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Abstract — This paper presents a specific DSP based
acquisition system developed for monitoring the
behavior of low speed hydro-generator sets. The
designed unit can acquire up to 16 channes and is
based on the TMS320C30 DSP. It implements
several digital signal processing algorithms:
decimation, time delay correction to get
simultaneous sampling, spectral estimation, etc. The
acquired time signals, their spectra, and some
relevant parameters useful for monitoring purposes,
are transmitted to a remote host computer by means
of a communications network that follows the RS-
422 standard. A host computer program is used to
store and display the recelved data and also to
perform data trend.

1. Introduction

The rdiability of rotating machines such
as an eectricd hydro-generator is critical to the
overdl reliability and operation of an eectricd
power plant. It is becoming more and more
important to receive ealy warning of any
problem before failure and long outage occurs.
The andyds of vibration dgnds is the mogt
popular monitoring tool for its cgpability to
detect most of the mechanicd related and
hydraulic malfunc-tions [1].

The objective of a monitoring system is
to solve problems such as ingantaneous
protection of the machines prediction of
catastrophic  risks, red time detection of
mechanical falures generating eectricd faults
and early detection of possible failures.
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Monitoring eectrical machines is a complex
task: many different sensors are necessary, each
one having different charac-teristics. Moreover,
electricd machines are quite big, therefore,
sensors could be placed far away from each
other, and even probably in different floors of
the building. Findly, dectricd and magnetic
fidds can be drong, thus imparing the
transmisson of deta to aremote control room.

To avoid some of these drawbacks, in this
paper we propose a hierarchical, distri-buted
system as the one shown in Fig. 1.
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Figure 1. DASPU’ s network.

Actudly, two different kind of sgnds must
be acquired: dtatic sgnds (very low frequency
dgnds, eg., active and reactive power,
temperatures, flow rate, levels, etc); and
dynamic dgnds (shaft's digdlacement a the
guide bearings leve, accderation of the
bearings support, etc.). Usudly, daic and
dynamic sgnds are acquired using two different



units. In this paper, we manly consder the
characterigics of the Data Acquistion and
Sgnd Processng Unit (DASPU), which only
dedls with dynamic Sgnds.

In particular, the proposed DASPU isa
stand-alone unit that acquires and processes 16
channels with a bandwidth of up to 450 Hz. It
dedls with 9gnd conditioning, andog to digital
converson and implements severd digitd signd
processing agorithms. For ingtance, it is able to
dmultaneoudy sample the 16 channds.
Moreover, it performs spectra anaysis via
FFT, detection of frequencies, amplitudes and
phases of harmonics of the fundamental
frequency, asynchronous to synchronous
converson, etc. Severd DASPUs can be

connected to a host computer by means of a

digital interface

In the rest of the paper we describe with
more detall the main hardware and software
characterigtics of the DASPU.

2. Hardwar e description of the DASPU

Each DASPU is composed of two
boards. the Data Acquistion Unit (DAU),
which implements the continuoustime pro-
cessing; and the Signd Processing Unit (SPU),
which caries out the digitl signd processng
dgorithms. They are connected with a high-
speed sexid line (Figure 2).
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Figure 2. Dynamic DASPU: block diagram.

2.1 The Data Acquidtion Unit

The Daa Acquistion Unit (DAU),
depends on the bandwidth of the sgnals that
have to be acquired (up to a maximum of 450
Hz). It implements the sgnd condi-tioning,
antidiasng filtering and andog to digitd
converson. Specificdly, it is compo-sed (see
Fig. 3) of two A/D converters (MAX186),
each one including one Sample and Hold and
one 8-1 multiplexer; and 16 antidiagng filters.

With this inexpensve configuration,
eech par of input channds can be gmulta
neoudy sampled usng a diffeeent A/D
converter: each channd is sampled a 15625
samples/sec. Further on, the SPU will use
digital 9gnd processing agorithms [2] in order
to compensate the time delay among dl the
channds.
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Figure 3. Data Acquisition Unit

The atidiasng filters are 4™-order
Butterworth  continuoustime  active  ones
(MAX274) and are plugged in the DAU board.
The charecterigics of these filters (cut-off
frequency, gain, etc.) can be mat-ched to the
sensor  requirements, improving the overdl
sysem flexibility.

In our desgn two types of dynamic
sgnds were consdered: low frequency sgnas
(displacement sensors with a bandwidth of 140
Hz), and high frequency sgnds (accelerometers



with a bandwidth of 450 Hz). The high
oversampling ratio of the dgnds smplifies the
design and reduces the cost of the antidiasing
filters

2.1 The Signal Processing Unit

The second board of the DASPU, the
Signd Processing Unit (SPU), is based on the
Texas Ingruments TMS320C30 with a 40
MHz clock. It caries out the digitd sgnd
processng agorithms.

A block diagram of the SPU is shown
in Figure 4. Now, the main components of the
design are described.
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Figure 4. Signal Processing Unit

The 40MFLOPS TMS320C30 inter-
naly presents 4Kx32 bit of ROM memory and
two blocks of 1Kx32 bits of RAM memory.
This is not enough for our application, s
externd memory has to be provided. The SPU
includes two banks of 256Kx32 EPROM
memory, reaching 512Kx32 hits of program
memory. A full compatible and cheaper
64Kx32 IC exigts that can be used when the
gpplication program is not too complex.

Two banks (SIMM sockets) of fast
access gatic RAM (20 ns) reach the full 40
MHz clock frequency of the DSP. Because of
the high cost of these ICs only the minimum

amount of memory, depending on the
application, should be ingdled. The admissble
range is between 8 Kbytes and 2 Mbytes.

Inexpensve DRAM memories (70 ng)
dlows a maximum of 16 Mbytes (two
SIMM’s) of data storage. A DRAM con-troller
is needed to connect the DRAM modules and
the C30 processor.

A RESET drcuit its provided to
initidize properly the unit. The sdection circuits
(PAL’s), buffers and transceivers adlow that
severd devices share the same bus. The C30
Expanson Bus its available trough a 96-pin
connector for future developments.

As it can be seen in Fig. 2, the SPU
communicates with both the DAU and the host
computer. The connection with the DAU is
done using a high speed synchronous serid port
(working a 2MHz) for each of the two A/D
converters. On the other hand, the connection
of the SPU to the commu-nication network is
implemented following the RS-422 standard. A
Universd Asyn-chronous Recelver Trangmitter
(UART) mapped in the primary bus of the C30
and a RS-422 transceiver IC are necessary. A
data rate of 115 kbps insures fast data transfer
between the DASPUs and the host computer.
Up to 32 DASPUs could be ingaled over
more than 1200 meters without repeaters and a
specific and smple Master-Save Protocol has
been developed.

3. DSP software and algorithms

In this section we describe the
characterisics and specifications of the
software implemented  within  the DASPU.
Some of its generd characteridtics are: firdly, it
is able to monitoring machines running from 1 to
14 Hz. Secondly, a different processng is



performed for low and high frequency channds.
Findly, depending on the running frequency
three possble bandwidths of analyss can be
sdlected for the low frequency channels (40, 80
and 140 Hz). Besides, the DASPU can operate
in two modes: manua or automatic.

3.1. Automatic M ode

In automatic mode, the DASPU is
continuoudy sampling new data and pro-
cessng them. Figure 5 indicates the tasks
performed by the DASPU: the white boxes
represent the on-line processing (operations
performed while sampling, in red-time) and the
dark ones the off-line dgorithms. The DASPU
dtores the temporal signals acquired during the
last 24 hours. They may be retrieved from the
host at any time.
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Figure 5. DASPU processing chain.

The on-line processing is the same for
low and high frequency channds. Also, it is
identical for the three possble bandwidths
analyss that can be sdected, thus smpli-fying
the desgn of the DASPU. In paticular, it
conggts of the following steps:

- Sampling the 16 channels at a sampling rate of
15625 Hz.

- Linear interpolation [2] to ensure Smultaneous
sampling up to a bandwidth of 140 Hz.

- Decimation by a factor of 11, giving a find
sampling rate of 1420 samples per second and
increasing the sgna-to-noise ratio over the A/D
converter performance.

- Storage of the sampled data in memory for
off-line processing.

The off-line processing depends on the
DASPU configuration, mainly on the bandwidth
of andyss. The most important parameter isthe
second decimation factor, that is chosen from
the bandwidth of andyss. Besdes, the off-line
processing is different for low frequency and
high frequency channds.

For low frequency channels, the off-line
processng conssts of:

- Decimation by a factor of 4, 7 or 14 as a
function of the running frequency of the
mechine.

- 4096 FFT of each channd and evauation
of the amplitudes and phases of the 10
largest spectral components [3].

- Evdudion of the sgnd power in some
frequency bands.

- As an option, the asynchronous sampled
sgnds are converted into synchronous
sampled daa in order to obtan the
amplitudes and phases of the running
frequency harmonics[3].

For high frequency channds, the off-line
processing cong s of:

- 4096 FFT of each channd and evauation
of the amplitudes and phases of the 10
largest spectral components.

- Averaged spectrum and evauation of the
sgna power in some frequency bands.

3.2. Manual Mode



In manua mode, the operator can start
the data acquistion from the host. The
acquidition is carried out until the host issues a
command to stop it, or until the memory is full.
Typicdly, the manua mode is usad to andyze
the machine' s start up or shutdown.

A maximum sampling time of around
three minutes is alowed. Smultaneous sampling
is assured, as in automatic mode, up to a
bandwidth of 140 Hz, and decimation by a
factor of 11 is performed on-line.

All the dynamic memory may be used
by the manud mode. This means tha the
historic data stored by the DASPU up to that
moment will be logt, and therefore the host must
dlow the operator to optiondly retrieve them
before starting the operation.

4. Host computer software

The host computer is a PC running
under Microsoft Windows NT Operating
System. The monitoring software processes the
information from al the DASPUs and does the
folowing man taks configuraion of the
system, data transfer from the DASPUs, data
dorage in a sgna data base, datistical data
andyss, and display of sgnds, dets darms
and other parameters.

The software continuoudy monitors the
datus of the DASPUS, by means of a master-
dave communication protocol. A st of very
short messages alows to know if there is some
vaiale out of dert/darm ranges in each
DASPU. When an dert/aarm condition occurs,
a flashing and acoustic warning will gppear on
the operator terminal.

The host computer software can
process further the data in order to obtain

diagrams, to plot orbits and to perform data
trend (short, medium and long term).

4. Conclusons

This paper has described a high-
performance acquisition and processing DSP
board (DASPU) for low frequency dynamic
dgnas, based on the Texas Ingruments
TMS320C30 processor. It is specidly suited
for monitoring low Speed rotating machinery:
hydraulic generating sets, turbines, thermd
power plants, etc. Up to 16 transducers can be
connected to each DASPU and up to 32
DASPUs can be connected, via a
communications network, to a remote hogt.
Therefore, the proposed unit provides the
flexibility and high performance characteridtics
required in  monitoring and  predictive
mai ntenance systems.

The presented DSP based monitoring
system is currently working in one hydrodectric

power plantin Spain.
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