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Abstract—Analysis of aircraft ground loading process is given. The need to measure the weight of the
loaded characteristics of the aircraft is shown. Brief overview of chassis construction and characteristics of
its deformation of the support piece is shown. It is proposed to combined construction device for measuring
deformations of the support piece with capacitive transducers. Conditions for implementation of moni-
toring system for ground aircraft download are considered.

Index Terms—Weight measurements; chassis design; load monitoring systems.

I. INTRODUCTION AND PROBLEM STATEMENT

When loading the aircraft proper stowage and
securing reliable it is essential for safety. Placement
of cargo on the plane should not shift the position of
its center of mass (alignment) of range. Placement of
cargo from the boundary alignment value degrades
the stability and controllability of the aircraft, doing
weight off and landing, increases the load on the
pilot, to a certain extent affect the fuel consumption.
Analysis of the causes and circumstances of many
emergency situations shows that the availability of
the actual alignment of the front outside of the per-
missible value increases the rate of descent. One
reason for this uncertainty is ground loading.

Calculation of alignment and load the plane car-
ries traffic service organization. The main document
for calculating alignment, when loading the aircraft —
“Manual centering download” (MCD). Formulas and
download charts in this document are shown. At
airports, where this service is not available, the center
of gravity position calculation holds crew and the
work load of the ship and cargo consolidation -
Loader airport under the supervision of one of the
crew members. Work on verification of serviceabil-
ity and preparing to use the on-board handling
equipment, its maintenance and repairs carried out by
employees of aero technical base (ATB). Ground
measurement of factual weight characteristics and to
determine the alignment of the loaded airplane is
unfortunately absent. Necessary to develop and im-
plement on-board systems of technical means for
monitoring the weighting characteristics of the air-
craft after it is downloaded.

With a view to finding ways of solutions this
problem the methods and technical means to deter-

mine the total weight of the aircraft and its alignment
are considered.

Review and analysis of existing technical means
for weighing shows, that weighing of aircraft is per-
formed by ground aircraft scale with electronic dis-
play, such as the BAT-23. Aerial scale divided on
platform and rack (mounted on racks). Determination
of weight characteristics is performed for an empty or
fueled the aircraft after its manufacture or repair at
the factory and is recorded in the aircraft logbook.

II. DEVELOPMENT OF THE ONBOARD SYSTEM

Aircraft scales are intended for determination
mass aircraft and location the alignment of airplanes
and helicopters. Strain gauges of aircraft scales pro-
vide electrical signal in the form of a voltage pro-
portional to the measured weight of the aircraft, after
it signals introduced to a computer, where they are
processing.

The data allow us to calculate the position of the
center of gravity of the aircraft. The result can be
reflected on a computer monitor. In particular, con-
structed and operated weighbridge for AN-2 aircraft,
the An-24, -26, -30, -32, Mi-2 and Ka-26, and rack
the weight for the An-12, An-24, An -26, Yak-40,
IL-76. For SOEs "Antonov" designed rack scales for
super heavy aircraft carrying up to 300 tons.

All considered devices are ground and placed in
the factory hangars. For control weighting charac-
teristics of the aircraft after calculated load after the
voyage it is necessary to develop measuring defor-
mation based on the definition of basic parts of the
chassis. Consider the typical constructions of the
typical chassis of the aircraft.

As seen in Fig. 1. all designs have a cylindrical
part (1),which determine the deformation of the
chassis load [1].
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Fig. 1. The constructions of chassis: (a) front landing gear;
(b) chassis side: / is the cylindrical part chassis

Consider the deformation of the cylindrical parts
(Fig. 2). When the load force F" decreases its length /,
the diameter increases. The maximum increase is in
his mid-parts x. g relative to the longitudinal and
transverse deformation g, carrying information about
the load size F'[3].

¢F

F
Ag,
v
* q’ii-I

e i i i E

Fig. 2. The deformation of the cylindrical part

To solve the problem is proposed use capacitive
transducers. The construction of longitudinal defor-
mation sensor with a capacitive transducer (Fig. 3) is
considered. In the upper fixed core delighted with the
electrodes of the capacitive transducer. In the lower
fixed fastened grounded rod. His move changes the
balance of electromagnetic fields two capacitors
included in the scheme of transformer bridge [2].
Unbalance signal carries information about the
amount of deformation rack.

To convert strain into an electrical signal often
used gage sensors. But on the chassis of the aircraft
often affect shock loads. This occurs when boarding

the aircraft, especially during rough landing, the
rolling-out an emergency landing at the limit band-
width, if the path to ground aircraft traffic accident
foreign objects.
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Fig. 3. Construction of the sensor longitudinal deformation

of the cylindrical chassis parts: / is the cylindrical part of

the chassis; 2 is the upper fastener; 3 is the bottom fastener;
4 is the capacitive transducer

In this same cylinder on the opposite side of the
transverse strain sensor is placed. Its design (Fig. 4)
consists of 3 elastic metal rings pressed against the
surface of the cylinder and fastened together. The end
of the lower elastic element attached to the rod, the
other end is attached to the lower delighted.

Fig. 4. The design of the sensor transverse deformation
of the cylindrical chassis parts: / is the upper annular
elastic element; 2 is the lower annular elastic element;

3 is the rolling grounded electrode capacitive transducer;
4 is the piece placed on high potential electrode capacitive
transducer; 5, 6 is the high potential electrode capacitive
transducer
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The final surface of the upper elastic element,
when no load, is on the base line parallel to the axis of
the cylinder. When loading gear cylinder diameter
increases and the final surface elastic element de-
viates from the baseline. Distance deviation is about
the size of the rack chassis deformation, and it is
about load. To measure the variation applied capaci-
tive transducer. At the upper end of the rod that is
fixed on the lower part attached fastener at the upper
end of which is placed capacitive transducer design.
It consists of two high potential electrodes placed on
the bottom plate and the low potential electrode
placed on the plate with high potential electrodes.

Rolling grounded electrode capacitive transducer
is placed between them. In the absence of abnormal-
ities transformer bridge circuit is connected to this
differential capacitor balanced. The load causes de-
formation rack chassis and unbalance the bridge.

The design has the following features. If some
load increase the radius of the cylinder in the control
reaches 1 micron (10° m), rejecting one elastic ele-
ment from baseline to 6.28 um, and 3 elements —
27.84 um. That is, this design has a sensitivity of
about 30 times higher.

As discussed above in determining the weight of
the aircraft and its alignment on aviation scales ob-
tained information is transmitted and processed by
computer. The calculated data can be displayed on
the monitor. This equipment and the structure of the
system can be used in the developed onboard moni-
toring system ground aircraft loading. The necessary
electrical signals from strain gauges rack chassis and
front right and left landing gear converted to discrete
form and send in an onboard computer. The program
of processing and imaging data is introduced by crew
members.

Also consider the impact of weather conditions:
wind, rain, snow. To avoid these effects is proposed

to use a mobile hangar as a collapsible structure,
covered with a tarpaulin. Upon entry into the hangar
front and rear curtain is lowered. This hangar is most
expedient to place the edge of the taxiway, where and
load the aircraft before takeoff. If this is a passenger
aircraft, the exercise load control and possibly correct
the alignment.

A load control system onboard the aircraft will
significantly improve safety. Measuring strain
landing gear will allow the state to exercise control
design of the chassis and prevent the possibility of
damage [4]. Capacitive transducers have high sensi-
tivity and allow measurements of sufficiently small
displacement.

The implementation of monitoring system for
ground aircraft download is advisable.

III. CONCLUSION

Based on the existing technical means to control
weight characteristics of the aircraft, methods and
technical means are considered for determination of
the total weight of the aircraft and its alignment. A
combined structure of meter design strains with ca-
pacitive transducers is proposed.
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