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A Study for Enhancing Efficiency of STAR and IAP for the
Prospect of Aircraft Descent Performance and

FMS Descent Guidance Information
Choongsub Lee’, Hyeonjin Lee”, Hojong Baik ", Janghoon Park™"

ABSTRACT

In response to the recent surge in aviation demand, major airports and aviation authorities
continue to make efforts to formulate arrival and approach procedures that take into account
efficient aircraft separation, noise and environmental issues of carbon (CO2) emissions. In
order to ensure efficient traffic control and environmental issues, as a result, a new concept
Trombone, Point Merge, etc. have been introduced and widely used in the domestic airspace.
However, these new concept procedures which do not properly reflect the characteristics of
the aircraft operation performance and the FMS vertical descent guidance hinder flight
efficiency as well as bring in turn negative factors such as level-off flight and the use of drag
device at the busiest phase of the flight descent operation, like the Continuous Descent
Operation (CDO). Accordingly, throughout modification the current Standard Terminal Arrival
Route (STAR) and Instrument Approach Procedure(IAP) that reflect the aircraft descent
performance and the FMS guidance, the flight operation safety and efficiency is expected to be
improved eventually. We herewith analyze and propose the way of improving flight efficiency
in the arrival operation procedure by supplementary modification which consequently
contribute to the aviation industry international competitiveness.
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w} gkt 2YFEL TAXY A 2 23 &
A= 1T Egt of} g7 vl A A=(Flight
Management System, FMS)OllA Al5-E+ o=
£ 43402 g8t £ a3 EH|Y(level off)
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HEEAV1=2EA 9 AV|IHSEAE AWEY, ER
E(trombone) ¥ EQIE WX|(point merge) 5 7]
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2.1.1 2P8™ XA (stabilized approach)

< Aot o3 FHX(stabilized approach)® 2t
5 &g floto] st Qo 2% A 2%
SHES FYA o] o|RolRA = HIFPS AHst
1 P38 Ao dttkal FAskal glom, wiof

71%E S5 Eoke A 34 H5B(go-around)
9 AujdZExHmissed approach procedure)s 4
Yot staL Ut
A FBAL 29+7g0] W=, Stabilized Approach
Criteriaol] ¥t W8 ol2iet 2ol st Stk
- BE F371= IMCOlA &oi%= 1,000 FT HAT
(height above touchdown), VMCI1]el4 500
FT HAT ol Fo] 293 2% Briefing 4
25 Q3 ChecklistE: &=t o] AEE
A sHoF gt
@ -39 W Target Airspeed®} o1& A5}
7] 98t Power Setting
® In Trim AEZ Correct Lateral/Vertical Flight
Path “doll 9%
© 1,000 FPMS 23514 F= 7518
@ ¥Z717F Runway ThresholdE E3st W=
ol o] S FAIsfoF gk
(@) FlareE & w712 o]-8HY ol Target
Airspeed
(b) B4 712 IHAHRI vPHRZ Y%
(c) Touch Down Zone (Landing Runway Thres-
holdZH¥ 3,000 FT T &F2 Z0o]9] 1/3
5 A2 Do AHeR FES E F s

917

IR 2 A FARIAE Minimum Stabilization
Height I3t 7|&% oh33t o] 2g+4ollA skl
Act.

- 1,000 FT above airfield elevation (IMC)
- 500 FT above airfield elevation (VMC)

2.1.2

ZBotollA a7t THAIRRE Aotz g0
A9 odA9] 24 Aotk A% EA(aircraft
deceleration characteristics)o] ¥&719] &%,
ZF 5ol w&t A Ao)7t JJeu = Y H BT
ARG T BA4S 1Bfeh P94 A(stabilized
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F

approach)©] o|Fojd = Q1L = APdo|| AgZ =Hst
= Zo] wje- F85itt JSHAEAIR(Top of Descent,
TOD)OA AZHE Aok g Jote Alete] digk
10,000 FT =5 7]&0& 250 KTZ 13} 74351 3
TFEIAE ARBSIA] 22 AdHl(clean configuration)
o] A SFEEE Aol wet FEsto] HSHIT
7io] =5 Hok Table 1~32 22+ A330, B737,
B777 5719 7158028 (Quick Reference Hand-
book, QRH)OIA AEstal = HSHIEs T4
&L AH Holrh 7 ¥ AHE = o |
Ao g &= B oulsks Z0E IAPIEE
(Vapp)2 #&0h= 7188 e, 3371 ARKRPER
J95k= Boi7t tha Adolshd 712’ g Zt

Table 1. Operating speed for approach (A330-
300 QRH)

Operating speed (kt) (A330-300)

Weight S VLS FO
(1,000 LB) CONF 1

VLS VLS \
CONF 2|CONF 3| Ref

520 [204| 185 | 166 | 164 158 | 155
480 |196| 175 | 160 | 157 152 | 149
440 |187| 170 | 153 | 150 145 | 142
400 |178| 162 | 146 | 143 138 | 135

360 |170| 154 | 139 | 136 131 | 128
320 |159| 145 |131| 128 126 | 126
280 |149] 136 | 131 | 126 126 | 126

(1) For approach:
in CONF 2: Add 14% F is limited to 141kt (low limit)
in CONF 3: Add 4% F is limited to 136kt (low limit)

Table 2. Operating speed for approach (B737-

800 QRH)
V Ref (B737-800)
Weight FLAPS
(1,000
LB) 40 30 15
180 157 165 174
170 153 160 169
160 148 156 164
150 144 151 159
140 139 146 154
130 133 141 148
120 128 135 142
110 122 129 135
100 116 123 129
90 109 116 122

Flap maneuver speeds (B737-800)

Flap position Maneuver speed
upP V REF 40 + 70
1 V REF 40 + 50
5 V REF 40 + 30
10 V REF 40 + 30
15 V REF 40 + 20
25 V REF 40 + 10
30 V REF 30
40 V REF 40

Table 3. Operating speed for approach (B777-
300 QRH)

Green DOT speed (A330-300)

(1?8816%}53) A FOLr gg(l)ow FL 300 FL 400
520 249 259 269
480 238 248 258
440 227 237 247
400 216 226 236
360 205 215 225
320 194 204 214
280 183 193 203

N.B.) Green dot speed with one or two engines
inop: Subtract 10kt from these values.

V Ref (B777-300)

Weight V Ref (KIAS)

(1,000 FLAPS
LB) 30 25 20
660 169 174 183
640 165 172 181
620 163 169 178
600 160 167 175
580 157 164 172
560 155 161 169
540 152 158 166
520 149 155 163
500 146 152 160
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Table 3. Continued

V Ref (B777-300)

V Ref (KIAS)

Weight

(1,000 FLAPS
LB)

30 25 20

480 143 149 157
460 140 146 154
440 137 143 150
420 133 139 147
400 130 136 143
380 126 132 139
360 123 128 135
340 119 124 131

Flap maneuver speeds (B777-300)

Flap position Maneuver speed
up V REF 30 + 80
1 V REF 30 + 60
5 V REF 30 + 40
15 V REF 30 + 20
20 V REF 30 + 20
25 V REF 25
30 V REF 30

213 &87| ®2 8% 8s

FFHT DAY N 37 BoHdeS T 2
, 71 59 84 5ol wet zolg Holi ot
AurE o HFHPIFLIoNA 3° AothE RAoHA
4% 140 KT 712 WigF NMT 300 FT e 29
700 FT9 Z3Hd5S Holx= Aog d#A SIth2l

1) <gHIYolA Y T e
(Deceleration in level flight)
With approach flaps extended :
10 to 15 KT / NM
With L/G down & flaps full :
20 to 30 KT / NM

2) 3% oS |ARE 1 e
(Deceleration on 3° glide path)
With landing flaps and gear down :
10 to 20 KT / NM

F5717F &5 (glide slope)AlEE wEbA] 140 KT
9] £& & 3°9] FetE fAlsks BEASHE XSt
I Qok= 7HYstoll 35719 SLATS WE Aol A
48 ARSI FE 8IS (target final approach
speed)@} 5ol "Agh FE ZI=H o= 3.0
NM%Z 1,000 FT9] ZJslgo] Bagt 2oz dHA 3
tHzl. Zagt 3¢ 9 FA(speedbrakes)s 254
o= ATt A&SH ¥ £ £Y & oy
AE 715l w2t AR ARMARRYO] AW 1,000 FT
oste] 1 EofA= Aol FA1E =k Qlth

F&=HZAA(Final Approach Fix, FARS 7|&0
2 Hojx 3.0 NM Aojl&= g¥t¥o=z SLAT, FLAP
= W F5o| =83t Fer WA, [A[stojof
skl A7IRSEAZALS)E AHESke BEAVIEEE &
Yol= A, T2 A57|(glide slope)2] ATE 2
215t fi= ZASE SLATS W AeolA X 3
stofok B3], oFf9] Fig. 12 AVIREHAL)E
AMgshe AUAV|1HEE 36k 32 4157](glide
slope)®] F=& et Aoks s¥oke 85 7ot
of &Aooz NM 9 3 KT9 34 e ZA=Z ot
o] A %= OM(Outer Marker)e] YXE AAISH 1
HoloH4]. F Foll H&ol 7hett £59 HAE
Z235PH Outer Marker(@9H8 © 2 Runway Thres-
hold27El 6 NMe #X)E 7|&2= 1,000 FTe
F57] 2 w7o] dEdcta 7Pgshd oF 30 KT &
T8 F4to] o] Fig. 13} o] OM E+= 11 o
A GA7E 7Rt A4 s 160 KTZ 23 2 5
Atk

F FFAA LRHH o R SRS o=
Sk £¥ T2 O 71E&E AvEY AV|EER
(LS5 AMEste FIAZIEEY A% 7 Baedd
AAA LF71%R0 CAT 11, I 23S fste] A4

MM Deceleration
Segment
( 10 kt/nm

2000 ft

1000 ft

T T i
(4] 3.0 6.0 nm
V APP = 130 kt V MAX at OM = 160 kt

Fig. 1. Deacceleration on FAS
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Ao F3719] o Wt YREI 50| Bagt
landing checklist® ¢=sl= AL EEFEAZE 24
skl qlo] ARl OMO] 9= 6 NM Fx=of 94|
Ski= Zo] vigzsit}. ol2gt 7 Ad5S aEohH o
ZF 15 NM F2o] AFZA A (nitial Approach Fix,
IAF)Z 3,500~4,000 FT Hx=9] 1T Agtoz A%
gt & F7HER1 7 S AA 12 NMof| &5 4l
S7|(glide slope)®] Al5-& E25HH Fe glo] o
el HEL AET 5 o= wWE

2.1.4 H[RHER2IAAR FMS(flight management system)

A FF7E *Foke FSFYL Aol
Adgt 2= 9ot HFLHAARFEMS)S H=7
o= ARgsial Qitt. HIPAYA AR FFot H= 9
gt 71201 7leAQl FEE AT B9 ozt
5719 914, ollvA] AdH, st S BHIY Al
A, ol3Ael o WA A T T T 48 &
ZAslol wet HEgt RS
fe- Ut HPS AT 5 JEF BRI

FMSS] T2 AWEH Fig. 29} Zo] H|g e
#AFE(Flight Management Computer, FMC), A&
H]gY A|2El(Auto Flight System, AFS), 914 3 A
AEI(GPS Navigation System), HAREUTT717HA|
AlAEl(Electronic Centralized Aircraft Monitoring,
ECAM) 59 AFEE0] 2 SH4RI AlA”cR &
Aot g T AT AYste] it & FMS
= 8ol= 593Q HE8AE FHE AlaHeR &
B3-S omgith. Fig. 32 FMSE ARSSH 712 7ot
S Hoje A2 g 71 ARE &8s
F|Ago] =3 oY M0 E & 7515kl MACH
0.780] Zo]iizoflA] IAS 320 KT& #7=|1, 10,000
FT F-2ollA] 250 KT= #&sto] HFHZE=(Vapp)
o o2& I ALt =T¢} H_E HolETHo]

FMCE *35FH0] YEstk= Cl(Cost Index)zt

Fig. 2. FMS vertical descent guidance concept

Introduction to descent operations

A320 - LW = 58T - ISA - No wind

TDP computation uses:

as000 O o9 - pilot entered wind and temperature
- Idle thrust
0000 - Clean configuration (no A/B and late
SIF extension
2000
[
&
15000 o oy
AIC is guided on the TDP
e by FMS & FG logics
so0n
o
gy “ia o

EN = a o
Dt pemy
e “ AIE

Fig. 3. FMS vertical descent guidance concept
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O 7 &9 AAEKER §F7]Y £ F Aofgltt. o]
S} 9|2 Cost Index®ll & &= A7F5H =¥ v
AlZto] F|AslE|eg 7} H|g) @AY 7]Eo] T2
€k FMCe 33719 @41 $%, CG(Center of
Gravity) 5 185t A3k v = (optimum
altitude)?} 1 ¥PHA T =(maximum altitude)
£ AXste] F=d, B8] ¥ 1=t @A 1=9] &}
o]& 7]&9°=% FCC(Flight Control Computer) X
A=Y ZZ A (Full Authority Digital Engine
Control, FADEC) 5& Aojgroan 357]19] Al
9 A FE(thrus)S 2ESHA St o] o] 7
SHZARE 28 5A AAE ok k= F8% olF
ojct.

FMS+= 33719 @A) 9 =ERE AgE HPgAE=
£ TAE o 949 BgE d&sta AR A
2o A4H 1% AlgkE I £ F= 2%
SHHA B2zt 2Xof thgt JHE Azt F
9 ot et Aot FEHRAFNY 1kt £ AFAR)
= Tol7] Slste] @A9 ai, &£ FEo| Frlst
o] F&, 2LWs}t 59 A=E P FHEEEH 5
Asto] Akbetal B 1= B didXH 2 A=
& ZFSHAAA(TOD)H 7ot RS AlFgch whek
TAFC] o] %2 radar vectoring®] AT E= H=
FFSEUL 7|15 vl (basic flight mode)o & gt
sto] H|FYsHA =il FMS7F Algshs AEe g
25t Z-85]7] wiZo] 2A3}E H|go] o]Foix]7] of
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2.2 ZsHDescent)
2.2.1 8t Al X|=(TOD)

FMS+= oi34Ql ZstdE flste] #EA171 2R
2ol HEHTAX ] wet AP T2 FHo] Q=
29} 7% ASkAKspeed & altitude constraints)
S IAR AEHQ AR S8ste] 7FHARR|A™
(TOD)Z AlFetct. AlZAL AIRBUSHS] A9 253
93 FMSellA 4ok x5 AHY “Decel
Point’g} 8= X|Hoz2HE Fog AAkslo] 735}

AR H(TOD)y& @Xﬁ}i’— 9lo™, A2} Boeingiit
AF 5719 H$= “The End of Descent (E/D)
point’gt Egl= 7—‘]"':""«- == AlH 50 FT A-L 71&
07 ZFHAFAIH(TOD)S AlARRITHO]

I3y 4 59 AR £gaE9] HAd|
TODY| B3} B71AY, A8kt 2719 ARk A<
 gek¥og Z7o] 47 7Fska(1,000 FPM)yE
FABIT7E EMSollA ThA] Akt o] 429l et A=

£ T2 A HFgsHA Hedl AdFos AAA
1%, $ A5 B2 #o) wet Aok 9 AJokg
=3 7sE=(descent path) ¥so] WA Hrt.
el FERAZ|E2FEAXHSTAR)O] EEE(trombone),
ZRIE WA (point merge) 52 7IHE H&3 A%

7h A3= 73 = AAR k= A (track mile)

Brh § @2 AZ(distance to go)E 75l 15}
Al =o] A&ZQ1 TOD AKXl @771 2Ag 7sAo]
3rc}

2.2.2 43t M2

FF7I7F Bote ARt 357 SR 2 5%
ENGINE &5, 121 v & @2 847} s
of & XA et TA ]’4'«] 75t 57 Al
571 o3 sat AAGel B2 JF= vIAA "ok
HEA7 2P 9 AZETEAY] e AR
ZFoMdsat 27 AVl B dFS TIAA " Fig.
4= 2A ZegE Ao 1% ASEARH constraints)©]
Aol Q= A O Aol wEt 2189 AR AR
9] AAE HolFa =tl, ZZF 10 NMI} 20 NM
Hof| IAFto] Q= F2, 21KGH 34KGS] A=t
o AREE HoEGS]. HiEE & S 7AA H
=l v Wk £ AP EMSOl =gk gt
2to|7} Qb= A%, FMS7E AR skt AR AFst

Fuel burn impact due to AT constraints ﬂ

A320-214 - Impact of AT Constral

Fig. 4. The effect of the altitude restriction on
fuel consumption

IMPACT OF THE WIND ON THE DESCENT PATH

The descent path computed by the FMS uses the between the predicted descent wind and the actual

vorecasxea wind entered in the DESCENT WIND page.  wind (Aurd) affects the avcraﬁe behavior. If the speed
n flight, actual conditions may vary from — target is maintained (as in OP DES mode), the

the premexed ones. As a consequence the difference tends to leave the FMS cempmed idle path (flg 11)

:4—- FMS Wind
| I

N 1 Awind!
—

1

1 <
/ ! L @———— FMS Wind
(fig.11) 1 !
Impact ofthe wind on the atcraft path I

Fig. 5. The effect of wind on fuel consumption

_1\!

to] X}o|E HolA| Hr}. Fig. 5= vl £w9} wWigh
& 75lzke] 2lolg Kol 9t A& (headwind)

/g0] vigte] A%, Zsto] Hot ZojAA Eof A
&3} 735171 o]20iA)A| E| 1 iE(tailwind)e] A=
71 BHf7t HoHol.

LFSTLe AUk o7 Fig. 63 22 AL A
10,000 FT oo ZFst 413t
2 7ol ofA 250 KT olstq] &2 Hoke T

7to 2 HZBWAIFY(Terminal Maneuvering Area,
TMA)S] ZFHAR1 A F7tolal W2 o, st
5719 £ A 5oE Y 4HUt 255 A
AE FEA7Z|E2PER R A7 EAP @AFeR
o|Fojx]7] T FZIolh. o] Fxhof| teo] 11kwe}
&= AN 239t ERE, AQIE HA] 59 7]
Hol Fajof| A A%, AFARL ou]ofAe] FMS
£ 0|83t A&7sHEHCDO)O] F+EEY] ofFet o]
T AdHor HAH 27o] 7Fsd Kk



57) 75t 5T FMS 738t JHo] 76ket STARYF IAPS] &3 &84 JFdo] it A+ 85

oint
Point VAPP at the Final
H y H S Descent Point

Fig. 7. Concept profile about aircraft approach

Fig. 73} Zo] |z Fh&o] ool FH2HIAH
(IAP) T 11 RIRE T 9] BiFo] gas=
ik 1,500 FT A™7HAZ o] F7ho] 2559
AF7E 7 v AJol7] = shal TAARekY] S50
7 83k Alfolgtar & 5= qtHol.

2.2.4 %3 HZ vl XNoff Q2! ¥ energy mana—

gement

Aotk F3719 olvA a2 A S &
T oY A, 718 g FA] 59 A8 wet
A=Y LPSFUL Aot v dAERE 5719
=9l HEst Fo 2 Heoty EEA 7| =2EA;
£ Syl 7t gl=s A3 et A 5
ggoto] o wiskel HigAR 58 2Fgitt. g
1 H IHE AA HAFHIEE(vapp)l °1E2A
1 olE §A8] Yot R F3(required thrust)©
2 37 47hA] HAage] F¥(idle powen) & H
o] A&E= Aol 7MY HiEgAstaL ol sk
Zo| AAY 239 Itolzt & 4=

dukd o g HFJHIHANA 5719 Aoke2 7]
Z FA, Ad7]&%(true air speed), 714 24 &
of wet ek g Wkl wet 5719 A%
(ground speed)= IS ¥A =t FE(head-

wind)] A9 2 ALE AP 5 o Be

VEE Aokt 4= QIATE B (tailwind)Q] B¢+ Bt
o] Az E7tsH g8 ZAE ARSlok sk
AL WAkt 279 AN E(true altitude)®
22 S vAA Hed Rt =oHseE 2
TE= ANINERT ol AL S48 04}
7} S7Feick

ANGZEAA} 22 12 A= L 3t F
Ztoll =gu]dY 7k glo] AL s Nde=nt A
A" A= A wetds AA st A4 1
THoh EobA 1k 9 19| A EE 5 9%
= 25 A oA BV 33719 FEF
A|(speedbrake)¥qt ofjzt 254 X|(landing gear)
£ AREste] AokeS STHI7IAY S5 £olof 5t
= A% gt} wEbA AIRBUSIitOlA= o] &
AES A 9] HA oo} 57| Aot o

THH o7 TEolo], E5E YO RRE tff Zho]
A2} 30 NMZ ©f 9,000 FT, 15 NM¥ @ 3,000 FT
ALo] AN LA GHE dAt] §igste A& FH6kaL
ATH71.

N,
0
I
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2.3 =W BEAVI=AEA J A7 IES 2R

rot
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F57] 7ot FMS o] 25tz 23+
SOHA Sk vHARF 7R F3el AXE #2EA
2gapet A7 LER oIt o] Aaso] HA
AgArgo g AAE 4= ok 3719 ek 2%
EE AT I 4 U Aotk 1Ev HW
8 FFEQ BXE 19| EH FMS FH|of 2713t
88291 ok Adflols 84E0] vt EAekaL 9
o] E71gt Z9] AlgtAtgto] gtk 7Hs3t Mol
9] 2Ao] Wagt Aoz mekwct
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2.3.1 AM=HSY
2.3.1.1 BEA7|=AHERHSTAR)

A QA=A BEA|E2EA = Table 4
o} Zo] 11749] dAp7t ot A&et= 7= &5
2 9| Astglo] TE 71F0E Hi=F 60 NM A
Holl 4= entry pointd AAA U FAE £
3ok stz o] AHES 7I1ECR AFITA K (Initial
Approach Fix, IAB7H] B&A7| 22217 A4 =
o] it} o] Entry Point®] ¥A| s7F 1= E= A%
I=7} AokEEe} A AR AR S Btk §
83 Wegty & £ o B4EQ I entry



86 o154, ol@d, M5F, WIS

Vol. 31, No. 1, Mar. 2023

Table 4. RKSI STAR summary

Distance
IAR (From
STAR IAF | Runway altitude entry
point to
IAF)
GUKDO 2C 91.4
15L/R, |3,000 ~
KARBU 2C | BITIM 16L/R | 3.500 81.8
OLMEN 2C 111.5
OLMEN 2H 103.6
—— 15L/R | 3,000 ———
REBIT 2H 82.4
MUNAN
GUKDO 2H - 150.3
UKD 21 g |1600 ~ 1503
KARBU 2H ’ 140.7
GUKDO 2E 82.4
KARBU 2E | ENPIL | 33L/R | 7,000 85.8
OLMEN 2E 81.5
33L/R, |1.600 ~
REBIT 2A | PAMBI ) 67.
34L/R | 3.600 3

pointE W& FL 1802 53} 5|718 @45t =t
o] entry point ©]%2] ZFo] T2 1% Agto] A7
Elo] o] EHagt Bu[PoR ojojx ALK
o] ol¥th= Aolth

A7) €99 %91 FAQ GUKDO, KARBU & OLMEN
2C (Fig. 8 &%), GUKDO, KARBU & OLMEN 2E
(Fig. 9 ¥%), GUKDO, KARBU 2H(Fig. 10 =),
OLMEN, REBIT 2H(Fig. 11 &%) A% 8% &
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Fig. 23. STAR for Runway 25
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