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simulation tool spectrum from the dynamics performances of individual components
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Abstract: It is well known that the arrent economicand markettrends are pushingOriginal Equipment
ManufacturersQEMs) and system integrators to design Rggrformance syems with tighter development time
requirements Naturally these developers anesoring to simulations to avoid the time and cost of early
prototyping. Without losing security and environmental sights, thewétdoto reuse their simulation models for
different needsindpurposesAut omat i on SteusdtiaobEl issohfetswaar enew fl anguage
components thahanufacturers diydraulic, electrohydraulic and control component need to maricepromote

their products.

This paper presém an innovativepproacho aidthe design and analysisom simulation ofdynamic component
behaviars to complete mechatronic systems and machifiesproposed methodology allovise decision maker
to select theppropriatesimulation setting in orddp meet the needsf multiple simulationscope for everystep
in theproject Kfecycle. This approaclised to bealledMachine KnowledgdManagemenSoftware

used as a Machine Knowledge Management Software
Eérﬁiacg;‘;(;%eo?ggg;/}n%ﬂgﬁrzdrb%qig?ﬁmctech.Cqm allowing more flexibility, versatility and simulation
Tel : +1 5147488050 reusability.This is mainly due to
SangJin Lee: Inroot Co., Ltd,Tel : 82-31-399-5711 d 6i ng @®e hyid sinmlation models as outlined in
Rémillard & al. [1],
- the Downstreardesign approachs referred to

1. Introduction

In order to cope with many needs in a mechatronic by Rémillard& al. [2],
syst embs OHM mustc acquiree manydecision - the different functionalities easing design and
supporttools in order to complete prototypingnd the analysisas illustratedy Lenoble & al[3].

subsequentspsof the lifecycle Certain softwaréools such

as simulation software offer advanced and sharp analysis  In the second section of this article, we will explore a few
capacitiesHowever, most simulation tools specialize in a software parameters that allofor expansion ofthe

specific modeling niche and require usEmMpetencen simulation spectm. Certain simulation parameters such as
particular sdftware and technical élds. Thus, we forsake t h e simulati on pace, t he sy
some diversity in simulation capacity. Consequently, userssimulation optiongire notegs the main factors affecting the

lose sight ofan overall view of the system theyish to spectrum. These factors will beefined during the

simulate and are forced toake compromisesn their application of the work methodology proposed in flaiper.

working procesg-orexamplepusersare dliged to use more

than one software tool to simulae entire system, which We will present a broader wdrlg processin the third
complicates the product developmenptle and renders this sectionlInitially, we wi | | expl ain how the
step useless for other purpodashis paperwe will present  and the specific information need are extractedfrom the

a few examples of Aut omat inwdela sharedrhis@lowpus makeciformed choiees we r e
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for selectinga suitablesimulation modelThis methodology
brings users and companies to limit compromises and tdf we refer ourselves to the time steps valpesviously
gain maximum benefits inherentgower system simulation mentionedatime step thais set at 0.1 msr lessallows us
to simulatea sufficient level ofdetail at thescale of a
In the fourth sction we will show how catalogue systends component. For exampl e,
componentsssist irthe selection of the right level of detal val vebés behavior can be si mul
for the simulation model according the functions or pace. The componentds physical
behavioraneeded by the projedt will also show how itis  a frequency analysis considered.
possible to adapt these models and thensodels that
constitute themtitt he pr ojements.6 s r e g uThe second time stef0.5 ms) allows us to increase the
speed of the calculations in order to simulate a more
The fifth and finalsectionis wherewe will presenta few  extensive function for a system without losing a certain level
examples created with Howt oahdetai for ihe 8ansiedtibehBvioftha sirulatiom of &
the proposed woiig process brings us to use a Machine hydraulic main control valvewith its flow demand,
Knowledge Management Software efficientlye Will also  electronic control and mubody mechanisngan be a case
presentwo methodabgy applicatios where thesimulation  studywhere we increase the time step without rendering the
needsareopposite The first case study will biae dynamic ~ simulation impracticableThus, the second time step can
analysis of an exc atheasecond 6 sllownss itonsimdate rmiodels that dotanked & represent
will be a demonstration of a Failure Mode, Effects and phenomenomith a very high level of precision. This will
Criticality Analysis (FMECA) tool that monitorsa result in an overall gain of computation tireabing us to
protection system through a BOP valve tie offshore  simulate a slightly broader specm For example, itis
drilling industry possible to hava pairing ifthe component modelsuch as
dynamic modelsarecoupled wih kinematic models.
2. Simulation Tool Spectrum
Once the si mul atdsaradired wec 0 phe lash time steghOems)rallows a simulation scope of a
must choose the proper simulation tools, while configuringmore global system where the level of detail of individual
these tools precisely to achieve the original objectiMesse ~ components is neglected in order to make way for the
objectives must bechievedby minimizing deployment sy st e m6 s thd ovegall perfoanandeequirements
costs without compromising the reusability of project For example, an entire mechatronic system can be difficult
simuldion by requiringspecializedabor todo the technical ~ or impossible to simulate with many dynamic complex
work. models of subcomponents. Simulation performance can
One of the factors allowing spamtn expansion is the  sometimes hide sougtfterinformationor prevent us from
simulation pace that can be seth differenttime steps0.1 calculating them. By setting a tévstep at 10 ms or more, a
ms, 0.5 msand 10 ms.By setting a smaller time step, we sy st emds si mu lframh a sofiwardmintofan do
obtain a more refinebehaviorrepresentatiorfzor each time  view by keeping the simulation time equivalent to real time
step value mentioned above, we associate a type chnd analying performance requirements or tiam
simulation scope to understand a simulation speriiscan operators.
be implemented isoftware like Automation Studié ( Fi g )
1), 3. Working Process

The proposed working processiemonstrated with

AWOMA“moirniD'omm o Aut omation Studi oE, can be di
f The Simulation Scope (1), the simulation needs (2), the
- i 72 usage of the Manufacturer Cataloguesc o0 mptlateasa t s
G — e the implementation of the simulation (3) and the dedicated
ﬁ mm:mczes.g ﬁ softwae f eatures for better anal
Fig. 1 Simulation Tool Speaim behaviors (4).
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systen). As shown further in this section, according to the
scope, the simulation af machinean be reused for various

Components Function Machine . . .. . .
Servo Valves Hydraulic function BOP, Crane corporate  activities like training, engineering and
Ma"‘z_cc’::z'd‘s’a"’es Hydrostatic Drive Excavator maintenancelt can also be benefdito reuse it forthe
Analysing Training Trouble Shooting analysis of global performances criteria based on different
Dynamic Sale and Promote Monitoring :
Functional Analysis System Logic scenario and dUIy CyCIES-

3- Catalogue COI‘I‘I_EIOI‘Iel‘ItS
Dynamic Model Simplified Model Manufacturer L .
Kinematic Model Discreet Model Pump Builder PROJECT NEED$ Establishing the project needs and the

use of the simulatiort this stage, simulation needs can be
for some activities prior toproduct development and

4- Software Options
Simulation Pace Time

Steady State Analysis 3D Model

Plotter Trouble Shooting Oscilloscope . . .
Dynamic Measuring Energy Analysis prototyping such as the analysis of a component or function
Instruments

dynamlc%or to vagdgte the functional and logical behavior
only.”And also it can be in the post development phases, to

SCOPE- Establishing the simulation scope is crucial when train .new gmployees gr pre_pare dfagnostlc and rmll_’
materials. Finally, the simulation project can also provide
designing a virtual model. Once the simulation scope is i y | d
establshed, it becomes more straightforward to understand" 2 eting and promotional interactive documents.
the different hierarchical levels needed to paint a complete
CATALOGUE COMPONENTS i To catalyse the
and useful picture of the system being studied. The first levet hodol d mak bl I |
listed in Fig 2 shows different scopes that can be focused on methodology and make it more accessible to all potentia

The scope caneb3 types: the machine, the function or the users, different model types need to dailable, easily
component usable andeasilycustomisable by users who want to create

a complete circuit simulation by connecting all the
individual components together.

Fig.2Aut omati on Studi oE Work

Component Sometime the need to use simulation is at the
component level. For example, a design issue requires a

more refined model and simulation of a component becomeés explained in Rémillard & al. [LHybrid is the answer for

essential to help understando exchange detailed that enhanced thip inmerc ergarsization,n | t i

information between colleagues aoaaiddecision making. combln'ed with the ability to r?est b.Ioc.kfs within eatther
In these situationgthe simulation scope @t the level of that give the approach its significance. Whenever

components such aergo valves, directional valves or main information about the system is lacking, simplified models
control valves (MCY. can be used within a block. When more precision is required,

the same block can be remodeled with more advanced

Function - Recently, the markedemand for simulang dynami cs without having to reeé
functions has grown considerably. This scope level has the

benefit of offering quick and affordable solutions for OEMs, Co mponents from Automation S
system integrators, and component manufacturers. Agatalogues can have more than one type of simulation
manufacturers argortrayingthemselves more and more as models. For example, it includes different modelpwhps.

solution providers, they are offering more and more There are detailed models which can be used to animate,
functional solutions: power steering, braking, power units, simulate and individually control the inner components with
hydrostatic drive, etc. high precision calculations. This model is dedicated either to

train people on the component or function scope or to
analyse the inteal dynamic performances of the pump.

) o : . o However, if the project requires simulating a complete
more simulation in their working process by creating virtual
system it may be more appropriate to use a model where the
models of their complete mechatronic system. This scope

aims mobile equipment such as excavators as well agubcomponent details are not considered without neglecting
industrial and offshore system@or example: driling ~ the overall behavior a complex pump. Conetl with the

infrastrudure with its blowout preventer (BOP) security fght simulation pace, the calculation will be optimised to
ensure a redlme simulation. Similarly, the valves also have

Machinei Combined with a wider simulation spectrum, we
approach the objectives shared dly OEMs to integrate
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different models. One type is kinematic for a machinescopdp e ki nemati ¢ model, because t

simulation, and another one is fully dynamics, to be used fothrough simulation is simple. It does not require a model

frequency analysis or other more refined simulation analysiswith all of the physical parameters, since its behavior is
based on empirical data and kinematic parameters such as

t he speedpits ddwse and its command value.
SOFTWARE OPTIONS i Select the right tools that

increase themachineknowledge access and speed up the
decision making process, the learning curves and moreove

Influence of Command Signal on Flow

Looped Flow Path

Usgem imin Sposl “2C20N" P 104 or B gk Bor A

the communication. The lastep of the working process o T :
dependgreatly on the analysing and the measuring tool that B ‘“
the software offers. The softwafeaturesare listed in the 7 a% ' ”
figure 2. The selection of tho$eatures and corresponding W“ Singlo Fow Path
tools for the project will belictated by theeeds established 27T B T s
at the step 2.

4. Manufacturers Catalogs Components Fig. 4 Manufacturer Component Example 1

Previously, we have explained the simulation tool
spectam and the proposed working process for component N the second example, an axial piston pump used in
or system simulation. Thus, the purpose of this section is t¢losed circuits is divided in many sections such as the
demonstrate the firent models that could be used in order rotating group, the cylinder block with tissvash plate, the
to get the best fit with Heglgtionyang ppieqlionsvales gvihe the auxilary s i mp

model idea and the reason for its use will be demonstrate¢ © mponent s, the pumpds control
afterwards. the pumpos functional schemati

calculatons, and to accelerate the simulation while obtaining

The Fg. 3 shows how the components are listed in a@ good flow rate and a proper pressure control. Figure 5
catalogue and how the user can easily explore and select tiistrate the case of a pump in a closed circuit that allows
right manufacturer componeifor example, in Automation the simulation of a hydraulic system and the flow control
Studi oE, since the catal oS components are ready to
simulate, the catalogue will increase fireduction of the
simulation project.

(Control CILJrrenl (mA) Resistive Torque
)
Catalogue Manager ? 1 x
=i g 2 S 8- QB - \
- . &
; e AR
EAMCOGuote x| Y I | ;}E!é ¢

Ei-[=] Manualy Operated B
D Mivs-12:A 2013-03-22 09:20:42

MLVS-12.8

MLVS-12.E

MLVS-12F

MSVI-12

MSV212

MSVH12

MSV4-12

MSV512

MSVE-12 ~

Data |imsges |Documents |Hotes |Accessories 3D Viewer it | ¥ |

MLV9-122A
Eaton

Hydraulic\Dircctional Valveld Ways
MLVI-12-A-0L-0-01-00

Manual lever valve. spool

Fig. 3 Catalogud”roduct Selection Example

Fig. 5: Pump Builder (A4VG) from catalogue

This simulation model allows us to focus more on the global

Components using a simplified model input and output parameters than the internal compoients

As a first example, Figt illustrates a circuit that tests pehaviorThat will allow the users to read the data faster and
and analyses the valmodebcan oug phsé! PWeCcanbl 9ki sThifsthe ¢
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Influence of command signal on distributor flow at constant differential pressure

will be then simplified as demonstrated in the following
figure.

Qosed-Loop Smulation Models . lﬁ%‘
( @mmand| \ Q) ~ '
0 |
5 Simpliifie 3oy
g 4 ke TEEL L
8 (] Qarge |, Qifice | 4 G/linders| || Swash '_
s Pump - Geometry - Plate
AT- 4p— 1; * f:u.mporlenllmhst D
|, [Hearica [ amp o[ moor | [ wad || Fig. 8 Manufacturer Component Example 2
@ -(dreuit with) Rotative > —>
3‘7 Motor 71 Goup 'p— e
: \_
The model for this valve include two proportional valves;

Fig. 6 Block Model Closed Loop Pump onefor the electronidlow control andthe another one for

the internakompensator spool which provides compensated
Onl y t he speed ¥ a n d toraugy Ypn W to bhrg abBibrCufdeidnfidt @t the
shatt while the flow Q anthe pressure P will be calculated 4y 2 mic valve model used in this example, the fundamental

at thep u mpcansection ports. T savestime for the o 1aions of components that modulate hydraulic behavior
simulation ofinternal componestas suchas charge pump, are explored here

command spool, swash plate, cylinders, etc.
To start the analysis, we start by establishing a relationship
The same kind of modekn be applied for an open loop that dictates the motion of the moving part @iraportional
pump as showin the fig. 7. The inner valves, the swash valve It can be represented by a second order differential
. . L) . . o X . . . .
platewith the cylinderblock and the pum sotatinggroup equation with position gnd s “T“.e dgrlvatlve. \Mth
) ) ) ) parameters ma$®, damping coefficientC and spring
will also be embedded in a single mathematical modileof

functionoft h e ptarquey speed, flow and pressure. stfinessk , the relationship is defined by

F = v+ o+ kx 4.1
Open-Loop Smulation Models (4.1)

y - N
— } . . .
O L I Also, flow Q and differential pressurg P are a function
= ntroller Valve ||, G/linders| | Swash .
8% > il > Pate of the position of the valve. There are two general models to
“ j define theoretical pressure drops. The one to select depends
N Simplified A || e | jomee]| 0N the geometry of the flow path.
Cl;) »|Qrcuit with T Rotative -2 Valves |—»] Mechanism
8“7 Motor vrotet 71 aoup J7 e . . o
\_ W, If we describe the flow path with an orifice model, we use

i the following equation:
Fig. 7 Block Model Open Loop Pump

Components using a detailewdeli Q=C, A\)(X)\/@ (4.2)
For a proportional valve, the dynamic model allow the 4

analysis of high frequency transient behavior, in addition to

other behaviors of the valve such as its flow rate control, théVhere ~¢ is the discharge coefficient, is the specific
pressure drops, the pressure control , the flow forces and tn%ass of the fluid an JA\)(X)

. . , _ is the area aperture function
electromechanical behaviors of commands like hysteresis \yith respect to positionX .

For example, the following figurgresentsan electre  If the flow path is a pressure line mbdeich as the Darey
proportional flow control valves where we analygbe Weisbach [#relationship, we can use:

influence of the input signal on the regulated flow.
p g g ~ L r (Vf )2

Dp=f—
d(x) 2

(4.3)



R. Gagné &al. How to take advantage of a Machine Knowledge Management Software to enlarged the

f . - adjusts the displacement characteristics and the one in Fig.
Wheré |s.the flow loss  coefficient, that can. be 12 adjusts the flow relationship by emulating the
established usingldoody chart or other methodg[4L is  closing/opening behaviors of the valve as a functibthe

the length of the line/ is the specific mass of the fluid, g0 force due to increasier.

Vv, _ : d(x) . .
" is the fluid velocity and '( ) is the diameter as a —
function Of pOSition X . < Symbol | Spool Travel h’);mafﬂow Pressure Drop | Flow Force Limitation
. N . :—,—.—Hm Hide All 800 — a
Data Mappig i Equations 4.2 and 4.3 can be presented a
using curves such as illustrated in Big\e see the aperture intonzen £ A
X ) '_': 000
A’()as a function of val ‘ £ .
appropriate geometrical model can be selected as needed. [ .. e s
‘Component Properties (Proportional Directional Valve - Proportional Hydraulic) ? :r(::::h:mg e 0 £ 20 » ]
o[ | symbol | Spooi Travel | Area/Fiow | Pressure Drop | Flow Force Limitation Ingut Signal (%)
PR — Connectivity Diagram (= | Connectivity Table
E ] X g ¢ 3 © | ° 1 2 3
? : WEE
@ H23 E‘ v
0 3 v
Hide Curve womw . .
fideMl |5 5 7 Fig. 11 : Hysteresis Curves
r— == ==
Variable Assignment ES S z -‘ =- -‘ " R P l.l',",'*f!""!. l l - ? 8 x
Accessones - < Symbol | Spool Travel | Area/Fiow | Pressure Drop | Flow Force Limitation
oo w o e 0 D 0 X w0 B T Conaictivity Disgren: CoRpactvly Table
GmeiSings] Spool Travel (%) HHHDXES L 2 L
0>1 | SpoolTravel | Aperture =] Parameter EHE=
E - Discharge Coefficient 1 — m m ]
-89.7059 220848 B HL aa] | |
=76 764 15275300000 | — b3 . [ Delete s HEEE
S Hide Curve
Fig. 9 Orifice Model using Curves e At
Window Zoom b
_ eaemen
However, once again, the real geometry of a valve cannot b B =5
usually representeghtirely or preciselyby using any one of T 5
these theoretical models. urs 20 y
v

Data mapping makes it possible to define a hybrid model of
the valvéd s f &racteristicstirectly with the appropriate Fig. 12: Flow Force Curves
flow gain curve, such as in Fid).

As stated before, the detailed component model could be

Component Properties (Proportional Directional Vaive - Proportional Hydraulic) ? 8 x

: e also applied to the variabltisplacement pumps. But, the
LR \ 1 ;5 @0 ~ model will be logically called an exploded model of the
G mm— Q\\I z pump.

= 2 —
— == To demonstrate thimodelwith an application example,
e — == 5= we take a real pump such as the Linde Series 02 Pump with
raroors CESEEEEssEEE e CA control. This pump has two main  displacement
e — requlation modes, and it is specifically these characteristics
— g m— that are practical and relevant. The simulated pump model is
’ shown inFig. 13

On one hand, the rotation of the thermal engine (1) drives
the charging pump J2which creates pressure at the orifice
Moreover, data mapping includes considerations of more(3). If the rotation speed is high enough, this pressure will

complex phenomenasuch as hysteresis and flow force actuate valve (4). By actuating one of the soleiopierated
effects by defining two extra curves. The curve in B.  \5eq (5) the pressuravill be transferred to the

Fig. 10: Flow Model Curves (Eaton CML60)
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corresponding side of the sereglinder (6), which will hydraulic function with certain needs for the understanding
change the main pumpds di sof! atcheemesnyts t(e7md.s Tohpiesr aftii romt amalc
allows the main tpadaptd she d iperforinamcestoratant
enginebs rotation speed.
On the other hand, the changing load creates a working
pressure sensed by the opposite side of the -sglinoler
(6), reducing the maiwoit pumpds displacement. The
change of the displacement with respedhto variationof
working pressure is conditioned by the power regulating
valve (8). Consequently, the power can be maintained at a
specific level, whib is the second mode of regulation.

E;_.‘;__-‘
143 Limin @j
20 bar B4 . G

G : '; g - - I"w i
PR i

Fig. 14 Working process for the MCV example

% Wt -
AN = s / |
o8 * El <« |{ ,,,,,,,,,,,,,,,,
323 bar = = R - Scope
! T‘:\ T @

Beforeelaborating a real prototype, the hydraulic design has

i

1

i 1

‘ e
@\! %-‘”ﬂg : to start with a simulation mo

: functions which are those that are controlled by the
@\_ o f]@ monoblo& main control valvedestined for propulsion and
‘ N load manipulation functions. Thuthe sco is oriented
towards the function level.
- Needs
At the preliminary design phase, there are many needs that
appear. First of all, we need to compare different system
Fig. 13: Discreet model Pump CA Control Simulation architectures and manufacturécemponents available in
Model the market. Earlyomthes y st embés design, we
about testing different ideas. Therefore, there is a need to
Simulating  thesedetailed characteristics allows the  quickly obtain a functional simulation showing the different
designer to analyze the integration of this pump with thecharacteristics of the systems that we wish to compare.
thermal engine. Based on the power consumption and _ Component Catalogue and Software e
generation characteristics of the engine in use, which is alsg y using manufacturersdé comp
modeled using the hybridpproach Rémillard & al. [1),  Aut omat i o librari®g we ddn aréate three circuits
the simulation will allow the designer to identify what presenting different control strategies: a positive control
adjustments are necessary to maintain the pump at thgjrcuit, a negative control circuit and flow sharing circuit.
opti mal point where the enginebs power throughput i s
maximizedand wherestability is not compromised by being |n a few hours, the threeircuits are constructed with
too close to pohte engineds gskodidtell ipnBs and discussions can be done between
differe?t Iezxgeﬁs iné)rtdelrJ tg sleeom@ich strategy can be used

5. Examples using Aut oma ,
for the new machine.

BT

=

i L

4

Example 1:
Let usrefer to the proposed methodology in section 3 andat this stage, we can consider different strategidth

apply it to a circuit design project for an excavator by USingSimp“ﬁed simulation models such as:
a monoblok main control valve as the main component. 1 Function operation logic

This example illustrateshé simulation of a specific 1 Nominal pessireandflow rates



