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FLIGHT REFERENCE DISPLAY FOR POWERED-LIFT
STOL AIRCRAFT

Keiji Tanaka, Kohei Funabiki, Masaru Nakamura,
Yushi Terui, Toshiharu Inagaki, Hiroyasu Kawahara,
Yukichi Tsukano and Takatsugu Ono

ABSTRACT

This study deals with a proposed flight reference display for powered-hft STOL
aircraft. The display design aims at providing pilots with new control cues for main-
taining flight safety during low-speed high-power approach. The display utilizes angle
of attack, pitch angle and airspeed to indicate the flight reference for maintaining
the flight safety margins.

Piloted simulation using a moving-base flight simulator was conducted to verify
the display scheme. The parameters of the display equations were designed on the
basis of the flight test achievements of “ASKA”, the experimental STOL aircraft of
the National Aerospace Laboratory. This preliminary evaluation demonstrated that
the display can be used for both flight reference tracking and safety margin monitor-
ing, and provided appropriate values of coefficients of the display equations.

The succeeding flight evaluation of the proposed flight reference display was con-
ducted after installing the display upon an in-flight simulator, which motion cues yield
ultimate fidelity of flight simulation environment for the display evaluation. As the
in-flight simulator, the Variable Stability and Response Airplane (VSRA) of the Natio-
nal Aerospace Laboratory was utilized for this experiment. The flight reference dis-
play for this flight evaluation was developed by using a color liquid crystal display.
The results of the approach flight experiments provided proof of satisfactory perfor-
mance of the display for pilots to monitor and regulate the safety margins, as well
as suggestions for future improvement.

Keywords : STOL, flight reference, handling qualities, flight simulation, in-flight simu-
lation
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/7 —F e« )7 b STOLBORRITEE, SYUVEREARTICH S, COBEOMITRLLEET LD
DO—FEELT, 774+ - V77 V/RFEBEL SN TV S, AFFETH, A, Y. FREH, K&
EAFERLI774 b Y77 LYy AT EREEZIT -, [RE] OMITEBREL AV TCET LR 7
FTA e )77 VY RAFROEMBAERITY tab— 9 IRE > THAL, $HLZORRHTRERORKMAEREL
foo AEERICHDE, HAKBAELLIFIAL V77V VRFBEAVTIFA LY aL—F9THS
VSRA iCHE# L, RITEBRIC L > TRAFMET -7z, [ME) £HEE L 72 VSRA IT & 2R E ARIT
RUOEEELEATRITEITY, TONTEEFSEVSLLERBER S ZOBMMTICBAL TR 7+ —< V2 %FH
TAHCEAERATE, TIPRCEGLHBAOMBEITOENTE

B = * K. IKERERBOFEHDOFH [%-s/m]
Kq : WA E S 57 OFKRK [%/deg]
ADI . Attitude Director Indicator Ks  RENATS 2 ORE [%/deg]
ARINC : Aeronautical Radio Inc. M; ;D yEBlY - X U FO DOV TOMSRE
BLC : Boundary Layer Control min(x,y): x, yD/NEWEERT,
CRT : Cathode-Ray Tube s 1375 AEBROEE
CTOL  : Conventional Take-Off and Landing u Y Vining 05 DE 853 [m/s]
CWS : Control Wheel Steering U, cHEEE [m/s]
DME : Distance Measuring Equipment Ug T=u—ug [m/s]
DLC : Direct Lift Control (or Controller) ug 1 TKIEZE R [m/s]
DSM : Dynamic Safety Margin Um D KEERRG [m/s]
FBW : Fly By Wire 1% : WKOEE [m/s]
FPC : Flight Path Control Vapp  BEEEAEE [m/s]
FL : Flight Limit Vinin BN — B REE [m/s]
FR : Flight Reference or Variable of FR Viming — © B/NRITIRE [m/s]
display equation (minimum airspeed at maximum thrust)
GPC : Glide Path Computer Vier : BRIEE (Reference Speed) [m/s]
GS : Glide Slope Vs D RERE [m/s]
HUD  : Head-Up Display w c EERE {m/s)]
ILS : Instrument Landing System W, TEw-w, [m/s]
LOC  : Localizer wy D EEHZER [m/s]
PAPI : Precision Approach Path Indicator Wy : BHERRKRD [m/s]
RMS : Root Mean Square X; T X8 ARAD (i oW TOMBREK
SCAS : Stability and Control Augmentation System Z;  ZEHRID (OO T DM
SR : Safety Reference ' 7t =7 JZ; M,
STOL  : Short Take-Off and Landing e
USB : Upper Surface Blowing Y LEDE LI L EDOFMNZ,
VSRA : Variable Stability and Response Airplane a A (deg]
VTR : Video Tape Recorder @ e SRS pPULE [deg]
i Lapp : BREE AR ONH [deg]
£ 5 = Umax ¢ BT (deg]
FR,  :KFPEBKBEEELLFR (%] T A [deg)
FR,  BEHEBRRBEEELLFR (%] 4x © x ORUNEALSY
g : EIERE [m/sec?] 4 : A7
k CREHE (=K. /Ks) Srpc : FPC v/x— AN %3
H B [m] 5 NI AN v
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DBEBETHE, [RE] KRR E~ 7 —F - )7 ¢
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LI BHL BB AR TE, HLORITHEESE KR RICFE
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—fiz, /XU —F )7 b STOLEOESEETIZ, [1.2
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Tk » TEENET 2R AERFD, COEHT, N7 —
K+ )7 b STOLKEOAELICH T 2 RITRL A MRS 51
b, BETROKERERE (v,) RUQFEHEERE
(W) £V D 220K EBEEINTHS, LL, TOD
SRIRAMERE G B 7oicid, N4 oy BRI E - TEYR
FKRRUEH, 550 FREFIREBSOMNELL S, —
%, CTOLBTR—RICERKI[NNNTICE SN, TD
7o, EEE, KEEBH, 374 Vi—Hh—, TT Lo
Ty V= E D o [ RERBEERD 1 DIEPEE DS,
SOREE ORI E L TH—MIICBEES N TV 5,

[RE) ORITERTIE, SREELBELRETLE
TRERWVBAYUENICEEL, EBRTED, LOEHET
EHINANROERABICHT 2LL2R/RBARL 120D
i, TO—EHEHENSKETH S, BEKRMBELHERST S
1 ODETRIEETH 5 FRICDWVTIE, 1970FE/RIcF Tk
ETRIEMNBENTE L, FRIZ, [FEEBOI-Hic s
40y MTHENBRIT NS A =9 HDBVEBST 2 —F %
Mt h—ERETY TH0, [HrMTRELERSTS
Fe D ICEBHICHIB S N BB AR L E5K ) TH 510,
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2) HLBBOBLEES L,

3) BROFsLvAEEZS
LETHBEVZR D, LOXHICEBEMAEDOEIZDE
REBLEMAREEL - BRHE LT, HEBOKESY
BEB) FiIC X » THRR, BIEEE, BREEOLDOBEMRLS
HBEBEBICNE 51 L ERUERICCRT RPEER 7 7
e NANEDBEFREOFERMSAREIC - & 2%
32 EMTE 3,

1.2 FR %R

LITR, FR EMITLLRB\BOBEDHDICOLTRNE,
—HEC, FZEBOTITHRBR RO 3 >TRES N B,

(a) FAMITT <oy 7 (Permissible Flight Enve-

lopes)

b) H—ERRITT s ~Xoy 7 (Service Flight Enve-

lopes, & % {3 Circumscribing Flight Envelopes)

(¢} FERMIT™ <oy 7 (Operational Flight Enve-

lopes, & %\ {3 Authorized Flight Envelopes)

@R COARTHERITTERVRRALZRL, GRRchs
BZTRITTHLEDBBEINTVEDTH S, Hl2IE
X#k3 T, sy — e REE (Vimin) 13 1.1V & V5 +10
kt) DREVWAELTERIN TV 3, @, ThAagi
ét%ﬁ%ﬂ,VL—ﬁ.TyV*%@ﬁﬁ/ﬁﬁﬁﬁﬁ
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DT,
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1.2 FRI(CMTZIRE

BARD XK, 27 —F -« } 7 b STOLEBOEL2RG13
2ODERRMBTHEIAONTE 1, THERKBIKHEST S
LHHBSI B LR, N1 oy bRESTEBTREY,
LipL, RDKICV,,yDBERELTHIL/ N7 — N -
7 PRS2 ONAMRITRBEERT S &N TEL,
TZTi, FROBRHLELTRRRFIOLTE12ERIKD
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HRINnk, b, ERIKEELEE EFEORDICK
H@ENA TTESHNEL 5, COY, 6% FRETH
E FROKBHWAHLOHKRABTERIES, L L
FEEOMEH I FICEERLOLDBI TV EDTERERE
BEALLTEY, ZOFREBIEDORRA LI EILE S,

XER 3T, TEHDHLE5BOEK(EI, V-
NV, e, 1) ERNREL, ThoEMEEDE TR
L#: FR ORfEH 283 Lz, TR, F11KRT &
A1, u, c DHBIRFLIAMBELI: SOABEL T
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progihickid, FRIEEOMETNEEHLARD
IHREEHTE S,

(1) =ML, ELWVavyro—weFa—%5z
Do H1B, uy, w i T 2540y FD3 7 LEED
HEhs FRIGEMABRIE T2 HRE BT 5 LD ICHERT
5,

(2) FMEOBEIMNAL -XTHD,

(3) BIEDLBEETH 5,

RELIBETR, ZOLH>NBEHEKEST S FRILOVT,

ZRABRRKES O TR 2 ED 5,
2. FR ZERABIXOKEH

2.1 FR ZRHERX
AIEF TORITICLD, AR T FR oRRAHEXD
WEEXRAETE LT L,

FR,=K,u, (2.1)
FR,=K,w,+Kgb - (2.2)
2T, BHROEAEREI OV TEMEB AR L2 STOL
BOEHHERICESVL TV, ZLTHRLEEHBE 2D
DEBABICESONTHET AL EL, DRy K
W ERBOBEEEZXL, (2.2) N3 wy i 2R DFE
Exkd, 22) AOGIAHE 2RI, BIFULAES 51

HICE LI DB ECER L TNAL 6D TH B, T1bb

ATEOBHQOBREHICBE LT, u it 4 2 RI6%EH
B 2 HANET R EICL>TELZr-88y7) v

#1.1 X#20DR%ES 5 FR ZRAEX

FR = min(FR,, FR,)

FR = DSM, + g(6)
0.5s+1
FR, = DSM, + g(6)
0.5s+1
Z 2,
DSM, =100[%] Y = Voinn
20[ki]
DSM, = ]()o[%]._ﬁ.m_s.lﬁ_
sin (wm/Vw)

8(6) = ~10{%/deg)(6 + 5.83(deg))

7 OWEE (MG BBR) #BRLID, u, T 28480
INE KIS BRI E wy iCHf T BRBH/NE (L BFRRICE
JARRD2 7 LBEISERELUbDET 2101,
ESREK TD FR IZ 6 2T 2 HELHENTH 5, (2.1)
HDFR, T 6 DBRBEMA TV, Chid, AN
&L [RE) OFEREABOKIEELLTHE, K1.2
TRONEEHIC V-1 BRITEBNT I —EDOPHy —
EOEME ( KIOKE AR ) &IZIFERL, r-04y 7)) v
IHINE DT EREDSHTIN S,
FEARROEBEKNLBRHEIE DO TRUTO LS ITRE
Lico 39, FIRE LT, [RE] OBBEEARORITE
BBV TRAKERRARY, BEHERRBHSIC10.29[m
/8] (=20 [kt]) OERBICH L TREMHHBEL, RDOLH
BEARAEBZ 5,

Va,b[:—~ Ven =Um 2.3)

1y,

)
Umax — Agpp=sin~" (. V’" ) (2.4)
app

EXT, upm, w, #£i210.29[m/s] (=20[kt]) TH 3,
CDREEE, 100[%] DELRBHHBET B,

CHR, (22)RX%, EBIGHHEINLIEHK

ug =V-U, (2.5)

w,=U, - da (2.6)
AROCTEET S, T LI, da=a—-a,, F iz, $IEHK
BENI PVOREFIZAPAIT U, EF 5. S 5T (2.2)
RO BHAMSNIRBNEZHORELZHI, oD
EHNTH 5, LIKBTE, RENWEBAZOLDEILL,
2.2RDO%6-6, TBEET. LhoiEAL, F1,
FROEKEOEILRPOKEIVWRRENULSLKDIIC, FRy
DRt % FR, K&bE 5,

FR,=K,(V-Uy)~FRy, (2.7
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FR,=Kq(dy—a)+Ky(6—0)— FRy, (2.8)
+RT, FRu, U FRy, 3, ZThZ QWEREEARDH
AERETO FRAUKRU FR, TH 5, F 1,

Ku=Kq/ U, (2.9)

ELT

9, CNRAKDOWT, FR,ZIBEIHET HREEE
THEDTH B, V=Vyin, TR0, §70 L FR,,
=0 TIHARKE SRV, b S, FRuy,=Ki(Viin, —
Uy &L, RAX%EHB 2,

FR,=Ku-u (2.10)

ZZit, u=V-Vy, & L1

Wiz, (2.8)RiIL2WT, Ky(dpg—a) BB RIBDES
ERTODTHBIW, d=dpgy CTDIAN OB LD
ICEE L,

FRy,=K(@pgs—a) + K (0,—0)— FRy, (2.11)
£9%, tXT, 4~ FRy /Ke% 6, EESHEHL, COHL
W, % FR ZROLHDDIDNATRET S, Lo T,

FRy=Ko(amas—a) + Kg(6,— ) (2.12)

(2.10), (212) RD/PIVHTEZLND DB, 5E
BERFTZFRTHD, RiL, ChoDRIKETLHHH,
K., Ky, Ko, 0,583 T 5,

T, V=V, DL E, Blbu=u, 0L &, (23)RLY,
FR,=100[%] TH 55,

Ky-u,=100(%) (2.13)
0T,
Ku=100 [%)/tn (2.14)

wiz, (2.12) RAOGEAD 2 >OE, HbaDEESL 6

DOESHORGHEL RET S, TEbE,
k=Kq/Kp (2.15)

ZLT, FR,BZETFRDOKEE %375 o BEHD aDEAL
DREIEAZFELBELICEDR, T5bL, 25 L1
ffick % FREZROBEZOKE &M LML S TR LI
2L9ICT B, (212) RO 35 AZ LT ibb 6 BiLic &
% FR, DE&}I,

4FRy =Ko {(2D)

30 const” VE } 46 (2.16)

THhH, TTIT, ( )5 N ER PN RN E (414

L5 aEMLDEFBEEEXRT ODOTHY, BEMICIMNREA
THALNE, £/, k> TFR, 3 BBRIBERL,
ZDEALS I,

o 1000%)
4FRy = sin™ (Wm/ Vapp) ae>5r=const45 (2.17)

THb, kLS TEROBZORZIINBFLIKLS &
K AEEDHDBEE, Kt kOB E L TRRAEL B,

da

k(—
100 0 /8r=const
K= %/d
¢ sin” (wm/ Vapp) k( ) [ eg]
8= ronst
(2.18)
E A
L2
Kﬁ—_— 100 60 8r=const [%/deg]
sin” (w,,,/VaM,) ( )
é;=const
(2.19)

—%, BEEARDORIETFR,=100[%] TH3H»
5, (212)R &b,
Ko(@maz—®app) +Kg (60— 05pp) =100 [%] (2.20)
% 2CI8)R, RIDARIIVEELTIH AKkDHB L,

O0=04pp+sin™ (Wm/ Vapp)/( (2.21)

e
(219X, 218)KX, 21)RKUV (2.21)RTLD, K,,
Ko, Ko, O 3RES NI, SRR T 25BN 2 %211
FEDD, COHBATEALNS FRIE, R1.1LER,
Hbr52 0N, af VTROHLNDFR, & FR,DH 5
BONSVHEERTEDTH 5,

#2.1 APATHEET S FRETSERX

FR = min(FR,,FR,)

FR,=K,(V-V,,)

FR, =K (a,, —a)+K,(6,-0)
2T,
K, =100[%}/u,
w M%)
K,=- =l g/ deg]
 sin(w, V) (?_q_)
»/k )5 +1
(%)
100 0
K, =~ Sy oot
’ sin"(wm/v‘w)k(a_a) +1 [%/dee]
8y =consi

0, =0, +sin™(w,/V,, )/(%L weon
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(1) BB FROEEZPESHIZLT FRIFEOERRAR
RERET D,

(20 REFTBZFROFR,DFD ROBHEELHED,

(3) #—EalLvXDPHRIMDFRERICKITTHES
FET 5,

(4) u, BEEICIEBAEBICE T 5 FR DR LRGIEE
ELTORREFMET 20
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AEBRTHE, [RE] ARITY 12— (R3.1)
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