Quick Look
Dynamic Signal Measurement Basics 

Computer Based Dynamic Signal Measurements for Sound and Vibration Applications.

Introduction

Have you ever wanted to learn how to integrate dynamic signal measurement techniques, such as those for sound and vibration (S&V), into your test and measurement, industrial automation, or research applications? 

Do you want to lower your costs of automating measurements? 

Is the speed of measurement and the rate you test products a critical factor in your applications? 

The Quick Look document library explains some of the high lights and basics on how  to use computer-based dynamic signal acquisition and analysis products to implement real-world sound, vibration, and related applications that are faster performing and lower cost than the traditional methods currently available.

This set of presentation documents provide a very brief and easy overview of some of the basic concepts involved in Dynamic Signal Measurements. They provide information on sensors basics, signal conditioning basics, some of the most important signal processing concepts and data visualization techniques.
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Driven by converging technologies, computer-based measurement applications are now a reality.  Technology advancements such as faster CPUs with Intel MMX, robust operating systems, PCI local bus, and user-friendly dynamic signal acquisition hardware and software are lowering the cost and improving the performance of all dynamic signal applications. These applications now provide machine monitoring, product verification, and feedback control to correct manufacturing problems on the fly.  

Today’s computer-based systems offer increased productivity, flexibility, consistency, reliability, higher throughputs, and the capability to perform more complex measurement tasks. 
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Instrumentation helps science and technology progress.  Scientists and engineers around the world use instruments to observe, control, and understand the physical universe.  Our quality of life depends on the future of instrumentation—from basic research in life sciences and medicine to design, test, and manufacturing of electronics, to machine and process control in countless industries.

The slide above shows the evolution of instrumentation over the last 100 or so years.  It is important that instruments have always leveraged off widely-used technology.  In the 19th century, the jeweled movement of the clock was first used to build analog meters.  In the 1930s, the variable capacitor, the variable resistor, and the vacuum tube from radios were used to build the first electronic instruments.  Display technology from the television has contributed to modern oscilloscopes and analyzers.  And finally, modern personal computers contribute high-performance computation and display capabilities.  

In the past, data acquisition devices have been traditionally reserved for the stand-alone instrument.  As you will soon see, advancements in the personal computer area have shifted data acquisition to the personal computer, which offers greater flexibility, ease of use, and cost-effective analysis. 
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Millions of scientists and engineers around the world use PCs to automate their research, design, and manufacturing tasks. Increased performance and capabilities of PCs now rival those of sophisticated workstations at a fraction of the cost. Easy-to-use but powerful software and application development environments allow you to develop more capable applications faster.

With the advent of the PC, a new term has become popular in the instrumentation community. The term “virtual instrument” describes the combination of programmable instruments with general-purpose PCs.

By unbundling the key instrumentation functions, virtual instruments represent a fundamental shift from traditional, hardware-centered instruments to software-centered systems that exploit the computation, display, productivity, and connectivity capabilities 

of powerful and cost-effective standard desktop computers.  

The computer can connect to serial, GPIB, VXI, PXI/CompactPCI instruments, data acquisition (DAQ) products, and image acquisition (IMAQ) products to take measurements, control a process, and inspect production.

Historically, architectural limitations have resulted in hard boundaries between vendor-defined instruments and user-defined functionality in an instrumentation system. The PC revolution has equipped users with powerful processing and display capabilities of their own. If you enhance the fixed capabilities of a traditional instrument with flexible user-defined capabilities of a computer, you have a virtual instrument. The computer enhances instrument functionality in three key areas—data and image acquisition, analysis, and/or presentation.
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Because of the power of the today’s processors and the data bandwidth of the PCI local bus, computer-based dynamic signal acquisition applications are now a reality with off-the-shelf inexpensive desktop computers.  In the past, for example, sound and vibration measurement systems were relegated to proprietary VME, VXI, or GPIB systems with custom hardware and software that may have required low-level assembly or C programming of DSP chips.  

Plus, performance-to-price ratios for computer-based dynamic signal measurement systems are high because you are leveraging off the economies of scale.  Millions of users use PCs in their home and business, and in the PC industry competition for business is fierce, resulting in lower cost and higher reliability for PCs used in industrial applications.

Acquiring, processing, and storing sound or vibration data in real time requires lots of processor power and bus bandwidth, capabilities that today’s computers have.  Leveraging off of the computers industry’s economies of scale, low-cost computers with powerful processors now can deliver computer-based solutions. Because off-the-shelf application software customers demand future compatibility, any dynamic signal processing code written today for a general-purpose CPU can be reused in tomorrow’s PCs.  You have the flexibility to easily upgrade your system to meet new demands with future general-purpose processors.
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When choosing a dynamic signal measurement system for your industrial automation, test and measurement, and lab automation applications, there is a wide range of cost and flexibility to consider.  With computer-based systems, you have the highest flexibility because you write the software for the application, and you select the plug-in hardware and computer.  Plus, the cost is the lowest because you are leveraging off-the-shelf PC software and hardware.

If you are not comfortable with developing a system, another option is to work with a system integrator.  You specify the requirements, and the system integrator develops the system.  National Instruments has a network of Alliance Partners who specialize in developing dynamic signal measurement systems, such as for sound and vibration measurements. These Alliance Partners will develop a system based on your requirements and will assist you in developing your system. The Alliance Partners will help you get started quickly and help you learn how to create a system. You still maintain control over software and hardware and are involved in the development.  For future applications, you may choose to develop the application yourself. Finally, turnkey systems are vender defined and are built for a specific, dedicated task.  These systems have good performance, plus may require less time to develop and install.  However, it will be difficult to adapt the dedicated system for new applications that may arise.  In addition, this type of system is more expensive, and you will not be able to easily improve its performance over time by upgrading your system with the latest PCs or operating systems technology. 
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The types of applications involving dynamic signals are varied across many markets. Anything that has to do with analysis on the frequency domain , such as sound or vibration analysis from underwater acoustics and jet turbine testing to vibration testing on appliances or hard drives and speaker or microphone on line quality testing
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Many components make up a dynamic signal measurement system. The Components of a Dynamic Signal Measurement System will start at the transducer or sensor  level on the field or measured system , going through signal conditioning and filtering to have the read signals converted to digital representations that the software can analyze with signal processing algorithms and present on a personal computer through data visualization tools.
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We’ll start by mentioning some sensor types and then we’ll get into the hardware specifics of conditioning, filtering and converting. Then we’ll take a look at the analysis tasks to be performed on the data and the most common DSA measurements and procedures.

Sensors : Typical sensors used for dynamic signal measurements are accelerometers, microphones, and tachometers. Other common sensors include displacement probes, velocity probes, and hammers.

Even before doing any actual measurements, it is important to select your sensors carefully and to make sure that they will be w ell suited for the analysis you plan to perform. In the next slides, we will introduce you to these different sensors, their principle of operation, and their typical characteristics.

Signal Conditioning : Signal conditioning consist on providing the proper excitation for the sensor, adequately amplifying , filtering, digitizing and treating the transducer signal  for its proper signal processing and analysis. Some of the important things to know about are anti-aliasing protection, filtering, delta sigma converters, amplifiers , simultaneous sampling, spectral leakage, smoothing windows…
[image: image9.png]NI-DSA Analysis Concepts

« Basic Concepts
- Alias Free Bandwidth
- Frequency Spans . .
~ Windows « Comprehensive Analysis
Tools

-F Analysi
requency Analysis “Swept Sine Analy:

- Averaging ~Zoom FFT/Narrow Spans
- Power Spectrums “Octave Analysis
- PSD,THD,Band Power ~Modal Analysis
~Order Analysis
. . ~Joint Time-Frequency
Dual-Channel Analysis Analysis (JTFA)
- Frequency Response
- Coherence

siw-matinst.com





Signal Processing : Once the signal has been acquire and conditioned there is a wide variety of signal processing algorithms and techniques to analyze the information on that signal and relate the results to the specific sound and/or vibration application. Some of the signal processing tools and concepts to be familiar with are frequency analysis, averaging, zoom spans, order analysis swept sine, octave analysis, level measurements, modal analysis … 

Data Visualization : There are various tools and displays to visualize the results and analysis data of sound and vibration applications , some of theme are : waterfall displays, spectrograms, power spectrums, order vs rmps displays…
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Dynamic Signal Analyzers are the common standard tool to perform measurements on the frequency domain  (dynamic signal measurements).

Some of the important features that these DSA Instruments have and can be use to differentiate from one an other are for example :

- Signal Conditioning Specs, this is what kind of amplifiers, what is the input/output voltage range, what kind of analog and digital antialiasing filtering is performed. The National Instruments DSA instruments provide a software selectable alias free frequency span of up to 95KHz with a 95dB dynamic range and input voltage ranges from +-10mV all the way up to +-42V

- Analog to Digital Conversion Specs, the NI DSA boards use 16 resolution bits  Delta Sigma converters to provide over sampling (antialiasing) and linearity on dynamic signal measurements.

- Analysis Tools and Features, what is the FFT resolution  (1600 lines,3200), what is the frequency span, what about real time zoom FFT capabilities, what about real time octave analysis e.t.c. Some of the on board processing capabilities of the NI DSA products are real time Zoom FFT, Octave and swept sine analysis.

- Real-Time, are  the measurements performed on real time , when using the PCI bus on a plug in board the total on line test time of a product might go down from 10-20 times compared with a stand alone instrument communicating through GPIB. 

- Flexibility , you can build and program your own customized analyzer using our software tools and languages as well as interfacing with other programs.

-Price, The price of a NI DSA board is at the very least half the one of a comparable stand alone DSA.
