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Analysis of a passenger mass variation influence on the
model of identifying the aircraft takeoff weight and
takeoff balance data

This article provides a new model of the take-off weight and balance of the aircraft determining process,
as well as the weight distribution of passengers’ law. These materials allow a simulation of one of the main
operations in the preparation for departure process.
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Formulation of the problem. Finding of a takeoff weight and a center of gravity
position of the aircraft is one of the most important operations in a preparation for a departure.
Quality of a decision-making about the departure determines the safety of the flight, and can
be estimated by the probability of an error. Analysis of the causes of air accidents for forty-
three years, given in [1] shows that the culprit of disasters in the 50% of cases is the aircraft
crew. Overload of the aircraft occurs in the 0.8 % of such cases. Hence one of the ways to
reduce the probability of a flight accident [2, 3] is to create an automatic decision support
system (ADSS) about the accordance of the weight and balance of the aircraft to their
requirements.

Reviewing the practice of the takeoff weight and center of gravity compliance
verification to the specified norms [4, 5] and learning the theory of the monitoring quality
estimation [6] make it possible to find multiple causes of the errors: errors of the weight and
the center of gravity of the aircraft means of measuring; a simplified approach to the weight
of an onboard equipment estimation; a hypothesis of the constancy of the weight of crew
members, passengers, fuel and oil; a method of calculating the aircraft center of gravity
position (Fig 1.).
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B - a wing sock;

O — a nose of the aircraft;

C - the aircraft center of mass;
X — a center line;

y — a vertical;

x1o — the aircraft balanse data.

Figurel - Associated with the aircraft coordinate systems

To reduce the impact of these causes of errors on the monitoring quality one has to
consider real changes in a weight of the people on board from one person to another, as well
as the method of calculating the aircraft center of gravity position. There are several methods
for determining the origin of the airplane gravity relatively to the middle aerodynamic chord
(MAC) (balance data) (Fig. 1.) One of the most frequently used method for the balance data
determining is based on using a balance schedule [4, 5, 7] (Fig. 2).
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Figure2 — Loadsheet and Balance Chart
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Examination of the figure 1 and the balance schedule (Fig. 2) in accordance with the
results of the monograph [6] shows that for calculating the probability of an error of a valid
decision on the weight and balance of the aircraft specified values it is necessary to determine
the characteristics of the measurement errors of all parameters and the mechanism of their
effect on the result.

The main task of this paper is to develop a block diagram of the process of checking
the weight and the center of gravity position with the help of the load sheet and to evaluate a
person's weight distribution law.

The main material of the article. Studying the technology of the aircraft takeoff
weight and the balance detecting with the help of the loadsheet shows that it is possible to
divide this technology on the number of the technological operations. These operations
include determining the weight and the balance of the equipped aircraft, the use of the
nomograms "Balance of equipped plane", "Trunk", "Passenger seat", "Pilots", "Fuel", "Take-
off and landing weight". Perform each of these steps allows oneself to fill all parts of the
loadsheet and is accompanied by two types of errors. The first type is the measurement errors
of an initial data. The second type is the errors of application points on the scale.

The first process step makes it possible to determine the equipped aircraft weight and
balance with the help of the fomula

PCC17:P0H+(pP0+PCH+(PCl’ (1)

xrco = X7+ Qg A Ty, (2)
where Py"" is a weight of the empty aircraft which is measured and indicated on the form; gpo
is an error of the weight measurement; XT()H is the empty aircraft balance; @xo is an error of the
balance measurement; Pcy is the equipment and materials weight; ¢c; is an error of the
equipment and materials weight measurement; Axcy is the due to the onboard equipment and
materials; @x; is an error of the balance variation Axcy measurement.

The second process step is served for the transition from the numerical values of PCHC
and x7o" to the nomograms. As a result, it appears a point with the coordinates xro® and Pe©
given in a non-orthogonal coordinate system. Putting points x1o" and Pcp© on the scales of
this coordinate system accompanys with a job error of the equipped aircraft weight npc and a
set error of the equipped aircraft balance nxc.

The third step is "Trunk". It is serv for finding the weight of a baggage P}, in the form
of

P, =Py +@,, (3)
where Py is the true weight of a luggage; ¢y is an error of the laggage weight measurement.
Also, this step is used to determine changes in the aircraft balance data by loading cargo in the
trunk. Let us denote the error of applying a value of Py, to the axis of the chart as nj.

The fourth step is called "Passengers". It allows estimate the change in aircraft balance
data because of the passengers on board placement. Initial data for its execution are the
numbers of seats and a passenger weight. The passenger weight P is considered to be
constant in order to simplify the calculations. If we denote the actual weight of the passenger
Pg, then

Pﬁ =P, +9,, 4)

where 1 is a seat number; @y, is a deviation of the actual passenger weight from the weight
adopted for the calculation. Drawing Py on the nomogram accompanies the error ny;.
Depending on the type of an aircraft the load sheet may has N scales to accommodate the
weight of passengers. (N is a number of seats).

By analogy with the fourth step in the fifth step, which is called "Pilots", are searched
the balance data changes caused by the presence of the crew in the cockpit. The balance data
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changing is find by meens of the nomogram as a result of the crew weight depositing on a
scale of "Pilots". The crew weight should be found by the formula

PE:ZPHi+Z(pHi’ (5)
-1 =1

where Py is a crew weight; n is the number of cabin crew members; Pyj; is the weight of a pilot
number i; ¢r; is a deviation of the actual pilot weight from the weight adopted for the
calculation.

The sixth step serves to assess the impact of a mass consumption on the aircraft
balance data. To do it, you must find the weight of fuel Pt and cause the obtained value on the
proper scale of the loadsheet. Pt search is performed on the base of the following equation

P =Pry +9r, (6)
where Pry is the true weight of fuel on the board; ¢r¢ is an error of the fuel weight
measurement. The process of applying the value of Pt on a scale accompanies an error nry.

The seventh step called "Take-off weight" makes it possible to evaluate take-off
weight of the aircraft PbC and take-off balance data XbC. Estimation of the weihgt PbC occurs
taking into account equations (1) (3) - (5) and (6) as the sum

N
Pf =P, +P,+Y P, +P, +P,. (7)
i=1

Obtained from the equation (7) value P with the aggregate result of the sixth step
allows us to estimate the center of mass position in a tolerance zone and to make the decigion
about a quality of the aircraft balance. Obviously, the presence of the measurement errors @
and the inaccuracies of the scale deposition on the nomogram points n. lead to the errors in
determining the weight Pg© and the balance xg° of the aircraft. In this regard, when deciding
on correct loading pilot can make mistakes wicth can be the first or the second kind [6]. The
monograph [6] shows that the probability of these errors can be found as a posteriori
probability of making the wrong decision.

Let’s use a simulation method for determining the posterior probabilities. The
necessary conditions for the use of this method are the existence of a model of the take-off
weight and balance of the aircraft search process and the availability of an information about
the laws of the errors distribution. Let's imagine the model of the take-off weight and balance
evaluation process in the form of the block diagram to fulfill this condition. Denoting the
processing operations described above in the form of rectangles and considering the equations
(1) - (7) make it possible to represent the block diagram as shown in Fig. 3.

5y

Adrcraft list

Figure3 — The block diagram of the load sheet
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Determination of the distribution law of the weight and balance estimating errors can
be achieved, if we know the laws of the each process step error distribution. Central place in
the above mentioned technology takes the weight of a passenger or a crew member
measurement error Q.

Obviously, the weight of the passenger as an element of a people majority is a random
value. Let’s use the experimental data about the weight of the 250 men which varied in the
range from 43 kg to 125 kg and the set of procedures forth in the books [9 -11] to assess the
weight distribution law.

In accordance with the procedure provided in the books [9, 10] expectation<P>, mode
My, median M., range Rp, standard deviation op, coefficient of weight variation v were
calculated. Values of these numerical characteristics of the sample weights of people are
presented in tabular 1. A weight distribution histogram is shown in the Fig. 4.

Table 1 — Values of the numerical characteristics

Name <P>, kg My kg M., kg Rp, kg op, kg v, %

Value 63.3 60 63.8 30.9 5.95 9.4
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Figure 4 — The weight distribution diagram

Since the values of <P>, My, M. differ little, a scatter in the data is small relative to
the average, and also considering a view of the histogram on the Fig. 4, according to the
results from [9, 10] can be accepted the hypothesis of the normal distribution.

For the final decision on the weight distribution law we use the Kolomogorov-
Smirnov criterion D [11]. Since the calculated value of this criterion D, calculated on a
sample with a volume of 250 units, is equal to

D(250;0A10) =0.072 (8)

and it is less than the critical value [11] 0.077 than it is possible to accept the hypothesis of
the normal passengers weight distribution.

Conclusions. Results of the study permit us to fomulate the following conclusions:

- the presence of the measurement errors and the graphic constructions inaccuracies
leads to the appearance of the first and the second kind errors in deciding the aircraft balance
data;

- calculation of the aposteriori probability of making the correct decision about the
weight and balance accordance to the norms can be carried out by using a simulation model
presented in the article;

- to simulate the process of determining the takeoff weight and balance of the
aircraft based on the loadsheet method it is necessary to evaluate the distribution law of the
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graphic constructions inaccuracies and to consider the mass of fuel changing while its
temperature is being drop.
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Kiposozpadcvra nbomna axademia HayioHanvbHo20 agiayiliHo2o yHigepcumemy

Tersana llImeneBa
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Mapis MipouiHiueHKo

Kiposoepaocekuil nayionanshutl mexniunui yHisepcumem

AHaJni3 BIVIMBY MaCH NAacaKupa Ha MoJeb iqeHTH(ikaii 3JiTHOI Baru Ta HeHTPiBKH JiTaka

3MEHIINTH BIUTUB MOXMOOK OIIIHIOBAHHS BarW Ta LEHTPIBKH JiTaka METOMIB 3aBaHTaKyBaJLHOTO
rpadika Ha pe3yabTaT HPUHHSITTS PIICHHS PO BUJIIT.

Y crarri 3AiCHEHO BU3HAYEHHS 3MICTY TEXHOJIOTIYHHMX  ONepaiiii [pu BHUKOPUCTaHHI
3aBaHTaXyBaJlbHOTO rpadika Jjitaka Ui BU3HAYCHHS WOrO 3J1iTHOI Bard Ta ueHTpiBkU. Ha wiif ocHoOBI
po3po0bJieHa iMiTalniiiHa MOJIeIb TEXHOJIOTTYHOTO MIPOLIECY SKa J03BOJIMTh BU3HAUUTH AllOCTEPiOpHI HMOBIPHOCTI
NpUHHATTA XUOHOTO pimeHHs. [loBeneHo, 0 3aKOH PO3IOALTY Mac JIIOAWHU HAOJIMKAETHCS 10 HOPMAJIBHOTO Ta
BU3HAYCHI HOT0 mapamMeTpH.

B crarTi mokaszaHo, 110 MOsSBa MOMIJIOK MEPIIOro Ta APYroro pPoay MPU MPUUAHATTI PINICHHS PO
MO>KIMBICTh BIJIBOTY MOB’s3aHa MEPII 33 BCE 3 HETOYHOCTSAMU BUMIPY MEPBHHHHX MMApaMeTpiB Ta MOXUOKaMH y
rpagiyHuX MoOy0Bax.
3aBaHTAXXKyBaJIbHMii rpadik, 3MiTHHI, IEHTPOBKA, JiTaK, MOJIETb
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