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[Abstract]

Take-off weight is a key factor for improving accuracy when estimating an aircraft's carbon emissions and fuel consumption.
However, the takeoff weight contains sensitive payload information that can infer the airline's management strategy, making it
impossible to leak it outside. Although several models for estimating takeoff weight have been presented in previous studies, the
researcher points out that there are limitations of the study caused by variables at the pilot’s discretion. In this paper, several variables
related to takeoff weight are identified to suggest a way to control these limits. Among them, variables that can improve the accuracy of
takeoff weight are selected and an estimation equation is presented by applying them to ADS-B information. The proposed estimation
does not estimate the average takeoff weight but has the advantage of being able to estimate all ranges of the takeoff weight.
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F 1. 26K, Dry unwayol| 4] 2] o] F& = oA
Table 1. Sample of takeoff speed for 26K on dry runway

Weight FLAPS 1 FLAPS 5
(1000 kg) % VR V2 % VR V2
90 169 | 171 175 | 161 163 | 168
85 163 | 166 | 171 157 | 159 | 164
80 158 | 160 | 167 | 152 | 154 | 160
75 153 | 155 | 162 | 147 | 148 | 156
70 147 | 149 | 158 | 141 143 | 152
65 141 143 | 153 | 135 | 137 | 147
60 135 | 136 | 148 | 129 | 131 143
55 128 | 129 | 143 | 123 | 124 | 137
50 121 122 | 137 | 116 | 117 | 132
45 113 | 114 | 131 109 | 110 | 126
40 105 | 106 | 125 | 101 102 | 120

&”71 qu';o]\:} —r HWHE o]
FEE(V), Vi, Va speed)i= F87] 77, Flap 427, <120 Al
FHA el 24§ 25, ks, SFE FAE, T,
Stopway, clearway, Vuccoll ©J3l X 45]#13] V2 speed™ Vi
speed®} Vi speedell H]al A sfjof shi= wW4=2] 7j4=7} 47
mtol Tt o] 27HA] A ?i:rLoﬂ"it V, speed”} o] F%
& FAel F-gteto] Wz Aeskglv

olt
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3} QI HojFEAIgke] AL 8 A 84Q1 FEewEok of
2 31 % (Pressure altitude)”} 31
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runway2} Wet runway tableS | 3-5}=H| V, speedi= Vi, Vr
speed2}= TF2 A Dry2} Wet runway table®] x}o]7} lo] ¥ o1
Toll A= Dry runway table S 4851t 1 5 3 13 o] <l
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Ol

Boeing manual<

F 2.V, speed 27 oJJA]
Table 2. Sample of V, speed adjustment

V2 (Dry, 26K)
Temp (°C) Pressure altitude (1,000 ft)

-2 0 2 4 6 8 10
70 -3 -3
60 -2 -3 -3 -4
50 2 | 2| 3| 3| -4| 5| -6
40 -1 -1 2 | 2| -3 | -4 | -5
30 0 0 1| 2| 2| 3| -4
20 0 0 1| 1| 2| 8] -3
-60 0 0 4| 1| 2] 2] -3
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7 1. V, speed <} A THE WS
Fig. 1. Table of V, speed and associated factors

-
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X1 X2 X3 x4 X5 X
Wt{100 kg) Temp('C) | P_AM(100 ft) Flaps Deration V2(kts)
1 800 4] 0 1 22 165
2 200 0 0 1 24 166
3 800 4] 0 1 26 167
4 200 0 0 5 22 159
5 200 4] 0 5 24 159
] 800 0 0 5 26 160
7 200 4] 20 1 22 165
8 800 [ 20 1 24 166
643 600 10 40 ! 1 22 146
644 600 10 40 1 24 146
645 600 10 40 1 26 147
646 600 10 40 5 22 140
647 600 10 40 5 24 141
648 600 10 40 5 26 142
1345 400 40 20 ! 1 22 120
1346 400 40 a0 1 24 120
1347 400 40 80 1 26 121
1348 400 40 80 5 22 115
1349 400 40 80 5 24 115
1350 400 40 30 5 26 116

X 4+ 166 2] A4 13 glo]E S & & 30 min Y& H]
&) 1B BTV, speed®} 0| FF S UERLE AlEH v 3
A E Z3) AT old v ] o4 v PAIHS: Fetsta
X 4= EgH EX}Q vV, speed?— ok 5 kts o]AP ijr/}é].oﬂl:]_tﬂ %=
EAP} Flap 18 AHE-Th= 218 48 4 9L

¥ 3. V, speed$} Flap A7 2] Arkal A £4
Table 3. Correlation analysis of V, speed and Flap setting

Flap setting V2 Speed (kts)
Flap Setting 1
V2 Speed (kts) -.094 1

V2 Speed by Flap 1 and Flap 5

y=60.627In[x) - 240.14 ’
R*=0995 il

ois

y=58.472In(x) - 232.03
R?=0.9948

SFLeFS

0

300 400 500 600 0

Takeoff weight (100 kg)

80 200

% 2. Flap 13} Flap 52] V, speed 21|
Fig. 2. V, Speed difference between Flap 1 and Flap 5
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¥ 4.9 YF71H Flap 5 BV, speed$} ol F7F
Table 4. Flap 5 average V; speed and takeoff weight by
flight time segment

Flight Time |Flap 5, Average V. speed| Average Takeoff Wt
~1:00 min 142. 2 kis 60,176 kg
1:00~1:30 142.3 kts 61,489 kg
1:30~2:00 143.0 kts 63,038 kg
2:00~2:30 143.8 kts 64,700 kg
2:30~3:00 146.4 kts 67,200 kg
3:00~3:30 148.3 kts 68,800 kg
3:30~4:00 149.0 kts 68,700 kg
4:00~4:30 150.9 kts 71,140 kg
4:30~5:00 152.2 kts 72,320 kg
5:00~5:30 1583.6 kts 74,300 kg
5:30~6:00 156.4 kts 76,771 kg
6:00 ~ 156.0 kts 77,000 kg

# 5.V, speed®} o] FT o] AFuA 4

Table 5. Correlation analysis of V, speed and takeoff

weight
Wt (100 kg) V> Speed (kts)
Wt (100 kg) 1
V> Speed (kts) 712 1
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V, speed A ¢l| 7] o|FFFo] 71 FgHo L
AL Felatar I ke 07122 olFFHo| TUIEE V,
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4 HZ e E o] glo] oF el A AAIS Flap A
FAS T o|F5HY AF HuFHgASG AFS =
A2 g3l of gt

=l

4-3 V, Speed?} 0|5 Z|CHF2{x||5H(Takeoff thrust
deration)2| AlzizH| EM

ol 55 F4S flalX= V, speed?t AHE W T2 &)
Ul Al F8S geteli= Ao] a8tk 2FA ks 337
FAE a3ty Xl F898 AAsh g Azl S

o] o] F3hrt. o]l st WS Azl FE ol Folg) sttt
[5]. S17] F& 7}4 0] F ol = ATM(assumed temperature method)
A A FHA G 7 7HA] o] o 27k WY 5 1
7AW Rks A8l % shar 27H] WH S S Al 483t
7| % gk
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V2 speed by engine thrust deration (Flaps 1)
170

8

160 e

150 e Y¥(22K F1) = 60.675In(x) - 241.22
) L R®=0,3961
Ep; 140 ¥(24K F1) = 60.603In(x) - 240.1
& F R*=0.9982
4
S :

o = ¥(26K F1) = 60.603In[x) - 239.1

8 R*=0.9982

120

® 26KF1 ® 24KF1 22KF1

300 400 500 600 700 E0O 500
Takeoff Weight (100 kg)

J8 3. AR z[chFA|Stof| w2 V, Speed H=t2 (Flap 1)
Fig. 3. V. speed with engine thrust deration (Flap 1)

V2 speed by engine thrust deration (Flaps 5)

170

160 2

" ¥(22K F5) = 58.872In(x) - 235.4
R*=0.995

V2 spi

(24K F5) = 58.389In(x) - 231.54
R?=0.9989

Y(26K F5) = 58.155In{x) - 229.16

120 [t
f R*=0.9988

® 26KF5 ® 24KF5 ® 22KF5

110
300 400 500 600 700 800 900

Takeoff Weight (100 kg)
J8 4. AR z[chF=HH|So| 2 V, speed #1312 (Flap 5)
Fig. 4. V. speed with engine thrust deration (Flap 5)

Boeing manual &] &-%7] A5 Tableoll A= V, speed 27l
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¥ 6. Vaospeed$} o1 5= H S
Table 6. Range of V, speed and takeoff weight

Takeoff Flap 1 Flap 5
Wit V> speed V> speed
Max Takeoff Weight flight| 79,000 kg 164 kts 158 kits
ICN-GMP Ferry flight 44,000 kg 126 kts 122 kts
Difference (4) 35,000 kg 38 kts 36 kts

3 7. V,speed} N1 H oS A gk -]
Table 7. Correlation analysis of V, speed and engine
thrust deration

Engine Deration Vo Speed (kts)

Engine Deration 1

V2 Speed (kts) .020 1
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Table 8. Correlation analysis of V, speed and outside

temperature
Temp (°C) V> speed (kts)
Temp (°C) 1
V2 speed (kts) -.180 1

¥ 9. V,speed} & 1 =0] A
Table 9. Correlation analysis of V. speed and presssure
altitude

P.Alt (100 ft)
P.Alt (100 ft) 1

V, speed (kts)

Vo speed (kts) -.031 1
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