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ON THE ANALYSIS OF MACHINE DEGRADATION USING A NEURAL
NETWORK BASED PATTERN DISCRIMINATION MODEL
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ABSTRACT

Machines degrade as a result of aging and wear, which decreases performance
reliability and increases the potential for faults and failures. The impact of machine
faults and failures on factory productivity is an important concern for manufacturing
industries. Economic impacts relating to machine availability and reliability, as well as
corrective (reactive) maintenance costs, have prompted facilities and factories to improve
their maintenance techniques and operations to monitor machine degradation and detect
faults. This paper presents an innovative methodology that can change maintenance
practice from that of reacting to breakdowns, to one of preventing breakdowns, thereby
reducing maintenance costs and improving productivity.

To analyze the machine behavior quantitatively, a pattern discrimination model
(PDM) based on a cerebellar model articulation controller (CMAQC) neural network was
developed. A PUMA 560 robot was used to study the feasibility of the developed
technique. Experimental results have shown that the developed technique can analyze
machine degradation quantitatively. This methodology could help operators set up
machines for a given criterion, determine whether the machine is running correctly, and
predict problems before they occur. As a result, maintenance hours could be used more
effectively and productively.

* On leave from The George Washington University and currently with the National
Science Foundation.



INTRODUCTION

Equipment reliability and maintenance drastically affect the three key elements of
competitiveness -- quality, cost, and product lead time. Well-maintained machines hold
tolerances better, help reduce scrap and rework, and raise consistency and quality of the
part. They increase uptime and yields of good parts, thereby cutting total production
costs, and also can shorten lead times by reducing downtime and the need for retooling
[1]. The recent rush to embrace computer-integrated manufacturing (CIM) has further
increased the use of relatively unknown and untested technology. Today, many factories
are still performing maintenance on equipment in a reactive, or breakdown, mode. This
is due to traditional process monitoring systems can only detect machine or process
faults when they occur. Reactive maintenance is expensive because of extensive
unplanned downtime and damage to machinery [2-7]. In high-performance systems one
often cannot tolerate significant degradation in performance during normal system
operation. This had led many U.S. manufacturers to look to suppliers for smarter
equipment that will ease the need for strong technical support for equipment. To avoid
machine downtime, some companies have used preventive and predictive maintenance
approaches either by using historical maintenance data or by sensing machine condition.
However, there are no maintenance data available for many newly developed machines
or advanced manufacturing systems. Adding sensors to monitor machine condition will
also increase machine complexity and will require more highly trained personnel.
Therefore, some manufacturers design a fault detection system that takes system
redundancy into account, for example, a system containing several back-up subsystems
[8-15].

Currently, no proven technique has been employed to monitor the degradation of a
machine and its process in order to adaptively prevent faults or failure [1-15]. The
authors believe that the development of methodology in monitoring machine degradation
is a proactive approach for machine maintenance. The goal of this research was to
develop an innovative, proactive, maintenance implementation technique -- an integrated
learning, monitoring, and recognition methodology that can be used to analyze and
monitor machine behavior quantitatively and provide an early warning of possible faults.
By doing this, maintenance personnel can perform early diagnostics and part replacement
during the regular daily maintenance hours. Therefore, the mean-time-between-failure
can be extended to an unlimited length. Figure 1 shows the concept of the proposed
proactive maintenance implementation technique. Figure 2 shows the system concept of
the proposed methodology, an integrated learning, monitoring, and recognition technique,
for a proactive maintenance system. The cerebellar model articulation controller
(CMAC) is used to adaptively learn machine behavior and a pattern discrimination model
(PDM) based on the CMAC is used to monitor, recognize, and quantify behavioral
changes. The PDM serves as a watchdog to monitor the behavior of the machine by
using a confidence value that represents the conditional probability of degradation. The
fault then can be detected by comparing the confidence value of the PDM output with a
threshold confidence value.
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PROACTIVE MAINTENANCE TECHNIQUE

MONITOR THE DEGRADATION OF MACHINE AND
SCHEDULE MAINTENANCE WORK DURING THE DAILY
REGULAR MAINTENANCE HOURS
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PREVIOUS WORK

Automated fault detection and a diagnostic systems based on neural networks have
been implemented for jet and rocket engines by Dietz, Kiech, and Ali [20]. In this
approach, fault diagnosis is performed by mapping or associating patterns of input data
to patterns representing fault conditions. Greenwood and Stevenson from Netrologic,
Inc. [21] have estimated tool wear using neural networks. Uhrig and Guo [22] have used
the back-propagation neural network to identify transient operating conditions in nuclear
power plants. Franklin, Sutton, and Anderson [11] from GTE have used the ADALINE
and the NADALINE, a one-layer neural network, to monitor fluorescent bulb
manufacturing. Ford Motors has developed automotive control system diagnostics using
neural networks for rapid pattern classification; of large data sets [10]. The data for
training the systems were obtained by introducing twenty-six different faults into the
power plants (shorted plug, open plug, plugged injector, broken manifold pressure
sensors, etc.) and observing the engine operation at a fast idle. A backpropagation
classification algorithm was used for fault recognition. However, real-time fault
detection and diagnostics have not been implemented due to the limitation of the real-time
data acquisition and learning. Netrologic Inc. has also developed a neural network-based
fault detection and diagnostics tool for space systems in NASA. A feedforward neural
networks was used to recognize the signature of a valve in the ATLAS rocket (which
contains some of 150 valves of various types) [9]. The data were collected in the form
of electric current transient signatures from ATLAS rocket valves installed on a
pneumatic test bench. The data were then used to train and test two neural networks:
one was trained to distinguish among signatures for three separate types of valves during
a valve-open state change (rising current), and the other was trained to distinguish among
signatures for the same types of valves during a valve-closed state change (falling
current). The use of neural network in monitoring machine degradation was first
proposed by Lee and Kramer [30]. A CMAC neural network based reasoning tool was
developed to analyze the consistence of the machine behavior based on the locations of

. weights in a lookup table. The degree of degradation was represented by a confidence
value.

METHODOLOGY

The authors propose to use the CMAC as a real-time data acquisition and learning
tool for the behavior of the actuators and sensors when a system is in operation. The
unique part of this approach is the use of CMAC to learn the good or normal patterns
under different working conditions rather than to learn the bad or wrong patterns. In
many cases, it is very difficult to create the bad and wrong conditions for a machine
during training.

The Marr-Albus cerebellum model [23-26] was originally a model of the cerebellum,
the part of brain that coordinates fine motor movements. Analytical processing within
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