ARP4895

An SAE /ntemat/ona/ Group R ECO M M EN DED A

Issued 1994-02
PRA CTI CE Revised 2006-05

Superseding ARP4895

(R) Flight Control Actuators - Dynamic Seals,
Collection of Duty Cycle Data

RATIONALE

There is a trend to design alrplanes with less natural stab|I|ty than before _now relying on stablllty augmentation systems.
Reduction of the size ight and drag reduction
opportunity, therefore making stability augmentation systems more and more active, depending-op the degree of stability
relaxation or instability |left to the natural aircraft. Moreover it is to be noted that imperfectieris of the control laws, non-
linearities in hydro mechanical equipment etc. may generate control surface position servodoop limit cycles, detrimental to
the dynamic seal life.

The two most significgnt factors affecting seal life are the number of small amplitude reversgls and the total stroke
distance.

This is the reason why an automatic, cost effective method for assessing_hydraulic actuator dynaric seal duty cycle data
at different stages of dgvelopment of an aircraft project becomes a very useful tool.
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1. SCOPE

This SAE Aerospace Recommended Practice (ARP) provides an algorithm aimed to analyse flight control surface
actuator movements with the objective to generate duty cycle data applicable to hydraulic actuator dynamic seals.

This algorithm can be used to process digitally recorded actuator positions, generated either by pure simulation, or
hardware-in-the-loop simulation, or flight test of full scale demonstrator of new aircraft, of new aircraft models in
development, or of in-service aircraft, depending on what is available at different stages of the aircraft development and
the purpose of the duty cycle investigation. This generated duty cycle data can be used as a basis for defining dynamic
seal life requirements, dynamic seal life testing, or to assess the impact of control law or other changes to dynamic seal
behavior.
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2.2 Other Applicable |References

Royal Aircraft Establis
Holombek, May 1969

hment Report 69096 - An Investigation, into the Duty Cycle of Powered Flying Controls, F.

3. BACKGROUND

3.1 Past Practice
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3.2 Recommended Hractice

Displacement duty cycle data should be collected from aircraft that are advanced technology demonstrators and full-scale
development programs. The collection of data during the development testing phase of new aircraft is very cost-effective
because these aircraft are normally highly instrumented and all the data are recorded on-board the aircraft and/or in a
telemetry ground station.

Normally, several flight control system parameters are monitored on all test aircraft to assure safety of flight. The
parameters typically include: aircraft rates and accelerations, pilot primary control inputs and control surface positions.

The duty cycle collection method identified in this ARP makes use of a computer algorithm which can run real time in a
telemetry ground station. Data recorded on board the aircraft can be postflight processed if a real time telemetry ground
station is not available.


https://saenorm.com/api/?name=6ed6dc8ca4bb8df9735623579a6fe772

SAE

ARP4895 Revision A

-3-

Limitations for real time data processing are telemetered parameters, data sample rate, and ground station capability. If
small reversals are considered important, sample rates and timing of the sampling may be statistically important.

Limitations for postflight nonreal time processing of data are the cost and logistics of replaying hundreds of hours of data

tapes.

However the described

algorithm can also be used in other contexts as mentioned in the scope

4. ACTUATOR DISPLACEMENT DATA ACQUISITION
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versals. The data should be segregated by flight phase; e.g., ground of
regimes through the flight envelope Data Analysis:

nt usage algorithm should operate as shown-in Figure 1. The algorithm is
the existence of a peak or valley. The @lgorithm identifies a peak when
ual to the preceding point and has a-value greater than the succeeding po
dle point has a value less than the“preceding point and has a value le
stroke can then be determined by calculating the displacement between t
pility of identifying incorrect peaks or valleys, for instance due to data

rate between successive\points. If the calculated rate exceeds the

e

g

capability, the algorithnp ignores that data point, Data processed by the algorithm either in real ti

stored and sorted into
then be presented in a
the duty cycle recomm
range bins. A flow chart

4.3 Data Sample

An example of flight te

displacement "bins" j.&:, 0-2%, 2-5%, 5-10%, 10-25%, 25-50%, 50-75%, ]
histogram format. The number of displacement bins in this example was
bndation presented in ARP1281. The user of this algorithm can select an
for the Actuator.Reversal Calculation Program is presented in Figure 2.

5t data‘that has been processed by the algorithm is shown in Figures 3 §
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chosen to be similar to
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Ind 4. The data for this

pécause Parade Formation is a nonmaneuvering flight phase that requi

res highly precise pilot

inputs and results in a larger number for small actuator displacements. The symbols shown on the plots in Figure 3 shows
points which are picked by the algorithm without a minimum displacement window. Figure 4 shows the results of
incorporating a 0.25% (0.09°) minimum displacement window. The minimum displacement window is a user defined
parameter which can be set at any value to prevent the algorithm from processing noise in the instrumentation system. It
may be based on the knowledge of the quality of the acquisition chain, in terms of noise or resolution, or actual actuator
position servo loop performance. It shall not be ignored that actual position threshold may be lower than specified. The
0.25% minimum displacement was chosen for the example because it corresponds to the actuator threshold. Histograms
of the data from Figures 3 and 4 are presented in Figure 5.
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FIGURE 1 - VALLEY-PEAK ALGORITHM
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Parameter Initialization

A

Initialize and define the number
and range for each "bucket".

Read Data:
e Aircraft Number
e Flight Number
¢ Run Number
¢ Actuator Name
¢ Actuator Displacement
Vailues

y

Input minimum actuator
reversal magnitude;-
IJMIN"-

l

Eliminate consecutive, duplicate
data values from the input file.

v

Identify all valleys and peaks
in the reduced data set.

v

Calculate the reversal magnitude between
each valley and peak as a function of
actuator full stroke.

Place each reversal magnitude
in appropriate "bucket".

Output population
of each "bucket".

@

FIGURE 2 - ACTUATOR REVERSAL CALCULATION PROGRAM
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Initialization
V m—
Enter
MAXBUCKET(1)[= 2% BUCKET(1) =0 Seven distinct)"buckets” [are defined with
MAXBUCKET(2)= 5% BUCKET{2) =0 each "bucket” representing a percentage

MAXBUCKET(3) = 10% BUCKET(3) =0
MAXBUCKET(4)|= 25% BUCKET(4) = 0
MAXBUCKET(5)|= 50% BUCKET(5) =0
MAXBUCKET(6)|= 75% BUCKET(6) =0
MAXBUCKET(7)|= 100%  BUCKET(7) =0

I

Read in data to be analyzed

I

Read in|[Minimum Actuator
Reversal Magnitude
IIMINII

:

range for full actuator stroke. This range is
defined’ by MAXBUCKET. There is also a
counter called BUCKET which tallies the
number of reversal magnitudes that fall into
each respective "bucket’ range.

Data can be from aircraft flight test, ground
test, or laboratory testing. Data may consist
of aircraft number, flight humber, run number,
test number, name of actuator being
analyzed, and actuator displacement values.

Defines the minimum acfuator stroke to be
used in determining if a peak or a valley has

Call Subroutine WEEDOUT

, duplicate data

values from the input file.

FIGURE 2A - ACTUATOR REVERSAL CALCULATION PROGRAM
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Subroutine WEEDOUT

Purpose: Eliminates duplicate data values. Reduces processing time required
when looking for a peak or a valley.

X Raw input data values.
X  Procéssed data values
10 to be used for picking a
9 peak or vallgy.
8
7
6
Data
5
Value
4
3
2
1
0
0 1 23 4 5 6 7 8 9 10 11 12 13 14 15
Time
FIGURE 2B - ACTUATOR REVERSAL CALCULATION PROGRAM
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Looking For A Valley

Bagin Loop for Picking
a Vallay or a Peak

NUMPV = 1
PEAXVALLEY(1) = VALUES (1)

INDICATOR = "LOOK_FOR_PEAKVALLEY"

NUMPV -
Counts the number of peaks and valleys
PEAKVALLEY(K) -
Array to store the magnitudes of each
peak and valley. Initlalize first entry
o be equal to the first data value.
INDICATOR -
Flag to toggle between looking for a valley
then looking for a peak. Initialize to look
for either a peak or a vallay.

v
N=0
-
N=N+‘ I
k.
PT1 = VALUES(N)

PT2 = VALUES(N+1)
PT3 = VALUES(N+2)

NO s INDICATOR equal to

“LOOK_FOR_PEAKVALLEY"
or “LOOK_FOR_VALLEY"?

YES

y

NO

YES:

s PT1 greater than PT27 >
AN
/

. S s PT3 greaterthan PT2? >

YES
¥

_ No| /1 PEAKVALLEY(NUMPY) -PT2

Intialize loop counter

Increment counlé

Proces$Jhrea data points at a time Jlo locate
peaks.and valleys

Check 1o see if the first data peint, PT1, is
grealer lhan lhe second data poirt,|PT2.
It it is then data value PT2 may be ¢ valley.

Check 1o see if the third data point,|PT3, &
greater than the second data point,| PT2.
it it is Ihen data value PT2 may be @ valley.

Check to see if the magnitude n the
previous peak and this valley is greater than
the minimum actuator raversal magnituda,
"MIN®. It it is then PT2 is a valley.

HUMPY=NUMPY + 1
PEAKVALLEY({NUMPV} = PT2
INDICATOR = "LOOK_FOR_PEAK"

=
-

®

Incremeant Peak/Vallay counter.

Store magnituda of tha valley, PT2.

Since a valley was found reset INDICATOR
to now look for a peak

FIGURE 2C - ACTUATOR REVERSAL CALCULATION PROGRAM
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Looking For A Peak, But Found A Valley

M

Is

“LOOK_FOR_PEAK" 7

INDICATOR equal to

l‘fES

N

&

PT1 greater than PT2 ?

l YES

N

Is P

T3 greater than PT2 ?

ives

N

PP

Is PT2 less than
EAKVALLEY(NUMPY) ?

AV ARV AV

¢ YES

'

PE/

/ALLEY(NUMPV)=RT2
AKVALLEY(NUMPY)=PT2

Check to see if the firstdata goint, PT1 is

greater than the second data
then data value PT2 may be a

Check to-see if the third data
greaterthan the second data
therncdata value PT2 may be a

Check to see if the second da
less than the last valley.

Replace the value of the last \
value PT2

valley,

boint, PT3 is

valley.

ta point, PT2 is

alley with the

FIGURE 2D - ACTUATOR REVERSAL CALCULATION PROGRAM

hoint PT2. If it is,

boint PT2. If it is,
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Looking For A Peak

NO Is INDICATOR equal to
"LOOCK_FOR_PEAKVALLEY"
or TTOUOK_FOR_PEAK™? /

lYES

o
."_< Is PT1 less than PT2? >

*ves

<E< Ig PT3 less than PT2? >

*TES

NO ~Is PT2|- PEAKVALLEY({NUMPYV)
greatsr than MIN?

lYES

NUMPY + 1
LEY(NUMPV) = PT2
R="LOOK_FOR_VALLEY"

Check to see if the first daja point, PT1,is
less than the second data [point, PT2.
If it is then data value PT2|may be a peak

Check 10 see if the third data point, PT3. is
less than the second data|point, FT2.
If it is then dala value FT2 may be a peak.

Check to see if the magnifude beiween the
preavious valley and this p is greater than
the minimum actuator reversal magnitude,
"MIN®. It is then PT2 is & peak.

Increment Peak/Valley cofinter.

Slore magnitude of the k, PT2.

Since a peak was found t INDICATOR
to now look for a valley.

FIGURE 2E - ACTUATOR REVERSAL CALCULATION PROGRAM
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Looking For A Valley, But Found A Peak

\\ total fiomber of data values?

NO
Is INDICATOR equal to
“LOOK_FOR VALLEY"?
l'rﬁs
no
< <\ Is PT1 less than PT2 ?
l YES
no [
< < 15 PT3 less than PT2 7
YES
NO / Is PT2 greater than
< <\ PEAKVALLEY(NUMPY) ?
i YES
PEAK(NUMPV)=PT2
— PEAKVALLEY({NUMPV)=PT2
NO .
/| Is N equal to two less than the

l YES

Check to see if the first data’point, PT1 is less

than the second data point PT2.
data value PT2 may bea peak.

fitis, then

Check to seédf the third data point, PT3 is less

than the second data point PT2.
data value PT2 may be a pealk.

Check to see if the second data
greater than the last peak.

fitis, then

boint, PT2 is

Replace the value of the last pedk with the

value PT2

END Loop for Picking
A Valley or a Peak

FIGURE 2F - ACTUATOR REVERSAL CALCULATION PROGRAM
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Actuator Reversal Magnitude Calculation

®
:

Start loop to calculate magnitude betwaen

N=0 each peak and valley as a funciion of
actuator full stroke and put inte comresponding
> "buckets”. IM is a counter that increments
through all the peaks and valleys previously
definged
IN=IN+1
h 4

MAGNITUDE equals

ABS [ {(PEAKVALLEY(IN+1) - PEAKVALLEY(IN)

Actuator Full Stroke

]

I

K=0

=

equal to MAXBUCKET(K)?

ls MAGNITUDE less than of >

YES

BUCKET(K)= BUCKET(K) + 1

I

ND\ | —of peaks and vailays?

5 iNequal to the fotal number

Initialize flag K fo loop through all seven
"buckets® 1o determing which "bucket®

counter to increment based 4n the value
for MAGNITUDE.

’

YES
4

Output the valua of
each BUCKET counter

r

@)

FIGURE 2G - ACTUATOR REVERSAL CALCULATION PROGRAM
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Program Outputs

Peak and Valley Identification

@ :rocess_ed data values from Pgakor Valley ideqt‘rried
ubroutine WEEDOUT. with software algorithm.
10
9
8
7
6
vaiie 5
4
3
2
1
0
0 2 3 4 5 6 7 8 910 11 12 13 14 15
Time
Actuator Reversal Tabulation
Actu£:|rtaStroko Actuator Reversals
(Percent) * Bucket Colunts
vy Py 80% 0-2% 0
Py = V, 40% \l\ 2-5% 0
5-10% 1
Vy —3p Py 50% 10 - 25% 0
P2 V3 B 25 - 50% 1
50-75% 1
V3 e Py 10% 75 - 100% 2

* Assumes a value of 10 for
maximum actuator stroke.

FIGURE 2H - ACTUATOR REVERSAL CALCULATION PROGRAM
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