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A LQR Controller Design for Performance Optimization of
Medium Scale Commercial Aircraft Turbofan Engine (II)

C.D.Kong® and J.Y.Ki”

ABSTRACT

The performance of the turbofan engine, a medium scale civil aircraft which has been
developing in Rep. of Korea, was analyzed and the control scheme for optimization the
performance was studied. The dynamic and real-time linear simulation was performed in the
previous study. The result was that the fuel scedule of the step increase overshoot the limit
temperature(3105 °R) of the high pressure turbine and got small surge margine of the high
pressure compressor. Therefore a control scheme such as the LQR(Linear Quadratic
Regulator) was applied to optimizing the performance in this studies. The linear model was
expected for designing controller and the real time linear model was developed to be closed
to nonlinear simulation results. The system matrices were derived from sampling operating
points in the scheduled range and then the least square method was applied to the
interpolation between these sampling points, where each element of matrices was a function
of the rotor speed. The control variables were the fuel flow and the low pressure
compressor bleed air. The controlled linear model eliminated the inlet temperature overshoot
of the high pressure turbine and obtained maximum surge margins within 0.55. The SFC
was stabilized in the range of 0.355 to 0.43.
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XNLP :Low Pressure rotor speed

XNHP : High Pressure rotor speed

P : Pressure

6] * Internal Energy

PCNF : Fan Rotor % RPM

PCNC : Compressor Rotor % RPM

LPC :Low Pressure Compressor(Fan)

HPC :High Pressure Compressor

SM : Surge Margine

TIT :High Pressure Turbine Inlet
Temperature

FN :Net Thrust

SFC : Specific Fuel Consumtion

WFB :Fuel Flow Rate

BLEED : % Bleed Air from Compressor

HPT :High Pressure Turbine

HP *High Pressure Spool
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Table 1. Design Point Performance Data
atmaty | OO | span | w2
0= 0 0 fit

MA 0
/%% 5982 598221 | Ib/sec
F ¥l 196% 19671.05 Ib

SFC 0.375 0.36302 | Ib/hr/lby
) LE| ISA+I5T | ISA+15T
g7kl 14644 147 Psi
AtHul| 31794 322
Fan PR 1673 1673
HPC PR| 19.00 19.25
HP TIT 2943 2943 R
Lim. TIT 3105 3105 R
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Fig. 1. The Station No. of 2-Spool Separated Type Turbofan Engine
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Table 2. The Dynamic Performance Analysis

Results
Mo o Habake) & B 3
os -

WEB |k g | s
HP RPM 107.78 %
HPC SM 0.867 4
HP TIT 2884.89 ‘R

Max. HP TIT 3383.65 ‘R

FN 18864 Ibf

SFC 0.358 Ibm/hr/Ibf
Max. SFC 0.583 Ibm/hr/lbf
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U = [WFB, BLEED]
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Table 3. The Comparison of Results between
Nonlinear Simulation and LQR Control

Variable S-S Time | S-S Value
A8 05 sec i 1.874
WFB |
LQR A} | 53 sec | 18953
uE R AL L 0,014
Bleed Air —
LQR Ao} | 45 sec 0.008
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HP %RPM
LQR Aol | 48 sec 112 %
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HPC SM | LQR #lo] : 0.75
BIMETAL| 48 sec | 2886.38
HPT TIT
LQR Aol | 33 sec | 2900
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FN
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Fig. 3. The Comparison of Control Input Variables between Nonlinear Simulation and LQR Controller
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