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~OVERVIEW A

« AMESImM : Advanced Modeling Environment for Simulations

Integrated simulation platform for multi-domain mechatronic
systems simulation

Powerful and user-friendly platform for modeling and analysis
Assess functional performance of intelligent, mechatronic
systems beginning in early development stages

Provide physical domain libraries for fluids, thermodynamics,
electrics, electromechanical, mechanics and signal processing
Video : AMESIim Overview
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https://www.youtube.com/watch?v=4VGyhsbaNdI

AMESIM ENVIRONMENT
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AMESIM ENVIRONMENT

The File toolbar

Figure 2.6:The File toclbar

Ded &

The File toolbar gives you access to four basic functions

-

Start a new system in order to build a sketch.

Open an existing system in order to modify or to complete it.

Save your system.

O ©@

Print your system

The Edit toolbar

Figure 2.7: The Edit toclbar

ADEBEXE 9¢ &

The Gut button allows you to cut the selected objects and to copy
them into the current system. into another one or into an auxiliary
system.

The Copy button allows you fo copy the selected objects to paste
them into the current system or into another one.

The Paste button allows you to paste the objects you have cut or
copied in the current system or into another one.

The Delete button allows you to delete the selected objects. Be
careful with this option, you cannot recuperate deleted objects.

The Create supercomponent button allows you to copy the selected
objects to an Auxiliary system window in which you can creale a
supercomponent from them.

The Undo button allows you to undo the last action performed.

The Redo button allows you to repeat the last action performed.

BI?NT| | X |B|F|x

The Find button opens the Find dialog box with which you can search
for a component in the sketch.

The Modes toolbar

The Modes toolbar changes depending on the mode you are working in. The available features of each mode are difierent.

Figure 2.8: The Modes Toolbar

4

In Sketch mode, you can build your skefch using the components that
are available in the categories. The categories are displayed in a
vertical toolbar on the left of the main window of AMESim.

L

In Submode! mode, you can choose the submodels you want to attach
to each component.

e

In Parameter mode, you can set the parameters of the submodels.
You can save the parameters from one submodel to use them for
another submodel. In this case, AMESIim will load only the common
parameters.

&

Simulation mode enables you to run a simulation and to analyze the
results of the simulation.

The Simulation toolbar

The Simulation toolbar gives you access to the options you require for running a simulation and analyzing the results.

Figure 2.9: The Simulation toolbar

FENEE X

The Temporal Analysis button is selected by default.

The Linear Analysis button enables a new toolbar to set up the linear
analysis process.

Run Parameters displays a dialog box in which you can set the
parameters of the simulation.

Click on this button to start the simulation run. At the end of the
simulation, a window displays the details of the run. This information is
important if you need to find out why a simulation has failed.

=
£3
@
e

The Stop button stops a running simulation.
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AMESIM ENVIRONMENT

The standard library

AMESim is delivered with a standard library consisting of three categories: |

Simulation: contains components for analyzing statistics of runs, IFP Exhaust: used to model exhaust systems, and study fuel
‘ﬂ’ét Selél?g SSIrSu\al\é)nl parameters, print intervals, interactive components consumption and emissions of vehicles.
and for 30 models.
Signal, Control: contains all the components necessary to contral, %%:%? Meist Air: contains a set of thermal-pneumatic and thermal-
[ |measure and observe your system. The Signai, Contrel category may 7% |hydraulic components for modeling systems dealing with moist air.

be used to create block-diagram models of systems.

Mechanical: complements other AMESim libraries. The Mechanical
4_\%'}:\ category is often used in isolation fo simulate complete mechanical
systems. Linear and rotary motion elements are included.

Planar Mechanical: used to model dynamics of bodies in two
dimensions.

Tl

The extra libraries Pneumatic: contains component level models to model large

‘You can complete the basic application with the following categories. The categories are available in the menu Modeling > Category networks, and basic elements to 085|gn complex pneumatlc
path list. When the Path List dialog box opens, you can select the categories you want to add to the path list from the available category components_

list. Then the category bar is updated and displays the available categories. You can display the category bar on the right, on the left or
on the top of the AMESim interface at your convenience.

You will find further details in the user manual of each category. Pneumatic Cnmpnnent Design' contains the basic building
blocks of any pneumatic-mechanical system. The interpretation of
the model layout is very easy and intuitive.

&

o]
04

%,n /Air Ceonditioning: used to model steady state and dynamic
f&ﬁ: behavior of air conditioning systems.

/Aeronautics and Space: used fo provide flight mission definition,
atmosphere models, sensors and power generation models for
assessing system performance in realistic conditions.

Powertrain: used to model systems such as driveline or complete
manual, automatic or specialized gearboxes, including vibration and
loss effects.

/Aircraft Electrics: used to model aerospace electrical systems.

Thermal: used to model traditional heat transfer modes between

/Aircraft Fuel System: a basic set of components dedicated to fuel A - A A . N
system applications. jéﬁ solid materials and to study the thermal evolution in these solids

when submitted to different kinds of heat sources.

/Automotive Electrics’ used to model automotive electrical
components

Thermal Hydraulic: used to model thermal phenomena in liquids
f% Cam and Followers: used to model cams and followers. and to study the thermal evolution in these liquids when submitted
to different kinds of heat sources and power sources.

:idD CFD1D: used to simulate gas flows in pipes and networks.

] Thermal Hydraulic Component Design: used to study the
Cooling System  allows you to combine madels for the cooling pressure levels, the flow rates distribution, the temperatures and
system. lubrication system. and exhaust system to study the N
complete thermal behavior of an engine. the flow rates evolution in the system.

e
]

Discrete Partitioning: used to divide big hydraulic systems into
smaller sub-systems. This makes it possible to run a simulation as
a form of co-simulation, improving simulation times.

Two-Phase Flow: used for modeling thermo-hydraulic systems
where there is a change of phase (liquid-vapor).

o
we!

@ Ele_l:tril: Motors and _Drive used to model electric parts of the car

[which replace mechanical and hydraulc actuafion. Vehicle Dynamics: is dedicated to ECU design, testing,
robustness and fault diagnostics, ride and handling, behavior

mi) |Electrical Storage: contains detailed dynamic models of electric related to steering s ste?ns behavior related to brgkin and pre-

L4 storage systems, enabling the representation of high frequency - ~ g sy: : 9. p!

T phenomena. sizing of vehicles.

B

%} Electrical Basics: contains the elements that cover basic needs . o . . _
ffor electrical components. £Z» |Vehicle Dynamics iCAR: is dedicated to chassis and subsystem

car  |specification, design and validation.

Electrical Static Conversion: contains the elements that cover
power electronics components for electrical motors.

off
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AMESIM ENVIRONMENT
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AMESIM ENVIRONMENT
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AMESIM ENVIRONMENT
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AMESIM ENVIRONMENT
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Start time Oseconds @ Standard integrator [C] Statistics
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kB
i:i Run Parameters lili-f h:l Run Parameters l‘éf
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SIGNAL,

Library tree

CONTROL

&
| More »

harmonics

Search:
Mame Descriptim Library Items - Signal, Control/All & - -
= |57 Favorites — —
- [+ Simulation b @ @ - T @ @ @ @ @
- HE Pons "
4 = Signal, Control ~~ . T
a g Al (- g{\} - o b
- constant constant s
~ signall2 square wa| —0F" b ib 1- - /b _, 1- thih L gl
signallZb pulse widt
pulse _freq_mod pulze freqy o = 4 + ! T
- step step signa il %@-} 9{%} @ _)'i -4 _)%t»
- ramp rarmnp sign ) .
- signald3 piecewise ,% -D ?- :,I x, x[:], ,|.+ frj; :' :' :'
- dynamic_time_table 10 table in v v P o
’ I:ll:”:k Signal tllTIE HENE [» S 5k HRASM > o =TS . 3 s 3 S 3 3 . 3 -
ook ) B 5P
- signall&
;.

Library lterms Library tree

Of0|2 22 B o2= HE
-

Library Items - Signal, Control/All -
m_ ) S,
i’
Lan C\ Add component,..
" Remove component. ..
@ ir Show Detalls. .,
Open Subrnodel,,,
@ Help
I S
£ by Copy Ctrl+C

;. ;.

» Mod. [

[

A

Cobnvriaht © 2016 Combputational Desian L ab. All riahts reserved

11



SIGNAL, CONTROL

ICON Description Simulink
Oz O b
Constant
Lb y(output)=a*u(input), a : gain Dﬁai:
1Hp - x| y=[udt oz y=2 Lip e p
dt Integratar  Derivative
. ¥ p, A=
P
R R R ARt @), L), o), o) el g O g
roguc Ivide um
Tl v} Tl v} Tl t Xl‘l - ;n.m:. h ; = b
o ' 7 : 7 o : H| & (and, or, less than, more than, equal) Logical  Felatonal
COperator Operator
(s ERER TR 1/ p
aaturation

MBS — BIE SHA BIE - AlS

of

Bl

}

Pux  Demux

* ".I,-' 10 Tiu) 20 Tu)
o N — R 5 !
= wrF : table(1-D) or map(2-D)¢j| 2|3l 2] I> >ﬂﬁ>
1-D Lookup 2-D Lookup
Table Table
N . o {u +]
gl AFBRFZL RIS 4 1
Fcn

Cobnvriaht © 2016 Combputational Desian L ab. All riahts reserved

12



SIGNAL, CONTROL

=
_*
o
><r\>
o

%
o =]
<

5
[l
_
&
2
Q

13

Cobnvriaht © 2016 Combputational Desian L ab. All riahts reserved


http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi8r6_WkOPOAhVFHJQKHXbwCr0QjRwIBw&url=http://ocw.mit.edu/courses/mechanical-engineering/2-003-modeling-dynamics-and-control-i-spring-2005/labs/lab_3&psig=AFQjCNHmAhEkVaemsOR3oDd-mUX0eVlRrg&ust=1472440001695031

CAE
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@ @i : Parameter Values

a W = M=10kg

o 0 ’:‘. ke [ 2 —_= b = 400 N/(m/S)
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MECHANICAL BASIC
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MECHANICAL BASIC

* =
FA

b4 =10 kg

K. = 100000 MNAm
b =400 MN/Am/s)

Mass Parameters

Parameters of mass_fricion2port [MAS004-1]

Q&

Spring&Damper Parameters @

Parameters of springdamper! [SDO000&-1]

@
Title alue Unit - -
@ welacity at port | 0 m/s Title Yalue Unit T
@ displacement port 1 0m spring stiffness mode numerical value
mass 10 kg spring force with both displace - 0N
coefficient of wiscous friction 0 WA spring rate 100000 I/
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F I t ] AMEPlat - 1 ? o[ E) S |
orce Inpu Ele Edit Yew Iools Help ©
P Zero speed Beaa ++4 OF o UDGY B
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n1¢
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010 ]
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MECHANICAL BASIC

Week6 Example
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y(t) = 0.2463e 1%t _ 0 09631583

= | El | )
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lo- eor® = @ & & @-

|
|
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MECHANICAL BASIC

-
M

(\TJ;)»-—G}:} =

Force Input Parameters

Parameters of step_2 [STEPO-Z]

2 @

Title Yalue Init
value before step 0 null
value after step 0 null
step time 0s

e @

£

Mass Parameters @

Parameters of mass_frictionZport [MAS004-1]

Title Yalue Unit
i#® welocity at port 1 0 mis
i#® displacerment port 1 0. 1% m
Mmass 9.072 kg
coefficient of viscous friction 0 MAmss)

coefficient of windage

0 Mg e

Mec. Model2 L E AR
Analyt|c Sol. 2 & 174

Mec Model Parameter 4}
ol =
H 7

Run 9! Za} 2ol
(AR A plot)

Coulomb friction force nm
Spring&Damper Parameters
Parameters of springdamper0] [SDO0004-1]
@ ‘
[KJ AMEPlot - 1 = | B S|
Title Yalue nit Fle Edt View Toos Help o
spring stiffness mode nurnerical value Baaa *a IDEEE‘ o DHBae &
spring force with both displace- - 0 M 016 = I
spring rate 889,96 M/m w6 —
damper rating 200 MACm s 01z
010 4
0,08 |
n,ns—:
Function Output Parameter "
Parameters of fofx [F=00-1] o uiu 05 L'DX: s s 20 25
@ o
Title Value

expression in---

0. 2463~exp (-6, 19+x)-0 0963 ~exp(-15, 83~x)
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MECHANICAL BASIC

2-DOF system (Week6 Case Study) @
. N = Fy(0 =3cos2 M =9kg,m, =1kg !
7 ._A\/\/l\/\/\_ W kl =24 N/ m, k2 =3N/m y
- TN S 4 i ¢, =2.4Ns/m,c, =0.3Ns/m™
‘1 @ | F,(t) =3cos 2t

* Analytic Solution (Steady State)

X, (t) = 0.2451cos(2t —0.1974) —0.6249sin 2t
X, (t) = 0.7354 cos(2t —0.1974) +1.8749sin 2t

Terminator
@—b cos(2u) | F1 v B vt F1— ’—b F1 vl — ’—b Wi Fil—
Fen
Fz 2 ’—b W2 Fz — F2 v2 e 2 F2 .'-J|E||

v

mass2 spring&damper2 mass1 spring&damper Terminator

Ground1 1
"5 []
Integrator
Scope
1

Intesgratord

2 |
|
|
|

g 1
|
|
|
I

100,000 |
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
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Parameter Set (Mechanical)

L

MECHANICAL BASIC

X

CAE

2-DOF Mec. System 174

Yo

+ =
rA

Fix)

e IEA

ciki ML ok

m, =9kg,m, =1kg

kK, =24N/m,k, =3N/m

M2

(7)< 00t e@ @_)

F2

fix

A K2 Analyt|c sol. function /4

c,=2.4Ns/m,c, =0.3Ns/m

F,(t) =3cos 2t

Parameter Set (Analytic)

x, () = 0.2451cos(2t —0.1974) —0.6249sin 2t
X, (t) = 0.7354 cos(2t —0.1974) +1.8749sin 2t

parameter gt 1=

FO|

—

ot

Run & Z 1}

J

— mass] - displacement part 1 [m]

— mass? - displacement part 1 [m]

[rnull] — anal_1 - function of input % [null]

— anal_2 - function of input % [null]

2n
1.5
1.0

I | M

# Time [=]

*: Time [s]

@ 2 blocko a2
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I
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|
|
|
|
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ELECTRICAL BASIC

Library tree

Search:

Marme

. & Mehicle Dynamics ICAR

» 1" Cams and Faollowers

-~ Electro Mechanical

- ™% Electrical Static Conversion

4 =% Electrical Basics

4 Al

o controlled_voltagesource
= controlled_currentsource
& controlled_powersource _or_sink

voltage _transducer

» voltrmeter

current_transducer

powermmeter

powersensor_glect

o elecdsignall

elec?signal?

potential _reference

ZerO_current_source

Lo

-

S g 20

W= =

Description

vatiable vaoltag
variable currer
variable powe
potentialmeter
voltrneter
arnpermeter
powermeter
electrical pow
conversion be
conversion be
Zero potential
Zero current 5

Library Items - Electrical Basics/All
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ELECTRICAL BASIC

RLC circuit
i R i
= AN —T—
di 1
.3 v—— L—+RI+—|1dt=E(t
E QD T Tt Cj ®

R=100 ohm, L=0.1 H, C=0.01 F, E(t)=155sin377t V

X Analytic Sol.
| (t) =—0.042¢ ™" +0.526e " —0.484cos377t +1.380sin 377t
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ELECTRICAL BASIC

RLC circuit 2 & 1M,
Analytic Sol. 22 J1M
Eit)

Circuit Model Parameter 4}
ol 24
H 7

@% £ A

+ Ground

Signal Function BlockOj|

_ Analytic sol. =41 I
Voltage Input Parameters Function Output Parameter

Parameters of signal0l [SIM0-1] Parameters of fofx [FX00-11
@ -
@ Title Value Unit RU N 94 7E:| |- [=1 3¢} |
Title Value Unit expression - —0,042~exp(-10=x)+0.526~exp(-990=x}-0.484~cos(3TT=x)+1. 3B=sin(3T7=x) 7:| —
sine wave frequency F¥? radfs ( (=] x=| A-I plOt)
rmean level 0 null
sine wave amplitude 155 null — output current [4]
phase shift 0 degree 1.5 o, |~ function of input % [null]

RLC Parameters @ Ds—

0.0 4
Paramneters of resistance [EBRO3-1] g5
@ -10 24 Run Parameters
Title Yalue Unit -15 3 :
type of refe--- - e user e b
resistance 100 Chm General | Standard options |
Parameters of inductor [EBLO1-1]  Parameters of capacitor [EBCOZ2-1] Parameter  Walue  Unit
- - Start time Ozeconds
@ @ Filjalltime 0.2zeconds
Title Yalue Unit Title Yalue Unit Print interval  0,0001 seconds
@ output - 0 & @ output v 0y
inductance 01H capacitance 0.0 F
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QUARTER CAR MODEL

— Body Disp, [m]
— Wheel Digp, [m]

u.la—f 1 /\ — Foad Disp, [m]

020

M, ¥ = =K (Ys = Vi) = Cs (Y5 = Vi) n,na_i ! N
Mys yus = ks(ys - yus) + Cs(ys — yus) + kt (S — yus) 0,00
0,05 3
3 : ! ! ]

& Time [5]
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QUARTER CAR MODEL
QUARTER CAR

@ Body mass

Suspension

@ Quarter Car model 7t/

I |
1= Moody = 400kg @ y Model Parameter gt 2 &
K, =15000N/m, c,,, =1000 Ns/ m |
=50kg, k.. =200000 N/ m @ body mass2}t wheel mass
o

tire Y
Seiaat g

wheel

Wheel mass

step function parameter 2!
Parameters of massdpont_2 [MASO02-2]

Tire stifness

B Ee

A1

Title

=5
=

3 Walue Unit
0 ms

0m

@ velocity at port |

® displacernent port 1
mass 6D kg
inclination ¢+90 port 1 lowest, -90 port 1 highest) -90 degree

accel = der{va) =(fb—fa— 9 81 mass sin(theta)) / mass

Road profile

conversion of signal derfx) = va

|
|
|
|
|
|
|
|
|
|
|
i
to displacement }
i
|
|
|
|
|
|
|
|
|
|

dv F —-F,—-mgsinéd

Parameters of step [STEPO-1] a=
@ dt m
Title Yalue Unit
value before step 0 null
value after step 0.1 null
step time Lz
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QUARTER CAR MODEL

o Farameiers

— bodvymass - displacement port 1 [m]

0.5 o

04 ] — wheelmass - displacement port 1 [m] —_—

DIS - — roadprofile - step output [null] J—
General | Standard options | 12 ]
. 0.1 -
Parameter  “alue  Unit 10 ]
Start time Ozeconds Dll .
Final time 10seconds -7
Print interval 0,001 seconds -le 4
-0.3 4
-04 4

-05 - .
N _|—|
0 i ;
# Time [s]
Parameters of damperll [Dak0000-1]
@ 05 — — bodymass - displacerment port 1 [mn]

Titla Value Unit Dld N — wheelmass - displacerment part 1 [m] -
computation type copstsnt damper rating 03 — roadprafile - step output [null] —
darnper rating 1000+2 MN/im/s) 0z

01
0.0 [~
_|:|] —
-0.2 - A
] | ——
-0.3 4 /
-0.4 .
-0.5 .
b ¥ : i
¥ Time [=]
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Run ParametersOf| Al Print
interval 0.001£ set

Run 5! body, wheel, road

O e
H 2| =0l

suspension damper rating
= 2H|Z 37t

FO|

—

Run & Z 1}

ok
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QUARTER CAR MODEL

1-DOF 2@ 24

1 K, K

k — — sus " ‘tire
W1/ ky +1/k,, kg +k

Spring ratedi| S7t2-d &
ol g
H

tire tire

Run 5! & R EIO| body
mass2| He| 4f Hlw

QUARTER CAR

Body mass

Parameters of spring01_1 [SPRO00A-3]
@

Title Yalue LInit

spring stiffne- - nurmetical value
spring rate 15000-200000,/¢ 15000+2000003 M./m
spring force - oM

Suspension

Wheel mass

Tire stiffness

[ml — Mbody_2D0F - digplacernent port 1 [m]
0.00 o |~ Mbody_1DOF - displacement port 1 [m]
005 —
i 010 3

Road profile ®*"""""""’ 015
-0.20 4
025 3
030
0.3 3
-0.40 3
-0.45 3

b ! 1 5 5 iy

*: Time [s]
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QUARTER CAR MODEL

settings->Global

Parameter in
arameter Setting parameters 0| 7 =&
— — — — — — — 4 Global Parameter Setup - QuarterCar.ame ? &‘
4 AMESIm - [E¥AMESim_worksWCAERQuarterCar.ame *] P -
File Edit “iew Modeling [Seffings SimulatinnL Analysis  Tools  Model b e gl EREEES!
= Mame Title Tupe Unit Value —_— b
Glabal ¢ Chi+g @& = =Nl
D8 & &0 E& Global parameters,, 1 (i), ‘ |'D:|O'||A-I QI__I E—l,
,Wl’ [ Batch parameters... Ctrl+B —
Comman parameers.. S fow s | New->Real Parameter 2 &l
%; Mew U Real Parameter Ctrl+R
% Copy CHE Integer Parameter Ctrl+
¢ | cut Cirl+X Text Parameter Ctrl+T = o
‘ | parn oy parameter O| £ 1} value &
Help Delete Del " M =
L [@ Save all :i(tltle type unlt_ AI_=|)

olzlaq OkH.lE E.EI

4 Global Parameter Setup - QuarterCar.ame

2t A HE G| parameter Of

=et global parameters: % Olzl E_:I| = 7E:|J_—I|' %‘LOI_|
Mame Title Type Yalue

ms mass of body Real 40

mu mass of wheel Real 40

ks spring rate of suspension Real 15000

kt  spring rate of tire Real 200000

cs  damper rating of suspension Real Msrn 1000

Parameters of spring01_1 [SPRO00&-3]
@

Title Yalue [Init
spring stiffne--- nurnerical value
spring rate ks=kt/{ks+kt) N/
! spring force - 0OmM
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Half Car Model J, =2000kg m?

/ L. =12m, L =15m
o k. =15000 N/ m, ¢, =1000 Ns/ m
=

k, =20000N/m, ¢, =1500Ns/ m

6 5.;' '~. | mwheel - 50 kg’ I(tire = 200000 N/ m
) o

1
J 1 —_
iy ; ; ; ; ; 0.0a '
' : — Road_frant - step output [null]
J L i
006 o : Road_rear - step output [null]
1 1
1
A Zp 0.04 —| '
A M, Z, | :
002 H 1
M, g :
1
0.0o T T
: T T T
b : i ! Ao T
*: Time [s]

Zy | = rEmIN — + s [E IR

4= degree E—— ——E—b degree 4= N

Kl/' q;‘(f) K q,(t) — P01 e M) : rdew’min
egree

rotary inertia mechanical arm
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The following figure shows an electrical circuit model of a brushed direct current (DC)
servomotor.

X Transfer Function
(Ref. : System Dynamics - Chapter 6.5)

e o(s) K
/ v &= Ky V(s) s[LJIs*+(Lb+RJ)s+Rb+KK.]

T 4/ i
o Bt b

= null| 2
agt,.taps

1= null

where V is the source voltage of the DC power supply.

output B(s) By + Bys+ Bys?4...+Bys™

R is the resistance of the DC servomotor armature circuit. _ _
L is the inductance of the DC servomotor armature circuit. 'i'??[JlLi Alisjl Ag+ Ays+ A352+. .. —I—A;LIS‘M

i is the circuit armature current.
w is the shaft speed of the DC servomotor.

T is the torgue of the DC servomotor.

In this dynamic system, the source voltage, V, is the input and the DC servomotor shaft speed, w, is the output.

According to Faraday's Law of electromagnetic induction, the circuit armature current i, motor torque T, motor shaft velocity w,
and motor back-EMF voltage &, have the following relationship:

T= ."f(t.l
e = Kew
where K is an electromotive force constant.

Ko is @ motor back-EMF constant.

You can obtain the following equations by using Newton's Law and Kirchhoff's Law.

dw
F— +thw =4 -
at / = [m - = 1y fmin
‘ % FRE=V - Ko — 1y fmin = 1)

where Jis the moment of inertia of the rotor.

b is the damping ratio of the mechanical part of the DC servomotor.

Ref. : LabVIEW 2013 System Identification Toolkit Help, Part Number : 372458D-01
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