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The implementation of multi-variable coIitrol systems on turbofan engines requires the use 

of limit protection to maintain safe engine operation. Since a turbofan engine typically 

encounters limits during transient operation, the use of a limit protection scheme that modifies 

the feedback loop may void the desired "guarantees" associated with linear multi-variable control 
'to 

design methods, necessitating considerable simulation to validate the control with limit protection. 

An alternative control design structure is proposed that maintains the desited linear feedback 

properties when certain safety limits areencounterect by moving the limit protection scheme 

outside of the feedback loop. This proposed structure is compared to a structure with a limit 

protection scheme that modifies the feedback loop proPerties. The two design structures are 

compared using both linear and nonlinear simulations. The evaluation emphasizes responses 

where the fan surge margin limit is encountered. 

t Controls Engineer, Member AIAA 

tt Aerospace Engineer 

A LINEAR CONTROL DESIGN STRUCTURE TO 
MAINTAIN LOOP PROPERTIES DURING LIl\fiT 

OPERATION IN A MULTI-NOZZLE TURBOFAN ENGINE 

Duane Mattern t 
Sverdrup Technology, Inc. 

Lewis Research Center Group 
Brook Park, Ohio 44142 

Abstract 

Peter Ouzts tt 
Advance Control Technology Branch 

National Aeronautics and Space 
Administration 

Lewis Research Center 
Cleveland, Ohio 44135 

The implementation of multi-variable coIitrol systems on turbofan engines requires the use 

of limit protection to maintain safe engine operation. Since a turbofan engine typically 

encounters limits during transient operation, the use of a limit protection scheme that modifies 

the feedback loop may void the desired "guarantees" associated with linear multi-variable control 
'to 

design methods, necessitating considerable simulation to validate the control with limit protection. 

An alternative control design structure is proposed that maintains the desited linear feedback 

properties when certain safety limits areencounterect by moving the limit protection scheme 

outside of the feedback loop. This proposed structure is compared to a structure with a limit 

protection scheme that modifies the feedback loop proPerties. The two design structures are 

compared using both linear and nonlinear simulations. The evaluation emphasizes responses 

where the fan surge margin limit is encountered. 

t Controls Engineer, Member AIAA 

tt Aerospace Engineer 





Introduction 

Future Short Take-Off and Vertical Landing (STOVL) aircraft will require multiple 

sources of thrust to provide the forces and moments necessary to control the aircraft in low speed 

operation. A NASA Integrated Control Technology Program is investigating the problems 

associated with the integration of the airframe and propulsive control systems for STOVL aircraft. 

The integrated controls program at NASA Lewis Research Center is developing an Integrated 

Flight and Propulsion Control design methodology that includes the design of a "global" (airframe 

plus engine) linear controller as an intermediate design stage [1]. There has been some concern 

that a "global" linear controller may not perform as designed when the propulsion system is 

subjected to its operational limits. Limit operation has not typically been considered in 

published linear multi-variable control designs for jet engines [2-4]. Limits can be handled using 

nonlinear constrained optimization techniques [5], but these methods have their own set of 

associated problems and is not being discussed here. Since high-performance jet engines 

typically encounter limits during transient operation, the linear range of dynamic engine operation 

is small and the. properties associated with linear multi-variable control designs may no longer 

be guaranteed. In this paper we address the possibility of using an alternative "control structure" 

for a turbofan engine that avoids changes in the feedback loop during limit operation. The term 

"control structure" is used to denote the variables selected to be controlled, which impacts the 

type of limit protection scheme that is used. The advantages of this alternative control structure 

are demonstrated on a multi-nozzle engine that is representative of a typical STOVL aircraft 

propulsion system. 

In this paper, we first discuss the nonlinear limit operation of a typical turbofan engine. 

Next we describe the model of the turbofan engine used in this study and we introduce the 
, .' 
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