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Abstract: The use of mathematical modeling and simulation in engineering is rapidly increasing since modern
products are increasingly complex and heterogeneous. Consistency analysis of simulation model is a crucial subject
of multi-domain modeling of complex physical systems. In this paper, a structural analysis method based on graph
theoretical approaches is presented. The method can not only determine whether a simulation model is consistent or
not, but also decompose the overal system of equations into three distinct parts: over-constrained,
under-constrained, and well-constrained part. A methodology is also proposed for detecting and repairing
over-constrained and under-constrained situations. Equations and variables that cause the inconsistencies can be
automatically detected and isolated without solving the system of equations, and meaningful repairing messages for
users are given. The methodology can considerably enhance the error finding and correcting process by providing a
broad range of errors, and isimplemented in a modeling and simulation tool, named MWorks.
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model Oscillator
Force F; Mass M; Spring Sp;
Damper Dm; Fixed Fx;
equation
connect(F.fa,M.fa); connect(M.fb,Sp.fa); connect(Sp.fa,Dm.fa);
connect(Sp.fh,Dm.fb); connect(Sp.fh,Fx.fa);
end Oscillator.
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1, O((m+ n)\/a) , m N
DM , e/ vl .
Under-Constraind Well-Constraind Over-Constrained
el e2 : €3 e4 : e5 €6 e7

el: f(vLv2,v3) =0 I [

e2: f(v2,v3v4)=0 | |

e3: f(v4,v5) =0 l l

e4: f(v4,v5v6) =0

e5: f(v6,v7)=0

e6: f(v6,v7)=0 I I

e7: f(v7)=0 | |

vl V2 v3 : V4 V5 : V6 V7
Fig.2 DM decomposition of a bipartite graph
2 DM
23
231
, 1 Spring  Damper
Compliant =8, Mass 1S=6. Oscillator

€l: M.v=der(M.s) vl:M.s
€2: M.a = der(mv) v2: M.V
e3:M.mxM.a=M.fa.f + M.fb.f v3:M.a
e4:M.fas=M.s-M.L/2 v4: M. fas
e5:M.fhs=M.s+M.L/2 v5: M.fa.f
6. P.f =F.c*x(F.s_re —F.L) v6: M.fbs
€7: P.s_rel = . fh.s— P.fas v7:M.fb.f
e8: P.fh.f = . f v8: FP.s_re
e9: Jp.fa.f =—.f v9: . f
€l0: Dmyv = der(Dm.s_rdl) v10: Sp.fas
€ll: Dmf = Dmd * Dmv vil: Sp.fa.f
€l2: Dms_rel = Dm.fb.s— Dm.fa.s v12: Sp.fhs
€l3: Dm.fb.f = Dm.f v13: Sp. fh. f
€l4: Dm.fa.f =-Dm.f vli4: Dms_rée
€l5: F.f =10* sin(2+* Pl *15.9155+* time) v15: Dm. f
el6: F.faf =F.f v16: Dmv
el7: Fx.fas=10 v17:Dm.fas
€l8: F.fas=M.fas vi8: Dm.fa.f
€l9:F.faf +M.faf =0 v19: Dm.fh.s
€20: M.fh.s= F.fas v20: Dm.fb. f
e21: p.fas=Dm.fas v21: F.f
e22: M.fb.f + P.fa.f + Dm.fa.f =0 v22: F.fas
e23: P.fh.s=Dm.fh.s v23: F.fa. f
e24: J.fh.s=Fx. fas v24: Fx.fa.s
€25: 3.fb.f + Dm.fb.f + Fx.fa.f =0 v25: Fx. fa.f
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€26:M.s=6
e27: P.f =8
€28: Dm.f =8
, €26,e27 €28 3 . ,
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Fig.3 The over-constrained subgraph O%
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={e6,e27,e7,624,e17,e20,e5,e26} ,
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2 , c , , , c
2, VCS )
3 , c [
, , c 3, VCS
, Force  Fixed , el5el6 el7. 1
el5,el6 el7 . 2 3 e3 el9 e24
, VCS 18 , 18
233
Modelica , . 3
Modelica , ,
, 1 Oscillator Sp Ms connect(MS.fb, SP.fa)
:MS.fbs=P.fas MS.fb.f + P.faf =0. MS.fb.s= SP.fas Ms.fb.s
Sp.fas, . )

MS.fb.f + SP.fa.f =0 ]

connector generi C_connector

Redl € 1l
flow Real f; //
end generic_connector.
cl c2 . Modelica , connect(cl,c2)
:cle=c2e clf+c2.f=0. , clexcl.f +c2exc2.f =0.
clexcl.f =C,C , c2exc2.f =-C. )
, , f,(clecl.f)=0 clexcl.f =C,
f,(c2ec2.f)=0 c2.exc2.f =-C. , ,
f'e.e,.. . hi¥.)=0, [ i
. 1 Sp M connect(M.fb,Sp.fa),
f,(M.fb.s,M.fh.f)=0 f,(.fa.s,Sp.fa.f) =0, M.fb.s= Sp.fas
M.fb.f + Sp.faf =0. , fi(M.fb.s,M.fb.f) =0 M.fb.f , f,(Sp.fas, p.faf)=0
S.fa.f
15 , M,Sp  Dm .
; , 2.2 , M,Sp Dm
) , 3
M,Sp  Dm . VCS ,
( ) :
. 6 , 4
(1) {el,e27,e28}: Mass v=der(s); Compliant f =8.
(2) {e2,e27,e28}: Mass a=der(v); Compliant f=8.
(3) {€b,e27,€28}: Mass fo.s=s+L/2; Compliant f=8.
(4) {€26,e27,e28}: Mass s=6; Compliant f =8.

© DEEREBAAAIFUN bt/ www. jos. org. cn



1875

(5) {e6,e10,e26}: Spring f=cx(s_rel—L); Damper v=der(s_rel);
Mass s=6.
(6) {e6,e11,e26}: Spring f=cx(s_red—L); Damper f=d=*v; Mass
s=6.
2.4
3
, 1 Modelica ,
, . (1) ,
(2 . ,
HE) : [3.4]
46 } 6
MWorks ,
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