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Figure 7: The Lockheed Martin F-35A CTOL variant'* and its power plant Pratt & Whitney F135-PW-100

afterburning turbofan engine.'

Supposing that the Hellenic Air Force considers the procurement of a new fighter aircraft, a rough O&S cost
estimate of the alternatives, including the JSF, will be required. According to the parametric model, the F-35A
empty weight (= 29,098 1b) and the F135-PW-100 specific fuel consumption (= 1.95 1b/Ibf'h) must feed the right

hand side of the model, in order to get an estimate for the cost per flight hour:
Log(CPFH) = f + 1 Log(29,098)+ > Log(1.95).

The CPFH distribution properties are estimated through two different approaches:

a. Theoretical approach. The mean (1 = 8.9434) and standard deviation (¢ = 0.1066) of the dependent
variable are estimated explicitly, according to the regression analysis theory. Log(CPFH) is assumed to be
normally distributed; therefore, CPFH follows a lognormal distribution with parameters x and 0. Any CPFH

percentile or prediction interval is then estimated according to the identified lognormal distribution.

b. Monte-Carlo simulation. According to the coefficient correlation matrix (Table 4), an algorithm
generates pseudorandom values for 3 student-t distributed variables (with 19 degrees of freedom) that correspond
to the model’s coefficients fo, f1, and f,. These 3 random values feed the right hand side of the above equation to
compute a value for the CPFH. After this process has been repeated a million times, the mean (u« = 8.9435) and

standard deviation (o = 0.1254) of the Log(CPFH) are estimated using Monte-Carlo simulation. Finally, the

14 Image source: https://en.wikipedia.org/wiki/Lockheed Martin_F-35_Lightning_II#/media/File:F-35A_three-view.PNG

15 Image source: http://www.pw.utc.com/Content/F135_Engine/img/b-2-4_f135-ctol-cutaway-high.jpg

11




Presented at the 2016 International Training Symposium: www.iceaaonline.com/bristol2016

CPFH is fitted by a lognormal distribution with parameters u and 0. Any CPFH percentile or prediction interval

may be estimated according to either the fitted lognormal distribution properties, or the simulation output.
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Figure 8: A lognormal distribution with 4 = 8.9434 and ¢ = 0.1066 (blue dashed line) denotes the theoretical
CPFH estimate. A lognormal distribution with x = 8.9435 and ¢ = 0.1254 (red line) fits the simulation-generated
CPFH (histogram).

Property Theoretical Simulation
output output
Log(CPFH) mean 8.9434 8.9435
Log(CPFH) standard deviation 0.1066 0.1254
CPFH mean 7,701 € 7,719 €
CPFH median 7,658 € 7,658 €
CPFH mode 7,571 € 7,539 €
CPFH standard deviation 823 € 973 €
CPFH 80" percentile 8,376 € 8,481 €
CPFH 95% prediction interval 6,214109,436 € | 5,975 t0 9,822 €
Prob(CPFH > 10,000 €) 0.61% 1.83%
Cost risk (80" percentile - mode) 805 € 942 €

Table 6: The parametric model’s predictions on the F-35A cost per flight hour (excluding indirect support cost),

assuming it had been operated by HAF. The theoretical regression model underestimates the uncertainty of the

estimate. '

16 USAF Cost Risk and Uncertainty Analysis Handbook (2007),
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Epilogue

The parametric estimating technique may provide timely cost estimates for “unknown” systems, through the
utilization of cost estimating relationships deriving from historical datasets. The reliability of parametric estimates
depends on many factors which an analyst must be aware of. This case study offers an overview on the
development of a parametric model that estimates the cost per flight hour for “unknown” aircraft. The cost derives
as a function of the aircraft empty weight and the engine’s specific fuel consumption. As an example, the F-35A

cost per flight hour is estimated under the hypothetical scenario that it is operated by the Hellenic Air Force.
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