyter Notebook - Plot

M Altair MotionView 2025 - MotionSolve

- o X

File Edit View MotionView Assembly Geometry Model Analyze Report Vehicle Tools Custom Wizards ® Q Uniled> [J [ ¢ 10f1 ¢

Pe LL P EBGEE AVEE

Files Measure Move Check Data Libraries  Assembly  Events Road Tools LeafSpring Update  Track Builder Run Report  JupyterReport | HyperStudy
Summary model
Home Modeling Tools Solution Optimize
Session  Model N e Entity Browser  Entity Editor
*
Search Q Name Value
Objects Varname D
- i © Model the_model
+ @ Bodies (1)

+ |E DataSets (2)
+ A, Markers (1)
© Points (1)
v A Vectors (3)
f# © Default Analysis ana_default

L Ground Group Ground_Group
+ @ Misc sys_misc
Message Log ~ Python Window
* Fitter. | €3 Eror(0)|| 45 Waming(0) | & Info(0)
Time Product | Message
Ready

29 2\ ALTAIR
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Motion ratios (Spring)

WHY? + Important metric in vehicle and suspension design.

WHAT? * User-sub based output requests.

HOW? * Integrated into the vehicle assembly wizard.

o
@
S

o
0

Motion ratio (Spring - FL)
o o
& 8

o
Y
®

o
=
<

0.46

35 40 45 50
Wheel displacement [mm] (Jounce >>)

30
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Anti-squat/dive outputs (2W)

Squat
WHY? + Important metric in vehicle and suspension design.

WHAT? * User-sub based output requests.

HOW? * Integrated into the Two-wheeler vehicle assembly
wizard.
Acceleration Event Braking Event
15 44
10 -46
—_ 48
8 s g
§ g 50
g 3
5 5 52
s <
54
o 56
15 58
“0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0 0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5 5.0
Time [s] Time [s]

31 *Available for 2W models built using the assembly wizard.
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CD-Tire updates: re-sizing, MF++, licensing

WHY?

» Features supported by Fraunhofer CD-Tire.
» Useful design tools for quick performance estimation.

WHAT?

 Official support and documentation for re-sizing feature.
 Official support for CD-Tire MF++.
» Updates to the license checkout logic.

HOW?

32

* Re-sizing feature: Include re-sizing block in the tire property
file (or in the control file).

* Magic Formula tire: Browse the CD-Tire MF++ tire property
file in the vehicle model.

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

[TIRE_LAND_RIM_RESIZING]

TIRE_LREF = 245/40R18 #Reference tire
specification

RIM_REF =18x8.5 #Reference rim
specification

TIRE_LNEW =265/40R18 #Target tire specification
RIM_NEW  =18x9 # Target rim specification

AIR




THANK YOU

altair.com
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