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Abstract: Focusing on civil aircraft flap skew detection design, this paper proposes a high-robustness monitoring
design methodology to address insufficient monitor robustness that may trigger false alarms and disrupt airline
operations. Based on flap skew detection principles and threshold design criteria, the threshold range is defined with
upper limit of maximum deformation under aerodynamic load and lower limit of sensor error margin and nominal flight
deformation. Since the complex loading conditions of maximum flap differential deformation (max AA) during normal
flight cannot be theoretically determined, probabilistic methods are employed: Flight test data from hundreds of
sorties are analyzed using generalized extreme value distribution. Confidence levels are verified via Kolmogorov-
Smirnov (K-S) hypothesis testing. Then probability density function of max AA is established. The false alarm rate is
calculated through cumulative probability values of max A2 at varying thresholds. Boundary conditions for false alarm
rate are determined by safety assessment and dispatch reliability analysis. The derived monitoring threshold is verified

against finite element analysis predictions and iron bird rig test. The results confirm the methodology’ s validity,
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meeting all design objectives.
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0 Introduction

Modern civil aircraft high lift system consists of
slat and flap. During takeoff and landing, it increas-
es the aircraft’ s lift at low speeds by extending the
flaps/slats to alter the wing’s curvature and camber.
The pilot operates the flap/slat control lever to the
commanded position, and the lever signal is trans-
mitted via cables to the flap control unit. The con-
trol channel calculates and generates control com-
mands to actuate the power drive unit, which drives
the transmission system to transfer torque and rota-
tion to the actuators. The actuators then extend or
retract the surfaces, ensuring synchronized move-
ment of the flap and slat. Wingtip position sensors
which are installed at the end of the transmission

system feedback the surface position to the control-
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ler, enabling precise control to reach the required
position. The surfaces are locked in place by a mo-
tor brake once the commanded position is achieved.
The wingtip brake locks the system when the surfac-
es are fully retracted to the zero position or when a
. The archi-
tecture of high lift system is shown in Fig.1.

system malfunction requires shutdown'"
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Fig.1 A typical high lift flap system architecture

Flap skew is a failure mode that occurs in a cen-
trally driven system with torque tubes and gear

transmission. When a pulley-rail mechanism, a link-
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rocker mechanism, or a gearrack mechanism at a
certain station of the flap disengages or jams, the
flap may skew due to aerodynamic loads or contin-
ued driving force from another actuator on the same
surface, as shown in Fig.2. Flap skew can create a
step difference between adjacent flap panels. If this
step difference exceeds a certain threshold, it may
generate significant rolling moments that cannot be
balanced by the opposite aileron, spoilers, or other
control surfaces. Additionally, it could lead to struc-

tural damage on the wing surface'”’.
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Fig.2 Flap skew diagram

The high lift system is equipped with a flap
skew sensor linear variable differential transformer
(LVDT) on each side between the inboard and out-
board flaps. The skew condition of the flaps is de-
tected by comparing the displacement difference of
the LVDTs on the left and right sides. During nor-
mal operation, even the movement of the inboard
and outboard flap surfaces of one side is similar,
there will still be some slight variations by the com-
plicated cases such as temperature, vibration, ---
causing LVDT extension length. It will impact the
accuracy of skew detection if detecting by one side
LVDT only.

However, for the left and right wings, the
LVDT lengths remain nearly identical under normal
flight phase. Therefore, skew fault detection can be
performed based on the discrepancy in LVDT
lengths between the two sides. When a skew occurs
on one wing, its LVDT extension length deviates
from the normal operational range. If the length dif-
ference between the left and right LVDTs exceeds a
predetermined threshold, a skew fault is indicated"*".

The threshold selection should, in principle,
exceed the lower limit of the sensor’s normal range
to prevent false alarms, while remaining below the
upper limit of detachment deformation to avoid

missed detections, as illustrated in Fig.3.
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Fig.3 Threshold definition diagram

However, during the actual flight phase, the
unbalance aerodynamic loads cause the asymmetric
deformation in left and right wings. These deforma-
tions lead to asymmetric movement of the LVDTs
of the left and right wings, resulting in discrepancies
that often exceed expected values and trigger false
alarms. But the finite element analysis is working
based on the symmetric flight load scenarios, and
connot cover the asymmetric cases. Furthermore,
the deformation transmitted through the wing struc-
ture to the installation point of the skew sensor un-
der aerodynamic loads is highly complex. This often
results in an overlap between the deformation rang-
es of skew and normal operation, making it difficult
to select an appropriate threshold. Therefore, theo-
retical calculation is insufficient to resolve the chal-
lenges in tilt detection.

Leao et al."*' proposed a statistical method for
threshold calculation, but failed to analyze the distri-
bution probability of asymmetric wing deformation
between the two sides. Chen et al.'””’ from North-
western Polytechnical University introduced an
adaptive high-lift fault detection method, which as-
sumed a normal distribution in fault data statistics.
However, their approach failed the hypothesis test
when applied to the measured data in this study,
rendering it unsuitable for the scenario discussed
here. Richter et al.'” from Airbus suggested a skew
detection method based on wingtip rotation speed
differences, which differed from the position-based
LVDT approach adopted in this paper. Ma et al.'”
from Civil Aviation University of China employed
the Monte Carlo method to predict flap skew distri-
bution probability, but our practical tests revealed
that it could not account for occasional in-flight
asymmetric deformation effects. Han et al.”®’ from
AVIC discussed key considerations for flap skew
threshold determination but did not provide a solu-

tion for analyzing unexpected asymmetric flap defor-
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mation during flight. Wang'’' conducted simulation-
based research on flap skew but did not elaborate on
how to determine monitoring thresholds. Baldo et
al.""*" from School of Aerospace Engineering at Uni-
versidad Politécnica de Madrid (UPM) studied an
asymmetric flap detection method, However, this
method only analyzed the differences in flap posi-
tions on both wings based on the precision of the
flap mechanism, without considering the effects of
aerodynamic deformation. Belmonte et al."''’ from
Polytechnic University of Turin designed a PID con-
troller to monitor asymmetric flap faults. However,
the PID controller only simulated parameters such
as the rotation speed, torque, and precision of the
flap mechanism itself, without accounting for asym-
metric deformation under real load conditions. The
same analysis is also used by Borello et al."** from
Polytechnic University of Turin.

Based on the above, no methods have been
found in the existing domestic and international liter-
ature that can solve the practical engineering prob-
lem addressed in this paper. Therefore, this paper
focuses on the selection of monitoring thresholds for
flap skew detection, with particular emphasis on de-
veloping an analytical methodology that accounts for
unanticipated asymmetric load conditions between
the two wing sides. The research process of this
study 1s shown in Fig.4.
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Fig.4 Flap skew monitor design diagram

1 Range of Threshold Definition

1.1 Deformation after flap skew

The design process of the flap actuation system
involves multidisciplinary interactions and trade-offs
across aerodynamics, structures, mechanisms, and
control systems. In this study, a natural-grid finite
element model based on the equivalence principles
of stiffness and mass distribution is developed for
the wing box, flap, and their associated actuation
mechanisms. The force transfer characteristics of
the flap mechanism and control system constraints
are constructed to simulate the physical connections
such as spherical joints and roller carriage rolling
contacts between moving components. When any
one of the four flap actuators losses its torque trans-
mission capacity and rotational constraint, the flap
surface will undergo skew motion under aerodynam -
ic load until it reaches a mechanical equilibrium and
stops.

The finite element analysis process consists of
the following scenarios:

(1) Normal flight scenario: Under specified
flight loads, the structural stress and deformations
of the flap and wing box are calculated using implicit
static nonlinear analysis.

(2) Skew failure scenario: Building upon sce-
nario 1, when a single flap actuator is disconnected,
the surface will be skewed due to aerodynamic forc-
es.

(3) Various aircraft attitudes, such as pitch,
roll, yaw, and sideslip, are considered to calculate
the deformations under these loading scenarios.

The following separate finite element models
are established for normal flight load without skew
for each flap detent and normal flight load with skew
for each detent. The deformations is calculated as
the corresponding LVDT locations, as illustrated in
Fig.5".

The finite element analysis yields the deforma-
tion at the LVDT mounting points of the flaps un-
der all load conditions, thereby enabling the calcula-
tion of the minimum deformation difference between

the LVDTs on the skewed side and the normal side.
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The results are summarized in Table 1 below and

the stations are expressed as Fig.3.

Model info: G:\FLAP_GZ\ICS\20220403\res\all_outflap_10_3.0p2
Result: G:\FLAP_GZ\ICS\20220403\res\all_outflap_10_3.0p2
SUBCASE 3151034=3151034: Simulation 1

Frame 4

result
Max = 4.555E+02
Node 310 124
Min = 0.000E+00
Node 753 000

ZY
o

Flap skew finite element

LVDT station

Fig.5 Finite element of flap skew

Table 1 The minimum difference between left/right

LVDTs mm

Flight Flapde- No Station Station Station Station

cycle tent  skew 1skew 2skew 3skew 4 skew

Det 0 0 4.78 —79.90 21.39 —1.56

From  pet1 0 19.50 —186.43 548.02 —83.17

detent

0104 Det1+F 0 12.69 —99.17 232.06 —29.84
to

d Det 2 0 7.38 —34.53 78.17 —10.09
an

back to 0 Det 3 0 2.99 —10.70 20.25 —2.01

Det 4 0 —152 0.63 —22.01 7.80

Note: 1+F is a specific detent which is typically used during
the takeoff phase to provide high lift and low drag. If the pilot
moves the lever to the “1” position, the system will auto-
matically extend the slats, and the flaps will also extend
slightly, i.e., the flaps are extended to position “1” and the

slats are fully extended.

The fault can be detected if the monitor thresh-
old is set to exceed the maximum deformation value
observed in any operational condition during a com-

plete flight cycle.
1.2 Normal deformation without skew

The analysis of the normal operational range

for flap LVDTs must account for two critical fac-

tors: The tolerance range of LVDT and the asym-
metric deformation induced by aerodynamic loads
on both wing surfaces.

The calculation method for determining the
normal deformation discrepancy (without skew) AA
is expressed by

A =A0+ 7 (1)
where Ag is the error between left and right LVDTs
in normal flight phase and 7 the aerodynamic load-in-
duced asymmetric deformation.

The tolerance A# induced by normal flight
phase is given by

A= 0 — Osn| (2)

The tolerance for the left LVDT 0., and right

LVDT 0,4, are expressed as

2 2
5 accuracy + e installation

Orer = 5riglu ==+ (3)
where LVDT accuracy iS e, (including sensor
accuracy and signal demodulation tolerance) and
sensor installation tolerance 18 &, uation-

Thus, the discrepancy Af between the left and

right LVDTs is calculated by

— — 2 2
A(g - | eleﬁ 7 ﬂrigh! | - ‘ 2 6accuracy + ﬂinsmllation

The known parameters in these equations are

listed in Table 2.

Table 2 The minimum difference between left/right

LVDTs mm
Parameter Range
Sensor accuracy —8.72—8.72
Installation tolerance —3.5—3.5

Therefore, the accuracy result is 17.44 mm,
the installation tolerance result is 7 mm, and the
total discrepancy by root-sum-square (RSS) is
12.51 mm.

For the aerodynamic load-induced asymmetric
deformation term 7 in Eq.(1), the flight conditions
cannot be simulated clearly because the actual flight
is extreme complexity. Therefore, this study em-
ploys a statistics approach to calibrate AA based on
actual flight test data. The detailed methodology

presented in subsequent sections.
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2 Threshold Calibration

2.1 Probability distribution of Max A4

This study analyzes LVDT data from 200
flight cycles (left and right channels). The left and
right LVDT signals are subtracted to obtain the dif-
ferential value (AA), then the point with the maxi-
mum differential value (max AX) is selected as

shown in Fig.6.
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Fig.6 Actual LVDT data of in one flight test cycle

The maximum differential values (max AQ)
from all 200 flights are statistically analyzed, yield-
ing a mean value (x) of 7.91 mm and a standard de-
viation (¢) of 1.59 mm. The values are distributed
within a range of 4.6 mm to 14.2 mm, with the vast
majority concentrated between 6 mm and 8 mm.

The corresponding histogram is shown in Fig.7.
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Fig.7 Probability distribution of max A2 in 200 times flight

test

Subsequently, an appropriate probability distri-
bution must be selected for the histogram of maxi-
mum AA values to determine the probability density
within specific monitor threshold. This study adopts

the extreme value distribution.
2.2 Probability distribution analysis

The extreme value distribution refers to the
probability distribution of maxima (or minima) in
probability theory. It describes the probability densi-
ty function F (x) that should be obeyed by the ex-
treme maximum values selected from a large num-
ber of mutually independent observations. In this ar-
ticle, the research focuses on the maximum differ-
ence between the two sides, so the extreme value
distribution is chosen as the probability density func-
tion.

In practical applications, the distribution func-
tion F (x) of random variables is often unknown,
making it difficult to apply directly in statistical anal-
ysis. To estimate the distribution function of the
original sample, it is essential to consider the limit-
ing distribution as n—>oo, known as the asymptotic
extreme value distribution or simply the extreme val-
ue type distribution'*’.

Extreme value theory has mathematically prov-
en that there exist three types of asymptotic distribu-
tions for continuous random variables: Gumbel dis-
tribution (Eq.(5) ), Fréchet distribution (Eq.(6) ),
and Weibull distribution (Eq.(7)).

f(x)—exp{exp(raﬁﬂ

—ocoLgx<<+oo;a>0 (5)
f(z)=exp ((Iﬂ))
a
Bxr<co;a,k>0 (6)
f(x)=exp ((I_’B))
a
o< < B, k>0 (7)

where « represents the scale parameter, # the loca-
tion parameter, and 4 the shape parameter.

Jekinson unified these three types of extreme
value distributions into one, proposing the general-
ized extreme value (GEV) distribution to collective-

ly represent the aforementioned extreme value distri-
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butions. The calculation formula for the GEV distri- G is the gradient vector, defined as
bution function'"” is aL
(=) F o
- 7
()= —11 = P’ aL
f(x)=-exp { + & » } Ve= (13)
9B
1425~y (8) oL
a dk
When the shape parameter £2>0, the GEV cor- For equation simplification, define as
responds to Fréchet distribution; when 4=0, it rep- x,—f (14)
2, =
resents Gumbel distribution; and when £2<<0, it de- a
seribes Weibull distribution. yf:%ln(l F k) (15)

The accuracy of statistical analysis results pri-
marily depends on three factors: The probability
model, the data sample, and the parameter estima-
tion method. The choice of an appropriate parame-
ter estimation method significantly impacts the final
estimation results. The maximum likelihood estima-
tion (MLE) method is the most commonly used pa-
rameter estimation approach in extreme value statis-
tical analysis"'*.

The likelihood function L for GEV distribution

is given by
Lia,B, k)=
1\& x—p
nina (1+/€)21n(1+/€ - )
. o\ E
21n(1+/ex’ ﬂ) (9)
i=1 a

Construct the first-order partial derivatives of
the above expression, shown as Eq.(10). a, £, and

k can be computed by it.
aL aL aL

=0,—=0,—=0 10
da 98 ok (10)

To solve these equations, the Newton-Raph-

son iterative method is adopted in this paper, with

the corresponding iterative matrix formulated in

Qnew Qoi
/Bnew — /gold 7H71vG (11)
kncw kold

where matrix H denotes the Hessian matrix, whose
definition is given by

L 9°L  J°L
da®  0adfB  dadk
L 9L L
dadp 3R ORIk
L 9L L
dadk dBIk O

The first-order partial derivatives of a, £, and

k with respect to L are given by
aL G 1 l+k—e)z
2{# ) } (16)
i=1 a

da a(1+ kz,)
aL 14 k—e
=—>|— (17)
B 11[M1+&J}
aL 2 _ Z; Vi
I X 1 — Vi - s
o Z|:yz+( +hk—e )<k(1+kz,)+kﬂ
(18)

The second-order partial derivatives of a, S,

and & with respect to L are expressed in

32147 172(1—5—/6—67“)‘@-
0t | o

a(1+ kz,)
(1+/e*(1+lezz)lef")z, (19)
a’ (14 k2, )
d*L il T+A—(1+4 bz )e ™
=—>] : (20)
ap’ = (14 k2, f
L |2y 2z, N
ok’ IS R+ kz,)
(1+k—e )z (2+ kz,) 1)
B (1 -+ k2, )
*L o zz-(l—I—/e—(l—!—/ez,)e*”’)(Z—i—kz,)7
d[0a a’ (1+ bz, )
1+k—e™
P — (22)
a (1+ kz;)
L _of 1ttUtk)e) 1
O~ ak(1+ k2, ) all—+ kz;)
(23)
rPL
dadk

i: 72,-(1"‘/8_(1‘5—/-22,-)67%)7 2;
ak(1+ k2, ) a(l—+ kz,)
(24)

i=1
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By substituting the flight test data into these
equations, the estimated parameters are obtained as
a=1.3523, =17.2215, and £ = —0.072.

Meanwhile, based on the statistical sample
mean of 7.91 mm and standard deviation of 1.59 mm,
this article also introduces the normal distribution
(ND) as the probability density function for the
sample for comparative purposes.

The GEV probability distribution curve which
is calculated by Eq.(8) is illustrated in Fig.8 (red

line). And ND curve is expressed in green line.
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Fig.8 GEV and ND curves of max AA in 200 times flight
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Fig.9 presents the sample cumulative density,

GEV and ND cumulative density.
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Fig.9 Max AA sample, GEV and ND cumulative curves

To assess the fitting performance between ND
and GEV, this article examines the distribution
function by using the cumulative probability Kol-
mogorov-Smirnov (K-S) test'"”’. In line with the
characteristics of the K-S test method, the distribu-
tion tests are all conducted at a significance level of
0.05 (95% confidence level). The obtained p-value
of GEV 1s 0.446 1 and the one of ND is 0.201 7, so
the result indicate GEV is more appropriately distri-

bution to represent of max AA.

2.3 False alarm rate analysis

The monitor threshold can be determined
through comprehensive consideration of probability
derived from the probability density function, toler-
ance range and finite element calculation results.
The strict thresholds induce that the normal signal
will be set as invalid and trigger the flap locking er-

roneously. The false alarm rate P, is formally ex-

Pfa:J4

threshold

pressed as
P(max AA)d e an (25)

Based on Eqs. (10, 11), the curves of max AA
distribution could be calculated, as shown in Fig.10.
The point of the false alarm line represents the rec-

ommended threshold value.
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= 0.002
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The maximum differential value / mm

Fig.10 Probability distribution of false alarm
3 Threshold Boundary Conditions

3.1 Safety requirement

The appropriate monitoring threshold is de-
fined based on two critical boundary conditions:
System safety requirements and aircraft dispatch re-
liability. Excessive false alarm rates will reduce dis-
patch rates. Therefore, these two metrics serve as
boundary conditions for threshold determination'"®’.

Since false alarms may trigger erroneous flap
lock activation (rendering flaps inoperative), the as-
(FHA)

events for both affected systems are listed in Table 3,

sociated functional hazard assessment

where Fh denotes flight hour.

Table 3 FHA events for aircraft

FHA event Failure impact level Failure rate

Announced loss of flap
Level 4 (1e—3)/Fh

control
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By incorporating the false alarm rate into the
fault tree in Fig.11 and based on the top event re-
quirement of (le—3)/Fh and the system failure
rate design value of (3.8e—5)/Fc, the allocated
false alarm rate should be less than (2.98¢e—3)/

Fc, where Fe is the flight cycle.

Tree 15
Announced loss of
flap control

0.331

Event 15-1
Change factor from
flight cycle to flight

hour

0.333
O o)

Event 15-2-1
False alarms flap

Tree 15-2
Announced loss of
flap control

Event 15-2-2
Announced loss of
skew of mointor flap control by failure

O0.00Z 98 O 3.8e-0.05

Announced loss of flap control fault tree

Fig.11

Dispatch reliability (DR) represents the pro-
portion of successful departures without flight de-
lays or cancellations due to technical reasons during
aircraft operation. As a direct indicator of operation-
al performance that significantly impacts aircraft eco-
nomics, DR has become one of the most critical reli-
ability metrics for airlines and stands as one of the
core parameters in commercial aircraft reliability de-
sign''’.

For flight crews, when unable to verify the au-
thenticity of an alert, it is typically treated as the
truth and impact aircraft operations, thereby disrupt-
ing system operations and increasing maintenance

activities'?".

3.2 Dispatch reliability requirement
The dispatch reliability calculation for a certain
system is shown in
DR - DRsyslcm + Dsz\lsv alarm (26)
DR[{AISE alarm —— 1 o P[a (27)

where DR . denotes the number of delays caused

by system failures and DR .um the number of de-
lays caused by false alarm.

For a certain aircraft type, the actual designed
dispatch reliability (DR q.,) of the high lift system
is 99.962%, while the aircralt dispatch rate re-
quirement is 99.96 % . Substituting these values into
Eq. (12) yields the threshold will be lower than
(2e—3)/Fc.

By comparing the two values from safety analy-
sis and dispatch reliability, the more stringent one
((2e—3/) Fc) is adopted. Then this value is ap-
plied to Fig.10, the corresponding threshold range
should be greater than 14.9 mm. For practical imple-
mentation, this study adopts 15 mm as the monitor-

ing threshold.
4 Threshold Boundary Conditions

4.1 Finite element verification

In order to verify whether the proposed thresh-
old (15 mm) can meet the skew detection require-
ments, this article analysis the finite element result.
The threshold is applied to Table 1 to verify wheth-
er it can cover the deformation under tilt failure con-
ditions.

By comparing the pre-selected monitoring
threshold of 15 mm with the deformation values in
Table 1, the analysis results shown in Table 4 can
be obtained (the skew case which can be detected is
marked green). Therefore, it can be confirmed that
the monitoring threshold derived from the above
analysis 1s capable of covering skew failure scenarios

during a single flight cycle.
4.2 Physical iron-bird test verification

To further verify the rationality of the thresh-
old, this article conducts development tests based
on a physical iron-bird test platform. The architec-
ture of the iron-bird test platform is shown in
Fig.12"%",

The flap skew is simulated by disconnecting
the actuator at a specified station, while applying
aerodynamic loads through loading actuators. The

operational methodology is illustrated in Fig.13.
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Table 4 Comparison of threshold and deformation

Flap detent Station 1 skew Station 2 skew Station 3 skew Station 4 skew

0 4.78<C15 —79.9>15 21.39>15 4.78<C15
Is skew detected? No Yes Yes No
1 19.5>15 —186.43>15 548.02>15 —83.17>15
Is skew detected? Yes Yes Yes Yes
1+F 12.69<<15 —99.17>15 232.06>>15 —29.84>15
Is skew detected? No Yes Yes Yes
2 7.38<<15 —34.53>15 78.17>15 —10.09<<15
Is skew detected? No Yes Yes No
3 2.99<C15 —10.70<<15 20.25>15 —2.01<<15
Is skew detected? No No Yes No
4 —1.52<<15 0.63<<15 —22.01>15 7.8<<15
Is skew detected? No No No No
Conclusion Skew is detected for one flight cycle.
' S trI Station 1 Station 2 Station 3 Station 4
Load system 85 Actuator (Disconnect)
l sensor Flap skew LVDT
Flap control Flap actuator | | Flap |—»] Position ‘ /d P
system system sensor —

t

—

//

Load actuator In T
il flap \“ = flap /
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Fig.12 Flap skew detection loading test rig"*"

The test results are presented in Table 5,
the skew case which can be detected is marked

green. The tests demonstrate that the monitoring

Fig.13 Flap skew detection verification methodology

threshold designed in this study can cover in-flight
flap skew failures and detect them within a single

flight cycle, with test results consistent with analyt-

Table 5 Skew detection test results

No Flap operation Load Test result Analysis
0—1—7—3—4 No load on ground check Trigger alarm
Station 1 R 20 % load No trigger alarm The skew failure in flight condition could be
etract to
skew q 50 % load Trigger alarm detected through ground inspections.
exten
80%load No trigger alarm
No load on ground check Trigger alarm
. 0—1—2—3—4 20%load Trigger alarm
Station 3 .
. Retract to 50 % load Trigger alarm As expected
skew
extend 80 % load Trigger alarm
100 % load Trigger alarm
. The skew failure in flight condition could be
No load on ground check  No trigger alarm i i
0—1—7—3—4 detected through ground inspections.
Station 4 20 % load Trigger alarm
Retract to )
skew 50 % load Trigger alarm
extend . As expected
80 % load Trigger alarm
100%load Trigger alarm

Note: The case of Station 2 skew is similar with Station 3 skew because the structures of them are symmetrical, so it could be covered by

Station 3 skew.
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ical predictions.

It should be noted that, comparing with the
load cases of finite element analysis which encom-
pass various aircraft attitudes such as pitch, roll,
yaw, and sideslip. However, due to limitations of
the test rig, the iron-bird test can only simulate the
aircraft in a horizontal attitude and is unable to cover
other flight attitudes. Because of the strengths and
limitations of both finite element analysis and physi-

cal test, this article adopts two verification methods.

5 Conclusions

This paper focuses on the flap skew detection
system of commercial aircraft, proposing a design
methodology for monitoring threshold determination
to prevent false alarms.

Firstly, finite element analysis is conducted to
calculate the theoretical deformation magnitude of
the flap under tilted conditions in flight load environ-
ments.

Subsequently, the accuracy range of the flap
LVDT is analyzed, along with the maximum defor-
mation difference between each LVDT under nor-
mal conditions. To address unpredictable asymmet-
ric flight scenarios, statistical methods are used to
analyze the probability density of max AA using data
from hundreds of test flights. The GEV distribution
is employed for modeling, with confidence levels
validated via the K-S hypothesis test, ultimately de-
riving the probability density function of max AA.

Based on false alarm rate calculation princi-
ples, the cumulative probability values of max AA at
different thresholds are computed. Through system
safety assessment and dispatch reliability analysis,
the false alarm rate boundary conditions are deter-
mined, leading to the solution for the monitoring
threshold. This target is cross-verified against theo-
retical finite element analysis data to ensure its valid-
ity.

The proposed monitoring threshold is verified
through iron-bird flap skew test, with results meet-
ing design expectations and confirming the method-

ology’s validity.

The method described in this article can be ap-
plied to the threshold design of monitors that utilize
sensors for fault detection. GEV 1s suitable for ana-
lyzing the probability distribution of the maximum
values in complex signals. For monitors designed
based on these signals, the false alarm rate can be
determined according to the failure rate and dispatch
reliability requirements of the monitored system. By
substituting this false alarm rate into the probability
density function of GEV, a reasonable monitor

threshold can be derived.
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WE A LARA CMAE LR R AAT R, A BB S50 RAL 25 ELEY aM&E e FMA, 7
BT —FZHEHRMAIR N BBk Tk, AT BRZ P, KRR A PR AT MGt A A
S 4 M rmEs., GARBERIMAREMN G RERBAXT RN, HET ELOMAERRTATHELE
AR LR, AERBREETAEF KAANBEETAHTRAORMEER, b TEF 'Eﬁ‘f’ﬁ’@@]?&"—‘ﬁx%fé_{f
max AN T W BAT T A B 4, EL@E R AT, KR TR % R, E A Gumbel AL 5 &
ENRKEFRACHBRFTT o, BT KSEELEHETT ERE,BWRT max ANHRFE R4, % midid
max AN#) R B EAL R THMAE BLER2NXZMER. LEATAAZABRSHPRERSHATT REF
0930 R Fe e MAB A RS R AR R R B BA B AR . 25 A FRT AT RIE A4k B X & LM AR %
HHE Ak, A BAL G B AR AEAT B AN, & R AT AR TR R T A e Sk,

KRR AR AR AL A R R

MR=m:

1 EFEGRER BT E o Bir R MAeAs E Gl FH R ERARMA>AMELITF, ERXREL L RATHE
Bk A R Y 69 MR, 3T IR b0t S AR B 89 BA B AT S B

QA TREZRAH KRAKER A foikiE R AMESNG T EMTT BERGAREMH ARBE LR S LIE
AR R W AL B AR AR



