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A Dynamic Simulation and LQR Control for Performance
Improvement of Small Turbojet Engine
Chang-Duk Kong®, Ja-Young Ki, Sog-Kyun Kim (Chosun Univ.)

ABSTRACT

A nonlinear dynamic simulation was performed by using DYNGEN program with
various environmental conditions. It was observed that the effect of the bleed air flow
rate changed to overall engine performance. The real time linear model which was a
function of rpm was resulted to be close to nonlinear simulation results. For optimal
LQR controller, it was considered only fuel flow rate or both fuel flow rate and bleed
air rate as inputs. In the comparison of both results, the LQR controller with multl
input had better performance than that with single input.
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Table 2-1. The Comparison of Results
between Nonlinear Simulations with Various

Bleed Air Flow Rate (Case 1)

S-S Max’ | %over |
iy FARALE 98] DYNGEN =& value | Value | -shoot
aRVe olgdRon ¥ 1% e HAH o gigg 822(2) ég | izg
2 713 F7HA dgiziz & 33 - . -
AL bR a7l 2ol dis s Bleed 4| 0827 | 0993 | 201
o Bleed 0 | 863.072 | 863.072 0
o] Z2aYZ o83l UM F9 | Thrust | Bleed 2 | 845676 | 845676 | 0
otd He A dAo $£EL Aso A Bleed 4 | 827.168 | 827.168 . 0
ARATR HLoRe 27 2L Yo Bleed 0| 1316 | 2168  64.7
& £3 Z@Asol = Aol SFC | Bleed 2| 1343 | 2220 65.3
Bleed 4| 1373 | 2275 . 657
Table 1. The Design Point of Small Turbojet
Engine Table 2-2. Continued (Case 2)
= Case 1 Case 2 : ' S-S Max'  %over |
] 3o} 513 0 07 . value J Value = -shoot |
HYPnx 0 2km(6550ft) Bleed 0| 0.889 % 0.959 ‘ 787 .
dueg 0.0605kg/s 0.0631kg/s SM |Bleed 2| 085% | 0978 143
: (0.1334lb/s) | (0.13908Ib/s) Bleed 4| 0823 ' 0966 - 174
L gETIEy 3711 3.68 Bleed 0 | 759.566 | 759.566 0
1 2715 E 0.7732 0.775 Thrust | Bleed 2 | 737.752 | 737.752 , 0 1
- BT 2.711kg/s 2.883kg/s Bleed 4 | 716497 | 716497 0
‘ (5.9781b/s) (6.3561b/s) | Bleed 0| 1561 3794 143
[ - 0.992 0.992 :
: SFC Bleed 2 | 1.607 4,498 180
P BRI 1289K 1277K Bleed 4 | 1655 2741 656
*: (2319.84R) (2297.88R) - - -
 ENgEad 0.8311 0.827
____RPM 28999 28999
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Case 1 with single input,

K=[0.0261 0.67 0.0077 -0.0001 -0.0364]
*e-03 )

with multi-input,

K1=[0.0261 0.1781 0.0224 0.0007 -0.0283;
-0.0034 -0.1407 0.0004 0.0001 0.0053]
*e—(03

K2=[0.0 -0.0017 0.0001 0.0 0.0;

0.0 -0.0001 0.0 0.0 0.0] €))

Case 2 with single input,
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K=[0.0219 0.5646 0.0091 -0.0003 -0.029]
*e-03 9
with multi-input,

K1=[0.0281 0.6927 0.0107 ~0.0004 -0.0379;
-0.0023 -0.0604 -0.0006 0.0 0.0032]
*e—-03

K2=[0.0123 0.2976 0.0051 -0.0001 -0.0164;
-0.001 -0.0263 -0.0003 0.0 0.0014]
*e—(4 (10)
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Table 3-1. The Comparison of Results
between Nonlinear Simulation and LQR Control
with Case 1

-
s—stime |% over

s—s " s-s
value [%error (sec) | -shoot
Nonli'! 01975 | 0 0.01
WFB | BN | 01982 | 0334 | 32
B2 | 02009 [17.215] 28
Nonli’| 287066] 0 | 35
RPM | BN | 28825 0412 | 338
B2 | 28627 [ 0278 | 40 |
Nonli’| 0.86 0 19 |16.163
SM | BN | 10854 [26209] 40 | 0
B2 [ 07936 | 7721 | 38 | 19.153
Nonli'| 23779 | 0 33 | 2261
TIT | BN | 24353 | 2414 | 38 0
B2 | 24988 [ 5084 | 33 | 0©
Nonli’| 845.7 0 34 |
Thrust| BN | 9023 | 6698 [ 34 |
B2 [ 90991 [ 7593 | 34
Table 3-2. The Comparison of Results

between Nonlinear Simulation and LQR Control
with Case 2

s=s s-s |s-stime|% over
value |%error| (sec) |-shoot
Nonli‘| 0.243 0 001
WFB | BN | 0218 10288 24
\ B2 | 0252 | 3704 | 22
Nonli'|291084] 0 | 34 |
RPM | BN | 29159 | 0173 | 31
B2 | 2945 | 1193 | 32
Nonli’| 0856 | 0 24 14252
SM | BN | 0614 | 282% | 31 915
B2 | 0833 | 3189 | 25 6804
Nonli‘| 2301.7 | 0 29 12534
TIT | BN | 22760613 21 | 0
B2 | 24322 5670 | 24 | 0
Nonli‘| 7377 | 0 29
Thrust| BN | 7065 | 0423 31
B2 | 7901 | 7103 | 23
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Figure 1. The Comparison of Results between Nonlinear Simulation and Real Time Linear
Simulation (----- Nonlinear Simulation, coooo Real Time Linear Simulation)
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Figure 2. The Comparison of the Response with Various Model (---Nonlinear, +++LQR
Control with Single Input, cooLQR Control with Multi-Input) in Case 1
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Figure 3. The Comparison of the Response with Various Model (---Nonlinear, +++LQR
Control with Single Input, cocLQR Control with Multi-Input) in Case 2
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