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Simcenter system simulation solutions

Solution landscape

Persona’s

System simulation model authors
+ System simulation model authoring

* General purpose mechatronic system simulation and thermo-fluid

platforms
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Taxonomy

Simcenter System Simulation

Model authoring
Simulink |
FMI, GT-Suite,

Simcenter Amesim

& Simcenter
Flomaster

Siemens Digital Industries Software



Modeling? SIEMENS
lngenuity for Ufe

Amesim as a multi-domain tool with compatible libraries:
HLH: common mechanical models
1%7)): advanced mechanical systems acting in powertrain
H, - H < electrical basic components
H ML elements of rotary motors
7% elements for hydraulic circuits
R4 % elements to build emission and fuel economy models

& —_
v SRR T BT
Restricted © Siemens 2019
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“Model” for Systems Performance Engineering SIEMENS
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Simcenter system simulation solutions
Solution landscape

Persona’s

System simulation model authors

+ System simulation model authoring

* General purpose mechatronic system simulation and thermo-fluid
platforms

System simulation architects

+ System simulation architecture authoring

« Architecture validation by assembly, execution & post-processing of
system simulation models from multiple authoring environments

« Typically few architectures created p. company

Restricted © Siemens 2019
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Taxonomy

Simcenter System Simulation

Model authoring
Simulink |
FMI, GT-Suite,

Simcenter Amesim

Simcenter System
Architect

& Simcenter
Flomaster

Siemens Digital Industries Software



Simcenter System Architect

Scenarios

4 -1-1 Asronautics & Space

Scenario 1 \

(

=4 All
Y. 7 \ —3 Flight Mission Definition
. —1 Atmospheres
< Scenario 2 {{l~=ymam
i 7 » 3 Power generation
Scenario3 _ )

Manage and execute
multiple scenario’s.

Restricted © Siemens 2019
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System model

11T
)
s

| B :ifl‘g\ £ 7
Air Distribution 3 s 13 kW .
| : Attribute 2
Aircraft L 0s
Systems ‘™% . : .
: <

SIEMENS
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Performance

— Architect and analysis

Attribute 1 >

ATA 27 HT

Attribute 3

)

Right Eng

Template ‘ 2]

T3k
2
“F:E

N
A
<
)

Q
Right Eng

£-= atan 5353
. \
riant 1 > S d

ATA 24
¥ 7

[T 1
4
Variant 2 >

< Variant 3 )

Ensure integration of behavioral models
created in different tools
by different departments.

Manage and
evaluate multiple
variants.

Enable multi-
attribute
balancing.
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Simcenter system simulation solutions
Solution landscape

Persona’s

System simulation model authors

+ System simulation model authoring

* General purpose mechatronic system simulation and thermo-fluid
platforms

System simulation architects

+ System simulation architecture authoring

« Architecture validation by assembly, execution & post-processing of
system simulation models from multiple authoring environments

« Typically few architectures created p. company

System simulation consumers

+ “Consumption” of created architectures and models for high
volume/variants/... verification & validation

+ Easy-to-use, high-productivity, extended with dedicated to specific
industry capabilities (f.i. terminology, post-processing, etc.)

* Many (non-expert) users

Restricted © Siemens 2019
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Taxonomy

Simcenter System Simulation

Model authoring
Simulink |
FMI, GT-Suite,

Simcenter Amesim Simcenter System

Analyst

Simcenter System
Architect

& Simcenter
Flomaster
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Model complexity hidden to the Analyst SIEMENS

no CAE skills, directly assembling and configuring simulation models lngemuity for Life
evaluate hundreds of system variations and select appropriate parameters and components 3 {7

- - - - - - ey

! | configuration of vehicles simulation request

: Inpl‘It Data E and definition of studies €T a a

' - v

' de : > AIA o & EHR 2= L VA 1Y

i @@: - T & NS H = 1
: : Analyst — » Design Engineer
. ! simulation results

From: design engineer, supplier,
tests

System Analyst Scenarios Technical Definition Parameter Sets

Front End 4 o N & e PEmY

Simulation Architectures Instrumented Models _
) Model Builder
Architect .} soe .
(] e v =<
" o =S o
e '} g @ @
!
Orvabitty Administrator
Fuel Eco - range fr. .Jj
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Simcenter system simulation solutions
Solution landscape

Persona’s

System simulation model authors

+ System simulation model authoring

* General purpose mechatronic system simulation and thermo-fluid
platforms

System simulation architects

+ System simulation architecture authoring

« Architecture validation by assembly, execution & post-processing of
system simulation models from multiple authoring environments

« Typically few architectures created p. company

System simulation consumers

+ “Consumption” of created architectures and models for high
volume/variants/... verification & validation

+ Easy-to-use, high-productivity, extended with dedicated to specific
industry capabilities (f.i. terminology, post-processing, etc.)

* Many (non-expert) users

System simulation model management supporting all above

persona’s
+ Workgroup model management with a connection to PLM

Restricted © Siemens 2019
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Taxonomy

Simcenter System Simulation

Model authoring
Simulink |
FMI, GT-Suite,

Simcenter Amesim
& Simcenter
Flomaster

Simcenter System
Analyst

Simcenter System

Architect

Simcenter Sysdm

Teamcenter
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Figure 2-2. Delta IV Medium Sequence of Events for a GTO Mission (Eastern Range)
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1.Predictive modeling of aircraft hydraulic & electrical systems SIEMENS
for “What-if analysis” lngenuity for ife

Hydraulic power system Simcenter Amesim model Virtual test bench
@ Fixed Displacement Axial Swash Plate Piston Pump //’: \\;\\ M_ Impact of a hydraulic leak on the aircraft suspension _[m;‘lz
= e et e ko ) =
- ‘
SN
e ~X
— ‘v"‘ ATA 27
Value-adding outcome Y Concept Service lfe
optimization
* Ability to answer OEM request - credibility gain ‘
. . . . .. Pre-design Des_ifgn_
« Tool for strategic design orientation - more efficient Design verfication

Optimization

research process

Restricted © Siemens 2019
Page 20 YYYY-MM-DD Siemens Digital Industries Software



perform a high level power analysis SIEMENS
assess the flow balance between the hydraulic power generators and consumers lngenuity for Ufe
and the pressure available.

— .
— A N
] 7~ N
-~ NS
s N 75 @ LGERS Activation | | ~ | |
[0 [ ) =
' ' ‘ Thrust Reversers .‘ et s I I . _ th;;-_—/ ‘-' “
‘ ‘ ALT Brakes = ] Y ATA 27
|
|
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L. Wang — INSA Toulouse — France — [ thesis |
Force fighting for active/active redundant actuation system

Présentée et soutenue par :
LUJIAN WANG
Le mardi 18 décembre 2012

Titre:

Force Equalization for Active/Active Redundant Actuation System Involving
Servo-hydraulic and Electro-mechanical Technologies

Stats o2 oSS
terons | Spoes DEDDNEAY || BEDBODEGSpoiers
©oo000000 ©oo000000

00 80 006 Flaps o@m moFlaps
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il | !! | [} !E 2o EBHA
eoe 28 EBo Electro Motor
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DOBOBRR spoders

0000000
o EoFlaps

Spoders EEIBIHE
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e
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Rudders

Mo Simplex EMA
'o Redundant EMA

Elovalors

Fig 1-5 Development from early FBW system to recent applications

Ameplifier Pilot Stage Power Stage
_— F————— e e
{ l | Valve Opening | | 1. Valve Mechanization
sy | | Ll Dynamics Null Force]
- End
RO [S] Sl -
[SmA/VI | ) | | | 4
| | Valve Opening . 2] - ¢ ¢ P
| | Statics Unit Change I | B YT Yia Hydraulic
- -
L4 LA G e Comnecting|

0il Supply To Jack 0il Return To Jack

Fig 3-1 Virtual servovalve built in AMESim
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Fig 3-4 Comparison of simulation and experimental results on valve pressure gain
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Fig 1-3 Configuration of flight control system
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Helicopter cooling SIEMENS
2. Thermal and fluid design up to industry standards lngenuity for Life

Analysis of gearbox and
engine cooling

Cooling system Simcenter Amesim model

Value-adding outcome Concept

optimization

Service life

* Controlled & validated process for cooling design:

Pre-design Design

— More robust cooling systems .Design Verification
Optimization

— Better managed design cycle times

Restricted © Siemens 2019
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T. Rave and al. — Hamburg-Harburg TU — Germany — [ paper |
Integrated thermal-dynamic analysis of airplane hydraulic systems

INTEGRIERTE THERMISCH-DYNAMISCHE ANALYSE VON
FLUGZEUG-HYDRAULIKSYSTEMEN

T. Rave, C. Dunker, F. Thielecke
Technische Universitét Hamburg-Harburg, Institut fur Flugzeug-Systemtechnik
NeRpriel 5, 21129 Hamburg, Deutschland

= = o
4 {EIWK EHSA "

Rohrmodeil =1 -
P e -
- -— 3 R >
.~ Tagre_wed -
Meen, | SRS K -
WA e Lok Pevto e
L M;.z.h;ﬁdb y -
it Import der "
L ) 3 Y'Yy Flugmissionsdaten
oy
)
R '
- ~
4 .
S
|

Reservoir

' 6"
BILD 5. AMESmm System mit verschiedenen Komponenten
der Modellbibliothek
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BILD 6. Schematische Darstellung des Beispielsystems
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Surface transient actuation SIEMENS
3.Dynamic response characterization for the hydro-mechanical control lngenuity for Life

Frequency behavior

Hardware with undesired
frequency modes

Simcenter Amesim model

analysis

(single aisle ial AC) _AM:E—P!otVZ- - E\E&I
@ oo i e e Eaaaas ++8 Do moaw
S Magnmdenfneardspamimm:m
150 —— Phase nfnear%ﬂ"m [ ]L
uuuuuuu s D
Value-adding outcome Concept Service life
optimization
» Predictive modeling for surface transient behavior analysis
L . . . . . Pre-design Pesia Ses_ifgnt_
 Identification of the in-service undesired couplings = safer and more Optimization ol "
reliable (re)-design .
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T. Marger — ENSAM ParisTech — France — [ thesis |
Valve design of hydro-mechanical servoactuator

Thibaut MARGER Valve design of hydro-mechanical servoactuator under cost and

le 13 décembre 2010 mixability criteria

fie

T

tailplane

a.1 1 10
0
== 1
-_\\
-2
X -3
4 -
AN o
!
5
‘§
s 9
N
g
-9
-10

Frequency (Hz)

= Real servoactuator == == Simulated servoactuator

Lever jack

Figure 65: Magnitude of simulated servoactuator compared with the real tested servoactuator
- Input magnitude: +/-1mm, restriction diameter @1.15mm.

Figure 49: Servoactuator test bench; 1) Load jack; 2) Servoactuator to be tested; 3) Lever
Jjack
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Figure 30: AMESim dynamic valve model
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A. Heininen - Tampere University — Finland — [ master thesis ]

Aircraft main landing gear shock absorber

ARTTU HEININEN
MODELLING AND SIMULATION OF AN AIRCRAFT MAIN 15
LANDING GEAR SHOCK ABSORBER ~ rnreg
Master of Science Thesis 12 .
— Amesim
09
,,,,,,, @ £ |
: L Aircra
: ,§ 0.6 | -
0.3
. °3:
: 0 0.1 0.2 03 0.4 05
Time (s)
P Figure 4.6. The compression velocity during the dynamic test.
; 5
; ——————— Measured
; 4 —————— Amesim, friction
= Amesim, fricionless
= a
N
£
\ s
| T2
NN S
N\ f |
f {
1 N\
/]\ 0 0.2 0.4 0.6 0.8 1
Tire ) _ _ X{xnorm _
Figure 3.6. The block diagram of the oleo-pneumatic shock absorber. fg::;;i A normalised force-displacement curve of a normally serviced shock
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Measured
Amesim
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Time (s)

Figure 4.9. Normalised pressure inside the orifice support during landing.

F/Fnorm

— 100%
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140%
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0.2

0.4 0.6 0.8 1

X¥norm

Figure 5.1. Force-displacement curves of the static case simulation with varying

nitrogen volume.

Siemens Digital Industries Software



Real-time brake testing SIEMENS
4.Real-time export of the high-fidelity model and accuracy verification lngenuity for Ufe

Braking testing Simcenter Amesim model Subsystem validation

[m] ‘— Aircraft Trajectory (on ground) - Ground frame (R0) [m] ‘

250

200

150

100 -

50
0 7

S t+———1T1—7— 77—
0 100 200 300 400 500 600

X: component_7 - absolute position of center of gravity - Ground frame (R0) [m]

Value-adding outcome

Conataton
» Fewer tests, better initial performance - large cost savings
o - - _ . D 1
Integrated team work > faster, more consistent design P pesign () Desian

Optimization

« Tool & method support for future designs - shorter time to market

Restricted © Siemens 2019
Page 28 YYYY-MM-DD Siemens Digital Industries Software



Airbus Helicopters

SIEMENS

Reducing prototype costs by a factor of 4 lngenuity for ife

* Shortened hydraulic system
optimization cycle by a factor of 3

» Decreased prototype costs by a
factor of 4

» Avoided late delivery penalties

Page 29 YYYY-MM-DD

From component and system engineering to real-time simulation

© T -aeiER el Ny -

Dynamic analysis of hydraulic systems Real-time models for full flight simulators

» Ensure accuracy of plant and real-time hydraulics models

* Enhance flight simulators’ fidelity

“Being able to anticipate a problem is a significant source of cost and risk
reduction.”
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Hydro-mechanical fuel regulator
5.Re-engineering of the entire hydro-mechanical system

Fuel regulator Simcenter Amesim model

[Jenemeon

B covernor oL : 72

) ProPeLLER OL ?

I 7= HERING OIL 7 e M ReLIEF VALVE
\ [ ] (CLOSED)

FEATHRTING VALVE!
(CLOSED)

OVERSPEED

Value-adding outcome

« Model made available - answer to OEM requirements (safety &
fuel consumption improvements)

« Ability to answer future in-service hardware support requests
(modes and concessions, incident replay etc...) = credibility gain
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SIEMENS
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Reliable predictions

Bt Tk

Beaac ++4 Dt o DEGW B

Copcgpt ; Service life

optimization

Pre-design Design
Design Verification
Optimization
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Anomalous Pressure Fluctuations in Aircraft Hydraulic Systems SIEMENS
Iug&c«uf\ty‘for(n‘fa

i f ), w Mass flow rate vs. pum
/: l inmruun | i CE T 4 » P P
. 19 138 e o v o e 1 = speed validation at pump
bl —— \ SunBe 4
" ~ N L \_6_,) b i max displacement
=

Data analysis and Unit test and System validation
preprocessing validation
LMS Amesim System
— . Ll — ® Generating system pressure results from simulation of
Dot o= e D] Q} test cases under which EDP failure has occurred is
—— N

o ———

- more expedient

— ® Simulation is more cost effective than engine testing
O ® Hydraulic system pressures can be captured where it
” is impossible/difficult to make a physical
measurement within the hydraulic system i.e. within

EDP piston chambers and EDP inlet
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Hydraulic Libraries in Simcenter Amesim SIEMENS
Il«\?ev\uf\ly‘foru'[e

There are 6 Simcenter Amesim libraries to simulate S Signal, Control

hydraulic components and systems )
[+ Mechanical

Hydraulic Library (HYD) ) Hydraulic

¢ Hydraulic Component Design

Hydraulic Resistance Library (HR)

' Hydraulic Resistance

Hydraulic Component Design library (HCD) = Thermal
Thermal Hydraulic
Thermal Hydraulic Library ( )

Thermal Hydraulic Resistance

. Thermal Hydraulic Component Design

Thermal Hydraulic Resistance Library (THR)

FPowertrain

Thermal Hydraulic Component Design library (THCD)
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Model Sc

alability

High-pressure pump example

Functional model

Detailed Hydraulic Component
Design model 1

Detailed Hydraulic Component
Design model 2

Increase
complexity

Piston 1
-
== = |
! J]
! € %‘E O
| inlet wvalwve % outlet wvalwe
|

ﬂzf Piston 2
B

o = —{---—= 1

= = |£

Increase
complexity

Mean flow / torque

Flow rate and torque ripples
due to:

+ kinematics

* fluid compressibility

Flow rate and torque ripples due to:

+ kinematics

fluid compressibility

check valves’ dynamics
loss of contact cam-follower
leakages
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period
1/MEf2/60 sec

SIEMENS
lngenuity for tife

fluid
props.

Rotary speed
rpm

cylinder pressure
during injection
&0 bar

period 1/MEJZ 160 sec
Gy .
i

Ly ©crack - 2000 bar

Mean flow rate

Pressure relief
valve (safety, NC)

drain - 0 bar

Flow Metering
Valve

( o ) Feed pressure 3.3 bar
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Fluid properties SIEMENS

lngesuity for Life
The 3 essential properties to handle dynamic effects in hydraulic networks are:
Density Density is defined as mass divided by volume, inertial effect
Bulk modulus Bulk modulus is a measure of the stiffness of the fluid
Viscosity Viscosity is a measure of the resistance of a fluid which is being deformed by shear stress

The air/gas content, saturation pressure and vapor pressures are essential to handle aeration and
cavitation phenomena.

The most relevant thermal-related properties are the thermal conductivity, specific heat and thermal
expansion...which are evaluated and used in thermal hydraulic libraries.
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Type of Fluid Properties

Change Parameters

Submodel

properties

Parameters

Title

_ type of fluid properties

index of hydraulic fluid
temperature
name of fluid
v [0 General properties
density
bulk modulus
absolute viscosity
» [1 Aeration
absolute viscosity of air/gas
saturation pressure (for dissol...
air/gas content

polytropic index for air/gas/va...

elementaryhydraulicprops_1 [FPD4]
@ indexed hydraulic fluid

BExternal variables

Value Unit

v

simplest

elementary

advanced %

advanced using tables

Robert Bosch adiabatic diesel

elementary with calculated viscosity

advanced with calculated viscosity
17000 bar

51 cP

Tags

0.02 cP

0 bar
0.1 %
1.4 null

Save Default value | Max. value
Load Reset title | Min. value
Help Close Options >
Page 37 YYYY-MM-DD

SIEMENS
lngenuity for Ufe
Simplest
Very simple model and assumptions. Rarely used.

Elementary
ldentical to Advanced model but some parameters are not accessible
(default value).

Advanced
"Generic" fluid model considering liguid but also air/gas and vapor bubbles
(fluid aeration and cavitation).

Advanced using tables
This uses an ASCII file to define fluid properties as a function of pressure and
temperature. Air/gas release and cavitation models are identical to the ones
used in the Advanced model.

Robert Bosch adiabatic diesel
This model was developed in collaboration with Robert Bosch GmbH and was
validated with measurements.
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Fluid properties

Aeration and cavitation in Simcenter Amesim

Comparison between cavitation and aeration

LA Liquid with 00 Liquid
> : : —r= O ==
“ | dissolved air o © only
o N 7
.2' AR . .7 Air absorption (total or partial)
= A K4 (free > dissolved air)
k= . N
- \ "N R ,
P : : b Saturation
sat A ‘A 7 pressure
\ o)
. O o0 . . .
\ O 80 Air release (dissolved - free air)
\ 4
o \ ;' Vapor
vap * .
pressure
000, N
§20,
0O
Air bubbles Vapor cavities
>
Time
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Simcenter Amesim supports the modeling of any type of SIEMENS
p um pS Iug,ov\uify‘forufa

Gerotor and

Vane pump trochoidal pump

Variable displacement

External gear pumps
vane pump J pump

Radial and axial piston § | Piston pumps with load
pump oo™ o sensing control
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System Level Analysis

pc_control

-}

shuttle_con... pump01 pump02

Q.

pump04 vpumpdraln pumpl3

ejector_pu... : :
gearpump01

motor03 motor04 vmotordrain pumpmotor... pumpmotor...

j@ _

tf_centrif_p... tf_volumetr...

rotaryactua...

Ispc_: control control_pist... control_pist... control_pist...

SIEMENS
lngenuity for tife

Quter Boom

LT

control_pist...

fpumpdrain

(-J\.% Main Boom Valve

é é (,‘ﬂL)>—’(ﬁ'-> Outer Boom Valve

gearpump

motor02 fmotordram

? B,

,Eh ‘controls

dlosed center
directional
control valve
.*
l local pressure
% compensator
: x| =
= 1 =
W ; o |
s
.E[E_ I.oad Sensing

iPresure compensator
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Automatic pumps sketch generation with CAD Import SIEMENS
For gerotor pumps and vane pumps lngenuity for Ufe

Pump CAD parameters retrieval Automatic sketch generation Dedicated app for pumps

] arotor_pum Gerotor canfiquraton tosl [geratar_pune]
@ &3 Sketch generation assistant
Geametry vsushzation
i i i s o eeth on exterl gesr 1) ] [——
Libraries selection ot gusang rchs 0 ) s199m
- et of o e e ) ] 20008 = = il
mau :n 'z-; %% The CAD description spreads on 1 application domain. radus of o io complete externalgeor (G)[nm] 554347
g tase S C Select the libraries describing each domain. [ —r—r sz
Iriet vohsme: Body Trlet’ z2x - - ~ radius of Flets on extermal gz ) ] s.ses 5
I gear Body I Gesr' 21X fiuid_pump - 1 Hydraulic Pump application gess krass () ] 1
uter gexr Body "Outer Gear 2% $ PL 4+ H
Outet voune cody Outer” 7% Hydrauiic .
¥ 5
Center of the inner gear [0.000000,2.533197¢07,. |8 m Hydraulic Component Design
Center of the outer gear 10.005392,0.000527,0.000.. (B
sk ok et 8 nend ] ThermalHydraulic Pump application
Conton ket r0.030%,0.0ssLo.. (B U P ape LS
Contous outet fo03300:832,00... B 1% Thermal Hydraulic $ton...data B3 |
Eccentricty m 0.005418 =
Width of the outer gear m 0.012000 = Outlet '
Volmeof Serietport  mtT)  L8MSSlS ]
Tamber of teeth on outer 7000000 BE 0 warnings - et por ien tabutated comtour <
Volmeof teoutetpot M3 2.260e05 [} - — . utet ot o ], vl $lon...data 5 ) o =t =i L= / |
Ouier e kberohs(®) m 002004 ] @ e Huid_oump - 1"domain i correctly described by the sefected ibraries. ‘ ) |
s o . EC #onzeer ] = — = |
Comment: |
A \(‘ et port defntion tabulsted contoar o e a0 1w a0 e e
et port corvene (e, ) stor..orn | 5F el e snde
Hep ] oz e
@R Primitive association
— [ T l pivoting_VDVP-Vane Pump configuration tool [pivating_VDVP] =lo
Type: [Pivating vane pump Lfmin bar
Geometry | Ports
Field Unit | value ‘l' » [ dimensions eometry (e Visualization
= vane thickness 1.85021 mm « Geometry oty D
Tnlet volume Body “Tnlet” radius of the vane tip 1.75048 mm number of vanes )
Outiet volume Body “Outet” §
fivot Body Fivot" external diameter of the rotor 75.7535 mm fotor rotation antidodanise
Rotor Body Rotor™ inner diameter of the stator 85.1432 vang thickness [mm] 189021
stator Body “Stator
Vene Bocly Vere® vane width in axial direction 12.1998 175048
75.7535
M dead volume 0.1
Center of the pivot. [o.0520%,0.. [P ) 85.1432
Center of the rotor .000000,0... (B pivot abscissa -1.26167e+06
Center of the stator [o.o00550.. (B pivot ordinate 43.9796 12.1998
Contour inlet. [v.059208,0.. (B 0.001
Contour outiet [p.o1i930.. B initial stator absdssa -3.05485
Eecentidty m oo B initial stator ordinate 142222
Volume of the inlet port m*=3  rmisros (B ot abecisa ] 3 s
Inner radius of the stator ~~ m 0.092572 ® offset for angular position of vanes 0 degree P - Ba0ass
Number of vanes 9.000000 @ pivot ordinate [mm] -43.9796
Volme of the outietport  m*3 5, r340se05 (B vane spadng regular it stator sbscissa ] _3.0486
Outerradis of therotor _ m ooz (B compute post-processing variables (5] yes
» 7 ietport initial stator ordinate [mm] 142222 stator rotor 100 vanes inletport outlet port
inlet porf -
G=is o po shaft angle [degree] 0
Enter a comment > outlet port Suggested bounds for stator ring displacement: (3,519 ; 1.417) [degree]
- B e G
,1, T » [ leskages o
ek Lfmin bar
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CAD import

* Import your in-house CAD
» Use standard files to mix multiple sources

ay)
AL
‘-;}: .- A .--%)

I

Parasolid

NX

-

Standard CAD

formats from usual

CAD software

Solid Edge

2

INVENTOR

— ‘?.'§TIA

SolidWorks

Restricted © Siemens 2019
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CATIA

PTC CREO

CAD2AME import to generate 1D sketch

Swash plate Inder Block
(0-22deg angle} o I:mtliing]

SIEMENS
lngenuity for tife

Connecting plate (fixed)

- =

CAD =>» Automatic Sketch =» Quick Analysis

Generation

[mm~2] [em™3,
20

— Outiet cross sectional area [m*=2]
— Inlet cross sectional area [rm*<2]

Volume of the piston chamber [cm==3]

Amesim demo

Sketch generation

A simple CAD to get familiar to sketch generation.

Digital Industries Software



Application: piping network of a power plant SIEMENS

Ihg,ev\uf(y{orufe.
DEE 3 AoBre S BE- BARARA T 4 . o e
@° e e

EL:—TI .

b

—L_ — !

S

SHE UL £ Bf

-

—

| ]

Once the description of the 3D CAD system is complete, the
corresponding sketch can be generated in Simcenter Amesim
with parameters settings automatically performed.

Simcenter Amesim Simcenter Amesim

Restricted © Siemens 2019
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Generation

of a vane pump model using CAD data

SIEMENS

Ihg,ehuf\ty for Ufa

r@ Primitive association MR IR
[mm=2] am3
250 20
Domain: | Volumetric pump v |
Type: |Pivoting wane pump A4 | [2e
Field Unit value -~ [ 2o
v 15
Inlet volume Body "Inlet™
Qutlet volume Body "Outlet” 1o
Fivot Body "Pivot”
Rotaor Body "Rotor”™ P
Stator Body "Stator ...
Vane Body “vane” ;
M [s]
Center of the pivot [0.032045,0.. [P 3
Center of the rotor [0.000000, 0. ... E %
Center of the stator [0.003055,0.... (B g
Contour inlet [10.0559208,0... E =
Contour outlet [o.011293,0.. (B
Eccentridty m 0.003370 @ — delivery pressure [bar]
Volume of the inlet port m**3 1.791197=05 E i ~ [mm]
Inner radius of the stator m 0.042572 E i = — eccentricity [mm] — 3.2
Mumber of vanes 2.000000 @@ S F
Volume of the outlet port m**3 9, 13740805 E . @ 1 M ~ 3.0
Quter radius of the rotor m 0.037877 E ~ r .
Comment: = suCTION voLUME [ G 8 1 2.6
Enter a comment g E . b L
g - i 2.4
% -STATS J 4 ] [,
o | anm | & = i
i @) 0 | | | 2.0
0.0 01 0.2 0.3 0.4
¥: Time [s]

Easily visualize the pump geometry and analyze the influence of the
design parameters on the system behavior

The automatic pump sketch generation allows to reduce considerably
the time needed to create a detailed pump model in the early design
phase.
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Swash plate pump modeling workflow, from CAD to
Simcenter Amesim model

Pump CAD

CAD =>» Automatic Sketch =» Quick Analysis

Generation

SN

[mm**2]

Simcenter Amesim pump

— Outlet cross sectional area [mm*=2]
— Inlet crass sectior

Volume of the piston chamber

=
&
Valve Plate-Cyl3 N

Piston 3

s[4

.

Valve Plate-Cyl4
: sl
=

Fiston 4
4[]

valve PlateCyls o
& 3
7 B

Piston 5
fis[]

SIEMENS
lngenuity for tife

Swash plate load and
pressure peaks analysis

Cylinder Block

S5 RBF STOr HECRYOS
A+ L
207 s
] 20
fapg >‘: Evaluati
- i ' valuation
e : i [Gnad e
fs 1 P e o 10 — — track of the pistons
4 — track of the resultant force (50 bar’
beta [] {_—|Swash Bfate fngle ['] A il ( )
1 0 track of the resultant force (100 bar)
iy Fores IN] '\ &
Fau +0 i ! J — track of the resultant force (150 bar)
; ; i
ree Y ‘. .t].l 104 track of the resultant force (200 bar)
ﬁ' Fa3 g Mo 2 H
B i Fea g H_p f
@2 Fes 0 H 20
i dynamic_eval load s
- -30 T T =T T T 1
: . -0 -20 -10 0 10 20 30
R CE | e =
4-(3)<—< @ -=| T : SPL_2DOF701-1 coordinate X of the resultant force (run "1") [mm]
= —
2 cylinder block +chaft inertia
------ ﬂ@ fbar]
400 —
rd — Regulated pressure - 50 bar
f r —— Requlated pressure - 100 bar
R 300 - Regulated pressure - 150 bar
—— Regulated pressure - 200 bar
T

AV

100 NS NN NN N 1 /1 /L

NN AN AN N N A N

0.80

T
0.85 0.90 0.95

¥ Time [s]

1.00
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Many technologies of hydraulic valves, depending on... SIEMENS
Ihg,ehuffy‘foru'[e

s  Regulated / controlled variable

- Directional control valves
* Pressure control valves

* Flow control valves ‘/// e BT
B ocofvaveoperaion
» Mechanic pressure force  pncpop. SOiN0Id force P%ﬁ .
 Hydraulic / pneumatic ol ‘ @
 Electric: m | | U =
. . . . A]rgap*. piezo electric

» Solenoid actuation: continuously variable force or PWM | ,
- Piezoelectric actuation (fast dynamics) Mo pan ==

. Number of stages

_r direct actin

- One main stage: direct acting valves
+ Pilot and main stages (high power):
* Piloted valves
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Eﬁwﬁwﬁ"w

-
=

shuttlé_cun... presscontr... springchec... presscontr... pressure_r... pprv
pprnc pprno ovovalve chvalve
butterflyvalve _ shuttlevalve
AT T LA i[]r%
= el
o
Ived1 Iven4 flushval svis
valve valved2 valve ushvalve flowcontrol03
it v s 2 s L 2
hsv_3pos4... hsv_3posd... hsv_3pos4... hsv_3pos4.. hsv_3pos4... hsv_3posd..
A o i A Al Al B Al lB
Lz st veie i e i T,
FI Tt EI T
hsv_3pos4... hsv_3pes3.. hsv_3pos3.. hsv_3pos3. hsv_2pas4... hsv_2posé...
Al |B Al [B A A Al Al
iy cibie ol oe <Li <
hsv_2pos4... hsv_2post... hsv_2pos3.. hsv_2pos3.. hsv_2pos3.. hsv_2pos3..

signalopera...

| hydroperat... hydroperat...
! presscontr...
Dualvalvell presscontr...
Al B
% i
- w GEE
valve_build... hsv_3pos4...
Ipc
hsv_3pos4... hsv_3pos4.. hsv_3posd..
A Al 1B Al B
lfide olEe ol
IT FLIT
hsv_2pos4... hsv_2pos4... hsv_2posd...
<l el ol
hsv_2pos3... hsv_2pos3... hsv_2pos3...

g

ballvalve

fwot

presscontr...

i

hsv_3pos4...

hsv_3pos4...

hsv_3posé...

SIEMENS
lngenuity for tife

2D
Mech Lib
Initialization

Fluid Properties

Mobile Hydraulic Example

150 VG 46 oil - Mobil DTE 25

Body 10

Body 11

Body 7 _il_

Concrete pump

Actuator 3

Actuator 4

(_jL'#HT llinX w
é 1 Body 1
& .

Actuator 1

@F

(R Ty ikl

IX
gl

FEOEHIR, FE2H IR,

75 [ 422 il )
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Valve Builder SIEMENS

Ihg&huf\‘y for Ufa

Available in the Hydraulic and Thermal-hydraulic libraries

t  search: v ® % Search: v ®

Hydraulic and Thermal-hydraulic

libraries

-~

- Create directional control valves by drawing
flow paths in a dedicated sketcher.

____Al B Favorit:
E i [4) Favorites —_ || Thermal Hydraulic
h test vectorial 69 .
__ PlTic Fluids, Sources, Sensors
valve builder_hydr 43) Hydraulic valve_builder_thh

Al |B

Bl IT
hsv_3posdport_01

Fluids, Sources, Sensors
Pressure Losses, Volumes, Nodes
CFD-1D Lines, Junctions

Pumps, Motors

Al B

Bl IT
hsv_3pos4port_01

Pressure Losses, Volumes, Nodes
Heat Exchanges

CFD-1D Lines, Discrete Partitioning
Pumps, Motors

Directional Control Valves

Birestonallantin il Directional Control Valves Extended

Directional Control Valves Extended

- Specify pressure drops for each flow path.

Pressure Control Valves

. . Sketcher and configuration view
- Automatically generate the desired |

parametrized model, with its appropriate icon
drawing.

Restricted © Siemens 2019
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Valve Builder

Sketcher to draw the valve configuration

-
[

File Options Help

List of paths between ports  Valve sketcher

@ portP-portB

Directional valve configuration
. port P - port A

Number of ports on bottom 2

MNumber of positions 4

Input signal definition

Parameters common to all paths between ports

Number of ports on top 2

<> <>

Neutral position 2

Characterization of the flow path between port P and port A

Maximum area Fractional area  Critical flow number

Fractional displacement = Fractional
[null] area [%]

1/(1.0 100.0
2 (0.0 0.0
3/[-1.0 0.0
4-2.0 0.0
5
Help

P| T|

Ul Re-initialize *Fractional area vs Fractional displacement’ tables I

Fractional area vs Fractional displacement ~ Flow rate vs Fractional displacement

BRA/LL + +H

== Fractional area [%]

%61
80
40
0 T o T i T 1
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

X: Fractional displacement [null]

Close

Restricted © Siemens 2019
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Easily configure flow path

Characterization of the flow path between port T and port A

Maximum area Fractional area Critical flow number

Fractional displacement | Fractional
[rul] area [%]
2 |L0 100.0
3 (0.5 99
4 0.0 95
5 [0.25 90
6 |04 a0
7 |05 50
8 0.6 0
9 |-0.75 5

Parameters of dirvalve_1 [SC_1-1]

Title
index of hydraulic fluid
nominal density [kg/m**3]

nominal kinematic viscosity [cSt]

fractional spool pesition [null] function of Fractional di...

v [J path P-B
P-B characteristic flow rate at maximum opening
P-B corresponding pressure drop

P-B critical flow number (laminar/turbulent)

P-B fractional area [null] function of fractional spoo...

» [J path P-A
P-A characteristic flow rate at maximum opening
P-A corresponding pressure drop

P-A critical flow number (laminar/turbulent)

P-A fractional area [null] function of fractional spoo...

» [J valve dynamics

spool dynamics

SIEMENS
lngenuity for tife

A B
i
. W
| ;
TAalT T ¥ L 4
Fractional area vs Fractional displacement Flow p T
~ABR QL@ ¢+ 9%
[3]
100 —
80 —
80 —
40 -
20 -
o 'r T T 1
-2 -1 o 1 2

Value

60
e 2 1¥ (0 2) (-1 <HBBX <=0)* (- 1+1*(x+1))+{0<x)*(0+1%(x-0))

1
1
1000
e 2))H(-1<XBeBX<=0)*(0+100*(x+1))+{0<x)*(100+-100*(x-0))

1

1

1000

o F 0 2) (-1 <XEBX<=0)*(7F+-T* (X +1))}+(0<X) *(0+95%(x-0))

no (static)

X: Fractional digplacement [null]

unnamed_system *

@ >

IT J.lJ.J.
-r'r'rl

Siemens Digital Industries Software



Check valve dynamics SIEMENS
Iug,%uffyforhfa

Target:

- Size the valve, based on few main parameters
X

Characteristics:

Cracking pressure = 10 [bar]

Flow = 100 [L/min] @ 30 [bar] fully open
+

Diameter of the valve = 8 [mm]

Mass of the valve = 10 [(]

2 — |dentify the independant mobile parts 3 _ The flow section area

= 2 antagonists area, being discs — A single part with endstops = The flow section area is annular

Restricted © Siemens 2019
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SIEMENS
lngenuity for tife

: Hydraulic - EEJLARIK
Thermal hydraulic - EEEmEYEE

New pipe geometries Handling of wall compliance
h d
Hydraulic Therm. Hydr. i i
Pipe Material Absolute roughness A
drawn brass 1.5 um
L e bl drawn copper 1.5 pm
index of thermal hydraulic fluid 1 .
rumber of internal nodes (0...100) @ 5 0"_‘\ commercial steel 45 HmM
compute post-processing variables @ yes Q wrouaht iron 45 um
|geometry ectangular g M
width indrical mm asphalted cast iron 120 um
sl annuiar o alvanized iron 150 ym
length generic - g IJ
relative roughness TET05 null .
angle line makes with horizontal (+ve if port 2 above... 0 degree cast iron 260 L
P E initial conditions £1 wall compliance wood stave 0.21t0 0.9 mm
[ frequency dependent friction (f.d.f) ) — = : Stiff w
4 [ wal compliance evaluation of bulk nfinitely S6ff wall concrete 0.3to 3 mm
evaluation of bulk modulus calculated wall bulk modulus calculated wall bulk modulus riveted steel 0.9 to 9 mm
wall thickness 10 mm tabulated wall bulk modulus i
Young's modulus for material 2.06e+06 bar volumetric expansion
effective bulk modulus
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Hydraulic
Thermal hydraulic

(s

SIEMENS
lngenuity for tife

Paort 1

Parameters of hose [TFLO01-1]

Parameters of hydraulic [HLO001-1]

w @

By R o

4 Hydraulic line selection assistant [h2port]

Parameterization
Line geometry Fiid properties
Nodes N 10 Bulk modulus 8765.62  bar
Length 0.2 m Density 734.256  ka/m?
Section type Absolute viscosity 0.467822 P
Dismeter 3 mm

Time
Printinterval  Tprint  0.0001 5

Post Processing

Line geometry Fluid properties

Aspect ratio Ar 33.3 Speed of sound L1le+03 mfs

Suggested nodes Ns 4 Dissipation number Dn 1.3e-05

Cellaspectratio Ac  3.03 Kinematic viscosity 6.4e07 oSt

Time

Wave travel time Twave 0.00018 s
Suggestion
1D assumption, simplest wave assumption, no FDF states.
Use HLO040, HLO041 or HLO042 with © internal node. [}

SetrLon<a

This wisare! provics information for a single submadel. s conclsions sre ot valid for = comalete hychaulic cicut

suitable for 1D
assumption

Restri e
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. frequency

ITurr?pec.l L/ Causality FIUId. ... | Friction [ Fluid inertia wawe dependent W?"

Distributive (D) Compressibility phenomena friction compliance
Direct - - - - - - -
HLO0O0 L C v v
HLO2I L IR v
HLO1 C-R
HLO2 L R-C-R 4 v 4
HLO3 C-R-C
HLO4 C-IR
HLO5 L IR-C-IR 4 v v 4
HLO6 C-IR-C
HLO04 C-IR
HLO05 L IR-C-IR v v v v v
HLO06 C-IR-C
HL10 C-R-***.C-R
HL11 D R-C-***-C-R 4 v 4
HL12 C-R-***-R-C
HL020 C-IR-***-C-IR
HLO021 D IR-C-***-C-IR 4 v v 4
HL022 C-IR-***-|R-C
HLG20 C-IR-***-C-IR
HLG21 D IR-C-***-C-IR v v v
HLG22 C-IR-***-|R-C
HLO30 C-IR-***-C-IR
HLO31 D IR-C-***-C-IR v v 4 v 4
HL032 C-IR-***-|R-C

Siemens Digital Industries Software




Electro-Hydrostatic Actuator parameter setting tool SIEMENS
Il«\?eb\uf\ly«foru'[e

Library Items - Aircraft Electrics/Al @

® Provision of no-load, stall and continuous rated points
® Selection of parameters to be optimized

-[oT ’ .
@@z ® DC motor, power converter, pump and jack parameters
' T optimization

0 ® Efficiency, speed and current curves visualization

Parameters to be optimized Efficiency/speed/current

L

2. Parameters

1. Targets -
torque constant [V*s/rad] 2.40612 ] Effidency [%] “
ower electronics effidenc . — Speed [nfy]
P v 0.85 stator resistance [Ohn] 1.09803 i ety P
— Curen
input DC voltage [v] 28 shaft Coulomb friction torque [Nm] 0.437126 \ 1) Ey
shaft viscous friction coef [Mmf{rev fmin 0.0222636 0084
continuous force [N] 5000 [Nm/(rev fmin)] #
gear ratio [null] 1.01177 rs
current under cont. force [A] gear efficiency [null 0.999075 0.06 4 L
speed under cont. force [m/s] pump displacement [cc/rev] 667.509
1
pump hydromechanical efficiency 0.668073 04
stall load [M] 12500 rod diameter [mm] 360 = rf
piston diameter [mm] 400 [} 0424
stall current [A] 30 K
jack friction coef [M/{m/s)] 0.500006
ne-oad speed [m/s] 0.05 000 T T ; T T T
sk Run Opt 0 f n ] @ )

LI
xi0
XeForce [N]
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Model converter

Conserve model structure and parameterization

SIEMENS
lngenuity for tife

Interact with the sketch Model conversion notifications

1 Model Converter - HydrostaticTransmission.ame

Cavitation.ame * x

@ :‘r‘é‘p’jemes CaVitation in a pump Model Converter - Cavitation.ame
R This tool converts hydraulic library submodels to thermal hydraulic library submodels.
Fiston motion  Piston chamber @ P s Cavitation in a py | @ s submodels have equivalent submodels to which they can be converted. @ The model is from a previous version. It is advised to launch Update Assistant first.
:J::'l;ISemes Cavitation in a pump P‘“_“” motion . Piston chamber ® Shou All () Show only Tssues @ 7 submodels have equivalent submodels to which they can be converted.
ch:c“;,va @ mi”k‘ P‘Sim meren Fiston chermber i ?) elementaryhydrauficprops FP04 TFFDO4 Component conversion list E
l Q + ::::"::; ;::Z;B 1::':)053 ® Show All Show only Issues
Mean flow rate "::z::::i s z:i: ::::;: Component / line Original Submodel | New Submodel Status
et - outet I il)lankm - K000 KO @ elementaryhydraulicprops FPO4 TFFDO4 Conwi
check vave check vaie il tankeor2 Teoon e T h2port_2 HLODOO TFLODO Conw:
- hydrnode3 H3NODE1 TF3NODE1 Conw
FEATURES BENEFITS
Same sketch presentation and parameterization Start new research efficiently by re-using existing models
Interaction between the tool and model sketch by clicking the Conduct troubleshooting efficiently with the help of conversion
component and getting labeled component in sketch status and dedicated information for each component
Notification of conversion success, submodel which could not be Get information about the conversion scope with transparent
converted and conversion details by component messages
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Support of Microsoft Visual C++ 2015-2019 compilers

Platform Facilities

+ Simcenter Amesim now complies with versions
2015 to 2019 of the Microsoft Visual C++
compiler under Windows, for the 64-bit
compilation of (super)components or models

Look for the Compilation tab

Preferences

General Model Compilation

[ ] compile for the legacy simulator

Drawing D Automatic window dose on succe

D Automatically add missing librarie
Compilation
D Debug by default

Simulation Active compiler:

| GNU GCC (64-bit)

Parallel processing

Restricted © Siemens 2019
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Select “Microsoft Visual C++ 2015 and higher (64-bit)”

Tools

Preferences

Advanced

Active compiler:

m

Model update assistant

Library update assistant
FR Table Editor

r& Data Import

SIEMENS
lngenuity for tife

On a Windows PC with Microsoft Visual C++ compiler 2015, 2017 or
2019 installed, open the Simcenter Amesim preferences menu

l} Cirl+5Shift+P
> brent E? Create Statechart ?1? Create Signal Bus
Cirl+ 4
Compile your model
System Compilation - [DCTE_RT_step3] ? x

0]

GNU GCC (54-bit)

GMU GCC (32-bit)

GNU GCC (54-bit)

Intel C++ (32-hit)

Intel C++ (54-hit)

Microsaoft Visual C++ 2010 to 2013 (32-hit)
Microsoft Visual C++ 2010 to 2013 (64-bit

Microsoft Visual C++ 2015 and higher (6340t

Messages Details

Creating a sil

Explicits: 80
Dedared implicits: 0
Generated implicits:

lation prog for your sy

Number of states:
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Performance analyzer: stability regions SIEMENS

Il«\g,ev\ui\‘y for Ufe
Integration method selection Fixed time step setting Color and shape differentiators Eigenvalues properties tag
Integration method | Euler w Target fixed timestep 0.1 5 ms Goamntves ot 3580645
Euler :1“: W J ousade stabiity regon
Runge-Kutta 2nd order i 1 5]
Runge-Kutta 3rd order 3 T el
Runge-Kutta 4th order : : 3 i " Freguency = 1460.24 Hz
e e Damping = 1.0000 (Ratio)
[ ~ i oim : @ ° \i L
b 7 Target fived tme step 0.2 ., ms § . q
-, . ==
[} i m: n w0’
FEATURES BENEFITS
Selection among integration methods related to available fixed Ensure that your model can be exported to real-time target
time step solvers within Simcenter Amesim |dentify straightforwardly the best suited numerical integration
Numerical stability region update according to fixed time step to method for a given fixed time step
be used Comprehend quickly which eigenvalues — and so model
Access from plot to additional information on eigenvalues components — are the roots of diverging simulation
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Performance analyzer: frequencies pane enhancements SIEMENS
Iug,%uffyforhfa

From Performance Analyzer

Solver and Numerics

Run selection: |ref R

]

v Automatic linearization

Run statistics Minimal number of inearization 2 -

- ldentify undamped and unstable high natural Run automatic ncarizion

frequencies of the system in order to reduce CPU LT penvaies tseleced ame
tl me e Time selection I 3.,56505 5
+ Detect which components are the most important '3 Mo [Type |Frequency[Hd | Damping[%] | MaxFTS e g
o . Frequencies f 03 Osdilating mode 589.35 0.01 0.000078
contributors for each eigenvalues .02 Osallating mode 315.50 4% 005027
—o f 01 Osdilating mode 21.67 0.00 0.000729
- Get limiting fixed step integration to get stable o e
. . Discontinuities
model when exporting to real-time target v Top contributing states
Participation factor ,‘ Submodel Variable

soo: [ | mass_friction_endstops [M...  velodity at port 1
o [ | mass_friction_endstops [M...  displacement at port 1

2% | | actuatoroni [HI020-1] pressure at port 1

£ »

» Options

Restricted © Siemens 2019
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Performance analyzer: frequencies pane enhancements

Automatic linearization and time selection

w Automatic linearization

Minimal number of linearization 2 o
Run automatic inearization =] Start
Eigenvalues at selected time
Time selection I 3.56505=

FEATURES

Automatic detection of stiff solving instant

Eigenvalues and associated participation factors computation at

detected time

Euler’s explicit method stability conditions for real-time model

conversion

Page 64 YYYY-MM-DD

Eigenvalues and participation factors

Ll

Mo | Type | Frequency [Hz] | Damping [%] | Max FTS [ms]

f 03 Osdllating mode 589.35 0.01 0.000078

f 02 Osdllating mode 315.50 4.98 0.050267

f 01 Osdillating mode 21.67 0.00 0.000729
t_10 Time constant 14915.15 100.00 0.021341
t_09 Time constant 4457.63 100.00 0.071408

v Top contributing states

Participation factor | Submodel Variable

oo [ | mass_friction_endstops . welocity at port 1
45% [ | mass_friction_endstops...  displacement at port 1

2o ] actuator001 [HI020-1]

pressure at port 1

BENEFITS

SIEMENS
lngenuity for tife

Stability conditions for real-time export

Euler's method stability conditions @
| Move cursor to critical time

8.45077e-07 ms
3.55893s

Maximum fixed time step

Linearization time

Catch up directly information about solving slow-down without

any additional analysis

Visualize easily which components of your system are the

limiting ones for model speed-up

Get numeric conditions for real-time export

Siemens Digital Industries Software



Agenda:

E R

Z ATV HI R i
ATV - M A
Vs R 2 N

SIEMENS
Iug,ev\uffy‘for&‘fe_



Simcenter Amesim history SIEMENS
30 years experience in mechatronic simulation lngenuity for Life

Plant model, control,

XiL-Real-time
96 Simcenter Amesim PIDO, CAD, CFD &
19 Version v1.0 CAE interfaces

1st aeronautic
engineerin.g project Application
(with ACSL) oriented

Model Based
= - System

i Engineering
; _|.?}!,' g ’}w@ -
Collaborative
i System
Simulation
Numerics System
core & _ _
modeling Simulation
methods
o b Component
Simulation
Simulation
1996 1998 2000 2004 2006 2010 2016
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Opening and Coupling with CAE world SIEMENS
Ihg,ehuf\ty‘for(,{fe

3D simulation

Mechatronic System Simulation

Simcenter Amesim

Restricted © Siemens 2019
Page 67 YYYY-MM-DD Siemens Digital Industries Software



SIEMENS
Ihg,ev\uffy‘for&‘fe_

Thank you

ABIEI Bl IF TR
Tel: 185-1520-6730

bowen.deng@siemens.com



