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Abstract

A certain level of stability margin airworthiness criteria should be met to secure robustness against
uncertainties between the real plant and the model in a flight control system design. The U.S. Department of
Defense (DoD) specification of MIL-F-9490D and airworthiness certification standard of MIL-HDBK-516B
uses gain and phase margin criteria of flight control system. However, the same stability margin criteria is
applied at all development phases without considering the design maturity of each development phase of the
aircraft. Ultimately, a problem arises when the aircraft operation envelope is excessively restricted. This paper
proposes the relation of handling qualities and stability margin, and presents re-established stability margin
criteria as a development phases and verification methods. The results of the research study are considered to
contribute to the verification of the stability margin criteria more flexibly and effectively by applying the
method to not only the currently manned developing aircrafts but also the unmanned vehicle to be developed
in the future.
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Table 1 Model uncertainties variables and quantification ground rules
. . Dominant Ground rules
Uncertainties Variables .
Variables Variables Selection Variables Quantization
Aerodynamic Side Force * The dominant e This applies for 25%
Forces 7-Axis Force aerodynamic sensitivity changes in
characteristics of the K o A
. aircraft are force and ey stability derlyatlves
Pitching Moment moment on each axis one and two at time
Rolling Moment representatively. (MIL-HDBK-516B)
R - ¢ The significant
Aerodynamic ?:rit\?aeti}/{gg Sztfl:;(liléyforce uncertainties were found
Moments d pitch ’ t between the wind—tunnel
Yawing Moment and pitch moment on test data used as
longitudinal axis, side d - timat
force, rolling and yawing acrodynamc estunates
d the data extracted
moment on lateral— ?n :
directional axis rom flight test
e The XCG varies as a e The maximum forward
function of external and after XCG(%)
Aerodynamic XCG stores, fuel state and considering external
Characteristics gear position. Shifts in stores, fuel consuming
XCG relate directly to and landing gear position
static margin
* The YCG is generally e The YCG uncertainties
near zero unless some (ft-1bs) considerin
sort of asymmetric - 8
Center of loadi diti st representative of a worst
Gravity(CG) oading condition exists case asymmetry
« Typically. normal firing consisting of hung stores
YCG sequences result in )
asymmetric configuration,
but abnormal firing
sequences(one— missile
step over) or a hung
store at one side can
result in even larger
asymmetric configuration.
e The control gain e The large air—-data
scheduling is function of uncertainties(%) are
MACH number and considered only at early
altitude. Therefore, flight test and prior to
air—data uncertainties final calibration of the air
affect to aircraft stability data system. These
Altitude Static directly. conservative calibration
Air-Data Speed Pressure error assumptions. are
(or MACH B probably kept until a
number) rror better calibration
accuracy is established
e After calibration is
complete in FSD,
uncertainties can be
reduced.
¢ Computational delay
refers to the Flig?t ) e The uncertainties of
s Control Computer(FLCC computational
Longitudinal transport delay defined delay(msec) is estimated
as the delay from considering FLCC
Control Law computer's update input processing time and its
Processing Time Delay to actuator command asynchronous operation.
Effect output.
Lat-Dir e These uncertainties
affect to phase margin
for the overall aircraft
system
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Table 2 Specification of stability margin

Specification

MIL-HDBK-516B

JS5G-2008 MIL-F-9490D

Recommended
Requirements

Gain Margin > 6db, Phase Margin > 45deg

Alternatively

CHR 4 or better

The section of 3.1.3.6.2 sensitivity analysis in MIL-F-9490D

The stability requirements established through this sensitivity analysis shall
not be less than 50 percent of the magnitude and phase requirements

1. Aerodynamic « Poorly Defined Nonlinear and * Math Modeling and Data Error
Characteristics Higher Order Dynamics « Variation in Dynamic Characteristics
Aerodynamic characteristics , Environment conditions, Manufacturing
Aeroelastic effects, Structural modes Tolerances, Aging, Wear, Noncritical
. . o Material Failures, Off-nominal power
Sensitivity « Variation in Dynamic Characteristic failures
Variables Manufacturing tolerances, Aging, Wear,
eme | ssssssesssssfead Maintenance; Noncilical matertel failses [ oo ccovmsmmmssssssnsssnasossse
2 Air-data « Maintenance Induced Error
Calibration, Installation, Adjustment
3. Control Law 3. Control Law Processing Effect
Sampling rates, Digital system delay, /O
filters, Digital filter implementation
1. Anticipated or allowed by component or subsystem specification
Method Key o ) -
to Define stability derivatives |2 The range of variation to be considered should be based on a selected probability
Variation are varied by 25% of exceedance for each type of variation (Criticality of the Flight Control Function)
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Table 3 Re-established criteria and verification methods of stability margin

Development Stage ~CDR ~FFRR ~ Flight Test End of EMD
Recommended Gain Margin (GM) = £6db, Phase Margin (PM) = £45°
Stability The section of 3.1.3.6.2 sensitivity analysis in MIL-F-9490D
Margin Alternati - ; < . P .
rnatively The stability requirements established through this sensitivity analysis shall not
be less than S0 percent of the magnitude and phase requirements
Design Maturity Design maturity improves as design progresses HQ Level 1
Poorly Defined Nonlinear and Higher Order
Dynamics (Aerodynamic characteristics , None
Aeroelastic effects, Structural modes)
Control Law Processing Effect (Sampling
Uncertainties rates, Digital system delay, /O filters, Digital None
filter implementation)
Variation in Dynamic Characteristics (Environment conditions, Manufacturing Tolerances, Aging.
Wear, Noncritical Material Failures, Off-nominal power failures)
Maintenance Induced Error (Calibration, Installation, Adjustment)
In-Flight Stability
Evaluation Method Analysis Evaluation N/A
(in case of not
compliance in analysis)
: ) Compliance ,if
Compliance : GM = +6db Compliance : o
o PM = +45° GM = +3db =
Proposed Criteria PM > £22 59 PM= £45°in analysis
of Airworthiness s ey or
Certification _ { in flight tels{;;e\racuahon GM> £3db&
If not compliance (GM < +6db, PM = ::45'3);;‘ sensitivity analysis PM= +22 5°in flighttest
or sensitivity analysis
Moz 5. shARE, ol EolX= X-38% & e 7 Ak ukshd, Rl @A A= F-g geH)
e ol ARIAA B Fol ANoR YA of walg Fyvle ndy 54, aRAoAFE A
& Axste 7+ 55 945 v dv17]. g AAA Fol Fadk S35 A7 o RE Al E
3FA-50 F7b 3 ARlelAE dn w@godds  gEely] wEolth. webd suedst 9% e
H A RS Fall M8 oAfE 453 v Aot etshd 2a 71EA oA AAskAL e H8A ol
A AFE mpeh o], MAA offE Fev] Y Q1 o]l £6dB, #Folf +£45°%= AR B4
o] Bl A ste] a7l tds Fretr] ¢ 7]Eelth. ol¥ gk & e ste] MIL-F-9490Dol A=
@ oo WA 2R NPANDL SRS g o M 2% gae TP Aot Hols
A md Boage nestel fHdor ok B3] Al A 2o JFL vHE Fo wge B
4 A 7Y B oARE Frh 2el v A el ok Wiz s ow bgA AfFE 50% 7HA
Aol FRE P WAL YA 23k viw Sel A7 4 Qokn Agska gk ole MyA e
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g 5ol fARSolA AT F ode B S of aTEE datd & AL nIt
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