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methods such as neural networks, fuzzy logic and mathematical 
modelling based on parametric approaches. All of these methods 
can provide important tools in the field of intelligent systems, 
which can learn, adapt, and make decisions concerning the 
system they are in charge of [20]. 

Artificial neural networks (ANNs) have been used with 
different HMS techniques, such as vibration and acoustic 
monitoring. An ANN requires input data of the healthy and faulty 
conditions to be pre-processed, and then these features are used 
to model the system's behaviour. Fenton et al [19] mentioned 
that there are two main basic network architectures: feed-forward 
and recurrent ANNs. Feed-forward ANNs do not have feedback 
between layers, and previous inputs are not remembered, whereas 
recurrent ANNs involve feedback between layers and previous 
inputs are remembered and can be used to reconstruct correlative 
memory. Fuzzy logic was developed to characterize nonlinear 
behaviour to cover approximate knowledge in describing the 
behaviour of systems, which are difficult to describe 
mathematically [20]. 

Parametric methods based on mathematical modelling are 
used to fit measured time series waveform data to a parametric 
time series model, and then extract features based on this model 
[8]. Two models are currently in use: the auto regressive (AR) 
and auto-regressive moving average (ARMA) models. The 
advantage of mathematical modelling based on parametric 
methods over the neural networks model-based method is its 
ability to deal with time series data directly without the need for a 
signal pre-processing step to extract useful features that can be 
modelled to represent the system [8]. However, they can only be 
used to model a time series signal such as a vibration signal, and 
cannot be applied to combined information from several 
techniques (vibration, AE and ODA) such as in the case of fuzzy 
logic. Onsy et al. [21] successfully utilised auto-regressive (AR) 
algorithms to monitor the progression of surface fatigue failure in 
a single stage gearbox. 

This paper builds on previous research achievements [21], 
utilising the advantage of mathematical modelling based on 
parametric methods over other methods to build an online model 

Table 1. Basic Gear geometry 

Specifications 
Gear No.: 

Pinion/Wheel: 

Module (mm) 
Number of teeth 

Face Width (mm) 

P/W 
9.5 

21/40 

25 

. Invertei 
2. Electric motor

J. Fixable coupling

2 

for multi-stage automotive mechanical transm1ss10ns under 
healthy and faulty conditions. The work in this paper is based on 
the development of an online wireless vibration analysis tool for 
testing automotive mechanical transmissions resulting in 
reduction in the cost of the other sensory requirements used in 
[21]. The online operation of this system could lead to the 
widespread use of such systems with other rotating machinery. 

2. Design and Implementation of a Testing System for
Automotive Mechanical Transmissions

An automotive mechanical transmissions test rig is currently 
being developed for this on-going research. The rig comprises a 
130mm centre distance gearbox. The gearbox is used in a rear­
wheel drive vehicle, and the gearbox contains three shafts with 
five forward gear-shifts (all synchromesh) and one reverse. Table 
1 provides the basic geometry specifications for the gears. The 
system is driven by an AC electric motor with maximum speed 
of 1765 rpm and output power of 10 Hp. The AC motor is 
controlled by an inverter 1'}odel 'Delta VFD-E' to provide its 
variable speed operation. T!e load is applied via a mechanical 
brake drum equipped with tension mechanism. 

The rig can generate a load torque on the test gearbox in the 
range of 0-200Nm using the inechanical drum brake. The torque 
is measured using calibrated 120ohm strain gauges (model KFG-
2-120-D31-11) installed on the shaft at 45° and the measured
torque values are transmitted to the control program using the
SG-LINK telemetry system in order to provide torque control of
the loading mechanism on the mechanical transmissions.

Gearbox oil and bearing temperatures were measured using 
three RTD temperature sensors (1 Omv/C). The input shaft speed 
was measured using an inductive speed sensor (model LM8-
3002NA), and the motor current was also monitored as a 
precaution. The NI USB-6221 DAQ (16 bits - 250 kS/s) was used 
to acquire the sensor signals, and the test rig operating conditions 
were monitored and flexibly changed according to the required 
test conditions using NI LabVIEW's virtual instrument scalable 
architecture features. The test rig is shown in Figure 1. 
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Figure 1. Test Rig Layout 
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