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THE EFFECT OF GYROSCOPIC FORCE ON THE LIFE OF THE
UAV’S PROPELLER SHAFT BEARING UNDER INTENSE
ACROBATIC MOVEMENTS

Ua Posrnsnatorees cunu, 10 AiFOTh HA BaJl TBUHTA JIBUTYHa OE3MIJIOTHOTO TMO-
BITPSHOTO CyJHa. 30Kpema, MpoaHajli30BaHO TEPMIH CIYKOM MiJUIUITHUKIB Bally
IBUHTA, 110 MPAIOIOTh MiJ i€ TIPOCKOMIYHUX CHI. BmimuB Hampyru Bif Tipo-
CKOIIYHUX CWJI 1 CUJIM TSTH Ha BaJI TBUHTA OyJIO TTPOAHAI30BaHO METOJOM KiHIIE-
BHX €JIEMEHTIB IIJISTXOM MOJIENIIOBaHHs Baly rBUHTA y 3D 1 cTBOpeHHs MaTeMaTHy-
Hoi mozeni. Ilepenbauaerbes, Mo e OE3MUIOTHE MOBITPSIHE CYAHO JIITA€ 3 IHTEH-
CUBHUMH aKpOOATHYHUMH pyXaMu abo II0 TIOBEPXHS PyJis BUCOTH Ta KepMa € Be-
JIKOIO.

En The forces acting on the propeller shaft of an unmanned aerial vehicle engine
are examined. In particular, the lifespan of propeller shaft bearings operating under
gyroscopic forces has been analyzed. The stress effects of gyroscopic forces and
thrust force on the propeller shaft were analyzed by finite element method by
modeling the propeller shaft in 3D and creating a mathematical model. It is
predicted that this unmanned aerial vehicle flies with intense acrobatic movements
or that the elevator and rudder surface areas are large.
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Introduction

While the acrobatic mobility of unmanned aerial vehicles is increasing, it
also brings with it some problems. In this article, the effect of the forces
occurring on the engine propeller during acrobatic movements on the life of the
propeller shaft bearings is examined. In conventional aircraft, the thrust created
by the propeller affects the shaft and bearing design. However, for an aircraft
performing acrobatic movements, shaft and bearing designs must be made by
taking into account the gyroscopic (Coriolis) force occurring on the propeller,
as well as the thrust force. Even if the shaft design is traditional, the data in this
article will shed light on establishing bearing maintenance intervals for an
aircraft operating under intense gyroscopic forces [1], [2].

In the study, a force package consisting of theoretically created forces
such as gyroscopic forces, Coriolis force, and other inertial forces is radially;
The propeller shaft is modeled so that the thrust force acts axially on the
propeller shaft. In addition, the 3D model and mathematical model of the shaft
were created and the stress state of the shaft was analyzed using the finite
element method. [3], [4], [5].

Theory

A two-bladed propeller was chosen in this study to theoretically calculate
the forces that would affect the operation of the shaft bearings in an aircraft
flying with intense acrobatic movements. Since the resultant force of the
centrifugal force, which is one of the forces acting on an aircraft propeller
without dynamic balance, will be 0 on the shaft, the centrifugal force is ignored
for this study. In other words, centrifugal force will not affect the bearing life

[61, [71. [8]. [9]

Inertial and gyroscopic forces acting on a propeller

The change in the speed vectors adverts to the accelerated motions of the
rotating propeller mass that generate their inertial and gyroscopic forces f;, and
the inertial torque T;, acting around axis oy that is expressed by the
equation (1) [1]. Inertial and gyroscopic forces acting on propeller, torques and
motions of the propeller have shown in the fig. 1.

Tin = finXm = masz' (1)
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Fig. 1. Inertial and gyroscopic forces acting on propeller, torques and
motions of the propeller

Coriolis forces acting on a propeller

The resistance torque generated by the Coriolis force of the blade’s mass

Is expressed by the equation (2). [1] Coriolis forces acting on propeller, torques
and motions of the propeller have shown in the fig. 2.

Tcr - fcr Ym =—Ma,y, . (2)
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Fig. 2. Coriolis forces acting on propeller, torques and motions of the
propeller
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Theoretical bearing life calculation

There are some theories for predicting bearing life calculations. The most
important of these theories is known as the Hertz Contact Stress theory.
However, according to the Weibull Analysis, the prediction of bearing life
calculations can be predicted statistically[10] according to (3), bearing life can
be predicted simply.

Lo is million revolving number of total at 90% fatigue life estimate of the
bearing that calculation as follows:

L, _[&] | 3)

eq
Empirically modified the dynamic load capacity CD for ball bearings as
follows:

—id?Z**cosP
° 1+0,02d

where f. — material-geometry coefficient;
I —number of rows of rolling elements (balls or rollers);
d — ball or roller diameter;
Z — number of rolling elements (balls or rollers) in a row;
B — bearing contact angle.
Equivalent Load as follows:

F’eq = XF +YF, , (5)

where P, the equivalent load,
F, the radial component of the actual load,
F. the axial component of the actual load,
X rotation factor,
Y the thrust factor of the bearing.

Co=f (4)

3D Model and Mathematical Model

The propeller shaft mechanism of an aircraft engine, which is frequently
used in unmanned aerial vehicles, is shown in fig. 3.

A 3D model and mathematical model were created to primarily determine
the stress state of the propeller shaft operating under specified forces. The 3D
model and mathematical model of the shaft are shown in figures 4 and 5.
Statistics of mesh for the mathematical model consists of 281948 nodes and
164328 elements.
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Fig. 3. A frequently used propeller shaft mechanism: 1. Propeller shaft,
2. Oil seal 40x55x7, 3. Ball bearing 35-72-17, 4. Roller bearing,
5. Oil seal 30x52x7, 6. Isolating flange

Fig. 4. 3D model of propeller shaft

Fig. 5. Mathematical model of propeller shaft

21 different situations were simulated by increasing the thrust force as
2050 N axially and the radial forces package by 20 N between 0-200 N and
combining them in both Fy and Fx directions. The gyroscopic force during yaw
movement is defined as Fy, and the gyroscopic force during pitch movement is
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defined as Fz. The resultant force for the largest combination of forces applied
to the shaft is shown in fig. 6.

Fig. 6. Simulation of the forces applied on the shaft

Although bearing life calculation programs give adequate results for
theoretical comparison. Preloading is applied to the deep groove bearings to
hold under control the vibration and noise performance[11], [12], [13], [14]. By
creating a model of the same shaft in the Bearinx Easy Friction bearing life
calculation program offered by the bearing manufacturer FAG, the lifespan of

the 6207 and 6206 bearings on which the shaft rotates was calculated. The
created shaft model is shown in fig. 7.

0l 50.0 100.0 150.0 200.0 250.0 30b.0

Shaft material Steel

Segment Outside diameter Inside diameter Length of segment
mm mm mm

1 40.0 0.0 100.0

2 35.0 0.0 27.0

3 340 0.0 80.0

4 30.0 0.0 25.0

5 28.0 0.0 30.0

Fig. 7. Shaft model created for bearing life calculation purposes
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Results and Discussion

As a result of the stress analysis of the propeller shaft using the finite
element method, it was observed that the stress intensity was 11 MPa at the
bearing point of the 6207 bearing. The reaction force magnitude on the bearing
inner ring was also obtained from this analysis to calculate the bearing life. The
stress concentration in the shaft is shown in fig. 8.

1,2872
1,3634e-7 Min

Fig. 8. Stress intensity

The results of the Bearinx Easy Friction bearing life calculation program,
the predicted operating hours of 6207 and 6206 bearings according to different
force packages are graphed in fig. 9 and fig. 10.
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Fig. 9. Operating time for bearing 6207
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Operating time for bearing 6206, h
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Fig. 10. Operating time for bearing 6206

Conclusion

1. Stress was observed in the bearing stage of the propeller shaft and propeller
bearing of the aircraft flying during intense aerobatic movements. When
designing this shaft, it is beneficial to use methods that reduce the stress
concentration of this area.

2. It has been observed that the life of the bearing close to the propeller will
decrease during aerobatic movements, both yaw and pitch movements. In
aircraft that are heavily exposed to these movements, bearing maintenance
intervals near the propeller should be reduced by approximately 20%.

3. It has been observed that the life of the propeller shaft bearing, which is
exposed to the forces occurring during both yaw and pitch movements at the
same time, decreases dramatically. When designing propeller shafts that will
be heavily exposed to aerobatic movements, it is beneficial to have the
dimensions of the propeller remote bearing as the propeller near bearing. It is
difficult to replace the propeller remote bearing during maintenance.
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