o5 #Z7)7F A€ HEAENZS] AFAAE PID Alej7] AA 1

http:/ /dx.doi.org/10.12985/ksaa.2014.22.1.001

o= #27)7} 449 HuAEAS AZAAE PID Aols] AA

A7, A

Turbojet Engine Control Using Artificial Neural Network PID
Controller With High Gain Observer

Dae-Gi Kim*, Min-Seok Jie*

ABSTRACT

In this paper, controller propose to prevent compressor surge and improve the transient
response of the fuel flow control system of turbojet engine. Turbojet engine controller is
designed by applying Artificial Neural Network PID control algorithm and make an
inference by applying Levenberg-Marquartdt Error Back Propagation Algorithm. Artificial
Neural Network inference results are used as the fuel flow control inputs to prevent

compressor surge and flame-out for turbojet engine for UAV. High Gain Observer is used
to estimate to compressor rotation speed of turbojet engine.

Using MATLAB to perform computer simulations verified the performance of the
proposed controller. Response characteristics pursuant to the gain were analyzed by

simulation.

Key Words :

Turbojet Engine(El 24| EQlIZl), ANN PID Controller(2134174% PID Alo17]),

High Gain Observer(iL°]5 #37]), Surge Control(A A Al o)

1. M B

TAGFE BAY AN 8 AR

olgstel Aol Y¥® ZEagel el
2o T4 BolEe AN Bos

of YRE Fysts AgHY HPAE Do

28378 HEABAAY A AzHo

#3528 98 ez @

e Aofste] Asts A

Jall F71 AA A EE stELadH 22 A

20149 02€ 209 HS ~ 20149 03€ 19Y AASE
EEAAY (2014.02.21, 13}, (2014.03.12, 23}
* AU et A AE et

AZA =}, E-mail : jimes@hanseo.ac.kr

e HOT G FAHE 23649

&
of
o
2

e B
g X
Loy

rfo
i -

YE
2
e
x
</
o
fo 8
o
R
o
ol
N

ot

2

)

N,

%
k)

o

lo B M o ~
o l‘?ﬂmg
il T
X

2 0 Ko o N
fo

QoI ook N X

X

M XN go of o < lo g
ok
Mo

f
X
2
™
N
2
o
o

Hol HEHBA Az
ECU(Engine Control =
BAEE o] &dte AIE AsAY2], A%
T A= 5

(Neural Network),
Algorithms) 3} 22 A5 Aol A7 s I
P 3 Ut

FAFE71 8 HEAEARS] - F9 87
of YIS Hol Wormz AME o] &3 £ 7



2 A7), ANA 2248 15 20144F 03)] 31H

=2 AFskA foh meA £x AAME ol &st e REPo] AdHolok st dauElEe A¥
o &5 HESA ¥ #AZVE HAGH & 3d 2dE VxR S
55 FASE S ARESt F9 S o
F FEFS A dor ANxHY FEA L UFE 212 EEMEMdN M@ znu
gepr g g FER7E BeskA] fx FHol
%:;%E}EO]% #Z=7](High Gain Observer)& HuAEND mde A UMY e 7H B
o k<]
i . N F(H=71, 444, Rl S)d dis) 4, <4
B Rl WolS B2/E AAse @ b DES BE e dE 58, A
. . . - A, 1 o HIWANCERE FA HIAA
e 3 £x5 FHL FHE £58 A= . o o o
‘ - (Unsteady) €93ty BEg¥A4Ss d& - 3
Wil AA™ PID Ao ZHe= AAR A L 5 5 =
a, oA =dd WY WA BE % A
7€ S8l A8 FEFS Aolst s S AT P .
N - , _ ) e <=3l (Component Matching Program
AL & de AAEY B S4B Ede T8 Solution)®] HEl2A 7%= <89 (Operati
WS G olution) 3 & &7 (Operating

Point) & ZH¥ 45 (Perturbation)< ©] &3}
ARSA7IA AoH4]. A e 4
(1)3 2ol yekd = A

2.

ri
rhu

= f(z,u) (1)

2.1 E{EX EZ 4714 X Aze] A, us ARl Aol
JMe otk B xsh wb WY 8AE e

Wl (2geh ol e, Yelel A A5 (r,u,)
211 HfEH EAd RS F=

oA z=09& LH3H Taylor 5 A
v BEEgSs

HEAENZ ] FZ& YFA(Diffuser), U4EF FAAL A&
7](Compressor), $4-4l(Combustion Chamber),
E]¥(Turbine) ¥ Hl7]=Z(Exhaust Nozzle)Z

.o ox

?—/\6] IQ__]:]. Ax= %‘OAI + %|0Au (2)
fuel

AZIA Az=z—2;, Au=u—u,°T HAA

> Nede de Ae AdEs 2 ASuss X

b | ¢ 3 | w Fonz @ A5Y HolA dwHoz 4()

> 3 pe o WPAe) Fev} APBo

7

fuel Az= AAz+ BAu (3)

nle S, mAY AddHHEFI As
o = 3 (Row), j&© E(Column)s YEIE= H

Ael7l A7 WA mEe RIGEIE 43
HEAEND S 39 2709 25, Y 5o 3} Ae 9 2 4L 4 @9k o] vehach
% E4o] AEAA AeetAel kg Aol 9l
2 A9 AA, FAL SO ddd eH E: o5,
dH Ao B So) RF 4L 29T & 4] = [m where(i=1n)
Stk A=RF Aol dls) A FejskA o = b
MpEe oA A&EE SHEY 45
AR E 148%, 175y F8 E4E 47 4 [B] = 8%} where(i=1,n) 4)
@ Aol & AR ANAE AR FHEA ity j=1lm
T HAHOE AAN Ao PPOoE BAY £



d2eE et o5 B27)7l Ae¥ HuAEAR] ABNAT PID Alojz] A 3

B =RdAs dHds HEHE 57 3

d
SE(Ar), BN YT SE(Arn,) HEF7 BT osum ;= 312,V (©)
H(Ary), DB FFHU)E BT 0, = rlo_sum )

A71H r FHABSE YEE Admel=
d58 e A ()3 2ol AojHT

221 el3dd e 7= 1
() = —— )
1+e
2 =EA A3 daugse us HAE
E(Multi-Layer Perceptron)®] %<1 Yz} Gru gEAES B3 Fox g ois)
(Error Back Propagation) ¥2|EFOZH 2xb dots =3 gt AA AR 2 gk Aol
2 AAshs o e oa dsks wg A AT FoE Aod oF W(E)T Has
7 AAR Aol AL Ui AolE Foyrt  ste WFLER A2 JMEAE FAHse WHS
= Aolth. &5 Z I (Error Propagation)ol] <] 21(8)3 Zo] AYdAnk
WHEEH ShFollAd, dguide S22 29 F
o] &R A T3 H 4 ) o] AAHL m
Hesiael GAGeE WhAee Laae g 5= 3 2o ®
A A WE e dets Y Y AolE &
of Wriies Haes Y, Fig 25 HS ¥ A7 pE THS 98 AHEHE HolE F
MEZY 725 Yeidth pHA tlolHE et E = pHA sl thdt
22, & pHdd W Fx o kA 2
&, o5 AR AW EH kA 248 T
o 9714 oF B(E)e H2E st WFoR
VA e FAMF o FAsE WReR
+ Fig. 33} #Zo] @A AN FA7t 7HE &
shAl sk WS Fal O e R ozt 9
ot A2E AAE e WS EFoEH
7 e ARe Foprle WE® BA

2ol Feoldr,

h
E
dE
39
dE
)
& E
| 5 THEA|
215 74EA
Fig. 3 Walat HALY
0(h+1) =0(h) + A0 =0(h) —p2E  (9)

a0




4 A7, A9A

2248 15 20144F 03)] 31H

2.2.2 Levenberg-Marquardt & o} 2|

O

HHu dagFe a7 27
el BRE A9 HAHe) Fo) = 71
7] BEFE AR A9ds
24%0717} :J =

ToAAe AERe] dse AT 9
/\1 Levenberg—Marquartdt &S
g 9Ag duyEe 13 EFFE AREE=
g, LM ¢85S Newton 'HHES ZAMSS)
o &3ttt Newton WH2 SAE5E HYY
ANZ ZAEet D 23 RS Bate] A Ha
AE Ze A 23 mEES T3] 918k
Hessian 3d-& ARE3Th 2]y Hessian 32

o 459

< Be AR T AMAGE Z8E S
[51[6]. wWetA LM &3 8lES Hessian FE LS
ZAE Sl Jacobian FHL o] &3 T LM

oAFSE 2 8)2 AHESELAL, Newton ol
o 7tsA 24L& 4 (10)3% 2T
—[v2Ew)] 'V Ew) (10)

714 Vv 2E(w)E Hessian 3 dolH v E(w)

= 7]&7] WEolth LML Hessian 3 & 9

A4 vl LS Zo]7] 93 Jacobian FELS ZAb

Aoz 2 11)% (12 AH&38tH 7HeA & =4

S fEl A 13)F 2ol Y3 AU = @
¢y Folm J= Jacobian 3 E ol

VEw)=J"w)e(w) (11)

2B(w) = J M w) J(w) (12)

Aw = — [ Jw)Jw) +pd] T (we(w)  (13)

A @3)lA sEulE i p>0013 Bw)el

ol Z7hsk A (14)9h ol pe Be1E F8
3, Elw)e] gkel 4sH R Utk whehA
Z opke WEW AAEES st @ikt
%E% s, 2He pake Gauss Netwon WS

Astol AHEEE W ok

Ny

“[rd a4

2.3 10 t

An
rk
A

7|

Lo)5 #AF7= Axdle 54 2 Ul
BEE W3 ARE d8= S Aot
U #5719 o] 5ol A=A Aol vl s~
AFEE AAA Hog w5 2719 A=Y
B ASsiE s dule ST el diste] #

Lap7h AEshe Aol 4 5 gl
(e)= AAstA 24l
bRl o) S #E7)9] LdaEES 4 (15)

N g
=
2

M N
A\
N,
)
4

r=x,,, +ky—y)/e (15)

A71A yu Az"HdA 53 7bsd 29 A
Bolal, kSt e HZ7]9 ol Soltt

HEAE A& Fegdaoz vepd A3

Rdos ¢F7] HEET FEHws HEEN

x3EY, 457 JAEEE BSV|2HE F4

H s AESY B =FolA AAG 4]

AEEE FAS] A% aols #F7) AAA
KeX

A71A BAF7] oI5 FE3] AA AT
ot AA et (e)E 7Hed A 45 4
Sx7F wEA AA gl JMEA "o ey
NzEl 2o Az g WEkEo] ol w
o BFexrt AAE EHel A #F A9
THAAL oI5 #el =7l Wkl skA T, A=
el M el LAk = o5 ghe] =7l HIE%] st
22 HGd 4719 o5 #E AdAsk= Aol n
et

UL PID A& &
o AZFHS meﬂ_
A|o17]+= Fig 49+ 2t}



53333 Io|5 =77 249 BRAENARNS AF47% PID Air] AA 5
AN D Fuel b [Tuboret N s Compressor Exit Pressure Ratio
U .| Turboje S ‘ - ' ' ' ‘
Ref ) Fl h
esszndce" = Controler [ Cm%vrvol | Engine
4+ 4
351 8
High Gain &
Observer £ 3r 1
T sl 8
Fig. 4 T0|S B&7(7t HgE Az
MOjA|AHE ol = 2r T eEdaEy|
— MA & flame-out HHH
15l ‘ . . . . :
o| Al 5 21 22 23 24 28 26 27 28
3. mo|AlH e
Ak Aotrlel it d5 MATLAB Z& Fig. 6 e=7| gtaiy|
IS o] &3 RYHFS Tl FUsATh Flg
5, 6, 7, 8’8‘ Oﬂ{lol 210001'}311‘10i §]7<4 O]' Turbine Inlet Temperature
= Aol A 327 5100rpme 71EAT 1 e e S L
7t fA8 gAl 123 27700rpm7tA] ThE & 2600 YRR EE
123 A & 7%71A 27000rpm o2 7H&3h= 2600} ,
AH4S YetidTh =7 A ’—TE“ 7 E B ) ]
o A%d SHEHE HAFH, HHV BT L 4
4e B EY YT eEE @S iﬂré‘w S
£
Al Wl Wolx H5e FAtE A m 2
At HUYFLES Amfwe 52 T o
Al peak#kol A7)& o+ System Model®] & 1600
AHQ wstel ojs] AZE @olmm AedE  wef
wsith B gl delA PID Aloj7]e] Alo] R
o] 52 K~0.00016, K=0.0024, K,=0006 & A3}
At Fig. 7 el 2=
5o ¥ 10 . . Fllomr Speeld . ‘ Fuel Flow Rate
05f .
045} i
04t N .
8 035} ST T E
E o3- A 1
025+ .
02f .
= 015 g
7l 01t i
0 1 2 33} o 4 5 6 7 0.05; ' s . " . . )
d) time
i ~ 5| A £
Fig. 5 &t&7| ¥ &E T Fig. 8 2o
Fig 9, 10& o5 #Z7]9 As< &s]
A3 et LI AEH A BJAFNA HS




6 A7, A9A

2248 15 20144F 03)] 31H

7] debulE(e) S 0.049 0122 WHIE
ok #57] ebelE ghel 0.0490 A 012

B /) =8 AL FEHE 5L

e 2 ¥
> o 32

o f

g, ael5 #Z7] e gol wE 573

2 FEte g kel 0.04 1 A -40~+100
s vy SetrlE ghol
0.12%1 7% -170~+400 rpm WS A& e

Wi des B 5 Aok

%10 Rotor Speed

245}

r
[
w

2251

215} :'/ ------- SHED| &1H = £ (e=0.04) |4
4 —JE=s
— —UEI FHHEZ(=012)
205 ‘ ‘ ‘ . I 5 I 5 I
0 0.2 0.4 0.6 038 1 12 14 B 1.8 2
a) time

Fig. 9 #&7| mato[g ol we 57|

KR

400

300+ Jr
200+ Jlr \‘ R

100}, \ _

errar
[
—

-100 \

-200 R

a) time

Fig. 10 & 2% t HlW

b by
L oot
o @

%, of T

=

Erzé

N ooy m

e
P.ﬂ
32
£
e
h)
o
H 2 rlr B2

ol
+r
bt

o
2
R
=
o
ox
o o
=
=2
X
fo

He dss fASEA ZEEEd O wE
SEEAS AT E=g d0]5 #=F7]9
oS A3l A oI5 Fkol e SHEHEA
< Bty ¢kASty WE SHEAS zkE o
5 S A IH
% 7|

B =72 dAREm 20129 miAFHA

AAdAG ez F3E AFY. oo ZA=HYTh

ikl
Kl
Ao
ek

[1] M.Montazeri-Gh, H. Yousefpour, and S.
Jafari, "Fuzzy logic computing for design of
gas turbine engine fuel control system", Znd
International Conference Computer and Automation
Engineering, vol. 5, pp 723-727, 2010.

[2] Hua-yun Cao, Fu-ming Peng, "Optimization
of engine speed neural network PID controller
based on genetic algorithm", Conputational
Intelligence and Design(ISCID), 2011  Fourth
International Symposium on, vol 2, pp 271-274m
2011.

[3] H Badihi, A. Shahriari, A Naghsh, "Artificial
neural network application to fuel flow function
for demanded jet engine performance", I[EEE
Aerospace Conference pp 1-7. 2009.

4] #=F e, oS, #E4A, TFH,
“DYNGENE ©] &3 EoRAE <zl Hgnd
o} 547, exgdsTeEx, A4, Als,
pp.81-90, 1993.

[5] Hagan Martin T. and Menhaj Mohamand B,
"Training Feedforward Networks with the
Marquardt Algorithm", /EEE Tran. on Neural
Networks, Vol.5, No.6, pp.989-993, 1994.

6] <, “7HH A4 dASrHE o] &3t
Levenberg_marquardt &1 8]&9 g5 &5 3F
&, FFHIFE YRGS =#X, A5 AT,
pp.57-63. 2010.

[7] 4%, “aol5 AF71E &3 AAgls 4
FAE7Y S Ao, i Slul, 2004.6.



