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Study of Automatic Flare Control System for Airplane

Mikihiko Mor1 and Yuso HORIKAWA

The develepment of an automatic landing system for airplanes has been a great chal-
lenge to the establishment of 1eliable airplane operations, where the most critical problem
is controlling the flarc path below 15 meters to make a soft landing. In the present study,
an cfficient design procedure for an automatic flare control system was developed. This
procedure belongs conceptually to the conventional BLEU system technique which has
been widely adopted in designing automatic landing systems for modern jet transport.

Essential advantages of parallel path control law and exponential flare path are shown
by analyzing the static and dynamic landing performance. The definite merits are that the
pitch angle increases during the flare motion and becomes positive at touch down, thereby
the angle of attack can be held near trim angle, removing the fear of going into stall.

Two probable configurations for an automatic flare control system are an elevator con-
trol system for CTOL and a throttle control system for STCL. The intensive synthesis of
the former results in a control system which is composed of a pitch control autopilot as an
inner loop, and an outer loop for height control to generate reference pitch attitude. The
transfer function of a flare computer is determined to be made up of a proportional-integral
clement with lead-lag network by considering both the flare performance and stability of
the system.

The ground effect which produces lift and negative drag is taken into consideration,
and a simple time-programmed throttle control system is proposed to compensate for the
ground effect. It reduces the thrust gradually as an airplane comes near the groimd, by
which pitch-up touch down condition can be ensured.

To demonstrate the validity of the design procedures developed, an example of numeri-
cal design and simulated computations of flare control for a medium-size turbo-prop trans-
port is presented.
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~(TZa+1 ) ho-H) TV (Za -Z,) <O
T3»2507T, alt)d ¢=0, T XKoa(LJEmML
EObLREEREESKEL L, 0(¢) i 600) wmoEkx
LICEMEHET A &bt b, KL, BEOEBL
tdla, 0BT ThEFBIGETE, ThbLOER
(1) XALLIBIEEF LY -, TS5,

Aa()BEORTHH ERBEBOFTIRLEBDETZ
B, RO ETdh, Thbb, 778 —FRET5
—EBRTEOHESLWRITREKH LT, EBO5ELE
Bt (LR 2BHRL T D, 2hdat> 0L 55
HOENK L > THizbhTni, Lol FIELES
MY S T Rbh BB T2LLEBTRDL T
BRI 2T ARERT K EWEEICHE, (13) XD
S5dbdb L oa(PENTNETS 2, FE, a(t)d

(14)
(15)

}oas

BRAEL 22035 LEHORBELR TS D, TOfE
36, (IORIDBEOBER IELUT TS 2, 2O
SKEIRLEBPICHT H2PL HELHLEAT, L
STT77a—FBERETLEN) a2/ (& )HABECHE
BInsb td, LECHLBZ R EEHETHIOT
» 5

BUNC DN THOD R =T L CATRDbT L
O=h Vo1, &% b, BBEANEME L ICHEMNT S
TERZEILWVWT LETHD, BRENIK 0=-1, x5
TR ERLABY TR 54, COBRAEFERFCEV
Thhpp<K<hCLbiBEMILT 2, LT ER
ZEHMREREDO— DT HEHMEBRAIC OV IRALE
L b,

EBBAH =0+0,p=0,-1,=a an
Otk 7 7o —FFCET B Y A ERHTH b, @ tE—
BREEDETH D, (1) AAEBEHERALXLTEOHER
LB EEREL TV,

Bkt bR OEBBRROT & L8, K
IFERAIOTH AL EDHL LW I, B, BT
KEnTEH(11—2)XT u=0,Zu0+Zc=0
ERE LA, RECRIEH T A+ ¥—-REFANL
w<l0&%b, HNEMADROBKLDORED, 2O
FA¥—BECBEELTCEY, (111, 2) XKK$T 5
TNHEELRBETHFET 5,

3. E#5IEL HER0®EH

2 TR LASKBEEROFIELERETERT A
HOEBIELFBRCOWT, FHEHHNBOTEH D
LREETA D, L, MELALLTRROZDOM
HAd 2, TTHANBERE LT, BHRoOIBHHELH
BREWCLDT29D, 2wk =zo , bAEDIT%S
eSS D, WENEL IBET S, KICAK
MEEL L TABS IR LHBROBE, HFC3ELHE
# (Flare Computer ) OREFORIES S 2,

3.1 aBBIRLYERO ENEKX

3.1.1 ABRLCLZABRLYE

EHBOMOTBOEEFROFIRLEBD, AEHER
Krb@EEsIRLIYDAAEML, BHORMIC T
STERETEEL2BRL I LT LRI TTAabIR B,
232 T & - A BIRISHE DBEITIL, BUIKERL ET
BT, FhiKHicTs a,0 OEBHrHRLAIDOTE S

*) 770 -FOBRBEH ¢t =0. LB L-TEa=0=07T3"h,
(14) XDfER t =00 NDEDTH Do t=0KBFD D[
or V7] ()Y s BOEEBE oL LTS L AEERNC
BHHEI N5,

) BERY X, BELSIELARRELTIEROSIRB LY

fcbhhaics, [(FIRL] K B% SEROTXTE-DLT
FHULWHhESETHEN, EXI7 L7 -, ThHbbLEROKE
KH¥XT 50

This document is provided by JAXA.



VZBoEB5 R LI = 7 48T 5 7 9

P, FORKR a,0 LT Te—FHRO LY Affip
LT A EDmANk, DF D 2.3 20 HT BT
AABK I L5 LEIBECHICL T, chidED
CHEHROEB XS WA LDODERDOER TS b,
WRoFEBLEETERATIADLRLEZABEKEE
REDLIICRBY, FhEBXDLADA3)RE (11-3)
RICRAT B ERAnBL N5,

RIELM,=0&3 5,

6, =0,(flare) + 0, (0, Mg)

= {Eexp(-t/T)+Ey} - (M0, +Mc) M,
(18)
N@Z A Mo/ T M) TZat DA THAM TN Ao H)

Ex VoM. (Za-Z)
ZM.To
E2:

Ms,Za-2Z4) (19)
(1IBRITEFNTCEBOTIRLIEAENITEK T 201
SRR ETELI, flare)Td b, 1 & EZFITHIE
LABMERS, (O, M) 2 RMZ s DTH A, T2b
b, BIEORLEIELITLE 9 20IKk.0,(0u M i
L hiEHEHEYHREC L E— A2 V EITIEL, T
£ TR LICLEXR 0. (flare) ZA2BHELLETD b,
d.(flare) ILDW Tk E; E,<0 T 3,0)=F +E<0
TH 50T, 5lRLEIHEBHERICERY LTI T2
bih. TOHEDL 0,(z)<0TH AL, () EEFME &
LI L, BROCHE 0,(flare)=E,=0 kb T&
HHB, E, 0:(0y) ¥0C X BV, 7k a(04),6(04)
CXHG Le b OT »5 %, EERECEEBL L LLUN%ZE
fofTabhb,
(18) X TRHLIhAAERBEH T Z2LE, FEDS]
LEEsfTTabh b - ko ThE BEHMNICTT
EOBBIL OO REEYD B,
—D2OHERO) XD J,(¢) *BMORMBEE s> %
LT BBEREABZECID 6, RE4ELTHBHE
575530 T 5, ChidBEr—7HBEBTHH, £
HELTOBKIH TR LAX ST AR DL, LAL, TO
HETsIRELEoaSLET 2oL, ROLO9%
HHRICI DHAEH T2,

1y 8,(flare) HEF[ELFHHORBEEZERVTOR
AL
MEB
8,(¢).(18) X

® 7 HEr—- BB R LEESR

DRENBEN TS PECDOHREFRH TS 5, Lo L
EBECEPPRERFREC L KEBL, I6IC5IRELE
HPCR A EONAORBET T 5,

2) 6,04y Mg) #FmoRMBEELTHRITE
ARBTDL, CNEDOWTIL S 1.3, 8 L4%ERA
Nnicn,

B — ZHIEESFZ S RUAOBIEREE »THEA
+aEGIHERE LT LRBHMOEELE TS D, 5l
BLAIEHES 1) TE~NAL D A BRAREBEKELINALC
EEZE2 O YRTABRELTH 7 1 — V5, 28
HET 29— 7HBE SR TER T 2480256 &
LT 5, ABRKLTHAVA A+ — 78@HT LT
HERLTO L5 KK IN 5,

AERCEENREE2B8 0258 T 50T 52
6, FlELHEREToRERGEy— 7L L TESHE
A—toq e, bEES, FlELHIE L — ARG
A—=TELTA—bAM 0, Mo TAEBAFBEGS
0, k545, £L UHEReEE L TH HEEBMNT
HHAROFIRLEEIEFHINL I SREFIh T
ZL AV, FOPE, 2.1 Th~N& L 5 CFITEEHIE
OB LORFELZTRATHIOLL, T HLDOER
CESCA— b a, b IUEHELFAEIFER
, 777 2FROMTRLEHIRDOL STk b,

A— b4 B, PHIBHER

60 71—V, 2 LTHIEGS (AN, £ER
THLAOORBKIC I LEBHIFA - P34 0, PER
RKTEZXbN b,

8.6)=G (XK, {0,()- 0} -K;50(s)) (20)
7 LG () AR BB v — F BB ORERMETD Y,
KRXTELLNhBIDET B,

G,(s) = -}/ (s2+2( 0,5 +&) (21)

BB IRLSI\HER
FHERHEC ISR LHABCEATHOKX DA%
BrslEass+soTia <, QRICHICLABAH
BROBEZER T2 L2 EEOHBEENTS 5, (4)
RO RRBE LN B,

THD+ ) =H , bO0) =ho (22)
FRABWRD g, =0 OBKHER TS B, £ L T (22)
KXOBFEEA— b4 e, ML OVERTLAD.0,(s)
HRRXO I SRR IN B,

0,(s)=C() {4, ()~ sh(s)) (23)
z i,

C(s) =K .Cols)7Cals) (24)

b =-{A)-H /T (25)

Clo)iZBEFELEABH ((Autoflare Computer ) D

This document is provided by JAXA.



10 MEFEHBEFARFRE43 385

EEHEHTELL, TORKHBRIKOWTIH 3.2 TR
NB, (2RO A (DHIB) K2 LHZLOCAFTIE
LEtEBR KU T 264568 T D, (2)R2bH8phk
BDOTH b, ETNEZ L, (23), (25) XKEDO
M8 4« 2 £« ORBEA)D 7 7 7 A EBRERDL T
Fh, ChiCl - THBRL7 « -t~ 2R LR D,
FRFICEITREBHIE R B I TRWET L TH %, b
L, (2)RELDAEORXTE L A BEHOBERKARL)
D575 2EHR RN TEERLIL L, (B)RKL
bHIMRARR 7 « — V1, 2R T D 225 HIBEM
RELLh ZREHBBRAODTEHF T L LR D, Th
H—RBOREEBHBERTS 5,

(2) ~(25):IC L hER I N 2B I LEHEZD 7
DyiﬂdESK%T%@&ﬁbo@¢,ﬁmﬁgfé
B O EEEY qu>=§%%'ox»=:“”

. ¢ 6(5')
HODX26, ththrkRXTELLN 5,
) Mol K 2o 2, X2 o

't g15°+ gas* + gys + g
9=~ (X +Z.+Ms +M,)

%=~ (XaZy X Za)+ X AZ M+ XA Z o OMe~M,

4= XaZy-XuZa My~ XM, - XM +MAZM:X, } (27
+(Ma ‘XJJ& )Z,

g4 = (Z Mo -ZMOXs + (XM, - X M)Z,s

i) == ((Za-Z)s+KXaZu X Z HKuZ s XeZOWo

8- X tZads - XaZ, "X Zo)

2L, Xe = geosTaTH b, 2, =0 L REL T B,

SRABKK L 25 L EHOLKEB LABETS

5%, ERORTEHCABEHROEE(3.1.3 ),

PIUHNTBEEHBINLGES (8 1.4 )ld 2o,

PRI ZEFHHFERIN D,

(28)

3.1.2 gAlcLsaMEIRLE
FEHEBELCSTLIROTRERA N IWSTOLBZ ST
WTH, 8 L1 TR~k BB L 53 L SIS
Thb, ChidBRKEOXE, ZLWLEdBLATKCL
DB N ORMBEE O 2 RICHHIT 520, EBFICE
THABEREICL > TERBOIRL ( + ) 4 RTICH
LTER) A7 -+ BBOLN AW EAFERO—D
T3 b,

HmOBEES T O L RITIRIECHH ORE RETH
FOBETS o REFEEHZAM 9 (CF LA RITE

P
P,
D
/—i{ P= constﬁ Py
0
14
! |
T I
| Fs

Kvi?4b’}7uyfv4k

B 9 <v—, \H— SN

[Tk
Ry

8 BEFIRLHEERS Y 2K

This document is provided by JAXA.



FEBoaBTE LYy x7 aCET 5% 11

BT AREEEED -, 2914 FRRICET S 3
OT, MOTEED/N Iz O T RITEE 2538
(WD) FT5ETEMEHED () L, BEORST
RECETABEZE LY CEL, COBRBETABENRTC LS
ERCslELEHCHL BT TLHLEROL Ok 5,

(26)~(28)X % b3, KT 5 h=Wr OLEERD
L)X RB LN 5,

As) Mo ((Za -Z)sHXaZy XaZa )+ (XuZi-XoZ) W6
8

' 2 ge 7+ gy 5ty

29

BEORTRETHER)IRL FFILDONT )

Ze-2,<0  (XaZuXuZa)+(XuZs-XoZ) <O (30)
THHH, 2, 2914 FIZEnT,

Za-Zy<0 | KaZu-XuZa)+(XZy-X,24)>0 (31)

Erh, THEEEICE BICREWN Z.(<0)) DXl D
ascEml, X000 »BIT DTS 2,

BHRDETE §, BIEIIHT 2L ORECENT,
BREGOREILEO M E LHOCKBROERILEDS
BBHR A D, KEXTERE1TAOIN(ERFFEEFE
0, <0 OBREEETE O L, BRBEAZ,-Z,]0CLD
LR35, 20BROFRLE ELTHXZ.XZI+
KaZy -XZ, )0 L b T $5,80RDPBEE, DL
9 RS EOHRBIE L2V, ZORMBKRRICET 2
BTHREOHIGED, <, 291 VP 2RETERE
HRORKMHARLHEL THb, STOLEREFWT,
AR I ABELXIE LA PETEZVWREO—
DEER S TWnb,

ULItOBhitlh, STOLEELZSHSTHAER
KEH6d, 2o, Paitl 2HENHIEIIC L > TF#E LH
MefTROCEDRVBELD, HHIT I Z5ELHIEHOO
(LR ) 7 -QEFHER TR T, BESHH
WAL ZAHDT, 5IRLEBHELEHC 2L LN
Fiasd b, G85ELFEHARRGI @)RITHIE LT
RR &% D,

Opa(s) =C A, ()~ shls)) (32)
CG),h, (sHE(24),(25) K TELLNBIDTS 5,
ABEHECET 2C)RNI@RDO A4 — + 542, b
T AHIEANETBRL Tyw b0 L T, (32)XKX
zu, MBRFEGATEEBERL Twhad, LAa2D T (32)
RCESCHEHRR, ARFCILZFRLHEFRCEST
A=t e, bICHIEL ARMFIEHL - 7B 3 %
WEREZD, ChidARKICI Z23ELFHCESA
ZixB LT T2bLbE¥AH( FECEIDLA) OF
T L A NB B Y - TEBOFHEEL 2T 2 bh
A20oIRALT, HHRXIA3ELEMEI, #HHOBHK

ARIHEELA 7 -%BL5 L THE26Mh%
5%\,

LedioT, BBSIRLAEN=e , brRI DITXZ
b AP ICE, AR L 288585 L8
REBETKTAbh2LEXD Y, ThrBBHECLS
By A e, PR ILNIE ST, BERTHBERO

BRIRZ- T 5, BEGHE T TEBHHEITAD

ELTHBHEBRBBEHK LR T 286 KE, HBHE
RELTHERGEA— P10, tERDT, (20K
HBEOEERVLbN D, kKL, 85AN 6, H(23)XR
WESCETEZL, <48, MCIABREB (LEL

HHEOEMBREM) Lhbe —FH, 18, PEREK

IV EBHBALTZ29BEE, HFRSTOLBKEWLT
BEBFUEEOBRAL L BBHLEHHAROHRLLE
THE2EELLN, HBFBRARRXNTEL LN S,

0,() =G, () (-K, 0(s) - K, 50 (9140, () (33)
&gwﬁﬂﬁnyrﬁ%%&%tToLKKléaﬁﬁ
EHEBILEFE A S E (Avtomatic Stabilizing
Equipment) &fRIh, BREANEE T2 COXOA —
boide o, b ERERM IS,

BOR T EFFIF A — 7 LT, LR L ARBHBR
BzHBLAKOCIZABELEAEBRALL TURY
HE 100L9Tdb, G(s)dze , t v LURKRE
BN LS EPBROBRLEX AEZEEB <MY » 72T,
gAMPDMO» , 7Yy 7HIETh b, HFWSTOL
BUEPWTHVTOLBOL 9N L 288087
FIHATTETD D, HHOMBHARS $ LREFET
50T, ThiR L2 EBHENtEZRTHLBIED H, T
S LAHBREI—BRICEERRLL TRRIBDLN LN 2R
Td 2, FEBHEHN—-BE, ARt —L2A0B%K%T
e ERAL, AL A5 LEIEROERRIN %
BEERLAIDOTH S,

vT 0,
+ C(y) th

G(s)

Kis +K,

h

s+1/T

— (Kb, H BRI SRS
Lo, oM m s MRkt

0

10 #Hwersa®5IELEER

This document is provided by JAXA.



12 M EH BRI F#E4 335

3.1.3 #EBROEE
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