@I—GRADE

VI-MOTORCYCLE AND VI-BIKEREALTIME:
VI-GRADE'S SOLUTION TO MODEL, SOLVE
AND IMPROVE MOTORCYCLE PRODUCTS




VEHICLE DEVELOPMENT CHALLENGES TODAY (@

TIME TO MARKET DEVELOPMENT COSTS COMPLEX SYSTEMS
INTEGRATION

DEVELOP LESS PROTOTYPES AND COLLABORATIVE
IN LESS TIME TESTING DEVELOPMENT PLATFORM
AMONG THE INDUSTRY




DEVELOPMENT CHALLENGES TODAY (@ /-
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VEHICLE MODEL

A detailed vehicle model with all its subsystems
and components.

ROAD MODEL

A detailed and realistic road model, reproducing
the exact test conditions.

RIDER MODEL

An advanced virtual driver model to reproduce any open-
loop and closed-loop maneuver.




SOFTWARE SOLUTIONS

VI-Motorcycle
o Full multibody model

o Based on Adams
o Fully parametric
o Implicit Solver

VI-BikeRealTime

o Multibody model

o Predefined bike layout
o Explicit Solver

o Faster than real-time




VI-MOTORCYCLE:
« FULL MULTIBODY DESIGN
‘ i ;’ « SYSTEM INTEGRATION AND SIMULATION
VI-GRADE

FOR VIRTUAL SIGN OFF




VI-MOTORCYCLE (G-

Vehicle data Stability Traction/braRing

Comfort Durability

Control Systems

DOE & Optimization




VI-MOTORCYCLE VEHICLE MODEL

Vehicles types:

* 2,3, 4-wheels tilting vehicles

Models include:

* Compliances, rigid & flexible bodies

*  Control systems

e Human rider

Simulink:

Out Var 1
Out Var 2

Out Var 3
Plant Input

P Plant Output
o . >




VI-MOTORCYCLE VEHICLE MODEL (@

Rider
* Fully parametrical

» Different postures available
» Estimationof mass andinertia properties
« Control mode on rider movement:
o Open Loop (time, track position)
o ClosedLoop (vehicle states)
* Anthropomorphic Articulated rider

o 16 segmented moving parts




ENVIRONMENT

Template Builder

* Build and modify vehicle
components

* Create topology and relation
between parts

* Define the model parameters and
parameterization

Standard Interface

the available databases
* Modify vehicle parameters
*  [Run Simulations

Post-Processor

* Review results
 [Review animation
* Analyzeresults

 Create subsystems based on templates
* Assemblevehicle usingcomponents from

[ ey VI-Motorcycle 2021r2p2.2022.1

File Edit View Build Settings Tools Help

__progressive_to_frame

Browse  Groups l F\\ters}

+ Hardpoints

+- . Construction Frames
+- Parts

+- Attachments

+- - Force Elements

+- Parameter Variables
+- 1 Communicators

+- Elements

+- 1 Outputs

#- All Other

|Search

@:\\ Select

~
(| R metorcycss impuiswe steenng terqus amslysis

File Edit View Tools Help

mimation =] [¢ & @Y M B R

+_WCY 2POSTER TESTRIG

= _WCY_EPOSTER TESTRIG

+ [Ja_MCY_DROP_TESTRIG
«[Js_MCY_RIDER_TESTRIG
«[J_MCY_SUSPENSION TESTRIC
«J_MCY_SWIT_TESTRIG
+__WCY VIRIDER_TESTRIG
«/_WD|_TRE_TESTRIG

~[page 1

< |

Name Fiter [+

- |
K4l O Cure 2| i M
Animation | View | Camera | Recon | Overay | Appearance | Contour Plots | Veclor Plots | TieiFoad | Hot Spots |
Display Units [ Frame ~|  SpeedControl 4] v Display Frame
Frame Increment | 1 2 Trace Marker | I™ Superimpose Mods! Input
Star [1 End [174 Component | ¥ Include Static Hext Static
Loop [Forerer =] TeiFemes [o I Include Contacts  Next Contact
Animation Type | Time Marker =] Trail Decay Rate ¢ |

Poge 1of 1




VI-MOTORCYCLE ANALYSIS

[ﬁ Suspension Analysis

SO * |nvestigate the elasto-Rinematic behavior of the
suspension sub-model by moving the tire contact
patch along the vertical direction




VI-MOTORCYCLE ANALYSIS

Two-Poster Testrig

= * |nvestigate vertical dynamics by
exciting its suspension
subsystems

* Frequency Response Analysis
e Durability Analysis

00 19 "
oo 50 100 150 A0 %E 0 100 50 10
Frequency HE Fraquency Hr




VI-MOTORCYCLE ANALYSIS (@S-

Six-Poster Testrig
* Excites motorcycle dynamics
* Stiffness/Compliance analysis
* Frequency Response analysis
9 actuators per wheel
o 6 actuatorsin wheel center (3 tra + 3 rot)
o 3 actuatorsin theoretical ContactPatch
(3 tra)
» 6 actuators on an additional part (3 tra
+ 3 rot)
* Analytic / time history input data
* Multiple testrig connections
o  Fixedjoint on engine part
o) Revolute in swingarm pivot + hub
constraint




VI-MOTORCYCLE ANALYSIS (@S-

Full Vehicle R & H Analysis
Straight running

Steady state cornering

Figure eight

Straight BraRing/Acceleration
Cornering BraRing/Acceleration
Instant braRing

Straight weave and wobble
Cornering weave and wobble

)

Vibration Mode Analysis B

VBN U AWN -

1
=1 RPNX1000 4, ~
.

10. U-turn

11. Lane-change

12. Slalom

13. FRF Analysis

14. KicR-bacR

15. Handling course

16. Racetrack simulations




VI-MOTORCYCLE SIMULATIONS

‘ Examples of predefined Full Vehicle analysis GUI:

Straight Line Analysis

Steering Test

|Assembly Variant default j -l
EOutput Prefix

IEnd Time 10

Mumber Of Steps 1000

Mode of Simulation

files_only j

ey Steering Test >

Full-Vehicle Assembly I mcy_test w_driveline j
Assembly Variant Idefault j tl
Output Prefix I
End Time I 10

Mumber Of Steps |1[][][]
Mode of Simulatior Iﬁlea_nnly j
Initial Velocity 20 [ms -

e ‘CRC Analysis
Full-Vehicle Assembly
Assembly Variant
Dutput Prefix
End Time
Mumber Of Steps
Mode of Simulation

Tires Road File

mcy_test w_driveline

Idefault j ﬂl
|

|10
| 1000

Iﬁles_unly j

==
‘ﬂll mdids://matarcycle_shared/roads tbl/mdi_2d_

Turn Entry (30m)

Initial Velocity |1 [mis -]

| =
Tires Road File ﬁl

mdids://motorcycle shared/roads.

Turn Radius

¥ Maintain Speed (50m) Start Time |{25:.

1A

. - . = Turn Directi left +| Long Acceleration
Initial Velocity 15 I m/s j Tires Road File I'@lll mdids://motorcycle_shared/roads tbl/rr urn Hrection | '€ 9 IU'
Amplitude (360d)
Start Time 2s) Disturbance Type I Mone j Step Size (0.1m)
Long Acceleration 0 MNone
Impulse v Create Analysis Log File ¥ Create Road Shell Geometry
[~ Create Road Shell Geometry Sinus =
Function : OK Apply Cancel

v Create Analysis Log File ¥ Create Analysis Log File W Create Road Shell Geometry

= h=
‘- oK Apply Cancel OK Apply Cancel




VI-MOTORCYCLE SIMULATIONS v armans

Example of Outputs:

* Chassis parameters
o RaRe angle

115%

o Trail/Normal trail
o Wheelbase
o  Center of gravity
o Anti-dive ratio
. . X
o Anti-squat ratio :
o Anti-rise ratio
* Vehiclestates
. N [ e e e e
 Driver demands I
. 20
* [Powertrain outputs g " } / \
e e g =
? 0.0 Rt f r Y “'
« Components outputs
i 100.0 s = Yyt T r1.5E+05
Spri a0 e el e o oler damande Sioar oo
O prl ngS -40.0 = = request collecting rider controller demands. Throffle
0 " I "
o Dampers R BT HETCE
) 1;5 ; i [ 50000 E
o Bushings it : i g
ER bip= | tue
O e i
- 4o —lirecum.acuorcesin\SOcmldinal.Escsl.emIaniludinaljlrom S
* Tires sta0 ]| 7. ecanactores in SOcoodnate ytem laeral o,
-0 . ; .
o  Force and Moments WO g e gi .
. E oo {1 H :‘\‘L :'::‘k?‘ .:\"‘ : j\e{__.‘
o Rolling states : AP L
L 0.0 §
. - f I "‘I
o  Kinematics " ” K* I” -
[ ] -2000.0
""" 0o 100 a0 300 00 ;o 600 oo
Time (sec)




VI-MOTORCYCLE SIMULATIONS

Stability Test

The stability test is a user
configurable procedure for
submitting multiple straight
line time domain analyses

) Disturbance appliedto the

000

g0 handlebar

Calculations of stability metrics

Automatic post processing of results

350 dmp = ln(abs(ﬁ]]
e T x Pmon 7y,
4 O “*n
max
12.5 4
L AN —
EJD.D‘ \
=
X3
=325 4
N min —— Disturbance end
. .1.5 I 2.1‘25 I 2.5 2.?"5 I 3.3‘?5 4.0
Time (zec)

s VI-MCY Stability Test ==
Assembly | mey_test_w_driveline j
Output Prefix |
ez |
Tires Road Data Fila N |md|ds:h’mntnrcycleisharedfrnads,tb\ﬂmdljdiﬂat,rdf
¥ Create Loadcase ¢ SLO File
Speed ‘ Disturbance ‘Amplltude ‘ Duration | End Time |Act Time Appenc
1 |3.0E+004 sinus 5.0E+004 05 5.0 2.0 Edit
2 |3.0E+004 impulse 5.0E+004 05 I X
3 |4.0E+004 sinus 3.0E+004 03 50 20
4 | 2 Delete
Qutput Channels
OK Apply ‘ Cancel
Variations Parameters Variation ‘ Effect on Wobble ‘ Effect on Weave
- - all [+ all - high + -

chassis geometry

front-end

front wheel
rear wheel

engine + gearbox

damping

structural stiffness

tires

luggage

parameter 01
parameter 02
parameter 03
parameter 04
parameter 05 l
parameter 06
parameter 07
parameter 08
parameter 09
parameter 10
parameter 11
parameter 12
parameter 13
parameter 14
parameter 15
parameter 16
parameter 17
parameter 18
parameter 19
parameter 20
parameter 21
parameter 22
parameter 22
parameter 23

WEAVE stability roll rate decay rate, value vs Speed

4| = =Baseline

-Constrains:
- Wheelbase = constant |
- Rake angle = constant |
- Ride hight = constant |
Py

4
165.0 170.0

175.0 180.0 185.0 190.0 1950 200.0 2050 2100
Speed (km/h)




VI-MOTORCYCLE SIMULATIONS NERvE (@

Vibration Modes Analysis

Vibration modes can be animated in [Post-Processor

Running multiple analysis at different speeds

Root-locus plot

WOBBLE

Imaginary Part vs. Real Part yrr Y
= mhr
Root Locus at End Time VX
25.0
~—
- e
20.0
% = 130.0 km/h
% = 140.0 km/h
L] 150.0 km/hi
T 160.0 kmihy
I . vx = 170.0 kmihi
= 15.0 - - vx = 180.0 km/hr
k= L'y =190.0 km/hy
& Y :i = 200.0 kmihr
] Celt ‘o
B 100 L R .
© - .
E .
]
5.0 1 -t
. oo
0.0 e !
-10.0 -9.0 -8.0 -7.0 -6.0 -5.0 -4.0 -3.0 -20 -1.0 0.0 1.0
Real Part [Hz]




VI-MOTORCYCLE SIMULATIONS

PressManeuverMoto (slalom)

| tgey Press Maneuvers >
| Full-'Vehicle Assembly | mcy_test w_driveline j
5) Genetic algorithm identifies | Assembly Variant |defau|t jﬂ
) best combination of | Output Prefix |
trajectory and Veloci[y [ Maneuver Type | Slalom {14m) j
(maximum) featuringa no Refinement 1 -
cone hit situation | Output Step 001
Simulation Mode background - |
| Road Data File | mdids://motorcycle_shared/roads_tbl/mdi_2d !
Initial Velocity |11 (ms  ~]

Learning: collect data from -
vehicle dynamics e (0.5(m))

[ Advanced Settings

Max Speed | 0 | m/s J
; WVDF Template |
Adapting: using -
information coming from
previous trials, updating Debug Mods - =

‘ v @
¥, /1 RPM x1000 %
the speed. oK R Cancel ;

the trajectory and pushing




VI-MCY SIMULATIONS

‘ Durability Simulations

Components load prediction for
durability analysis

200000

—tis_wheel_tire_forces morma\_fromJ

15000.0

10000.0

Force {newton)

Simulation of special events:
Running over a curb

* Sequence of potholes

* Jump

* Wheelie

* Stoppie

5000.0

OODD 50 100 150 200 250 200 350

Time {sec)

o [’'SD road data or deterministic
Z@’ disturbances can be added to smooth
3D road profile




VI-MOTORCYCLE SIMULATIONS

Racetrack Simulations:
3D track reconstruction
» Trajectory and speed from GPS

and telemetry data

* Tire residual forces computation:
VI-Tire Limits Module



VI-BIKEREALTIME:
« MULTIBODY DESIGN
« SYSTEM INTEGRATION AND SIMULATION
FOR VIRTUAL SIGN OFF




VI-BIKEREALTIME

Analysis

VI-BikeRealTime

45000.0

40000.0

25000.0

VI-BikeRealTime DB o

20000.0

15000.0
0.0




VI-BIKEREALTIME VEHICLE MODEL

&%

Vehicle Model: the motorcycle is modeled using 11 dofs
defined as follows:

6 for chassis part l

1 for relative translation between upper
and lower front forR

RideHeight Ref
Frome

....... T}
RideHeight f :,l A S O.I' :%
N . . 1 'r ' ] Frome .' "’
1 for relative rotation between chassis waxrors g e ] 1
and swingarm part spper length

1 for relative rotation between front
wheel and lower forR part

1 for relative rotation between rear
wheel and swingarm part

1 for relative rotation between pinion and chassis

The steering dof is controlled via motion




VI-BIKEREALTIME VEHICLE MODEL (@S-

‘ There are three variants to the Standard Model:

- uses wheel displacement curve and progression curve as a
function of vertical wheel displacement for both front and rear

Conceptual suspension, no linkages are present

— any type of suspension can be modeled

Direct Shock

Progressive
LinkRages




VI-BIKEREALTIME GRAPHICAL USER INTERFACE (@

VI-BRT GUI:

* Front Suspension Setup

* Front Suspension
* Rear Suspension Setup
* Rear Suspension

*  [Powertrain Setup

* Frame

« Additional Parts
* Wheels

* DBrakes

* Aerodynamics
*  Transmission
e User Sensors

* Simulation

* [Post-processing




VI-BIKEREALTIME SIMULATIONS (@S-

Simulations panel

gy VI-BikeRealTime

* Dynamic Analyses
(VDF)

* Suspension Analyses
(test-rig)

Dynamic simulation Testrig simulation SpeedGenMoto simulation MaxPerfMoto simulation PressManeuverMoty 4 | #

* SpeedGenMoto
(speed static profile
evaluation)

* MaxPerformanceMoto
(compute bikRe max
performance)

*  PressManeuverMoto
(compute bikRe max
performance)

3~
e N




VI-BIKEREALTIME SIMULATIONS (@S-

Simulations panel

° Dyna m ic An a Iys es 1 estrig lation SpeedGenMoto simulation MaxPerfMoto simulation PressManeuverMot( 4 | ¥
(VDF)

* Suspension Analyses
(test-rig)

*  SpeedGenMoto
(speed static profile
evaluation)

* MaxPerformanceMoto
(compute bikRe max
performance)

*  PressManeuverMoto
(compute bikRe max
performance)




VI-BIKEREALTIME SIMULATIONS (@S-

Simulations panel

*  Dynamic Analyses
(VDF)

* Suspension Analyses
(test-rig)

* SpeedGenMoto
(speed static profile
evaluation)

* MaxPerformanceMoto
(compute bikRe max
performance)

* PressManeuverMoto
(compute bikRe max
performance without
hitting cones)




VI-BIKEREALTIME MODULES (@S-

Additional Modules:

* VI-EventBuilder for creating and editing event files
(VDF)

* VI-Riderthe advanced rider model for vehicle
lateral/longitudinal control

* VI-Tire the interface to the tire model

* VI-TireLimits for checRing tire file (TIR) performance
* VI-Road for road data file (RDF) management

* VI-Animator for results post-processing

* VI-BRT Matlab/SimulinkR cosimulation for
cosimulation with controls systems developed in
MATLAB/SimulinR




VI-MOTORCYCLE 2024.2

WHAT'S NEW

 FMU Export (FMI 2.0)
* S|Mulation WorkRbench®- VI-DriveSim
* FMD file to configure I/0O interface
» VI-Motorcycle Solver for Linux

VI-GRADE

tae VI-Motorcycle 2023r4,2024.1.0 - m] X
File Edit View Adjust Setup Simulate Review Settings Tools + Help Controls

DOE Interface

4

.mey_test_w_driveline

- Bl F Interface * | Real Time Analysis Functiona
Browse  Filters |

Cycle Suspension Analysis * General FMU Export MOCk'Up
Eull-Cycle analysis nterface

[+ Subsystems
-7 All Other

oy FMUE

Assembly Name I mcy_test_w_driveline

Assembly Variant I default
FMU File Prefix
FMU Definition File

Adams Model Properties

[ Support DriveSim

Select Adams Model > Adams FMU : |ivigrade/adams_RT/coast_straight_OL_vdf.fmu
Model name : coast_straight_OL_vdf

Generation tool : Vi-Motorcycle 2023.2

Model Variables :  “jnputs | Outputs | Model Parameters | Adams Parameters |

Type | Data Type |Includ.., w|Data Iog.. | Deseri...| Variability |initial Units
Output double
Output double
Output double
[Output ie
Output [double
[Outsut |double
Output double

Model Info

Name
i_CarRealTime Outputs ges_chassis_XFORM X
CarRealTime Outputs
i_CarRealTime Outputs

RRRRREERE

Output

e alTime Outputs » ]
t double

RRERRRRRIRIKIER

rRealTime Outputs whi_front_whee Continuous
rRealTime Outputs whi_front s F double v [Continuous| il
rRealTime Outputs. whi_front_wheel_XFORM Theta Output [double v Continuous, =
1 — T rpr e -
Generate RTDB > Model RTDB : RTDB | > Group : |default -
L ) |
[] Mew RTDB

Install Adams Model > |




VI-MOTORCYCLE 2024.2

WHAT'S NEW

 New Electric Powertrain Template

 E-motor
 Torque Map
* BrakRing Map
» Coasting Map
 Regeneration

« Battery Model
 Charge/Discharge

e Custom Dialog Box

VI-GRADE

{aey Powertrain Parameters X faey Powertrain Parameters X
Powertain Configuration Powertain Configuration ‘Manual Gear Shifting j
Matar I Clutch | Gearbox 1 Battery Motor 1 Clutch 1 Gearbox ~ Battery I
Type Lead-Acid ~| Resistance [Ohm] 1.95E-02
Ti Map P rty Fil il é
TR ElaplEarEyaE Imdlds,d‘/pnvsted‘pnwenra\ns,tb\ﬂtest_e\ecmc_ma[ Voliags [V] W State of Charge ’0457
Braking Map Property File dids://private/; i tblftest electri
[elcs- Tprvale powertrans el _#ecic_mar Polarization Constant [V/Ah] | 1. 456E-03 Exponential Voltage [V] 3.9883
Coasting Map Property File |mdlds:d‘/pnvsted‘pnwenra\ns,tb\ﬂtest_e\ecmc_ma[ @
idle Speed Rpm W e W Max Battery Capacity [Ah] |25.0 Exponential Capacity [1/Ah] | 1.6667
Front Req. Braking ’”7 Rear Req. Braking ’mi Response Time 10.0 Max Peak Current [A] 1500.0
oK Apply Close oK Apply Close
455 10
Exponential zon¢ for
45.0 . Lead-Acid, NiMH, NiCD 09
08
445 07
[ —
%44'0 Discharge 06
E435 ) 1 05
2 100 [}
430 State-of-Charge (%) 04
03
425
0.2 =
420 04 | — BatteryInternal. Regenerative_Mode
— Batterylnternal SOC
e 0 111
00 100 200 30.0 40.0 50.0 60.0 700 0.0 100 200 300 40.0 50.0 60.0 700
Time (sec) Time (sec)
2504 1000 750
= 90.0 g
2008 800 60.0%
2] = el
b e 700 U‘ o,
= =3
E150 = 600 1| 450E
éig 1E 500 i t §
21008 400 L F30.0g
B 2 300 u' i }t i E
2 50 ° 200 : "M — Driver_demand.Throttle 5 02
= .
e = i | - -Driver_demand.Brake_Front g
100 i b --- Driver_demand . Brake Rear
00 0.0 T—T—T 0.0
00 100 200 30.0 400 50.0 60.0 700
Time (sec)




VI-MOTORCYCLE 2024.2

WHAT'S NEW

e Based on Adams 2023.4.1

 Event Browser Integration
* Fingerprints
« Automatic Plots
* Replace Assembly in Events

* Bug fixing

VI-GRADE

| .mecy_test_w_driveline j 4

Browse  Filters ]

- Subsystems
*}--Eﬁmcy_body_geometry
*}--E}ﬁame_test
%--E}brake_system_SD
fr--E}driveline_w_chain_eﬁe
*}--Eipowertrain_test
*}--Eiparametric_rider
*}--Eirear_susp_std
+-[frear_tire_test
+I- ffront_susp_test
+-[ ffront_tire_test
=+ All Other

+- Adams Strings

+- Analyses

+-— Simulation Scripts

‘.-% & Event Browser = [m] *

fp_full_vehicle

€% t2 b: Run 4

G 13 to T  Generate Report |

& t4 eic

@@ t5_cn Madify... Generate Plot *» Create New Plots

| = fp_testrig  Info -
& 1t Add to Existing Plots

% t12.s  Copy
@ 113 d

Move 4

Rename...
Delete

Edit Files »

< |

|Search

—
@ Open the Event Browser; double click to close

%

ﬂ|private =%‘ ‘—i—é‘ @| i’




VI-BIKEREALTIME 2024.2 - arane

WHAT'S NEW

| Gmn VI-BikeRealTime = O X

« FMU Export (FMI 2.0.3) File Edit Sctup View Smulation T
NI Linux Real Time Tree View
 Event as cosimulation tool-coupling
* Dialog box to configure I/0 interface

Setup list
vibike_direct_shock

brake
frame -
ne FMU name Obfusc Indude

chain in VD ver_controls, thl/straight_a

d data file n : s : t.rdf
rencePart data e ffvibrt_: fflat.re
ontainer tegration step

imulationEvent Output step

Output type ' Matiab PiTo Tabular

F
|

| e VI-BikeRealTime - Channels ? X

MI Lirux

ce_drag
amic_aereo_force_lift

User defined binaries folder

User defined resources folder

Functional
Mock-Up
Interface

n_rear_brk_mmag_si
n_rear_brk_rmag_unsign
rstern_rear_brk_pres
retern rear hrlke nrec nain

Input signals...

Fynart




VI-BIKEREALTIME 2024.2 - arane

WHAT'S NEW

Engine type Electric
RPM max
. RPM idle 2 0 *yibike_electric
* [Powertrain Enhancements Rear whee 2025, 5 _
. . Powertrain map ndi i : trains. thlftest_ele : Lidion -
* Electric Engine Crarkcinert 368,98 kg = S - =
Efficiency map d nstant [V/Ah] 001456
[ ] B a tte ry M o d e I Bearing drag map Max battery capacity [Ah]
. . . Front regenerative braking Variable
i AU tO m a t I C Tra n S m I SS I O n Rear regenerative braking Variable : ; :
Legenerati & * 1.0 :
i D U a I C | U tC h Longitudinal velodity threshe ” 1.6667

Max peak current [A] 1500.0

Exponcitial zone for
Lead-Acid, NiMH, NicD

2
El
=

< Charge

Discharge

State-of-Charge (%)




VI-BIKEREALTIME 2024.2

WHAT'S NEW

 New Output File Format: MDF4
 Based on ASAM MDF 4.0 Standard
* Writing: >10 times faster than XML
» Reading: >5 times faster than XML

tup list

electric

Parameters
Output file basename suffix

Simulation m

simulation

Output type ' PiToolb

ng ac

sing script

s | Driver Demands | Tire fio

—— vbike_electric

(

enMot

Tabular

wlation

asammdf

VI-GRADE
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