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Object-oriented simulation platform for tur bofan engine
and its control system

ZHOU Wen-xiang, HUAN GJin-quan, DOU Jian-ping, SHEN Feng

(College of-Energy-and Power Engineering,
Nanjing University of Aerenautics and-Astronautics, Nanjing 210016, China)

Abstract :, The'\method of, developing object-oriented aeroengine numerical smulation
platform isinvestigated. Basc class hierarchy for turbofan engine and control system per-
formance smulation was desgned. These basic classes together with some other asd stant
classes were coded through object-oriented computer language. The key technology for pro-
gramming interactive graphical user interface and modular s mulation system wasintroduced.
A general numerical smulation platform for turbofan engine and control system was devel-
oped. Smulation results show that the platform can smulate turbofan engine dynamic
processfrom near zero to maximal state, and the dynamic s mulation error isless than 8 %.
The control system has quick response with suitable percent overshot. The platformis suit-
able for aeroengine and control system simulation.

Key words: aerospace propulson system; smulation; control system; object-oriented

[1.2]

, 90 , Onyx™ Toledo Reed
JAVA

1 2006-05-23; : 2006-10-13
(1980) ,



120 22

4]
. GSP R A
Borland Delphi
, 2 : _‘: "
Rt L\‘.:ua%“
. GSP , ' it LB 1
1
.2001 L und
. Fig.1 Scheme of data transfer model between
Modelica )
5] X . engine compo nents
(51, , N PSS (Numerical Propulsion
Smulation System) , NASA (D ,
Onyx
[6.7] . (2)
(&0l GSP :
[8.,9] (3
[10] , (4) (0 3
) \
. [11,12] \ ; ,
Visual C+ +
’ 2
1
", , ( )
” “ ” “ ” [3]
( 1) l: ” 113 ”
“ - - " 2 , CEngElement
[CComponent ]
[COaFix ] [CCulPor ] [CMechPorr]
I CAssembly I | CEr:gine | CEn, ir:eCom
=1 e [ [ 1
CEngA ssembl | CStarter | [ Clnlet | | CCombustor | | CShaft | [ CRotateComp |

I
> 1 1 1 1 1 J
| CBypass |[ CSplitter | [ CNozzle |[ CBleedDuct | [ CMixer | [CVolume | [ CAfierBunner | [ CCompressor |

s

[[CConDivNoz ] [ CComp | [ CFan | { CHTurbine | | CLTurbine |

2
Fig.2 Turbofan engine performance smulation class hierarchy



121

1
, gral ,CDelay ,CSelect
3 : CPort , CNumeration.
CComponent CConnector.
3 4
CCtrlPort CCtrlComponent CCtrlConnector. ,
CPort , CVarTable ,CVarMep,
CGasFl ux CMechPort , CGasSate ,CSolver CVarMap
CComponent CAssembly ,
CEngine CEn- ,
gComp. CEngComp .CVarMap LoadMap (
, , , ) , Interpo-
lateMap () ,
3 ,CGasState
CalcuH (faratio, total T) ; //
/
, CalcuK(faratio,totalT) ; //
) k
, 3 CalcuM ass ( f'aratio, total P, total T, mahe,
CCtrl Component Area) ;[ 1/
. CalcuArea ( f aratio, total P, total T, mahe,
CN HRegulate ,CNL Regulate , mass) ;//
CAngleCtrl , CalcuMach ( f aratio, total P, total T, mass,
CAS8Ctrl CDeflate " Ared) ;//
CWfaCtrl CalcuH2 T ( han, f aratio, Tmin, Tmax) ;//
CLimitCtrl CGasState , ,
, , CGasState ,
CPID ,Cinte- .
[ [ | [ |
I(’AX(‘trII l CNumeration | [ CAngleCtl ] I CCHIFGShow ] I CLimitCtrl ] I CDeflate | U‘hng.nc\mw ] I CRegulate ” ('\H"a('lrl—l
I (‘(‘m[npau- ] I ('Slle{e—] I (‘Pll[) I I(‘P.H\‘Iax(‘ull I CFuelGasCtrl I [ CTSMaxCtrl ] I CNHRegulate ] l CNLRegulate l
I('l)c]aj. I I Clntegral I I CANMAXCtrl ] [ (‘l-’(‘ai] [ CFCdec I [ CNMAXCl |

I I I ] [ T I ]
I CdNHaccCtrl ] [ CdNHdecCtrl ] [ CdNLaccCtrl ] l CdNLdecCtrl ] [(‘NHmr\mxcml I CNHMaxCtrl ] I(‘Nlmr\mxrull U'Nl,Mn\('lrl ]

3

Fg.3 Turbofan engine digital control system smulation class hierarchy



122 22

CSolver )
, (Broyden()) - ,
(UseNR()) (Grads()) . ) ( o),

5

Visual C+ + , : ( )

MFC (sD1) ,

5
i
E
5
|
:
4 .

¥ %)

"

=

L3
o
=

:

2w

-
s
-,

A
m s
3

REL S

2

BT rr——]

| RS B RO
. O e

.

N no e AORIMILEE 2 D2

ite @ 1y mARES | ltll-:x(gl oy b vl Ll -
B B . B
. ‘ g TR T i s STMRM
SRR el B ®
. . R R et wee | vonan
ot Y gy .—.-(f)‘-..—‘

PSRARMA LRES LLE L]

LA Y

LR U BT

T RN wuew

ST T

e
NH XAy EnoeM

i i sma & nemen

LT R

| SosY BT =

5
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