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Abstract 
Blades are important parts of aero-engine, and may cause serious safety accidents. Presently passive method is 
used to monitor blades of non-ferromagnetic engine, but it is ineffective in engine with ferromagnetic casing. In 
this paper, a method of dynamic monitoring of the blades in the inner shell of ferromagnetic engine is presented, 
and the number, rotating speed and damage state of blades in ferromagnetic engine are monitored by eddy current 
testing method. Two magnetic poles are set on the surface of ferromagnetic casing, and the eddy current testing 
probe is fixed between the poles. Blades rotate though the eddy current field near the surface of the surface, and 
eddy current signal is induced in the probe and is transferred to the eddy current instrument. The rotor speed can 
be calculated by the number of eddy current signals per minute. By measuring the amplitude of eddy current 
detecting signal, the clearance between the blade and the inner surface of the shell can be calculated. The defect 
of tip surface can be determined by different signal amplitude. It can be determined that the blades bend or break 
when the eddy signal is not evenly spaced. 
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1.  Introduction 
Structure of aviation engine is complex and precision. A large number of parts work under 
harsh conditions such as high temperature, high pressure and high speed of work load. Whether 
the engine working condition can meet the high-performance requirements directly affects the 
safety and reliability of the aircraft. As one of the important parts of engine, the blades face 
many challenges in the design of pneumatic, heat transfer, structural strength, vibration and 
fatigue. Once the blades system fails, the accident is catastrophic. Engine blade damage is 
engine is one of the most common injury. blade deformation, hole, crack defects such as injury, 
and damage of the rapid development of these small defects are easy to cause damage to the 
engine structure, then to serious safety accidents.  
It is important to diagnose the early failure and potential failure of aero-engine blades through 
various state monitoring methods. Therefore, an urgent need to overhaul of dynamic monitoring 
means, fully considering the influence of the aerodynamic, heat transfer, structure, function, 
prevent major malignant accidents, to meet the requirements for aero engine greatly improve 
performance. 

2.  Dynamic monitoring technology of aircraft engine blades 
2.1  principle of on-line monitoring of blade vibration 

The vane of aero-engine fan blade is large, the stress level is high, the working conditions are 
bad, and the aerodynamic force caused by the centrifugal force and air shock caused by the 
high-speed rotation is easy to cause the blade to vibrate. More than 60% of the engine failure 
is caused by vibration, in which the blade vibration failure accounted for more than 70% of the 
total vibration failure. Blade vibration, especially resonance, will produce greater vibration 
stress, which can cause blade fatigue failure. Therefore, the analysis of vibration characteristics 
is the key to study the vibration and fatigue problems of engine blades. 
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Current engine fault monitoring of rotor is based on the vibration signal measurement in the 
running parts, or using artificial excitation vibration signal measurement. The collected signal 
is then analyzed and processed, and its characteristic parameters are compared with the standard 
parameters obtained by statistical, pre-measurement or calculated  and the fault of the parts is 
judged according to the parameter relation. 
Srinivasan summed up the blade vibration problems which seriously affected the development 
of gas turbine according to years of research achievements and work experience [1].Poursaeidi 
analyzed the effect of natural frequency on the failure of the R1 blade of the compressor, 
considering the centrifugal load and aerodynamic load, but the aerodynamic load was simplified 
[2].The vibration and stress caused by centrifugal and aerodynamic loads are analyzed and 
studied by means of finite element analysis and test measurement by XU et al. [3]. 
In the health monitoring of aero engine, the vibration of the running time end shall be measured, 
and the amplitude measurement results shall be used to evaluate whether the engine can run in 
the long run. In order to ensure that the engine with serious problems in the vibration mode of 
the end of the static test, the device of on-line monitoring vibration should be installed in order 
to ensure that the accident caused by the vibration of the end is not in operation. The on-line 
monitoring can monitor the amplitude of vibration in the middle part of the operation in real 
time and determine whether it needs to be stopped for maintenance according to its changing 
conditions, which can play a role in early warning of accidents. 

2.2  principle of blade electromagnetic on-line monitoring 

With the rapid development of aircraft, the demand for aero-engine performance is getting 
higher and higher. On the one hand, the weight ratio of the engine is up to 20, the fuel 
consumption rate is reduced by 50%, and the pre-turbine temperature is close to 1800. On the 
other hand, the engine speeds is up to tens of thousands of revolutions. As rotational speed and 
single-stage load increasing, the blades heat stress level is higher, and vane gas flares coupling 
effect is more significant. The vibration and fatigue damage problem often causes blade fracture, 
tenon and other major malignant accidents. 
At present, for the ferromagnetic casing blade monitoring in the body, the passive monitoring 
method is used. The magnet is fixed with passive induction coil on the ferromagnetic casing 
surface in vitro. The magnetic field near the blade by the magnet produce magnetic disturbance. 
The passive induction coil fixed on the ferromagnetic motor shell outer surface is in change 
magnetic field. And eddy current is induced. The parameters of the induced current, is used to 
indirectly judge the state of the blade. But for the engine of the ferromagnetic shell, due to the 
effect of magnetic shielding of the ferromagnetic shell, the above method is invalid. So far, 
ferromagnetic engine blade monitoring problem has not been solved effectively. 
In this paper, ferromagnetic casing body blade dynamic monitoring method is proposed using 
eddy current testing method, combining with u-shaped magnets. In ferromagnetic casing, eddy 
current field is generated near the body surface. When the blade tip across eddy field, 
electromagnetic induction signal will be monitored such as leaf number, speed, damage status. 
It can solve problem of ferromagnetic casing blade safety monitoring. 

3 composition of the leaf dynamic monitoring system 
The dynamic monitoring system of vane is composed of the following parts: vibration signal 
sensing part, eddy current signal sensing part, data acquisition system and signal analysis 
system. The vibration signal sensing part mainly includes the acceleration sensor and the signal 
conditioning (including the charge amplifier), which is used to measure the response signal of 
the measuring point and the signal of the switching charge is the voltage signal. The eddy 
current signal sensor mainly includes permanent magnet and eddy current probe, which can 
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form the vortex field near the surface of the engine shell and generate the corresponding eddy 
current test signal through the blade induction. 
The above two kinds of signals are transmitted to the data acquisition system, the system 
amplifies the signal received, and sends the processed signal to the signal analysis system. 
Signal analysis system is used for signal conversion, data storage and computer communication, 
and the measured signals are compared with the data of the database to determine whether the 
blade is normal or not. 

3.1 vibration on-line monitoring sensor 

A complete flight cycle of an aero engine consists of six typical operating conditions: maximum, 
maximum continuous, 90% maximum continuous, 70% maximum continuous, flying slow and 
ground slow. Regardless of the working conditions, the blades are generally subjected to the 
following three types of payloads: the centrifugal loads generated during their operation; 
aerodynamic loads under steady and unsteady flow; the excitation of mechanical structure and 
the stimulation of external suction. 
If the external force and mechanical vibration are weakened, the blade is stable, or the vibration 
will occur, and the resulting vibration stress can cause fatigue of the blade. During the operation 
of the aircraft engine, different types of sensors are distributed on the engine fuselage and its 
surrounding parts. The acquisition sensor gets the data of the engine working under different 
working conditions for analysis and processing. The vibration sensor is configured with 12 
blades and 6 free ends. At each end, a pair of radial and tangential mounting sensors are 
distributed at the end separated by 120 degree. The piezoelectric sensor cable is placed in the 
protected position inside the engine to avoid damage. 

3.2 blade electromagnetic detection sensor 

The eddy current testing method of electromagnetic detection can effectively monitor the 
parameters of the number of leaves, rotating speed and damage state of ferromagnetism. As 
shown in figure 1, two poles of a U-type permanent magnet or electromagnet against fixed in 
ferromagnetic casing surface in vitro. The eddy current testing probe is fixed in the U-shaped 
magnet between the two poles of ferromagnetic casing surface in vitro. Eddy current testing 
probe is close to casing surface in vitro. Eddy current testing probe is connected to eddy current 
signal processing unit. 

 
1: u-shaped magnet; 2: eddy current probe; 3. Eddy current signal processing; 

4: inductive electromagnetic field; 5. Engine housing; 6: engine blades 
FIG. 1 schematic diagram of blade electromagnetism detection 
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Eddy current signal processing unit excites eddy current testing probe. As a result of u-shaped 
magnet, ferromagnetic motor shell is magnetized between the two poles of u-shaped magnet. 
Therefore eddy current field penetrate through ferromagnetic motor shell. 
When the engine starts and blades rotates, each blade tip will disturb current field. The sensor 
generates corresponding eddy current testing signal, and send them to the eddy current signal 
processing unit. 

3.3 data acquisition and signal analysis system 

Data acquisition and signal analysis system includes A/D conversion, data storage, such as 
computer communication module and a computer, including the required signal conditioning 
dynamic signal testing, DC voltage amplifier, mixed filter, A/D converter, buffer memory and 
all hardware sampling control and computer communication, based on computer and intelligent 
dynamic signal test and analysis system. This system adopts the DSP and FPGA control, on the 
one hand, can make use of DSP computation speed and support the advantage of the complex 
algorithm, and on the other hand can through the FPGA implementation address decoding and 
logic control, with high integration, high reliability and high scalability, etc. The overall design 
scheme is shown in figure 2. 
DSP in the system is responsible for communication and signal processing with alarm system, 
data acquisition system and other control systems. It can connect to ordinary computer 
communication via the network port, and it is responsible for processing or displaying the 
system input data or setting system operation parameters. 

 
FIG. 2 system diagram  

The acquisition system is composed of sensors and FPGA. The sensors transmit the electrical 
signals to a digital signal processing system based on FPGA and preprocess the signal. The 
DSP processor is then sent to a higher level of processing. The alarm system is an independent 
system which produces different outputs according to the input signal. Other control systems 
are connected to the system through RS 485 serial bus, receiving or issuing the necessary 
control information. The system can work in two modes: debugging demonstration mode and 
online operation mode. The debug demo mode connects the common computer through the 
network port, displaying the raw data signal and the processed statistics. However, the online 
operation mode only runs independently of the system, and the data is saved, analyzed and 
judged, and the data is exported to the alarm system. If necessary, the data can be exported 
through serial port and network module for further analysis and post-processing. The system 
hardware mainly consists of two parts. The first part is the main control board with DSP. That 
part of the hardware circuit is given priority to with the digital circuit, the main implementation 
of the hardware part of the interface, such as network interface, built-in memory interface, the 
standard serial interface, and SDRAM resources, to achieve signal acquisition, processing, and 
communications management. 
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The second part is the signal occurrence of FPGA and the acquisition circuit. Eddy current 
testing, by the FPGA control unit to produce a certain type of communication signals, the AC 
signal with the blade under the action of electromagnetic induction, a certain change, by 
detecting probe for new ac signal, and the signal preprocessing, such as amplification, phase 
rotation, through the signal processing, DSP processing. The hardware circuit of the system is 
shown in figure 3. The vibration signal is transmitted directly from the sensor to the DSP. 

 
Figure 3 hardware frame diagram 

3.4 signal analysis and processing 

(1) The vibration signal processing. In the normal operation of aircraft engine, if after a period 
of stable vibration, amplitude increase suddenly, and then keep at a high level, careful analysis 
should be done to find the reason, and equipment should be repaired to control the vibration 
signal down to expectations. 
(2) Eddy current signal processing. Eddy current testing signal parameters of each blade tip 
disturbance are saved in system. Because spacing between blade tips is the same in good 
situation, amplitude of eddy current testing signal is also the same. 
The system calculates the number of eddy current testing signal produced per minute. And the 
current speed is calculated simultaneously. According to eddy current testing signal amplitude 
parameters, the internal clearance between each blade and casing surface will be indirectly 
measured. 
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The eddy current detecting probe is regularly stimulated by the system, and the eddy current 
signal parameters of each blade tip are collected and stored. When one or more eddy current 
testing signal is different from others in amplitude parameters, it can be indirectly judged as 
surface defect of the blades. When the eddy current detecting signal is not evenly distributed in 
the collected eddy current test signal, the blade in the blade of the starting motive can be 
indirectly judged to be bent or broken. 
As shown in figure 4, the eddy current testing signals A, D, E is normal. The eddy current 
testing signal indicates that the corresponding blade B have abnormal beating or defect. Eddy 
current testing signal indicates that the corresponding C blade had abnormal beating. The data 
analysis system will be used to monitor the parameters of eddy current, the data curve according 
to the monitoring time, and the healthy state of the engine blade according to the monitoring 
data curve. 

 
FIG. 4 eddy current test signal of engine blade 

 

3.5 system anti-interference treatment 

In order to ensure that the card can be used in the harsh electromagnetic environment, EMC 
design are particularly important in PCB design. This system mainly contions military 
components, which can eliminate the unstable factors and guarantee the reliability of the plate 
card. 
The design mainly starts from the following aspects: 
(1) The power and ground. According to the current value, the power grounding line is widen 
as far as possible to reduce line impedance and interference from the power supply. 
(2) Circuit decoupling. In the DC power circuit, the change of load will cause power noise. 
(3) Digital and analog separation. Serious coupling occurs when analog ground and digital 
ground are the same, which results in the system to work unstable. Separation of digital and 
analog ground can restrain the interference effectively. 

3.6 system cloud expansion 

The author put forward nondestructive cloud detection (CNDT) concept for the first time in 
2011 (China national invention patent ZL201110310778.9). CNDT is based on cloud 
computing technology and detection integration technology. It contains a variety of physical 
and chemical detection method. Information sharing and remote control are the trend of the 
development of the nondestructive testing integration technology [4]. 
The non-destructive cloud test integrates the technology of cloud computing and nondestructive 
testing. Internet is used to transmit data collected by the sensor to the cloud for analysis, storage 
and processing. The cloud features include signal ratio, processing, storage, assessment, 
forecast sharing resources, information feedback and so on. Software and hardware resources 
can be shared between users and enjoyment from cloud detection. The dynamic monitoring 
system of aero-engine blade can save the monitoring data to the cloud through the network 
module. It is the whole life management of the monitoring equipment, and control of the 
security state in real time. Using technology of data mining analysis, analysis of data collected, 
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the system can monitor device by regular maintenance to on-demand maintenance, with fault 
early warning and forecast. 

4 conclusion 
In this paper aircraft engine blade dynamic monitoring technology combined with vibration and 
eddy current testing method is proposed. The corresponding dynamic monitoring system is 
designed. The aircraft engine blade running state can be real-time monitored. The system can 
run a long-term effectiveness trend forecast, early warning. The system has the characteristics 
of compact structure, small, and easy installation. The system can be used in the field of engine 
blade protection and other high speed rotating machinery combined with cloud testing 
technology. 
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