25 9 Vol.25 No.9
2010 9 Journal of Aerospace Power Sep. 2010

:1000- 8055(2010) 09-2148 07

HhEE, T &', R=FE
(1. , 100191;
2. , 710072)

; M atlab/ Simulink

S Funct ion

’

: V233 7 A

Integrative simulation platform-design for aero engine
digital electronic /control system
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Abstract: Combined with existing software and hardware resources, integrative simula-
tion platform for aero-engine digital electronic control system, which mainly includes aero-
engine model-subsystem, signal simulation and processing subsystem, controller rapid pro-
totyping subsystem was designed with modular approach. Aercengine model subsystem acts
as a numerical simulation platform that calls aero-engine mathematical model library and me-
chanical hydraulic actuator mathematical model library. Rapid prototyping subsystem for
controller runs in M atlab/ Simulink environment, in which control code encapsulated nto S
Function module. As key techniques in platform software design, mixed programming and
WINDOWS timer programming method were described in detail. Applying the platform to a
turbofan control system researchment, numerical simulation, semi-physical simulation and

bed test results are consistent. It shows the platform is feasible and effective in engineering.

Key words: integrative simulation platform; aero-engine; mixed programming;

timer programming; semi-physical simulation test; bed test
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Fig.1 Schematic of integrative simulation platform



2150

25

2.1

PC (

2

(Fortran, VC, C, M atlab/Simulink
) ; .

(DLL),

VC
DLL,

1) int Init( int flag, int exCondition[|);

2) int Run(double' h, do'uble m, double gto,
double gtf, doublealfl, double alf2, double fkp,
double delth, double exCtrlVal[ ], int docircle,
double con[]).

(Simulation X,
AMESim )

2, .NET C# :

, AD/
DA( / ,

) RS232( )

1o Enm L]

o
e
|

1w

o
Wwe |
/./ AN Ottt
Wi |
Do

W e e
o

P
i

- ZOEA

RTBE K R me) 1000 3
ik 3 V] Y

Fa = Ral et OnEsEs CJsiESA fa) Cirsmeas RS
w0 [0 aniw [ D 5 ow s 8
) s T o nofes ] nwpw
n@ oo 126 [0 ) e ) |
WoEsa [hapil i SBF0R (8 SR, T © Ay ; res]

2

Fig. 2-"Engine numerical simulation interface display

( )7

( ) I/ O( input/ output)

2.2

, ( dSPACE)

PC



2151

PWM( pulse width modulation)
LVDT (linear variable differential
transformaer) , RVDT(rotatory variable differemr

tial transform aer)

Vo , PC

Simulink

C/ C+ + , Fortran

Simulink ,
RTW (real time workshop)

2

Simulink

2.3

DA 0~-10V

DA 0~ 10V

(DGDC) RS232/ 422,

TCP/ TP ,

2.4

(PLA)

3.1

Fortran, C/C+ + ,
Matlab/ Simulink s

B

1) C#  Fortran, C/ C+_+
DIlIm port, C#
Win32
“NET
DIlImport

(AP),

ClC+ +

\ C/C+ +

Fortran

; Fortran
, GC#
DLL "

kernel32. dll
LoadLibrary, GetProcAddress, FreeLibrary
CDllInvokeFrame 2,

Fortran, C/C+ + DLL,
D1lIm port.
C# , CDllInvoke-
Frame2
M arshal. GetDelegateForFunction-
Pointer; System. Reflection. Emit

System. Reflection. Assembly

2) C# Matlab
Matlab R2006a R M at-
lab Builder for. NET Matlab
NET , CLS( common can-
gugage specification) ,
M atlab
C#

@O  mwcomutil dll, melmerrt78. dll
©) -. NET-MathWorks,. NET MWAr-
ray APFOK;



2152

25

® -Browse. NET -0K,

* ctf ;

@ “using Math
Works. MATLAB. NET. Arrays;” “ using
MathWorks. MAT LAB. NET . Utility; ”.

3) Simulink  C/C+ +

Simulink C/C+ +

S Function C/C+ + s
@O S Function Builder . dll ,

“XXX”,
build ;
@ XXX.c  XXX.dl ;
® YYY.c(YYY.c+ +,
C+ + extern “C” )

, XXX. ¢ )

extern
, XXX. ¢
@ MATLAB “mex XXX. ¢
YYY.e(YYY.c+ + )7 ,
Simulink XXX. dll
3.2
C# NET Framework
Windows
ms
.C# .NET  Stopwatch
, Stopwatch 1/10000
ms, .
Simulink RTW C
Ada
) RTW C , C
Simulink Wir
dows s
1) Simulink
2)

Solver Solver options Type= Fixed step,

discrete, Fixed step size

ReatTime Workshop T arget selectiorr Sys-

tem target file= grt. tle; Interface = External

mode;
3)
T arget configuration
malloc -grt. tle, Category
GRT code generation options, External
mode ,
4) grt_main. ¢ )
, rt_OneStep()
) , grt_main. c <
matlabroot> \rtw\c\grt
5)
Build
Build All
6) ,
s mdl-
name tf-infw, Simulink

2

\ External Mode

Control Panel

4
N1, N2 Ts
le N
s Simulink
3
(N1, No Ts)
4 ” 9 NZ
) Nm] NZ



9 : 2153

N |
’ /\ =\p PID I Scope
— ‘ N, limit_ N, N, PID controller
N Pack
5 : ml | Packet
Pii(;l(;? » —> /\ 'Q_' PID > Max N, output
] - T TR . ) »> Packet output
@tfriil::ci (liré [V) 111(tes | N, limit N, IV, PID controller Mo St§;1n{1;11rd devlii‘fs
Serial port[1h] Serial prof[Th]
) /‘ ?_. PID )
T limit T, T, PID controller N
;I To file
L ———3
3

Fig.3 Simulink scheme of rapid prototyping
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