A METHOD FOR DETECTI NG THE LANDI NG QUALI TY OF AN Al RCRAFT TECHNI CAL
FIELD OF THE I NVENTION 5 [0001] The present invention relates to a
nmet hod for detecting operation conditions of an aircraft, in
particular to a nethod for detecting the landing quality of the
aircraft. BACKGROUND 10 [0002] The so-called "heavy |anding” or "hard
| andi ng" indicates a | anding event in which speed or acceleration
speed of thg METHO® FORMDIVERCTRGG TUHE EANDING QUIATY OEAPEAIRERAFTM t
val ue when | andi ng, wherein heavy | andi ng neans that vertical speed
or acceleration speed of the aircraft is above respective |imt val ue
when landing in case that the | anding weight of the 15 aircraft is

above the neaxi mum | andi n i.,ght, _and hard | anding neans t hat
vertical speed or accelag§ﬁ§§&¥¥%53@~ B THE JNY, ION s above

respective limt value when [anding in case that the | andi ng wei ght

of fhe aircraft is less than or equal to the maxi mum | andi ng wei ght.
The hard/ heavy | andi ng can inpose strong i npact and vi bration on the
struct yogo19f ThBQrédehC ehtioPfdlitt£ W arh¥thb Sof ABRANNbSeridh 84 RMMMRIf an
greater |oads such as the wing, |anding gear, engine 20 and the |ike,
and ca@ieraftain parécudar to penath detectofg thatandingeualkity of theeaivdrdft.e, the
airline nust performa strict safety-check on the aircraft to ensure
avi ation safety once the hard/ heavy | andi ng occurs. [0003] Different
aircrafts have different limt values. For exanple, the Iimt val ue

of vertical 25 |anding acceleratigg(ggggglgh)Boeing B747-400 is 1.7G
the limt value of vertical |andi i on speed of Boeing
B7ié-600 is 2.1G and the limt value of vertical |anding

accel eration speed of Airbus A320 is 2.6G [0004] According to

provi sions of aircraft manufacturer, the subject of liability for
repor t ilPRP2]t Abe isersplere thaasy dandens/yon ‘dadd tepdegdnindicates hdarfding) hvend iewhich
However, t.he [ hea l.anding. event reported. by .the flight. .crew.ha
o eat - Sl ARREINGR o R thT Bkt dh o RRBL hESuRY  oy Tedf Btk e

event s whepQfindifle, byhdrbia HealgMindefgeiieansethat Dertibalr b ay Yededsistiongspgeas of the
not occurred". But the processing causes an interruption of service

of t he2HBfafrigfaboxp despewivg Nia tvalusr when fandignidecase dial the dandimgpprsight of the
Ovet- 1l i i.5tJ : n i g, ' |...for

ol 7 o iRl B bl g Rtk o e Bl ot f BB Gt e or
t hr oughcabaratiirngpetd of dat @rcraft isheboQhRespetiveklimit value when landing in case that the

landing weight of the aircraft is less than or equal to the maximum landing weight. The
hard/heavy landing can impose strong impact and vibration on the structure of the aircraft,
particularly the components withstanding greater loads such as the wing, landing gear, engine
20 and the like, and cause failure of the structure of the aircraft. Therefore, the airline must
perform a strict safety-check on the aircraft to ensure aviation safety once the hard/heavy

landing occurs.

[0003] Different aircrafts have different limit values. For example, the limit value of vertical

25 landing acceleration speed of Boeing B747-400 is 1.7G, the limit value of vertical landing
acceleration speed of Boeing B737-600 is 2.1G, and the limit value of vertical landing
acceleration speed of Airbus A320 is 2.6G.

[0004] According to provisions of aircraft manufacturer, the subject of liability for reporting
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Access Recorder). However, it can often be found that there exist

| arge differences between the 10 result of decoding the data in the
QAR and the actual situation when anal yzing the hard or heavy | anding
event . (INGLGIAEL haldifeadl b ds e >G94l '

be used to Iﬁ%t er mane tahg ﬁlg?% heavyS I an&%%%?&%&%?%&dﬁéawq%a{ng
ai r f r areegtrepatedr by tes8mbe cofv hiregmal encafthingl Jhe danl besulis efl niost hard/heavy
determ ne.the hard or 5 .,heavy | andi ng event.  The ajrfrane structyr
mess age NG RETR FROGH B iy ikt 7% Bfh FP@&?&@EG% a?én%lhe%ﬂ%&qcesﬁr?fy- But
gener atRdpR¥edsie @G Al ihtefApRod Y5 idPice BPWRVAfcraft hnd § biPWAde bP maintenance
practical” applications that 1n many cases the aircraft system does

not Sgemesoatcg. t he airfranme structure nessage al though the flight crew
has reported the hard or heavy | anding event. Therefore, the airfrane
structure nessage cannot directly be used to determ ne the hard or
heavy | andi ng event, 20either. [0007] Therefore, repairnen have to
provid I.04: i . t {r A0 1)) uper. .
analysﬁgé%ﬁcgk%ﬁgﬁﬁq?% fg@%g%ﬁ%@dggg§ﬁghghhgﬁﬁﬁb? he§®§%%é%§§W%&%%gﬁpml
accor didaggeroambenserihi dreadafdty can ibg wbtaifsdahrowgh decoding hetda@rihthe QAR (Quick

expensi ve but al so 25ti nme-consum ng and i nfluences the aircraft's
nor mal “FCEFHESCORISIVERY ey Bo Rl pEEn B doune thesrtBere Gemhiars differgpgeshepyeen the

t he{OCo'i'é’s‘ﬁﬁt(;fo&@bdikﬁ(%ﬂ?‘abﬁ%ﬁ’thQr@’[sﬁSaﬂﬁctPe% b Snla B RHA B AAES ird or
met hod for detecting landing quality of the aircraft, conprisrng:
30det ehravyi lagding ey érer Therviord, itiadats pbrathed dtem AR deatdéng tdnaot dirdeily e used

preset value .or .a.,vertical acceleration is greater than a second
presett%gyﬁﬁmﬂﬁgﬁﬂFﬂ%ﬁgwyé R $2Rls: collecting landing data;

generating a | anding nessage based on collected | anding data in
response to that the vertical speed rate is greater than the first
preset value or the vertical acceleration is greater than the second

preset [gei6)e Thbeltfrhhe seuditleahéssh@udshe sit@ift Blgo @fin bé BfdMNd HeteABink i hard or
Ianding_nessa e; and determning the landing quality of the aircraft
badéd &draBHandiaaayens Hhe ariiame weiciuse giepsysprissangdend of DoOG] systsspmgpsage and
t o anot i i h j r avi .. et f.or ]
o1 e hSOCTRREE Dbabiiy ) oL WEBATAE oL 0L 5 DO i prccn
whet hempplivatiany draafit ranycdiess thevaircrafolsisahidugs aot gadkiratg thatbafibme structure

response to t t Qquch of the aircraft: determ njng whether a hop
oceurs %agetﬂﬂgo h e anen 25 EoFed t?l?%'@arg o Bepralangne éﬁﬁ?tnghﬁégé@ the
when t hgraint Ghradhrd ABGHESaARUNRYA Be Libkd't6 IRRARRI R b8 hr hE8v1ARing cvent,
occurs when the aircraft |ands; genherating a 10 | andi ng nessgge

acebr diertbert o t he col | ected | andi ng data and the secondary | andi ng

data; storing or transmtting the |anding nessage; and determ ning
the |l anding quality based on the |anding data of the |anding nessage.

[0007] Therefore, repairmen have to provide the original flight data to the aircraft
manufacturer for analysis once the flight crew reports the hard or heavy landing event

according to conventional technique. Such manner is not only expensive but also

25  time-consuming and influences the aircraft’s normal flight.

SUMMARY

[0008] For one or more technical problem of the conventional technology, one aspect of the
invention provides a method for detecting landing quality of the aircraft, comprising:
30  determining whether a vertical speed rate is greater than a first preset value or a vertical

acceleration is greater than a second preset value when the aircraft lands; collecting landing
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BRI EF DESCRI PTI ON OF THE DRAW NGS 15 [ 00010] Hereinafter, sone
preferred enbodi nents of the invention will be described in reference
to the acconpanying drawi ngs. [00011] Fig. 1 is a schematic

|| ust rgaal nEnoihd Q 18RdiRE Tnds@l BBedBhcdilec®l NIdld dHS! i 9%@%% tq_that th
accor di nga’ {égnone éenbodiln%nt Sg%&tlﬂ%epr esent(a(:‘i%nvendﬁllgéon. 2@[ Fi ga. ©
2 i s avegivehwmieed rdtt isusseatat thagthe festrretetivaduobr the particalofecelbmtiba idgrager than

ear of the ajrcraft. accordjng to.one enbodi ment of .th resent
D vent iHSCphRFERs velug Whenithe rqrplo [angR SPIne 9 GRPFTE R, P RO age; and

det ect id@&nhﬁﬁf‘n%aih% GhrRfidg Gualiy 6F (RE aﬂ&ﬁﬁ%aie@ﬂiﬁﬂo‘cgg Ha%]ﬁ&%rdgiﬂﬁ tﬁé’laﬁ&‘i}‘ﬁg message.

enbodi mrent of the present i'nvention. ig. 4is a

chart i trati met hod for erati | andi ng. ssa ing, 2
S R0, Tab Rt g ol alecr SEAETRNdnfn Bar N bR aFF 3R By cEiing
Fig. 5lailigp gedlepedfi n ialrbrast h@ﬁnbﬂﬁnéﬁhﬁc%hﬂ%i Whéthert tHegsiedraft ft@iches down;

generating short | andi ng nessages in the A according to one
enbodi Felective a ladisgclainin jepraase to the odulosn o e agcradt; defetpininghwhether a

illustrati e t] el i N g j

accor gy TR TRl afta AL o NPiic, BOMGRS, ERRACE LI A roan
i n the tockE downraghingint esnee eoviiedidtehdp ofcurdevhph gixeBircraAV&Mst @enerating a
[00018% Fig. 8 is an exanple of the short | andi ng nessage accordin

t o 1Bne laKiEIMABALS Brcordiag ioriBs epileciodlanding ata and theggeamsiprytagding dat; gﬁring

Tho. Bprbeanrmra D TR e, PRE PHRRFRIPEIR AUBEGID TR tllpndine
dat a systetlachnduemeaysagat devel opnent, such as ACMS (Aircraft

Condi tion Monitoring System) of Airbus and AHM (Aircraft Heath

Moni tor) of Boeing, as the 10 aircraft systemis nore and nore
conplicated. [00021] Taking the ACMS as an exanple, the ACVS nonitors

t he performance of nultd i e aircraft

i ncl udi ng: the engine, BI&LE%,b i @mﬁgw\er Unit) and
cabin. The ACM5 al so has functions such as aircraft performance
moAPtoring, data recording, special investigation & trouble shooting
and the |ike. 15[00022] The ACMS nonitors nore than 13, 000 flight

dat a i H00EA Heremmltehbseow eprefetieed AGbddliments of the invention will be described in

reference to the accompanying drawings.

[00011] Fig. 1 is a schematic illustrating how to obtain landing data of aircraft using ACMS

according to one embodiment of the present invention.

20  [00012] Fig. 2 is a schematic illustrating a structure of a part of the landing gear of the aircraft

according to one embodiment of the present invention.

[00013] Fig. 3 is a flow chart illustrating a method for detecting the aircraft’s hard or heavy

landing according to one embodiment of the present invention.

[00014] Fig. 4 is a flow chart illustrating a method for generating a landing message using

25  ACMS according to one embodiment of the present invention.

[00015] Fig. 5 is a schematic illustrating relationship of triggers for generating short landing

messages in the ACMS according to one embodiment of the present invention.

[00016] Fig. 6 is a flow chart illustrating a method for generating the landing message using

ACMS according to another embodiment of the present invention.

30 [00017] Fig. 7 is a schematic illustrating relationship of triggers for generating long landing
3



can automatically generate nmessages including specific data according
to real-tine nonitored data, when a certain trigger condition is net.
[ 00023] The ACMS includes an AIDS (Aircraft Integrated Data System,

wher ei %esﬁa% @@%@w%@@&lﬁ{%% oyaélhg%cgiﬁqehmtﬁ@ﬁl%s%g j ﬁﬁ&l.gs- The

DMU has t oW ng two ortant uncti ons: ect1 ng,

pr ocessi d recordin y raneters in the aircraft, ingcluding
Gata f IORTISIE Bisis R ssRTpiprida’ thertiandins mesiage Spdrdiaeinoin o Aedigal of the
non- volgadsehGindéiorge nenmory of the DMJ or an external recorder, such
as a digital AIDS recorder (DAR); generating system nessages, and

< S 0P M SR 8 TP e TR R B B R IR R ot R ot e

nmessagesesehteinédioad i n a nonvol atile storage nmenory in the DWVU.
[00024] Fig. 1 is a schematic illustrating how to obtain | anding data

of aircraft using ACMS accor 'gﬁ I%¥g gﬁﬁ ient of the present
i nvention. As shown, the ai r% At Bs 9ﬂdﬁhe ACMS and the

| andi ng gear 120 (only a part of a main |anding gear is shown in the
figure). A 30sensor provided on the |anding gear 120 is connected to
the ACMS of the aircraft 110. The sensor of the |anding gear 120

moni t o 808204 {I'ht hairaiadt cdadd tsybtes: tachievasd gtehe dgrelopentursuoly dsaAdivi§ @fircraft

the aircraft, .the A obt ai the | andi dat alrcraft .

b oug - BEHiSR MERGIE SO arars Ve Fet Heab BpRiiE of Rasieras the
t haghangcRf 98@MYis e hPmeaCndplitaicing | anding of the aircraft.
5[00025] Fig. 2 is a schematic illustrating a structure of a part of

t he | angj r t ircraft accaordi o_one enbodi pent of the,.
or esent 0L 17Rs e 08 s Ul RlonE AR e B S BRE P p i pf i
wheel s id@drtan todpdnenih@fahs afrafali Wokdlng: 26kl e@nifle, 208w aABUCQURREAE Aukdiary
a shock strut 204 th[o%ﬂg axl e assenbly 203. The shock strut 204 @
i ncl ud&ewgr Uaits apdeabén. skhe e MSealfthhas-upgtions pach aspircrafeperénmegnce monitoring,

nyar aulya LAY, spliaNinl Biglid e BAthubl @b ing Hh @BHKE02 touch the

ground, the s
15 [00022] The ACMS monitors more than 13, 000 flight data in real time. Moreover, the ACMS
can automatically generate messages including specific data according to real-time monitored

data, when a certain trigger condition is met.

[00023] The ACMS includes an AIDS (Aircraft Integrated Data System), wherein, a DMU
(Data Management Unit) is the core of the AIDS. The DMU has the following two important
20  functions:

- collecting, processing and recording many parameters in the aircraft, including data from the
black box. These parameters are stored in an internal non-volatile storage memory of the

DMU or an external recorder, such as a digital AIDS recorder (DAR);

- generating system messages, and triggering and generating the messages when the trigger
25 condition is satisfied by the aircraft state or system parameters. These messages are stored in

a nonvolatile storage memory in the DMU.

[00024] Fig. 1 is a schematic illustrating how to obtain landing data of aircraft using ACMS
according to one embodiment of the present invention. As shown, the aircraft 110 includes the
ACMS and the landing gear 120 (only a part of a main landing gear is shown in the figure). A
30  sensor provided on the landing gear 120 is connected to the ACMS of the aircraft 110. The
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10strut 204 is conpressed to a conpression state from an extension
state to provide a buffer function and to soften the inpact applied

on the aircraft during the |anding. [00026] The shock strut 204 is
provid ey, I

ol ' st bFaR 1BERAC ke 0B ncilhed ol BE DR TolchEn SR DMtineTiaine
of st atod tbe earcP&ELih(: PAGM SriobiaiiBwitec lanfingcdato rif cthbnditcraft 'fﬂneuglbmtlﬁ@rsengars
of the state t he shock strut 204 ca 15 realized through the
sensor BRI t@ﬁ@a{ SQF {t IEIng FHCIRG e H}ﬁf@:alh hesyy landing aepuppduring landing
det er mypghaibdier the aircraft touches down. The ACMS obtains data of
verti cal speed and vertical acceleration and related flight attitude

dat ted to th t Al

dot 8r i PO ok e G o0 G CHES MEGLHEE"Y REA GFOARChe ITHAnE BHERPepeeifemn
i ncl Ud%&cd}tﬂngl t6 dielenhioMirhefl dfahé peeskmlihomitid. AatsBowrOhe 18Midg EEAGhOudes:
altitude, its unit is ft), RALR (vertical speed rate, its unift is

ft/s ec)alrcmf@#hf(e&ﬂ ZQ:Irandr?@IZeTht? giscrgfih whegls 20k gind 2¢2rER C(nrmetctﬂd tg p@h@lckr Hrue 204
its unit is deg/sec), L (rolling angle, its unit is deg),

(rol |'i feposgeade psgembly 2%3o@hﬁtsh¢<%i sray 2 m)tludamlteimwmyaﬁw%lpreédmﬂa@tdlzes an
its unit is deg/sec) at the tine of 1 second before touchdown;

2. RALTRctioradf bychrhmlict pisten. When ue air¢raﬁfwl)eplst1 Rnd\2®2ttbeed the @mdwdr; #ieeshpck

its. unif | PTCH (pit.ch its unit is de

o tn shubdod it B5biesselitors cambByEs ot Rein af kol TG RE Provids Aruer
i's deg)undidehBnd (PsdicnIhSRGRE: 5@}1@@ ohlife MREAf & E0ME $RQImg. and YAW (yaw
speed rate, its unit is deg/sec) at the tinme of touchdown

et B ST 2 STy R BRI BR b st

of 1 seogong nb&fe%oenﬁressﬁﬂdﬂm drQhé bereddn sRteothrduptahisl eMdtige@Tditate of a PSEU
4. Respective maxi mum val ues and m ni num val ues of VRTA (verti cal

| oad) , (Rroxgity Spwigh dtientioaic PekiThamaonitering of dbestate afgheiphackamut A4 can be
ti o 0 o

t ouandoenzeF 58097 BB b HE MRk b ol 4R Bl § ASTRLRRLEIL B drgrmine
ACMS | svirdes thedircraftr @akhdsi dmNmnﬂhesmml dbtaias dataaofC aatitalgspeih end avertical
pre-se er con n_is net, ossi bl e and can be 5realized
to obt aFW[i?rgﬁ%a} oy r&gatt%d ‘@@BF ?f@@&&ﬁ&r%@q heotler seerongreed o GgeriMg)atter
from t yg A@hs determines that the aircraft has touched the ground. The landing data includes but is

not limited to the following data:

20 1. RALT (radio altitude, its unit is ft}, RALR (vertical speed rate, its unit is ft/sec),
PTCH (pitch angle, its unit is deg), PTCR (pitch speed rate, its unit is deg/sec), ROLL (rolling
angle, its unit is deg), ROLR (rolling speed rate, its unit is deg/sec), and YAW (yaw speed rate,

its unit is deg/sec) at the time of 1 second before touchdown;

2. RALT (radio altitude, its unit is ft), RALR (vertical speed rate , its unit is fi/sec),
25 PTCH (pitch angle, its unit is deg), PTCR (pitch speed rate , its unit is deg/sec), ROLL (rolling
angle, its unit is deg), ROLR (rolling speed rate, its unit is deg/sec), and YAW (yaw speed rate

>

its unit is deg/sec) at the time of touchdown;

3. Respective maximum values and minimum values of VRTA (vertical load), LONA
(longitudinal load) and LATA (lateral load) from the time of 1 second before touchdown to the

30 time of touchdown; and

4. Respective maximum values and minimum values of VRTA (vertical load), LONA



caching [00028] Fig. 3is a flowchart illustrating a nethod for
detecting the aircraft's hard or heavy | anding according to one

enbodi nent of the present invention. As shown, the nethod 300 for

det ecti nghybetiRANohddand BATK (AL 1BE)0F | A pE

enbodi mrgntngli né{iﬁaées@ agt st ep( 320, Iag(?L)O ¢ e?lger@nhﬁﬁﬁggéﬁ%ﬁel?%ﬁgwgcmown to the
verti caltingpeEddsecands after uelatosrn.t han a preset val ue when the aircraft
touches down; if the vertical speed rate is not greater than the

preset rg@d2sg it §HdQ1d BOHHRY R IBAGRa MBEAI0Ly BR AENY AlRehsdledSheBal3Rhe and
[00029] It is ensured that all of data of 'suspected |anding events

can be stogesbitdadlateh canlgig. SEhen agrersefuiriggen eonditemiets mel, dieisf pssibleeand can be
vertical ,s d rat.e a t 20. Accprding, to on 15, enbodi.nent of

! e pr SRS i ALFHF gffath, Ea {ErosP el 12 Yt BrRe BefpRs bR Ry, Bt
verticahctgpeed is | ess than or equal to 0.5ft/s (feet/second). That
preset value for the vertical speed can ensure that data can be

obt ain l. i : . V.1

oo nidops el 20hag 7R B8R, HRRRDRE Y APy bR o neay
[ 00030]landings dedrdinky andregembalimset 41l thg ptRentineseion vas veovwgrthé Brthod 300 for
vertical speed is that the trjgger. 20 condition for generating the

| andi ngeieedng e leaaﬂ_%éleéwa}?@é@ggquetkﬁ Bineratyin thieeyedimenininelydes ¢ sterdd20;
reggrd dgf%}rﬁin(?ﬁg %@ffl‘ep%esgéﬁiﬁei}os{?g% Cat@lié %lfé’ﬁér A5 64,08 %fu%a\lv en the aircraft

requi renents rather than on ect and record data related to hard
or heavyuchendtiwig ibtheomiticabspead chte esomt gradér ahat the ket vahad] the. larkding message
exanpl g, éhe preset ﬁal ue é?(ﬁ the vertical speed rate can be | owed,

P58% DY ELRL AR RS Y it val ue of the vertical speed rate,
so that data is collected and recorded and the | andi ng 25nessage is
gener at[@@028% Itl snepsuredt thet hldredi dagp 0 snepegied Vetding gvents [can @8 1jecdrdedlitimgugh

e or o3P hANTINE € Rertoioh b W b6 SO R0 AR 1" e

mes s agembsd@ane lodithel pes el idiagion tHehghsoRitd @6luedfltBOPiRe: *ahd forAthe Stefital
340, the ACMS of the aircraft may be used to collect the |andi ng dat a
The DvesPest ig fess Arurseasiak 9 (b%ﬁt/ﬁégﬁﬁampﬂ@. dbnt weset malup forcibs seritpabipeethean

| andi 0 . Cfiotri diti ¢
col | ecenifé Rt AREF GRERBULktnGh AREE' i S ocC A Bl Ly THHE ghe
accor diairgratiaotidhes dowhaskr thd aAncifngudadsalownGo@d2l]y. At step 360, the

| andi ng nmessage is stored or transmtted. At step 370, it is

det er m[mog WhstHee had et dsedin @;ﬁteée@v@h@%r%@ Véxﬁcﬂilkﬁie%iesttﬁﬁ o trigeer

| andi ng of the aircraft "according to the landing data

me £8 ageondifao 88 ]generetnglihn dartdmgmesseghomdi reeriangsd fldxebiptyethember can collect and

i nvention,. it is,determned wheth the hard or heavy | andi ocgur

t hr oughecat SRR ARG B R R 8T Tt bRsed o e atrear et B aly callect
verti cahd fcoRTHALE ReldE o had Br MgatPlagfliBalogcoli&tRand RRbFd dR8 Re&ich Yshding. For
limt value. Considered fromthe limt of structural strength of the

ai r cr afxamplgetheipagset valpeéordhe verticdl sacedsiateschnrbgtlowed, ¢ be2@iorddalass than the

unet hotn bR oE TR AT o 1o Pef G 5 o AR BT tpe tanding

vabse mhwesgefis pemer asslong shbulichdhe ik edpeay ¥ally performed according
to the I anding weight of the aircraft. According to one enbodi nent of

the pr ?é@ﬁtl] Landing data is collected at step 340 if the vertical speed rate when landing is greater
than the preset value. Then, at step 350, the landing message is generated according to the
collected landing data. At step 340, the ACMS of the aircraft may be used to collect the landing

data. The DMU of the ACMS starts corresponding collecting processing of the landing data

30 according to a specific trigger condition. After data collection is finished, at step 350, the

landing message is generated according to the collected landing data.

[00032] At step 360, the landing message is stored or transmitted. At step 370, it is determined
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10 invention, the limt value is -9ft/sec, where the | andi ng wei ght
of the aircraft is |less than the maxi nrum | anding weight; the limt
value is -6ft/sec, where the | andi ng wei ght of the aircraft is

a1 o onl Y eUR2 A B HPADY LGRS Pl (g MO FAE SR PR ALK g e

dlfferémduvgm{tentmeldndn@mgpsa@ ght is greater or |ess than maxi num
| andi ng wei ght thereof 15[00034] Simlar to the |ogic of determ ning

whet herobds] V%Eareﬁig t%%%d:n{b%ﬁﬁ‘nélﬁ oF R \g_%}gelﬁ RAREBE it {sckeri@lddwhether the
t her eof, when determ ni ng whet her the vertical load) 1I's greater

than t erd omhiegvy hindmgtdmuledﬁrouglhéetbmmnmgwahaﬂeermﬁe vadug dfcspeed oatceleratine in

ft | | at he. | ht of .t t ..
Acesr averiel eieBol wikn it s i W Bt eseRtriet Faf Vil X prsidered, pmahe
i's 2. 6Quher stridigral @tﬂéﬂgﬂgoi’\’ﬁie%ﬁcrﬂ’f tﬁé"ﬁm@ﬂ T ghabt vérﬁc&l%@e& Fh?é‘of ﬂ% aircraft

maxi mum | andi ng wei ght;” the |imt 20 value is 1.7G where the landin

wei ght relptes fie tlag la@dmfgt wmghgaéa‘teemrwf*anwﬂlne detexininimg M@ntﬂlﬁh@iwm (vertical

The val ye t one | es imt val ues. of
a1 or SRR PR BUTKE b P ueiPuharsOR Shes e bt Bp oo
gr eat efac€rdin@ %6 th@@dhd[@xweﬂgm bangdi mra@almaordlh\%tce@ﬁe [e&e@caﬁien{vaﬂme present
tinmes, it can be directly determ ned whether the hard or heavy

| ar@i ndnvsationsthe Junit palye dh-Hisesi aféﬁﬁent@emwm&rwetghé of; e gipcapft @E&jthan the
t

(oo MbntAL 6RaRGSFLELA AR SAGS AR, \AA B B LBl bRt s

r ef er egeeatérnfiar tﬂmhtaxmﬁmrlaxdhﬁgewaight r‘mle\MahIeh mentlhn&d%bde berul ) gxonsies, and

when Iandl n even (t]%[@o ﬁ&eterm’ nafkpéon cannot _be_obt ai ned
di rect Iﬂ% 1rP¥ valueg ghdi fi!l]gf“é?r hay RRét ?ntt"f@f%%éla%lﬂn%‘é%bt 1P GFFRAtH @Y less
occurs t%qﬁa,hﬂﬁnﬂaﬁgﬁ%melé@wegfhr ough a conbination of flight crew s

report and 30ot her factors, the original data need not to be

s TrbhG SRpist o dhi oS of fepSuBireraRaRy nt Pt erdia it Bioeh it he

ACNB agpef ¢a108 tHefoo®NEh @M RAHIEAE whktheh thePVIRBA (eriidhy R Rbredddr tAAPIMS.[imit
the nethod 400 for collecti ng | anding data in this enbodi hent

i ncl udefg}ueahérgqfeﬁlezimt valee of wetticaldoathet thepiretad afso telatesrtathe lnndiopasight of
down. Aﬁ'e €1\;Iﬁ cgorﬁli;? t%r@ne < c{ungnt éfh f prrgsseg rnvex'iwentt g(rl}%nlf alué is 2.6G,

det er mne 5 Porar otiches ou e

whet heerel’EetI&hlaﬁcKng tweighti of thefaircraft B lla@nmaﬂghegﬁﬁkuﬁnﬂllmdlﬁgweﬁghocme limit
strut in right main | anding gear. are converted to the conpression

st 3Pe A H&%)@’(}éﬁ‘ﬁ% ﬂ%l@g@géﬁ/elslrto@‘o@?]mmfaf& iSezragteic than tthe, maxirpyrm Haeping
down, R%?%héatfhé t\%ﬂleézlgfnﬂotneﬂ Sabg% % emo | ng%lgﬁ "anki ht(ﬁevl itt'\FaﬂJes Scﬂe(%@felent

rate a rtical acceleration on ealrcrat are greate

t han r egpeds invey bé dfffdnmitdﬂlera/ﬁmhahcﬂlhg weaghtst epeadd(r lbdsethfim hlaanhing landmg
data is ccﬂlected | andi ng data at the tine of 1 second before

t ouchdoVeent thEkehtng data at the time of touchdown and |anding data
from1l second before touchdown to the tinme of 3 seconds after

t ouc hch(Aﬂﬂi%SA\MwetpnM@t; cdnf beadiyeatiyedepdrmindd whetheretheihaad osheod lnading anchrs

ertic cel er.ation ed .j reater than re ect' e thre

i PSof TenBEE GpRuRul MERGEN S (PR Sroshnils B6E BRGcah GreTHERTE sifegvhen
mssag@aﬂd&? f%@' thét B?rdl\és‘éebo e fcapudting mm saffs & &8 provide valuable
gener at ed 000 ] Fi g. is a schematic illustrating relationship of

tri ggerf@fei‘eﬁCQ efopTNIDNf B @é@f@mng righeshesrthe hardiiandingesssatfewhe dandifign gven

]E Iogoge é g' ggtglémnané hganBr ttglﬁoc%/ﬁ éctlo If 1tT %1% b&sdege%%\iﬁ d. w]‘n5 }feéq%cmhe‘r% or

t he DMHea\'E)hl@n@lﬁQ oS&IrY wt@n T@ﬁﬁﬁ%ﬁ lasldatlirbmgg@ EorhiBiaeti MEEH ﬂh}ght frewsyiep&hnd
whi ch corresponds to a main thread of a processor or a base service

of 38n ofer &diers thyrigingl data nesd net teche transgiiadsto dheaidlingrte be pscessed.
activated by the TOPSERV. Just before the aircraft is going to |and,
[00036] Fig. 4 is a flow chart illustrating a method for generating a landing message using

ACMS according to one embodiment of the present invention. As shown, the method 400 for
collecting landing data in this embodiment includes: at step 410, determining whether the

7



where slat release is nore than 5 and the flight altitude is |ess
t han 10000 feet, the TOPSERV in 20the DMJ activates the trigger LAND1
for nonitoring whether the aircraft touches down. [00039] Wen the

LAND | sget@chichdl @ofAMEsidingNo Ohe @ o@iﬁ?en%]fv E}{aﬁ:erés%ISﬁEiﬁ%m{dngntis H@t%:xg?ined

| andi ng gear, that is, the change of state o , "the airc t
t ouch ddwilierithe rmncked touvbembiwh ehroupglk defddbhg achdthvat ths shoelggamts il AD2ain

or LANDZ2B, LAND3 d.LAND4, wherein, both of LAND2 and LAND2B are .
Used 1 SR AT RhLERP: SRR wan rudre ShRar SaveTe LRy RTRpSSSion
(verti Gake f6m8LheEAEASIN stiee greater than respective threshold val ues.
The LAND3 and LAND4 activated by LAND1 record the | andi ng data.

[ 00Q40] he. LA i,s fini.she al | . of rameters.in the short .
resSagd e bR e s i B A E it R RACT TRl e N prticn
conver tspebds eat@ Sintl Ovdriagdl | dctélbtio@ash RadiagdoP Henbiragfiagd drbatal hant Repective
| andi ng message i s generated. 30[00041] According to one enbodi nment

of t he tyeghpddn Maspwhile.dh steadpPrife flloving dels 45 ¢rdlesied dendingidatamg thettisne of 1

| andi n f .t i b : I i :

ata ofe i iR GELRldorddie bR e il BPSERbIAM, SR DadaibE AES, rom 1
mai n | 3achinddegeansuchdiven detlecirnheagl 3 secndeatyr toschidwni AR Slepeld0f i@ any one of
qet ect whether the state changes in 1/32 second. |f the paraneter

i

ndP c atMErtiea spesdirtesRd |V61§it°al?aé0%lﬁlalﬁg% gpaed ahersaten than respechygilreghpldsy ald of
A tronar . _ Y R
or s Offlltf%éélféfd{e'a LS dhfatie i8Rl §RsH ?ﬁ 1§ﬁcﬁﬁ§ ﬂa#%gggfﬁ%gﬁsdt@%iwése,

state, erefore, 1t is determned that e alrcr
ti me i shelaghingtiwesapeas totrpgngaiedt of |anding time of the aircraft. 5
[ 00042] According to one enbodi nent of the present invention, the

LANDZ apgh3shNi2B et eheinhee ‘M\%ﬁﬂﬁ‘ﬁ% %\éﬁﬁloﬁﬁhﬁ ANAg R M REACM®E for generating

aircraft toluches down are greater an respective threshold val ues
t hr ouglshetdarfding owbsagesraenceding to wne regthodimeent eff| the toreshiet inzendiong The driggers

of the aircraft nore _accuyrat.el it .S needed to determ.ne whet
O hdS RasBR iR G h B bARE T LT teihd shEvD BERES. bR BFUE RS 4 B By, the
second t@f t@vict MDPIRRAIsEr BHg@at Rker BBy BRSHERI, WehidDEdFephalsdo hahaif Shread

[00043] In this enbodinent, the LAND2 is activated firstly. The LANDL
out put $T@ PraRFSeIgOR f hasE, seriice 1S, annppessingssyatem. b gf Athes (rBesrs 9ee sleded or

i o P EEURCTRPSEy bty 3ot biRGa R KEhERT Il B RIAL bR ggec
Change " mare S TERRas et AR SPAR OMSHA A UcRPRES B 10 b RO PRy in

h h i i f d. i Ni
G M e R e A
are greater than respective threshold values, and the LAND2 is

t er m ndP@P9] Whepgho LANE D detets therpamppreisionrafiang 9uqmé thedeft on dgianmndarfing
VRTA ' ' te : ' h ,
VR, kil A0CRabT A BIRAH AN EGRRIA B ERAREE e

TO- 16>6Ghe LANIDF 2Gxtesi thiggerd dtAND2reefILAND2BhE ANDS iang IsAlDd, ofheteh€ both of
aircraft e o tely, the LLAND2B i ctivated to determ ne

whet hel-ANE? rad RANRP I ReFAssd to dracrpingBochar tie RATR berical snsad Fatg) and pERTA
are:gr t i I }
R s A R e L W RN T

i ndi catetvatdiatly LANTRAlcBOrdribe MRdifAgaktat he | anding tinme are greater than
respective threshold values, it neans that the | anding 25state of the

aircr af[t)om?mtek hRe NMEANDUETFEAEIshA, IEIN6T PhBnidAgs liANHE NGofeHe@dEe have been
[00044] In this enbodinent, it can be accurately determ ned et her

t he RARIentedl, \ARTAhem thehéorpruts ofi pnaneteds Bres eqrortded sb aasetot facibitde sealonmgl and
after the.t ouc(pﬂovw thi gﬁdare %r eat.er th%n respective threshol d val ues
t hr ougRHRE SEEFIRIVIRC SRR TEde B HYi fferent periods. [00045]
According to one enbodi nent of the present invention, it is
30 [00041] According to one embodiment of the present invention, during the processing of
determining the landing of the aircraft by the LANDI1, the operating LAND] reads data of the

PSEU’s state of the shock struts in the left and right main landing gears. The detecting
8



30 condition whether the vertical load, i.e., VRTA, is greater than
its threshold value. Only when the RALR is not greater than the
threshold value, the trigger will further determ ne whether the VRTA

i o hat AR o8 22 EpeME T Bbech BhHer s EgBReG Ty 2 SR, i et

be om tihdidatingnile pbsitishad rstatd almﬁg&gfrms@ 08, 19 meadnaeorgesteshatiestruts tums into
[ 00046] According to one enbodi mnent of the present

di tl
i 'mrlgﬁt .t%fh comwéswr ptateairony § eeextﬁaql@l riafeRrthessforse ltdmdateﬁéalefl Ahattle pingypd has
and LANDGR Eﬂr@;{ﬁﬂgﬂt‘th@ 5&%%@'1an%ﬂhgtt e@fﬂl%ﬁ&%rtet he sanpl ing

frequency of t sec er to reflect the actual

o5 "Rhoend b B ¢ %g&&%@?é e oy oge e CANIS D& LANRZB
- I W NRREMLER Rrethiie tRDRRUR( Ahd \BetA v ﬂleeaﬁﬂcfaa% t16Rh&S 8O%E dPid&ker than

according to the gltchln rolling attitude, respective accel erations
al ong tréspeetivextbeeshold vebies ttlantlgh the follt@\@(ngztﬁz}nnmscbr dideytat wflectghe landing state

nbodi ft t t RALR al t
ot g hdhs BrpBl e ARG Sb Brsticd joRaSgte Juither the RindlHi Vita'hh o
(curr eperiy@liegn 0f5 %bitd BeforSRAM 8108 sdc¥id aftkMnBin C%\Adr@lgﬁea&@'mirﬁre@pé&we

a preceding sanple of vertical speed rate )

actlfal thrgshslévalugs.current val ue of pitch accel erat ion , internediate
vari able ) 15PTCHACCl1 = PTCHACC previous sanple n-1 ( a preceding

(n-1) qeopi3¢ivfhipichthdacas| @eat AND2, isidtiests® diralye ThariAakDe JutfitChAckdng

= PTCHACC previ ous_sanple n-2( ,No.n-2 sanpl e of |tch accel eration ,
i nt er meRAYEYG doi wHIE ¥ qﬂﬁeﬁ@gral mumher o 0a3% D2 comppret dolivith a

sanpl e fpf -aﬂjﬁsﬁ'ﬂelﬁqﬁ%état €HK which is between 0-5. If T0/2-CHK<0, it means the landing
time is too close to the measuring time and thus it is possible that the data change caused by

15 landing has not been reflected in the measured parameters. Therefore, the LAND2B is activated
for determining whether the RALR and VRTA at the time of 1 second after landing time are
greater than respective threshold values, and the LAND2 is terminated. If T¢/2-CHEK>0, the
LLAND2 determines whether the RALR and VRTA at the landing time are greater than
respective threshold values. If not, the LAND2 compares Ty with 16 to determine whether

20 Tp-16>0. If Ty-16<0, in order to reflect the landing state of the aircraft more accurately, the
LAND2B is activated to determine whether the RALR and VRTA at the time of 1 second after
landing time are greater than respective threshold values, and the LAND?2 is terminated. Once

any one comparison performed by the LAND2 and LAND2B indicates that the RALR and
VRTA at the landing time are greater than respective threshold values, it means that the landing

25  state of the aircraft meets the requirement to generate the landing message.

[00044] In this embodiment, it can be accurately determined whether the RALR and VRTA in
the period from 0.5 second before to 0.5 second after the touchdown time are greater than

respective threshold values through the operation of two triggers in different periods.

[00045] According to one embodiment of the present invention, it is determined under a certain
30 condition whether the vertical load, i.e., VRTA, is greater than its threshold value. Only when
the RALR is not greater than the threshold value, the trigger will further determine whether the
VRTA 1is greater than its threshold value. If the RALR is greater than its threshold value,
determining whether VRTA exceeds its threshold can be omitted, and the short landing message

9



PTCHRAW pitch ( intennediate variable ) PTCHRAW : a precedi ng
sanple of pitch ( internediate variable ) VACC : verti cal
acceleration ( frominertial navigation) Ft ALT: radio

altitu Constants : geonetrical correction factor for
RCOLR f'?:%la 5@%%%’@?}1&8&3 0) DXl ever armcorrection (x-axis) for RA

RALT ft aircraft : 28.8./ 320 aircraft :18 / _319ajrcraft :
18.5 | [Qé%ﬁ#ew&mg to1@gicgenybaginent i the preset iryaRigh, the vastical snegd rate RALR

RALT fleah b3 2btadlddGhahd LAI\ﬁ)ﬁaﬂd ﬁ%@]ﬁ"iﬁ E§1ﬁé the followirg 1%@1%?@' bf _rtlg 51{0&1&, the

2/ 318 aircraft : 7. PIR | ever aFrm correction (Xx-axi
PTCHf t (s32pling frequdncy: ofEIBe RALIBis)léltmasésbc In @€er to3kledathe acaft RAIFB nire

/ 318 aircraft 29.5 ilter, freque ( default isg "

cat P 1 2PEERe: Hik eraL RELR hédgs 30 BEABRRHER (omGe dHrutrdiRaHR b brrected

" 25" ) vsddl drt BE veRmaat pRbd refTeut fredstired®y the ADIRU (Air Data and Inertial Reference
Units) according to the pitching, rolling attitude, respective accelerations along three axes and

constant.

[00047] According to one embodiment of the present invention, the RALR also can be obtained
10 using the following program segment:

wv =1VV actual samplen (current value of vertical speed rate)
IVAS = [VV previous sample n-1 { a preceding sample of vertical speed rate )
PTCHACC = PTCHACC actual sample n ({ current value of pitch acceleration , intermediate
variable )
15 PTCHACC1 = PTCHACC previous sample n-1  ( a preceding (n-1) sample of pitch acceleration ,

intermediate variable )
PTCHACC2 = PTCHACC previous sample n-2 ( No.n-2 sample of pitch acceleration , intermediate
variable )
PTCR : pitch speed rate
20 PTCRI : a preceding sample of pitch speed rate
PTCHRAW: pitch ( intermediate variable )
PTCHRAW1 : a preceding sample of pitch ( intermediate variable )

VACC : vertical acceleration ( from inertial navigation )

RALT: radio altitude

25 PTCH: pitch
Constants :
D geometrical correction factor for ROLR ft/deg  (default is 0)
DX lever arm correction (x-axis) for R/A RALT ft  ( 321 aircraft ; 28.8 / 320 aircraft : 18 /

10



10THETA() average PTCH at touchdowndeg ( 321 aircraft
:6 / 319 aircraft

aircraft
par anet er s:

PTCHRAW = 0.0

2/ 318 aircraft

PTCHACC |

4.5 | 320
Initialization of
= 0.0 15PTCHACC2 =

6)

0 T B LD 0 2 LT 20 Proma-
PTCHACCL+T* ( 2* Pl * FC) * ( PTCHRAW-PTCHRAWL - PTCHACCI - PTCHACC2) / 2( Pl =

3. 141592692 25 NAFEomm=correction (z-axis) for R/A RALT ft  ( 321 aircraft : 7.8/ 320 aircraft : 7.1 /319
VACC* 9. 81/ 0. 3048- DXTPI R* PTCHACC/ 57. 3*cos( PTCH 57. 3)

HRACOR=RAlaiFeriX* 7.8 ¥ BIBRTQRIt 57.63) - si n( THEATAO/ 57. 3)) - DZ*(cos( PTCH 57. 3) -
cos(THEA TAO0/57.3))

DXTPIR lever arm correction (x-axis) for PTCH ft (321 aircrafi : 53.1 /320 aircraft ;: 39/319

5 aireraft ¢ 33.8 /318 aircraft © 29.5)
FC filter frequency Hz ( defaultis “0.3”)
K1 filter constant ( default is *5.27
K2 filter constant ( default is *“25™ )
K3 filter constant ( default is “5” )
10 THETAOQ average PTCH at touchdown deg ( 321 aircraft :4.5 /320 aircraft :6 /319

aircraft ;: 2 /318 aircraft : 6 )

Initialization of parameters:
PTCHRAW]1 =0.0

PTCHACCI =0.0

15 PTCHACC2 =0.0
PTCRI =0.0
ENI =0.0
VZNI1 =IVV/60.0
ZN1 =RALT

20

PTCHRAW = (PTCR-PTCR1)/T (T=1/16)

PTCHACC=
PTCHACCI+T*2*PI*FCY*(PTCHRAW+PTCHRAW 1-PTCHACCI-PTCHACC2)/2

3.14159265)

(PI =

25 NZTCOR = VACC*9.81/0.3048-DXTPIR*PTCHACC/57.3*cos(PTCH/57.3)

HRACOR=RALT+DX*(sin{PTCH/57.3)-sin(THEATA0/57.3))-DZ*(cos{PTCH/57.3)-cos(THEA

It



EP SN = ZN1- HRACOR EN= ENI +T*( K3*EPSN) VZN= VZN +T*( ZTCOR- EN- * EPSN)
5VZNU = VZN-D*ABS (ROLR) RALR = VZNU ZN = ZNI + T*(VZN - KI * EPSN)

[ 00048] The above shows the process to calculate a sanple of RALR

Q her sanpl es gajx7bg cal cul ated by iteration after the first sanple
is obtained The 1tefation nethod is as follows: 10ENI = EN VZNI = VZN

ZNI = ZN PT = PTCHARA S CHACCL = PTCHACC 15PTCHRAW 1 = PTCHRAW
PTCR1L = PTCR | 49] According to one embodi ment of the present

i nvention, thegkAND2_ +.h% n directly obtain the vertical
acceleration fromthe vertical Io d obtained by the ACVMS. 20[ 00050]

According to enbo I nvention, the LAND3 can
e eGP R

realize the f owi ng fun ng the vaI ues of RALT,
RALR, PTCH, PTCRURO&AYZIRO*RBAMRIONMAW at (corresponding to) the tine

of 1 second befgre ths,hapding time;

ZN =7ZNI1+T¥*(VZN - KI * EPSN)

[00048] The above shows the process to calculate a sample of RALR. Other samples can be

calculated by iteration after the first sample is obtained. The iteration method is as follows:

10 ENI1 =EN
VZN1 =VZN
ZN1=ZN
PTCHACC2 =PTCHACCI
PTCHACC1 =PTCHACC
15 PTCHRAWI1 = PTCHRAW
PTCR1 =PTCR

[00049] According to one embodiment of the present invention, the LAND2 and LAND2B can
directly obtain the vertical acceleration from the vertical load obtained by the ACMS.

20  [00050] According to one embodiment of the present invention, the LAND3 can realize the

following functions:

a) recording the values of RALT, RALR, PTCH, PTCR, ROLL, ROLR and YAW

at (corresponding to) the time of 1 second before the landing time;

b) recording the values of RALT, RALR, PTCH, PTCR, ROLL, ROLR and YAW
25 at the landing time.

[00051] According to one embodiment of the present invention, the operation time of the
LAND4 is 4 seconds for recording the maximum values and minimum values of VRTA, LONA,
LATA and RALR in the period from 1 second before the landing time to 3 seconds after the

landing time.

30  [00052] Fig. 6 is a flow chart illustrating a method for generating the landing message using
ACMS according to another embodiment of the present invention. The rebound force of the

ground when landing may bounce the aircraft, and then the aircraft will hit the ground again.
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b) recording the values of RALT, RALR PTCH, PTCR, ROLL, ROLR and YAW
25at the landing tinme. [00051] According to one enbodi nent of the
present invention, the operation tinme of the LAND4 is 4 seconds for
recor di oY b, UgS,20¢ 18 A ¥k V I_]%

and RAI%%hﬁ%he pgl‘l od‘ﬂM?eld % gecon@ Ee#'ore #ﬁ’?ﬁgfé%“dﬁﬁgf Ei'me PCM_B%CP' or
secondsewdrileimdsh@hé hqdlsn@rjt llh&iy t30g e hibL] oth'egvy Bindsgathbtedove, Cﬁlahbp neceds to

illustratin d for eneraln e.lan message us
accor d|bﬁd“‘% toa?fgefﬁ?sff eﬁﬁ e Wetﬁﬁlhélé Wé}ﬁss&dongrkégmg%%ﬁ%ge
force QfpileNBe Grapiy @ﬂﬂ@g@% hsae[’lgio&gaﬁ[ﬁﬂ ngyéa%@ the aircraft, and then
the aircraft wll hit the ground again hi s phenonenon |s cal | ed
ai rcraft. .Such may, cur.o
sov8r atopiiT e $RPtn, it P8 Ry e B AR S P 1R Pessaee in wis

| andi ngmbobRfi@k ‘i&{c%de%hﬁ SRQ6 e Qekerhidir2ewRARdrttRE 8ferafthSudh@®dbWe: at step 620,
nessage related to the hog when [ andi ng is a long | andi ng nessage,

whi | e tchBeasingirasnegtivaby shgyaniing dagthefr the |tarriph sm@algeéorest o 0oSbilowe, at the
shown i t ner |.an nNess
onon, ] U8t N AP AR A 0 RO, TR 8AGe
ai r cr afibuchOowhes stpvas, d&teﬁﬁlﬁﬁlgﬁﬂ‘i&thdi(ﬂhd lﬁ?cqid)dwrsr\eﬁ@ﬂ@l%laiteﬂaﬁ 1eM. If the hop
|l anding data at the tinme of 1 second before the t ouchdown, at the

tind oflopolRiHeEHin det&ﬁamilrrg Vhethgrelhe agrticabsced sde gd VBB accelgeation when the
t ouchd t : t

wnet net el praeRERRAA hA! BB ARy als 8l GRR17 05! BlePnBlIthaing
not ocengssagdas gerrmanechg swdpeiSoeif nohthevardingabssagrerdot géreraed] verti cal
accel eration when the aircraft |ands are greater than respective
threshabghsvugl yege %Bg%tc%s 64, Iaﬂdme/ §ata aE AR $heLk 1| RRMUINEHRSHRIE tdu%hdown
generated at step 6 it no, I andi ng nmessage i s not generat ed.

[ 00054]andl B se¢rardradier dtaaﬁftgucfﬂhwn|1amilaq@ddamcta\tely, heemlwhde,odetmng mchether
bef rethe .e-t ouchdown .and after t

ol ec aeivartE) QTN S HatE (e oot Y srbAy (e RO Wl fheceof at step
verti C@boaﬁ%é eh@thr@RoBUFAlng thdBakiank:Pvfhe s¥mg Igﬁeaﬁr&ﬁérﬁmem@ﬂlold value, the
threshol d value thereof at step 670; if yes, the threshold val ue, t he
maxi nuiigeer gedbandiiggeetesom seancarerst atriepshRf). dhtvssapue0, daie afrthgeelanding is
code a i.gge t step 680. At step 690, data

of thei%((r;iel]i teg%’ %ene?&é&%@ﬁa%ea{qgﬁgn%%gaﬁgr ate the long | anding rressage
[00055] According.to one enbodi nent_of the present invention, i

det er mlARRPNAEEHEING tReonEoembRsligert pisthy @F?Sﬁ’@t n¥eRtiong lttlﬁrd(9E?§‘H1HGd whether the
det,gr m

o 1 D i 1Y BB A1 AL SRS A0 been
whet hercompees$aalf dndaeght 1m @htcomessﬂoarstﬁtm ljprgmaemsug'r hmlgrpeﬁmtl a@nd itlom sheathar the

agai n. det er.m ne at the aircraft touch agai .

e § oth A B Ae A FoOR A G TP BERRnt i AeTHae DR i dicrat

l'ess t harndOdses apsa (tditotbhdowd, B8 1drdide) aBusd AthefRbRrhANY Mg ﬁﬁ@ﬁ $s less

are in extension State again, and 25thus it is further deternined

that t tienhdpseoouisris wiidoBaR{t Bhd)right ingindargirgpears arciih leytsnsian staty again, and
[ sh' f. tri s ,f.or neratlng | ong | andi ng nessages in the

hfﬁﬁ”@&‘%ﬁ@nlﬁﬁﬁ&Fﬂg’ Pi¥*“Pie present invention. The
trlgger shomn in figure 7 can be used in the nmethod shown in figure

6. As dPeae] Fig. f7 13 a ychematig hBusm@ng TelatioropeErtriggers for iggepatingelpag Jariing
by t heﬁ%\%%‘ns V(\thl\gé Ak I‘%F‘l? ﬁ;er é%odl%eﬁt% %et frﬁ:ge%]gnvén lﬁ.ﬂ’ghe trigger

30FI NAL Fe sl ease is gr ea
f1ight sBdwi iruﬁlggre S’ ch® $8 ubdibin the method shown in figure 6. As shown in fig. 7, in the DMU,

the TOPSERYV is a trigger reserved by the system. Just before the aircraft is going to land, in the

30 FINAL APPR stage where slats release is greater than 5°and the flight altitude is less than

10000 feet, the TOPSERV in the DMU activates the triggers BOUNCE] and LANDI1. The

BOUNCE] is used for monitoring whether the two main landing gears are compressed and kept

13



10000 feet, the TOPSERV in the DMJ activates the triggers BOLTNCEl
and LAND1. The BOUNCEl is used for nonitoring whether the two main
| andi ng gears are conpressed and kept being conpressed for enough

long tigg dodRaddd Ik ehO\nBOMNGERL determines the two main | andi ng

gears are conpressed and kept conpressed for an enough long tine, the

Pespectobhyy 1hfil MBLAGES dulsBiEs e S tivin TN EPS b ComBESa Keot
| andi NgompBRsEBTRkLE chbudhRneHNR)ShOBOSNLE] d8iRh&tivafigheth xS a%mcm and

BOUNCE2 and BOUNCE3 activate corresponding triggers BQOU _ _ _
BOUNCESBQUNCE3t wbrchdigsrachvely arhasefl] fog Hetegting wheshert the lefi and sight m7indanding

D I GRS e h i L S B BRI P

and detcgfratpdadingaripges BOUNESEYad BOUBIOES © ©aRei ddtinihé tieeflight Qate of the
[ 00058] . The BOUNCE4 and BOUNCES respectivelé%actlvate t he triggers
BOUNCE®iraradt- Boe REEANEE4 saa BEHNEBApespectiely ddeqt sentinueasly dhrieviensinn siate of

at the 41 f f.QF -1t QU 0 I : e, peri

From ¢ ¢ PReR bR 55 v g BLEAE0 4R BBEb e HERBR SRR when o
al so seartsinesndition isakers a conpari son to determ ne whet her the

vertical acceleration on the re-touchdown is greater than the

L hneshobeossahite BOBRRAE4 ahd BOENCHsCrelRLRTESNRLdaNAlCyicblE FBINEIB and

val ue being'greater than the threshold valu e trigg
tri ggeBOBNENT tarsearckcemmniirde amd célkechtedagbng 40G6H]e fihe offidtdeoahdf lmafore the

bt ai ni t | andj dat d th OUN d BOUNCE7 i iml
o 1 natre Baistony” PP kBe oo ANTIF OSHoNEUA Satos TRERURT ed here.

[00061] The LAND1 is used to nonitor whether the aircraft has touched
t he gr dU9RA9] ThetBQUDEEA plsp afearchess and uedkes a hempmsondo détermipgmrhether the

activa . ri r oy eferJqunes.the lon

| andi né’%ﬁ%}gf;%ﬁéle%a?l%ﬁ e %%?E%F%dno&& ngcéﬂ%g% gflégejn %sh%é%}e%og% V@@ﬁél?eé%éc’dlf yes, the
acaer ditigstodd wilas, B¢ makinneh valae bBigp pe@tditBan e tredheldv 164, Aid triggfdSde and
At last, format conversion is performed on the | andi ng paraneters for
two | akidegsyscasen peaecardl dhewgssage.t he nessage are convenient to be
read and printed and the correspondi ng | andi ng nessage i s gener at ed.
25[ 000620068¢ dbe diatigpd for @baimnd ddi lapding abtatused pyebe BOUNMCEGtand BOWNCES is

. . ; L] ow
det e m el WOSLTeL e, IO cEut o MR, Landl g YRl g g Lol 0w ng

[00061] The LANDI is used to monitor whether the aircraft has touched the ground. If the

20  aircraft has touched the ground, the LANDI1 activates the trigger BOUNCES. The BOUNCES

determines the long landing message or the short landing message should be generated
according to whether or not the hop occurs when the aircraft lands. At last, format conversion is
performed on the landing parameters for two landings so that the values in the message are

convenient to be read and printed and the corresponding landing message is generated.

25  [00062] According to one embodiment of the present invention, it is determined whether the
hop occurs when landing using the following method. The BOUNCEI read continuously the
position state of the PSEU of the shock struts in the left and right main landing gears at the
frequency of 32 times/sec, so as to determine whether the position state changes in 1/32 second.
When the position state changes from “0” to “1”, the BOUNCE] starts a counter to accumulate

30  the count. Only when the value of the counter is greater than 16, the BOUNCEI will activates
the BOUNCE2 and BOUNCE3, which means the two main landing gears have been

compressed and kept compressed for at least 0.5 second. If the condition is not met, the counter

14



position state of the PSEU of the shock struts in the left and right
mai n | andi ng gears at the frequency of 32 tinmes/sec, so as to

determ ne whet her the position state changes in 1/32 second. Wen the
posi ti "0" to "1", the BOLTNCELl starts a counter
to accgérjrﬁlf%%r?g%%gl%ﬁgﬁz%%{l “onl y when the value of the counter is
greater_than 16, the BOUNCEl1 wil] activates the BOJNCE2 and BOUNCE3,
whi ch &@é ]tﬁérqaﬁsn 1 the It W@l“dé%{:b%g Bel @S Bl BFAMRY i PR H 8RN3R dandas gear

corrpre%gggebyceégdggg%&egaﬁle% pd. If the condition is not net, the

counter is cleare accunul ates again. [00063] Hereafter, taking

o b oo Sl B PRPE Bl SRS pef BT HRINB L ot
opekat §fg cdrhpRSREERSISU 1R (HQER Glaif &B_Elingllg@hhsétXhé heqRasy bf PNtifledt&. Whed the

the conpression PSEU in the |eft main landing gear at the frequency
of 32 tvialnesisSEE, thahenuntenestartfacqusuige connte Qrayivtlen the atatuet of the counter is

accunul at e coun | t he, val ye of, the count.er ,i eat han .
35 heFisknpin 7 PF HRURERA AL E el i, AL BrSOHt gngB M0 tog o o
left maaddidg@pehr AQindi@PEx téridnstte San@Xe@ps inOMatsdtat For MOEE KOS PSetdhdt Maden the
state for nore than 1 second. VWhen the condition is not net, the

count ercopditien 4106 ghehribe ervmtanis deasd apdiprcuaiates. cornt §280065] The
detection principle of the BOUNCE4 is simlar to that of the BOUNCE2.
VWhan t 8006 ughé dete@ion privecigie vhfitter BOUNCE4 8 shaitatwlthite fehaBOUNYER When
the value is "1", the accunul ated value of the counter is_determ ned.

Tt he e ¥aiiisai0edihg SpwRIcToTtant fRacyvasy cout) Wen fheatilupig ™17 thy gccumulated
det er m\apd Jripgd co?uﬁger Ehf)cﬂeé S 108 ta&ﬁlr%lﬁgt{:cllq %{9 8t&?%bﬂﬁexg§%ss thn 320, it is

present, the perio time in arr e shock strut of
t he | efdetenmined ltieat chentppgeaursioadhs leftmin dareb ggesi. okt seshe the riodgse., time in

15t han 10 .secaonds. And then it IS in the conpression state again. .

[ 00066 brinaSeiher $ock HEbithe I dLain RHEE GPatkraPhih o iegrion stdte, is less
detjer myghnnd) B&idIeAnd HRen OB 1P G- EbMptdisibh st pdi ment are the

fol | ow ng: 1. determ ning ether theleft and right main

| andi n are in th ression. s e_and keep. in that state fo
g%ﬁ d Spima ,2@5&%% conditions otf\?\#;lee e@}od R %e’termu%m% whefhef e flop

nore t second, termning any one o he™ et t

and ri @bturhhi fhid cuisidigegedd Seifslldwinghe ext ension state again and
keeps in that state for nore than 1 second; and 3. determ ning

whet her _any 0Rgclinkeuh@id: IR 8 Mol 1hANGE RO IBRSS tlecopthrb o state

, C
extensi on state agal eeps In that state ess than
secondsd keep in that state for more than 0.5 second;

20 2. determining whether any one of the left and right main landing gears is in the

extension state again and keeps in that state for more than 1 second; and

3. determining whether any one of the left and right main landing gears is in the

extension state again and keeps in that state for less than 10 seconds.

[00067] If the above conditions are met, it is determined that the hop occurs during the landing

25  of aircraft.

[00068] According to one embodiment of the present invention, after the BOUNCES operates
for 30 seconds, it is determined according to the values of the BOUNCED, LONGLRPT and
BRPTCODE whether the long message or the short message should be generated, wherein, the

meanings of the parameters are as follows:

30 [00069] BOUNCED: state parameter indicating that hop occurs, and being set after BOUNCE4
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[ 00067] If the above conditions are net, it is determ ned that the
hop occurs during the | anding 250f aircraft. [00068] According to one
enbodi nent of the present invention, after the BOUNCE8 operates for

30 secopiHUNEEsSefelsehdhded according to the val ues of the BOUNCED
LONGLRPT and BRPTCODE whether the |ong nessage or the short nessage

houl d wher ei t he. i f th
Fol | od D058 R Db PECONGE s o o B aRat opb AT se g AhGE Hperd. and
occurs ,beﬁ%e@%& kot ANDIEIB BENGESicalQbadBPINEERe tatieirmgtiia: tb&hdown.
[ 00070] LONGLRPT: state paraneter indicating that | ong nessage m ght

be gen ; =N j r i i
over T ALY ERAALOBE fhehhe Blechid R whiehTE Sl Ky BUNE gt
tri ggi neatelsiearambietsire sbaetthathiemnits Heridg segaat toBChdNGm/ det ect s 5t hat

the paraneters are above their limts during second touchdown.

[ 00072] RN 0 ] t

o sholf DL SR INEER AR ABNR. PRLAREAIES et S HORE Trl G ryikes
t he t abhdl bepowrdt@BOUNCED LONGLRPT BRPTCODE nessage type O1NI Lshort
message 11Nl LI ong nessage 1045001 ong nessage 15[00073] Fig. 8 is an

exanpl e of tkecshesily, brRad Bt PHSMIB: BA6HT di ng to one embodi nent of
[ As shown, i

the present invention. own, it can be seen fromthe figure that
the vertical speed RALRis only 1.8ft/sec during this |anding. The
verti cal i i ; ; i s e range of nornma

| andi ng. However, the |l ateral acceleration is 0.210, which may be a
sl il§ht hi AE@FNGEDt hi EONGRPBy e BRAECODEGht mesegetidifor t s t hat t he
relatively hard |l anding occurs, it is easy to see that 20this |anding
is normal @nd the hardlor heavy | andilig does shat neswmge according to

t he short | andi ng nmessage.

1 1 NIL long message

1 0 4500 long message

15 [00073] Fig. 8 is an example of the short landing message according to one embodiment of the
present invention. As shown, it can be seen from the figure that the vertical speed RALR is only
1.8ft/sec during this landing. The vertical acceleration VRTA is 1.64G, which is in the range of
normal landing. However, the lateral acceleration is 0.21G, which may be a slight higher. In this
case, even the flight crew reports that the relatively hard landing occurs, it is easy to see that

20  this landing is normal and the hard or heavy landing does not occur according to the short

landing message.

[00074] Fig. 9 is an example of the long landing message according to one embodiment of the
present invention. As shown, it can be seen from the figure that the hop occurs during this
landing. In the process of the first touchdown, the RALR is 7.2ft/sec and the VRTA is 2.07G.
25  The RALR is in the normal range, and the VRTA also is below the threshold value thereof. In
the process of the second touchdown, the RALR is 1.5ft/sec and the VRTA is 2.65G. Therefore,

the hop occurs during landing, and vertical load during second touchdown exceeds its limit.

[00075] The flight crew can obtain the landing message from a nonvolatile memory of the

DMU and also can print the landing message in the cockpit, or the performance monitoring
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[00074] Fig. 9 is an exanple of the long | anding nessage according to
one enbodi nent of the present invention. As shown, it can be seen
fromthe figure that the hop occurs during thls | anding. In the
Process0f cdnN@ad eShndifl GRANNE dobAfoaBEt- BobSan aif b dun@ GlaB '

D oo, Syt ciniad HeSbodifl GG dolifoat ange, and #ﬁe VRTA aflé%g tefiiipuch a
t he t hreesingd| datcal tmereahm thef mbmtdring @ thedaisding peﬂfmmccnmcﬂ the)alrd:ldﬂyvsn as to

the RALR is 1.5ft/s and the VRIA i,s. 2. 650, Ther t he hop

b eur e R Hi PaRETA Gondiign G5 bs loand FigEly gt Fovroisi o S SRR ot of data
exceedgrodessihg fd cheE ?7§]‘HCEQ?C {lge'dggtdeféhﬁiﬁecvﬂfbﬂ@?tﬂ@é RirdrB@ hhap ﬂhﬂ%r heavy
message froma nonvol af’il e menory the DMJ and al so can print the

| andi ndanding agebc nwuﬂ@l @od Kpistthe dwwm Heepdrthoainaai @ambﬂ pavediand thesmtelfzfatlon

can rea? t he | nessa e _down ? 35d frq$1an al. rou ﬁﬁa.l%nk.k
syst em® %@Cﬁa & W&Pfg‘{ MEREY RIS &5 0alt R ??6% ?l?eﬁfa Sty Sghrity risks
| andi ngn@ané @éé{ﬁﬂ?@‘lsﬁé chh & eadliimalell, THO récord&ld @ﬂﬁuﬁlﬁhélhﬁelﬁtlﬁ@rﬂ@llt quahty
condition can be found tinmely and accurately. |In such manner, a

of dat aqilevag denagmend teerdsliarperationdechaigequalityod thialightareis. whet her
the aircraft has a hard or heavy 5 landing, can be avoided, and thus

t he doyoodicreheof ACNES aif r &irladst isC aikeheassav edadpld hﬁ&lwprdsemaﬁwanmt tubehe
aircraft can be _inproved;, neanwhile, the aircraft can_avoid to
opdP at PRfYeH0R eEthe|pff§ﬁem igyentionds nofdinaiged theretp- The Reesent invysation alsp fa g the

e I eoitest Rl A il WRIBp iR hd ARl MG 6631'1;}:{(0”' toring

departnent to estinate op eraf? n techni que quali of the flight

Crew. Th Airbus.is taken as,an. exa t he, .
o eeen o COL oA %V%%ag ebaagaricie ERLOnERENDr i pisser s pation,
not |i pid R@MS“ 86161 lafﬁiﬂﬁg Hﬁﬁsa% e difY %%ht E’é]‘m%' and a‘ﬁ%ﬂ tdil%ﬁd&ﬂ?wﬁkiﬁv't}%f aircraft
Boei ng and thus can be applied to the aircrafts of Boeing. 77]

Co npar éehohes Howrnswshtheoanding andseigsuis, gencratdde apdritieedi ian tigteumn@du evhether the

ent . |n nt| CMS ,c data at _the tine
D8y o ko oRe bl AT RS E T s e 28R B trified ol gt fbformed
| andi n%lffﬁ&ﬁ@@%mlﬁmg@ﬁ@diﬁélﬂﬂ dagintd thdgrcraft nlasufiekuedriingdforeinaBkist Rl thus
15 aircraft has the hard or heavy |anding. In such nanner, accurate

measur k¢ PARCSB@ZERG eanrhecsanpd, liad the ¢oshehmeintangnecandoeritionlof dha airlings can
the ai Tb& @J&e%@ﬂffﬁ:ﬁ%@y ?\ﬁesanhfﬂllg,eché E‘}L ncﬁlt){% |ffnsesarﬁ1 ehﬁb'x? 18 198 5 accurate, and

processing tinme-can aved, an cost mal Nt enance
oper at icamirprot digafefyrerfoanamanfite detftc@dersugrthé safauytdf)passbﬁ@mﬂn la&dition it
the nethod of the presept invention is nore accurate, and can i

safBt y 25eriebisrias é]égl'gfqula & RPRiGrey decpart@ﬁgmoeespﬁ‘@t%%eégtgpnoqechmque quahty of
passenggd figy ﬂ&e@qﬁyohgl?ﬂlosé LolpQabsaa R&loRfedldae f 11 ght quality

nDnltorlng epartnen to estimate operatlon technlque quality of the

flight col | ed and reco .dat a.
above. AR A BEAG: Rttt f s kabnian PE U g fPoplusiritive Purposes
i1 ustpad tﬁn@éﬂﬁ@ﬁ%@ﬁotﬂ@@e tibftel W%tﬁaﬁ[bu!a'i f&?ﬁs 6r%élﬁods' dRAREd ' Thok&8killed
particular forns or nethods disclosed. Those sk
in the art will appreciate that various modifications, addltlons and substitutions are possible.
25  Therefore, the invention is to cover all modifications, equivalents and alternatives falling within

the scope of the appended claims.
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inthe art will appreciate that various nodifications, additions and
substitutions are possible. 25Therefore, the invention is to cover
all nodifications, equivalents and alternatives falling within the
scope of the appended clains. CLA MBS A 1 fr et hod for detecting

| andi ng quality of an aircraft, conprrsrng. determ ni ng

whet her a vertical speed rate is greater than a first preset value or
a vertical 5acceleration is greater than a second preset val ue when
the aircraft |lands; collecting |Ianding data; generating a | anding
message babkedmethod tia detdctieg {andidgadlitypfdataaciaft, cespasisg i f t he
vertical speed rate is greater than the first preset value or the

vertical aggghffiabivietHed a0feP@dabEpdedattetid @r&@GARsh Qrﬁ@ﬁgﬁeéé@krh!ﬁe WhaNvertical
the aircraft |lands; 10storing or transmtting the i ng message;

and5  acerberation isigneptariean asrepmdpigest vakng Vdﬂrentﬂkﬁealmrai%}aaﬂi, based on the
| andi ng data in the | andi ng nessage. 2. A nethod according to
claim1, feollbr@iglesding dstang: 15determ ning whet her the vertical
acceleration is greater than the second preset val ue when the

aircraft ?eﬂgltsah%gerlzﬁﬁi @ssb bdi€d 1‘? te c%‘ﬁlect?tpﬁflgm Hafh 1h§e§i58£seg'f ﬁ%tv%{'ucal

than the f set ent e aircra
met hod spexdorath mggreznen:ﬂhan nhdﬁrsMpeaseﬂ mglud hetHel vesticad raeweratr@i isegrestestan the

so that t | andi n nessage nerated at every | andi ng. 4. A
met hod $ *@@3@&%@@6\68%5&6 %Cwqéﬁlgf both of the first preset and
the second preset values are set so that the | andi ng nessage is

genér at ed serargorttiamemitiing tierlandafig message; anél at i vel y har d.

determining the landing quality of the aircraft based on the landing data in the landing

message.

2. A method according to claim 1, further comprising:

15 determining whether the vertical acceleration is greater than the second preset value when
the aircraft lands in response if the vertical speed rate is not greater than the first preset value

when the aircraft lands.

3. A method according to claim 1, wherein, the first preset value is set so that the landing

20  message is generated at every landing.

4. A method according to claim 1, wherein, both of the first preset and the second preset
values are set so that the landing message is generated every time the aircraft lands relatively

hard.
25

5. A method according to claim 1, wherein, the ACMS or AHM is used to collect the landing

data and generated the landing message.
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25 5. A nethod according to claim1, wherein, the ACMS or AHM i s
used to collect the |landing data and generated the | andi ng nessage.
6. A nethod according to claiml, wherein, the |anding data includes:

prich pcet o el ?%8’%‘?%%&%9 AR IBLEEBEORS R and yaw
ot hod adedPciTigs BALTaRss! YReE R ARG MERAPAS (ki 7ih wiste PTCR,

radi o b hlfég»lsl Rdﬂ'—%ll Mﬁéea 'ré’t@'R(?]H@eéﬁdry@Resp%te ‘?AWCJ& A0 6f PIéEJahd before a
pitch speed’rate PTCR angle ROCL, roll speed rate ROLR, and yaw

speed tatcbdy at a tlne of a t ouchdown. 108 A net hod accordlng to
claim1, wherein, the | anding data includes: maxi mum val ues and

m ngnmum val ues of vertical |oad VRTA, |ongitudinal |oad LONA and

| ateral | oad LATA during a period from1l second before a touchdown to

the touchdgun.pod oc ord?ngl@ as*slb%ﬁe?ggrtﬂwa%gin%&aa{n@me wherein, the

| andi ng maxi msim va Fhim-val ues of
vertical |gad VRTA ongi tudi nal . | oad LONA a | at eral | oad LATA
during a Ipdipialfifude BﬁaLI ¥erdisplospeed Eﬂtf‘eRéI{R@@étﬁhl@a&letPJCéis@@Brﬁagedaﬁf‘ePTCR

the toyg %T%&%%RO{Q r%ﬁ?&e R %h@g'a\;vgpgédaﬂaf@%wfdt‘Ettllﬁ?é'%fcaot%(gﬂd%hﬂg

20det er mhet rd or hedvy landfng occurs throu

determ ni ng whet her the val ue of the vertical speed rate or the
vertical acceleration when landing is greater than their respective
limt val ues. 11. A nmethod according to claim 10, wherein, the

| i APt val3udgnethod peeogding focelhins hewhpreint the andpmidaga ineludeg al

acceleration are first values where a | anding weight of the aircraft

i's | ess tha#im@m values and minimum values of vertical load VRTA, longitudinal load LONA and

lateral load [LATA during a period from 1 second before a touchdown to the touchdown,

9. A method according to claim 1, wherein, the landing data includes:

15 maximum values and minimum values of vertical load VRTA, longitudinal load LONA and
lateral load LATA during a period from 1 second before a touchdown to 3 seconds after the

touchdown.

10. A method according to claim 1, further comprising:

20 determining whether hard or heavy landing occurs through determining whether the value
of the vertical speed rate or the vertical acceleration when landing is greater than their

respective limit values.

11. A method according to claim 10, wherein, the limit values of the vertical speed rate or
25  the vertical acceleration are first values where a landing weight of the aircraft is less than or

equal to a maximum landing weight;

the limit values of the vertical speed rate or the vertical acceleration is second values where

the landing weight of the aircraft is greater than the maximum landing weight;
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equal to a maxi num | andi ng wei ght; the limt values of the vertical
speed rate or the vertical acceleration is second val ues where the
| andi ng wei ght of the aircraft is greater than the nmaxi mum | andi ng

wei ght ; tﬁgﬁaﬁ‘t Lhsis *g:éﬁfﬁf?‘a%ﬁg% '?%Bﬁ& Jifign the second values. 12. A

met hod according to er conprising: determ ning whet her
the aircraft touches down. 5 13. A nmethod according to claim12,
further conprising: starting a first trigger configured for
nonitoring whether the aircraft touches down when a slat release is
mor e t han25Aamethed ddcordmg @l dlaitnutduitiser|cemprisingn 10000 feet. 1014. A
met hod according to claim 13, further conprising: starting a

second trigaeiining wiRERe ffailctaft RAchlWehgdown of the aircraft, the
second trigger is configured to determ ne whether the vertical speed

ratge at a tinme of the touchdown and in a period fromO0.5 second

before the touchdown to the touchdown is greater than the first

preset val ue or tEe vertical _acceleration at, a tine, of %he t ouchdown
and in a lgers Bathed grgdmedacnm 14 Behe comprisings sarngn fifsh tyigger configured
touchdown i s greater. than the second preset value, 15. A netho )
accor difWgneRieting whefher thqaifgalf tushsrdoyymyhen a 5%&%1@@%%@ mpre Fhapcﬁqand a flight
trigger, which is configured to determ ne whether the vertical speed
rate iﬁ“éu%%wﬂ%ﬁﬂﬁmdﬂ@@&ﬁwtouchdomm to 0.5 second after the touchdown
is greater than the first preset 20value or the vertical acceleration
in a period fromthe touchdown to 0.5 second after the touchdown is
greater than the second preset value. 16. A nethod according to claim

13,furt her 5d SdcB&i laim 135 F&te POmBridipsr th trigger in response
to the touchdown o Ct éngaﬁorccziuélft,’ t he Por?ﬂltgi gger is 25configured

for recording the faqll.owi ng data: al ues of t RALT LR, PTCE .

PR ROCEr R RO SVRRYED FEopepiftooiic 1EBAGHY ob BreopEXafh amareage tibees i

and configured to determine whether the vertical speed rate at a time of the touchdown and in a
period from 0.5 second before the touchdown to the touchdown is greater than the first preset
value or the vertical acceleration at a time of the touchdown and in a period from 0.5 second

15  before the touchdown to the touchdown is greater than the second preset value.

15. A method according to claim 14, further comprising:

starting a third trigger, which is configured to determine whether the vertical speed rate in a
period from the touchdown to 0.5 second after the touchdown is greater than the first preset
20  value or the vertical acceleration in a period from the touchdown to 0.5 second after the

touchdown is greater than the second preset value.

16. A method according to claim 13, further comprising:

starting a fourth trigger in response to the touchdown of the aircraft, the forth trigger is

25  configured for recording the following data:

values of the RALT, RALR, PTCH, PTCR, ROLL, ROLR and YAW at a time of 1 second

before a landing time; and

values of the RALT, RALR, PTCH, PTCR, ROLL, ROLR and YAW at a time of the landing
20



time. 17. A nmethod according to claim 13, further conprising:
starting a fifth trigger in response to the touchdown of the

aircraft, the fifth trigger is configured to record nmaxi mum val ues

and m pimum val ues of the VRTA, LONA LATA and 5 RALR during a period
from 1l second before the landing time to 3 seconds after the |anding
time. 18. met hod accgrding .to claim 13, further conprising:

det er mi ni A\Mﬁ%ﬁ‘?fg?ccf’%n%ﬁor Ao 13, fythen CQMBERAS agai n and whet her t he
vertical acceleration exceeds the second preset value during the
second t owtdrtiogwa; fiftBrteggar dinrrgsionse tokhcotounigdatar af the aiegplinthe fifth tdgger is

vertical acceleration exceeds the secand presget val.ue i

second PR fh eeoR R GRS e los SRAPRIRRR RSy B A, RATA Trieand
ands YAWmAtR %uﬁgga riod BQAANEEHES 8ERrd R 1%&&@&%@@%& after the landing
val ues of the LT, RALR, PTCH, PTCR, ROLL, R and YAWat a tinme of

t he sed@rd 15t ouchdown, maxi mrum val ues and m ni num val ues of VRTA,
LONA, LATA and RALR in a period from 1 second before the second
t ouchdown §t A netbRTuRes1IRf foelaitnhes, $eteadohptghgtown. 19. A

met hod for detecting landing quality of an aircraft, conprising:

20det ef M agithe Wiefhct B AREAT AhnOUGHP Bo R UG WHRLICPEd kit Bt ation

data in response’to t rcra et erm ni ng
whet herxeeeliotheaeauwprehet vaige thangy thg second taehlleet;i ng secondary | andi ng
data when the aircraft touches down again in response if the hop

ocgyrs dLféédi‘&n%%ﬂé’!fﬂﬂléwi%?ng‘a@e?'i@trésﬂgns% Irandivag; AP 8 8RRaRAL BX @bdd HeOsecond
the collected N'anding data and the secondary | anding data; storing or

t r ans niprasetn¢pluenduringribié segondtmighdowmand deternining the |anding quality
of the aircraft based on the | anding data and the secondary 21
values of the RALT, RALR, PTCH, PTCR, ROLL, ROLR and YAW at a time of 1 second

before the second touchdown,

values of the RALT, RALR, PTCH, PTCR, ROLL, ROLR and YAW at a time of the second

15  touchdown,

maximum values and minimum values of VRTA, LONA, LATA and RALR in a period from

1 second before the second touchdown to 3 seconds after the second touchdown.

19. A method for detecting landing quality of an aircraft, comprising:
20 determining whether the aircraft touches down;

collecting landing data in response to the touchdown of the aircraft;

determining whether a hop occurs during landing;

collecting secondary landing data when the aircraft touches down again in response if the

hop occurs during landing;

25 generating a landing message according to the collected landing data and the secondary

landing data;
storing or transmitting the landing message; and

determining the landing quality of the aircraft based on the landing data and the secondary

21



| andi ng data of the | andi ng nessage. 20. A nethod according to
claim19, further conprising: det erm ni ng whet her the
vertical speed or vertical acceleration at a tine of touchdown

5excee e or t he second preset val ue;
detern?%F%%fﬁ£é§ﬁ&ﬁm%ﬁﬁﬁﬁg%§L accel eration when the aircraft
touches down again is greater than a second preset val ue;

generating a long |l anding nessage in response if the vertical speed
or vertical acceleration exceeds the first preset value or the second
preset valud mgtbod dccotiBngerdaioal9, iotder eomprisingwhen the 10aircraft
touches down again is greater than a second preset value. 21. A

et hod ac cqutéhniging Quitchifd the Qertichl §feed of QRidab bl eration’ SCH AT Ed%l%hdown
second preset val Ue, maxinum value and trigger code in response

t heSverexpeeds thectre psesst volne ahida sedoad araset velte; t ouches down again i s

greater than a second preset value. 15 22. A nethod according to
claim19, adhenshing Wizrahe AldVldab attebdlation bk ¢ied alrbraft! @ieicBGiothat dgain is
and generate the |andi ng nessages. 23. A nmethod according to

cl ai m Eeateiikang spcondiprepdyaiugy dat a i ncl udes: 20radio altitude RALT,
vertical speed rate RALR pitch angle PTCH, pitch speed rate PTCR,
rol | angl egedR@lating ndérg lapdiad maatage ROdRpoardf thawes rebspeedbeverivi] atcderation

time of 1 seco bef ore .a t ouchdown. 4, nmethod. according t
o o e Raits! Preseb Vol o 16 Seand prssed il B eceg i foeF S ORATYED the
venhi CalroARAEdk RS AL ikl B0k SoRFPhesdl fih, Speed rat e PTCR

roll angle ROLL, roll Spee ate yaw speed rate YAWat a
time of a touchdown. 25. A method according to claim 19,
wherein, the | anding data include:

21. A method according to claim 20, further comprising:

recording the second preset value, maximum value and trigger code in response if the

vertical acceleration when the aircraft touches down again is greater than a second preset value.
15

22, A method according to claim 19, wherein, ACMS or AHM is used to collect the landing

data and generate the landing messages.

23. A method according to claim 19, wherein, the landing data includes:

20 radio altitude RALT, vertical speed rate RALR, pitch angle PTCH, pitch speed rate PTCR,
roll angle ROLL, roll speed rate ROLR, and yaw speed rate YAW at a time of 1 second before a

touchdown.

24, A method according to claim 19, wherein, the landing data includes:

25 radio altitude RALT, vertical speed rate RALR, pitch angle PTCH, pitch speed rate PTCR,
roll angle ROLL, roll speed rate ROLR, and yaw speed rate YAW at a time of a touchdown.
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maxi mum val ues and m ni nrum val ues of vertical |oad VRTA, |ongitudinal
| oad LONA and | ateral |oad LATA during a period from1l second before
a touchdown to 3 seconds after the touchdown. 26. A nmethod according

T e A e | (o
PTCR, ROLL R,
e et M N O S

met hod 1 26GPIHNYATR dﬁhﬁg B PePiod RGE &1 Scohd BeRRE QNG RTMoWANE '3“&c9§&saaﬂer the
i ncl udes: radio altitude RALT, vertical speed rate RALR pit

angl e RmCHdowit ch speed rate PTCR, roll angle ROLL, roll speed rate
ROLR, and yaw speed rate YAWat a tine of the second touchdown. 28. A
nmet hod according to claim 19, wherein, the secondary | anding data

i ncl udes: maxi mum val ues and m ni num val ues of vertical |oad VRTA,

| ongi t Ud'2?5ahnll 9(1 &%1% élﬁh‘l dfgak’vhe ﬁgtljréAQer%é dﬁg léallgauéésom 1

second be ore e SEecon ouchdown to secon econd
t ouchdown. 29. A nethod accordin to claim 19, mhereln the s

of det er mPHiP Yt RAd. ¥etigy weedirade gitch spglRg T&%#w@ﬁﬁaed rate BTCR,
d
et er mgy § mgjrtt?froﬂ\eﬁ éa%{é rENRI B ?ﬁ@ﬁﬁeeﬁﬁé&@ r}gﬁ% QR &SPF g@ﬁafore

kept conpress enough ong and then ht main

gears @&hesecondetouenkivan st at e agai n. 30. A nethod according to
claim19, wherein, the step of determ ning whether a hop occurs
dunpng landing further conprising: determ ning whether a period is
| ess than 10 seconds in which the left and the right main Ianding

PR e

and a flight altitude is less than 10000 feet, starting.a 5f
trigger defipidfifndyRAGT, ﬁeﬁp%lospp%r%m Pitgl aﬂelpr?TCéﬁonlwa S@e%@t%%’DGR

been CoLP raﬁ%l%%ﬁﬂdroiﬁgffeeﬁ @g%d a&ﬁ@l gragfl ﬁfc'éﬂ qgtee‘ﬂgwg%t !191?196 ﬂf he second

32. A net hod according t he period enoug
i s 0.5teehdoein. 1033. A nethod according to cIa|n132 further
conpri si ng:
15
28. A method according to claim 19, wherein, the secondary landing data includes:

maximum values and minimum values of vertical load VRTA, longitudinal load LONA and
lateral load LATA during a period from 1 second before the second touchdown to 3 seconds

after the second touchdown.
20

29. A method according to claim 19, wherein, the step of determining whether a hop occurs

during landing comprising:

determining whether two main landing gears have been compressed and kept compressed

enough long and then the left and right main landing gears are in extension state again.
25

30. A method according to claim 19, wherein, the step of determining whether a hop occurs

during landing further comprising:

determining whether a period is less than 10 seconds in which the left and the right main
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starting a second trigger and a third trigger by the first trigger,
wherein the second trigger and the third trigger are configured to
detect whether the left and right [ anding gears are in a extension
state ion state for nore than 1 second.
1534. zgﬁhﬂ%%%%a{rggfcﬁt%ﬁc?%tggggﬂﬁ further conpri sing: starting
a fourth trigger and a fifth trlgger respectively by the second
trigger and the third trigger, wherein, the fourth trigger and the
fifth trigger are configured to detect whether a period, in which the
| eft and i §heethechaticanlingradainy 9, figrtheneomptisingi on state, is | ess than
10 seconds and thereafter the |eft and right landing gears are in the

conpr esseg tale 1%96%5«9 Is égat y than S@n ﬂ%%%? %R{tﬁl&engd%ss b a'l&@(@élﬁeeti, startirng a

further conprising a SIX S&ven

respect veI by t th trl er.a he f|fth tri , ere
 heSer i ke e gt A Monui VARG, b Taia TR BERSHAS De fodtaressed
t he |a@HQHQﬁ@@&éﬁE&ﬁ%bpgbbgﬂi&ﬁﬁ%h%nﬁfcond before the aircraft

t ouches down again and 3 seconds after the 25l andi ng. 36. A nethod
according to claim 35, further conprising: when the slat release is
greater than 5 and the flight altitude is I ess than 10000 feet,
starting a touchdown trigger, which is configured to determ ne

whet her t3ReAamq¢hqda4q00td¢reg:q@éémalo% wherein, thegeriof crpegolgnadsc®? gpa9gdt o
claim 36, further conprising: 5starting an eighth trigger by the
touchdown trigger, which is configured to determ ne whether a | ong
nmessage or a short message shoul d be generated. 38. A nethod

acggr di ngsﬁﬂﬂé@édﬁclzgrdlﬁg"ﬂbtd?ﬁﬁm $OFRHHe? bMprising: | det erni ni ng whet her
the hard or heavy | andlng occurs through det ef mi ni ng mhether t he

10val ue of the vertl sp ate or the vertical ac Ier tion

Fandi ng. it SEong e R0 cu B EiBhen B D red Feer S Rie SBnbh ke
accor diaf@ thePthedatigrdGire WbEE Liréd td Hl@edtlxﬂﬂéthéﬁhélfbiﬁ &ld fige edihg 6adrs are in a
speed rate or the vertical acceleration are first values where a

| andi ngxikesigm statsfagaineangikeen arthe pxtenser statgdpr moreghamk seagnt! andi ng
wei ght ;

15 34. A method according to claim 33, further comprising;:

starting a fourth trigger and a fifth trigger respectively by the second trigger and the third
trigger, wherein, the fourth trigger and the fifth trigger are configured to detect whether a period,
in which the left and right landing gears are in the extension state, is less than 10 seconds and

thereafter the left and right landing gears are in the compressed state again.

20
35. Amethod according to claim 34, further comprising:
starting a sixth trigger and a seventh trigger respectively by the fourth trigger and the fifth
trigger, wherein, the sixth trigger and the seventh trigger are configured to collect the landing
data in a period from 1 second before the aircraft touches down again and 3 seconds after the
25 landing.

36. A method according to claim 35, further comprising:
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the limt values of the vertical speed rate or the vertical
acceleration is second val ues where the |andi ng wei ght of the
aircraft is greater than the naxinun1|anding wei ght; and the first
val ues are greater than the second_ val u

10

15

when the slat release is greater than 5°and the ﬂlght altitude is less than 10000 feet, starting

a touchdown trigger, which is configured to determine whether the aircraft touches down,.

37. A method according to claim 36, further comprising:

starting an eighth trigger by the touchdown trigger, which is configured to determine

whether a long message or a short message should be generated.

38. A method according to claim 19, further comprising:

determining whether the hard or heavy landing occurs through determining whether the
value of the vertical speed rate or the vertical acceleration when landing is greater than

respective limit values.

39. A method according to claim 38, wherein, the limit values of the vertical speed rate or
the vertical acceleration are first values where a landing weight of the aircraft is less than a

maximum landing weight;

the limit values of the vertical speed rate or the vertical acceleration is second values where

the landing weight of the aircraft is greater than the maximum landing weight; and

the first values are greater than the second values.

25



