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Verification of Weight Effect Using Actual Flight Data of A350 Model
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ABSTRACT

Aircraft weight is an important factor affecting performance and fuel efficiency. In the
conceptual design stage of the aircraft, the process of balancing cost and weight is performed
using empirical formulas such as fuel consumption cost per weight in estimating element
weight. In addition, when an airline operates an aircraft, it promotes fuel efficiency
improvement, fuel saving and carbon reduction through weight management activities. The
relationship between changes in aircraft weight and changes in fuel consumption is called the
cost of weight, and the cost of weight is used to evaluate the effect of adding or reducing
weight to an aircraft on fuel consumption. In this study, the problems of the existing cost of
weight calculation method are identified, and a new cost of weight calculation method is
introduced to solve the problem. Using Breguet’s Range Formula and actual flight data of the
A350-900 aircraft, two weight costs are calculated based on take-off weight and landing weight.
In conclusion, it was suggested that it is reasonable to use the cost of weight based on the
take-off weight and the landing weight for other purposes. In particular, the cost of weight
based on the landing weight can be used as an empirical formula for estimating element
weight and optimizing cost and weight in the conceptual design stage of similar aircraft.
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Table 1. Model Summary

Modell R R Adjusted | Std. Error of | Durbin—
Square | R Square |the Estimate | Watson
1 835 | 0.697 0.696 270.2267 1.214
Table 2. Analysis of Variance
Sum of Mean )
Model Squares b Square F Sig.

Regression| 4.55E+08 1 |4.55E+08| 6235.58 | .000

Residual | 1.98E+08 | 2717 | 73022

Total | 6.54E+0.8 | 2718

14,500 ¥ =0.0265x+2091,1
R*=0.68

10,500

10,000
300,000 320,000 340,000 360,000 380,000 400,000 420,000 440,000 460,000

Landing Weight(lb)

Fig. 2. fuel flow vs. landing weight
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Table 3. Coefficients

Unstandardized Coefficients Standardized Coefficients . Collinearity Statistics
Moce B Std. Error Beta t o6 Tolerance VIF
(Constant) 2091.05 136.62 15306 | 0.00
X1 0.0265 0.00 0.835 78966 | 0.00 1.00 1.00
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Table 4. Model Summary

Modell R R Adjusted R | Std. Error of | Durbin—
Square| Square |the Estimate | Watson
1 1.958 | 0919 0.919 14.9109 1.424
Table 5. Analysis of Variance
Model SS;S;rg; Df s“fﬁi?e F Sig.
Regression| 6812921 1 |6812921/30642.23| .000
Residual | 604091 | 2717 222
Total 7417012 | 2718
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Table 6. Coefficients

Unstandardized Coefficients Séa”?f?‘rd |zted Collinearity Statistics
Model oeflicients t Sig.
B Std. Error Beta Tolerance VIF
(Constant) 30.09 3.52 8.56 0.00
X1 2121.81 12.12 0.958 175.05 0.00 1.00 1.00
) . T ) L
Flight Time :A.ln(f) +B TripFuel = T —?) (15)
T = takeoff weight ®)

L

I

landing weight
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A},
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Fig. 5. COW per Hour based on landing weight
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5% Table 7. Summary: Cost of Weight

A%

35% COWI(L) COW(T)

z:: Flight Time Cost of Weight Cost of Weight
S | (min.) Weight Factor Weight Factor
& 20% COWIL) o o . N
w 155 cowim (/0) (/0) (/0) (/0)

10% 60 14 14 14 14

5%

o | 120 43 22 4.1 2.1

5% 0 60 120 1B0 240 300 360 420 480 540 600 660 720 780 B40

Flight Time(min) 180 7.3 2.4 6.8 23

: . . 240 104 2.6 94 24

Fig. 6. COW based on takeoff & landing weight
300 13.6 2.7 1.9 24

e 360 168 08 144 24

3.0%

- 420 202 29 16.8 24
5 20% 480 23.6 30 19.1 24
n
g 15% cowiL) 540 27.2 3.0 214 24
z | COW(T)

g 1 / 600 30.8 3.1 236 24

0.5%

o | 660 346 3.1 257 23

.[)._5;{, 0 60 120 180 240 300 360 420 480 540 600 660 720 780 B40 720 384 32 278 23

Flight Time(min)
780 424 33 298 2.3

Fig. 7. COW per Hour based on takeoff & landing
weight
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