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1. Introduction 3. Implementation 4.Resuts

The Modelica language establishes a formatted unit string for * Prototype of method coded in Modelica 3.2 and utilized with a fuel cell model library [5] Start-up time—once per session (Dymola 7.4, Ubuntu 11.10
Real quantities. Methods for unit checking and unit inference are __ (Linux), Intel Core 2 Duo):
used [1, 2, 3]. Tools may support unit conversion for input and ST UE (S0 el DURIUETUENES) Brre CE ) e Translate units: 2.8 s
display, e.g., defineUnitConversion(). // Base quantities ( Tfeém 'tt ?}tltﬂgi“r;ee rl]ssil(l)snedj * Check unit relations (optional): 1.0's
Package Modelica is based on SI units [4]. However, other A N AP sty (PR o denote the ' * Define unit conversions and default units: 2.7 s
g ” type'\I:engt_lr’l}— TypeReal (final unit= L__ﬁTn—O) ;
systems of units may be more convenient for certain applications. type Masp = TypeReal (final wnit=Tll", min=0);
. . o . type Number = TypeReal(final unit="1"); Listi 3: E le B df t f it . . . ) .
E.g., 1n electrochemistry, it 1s helpful to normalize the Faraday and type ParficleNumber = TypeReal(final unit="N", min=0) "Particle ISting J: Example base recorad for a Sysiem Oof unis Model translation and simulation time—I1D transient thermal
number; . . .
gas constants [5]. i T TopeTeil (Serl i ) e fim conduction and convection among 20 subregions (same platform):
BIPM—the organization that maintains SI—states: PR fase constants andunits for SLwith k. and  nomatized  Translate: 18.8 s with “natural” units, 17.1 s without
(e S a type Mass§pecific = TypeReal(final unit="M/N") "Specific mass"; e Simulate: 0.19 s with and without “natural’ units
type Torquk = TypeReal(final unit="L2.M/(A.T2)"); final constant Q.Angle rad=1 "radian";
The value of a quantity 1s generally expressed as the
: 0 © - [...] constant Q.Wavenumber R_inf=sqrt(8.3144621)*10973731.568539
product of a number and a unit. The unit 1s simply a Rydbers constant!
particular example of the quantity concerned which 1s

) constant Q.Velocity ¢=299792458/sqrt(8.3144621) "speed of light

used as a reference, and the number 1s the ratio of the sy . leEmethaleeisrasal I J-AGReeT ETietaart () n
9 value of the quantity to the unit.” [4 y Listing 2: Excerpts from Uni ts packagz (U) con:‘:asrjf h; ?l;lescf;l::r?:zgl;ectrical R_K=(96485.3365"2  Start-up overhead 1s noticeable
Although Modelica tracks units, it does not fully embrace this | | | /s siyefeet constonis. | e L e conerane e Half of time is to re-translate units—unnecessary if base units
concept. The present work explores how this can be implemented in con;a;ﬁ-t-s"gﬁa units" Conctant SIEEEEZE E;ng;iaiiiiiaii?f““"; have nqt changeq , .
Modelica and the implications of such an approach. ey constant LAngleTadsianis rad e \end An; » Units are included in symbolic preprocessing

* Overhead of ~10% during translation
 No measureable effect on simulation time

// EmPirigé_l.-‘.*ﬂ.i.ES ------------------------------------ Base units may be e : . ; - :
constant ¢ LengthKGi=10973731 . 568539+rad/R_inty meter" Py - » Existing framework for unit checking is appropriate for dimension
checking[1,2,3]

constant Q.MagneticFlux Wb=483597.870e9/k_J "weber";

final constan{ Q.Number R=basis.R "gas constsaf';

constant Q.ConductanceElectrical S=25812.8074434/R_K "siemen™s

. ] . L o . . . .
¢ NumeI‘IC SYStemS Of unltS—baSGd on Values aSSIgned tO d mlnlmal constant Q.ParticleNumber mol=96485.3365%Wb*S/k_F "mole"; Most units are defined Slmpler because fewer .funda'meptal dlmenSIOnS than SI unlts
Set Ofbase COIlStaIltS and intel‘relations among U.IlltS constant Q.Potential K=8.3144621*(Wb*rad) "2*S/(s*mol*R) "kelvin"; by interrelations. L Work_arounds necessary m Modellca 3 2
- ~ // Remaining SI base units [BIPM2006, W ¢ de r() 0p€rat0r must be leIdCd by U -S
Instance of final constant Q.Potential{'V=Wb*rad/ssolt";  T1me variable must be multiplied by U. s
RealType from final constant Q.Current A=V*S "ampere";
- 4 = 1:-1:- final constant Q.ParticleNumber C=A*xs "coulomb";
_ Quant Ities Quan Jeles final constant Q.Energy J=V*xC "joule";
( units package) _ package y package final constant Q.EnergyMassic Sv=(m/s)"2 "sievert";
Q

. Lonciusion
bdd [package] QUPV [QUDV Concepts] ) [BIPM2006, Table 5]

// SI prefixes [BIPM2006, Tab
_____ _V_____ ____Y_____ final constant Q.Number(yottaf;.@?A "yotta (Y)"; /SI pI’GﬁXCS are factors P
~~~~~~~~~ L3 ""‘—— ..~~~A\ [. ° .] ~~..-“' . . . . 1 1 1
; SystemOfUnits \\6 ! systemOfQuantitieﬁ," SystemOfQuantities \\ final constant Q.Number yocto=1e-24 "yocto (Y) " \_]U.St hke Other units. j Summary. MOdGllC& CaIl eXpI’GSS thSlC&l Values 1n a
{fmemeiStng 4 | Y e U |pameistne w | manner that 1s unit-neutral by fully embracing the concept
% | description : String [0..1] P 0w <% | description : String [0.1] | # // Coherent derived units in the SI [BIPM2006, Table 3] 8 .
", ] definitionURI : String [0..1] ',':/' «alueType» "\‘\\:‘ definitionURI : String [0..1]/" final constant Q.Force N=J/m "newton': Ofa thSlcal Value daS the prOdllCt Ofa number and a unit [4] .
L 0.5 ‘ '," Quantity \“ ~~~~~~ 0.5 " ‘ final constant Q.Pressure Pa=N/m"2 "pascal'; ~ /
........ l'\‘ ﬁi:?eumfgbﬁ 1011 ':' B «valueType» [...]
‘\ quantityKind : QuantityKind [0..1] ’," Number AdVaIltagGSZ
rder = - dered // Non-8I units accepted for use with SI units [BIPM2006, Table 6] . . .« .
-------------- e R ﬂganﬂmm--éﬂffj 7 final constant Q.Time{mindgos "minute’; * Consistent with the essence of quantities, values, units, and
/ Unit 0 ~~~~~ qua”“ty*;"ltd' QuantityKind [, cvalueTypes L] Other useful constants and numbers [4]
' name : String TN L' | name : String \ ! . . . . .
Yo [symbolstinglo. | T { | symbol: String 0.1 i numerator - Integer // Derived physical constants / non-SI units are included. e Supports non-SI unit systems (CGS, Planck, imperial, etc.)
“\ g:ﬁﬁﬁggog&ls.tg;?n[go'[g]1] \\ “\ g:zﬁ;ﬂ:}og&lstg?r?ng)'[g]1] '," denominator : Integer final constant Q.ConductanceElectricalf G_0727/R_K . . . .
o™ Rl % S S — e Units from multiple unit systems can be used in the same model
unit 0.1 S See 1 .’ . .
D T vt S final constant Q.Number alpha=pi*le-7*c*xs*xG_0/(m*S) .
~~~~~ ‘\‘ "fine-structure constant'"; (Where Compatlble) .
~~~~~~~~ ] seae [ [ * Selected physical constants can be normalized
Y - 1 '/ T
.................... valueDefinition, ";— ValoeDer 't'.\\ . . . . .
P il BN Disadvantages and limitations:
{ordet‘ed} description : String '5 o . .
N, YA Number o Fistineee | o r T - T e Unfamiliar way of thinking
________________________ ISting 4: EXample usage witnin a mode IStin . pertining a unit conversion tor aispia . . .
A J e . * Not used in Modelica Standard Library
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SySML definition of quantities, units, dimen$i0ns, and values (QUDV) [6] constant Q.MassSpecific{m_H=1.00794%U.g/U.mol %Specific mass of defineUnitConversio® ("M/N", "g/mol", mol/g)’)"Specific mass"; ° Overhead durlng Stal’t-up and mOdel translation

-
-
----

hydrogen"; e e, . .
\ T T * Only affine units are directly supported

T ~ N YT N N - : :
Unit from UNits package Relations among RealType from __ _ e Other tools must correctly interpret simulation results (e.g., a
(instance o_f IRieaIType from units in Units Quantities A quantity 1s the explicit This means: “Quantities with dimension mass per particle value of 1 for velocity mav not be 1 m /S)
Quantities package) | package | | package product of a number and a unit. number may be displayed in g/mol after dividing by g/mol.” y may
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