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Abstract - This paper is focused on vibrations of a small 

aircraft with piston engine in operation. The aircraft Cessna 

172R is chosen for measurement and analysis of vibration. The 

paper describes sources of vibration, such as landing gear 

vibrations, powerplant and propeller vibration, which make a 

significant contribution to vibration of the whole system, 

aerodynamic vibration etc. Considering importance of 

vibration on an aircraft in operation, equipment for measuring 

vibration is assembled. Equipment, e.g., the measuring set 

consists of one Arduino UNO board, a tilt sensor SW-420 and a 

ADXL345 accelerometer. The measuring set is mounted on the 

aircraft, and data is collected during flight. The collected data 

is analyzed and shown in charts. 
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I. INTRODUCTION 

During operations, piston engine aircraft are exposed to 

vibrations from various sources. Flying takes place in 

atmospheric conditions, which involve variable 

meteorological elements such as temperature, winds, 

precipitation, etc. Also, all aircraft are equipped with 

vibration-generating systems, which together can impair 

both comfort and flight safety. 

Vibrations are an indispensable consequence of 

operation, on small piston-engine aircraft. Vibrations are not 

usually measured. Therefore, this paper focuses on in-flight 

vibration measurement and analysis on a Cessna 172R 

aircraft (hereinafter called C172R). This is accomplished 

through the installation of a vibration measurement kit. The 

paper presents and analyzes the measured data. 

The first part of the paper describes a C172R on which 

vibration measurements were performed. The sources of 

vibration on the aircraft are described. A measuring set is 

described, it is assembled and fitted to the aircraft for 

vibration measurement purposes. Data measured during 

aircraft flight are shown in charts. The analysis of the data 

given in the charts makes it possible to identify the modes of 

operation of the aircraft with respect to vibrations. At the end 

of the paper, conclusions are made. 

II. AIRCRAFT CHARACTERISTICS AND 

SOURCES OF VIBRATIONS  

Vibration measurements were performed on the C172 R 

aircraft, callsign 9A-DAD, owned by the Faculty of 

Transport and Traffic Sciences, University of Zagreb (Figure 

1). The aircraft is intended for flight training of the Faculty 

of Transport and Traffic Sciences students, at the 

undergraduate study of Aeronautics, civil pilot program. 

 

Figure 1: Training aircraft Cessna 172R 

(  Faculty of Transport and Traffic Sciences, University of Zagreb)  

 

The C172R is a single-engine piston light aircraft, four-

seater, metal structure, high-wing, with a conventional tail, 

and a tricycle fixed landing gear [1]. The propulsion system 

of C172R is a piston engine manufactured by Lycoming, 

model number IO-360. The engine has four-cylinders, in a 

boxer arrangement, right rotation with a capacity of 5899 

cm2 (360 inch3) and 134 kW (160 HP) output power at 2400 

RPM [2]. The technical and operational characteristics of the 

C172R are listed in Table 1. 

 
TABLE 1. Technical and operational characteristics of C-172R [2] 

Specifications Values 

Lenght: 8.28 m (27 ft 2 in) 

Wingspan: 11.00 m (36 ft 1 in) 

Height: 2.71 m (8 ft 11 in) 

Aeroprofil: NACA 2412 

Wing Area: 16.17 sq m (174 sq ft) 

Aspect Ratio: 7.32  
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Maximum Takeoff Mass: 1111 kg (2450 lb) 

Usable Fuel Volume: 212 l (56 US gal) 

Engine: Lycoming IO-360-L2A 

Power Output 134 kW (160 HP) 

Propeller: McCauley, 2 blade metal, 

fixed pitch 

Cruise Speed (IAS): 226 km/h (122 kt)  

Maximum limit speed: 

(IAS) 

302 km/h (160 kt) 

Service ceiling: 4114,8 m (13500 ft) 

Maximum Occupants: 4 (1 pilot and 3 passengers) 

 

Piston engine aircraft are exposed to landing gear 

vibrations, propulsion system vibrations and aerodynamic 

vibrations. 

Landing gear vibrations occur due to aircraft movement 

on uneven ground, that is, on asphalt or grassy runways. 

Specific vibrations occur on the nose wheel for aircraft with 

a tricycle landing gear layout. For vibration damping, the 

nose wheel is made of two cylinders that are filled with 

compressed air or nitrogen and hydraulic fluid [3]. The 

shock absorber has an elastic, damping and dissipation 

component that protects the aircraft from landing impact. 

Vibrations occur around the vertical axis of the wheel in the 

form of a rotary displacement that results in the wheel having 

a sinusoidal trajectory, and thus, significant stresses that 

generate material fatigue over time. The problem is solved 

by installing a viscous torsion piston that dampens the 

rotational motions around the vertical axis, which is the case 

in the C172R [3]. 

The C172R propulsion system consists of a piston 

engine and a propeller. The vibrations of the propeller blades 

are caused by torsion impulses. The source of this impulses 

is engine crankshaft, which is most often directly connected 

to the propeller, so the same impulses occur on the propeller 

[3]. The piston engine contains movable parts which 

oscillate periodically and have corresponding accelerations 

in either straight or rotational motion. The vibration of the 

engine is transmitted through the engine mount to the aircraft 

structure, i.e. to the cabin of the aircraft. In order to minimize 

vibrations, damping elements are installed on the engine 

mount [3].  

The aircraft moves through the air which is not perfectly 

still, nor are the movements of the aircraft produced by the 

pilot through the control surfaces uniform, so oscillations 

can be expected on the wing. At specific flow rates, which 

are relatively high, flutter can occur. The source of energy 

for these vibrations on the wing is an air current that, relative 

to the position of the wing, i.e. the angle between the free air 

flow and the chord line of the airfoil, creates a certain force 

on the airfoil, i.e. on the wing. For a given angle of attack, 

the wing produces a certain lift force, and with it, a certain 

intensity of momentum, that twists the wing. Under the 

influence of free air flow, there is a possibility of vibrations 

which can be dangerous to the wing structure [3]. 

III. MEASUREMENT SET FOR THE COLLECTION 

OF VIBRATION DATA DURING FLIGHT 

Measurement set for the collection of vibration data 

during an aircraft flight, consists of the Arduino UNO 

platform and the associated sensor platform. The most 

important function of a measuring set is to transfer data from 

a sensor to the computer, in order to display data in tables or 

charts. Another function of the system is to signal the 

presence of vibration via light emitting diode, using the SW-

420 sensor. 

The following sections describe the parts of the 

measuring set and how to mount it on an aircraft. 

A. Grove SW-420 

The SW-420 is a multifunctional vibration sensor 

manufactured by Grove, also called a tilt or displacement 

sensor. This platform is very simplified in terms of vibration 

interpretation. Simplification is achieved in such a way that 

no specific vibration parameter such as amplitude, frequency 

or period is obtained during measurement. Only information 

is provided on whether or not vibration is present. [4].  

The platform is used to mount to the vibration source 

together with the Arduino UNO platform with a tighter 

connection that will not dampen the vibration. Also, the 

mounting position of the measuring set on the aircraft is of 

great importance. The orientation of the sensor placement is 

not very important for measurement since the sensor 

measures vibrations omnidirectionally [4]. Furthermore, 

during the measurement, the system recognizes vibrations in 

such a way that the mass under the influence of inertial 

forces is removed from its initial position and breaks the 

circuit.  Such information is interpreted as vibration and the 

system indicates that vibration is present. Vibration is 

presented in µs, which represents time of the mass 

displacement. System is programmed that it can register 

vibration period from 10 µs up to 3 minutes. Sensitivity 

threshold can be adjusted. This can be achieved by adjusting 

the potentiometer, which, due to the adjustment, will filter 

only vibrations of higher or lower interval between periods. 

[4]. The coupling of the peripheral platform SW-420 

together with the associated LED to indicate the presence of 

vibration is shown in Figure 2. 



 

Figure 2. Connecting the Arduino UNO Platform to the SW-420 and 

ADXL345 Peripheral Platforms, [5] 

The appearance of the total measuring set with built-in 

and coupled sensors and light emitting diode inside the 

housing is visible in Figure 3. 

 

Figure 3. Measuring set 

When vibration or displacement affects the system, the 

time of the impact of the inertial force on the mass is 

measured. The measured time is displayed in microseconds 

at the user-visible interface. To make the system's vibration 

easier to monitor graphically, numerical values are added to 

the time intervals and accurate recording times.  

B. ADXL345 accelerometer 

Accelerometers are used to measure the acceleration of 

individual systems. The application of these systems is 

broad: measuring angular acceleration and therefore 

position, applications in navigation with inertial navigation 

systems, and vibration measurement. In addition to the 

simplest mechanical accelerometers, Micro Electro 

Mechanical System (MEMS) are used on the peripheral 

platform of the ADXL345 measuring instrument [6]. 

The MEMS has an electromechanical principle of 

operation. The mass is placed between two metal plates 

which together with the mass make up two empty spaces 

between the mass and the plates. The system is housed in a 

vacuum that protects the system from variable atmospheric 

parameters for accurate measurement. As the mass moves, 

the gaps between the metal plates and the mass change in 

proportion to the acceleration. Ideally, this system is 

designed as two capacitors, which in this case represent the 

spaces between the mass and the plates, so the capacitor 

capacity also changes in proportion to the acceleration 

influenced by the system. The difference in capacities is 

proportional to the acceleration and so it is interpreted [7]. 

The possibility of connecting the ADXL345 peripheral 

platform to the Arduino UNO is visible in Figure 2. 

The ADXL345 measures acceleration in three axes, so 

the installation of the system on the a/c must be designed to 

assume the vibration axis in which the vibration will be most 

intense. Its measurement resolution is 3.9 mg/LSB. [8].  

The intensity of the vibrations that are assumed to be 

highest is expected in the transverse axis of the a/c due to 

vibrations resulting from the operation of the engine. 

Acceleration measured by the instrument will show an 

acceleration expressed in terms of standard gravity – g (9.81 

ms-2). Accordingly, the instrument should be positioned 

perpendicular to all three axes of the a/c. In this case, 

measurements without vibrations will show that in the 

vertical axis Z a reading of 1 is obtained, while the remaining 

two axes will give a reading of 0. 

C. Mounting of measuring set on C-172R aircraft 

The measuring set is designed to allow measurements to 

be made to confirm the vibrations and to make the data for 

further analysis. The sensors and Arduino UNO platform are 

built into a rigid plastic housing that allows vibration to be 

transmitted to the peripheral platforms where the sensors are 

located. The system has one displacement sensor and one 

accelerometer, so vibrations are measured for the entire a/c. 

The measuring set is mounted inside the cockpit to avoid the 

influence of atmospheric conditions (low temperature, high 

relative humidity, precipitation, etc.) that could affect the 

accuracy of the measurement. The chosen location for 

mounting the measuring set is the rear seat support structure. 

The structure consists of square-shaped metal elements 

directly connected to the supporting beams of the a/c 

structure.  The location was chosen because it is directly 

connected by rigid connections to the fuselage structure, 

which ensures the vibration transmission of all elements of 

the a/c. 

The orientation of the axis and the appearance of the 

installation of the measuring set can be seen in Figure 4. 



 

Figure 4. Installation and orientation of measurement set on a/c 

The measuring set is attached to the structure with a self-

adhesive tape, which enables easy installation without 

additional refinements of the a/c structure. The housing, and 

therefore the sensors inside, are positioned vertically on all 

three axes of the aircraft. The X axis represents the 

longitudinal axis of the a/c, the Y axis represents the 

transverse axis of the a/c, while the Z axis represents the 

vertical axis of the a/c. Before installation on the a/c, the 

entire measuring set is calibrated. 

IV PRESENTATION AND ANALYSIS OF DATA 

OBTAINED BY IN-FLIGHT MEASUREMENT 

Vibration measurement is performed during IFR flight 

(Instrument Flight Rules-IFR) on an aircraft C-172R, 

registration 9A-DAD. Flight is conducted on 30th August 

2019. Flight operation begun at Lučko airfield (LDZL) and 

was continued toward IFR waypoint KOTOR with intention 

of flying approach at Zagreb Airport – Franjo Tuđman 

(LDZA). During the entire flight, three approaches were 

made to runway 05, followed by a return and landing at 

Lučko Airport. The route is recorded by the GPS receiver 

and the part of the route that is relevant for the analysis of 

the set with the vertical profile is plotted in figure 5. The 

numbers on the figure 5. indicate the characteristic points 

associated with certain flight phases. The track of the flight 

and vertical profile in Figure 5. are extracted from the 

MapSource 2007 application used by Garmin's GPS76 GPS 

receiver. 

Numbers in figure 5. indicate following:  

1. Engine start, start of measurement in phase of 

taxiing 

2. Start of measurement in phase of climb 

3. Start of measurement in phase of cruise 

4. Start of measurement in phase of descent 

5. Start of measurement for landing. 

Figure 5. Track and vertical profile with significant points 

The data collected from the measurements is presented 

graphically. Each chart shows a specific accelerometer axis, 

or oscillation time collected from sensors. Data collected 

from ADLX 345 accelerometer is expressed in g 

acceleration [m/s²]. Data collected from tilt sensor SW-420 

is expressed in microseconds [µs] which present 

displacement of mass inside sensor. Each flight phase is 

associated with the description and the graphical 

representation. Also each phase of flight are associated with 

a number, which in Figure 5. shows the point on the route to 

which the graph relates. 

A. Engine Start  

The engine start involves cranking the DC starter after 

which engine continues with self-sustainable operation. 

Chart 1. shows the operation of the engine at the parking 

position on the apron at 1000 RPM. Higher intensity 

oscillations are seen when operating the DC starter and 

generally starting the engine, followed by the engine 

operation at 1000 RPM with smaller oscillations. 

 
Chart 1. Data collected from SW-420 sensor during engine start 

 

B. Taxiing 

Taxiing is the phase of flight when the aircraft begins to 

move on the maneuvering area by force of its engine. 

Taxiing involves moving from a parking position, testing the 

braking systems, taxiing to the runway holding point. 

Taxiing in this case involves maneuvers on paved taxiways 

and taxiways with natural surface which is in this case grass. 

The difference of the data shown in terms of unevenness of 

Z 

X 



maneuvering surface is also evident in chart 2. Taxiing was 

performed at a speed of 10 km/h at 1200 RPM. Chart 2. 

shows the data collected through the Z axis of ADXL345 

sensor. 

 

 
Chart 2. Data collected from ADXL345 sensor for Z axis during taxiing 

C. Climb 

The climb phase follows the take-off and contains 

several types of climb. For measuring purposes, the best rate 

of climb is considered, which in this case is performed on 

acceleration altitude, or 91 m (300 ft) above ground level 

(AGL). Data shown is measured during the climb from 213 

m (700 ft) AMSL (above mean sea level) to 457 m (1500 ft) 

AMSL. Best rate of climb implies that the power setting is 

set to maximum power and the aircraft speed is 75 knots (𝑉𝑦). 

In addition to the phase of flight, which has a significant 

contribution to the oscillation of the complete system, it is 

worth noting that the meteorological situation also has a 

significant contribution, especially when there are relatively 

high vertical airflows (convection) as it was during the flight 

on which the measurement was performed. In contrast to 

taxiing, there is decreased acceleration in oscillation 

measurements, especially due to rotation and initial climb, 

which implies that the aircraft no longer moves on uneven 

ground. Chart 3. shows the data collected through the X axis 

of ADXL345 sensor. 

Chart 3. Data collected from ADXL345 sensor for X axis during climb 

D. Cruise 

The cruise phase occurs after the aircraft stops climb, or 

reaches the desired altitude of flight level. In general, cruise 

is characterized by a change in aircraft attitude (decrease in 

pitch) and a reduction in power relative to climb power. For 

the specific measurement case, cruising was performed at 

915 m (3000 ft), maximum power is reduced to 61% which 

implies (at the time of atmospheric conditions) engine 

operates at 2100 RPM and cruising speed is 185 km/h (100 

kt IAS). Cruise measurements show that the vibrations have 

lower intensity, primarily due to the engine's reduced power 

comparing to climb power. Chart 4. shows the data collected 

using the X axis of ADXL345 sensor. 

Chart 4. Data collected from ADXL345 sensor for X axis during cruise 

E. Descent 

The descent follows the cruise phase and its purpose is 

to reach the altitudes which are prescribed for specified 

approach. Such change in aircraft operation is characterized 

by a reduction in power, decrease in cruise speed, and 

change in aircraft attitude. Also the flaps are extended in 

order to reduce speed and obtain the desired approach and 

landing performance of an aircraft. In the particular case of 

measurement, the descent began at a height of 915 m (3000 

ft). The descent was initiated for ILS approach which was 

followed by touch and go. The descent was continued with 

airspeed of 185 km/h (100 kt IAS) and vertical speed of 531 

ft/min while engine was set to 1650 RPM. The measurement 

data shown in the graphs shows that oscillations have lower 

intensity in the descent than the cruise which is primarily 

caused due to a change in power setting to lower power. 

Chart 5. shows the data collected through the X-axis of 

ADXL345 sensor. 

Chart 5. Data collected from ADXL345 sensor for X axis during descent 

 

 



F. Landing 

Landing is the phase of flight that follows at the end of 

the final approach and involves the aircraft touching-down 

at the runway surface and slowing down on the ground. In 

this specific case, the speed was reduced to 120 km/h (65 kt) 

at an altitude of 473 m (1550 ft AMSL) at outer marker-OM. 

The flaps had been gradually extended to 20°. Just before 

touch-down, the power setting was reduced to idle and the 

pitch is increased which is also called flare. Chart 6. shows 

landing data, where is visible distinctive moment of touch-

down followed by an acceleration, as it was planned to 

perform a touch and go. Chart 6. shows the data collected 

through the SW-420 sensor. 

Chart 6. Data collected from SW-420 sensor during landing 

V. CONCLUSION 

Vibrations are a significant factor in the operation and 

maintenance of all aircraft. If vibrations act on certain 

elements of the structure in an unforeseen way, they 

significantly shorten the time that the structural elements can 

spend in operation before failure. Vibration monitoring on 

light aircraft is not regulated, although vibration is present. 

In-service vibration measurement allows vibrations to be 

monitored and thus to determine the state and remaining life 

of the aircraft system. Therefore, for the purpose of research, 

a measuring set was designed to measure vibrations based on 

the Arduino UNO platform with associated sensors. The 

measuring set was mounted on a small piston engine aircraft 

(C172R) and data from the measuring set were collected on 

a training flight. Data are graphically presented and analyzed 

by characteristic phases based on the analysis.  

 

 

 

 

 

It is concluded that the installation of this simple 

measurement set provides basic information on aircraft 

vibrations, which can be subsequently analyzed, due to the 

fatigue of the aircraft structure. Furthermore, it is possible to 

observe the impact of vibration on the crew, that is, students 

and instructors, who are exposed to the vibration during the 

flight. It possible to parallelise the system, thus measuring 

vibrations at multiple positions within the aircraft. Also, the 

same measurement device can be utilised to monitor 

vibrations in real time, where the occurrence of amplified 

vibrations on aircraft would indicate that there is a potential 

failure and warn pilot. 

Based on the research presented, it is concluded that 

vibrations are a significant factor in the operation and 

maintenance of aircraft. In this paper it is explained the type 

of equipment needed to measure vibrations on small aircraft. 

According to the collected data measured during aircraft 

operation, vibration analysis can be used to explain the 

influence of vibrations on the flight crew members as well 

as on the aircraft  condition with respect to the number of 

cycles and flight hours that aircraft and crew are exposed to. 

. 
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