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ABSTRACT 

 

Power supply is the most critical unit in an airplane. A defect in a power supply might 

lead to a crash. Therefore, it is very useful and important to monitor the status of the 

airplane’s power supply during flight. This paper presents a real-time evaluation 

system constructed by a central process unit for processing and detecting defects and 

several remote units for acquiring parameters. Because of the huge amount of data 

acquired, a combination of Ethernet and time division multiplexing technique has 

been applied for constructing a 2.5Gbps synchronous data transportation network for 

the system. 
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INTRODUCTION 

 

Today’s airplanes depend more on various electronic equipments, so the working 

status of any onboard equipment had become to a crucial factor during a flight. 

Naturally, the airborne power supplies for these utilization equipments are never more 

important. The solution of how to make sure there is no defects in the airborne power 

supply system during flights must be given before an airplane being delivered to a 

user. 

 

The defects of an airborne power supply system are recognized by the abnormal 

operation limits, including over voltage, under voltage, over frequency, under 

frequency, AC and DC distortions, and etc. Therefore, data sampling of voltage, 

electric current, and AC or DC distortions should be acquired. It is better to use 

distributed data acquiring system to get the data from different locations inside the 

airplane with a fast data transportation network and a high-speed recorder. In addition, 

it is important that the system should be able to process the data acquired within the 
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airplane, because that it is impossible to send the huge amount of data to the ground to 

process.  

 

In this paper, an evaluation system is discussed for detecting defects of an airplane’s 

power supply during flight by equipping a real-time process module in a distributed 

data acquiring system. How to construct the large-scale data acquiring system is given 

in following section, and the real-time processing described next. 

 

 

PARAMETERS ACQUIREMENT 

 

There are three problems need to be solved to constructing a data acquiring system for 

the purpose of defect detecting for an airplane’s power supply. The first one is that 

AC or DC distortions should be separated from the acquired data of voltage. Then 

large amounts of data acquired in every second should be transported and recorded. 

And last, each DAU (Data Acquiring Unit) should sample synchronously under 

system timing. 
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Figure 1. Defect Detecting for Airborne Power Supply 

 

We had designed a system shown as Figure 1. There are eight DC DAUs and AC 

DAUs in the system, each of the DC DAU will acquire one DC power source, 

including its voltage signal and its current signal which is converted to a voltage 

signal as well. And the AC DAU will acquire one AC power source, including its 

voltage signals and current signals (converted to voltage signals). In addition, the AC 

or DC distortions will be filtered out and acquired by each DAU. The DAUs will send 

the data acquired to the recorder through the data gathering modules in the CGU 

(Central data Gathering Unit). The CGU is composed of a power unit, a controller, a 

recorder and several data gathering modules. The CGU will also send the working 
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data processing results and key parameters to onboard monitor(s) though an output 

interface. 

 

A system timing module had been implemented on the controller module in the CGU, 

which could receive IRIG B timing signals from outside time resource. A modified 

version of IEEE 1588 precision clock synchronization protocol 
[1]

 has also been 

applied for time synchronization in the system. 

 

To construct a network for transporting data acquired from DAUs to the system’s 

recorder in the CGU, we used direct Ethernet connection between each of the DAUs 

and CGU 
[2]

. That means each DAU could send data to the CGU without any conflicts 

with other DAUs in an independent 1Gbps Ethernet channel. It is the CGU’s 

responsibility to collect the data from all the DAUs and reframe the data and send 

them to the recorder module and the airborne monitor. Since the amount of data 

acquired in each of the DAUs will not exceed 200Mbps and the transition rate of each 

data bus (data channel on the motherboard) of CGU is designed as 2.5Gbps, we could 

use one data gathering module to receive acquired data from four of the DAUs. That 

means to mount four Ethernet ports in each data gathering module (shown as Figure 

2). In addition, the TDM (Time Division Multiplex) mechanics had been applied to 

the data gathering module to keep the original time-order of data and to 

synchronously transport the data in one of the data bus within the CGU.  
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Figure 2. Data Gathering Module in CGU 

 

There will be a tough thing that there are huge amount of acquired data in a defect 

detective system for airborne power supplies. The data rate may reach as much as 

2~5Gbps, so that there is no COTS recorder to meet such requirement of such a 

recording speed. We have to adapt a parallel recording structure in the recorder of the 

CGU. As shown in Figure 3, the recorder is composed by four record modules, each 

of which will monitor one of four data buses of CGU and record the acquired data 
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transported on the bus. It is a totally parallel process, and each of the four modules 

will work independently during the whole data acquiring. Furthermore, a group of 

recorder modules could be mounted in the CGU for a faster recording speed and more 

storage volume. 
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Figure 3. Parallel Recording of the Recorder 

 

Finally, an evaluation system for airborne power supplies should be able to work 

normally when its power supply is in some abnormal status. 

 

In this paper, how to download the acquired data from above recorder with parallel 

recording structure is not discussed.  

 

 

REALTIME PROCESS 

 

It is not practical either to transport all the data acquired to the monitor or to send 

them to ground by a radio for analysis. Instead, many works should be done before or 

right after data acquired. 

 

To detect defects in airborne power supplies, the AC or DC distortions is needed to 

determine if there is any abnormal transient state. However, the AC or DC distortions 

signals are much weaker than the voltage signals and they would be lost if we directly 

use an AD (Analog to Digital sampler) to sample the voltage signals. So instead of 

calculating the AC or DC distortions after sampling the voltage signals, they must be 

extracted from the original incoming voltage signals. A high pass filter should be used 

to get the DC distortions when sampling the DC voltage signals. It will be a little 

more complicate when separating the AC distortions before sampling the original AC 

voltage signals. We had used a couple of filters to have it done. 

 

In addition, it is also an important part of work to find if there is any abnormal current, 

overvoltage or undervoltage for detecting defects. A mathematical model based on 
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finite element approximation has been applied to estimate if the voltage or frequency 

domain is out of the permitted range.  

 

 

CONCLUSION 

 

The amount of data acquired for testing or defect-detecting for airborne power 

systems is huge, and the data rate may reach as much as 2~5Gbps. It is a great 

challenge to construct a data transportation network and recording device for this 

purpose. The system presented above successfully solved these problems by utilizing 

direct Ethernet connection plus TDM mechanics and parallel recording. As mentioned 

before, the system could handle the acquired parameters at a data rate up to 8Gbps. 

 

In addition to be a distributed data acquiring system, the defects detecting system for 

airborne power supplies should be like a real time process system as well. 
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