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SI (MODERN METRIC) CONVERSION FACTORS (from FHWA) 
APPROXIMATE CONVERSIONS TO SI UNITS 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
LENGTH 

in inches 25.4 millimeters mm 
ft feet 0.305 meters m 
yd yards 0.914 meters m 
mi miles 1.61 kilometers km 

 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
AREA 

in2 squareinches 645.2 square millimeters mm2 
ft2 squarefeet 0.093 square meters m2 
yd2 square yard 0.836 square meters m2 
ac acres 0.405 hectares ha 
mi2 square miles 2.59 square kilometers km2 

 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
VOLUME 

fl oz fluid ounces 29.57 milliliters mL 
gal gallons 3.785 liters L 
ft3 cubic feet 0.028 cubic meters m3 
yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1000 L shall be shown in m3 
 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
MASS 

oz ounces 28.35 grams g 
lb pounds 0.454 kilograms kg 
T short tons (2000 lb) 0.907 megagrams (or "metric 

ton") 
Mg (or "t") 

 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
TEMPERATURE (exact degrees) 

oF Fahrenheit 5 (F-32)/9 
or (F-32)/1.8 

Celsius oC 

 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
ILLUMINATION 

fc foot-candles 10.76 lux lx 
fl foot-Lamberts 3.426 candela/m2 cd/m2 

 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
FORCE and PRESSURE or STRESS 

lbf poundforce 4.45 newtons N 
lbf/in2 poundforce per square inch 6.89 kilopascals kPa 
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APPROXIMATE CONVERSIONS TO SI UNITS 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
LENGTH 

mm millimeters 0.039 inches in 
m meters 3.28 feet ft 
m meters 1.09 yards yd 

km kilometers 0.621 miles mi 
 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
AREA 

mm2 square millimeters 0.0016 square inches in2 
m2 square meters 10.764 square feet ft2 
m2 square meters 1.195 square yards yd2 
ha hectares 2.47 acres ac 

km2 square kilometers 0.386 square miles mi2 
 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
VOLUME 

mL milliliters 0.034 fluid ounces fl oz 
L liters 0.264 gallons gal 

m3 cubic meters 35.314 cubic feet ft3 
m3 cubic meters 1.307 cubic yards yd3 

 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
MASS 

g grams 0.035 ounces oz 
kg kilograms 2.202 pounds lb 

Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 lb) T 
 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
TEMPERATURE (exact degrees) 

oC Celsius 1.8C+32 Fahrenheit oF 
 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
ILLUMINATION 

lx  lux 0.0929 foot-candles fc 
cd/m2 candela/m2 0.2919 foot-Lamberts fl 

 
 

SYMBOL WHEN YOU KNOW MULTIPLY BY TO FIND SYMBOL 
FORCE and PRESSURE or STRESS 

N newtons 0.225 poundforce lbf 
kPa kilopascals 0.145 poundforce per square 

inch 
lbf/in2 

*SI is the symbol for International System of Units.  Appropriate rounding should be made to comply with Section 4 of ASTM E380. 
(Revised March 2003) 
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EXECUTIVE SUMMARY 
 
Based on conversations with various parties, it appears that anomalous stress/strain data is being 

generated while driving an EDC (Embedded Data Collector) Pile.  For example, the lower 

internal accelerometer has shown higher accelerations at the pile tip compared to the top sensors 

when driving in rock. This is contrary to wave/particle propagation theory.  Since this anomaly 

cannot be explained theoretically, it is therefore important to conduct several test scenarios to see 

if this is the actual case or else it is spurious pile response data.   

 

The relevancy of this effort is based on the fact that FDOT is contemplating replacing existing 

precast piles with this new type of pile in a majority of projects. Without confidence in the data 

collected and subsequent load capacity analysis, using these “Instrumented  piles” will not utilize 

their intrinsic capabilities. Hence, the necessity of validating the data was the primary objective 

of the research effort. 

 

Objectives  

In order to understand and quantify the wave response along a pile, a two prong approach was 

formulated.  The first is to purchase the necessary instrumentation to conduct a series of tests on 

the internally instrumented EDC pile using external sensors in conjunction with the internal 

sensors. These data will then be analyzed to see if a rational explanation can be found as to what 

is producing the inconsistent results.  This is the objective of this Proposal.  However, the 

generated data will then be provided to Dr. Michael McVay, who will analyze the resulting wave 

motion as well as create an FEM model of the soil/pile interaction phenomena.  

 

The first phase, i.e., data collection equipment, was completed by purchasing a variety of strain 

gages, piezo accelerometers and a portable data acquisition system. The system was configured 

such that simultaneous collection of sensor data was possible. This allows for precise 

measurement of arrival times between sensor locations and hence velocities. In addition, 

procedures for attaching them were investigated so that correct amplitudes would result.   
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The second phase consisted of attaching the various devices to concrete cylinders, impacting 

them and noting their operational characteristics. After numerous tests, they were then attached 

to the  pile and the resulting data acquired during impact.  

Several types of impact testing were performed. 

 

1. Free End. Typically, prior to driving, a pile is tested while on the ground to ensure that 

all sensors are working correctly.  This was completed and some resulting waveforms are 

provided in the report.  A simultaneous high speed sampling logger (8 channels at 50 

MS/s) was used and provided excellent results. Since it is a simultaneous capture of data, 

the resulting wave can be accurately observed as it travels down and back along the pile. 

The 16 bit A/D converter could resolve the strain to 5 microstrain and accelerations to 

0.5 g.  

  

Variables that will be considered by Dr. McVay in his subsequent analysis include: 

 Assessment of particle velocity and force within the pile  

 Accelerometer/strain gage location 

  Energy imparted to the pile 

 Wave motion up and wave motion down assessment within the pile 

 

It is expected that a downward traveling compression wave will be reflected with a doubling of 

the tip velocity and a canceling of compression stresses with an upward traveling tension wave 

of similar magnitude. 

 

2. Rigid End. Once the above tests were completed, the pile was inserted into a compacted 

bed of soil and the tests redone. These series of tests were performed in lieu of a proposed 

“field” test outlined in the proposal. It was decided by the PIs that driving the pile in 

unknown soil conditions might introduce spurious data that could not be explained. 

Hence, a uniform soil was used for embedment material as well as to rigidly support it at 

its tip.  In this case, it was expected that the downward traveling compression wave 

would have a doubling of compressive stresses at the pile tip along with zero velocities 
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due to an upward traveling compression wave.  These two types of tests “bounded” the 

problem, since in actuality, a pile driven in soil falls between these two conditions.  

 

 

In conclusion, the purpose of this research project was to: 

A.  Identify instrumentation needed to monitor impact loading of an EDC pile. This includes 

the recognition and acquisition of the needed equipment components, staff equipment 

training, and the refinement of the data acquisition work plan.   

B. Purchase the various components and install them on the pile. 

C. Position and mount the EDC pile into the horizontal support system - constructed on site, 

as well as arranging of the needed peripherals, such as the driving hammer and backstop.   

D. Conduct a Fast Fourier Transform analysis on the Tracer DAQ Pro data acquisition 

results.  This was performed in order to generate a spectral inventory of the stress waves 

encountered in the pile. 

 

Based on the preliminary results, the project objectives were met, excellent data was captured 

and will be used in a subsequent analysis by Dr. McVay. 
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The following is an overview of the tests performed 
with accompanying photos showing the test set-up. 

 
 
 
 

PROJECT SCOPE OVERVIEW 

 

This project focused on instrumentation analysis of one Smart Structures Incorporated, EDC pile.  

In general, the EDC pile is a pre-stressed 18” × 18” concrete pile that has been outfitted with 

embedded strain gages and accelerometers at six locations along the pile’s neutral axis.  The 

purpose for these sensors is to provide the engineer with improved bearing capacity and pile 

stress estimates each time the pile is struck by the driving hammer.  The primary objective of this 

project was to compare the data collected from these transducers with externally mounted 

sensors (accelerometers and strain gages) via two complementary and independent data 

acquisition systems.    
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Figure 1.  The EDC pile instrumentation layout.  The green surface mounted panels provide access to the EDC pile raw data output as 
well as the pile’s wireless data transmitters.  The red boxes indicate the approximate location of the embedded transducers. 
 

EDC Pile
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Figure 2.  A side view and cross section of the EDC pile showing the layout of the independent, external transducers and their relative 
position to the interior EDC pile transducers. 

EDC PILE 

EDC PILE 
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DATA ACQUISITION SYSTEMS 

 
Tracer DAQ Pro 
 

Since it is critical to measure the stress wave’s speed and amplitude as it transverses the length of 

the pile, a data acquisition system that could provide simultaneous wave capture was deemed 

important. After an extensive search, the Tracer DAQ Pro Data Acquisition System was chosen. 

It provides eight channels of simultaneous data collection which is then minimally processed and 

stored via a window’s based control program.  In addition, shown in the photo below, the system 

consists of the transducers (currently, accelerometers mounted to a concrete cylinder), the data 

acquisition board and individual power supplies, and a portable computer.   

 
 

 
 

Figure 3.  The Tracer DAQ Pro data acquisition system. 
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RAW ACCELEROMETER DATA FROM THE TRACER DAQ PRO SYSTEM
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Figure 4.  A graphical example of the data collected from the small test cylinder shown in Figure 
3 by Tracer DAQ Pro.  Here only 3 channels are shown. 
 
 
Pile Dynamics Inc. Pile Driving Analyzer 
 
Like the Tracer DAQ Pro system, the Pile Driving Analyzer (PDA) by Pile Dynamics Inc (see 

Figure 5), includes 8 channels for data collection.  Unlike the Tracer DAQ Pro system, it is 

specifically designed for collecting stress waves from piles during the driving process.  The 

system has a higher degree of pre-processing which makes the data easier to interpret by the 

worker in the field.  Specifically, the PDA uses raw strain gauge and accelerometer data to 

calculate both the velocity and force associated with the stress waves passing the point where the 

transducers are attached to the pile.   

 
In addition, the project team constructed a testing station which consists of a horizontally 

suspended 6” × 6” × 8’ concrete beam which approximated the free-end conditions of the full 

scale data acquisition trials (see Figure 6).  
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Figure 5.  A Pile Dynamics Incorporated pile driving analyzer.   Not shown are the reusable 
heavy-duty transducers and connection cables. 

 
 
 
 

 
 

Figure 6.  The PDA testing station of a horizontally suspended 6”×6”×8’ concrete beam. 
 
 
 
 
 



 

 7

PHYSICAL TEST SET-UP 
 
The data collected for this project was generated by stress waves induced in the horizontally 

suspended EDC pile.  By laterally suspending the pile and letting it swing freely, a zero external 

resistance condition is created.   

 

In order to achieve these conditions, metal stands capable of supporting the 5,000 pound EDC 

pile were fabricated.  In addition, a driving hammer weighing approximately 1,500 pounds was 

also constructed.   The hammer was suspended as a pendulum from the laboratory’s large heavy 

duty forklift (see Figures 7-9). 

 
 
 
 
 

 
 

Figure 7.  The EDC pile. 
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Figure 8.  One of two stands constructed to support the horizontally suspended pile. 
 

 
 

Figure 9.  The heavy-duty forklift at University of Florida’s Coastal Engineering Laboratory. 
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Figure 10.  A diagram of the data acquisition layout.  Shown above is the horizontally suspended EDC pile along with the pendulum-
mounted impact hammer. 
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The research activities consisted of: 1) collecting the strain and acceleration data in both in the 

lab and “field” and transferring the data into excel sheets, filtering it for noise and surface waves; 

3) reconstructing the wave down and wave up stresses in the pile at both the top and bottom of 

the pile; and 4) comparing the raw, and reduced strain, acceleration, and wave forces/stresses 

from PDA, EDC and UF data acquisition system.  A discussion of each follows. 

 
COMPARISON OF RAW DATA 

 Shown in Figure 11 is the layout of the instrumentation which includes: 1) EDC pile 

strain and accelerometers cast within the top and bottom of the pile, 2) PDA strain and 

accelerometers attached to the outside of the pile at the top and bottom; and 3) UF strain and 

accelerometers attached next to the PDA instruments.  The PDA used piezo-resistance gages at 

the top of the pile and piezo-electric gages at the bottom of the pile.  The UF strain gages were 

obtained from micro measurements and were attached to the pile through epoxy.  The UF 

accelerometers were 500 g piezo-resistive gages obtained from the PCB Corporation.  The eight 

gages (4 strain & 4 accelerometer at top and bottom) were read by a USB 1608 HS-2AO 8 

channel, 16 bit, simultaneous 250,000 samples/channel/sec data acquisition system (DAQ). 

For the impact testing, a special 1,000 lb hammer was constructed from a 2 ft ID × 3 ft 

long × ½” thick steel pipe filled with concrete.  To prevent damage to the pile during impact, a 

3” plywood cushion was placed between the hammer and the pile, Figure 12.    
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Figure 11.  A side view and cross section of the EDC pile showing the layout of the independent, external transducers and their 
relative position to the interior EDC pile transducers. 

 

EDC PILE 
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Figure 12.  A 1,000-lb hammer striking the 15 ft EDC pile – Three to five foot drop heights. 
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For each blow, the hammer was pulled back to a specified vertical elevation (e.g., 3 ft or 

4 ft), the hammer released and the instrumentation triggered. 

 Shown in Figures 13 and 14 are the raw data from the accelerometers (top of pile) 

and the strain gages (bottom of pile) from a 4 foot “drop height” hammer blow.   In the 

case of the acceleration data, the period of the signals were approximately 0.0017 sec [ 2 

× (15 ft – 3 ft)/14000 ft/sec] corresponding to the time for transmission of compression 

wave from top to the bottom of the pile and back.  Also evident from the acceleration 

traces is the good comparison of particle motions between both sides of the pile. 

However not expected was the high frequency particle motion observed in the DAQ data.  

The DAQ system recorded particle motion 50 times faster than the other two systems.  

The latter high frequency motion is assumed to be attributed to lower wavelength surface 

waves (i.e., Rayleigh waves) which have elliptic particle motion which dampen out 

quickly.  Also, it should be noted that the PDA trace has been integrated (velocity) within 

the PDA hardware (analog filter) and subsequently differentiated to obtain accelerations. 

Shown in Figure 14 are measured strains at the tip of the pile for the accelerations 

shown in Figure 13.  Evident from the figure the strains on both sides of the pile are not 

equal (e.g., PDA red vs. orange values) as observed with accelerations.  However, the 

strains on both sides of the pile do exhibit the same periods and when averaged will 

compare favorably to the centerline values recorded by EDC pile.  Also of interest is the 

reduction in high frequency surface waves observed in acceleration data.  Evidently, the 

elliptic particle motions (i.e., accelerations) do not necessarily generate strains. 
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Figure 13.  Raw acceleration from PDA, EDC pile, and UF DAQ at top of pile. 
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Figure 14.  Raw strain data from PDA, EDC pile, and UF DAQ at bottom of pile.    
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FILTERING THE RAW DATA 

 Since the focus of the research is the assessment of stresses at a point (i.e., tip), as 

well as the propagation of stresses along the pile, the estimation of particle velocities 

from accelerations are critical.  The PDA data is already filtered (i.e., analog filter), EDC 

pile software offers both filtered and unfiltered data, whereas the Tracer DAQ was only 

available unfiltered.  Consequently, the Tracer DAQ and EDC pile data was filtered using 

Fast Fourier Transform as discussed. 

 
Fourier Analysis Background 

 In general, a Fourier Transform provides the means of transforming a signal 

defined in the time domain into one defined in the frequency domain.  In the case where 

both the time and the frequency variables are discrete (i.e., data acquisition, e.g., 

samples/sec), the process is referred to discrete Fourier transform, DFT.  Let x(nT) 

represent the discrete time signal, and let X(mF) represent the discrete frequency 

transform function.  The forward transform to frequency domain given by 

              ∑ −=
n

TFmnienTxmFX π2)()(   Eq. 1 

And the inverse transform to the time domain is given 

             ∑=
m

TFmniemFX
N

Tnx π2)(1)(   Eq. 2 

Where T = time increment 

                                                      F = frequency  

There are several ways to calculate the Discrete Fourier Transform (DFT), a typical 

approach is the Fast Fourier Transform (FFT) available in Microsoft Excel spreadsheets.  

Shown in Figure 15 is the DFT (Eq. 1) for one of the Trace DAQ acceleration signals.  

The x axis identifies the frequency within the data signal and the y axis gives the 

amplitude of the specific frequency.   
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Figure 15.  Frequency and amplitude content of Tracer DAQ acceleration record. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16.  Impact hammer ready for release. 
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Figure 17.  Pile imbedded in compacted soil. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18.  End restraining blocks. 
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Figure 19.  Close-up of pile imbedded in compacted soil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20.  Zoned compacted soil. 
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Figure 21.  Pile imbedded in compacted soil and instrumentation set-up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22.  Pile imbedded in 
compacted soil with attached 
sensors. 
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Figure 23.  EDC pile wireless data collection set-up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24.  Co-PI running data acquisition system. 
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Figure 25.  Pile impact hammer prior to release. 
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Fourier Analysis Process  

 
Using the Excel sheet filtering, all the DAQ and EDC pile acceleration traces were 

filtered to eliminate frequencies higher than 1kHz.  This threshold was used since all 

relevant wave velocities (and hence periods) were lower.  For instance, shown in Figures 

26 and 27 are top acceleration signals from the top left and right side gages.  Evident 

from the plots, the surface waves identified in the raw DAQ systems were definitely 

filtered (<1000 Hz) out.  Also shown in each plot are the signals filtered with the EDC 

pile software, as well as the FFT method.    

 

The rationale for setting the filter threshold of 1kHz (or 1kS/s - kilosamples per second) 

was computed as follows. 

Since the roundtrip travel time after impact for the 30 foot long pile was 11,000 feet per 

second, the period for one cycle would be 60/11,000 or 0.005 seconds. Any time 

increments smaller than this (or conversely higher frequencies) simply complicates the 

analysis.  For example, through a FFT analysis, the raw unfiltered data showed high 

surface wave harmonics at approximately 680 Hz. These are artifacts of the spectral 

response to impact and not of the generated particle and pressure waves of interest. Thus, 

the cutoff frequency was set slightly above the 680 Hz. 

 

Similar to the top of the pile, the acceleration data at the bottom of the pile was filtered 

for the DAQ and EDC pile systems as shown in Figures 28 and 29.  As expected, the 

bottom raw DAQ data showed lower surface wave acceleration at the pile tip.  Also, the 

filtered EDC signals had different initial amplitudes than the FFT filtered results.  All of 

the measured gages gave very similar frequency of primary signal. 

 

Shown in Figures 30 and 31 are the average top and bottom acceleration signals from the 

PDA, and Tracer DAQ compared to the EDC pile signals located at the center of the pile 

cross-section.  Again all had similar frequency content, with slightly different signal 

amplitudes.  The latter signals will be used in generating the up and down waves 

traveling within the pile. 
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Figure 26.  Filtered and unfiltered data from top accelerometer (left side of pile). 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 27.  Filtered and unfiltered data from top accelerometer (right side of pile). 
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Figure 28.  Filtered and unfiltered data from bottom accelerometer (left side of pile). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 29.  Filtered and unfiltered data from bottom accelerometer (right side of pile). 
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Figure 30.  Average filtered and unfiltered acceleration data from top of pile. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 31.  Average filtered and unfiltered acceleration data from bottom of the pile. 
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While the objective of this research project was to investigate, purchase, install and test a 

variety of sensors on an impacted EDC pile, the next phase is to analyze the resulting data. 

However, based on the test results, the project objectives were clearly met and the Project was 

a complete success. 

 

The attached Appendices provide the reader with the operational specs sheets for the 

purchased instrumentation.  





Model 320C14


ICP® Accelerometer


Installation and Operating Manual


For assistance with the operation of this product , contact the Division of PCB
Piezotronics, Inc.


Division toll-free 888-684-0015
24-hour SensorLineSM 716-684-0001


Fax 716-685-3886
E-mail vibration@pcb.com







 
 


 


The information contained in this document supersedes all similar information that 


may be found elsewhere in this manual. 
 


Total Customer Satisfaction – PCB 


Piezotronics guarantees Total Customer 


Satisfaction. If, at any time, for any 


reason, you are not completely satisfied 


with any PCB product, PCB will repair, 


replace, or exchange it at no charge. You 


may also choose to have your purchase 


price refunded in lieu of the repair, 


replacement, or exchange of the product. 


 


Service – Due to the sophisticated nature 


of the sensors and associated 


instrumentation provided by PCB 


Piezotronics, user servicing or repair is 


not recommended and, if attempted, may 


void the factory warranty. Routine 


maintenance, such as the cleaning of 


electrical connectors, housings, and 


mounting surfaces with solutions and 


techniques that will not harm the 


physical material of construction, is 


acceptable. Caution should be observed 


to insure that liquids are not permitted to 


migrate into devices that are not 


hermetically sealed. Such devices should 


only be wiped with a dampened cloth 


and never submerged or have liquids 


poured upon them. 


 


Repair – In the event that equipment 


becomes damaged or ceases to operate, 


arrangements should be made to return 


the equipment to PCB Piezotronics for 


repair. User servicing or repair is not 


recommended and, if attempted, may 


void the factory warranty. 


 


Calibration – Routine calibration of 


sensors and associated instrumentation is 


recommended as this helps build 


confidence in measurement accuracy and 


acquired data. Equipment calibration 


cycles are typically established by the 


users own quality regimen. When in 


doubt about a calibration cycle, a good 


“rule of thumb” is to recalibrate on an 


annual basis. It is also good practice to 


recalibrate after exposure to any severe 


temperature extreme, shock, load, or 


other environmental influence, or prior 


to any critical test. 


 


PCB Piezotronics maintains an ISO-


9001 certified metrology laboratory and 


offers calibration services, which are 


accredited by A2LA to ISO/IEC 17025, 


with full traceablility to N.I.S.T. In 


addition to the normally supplied 


calibration, special testing is also 


available, such as: sensitivity at elevated 


or cryogenic temperatures, phase 


response, extended high or low 


frequency response, extended range, leak 


testing, hydrostatic pressure testing, and 


others. For information on standard 


recalibration services or special testing, 


contact your local PCB Piezotronics 


distributor, sales representative, or 


factory customer service representative. 


 


Returning Equipment – Following 


these procedures will insure that your 


returned materials are handled in the 


most expedient manner. Before returning 


any equipment to PCB Piezotronics, 


contact your local distributor, sales 


representative, or factory customer 


service representative to obtain a Return 


Warranty, Service, Repair, and 


Return Policies and Instructions 







Materials Authorization (RMA) 


Number. This RMA number should be 


clearly marked on the outside of all 


package(s) and on the packing list(s) 


accompanying the shipment. A detailed 


account of the nature of the problem(s) 


being experienced with the equipment 


should also be included inside the 


package(s) containing any returned 


materials. 


 


A Purchase Order, included with the 


returned materials, will expedite the 


turn-around of serviced equipment. It is 


recommended to include authorization 


on the Purchase Order for PCB to 


proceed with any repairs, as long as they 


do not exceed 50% of the replacement 


cost of the returned item(s). PCB will 


provide a price quotation or replacement 


recommendation for any item whose 


repair costs would exceed 50% of 


replacement cost, or any item that is not 


economically feasible to repair. For 


routine calibration services, the Purchase 


Order should include authorization to 


proceed and return at current pricing, 


which can be obtained from a factory 


customer service representative. 


 


Warranty – All equipment and repair 


services provided by PCB Piezotronics, 


Inc. are covered by a limited warranty 


against defective material and 


workmanship for a period of one year 


from date of original purchase. Contact 


PCB for a complete statement of our 


warranty. Expendable items, such as 


batteries and mounting hardware, are not 


covered by warranty. Mechanical 


damage to equipment due to improper 


use is not covered by warranty. 


Electronic circuitry failure caused by the 


introduction of unregulated or improper 


excitation power or electrostatic 


discharge is not covered by warranty. 


 


Contact Information – International 


customers should direct all inquiries to 


their local distributor or sales office. A 


complete list of distributors and offices 


can be found at www.pcb.com. 


Customers within the United States may 


contact their local sales representative or 


a factory customer service 


representative. A complete list of sales 


representatives can be found at 


www.pcb.com. Toll-free telephone 


numbers for a factory customer service 


representative, in the division 


responsible for this product, can be 


found on the title page at the front of this 


manual. Our ship to address and general 


contact numbers are: 


 


PCB Piezotronics, Inc. 


3425 Walden Ave. 


Depew, NY 14043 USA 


Toll-free: (800) 828-8840 


24-hour SensorLineSM: (716) 684-0001 


Website: www.pcb.com 
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information, please refer to the terms and conditions of sale. 


Harsh Environment Warranty® Program: Any Measurement Computing product that is damaged due to misuse, or any 
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Preface 


About this User's Guide 


What you will learn from this user's guide 


This user's guide explains how to install, configure, and use the USB-1608HS so that you get the most out of its 


USB data acquisition features.  


This user's guide also refers you to related documents available on our web site, and to technical support 


resources. 


Conventions in this user's guide 


For more information on … 


Text presented in a box signifies additional information and helpful hints related to the subject matter you are 


reading.  


Caution! Shaded caution statements present information to help you avoid injuring yourself and others, 


damaging your hardware, or losing your data.  


< : > Angle brackets that enclose numbers separated by a colon signify a range of numbers, such as those assigned 


to registers, bit settings, etc.  


bold text Bold text is used for the names of objects on the screen, such as buttons, text boxes, and check boxes. For 


example: 


1.   Insert the disk or CD and click the OK button. 


italic text Italic text is used for the names of manuals and help topic titles, and to emphasize a word or phrase. For 


example: 


The InstaCal installation procedure is explained in the Quick Start Guide. 


Never touch the exposed pins or circuit connections on the board. 


Where to find more information 


The following electronic documents provide helpful information relevant to the operation of the USB-1608HS. 


 MCC's Specifications: USB-1608HS (the PDF version of the Specifications chapter in this guide) is 


available on our web site at www.mccdaq.com/pdfs/USB-1608HS.pdf. 


 MCC's Quick Start Guide is available on our web site at  


www.mccdaq.com/PDFmanuals/DAQ-Software-Quick-Start.pdf. 


 MCC's Guide to Signal Connections is available on our web site at  


www.mccdaq.com/signals/signals.pdf. 


 MCC's Universal Library User's Guide is available on our web site at  


www.mccdaq.com/PDFmanuals/sm-ul-user-guide.pdf. 


 MCC's Universal Library Function Reference is available on our web site at  


www.mccdaq.com/PDFmanuals/sm-ul-functions.pdf. 


 MCC's Universal Library for LabVIEW™ User’s Guide is available on our web site at 


www.mccdaq.com/PDFmanuals/SM-UL-LabVIEW.pdf. 


USB-1608HS User's Guide (this document) is also available on our web site at 


www.mccdaq.com/PDFmanuals/USB-1608HS.pdf. 



http://www.mccdaq.com/PDFmanuals/sm-installation.pdf

http://www.mccdaq.com/pdfs/USB-1608HS.pdf

http://www.mccdaq.com/PDFmanuals/DAQ-Software-Quick-Start.pdf

http://www.mccdaq.com/signals/signals.pdf

http://www.mccdaq.com/PDFmanuals/sm-ul-user-guide.pdf

http://www.mccdaq.com/PDFmanuals/sm-ul-functions.pdf

http://www.mccdaq.com/PDFmanuals/SM-UL-LabVIEW.pdf

http://www.mccdaq.com/PDFmanuals/USB-1608HS.pdf
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Chapter 1 


Introducing the USB-1608HS 


This user's guide contains all of the information you need to connect the USB-1608HS to your computer and to 


the signals you want to measure. 


The USB-1608HS is a USB 2.0 high-speed device supported under popular Microsoft® Windows® operating 


systems. The USB-1608HS is fully compatible with both USB 1.1 and USB 2.0 ports. 


The USB-1608HS features the following: 


 With one A/D converter per channel, the USB-1608HS offers true simultaneous-sampling of up to eight 


channels of 16-bit single-ended or differential analog input at 250 kHz per channel. 


Each channel can be independently-configured with software for either single-ended or differential input. 


The input range of each channel can also be configured independently with software. 


 Eight digital input lines and eight digital output lines 


The digital output lines are driven low on power up and reset. Each digital line has an associated LED 


indicator that lights for the logic 1 (high) state. You can disable all input or output LEDs with a jumper–one 


jumper disables all input LEDs. A second jumper disables all output LEDs. 


 A 32-bit counter capable of counting TTL pulses. 


 A 5 V, 2 A, AC adapter (MCC p/n PS-5V2AEPS) powers the USB-1608HS. This adapter ships with the 


device. 


 A synchronization input line (SYNC_IN) allows you to provide an external sampling clock for the analog 


inputs. A synchronization output line (SYNC_OUT) lets you output the internal or external sampling clock 


of the USB-1608HS analog inputs. 


 An analog trigger lets you start analog input conversions based on the value of a digital or analog signal. 


The USB-1608HS is shown in Figure 1. I/O connections are made to the screw terminals on the device.  


 


Figure 1. USB-1608HS 
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USB-1608HS block diagram 


USB-1608HS functions are illustrated in the block diagram shown here.  


 


Figure 2. USB-1608HS functional block diagram 


Software features 


For information on the features of InstaCal and the other software included with your USB-1608HS, refer to the 


Quick Start Guide that shipped with your device. The Quick Start Guide is also available in PDF at 


www.mccdaq.com/PDFmanuals/DAQ-Software-Quick-Start.pdf. 


Check www.mccdaq.com/download.htm for the latest software version. 


Screw terminal I/O connector 


 


 


USB 


Microcontroller 


SPI 


Digital 


input 
32-bit 


 event counter 
1 channel 


S
Y


N
C


_
IN


 


USB 


High-speed 


USB 2.0 


compliant 


interface 


 


32k x 16 


SRAM 


 


1 
TRIG_IN 


8 


16 16 


16 


S
Y


N
C


_
O


U
T


 


Digital 


output 


8 


C
H


0
_


L
 


 
 


C
H


0
_


H
 


 
 


C
H


1
_


L
 


 
 


C
H


1
_


H
 


 
 


C
H


2
_


L
 


 
 


C
H


2
_


L
 


 
 


C
H


3
_


L
 


 
 


C
H


3
_


H
 


 
 


C
H


4
_


L
 


 
 


C
H


4
_


H
 


 
 


C
H


5
_


L
 


 
 


C
H


5
_


H
 


 
 


C
H


6
_


L
 


 
 


C
H


6
_


L
 


 
 


C
H


7
_


L
 


 
 


C
H


7
_


H
 


 


G= 1, 2, 5, 10 
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Chapter  2 


Installing the USB-1608HS 


What comes with your USB-1608HS shipment? 


As you unpack your USB-1608HS, verify that the following components are included. 


Hardware 


 USB-1608HS 


 


 USB cable (2 meter length) 


  


 External power supply and cord – 10 watt AC power adapter. (MCC part number PS-5V2AEPS). 
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Additional documentation 


In addition to this hardware user's guide, you should also receive the Quick Start Guide (available in PDF at 


www.mccdaq.com/PDFmanuals/DAQ-Software-Quick-Start.pdf). This booklet supplies a brief description of 


the software you received with your USB-1608HS and information regarding installation of that software. 


Please read this booklet completely before installing any software or hardware. 


Unpacking the USB-1608HS 


As with any electronic device, you should take care while handling to avoid damage from static 


electricity. Before removing the USB-1608HS from its packaging, ground yourself using a wrist strap or by 


simply touching the computer chassis or other grounded object to eliminate any stored static charge. 


If your USB-1608HS is damaged, notify Measurement Computing Corporation immediately by phone, fax, or 


e-mail. For international customers, contact your local distributor where you purchased the USB-1608HS. 


 Phone: 508-946-5100 and follow the instructions for reaching Tech Support.  


 Fax: 508-946-9500 to the attention of Tech Support 


 Email: techsupport@mccdaq.com 


Installing the software 


Refer to the Quick Start Guide for instructions on installing the software on the Measurement Computing Data 


Acquisition Software CD. This booklet is available in PDF at www.mccdaq.com/PDFmanuals/DAQ-Software-


Quick-Start.pdf. 


Installing the hardware 


Be sure you are using the latest system software 


Before you install your USB-1608HS, run Windows Update to update your operating system with the latest 


USB drivers. 


Connecting the AC power adapter 


Power to the USB-1608HS is provided with the 5 V adapter (PS-5V2AEPS). To connect the power supply to 


your USB-1608HS, connect the power adapter cord to the power connector on the USB-1608HS device, and 


plug the AC adapter into a power outlet. 


The power LED on the device lights up when the USB-1608HS is receiving power from the AC power adapter. 


Connecting the USB-1608HS to your system 


To connect the USB-1608HS to your system, turn your computer on, and connect the USB cable to a USB port 


on your computer or to an external USB hub connected to your computer. The USB cable provides 


communication to the USB-1608HS. 


When you connect the USB-1608HS for the first time, a Found New Hardware dialog opens when the USB-


1608HS interface is detected.  


When the dialog closes, the installation is complete. The activity LED on the USB-1608HS should flash and 


then remain lit, indicating the USB-1608HS is communicating with your computer. 


Caution! Do not disconnect any device from the USB bus while the computer is communicating with the 


USB-1608HS, or you may lose data and/or your ability to communicate with the USB-1608HS. 



http://www.mccdaq.com/PDFmanuals/DAQ-Software-Quick-Start.pdf

mailto:techsupport@measurementcomputing.com

http://www.mccdaq.com/PDFmanuals/DAQ-Software-Quick-Start.pdf

http://www.mccdaq.com/PDFmanuals/DAQ-Software-Quick-Start.pdf
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If the ACT LED turns off 


If the ACT (active) LED lights up but then turns off, the computer has lost communication with the USB-


1608HS. To restore communication, disconnect the USB cable from the computer, and then reconnect it. This 


should restore communication, and the LED should light up again. 


Calibrating the USB-1608HS 


The USB-1608HS is shipped fully-calibrated. Calibration coefficients are stored in EEPROM.  


You can calibrate the analog inputs on the USB-1608HS with InstaCal. The normal calibration interval is once 


per year. 


Calibrate the device whenever the USB-1608HS's ambient temperature changes by more than ±10 °C. Allow 


the USB-1608HS to warm up for at least 30 minutes before starting the calibration. 
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Chapter 3 


Functional Details 


Theory of operation - analog input acquisition modes 


The USB-1608HS can acquire analog input data in two basic modes – software paced and continuous scan. 


Software paced mode 


You can acquire one analog sample at a time in software paced mode. You initiate the A/D conversion by 


calling a software command. The analog value is converted to digital data and returned to the computer. You 


can repeat this procedure until you have the total number of samples that you want. 


The maximum throughput sample rate in software paced mode is system-dependent. 


Continuous scan mode 


You can acquire data from up to eight channels simultaneously in continuous scan mode. The analog data is 


continuously acquired, converted to digital values, and written to an onboard FIFO buffer on the USB-1608HS 


until you stop the scan. The FIFO buffer is serviced in blocks as the data is transferred from the USB-1608HS 


FIFO buffer to the memory buffer on your computer. 


The maximum sampling rate is 250 kS/s per channel for one-to-eight channels. You can start a continuous scan 


with either a software command or with an external hardware trigger event. 


External components 


The USB-1608HS has the following external components, as shown in Figure 3. 


 USB connector 


 USB activity (ACT) LED 


 Power connector 


 Power (PWR) LED 


 Screw terminals 


  


Figure 3. USB-1608HS external components – front view 


Screw terminal pins 1 to 54 USB active LED 


Power LED 
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USB active LED (ACT) 


The ACT LED indicates the communication status of the USB-1608HS. The table below defines the function of 


the ACT LED. 


LED Illumination 


LED Illumination Indication 


Steady green The USB-1608HS is connected to a computer or external USB hub. 


Blinks continuously Data is being transferred. 


Power LED (PWR) 


The PWR LED lights up when the USB-1608HS is receiving +5 V of power from the AC power adapter.  


Main connector and pin out  


Connector type Screw terminal 


Wire gauge range 16 AWG to 30 AWG 


The USB-1608HS has one row of screw terminals that provide the following connections:.  


 16 analog input connections (CH0_L to CH7_L and CH0_H to CH7_H) covering eight analog input 


channels. 


 10 analog ground connections (AGND) 


 Eight digital input connections (DI0 to DI7) 


 Eight digital output connections (DO0 to D07) 


 One external trigger source (TRIG_IN) 


 Two SYNC terminals for external clocking and multi-unit synchronization (SYNC_IN and SYNC_OUT) 


 One external event counter connection (CTR) 


 One voltage connection (+5 V EXT) 


 Three digital ground connections (GND) 


Signals are identified in Figure 4. 


 


Figure 4. USB-1608HS screw terminal functions 


USB connector 


The USB connector is on the rear of the USB-1608HS. This connector provides communication.  
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Power connector 


Connect the external power adapter (MCC part number PS-5V2AEPS) to the power connector on the rear of the 


USB-1608HS.  


 


Figure 5. USB-1608HS external components – rear view 


Analog input terminals (CH0_L - CH7_H) 


You can connect up to eight analog input connections to these screw terminal pins: 


 CH0_H and CH0_L 


 CH1_H and CH1_L 


 CH2_H and CH2_L 


 CH3_H and CH3_L 


 CH4_L and CH4_H 


 CH5_L and CH5_H 


 CH6_L and CH6_H 


 CH7_L and CH7_H 


Refer to Figure 4 on page 14 for the location of these pins.  


Input configuration 


Analog signals are referenced to analog ground (AGND). Single-ended mode requires two wires: 


 The wire carrying the signal to be measured connects to CHx_H. 


 The second wire connects to AGND.  


Differential mode requires three wires: 


 The wire carrying the positive portion of the differential signal to be measured connects to CHx_H. 


 The wire carrying the negative portion of the differential signal to be measured connects to CHx_L. 


 The analog ground reference wire connects to AGND.  


The input voltage ranges are ±10 V, ±5 V, ±2.0 V, ±1.0 V. The following image illustrates a typical 


single-ended measurement connection. 


USB connector 


Power connector 
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The following image shows a voltage source connected to a USB-1608HS configured for single-ended mode. 


 


Figure 6. Single-ended measurement connection 
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The following image depicts a Wheatstone bridge signal source connected to a USB-1608HS configured for 


differential mode. 


 


Figure 7. Differential measurement connection 


For more information on analog signal connections 


For more information on single-ended inputs, refer to the Guide to Signal Connections (this document is 


available on our web site at www.mccdaq.com/signals/signals.pdf). 


Analog ground terminals 


The 10 analog ground (AGND) connections provide a common ground for all analog input channels and the 


analog trigger (TRIG_IN). 


Refer to the pinout diagram on page 14 for the location of the AGND terminal pins.  


Digital input terminals (DI0 to DI7) and digital output terminals (DO0 to DO7) 


You can connect up to eight digital input lines to screw terminals DI0 through DI7. You can connect up to eight 


digital output lines to screw terminals DO0 to DO7. Refer to the pinout diagram on page 14 for the location of 


these pins.  


The eight input pins have 47 k resistors that you can configure to either pull-up or pull-down, or disconnected 


with a jumper. 
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You can use the USB-1608HS digital I/O terminals to detect the state of any TTL-level input. Refer to the 


switch circuit shown in Figure 8 and the schematic shown in Figure 9. If you set the switch to the +5V EXT 


input, DI0 reads TRUE (1). If you move the switch to GND, DI0 reads FALSE (0). 


 


Figure 8. Digital connection DI0 detecting the state of a switch 


 


Figure 9. Schematic showing switch detection by digital channel DI0 


Each digital input and digital output pin has an associated LED status indicator. A high at the pin lights the 


LED. 


You can disable the LEDs with jumpers. There is a jumper for the input LEDs, and a jumper for the output 


LEDs. 


For more information on digital signal connections 


For general information regarding digital signal connections and digital I/O techniques, refer to the Guide to 


Signal Connections (available on our web site at www.mccdaq.com/signals/signals.pdf). 


Power terminal (+5V EXT) 


You can use the +5V EXT connection to supply power to external devices or circuitry. This terminal can output 


up to 10 mA. 


Refer to the pinout diagram on page 14 for the location of this pin.  


Caution! The +5V EXT terminal is an output. Do not connect to an external power supply or you may 


damage the USB-1608HS and possibly the computer. 


Counter terminal (CTR) 


The CTR terminal is a TTL-level input to a 32-bit event counter. Refer to the pinout diagram on page 14 for the 


location of this pin. The internal counter increments when the TTL level transitions from low to high. The 


counter can count frequencies of up to 1 MHz. 


GND 


DI0 


+5V EXT 


+5V EXT GND 


DI0 



http://www.mccdaq.com/signals/signals.pdf





USB-1608HS User's Guide Functional Details 


19 


SYNC terminals (SYNC_IN and SYNC_OUT) 


You can use the SYNC_IN connection to externally pace the A/D conversions. The SYNC_IN terminal supports 


TTL-level input signals of up to 250 kHz.  


Use the SYNC_OUT connection to output the clock used for A/D conversions. 


One example of the use of these two pins would be to synchronize with a second USB-1608HS and acquire 


synchronized data from 16 channels. You can connect the SYNC_OUT pin of one USB-1608HS to the 


SYNC_IN pin of another USB-1608HS to acquire data synchronously from 16 channels.  


 


Figure 10. Configuring for synchronous data acquisition 


Trigger terminal (TRIG_IN) 


The TRIG_IN connection is an external analog/digital trigger input.  


With the analog trigger function, you can start and control acquisitions with an analog signal. The analog trigger 


threshold is from -10 V to +10 V on the TRIG_IN pin. A 12-bit DAC sets the level for the threshold. The 


threshold resolution in this mode is 4.88 mV. 


The USB-1608HS has three trigger options that you must set. 


 Trigger above or trigger below 


 Level-sensitive or edge-sensitive  


 Retrigger on or retrigger off  


Each trigger operation mode is explained next. In each case, a ±2 V triangle waveform is used as the TRIG_IN 


input source. The high threshold is set to 1.0 V, and the low threshold signal is set to -1.0 V. 


In the following analog trigger signal diagrams, the bold portion of the waveform indicates the data acquired for 


the given analog trigger mode. 


SYNC_IN pin 


SYNC_OUT pin 
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Trigger above, level-sensitive 


The acquisition begins when the TRIG_IN signal is above the threshold level. If the TRIG_IN signal is above the 


threshold at the start of the scan, the acquisition begins immediately. 


 


Figure 11. Trigger above, level-sensitive 


Trigger below, level-sensitive  


The acquisition begins when TRIG_IN receives a signal that is below the low threshold (-1.0 V). If the TRIG_IN 


signal is below the threshold level at the start of the scan, the acquisition begins immediately 


 


Figure 12. Trigger below, level-sensitive 
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Trigger above, edge-sensitive 


The acquisition begins the first time the TRIG_IN signal goes above the high threshold (1.0 V). The TRIG_IN 


signal must transition from below to above the high threshold to begin the acquisition. 


 


Figure 13. Trigger above, edge-sensitive 


Trigger below, edge-sensitive 


The acquisition begins when TRIG_IN signal first goes below the low threshold (-1.0 V). A transition from 


above to below the threshold is necessary to begin acquisition. The TRIG_IN signal must transition from above 


to below the low threshold to begin the acquisition. 


 


Figure 14. Trigger below, edge-sensitive 
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Retrigger 


The acquisition uses the trigger settings for positive edge/negative edge and level-sensitive/edge-sensitive, but 


automatically re-arms the trigger after acquiring the specified number of samples. 


Common ground terminals (GND) 


Three ground (GND) connections provide a common ground for the DIx, DOx, CTR, SYNC_IN and SYNC_OUT, 


and +5V EXT connections.  


Refer to the pinout diagram on page 14 for the location of the GND terminals.  
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Chapter 4 


Specifications 


Typical for 25 °C unless otherwise specified. 


Specifications in italic text are guaranteed by design. 


Analog input 


Table 1. Analog input specifications 


Parameter Conditions Specification 


A/D converter type   16-bit successive approximation type 


Number of channels  Eight differential  


Eight single-ended 


Input configuration  Individual A/D per channel 


Sampling method  Simultaneous 


Analog input modes Power up and reset state CHx_H and CHx_L inputs are disconnected from their 


screw terminal pins and internally connected to GND 


(recommended configuration for unused inputs). 


Single-ended  CHx_H inputs are connected directly to their screw 


terminal pins. 


CHx_L inputs are disconnected from their screw 


terminal pins and internally connected to GND. 


Differential CHx_H and CHx_L inputs are connected directly to 


their screw terminal pins. 


Absolute maximum input 


voltage 


CHx IN to GND. 


TRIG_IN to GND 


±25 V maximum (power on) 


±15 V maximum (power off) 


Input impedance CHx IN 1 GΩ (power on) 


1.5 kΩ (power off) 


Input bandwidth (-3 dB) All input ranges 330 kHz 


Input leakage current  ±25 pA 


Input capacitance  50 pf  


Input ranges Software-selectable per channel ±10 V, ±5 V, ±2 V, ±1 V 


A/D pacing  Onboard A/D clock, external source (SYNC_IN). See 


Table 8 on page 26. 


A/D trigger source   TRIG_IN input. See Table 7 on page 25. 


A/D trigger modes  External analog. See Table 7 on page 25. 


Maximum working voltage 


(signal + common mode) 


 ±0.05% FSR maximum. 


Sampling rate  0.009 S/s to 250 kS/s, software-programmable 


Throughput  Software-paced 33 to 8000 S/s all channels, system-dependent 


Scan to PC memory 250-kS/s per channel maximum (throughput rate may 


be limited on USB 1.1 ports). 


Resolution   16 bits 


Differential non-linearity 


(Note 1) 


Calibrated ±2.0 


Un-calibrated ± 0.5 LSB typical. 


±1.0 LSB max. 


CMRR (60 Hz) ±10 V range 81 db minimum 


±5 V range 81 db minimum 


±2 V range 92 db minimum 


±1 V range 92 db minimum 
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Note 1:  The maximum differential non-linearity specification applies to the entire 0-55 °C temperature 


range of the USB-1608HS. This specification also accounts for the maximum errors due to the 


software calibration (in Calibrated mode only) and the AD7685 analog to digital converter non-


linearities. 


Table 2. Calibrated absolute accuracy 


Range Accuracy (mV) 


±10 V ± 7.019 


±5 V ± 3.509 


±2 V ± 1.403  


±1 V ± 0.702 


Table 3. Accuracy components - All values are (±) 


Range Integral Non Linearity 
(% FSR) 


Gain error at FS 
(mV) 


Offset (mV) Gain tempco 
(ppm/°C) 


Offset tempco 
(µV/°C) 


±10 V 0.00915 4.578 1.526 3.8 19.5 


±5 V 0.00915 2.289 0.763 7.0 19.5 


±2 V 0.00915 0.916 0.305 16.5 24.3 


±1 V 0.00915 0.458 0.153 40.1 29.2 


Note 2:  When connecting differential inputs to floating input sources, the user must provide a DC return 


path from each differential input to ground. This can be accomplished by simply connecting a 


resistor from each of the differential inputs to AGND. A value of approximately 100 kΩ can be 


used for most applications. 


Table 4. Noise performance – all values are (±) 


Range Peak to Peak Noise 


(counts) 


RMS noise 


LSBrms 


±10 V 8 1.21 


±5 V 8 1.21 


±2 V 8 1.21 


±1 V 8 1.21 


Table 4 summarizes the noise performance for the USB-1608HS. Noise distribution is determined by gathering 


50 kS with inputs tied to ground at the user connector. Samples are gathered at the maximum specified 


sampling rate of 250 kS/s. 


Analog input calibration 


Table 5. Analog input calibration specifications 


Parameter Specifications 


Recommended warm-up time 15 minutes minimum 


Calibration method Software calibration 


Calibration interval 1 year 


Calibration reference +10.000 V, ±5 mV maximum. Actual measured values stored in EEPROM 


Tempco: 5 ppm/°C maximum 


Long term stability: 30 ppm/1000 h 
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Digital input/output 


Table 6. Digital I/O specifications 


Digital type  5 V CMOS 


Number of I/O 16  


Configuration Eight input, eight output 


Pull-up/pull-down configuration The eight input pins have 47 k resistors that may be configured to either pull-up 


or pull-down with a jumper 


Digital I/O transfer rate (system-paced) System-dependent, 33 to 8000 port reads/writes or single bit reads/writes per 


second. 


Input high voltage 2.0 V minimum, 5.5 V absolute maximum 


Input low voltage 0.8 V maximum, –0.5 V absolute minimum 


Output high voltage (IOH = –2.5 mA) 3.8 V minimum 


Output low voltage (IOL = 2.5 mA) 0.7 V maximum 


Power on and reset state Outputs: driven low 


LED indicators Each I/O pin has an associated LED status indicator. A high at the pin will 


cause the LED to be on. The LEDs may be disabled with jumpers - one jumper 


for the input LEDs (JP1), and one jumper for the output LEDs (JP2). 


External trigger 


Table 7. External trigger specifications 


Parameter Conditions Specification 


Trigger source  TRIG_IN input 


Trigger input range  ±10 V max. 


Absolute maximum input voltage TRIG_IN to GND ±25 V maximum (power on) 


±15 V maximum (power off) 


Trigger threshold levels  ±10V/4096; Software configurable 


Input impedance  1 MΩ (power on) 


1.5 kΩ (power off) 


Trigger modes   Software configurable for: 


 Positive or negative slope 


 Edge/level 


 Retrigger 


Threshold resolution  12 bits, 1 in 4096 


Threshold accuracy  ±0.25% FSR 


Hysteresis  ±5 mV 


Full power bandwidth (-3 dB)  640 kHz  
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External clock input/output 


Table 8. External clock I/O specifications 


Parameter Conditions Specification 


Pin names  SYNC_IN, SYNC_OUT 


Pin type  SYNC_IN: Input 


SYNC_OUT: Output 


Pin descriptions SYNC_OUT Outputs A/D pacer clock. 


SYNC_IN Receives A/D pacer clock from external source.  


Rising edge sensitive. 


Input clock rate  250 kHz maximum. 


Clock pulse width SYNC_IN 1 µs minimum 


SYNC_OUT 2 µs minimum 


Input leakage current   ±2.0 µA 


Input high voltage   3.5 V minimum, 6.5 V absolute maximum 


Input low voltage  1.5 V maximum, –0.5 V absolute minimum 


Output high voltage (see Note 3)  IOH = –2.5 mA 3.3 V minimum 


No load 3.8 V minimum 


Output low voltage (see Note 3)  IOL = 2.5 mA 1.1 V maximum 


No load 0.6 V maximum 


Note 3:  SYNC_OUT is over-current protected with a 200 Ω series resistor.  


Counter 


Table 9. Counter specifications 


Pin name (see Note 4) CTR 


Counter type Event counter 


Number of channels 1 


Input type TTL, rising edge triggered 


Input source CTR screw terminal 


Resolution 32 bits 


Schmidt trigger hysteresis  0.58 V to 0.93 V 


Input leakage current ±5 µA 


Maximum input frequency 1 MHz  


High pulse width  500 ns minimum 


Low pulse width 500 ns minimum 


Input high voltage 2.4 V minimum, 6.5 V absolute maximum 


Input low voltage 2.19 V maximum, –0.5 V absolute minimum 


Note 4:  CTR is a Schmitt trigger input protected with a 1 kΩ series resistor. 


Memory 


Table 10. Memory specifications 


Data FIFO 65536 samples, 131,072 bytes 


EEPROM 512 bytes 
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Microcontroller 


Table 11. Microcontroller specifications 


Type High performance 8-bit RISC microcontroller 


Program memory 16,384 words 


Data memory 2,048 bytes 


Power 


Table 12. Power specifications 


Parameter Conditions Specification 


Supply current (see Note 5) Continuous mode 920 mA 


+5V EXT output voltage range (see Note 6)  4.5 V minimum, 5.25 V maximum 


+5V EXT output current (see Note 7)  +10 mA maximum  


Note 5:  This is the total current requirement for the USB-1608HS. This specification does not include 


any additional contribution due to +5VEXT output current, analog output source current, or DIO 


loading. 


Note 6:  Output voltage range assumes input power supply is within specified limits. 


Note 7:  This refers to the total amount of current that can be sourced from the +5VEXT terminal pin for 


general use. 


External power input 


Table 13. External power input specifications 


External power input +5.0 VDC (+5 V power supply included) 


External power adapter +5 V, ±5% @ 2 A 


USB specifications 


Table 14. USB specifications 


USB device type USB 2.0 (high-speed) 


USB device compatibility USB 1.1, 2.0 


USB cable length Three meters maximum. 


USB cable type A-B cable, UL type AWM 2527 or equivalent (minimum 24 AWG 


VBUS/GND, minimum 28 AWG D+/D-). 


Environmental 


Table 15. Environmental specifications 


Operating temperature range 0 to 55 °C maximum 


Storage temperature range -40 to 85 °C maximum 


Humidity 0 to 90% non-condensing 


 







USB-1608HS User's Guide Specifications 


28 


Mechanical 


Table 16. Mechanical specifications 


Card dimensions 203.2 mm (L) x 121.9 mm (W) x 20.0 mm (H) 


8.0" (L) x 4.8" (W) x 0.8" (H) 


Enclosure dimensions 241.3 mm (L) x 125.7 mm (W) x 58.9 mm (H) 


9.50" (L) x 4.95" (W)x 2.32" (H) 


Main connector and pin out 


Table 17. Main connector specifications 


Connector type Screw terminal 


Wire gauge range 16 AWG to 30 AWG 


Table 18. Main connector pin out, 8-channel differential mode 


Pin Signal name Pin Signal name 


1 GND 28 NC 


2 DI0 29 NC 


3 DI1 30 AGND 


4 DI2 31 CH0_L 


5 DI3 32 CH0_H 


6 DI4 33 AGND 


7 DI5 34 CH1_L 


8 DI6 35 CH1_H 


9 DI7 36 AGND 


10 GND 37 CH2_L 


11 DO0 38 CH2_H 


12 DO1 39 AGND 


13 DO2 40 CH3_L 


14 DO3 41 CH3_H 


15 DO4 42 AGND 


16 DO5 43 CH4_L 


17 DO6 44 CH4_H 


18 DO7 45 AGND 


19 GND 46 CH5_L 


20 SYNC_IN 47 CH5_H 


21 SYNC_OUT 48 AGND 


22 +5V EXT 49 CH6_L 


23 CTR 50 CH6_H 


24 TRIG_IN 51 AGND 


25 NC 52 CH7_L 


26 NC 53 CH7_H 


27 AGND 54 AGND 
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Table 19. Main connector pin out, 8-channel single-ended mode 


Pin Signal name Pin Signal name 


1 GND 28 NC 


2 DI0 29 NC 


3 DI1 30 AGND 


4 DI2 31 NC 


5 DI3 32 CH0_H 


6 DI4 33 AGND 


7 DI5 34 NC 


8 DI6 35 CH1_H 


9 DI7 36 AGND 


10 GND 37 NC 


11 DO0 38 CH2_H 


12 DO1 39 AGND 


13 DO2 40 NC 


14 DO3 41 CH3_H 


15 DO4 42 AGND 


16 DO5 43 NC 


17 DO6 44 CH4_H 


18 DO7 45 AGND 


19 GND 46 NC 


20 SYNC_IN 47 CH5_H 


21 SYNC_OUT 48 AGND 


22 +5V EXT 49 NC 


23 CTR 50 CH6_H 


24 TRIG_IN 51 AGND 


25 NC 52 NC 


26 NC 53 CH7_H 


27 AGND 54 AGND 
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Specifications 


Typical for 25 °C unless otherwise specified. 


Specifications in italic text are guaranteed by design. 


Analog input 


Table 1. Analog input specifications 


Parameter Conditions Specification 


A/D converter type   16-bit successive approximation type 


Number of channels  Eight differential  


Eight single-ended 


Input configuration  Individual A/D per channel 


Sampling method  Simultaneous 


Analog input modes Power up and reset state CHx_H and CHx_L inputs are disconnected from 


their screw terminal pins and internally connected to 


GND (recommended configuration for unused 


inputs). 


Single-ended  CHx_H inputs are connected directly to their screw 


terminal pins. 


CHx_L inputs are disconnected from their screw 


terminal pins and internally connected to GND. 


Differential CHx_H and CHx_L inputs are connected directly to 


their screw terminal pins. 


Absolute maximum input 


voltage 


CHx IN to GND. 


TRIG_IN to GND 


±25 V maximum (power on) 


±15 V maximum (power off) 


Input impedance CHx IN 1 GΩ (power on) 


1.5 kΩ (power off) 


Input bandwidth (-3 dB) All input ranges 330 kHz 


Input leakage current  ±25 pA 


Input capacitance  50 pf  


Input ranges Software-selectable per channel ±10 V, ±5 V, ±2 V, ±1 V 


A/D pacing  Onboard A/D clock, external source (SYNC_IN). 


See Table 8 on page 4. 


A/D trigger source   TRIG_IN input. See Table 7 on page 3. 


A/D trigger modes  External analog. See Table 7 on page 3. 


Maximum working voltage 


(signal + common mode) 


 ±0.05% FSR maximum. 


Sampling rate  0.009 S/s to 250 kS/s, software-programmable 


Throughput  Software-paced 33 to 8000 S/s all channels, system-dependent 


Scan to PC memory 250-kS/s per channel maximum (throughput rate may 


be limited on USB 1.1 ports). 


Resolution   16 bits 


Differential non-linearity 


(Note 1) 


Calibrated ±2.0 


Un-calibrated ± 0.5 LSB typical. 


±1.0 LSB max. 


CMRR (60 Hz) ±10 V range 81 db minimum 


±5 V range 81 db minimum 


±2 V range 92 db minimum 


±1 V range 92 db minimum 
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Note 1:  The maximum differential non-linearity specification applies to the entire 0-55 °C temperature 


range of the USB-1608HS. This specification also accounts for the maximum errors due to the 


software calibration (in Calibrated mode only) and the AD7685 analog to digital converter non-


linearities. 


Table 2. Calibrated absolute accuracy 


Range Accuracy (mV) 


±10 V ± 7.019 


±5 V ± 3.509 


±2 V ± 1.403  


±1 V ± 0.702 


Table 3. Accuracy components - All values are (±) 


Range Integral Non Linearity 
(% FSR) 


Gain error at FS 
(mV) 


Offset (mV) Gain tempco 
(ppm/°C) 


Offset tempco 
(µV/°C) 


±10 V 0.00915 4.578 1.526 3.8 19.5 


±5 V 0.00915 2.289 0.763 7.0 19.5 


±2 V 0.00915 0.916 0.305 16.5 24.3 


±1 V 0.00915 0.458 0.153 40.1 29.2 


Note 2:  When connecting differential inputs to floating input sources, the user must provide a DC return 


path from each differential input to ground. This can be accomplished by simply connecting a 


resistor from each of the differential inputs to AGND. A value of approximately 100 kΩ can be 


used for most applications. 


Table 4. Noise performance – all values are (±) 


Range Peak to Peak Noise 


(counts) 


RMS noise 


LSBrms 


±10 V 8 1.21 


±5 V 8 1.21 


±2 V 8 1.21 


±1 V 8 1.21 


Table 4 summarizes the noise performance for the USB-1608HS. Noise distribution is determined by gathering 


50 kS with inputs tied to ground at the user connector. Samples are gathered at the maximum specified 


sampling rate of 250 kS/s. 


Analog input calibration 


Table 5. Analog input calibration specifications 


Parameter Specifications 


Recommended warm-up time 15 minutes minimum 


Calibration method Software calibration 


Calibration interval 1 year 


Calibration reference +10.000 V, ±5 mV maximum. Actual measured values stored in EEPROM 


Tempco: 5 ppm/°C maximum 


Long term stability: 30 ppm/1000 h 
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Digital input/output 


Table 6. Digital I/O specifications 


Digital type  5 V CMOS 


Number of I/O 16  


Configuration Eight input, eight output 


Pull-up/pull-down configuration The eight input pins have 47 k resistors that may be configured to either pull-up 


or pull-down with a jumper 


Digital I/O transfer rate (system-paced) System-dependent, 33 to 8000 port reads/writes or single bit reads/writes per 


second. 


Input high voltage 2.0 V minimum, 5.5 V absolute maximum 


Input low voltage 0.8 V maximum, –0.5 V absolute minimum 


Output high voltage (IOH = –2.5 mA) 3.8 V minimum 


Output low voltage (IOL = 2.5 mA) 0.7 V maximum 


Power on and reset state Outputs: driven low 


LED indicators Each I/O pin has an associated LED status indicator. A high at the pin will 


cause the LED to be on. The LEDs may be disabled with jumpers - one jumper 


for the input LEDs (JP1), and one jumper for the output LEDs (JP2). 


External trigger 


Table 7. External trigger specifications 


Parameter Conditions Specification 


Trigger source  TRIG_IN input 


Trigger input range  ±10 V max. 


Absolute maximum input voltage TRIG_IN to GND ±25 V maximum (power on) 


±15 V maximum (power off) 


Trigger threshold levels  ±10V/4096; Software configurable 


Input impedance  1 MΩ (power on) 


1.5 kΩ (power off) 


Trigger modes   Software configurable for: 


 Positive or negative slope 


 Edge/level 


 Retrigger 


Threshold resolution  12 bits, 1 in 4096 


Threshold accuracy  ±0.25% FSR 


Hysteresis  ±5 mV 


Full power bandwidth (-3 dB)  640 kHz  
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External clock input/output 


Table 8. External clock I/O specifications 


Parameter Conditions Specification 


Pin names  SYNC_IN, SYNC_OUT 


Pin type  SYNC_IN:  Input 


SYNC_OUT:  Output 


Pin descriptions SYNC_OUT Outputs A/D pacer clock. 


SYNC_IN Receives A/D pacer clock from external source.  


Rising edge sensitive. 


Input clock rate  250 kHz maximum. 


Clock pulse width SYNC_IN 1 µs minimum 


SYNC_OUT 2 µs minimum 


Input leakage current   ±2.0 µA 


Input high voltage   3.5 V minimum, 6.5 V absolute maximum 


Input low voltage  1.5 V maximum, –0.5 V absolute minimum 


Output high voltage (see Note 3)  IOH = –2.5 mA 3.3 V minimum 


No load 3.8 V minimum 


Output low voltage (see Note 3)  IOL = 2.5 mA 1.1 V maximum 


No load 0.6 V maximum 


Note 3:  SYNC_OUT is over-current protected with a 200 Ω series resistor.  


Counter 


Table 9. Counter specifications 


Pin name (see Note 4) CTR 


Counter type Event counter 


Number of channels 1 


Input type TTL, rising edge triggered 


Input source CTR screw terminal 


Resolution 32 bits 


Schmidt trigger hysteresis  0.58 V to 0.93 V 


Input leakage current ±5 µA 


Maximum input frequency 1 MHz  


High pulse width  500 ns minimum 


Low pulse width 500 ns minimum 


Input high voltage 2.4 V minimum, 6.5 V absolute maximum 


Input low voltage 2.19 V maximum, –0.5 V absolute minimum 


Note 4:  CTR is a Schmitt trigger input protected with a 1 kΩ series resistor. 


Memory 


Table 10. Memory specifications 


Data FIFO 65536 samples, 131,072 bytes 


EEPROM 512 bytes 
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Microcontroller 


Table 11. Microcontroller specifications 


Type High performance 8-bit RISC microcontroller 


Program memory 16,384 words 


Data memory 2,048 bytes 


Power 


Table 12. Power specifications 


Parameter Conditions Specification 


Supply current (see Note 5) Continuous mode 920 mA 


+5V EXT output voltage range (see Note 6)   4.5 V minimum, 5.25 V maximum 


+5V EXT output current (see Note 7)  +10 mA maximum  


Note 5:  This is the total current requirement for the USB-1608HS. This specification does not include 


any additional contribution due to +5VEXT output current, analog output source current, or DIO 


loading. 


Note 6:  Output voltage range assumes input power supply is within specified limits. 


Note 7:  This refers to the total amount of current that can be sourced from the +5VEXT terminal pin for 


general use. 


External power input 


Table 13. External power input specifications 


External power input +5.0 VDC (+5 V power supply included) 


External power adapter +5 V, ±5% @ 2 A 


USB specifications 


Table 14. USB specifications 


USB device type USB 2.0 (high-speed) 


USB device compatibility USB 1.1, 2.0 


USB cable length Three meters maximum. 


USB cable type A-B cable, UL type AWM 2527 or equivalent (minimum 24 AWG 


VBUS/GND, minimum 28 AWG D+/D-). 


Environmental 


Table 15. Environmental specifications 


Operating temperature range 0 to 55 °C maximum 


Storage temperature range -40 to 85 °C maximum 


Humidity 0 to 90% non-condensing 
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Mechanical 


Table 16. Mechanical specifications 


Card dimensions 203.2 mm (L) x 121.9 mm (W) x 20.0 mm (H) 


8.0" (L) x 4.8" (W) x 0.8" (H) 


Enclosure dimensions 241.3 mm (L) x 125.7 mm (W) x 58.9 mm (H) 


9.50" (L) x 4.95" (W)x 2.32" (H) 


Main connector and pin out 


Table 17. Main connector specifications 


Connector type Screw terminal 


Wire gauge range 16 AWG to 30 AWG 


Table 18. Main connector pin out, 8-channel differential mode 


Pin Signal name Pin Signal name 


1 GND 28 NC 


2 DI0 29 NC 


3 DI1 30 AGND 


4 DI2 31 CH0_L 


5 DI3 32 CH0_H 


6 DI4 33 AGND 


7 DI5 34 CH1_L 


8 DI6 35 CH1_H 


9 DI7 36 AGND 


10 GND 37 CH2_L 


11 DO0 38 CH2_H 


12 DO1 39 AGND 


13 DO2 40 CH3_L 


14 DO3 41 CH3_H 


15 DO4 42 AGND 


16 DO5 43 CH4_L 


17 DO6 44 CH4_H 


18 DO7 45 AGND 


19 GND 46 CH5_L 


20 SYNC_IN 47 CH5_H 


21 SYNC_OUT 48 AGND 


22 +5V EXT 49 CH6_L 


23 CTR 50 CH6_H 


24 TRIG_IN 51 AGND 


25 NC 52 CH7_L 


26 NC 53 CH7_H 


27 AGND 54 AGND 
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Table 19. Main connector pin out, 8-channel single-ended mode 


Pin Signal name Pin Signal name 


1 GND 28 NC 


2 DI0 29 NC 


3 DI1 30 AGND 


4 DI2 31 NC 


5 DI3 32 CH0_H 


6 DI4 33 AGND 


7 DI5 34 NC 


8 DI6 35 CH1_H 


9 DI7 36 AGND 


10 GND 37 NC 


11 DO0 38 CH2_H 


12 DO1 39 AGND 


13 DO2 40 NC 


14 DO3 41 CH3_H 


15 DO4 42 AGND 


16 DO5 43 NC 


17 DO6 44 CH4_H 


18 DO7 45 AGND 


19 GND 46 NC 


20 SYNC_IN 47 CH5_H 


21 SYNC_OUT 48 AGND 


22 +5V EXT 49 NC 


23 CTR 50 CH6_H 


24 TRIG_IN 51 AGND 


25 NC 52 NC 


26 NC 53 CH7_H 


27 AGND 54 AGND 
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Model 320C14 
Product Type: Vibration Sensor, Accelerometer
ESS mini (2 gm), quartz shear ICP® accel, 5 mV/g, 2 to 10k Hz, 10-32 top conn., 
5-40 mtg stud, (to +325°F)
View Spec Sheet (PDF)
View photo and drawing .


 
All specifications are at room temperature unless otherwise specified.


PERFORMANCE ENGLISH SI
Sensitivity(± 10 %) 5 mV/g 0.51 mV/(m/s²)
Measurement Range ± 1000 g pk ± 9810 m/s² pk
Frequency Range(± 5 %) 2.0 to 10,000 Hz 2.0 to 10,000 Hz
Frequency Range(± 10 %) 1.5 to 18,000 Hz 1.5 to 18,000 Hz
Frequency Range(± 3 dB) 0.7 to 30,000 Hz 0.7 to 30,000 Hz
Resonant Frequency ≥ 60 kHz ≥ 60 kHz
Broadband Resolution(1 to 10,000 Hz) 0.02 g rms 0.2 m/s² rms [1]
Non-Linearity ≤ 1 % ≤ 1 % [2]
Transverse Sensitivity ≤ 5 % ≤ 5 % [3]
ENVIRONMENTAL 
Overload Limit(Shock) ± 10,000 g pk ± 98,100 m/s² pk
Temperature Range(Operating) -100 to +325 °F -73 to +163 °C
Temperature Response See Graph See Graph [1]
Base Strain Sensitivity ≤ 0.0005 g/µε ≤ 0.005 (m/s²)/µε [1]
ELECTRICAL 
Excitation Voltage 18 to 30 VDC 18 to 30 VDC
Constant Current Excitation 2 to 20 mA 2 to 20 mA
Output Impedance ≤ 100 ohm ≤ 100 ohm
Output Bias Voltage 8 to 12 VDC 8 to 12 VDC
Discharge Time Constant 0.25 to 1 sec 0.25 to 1 sec
Spectral Noise(10 Hz) 1600 µg/√Hz 15,696 (µm/sec2)/√Hz [1]
Spectral Noise(100 Hz) 840 µg/√Hz 8240 (µm/sec2)/√Hz [1]
Spectral Noise(1 kHz) 60 µg/√Hz 589 (µm/sec2)/√Hz [1]
PHYSICAL 
Sensing Element Quartz Quartz
Sensing Geometry Shear Shear
Housing Material Titanium Titanium
Sealing Welded Hermetic Welded Hermetic
Weight 0.06 oz 1.7 gm [1]
Electrical Connector 10-32 Coaxial Jack 10-32 Coaxial Jack
Electrical Connection Position Top Top
Mounting Thread 5-40 Male 5-40 Male
Mounting Torque 8 to 12 in-lb 90 to 135 N-cm
SUPPLIED ACCESSORIES: 
Model 080A109 Petro Wax (1)
Model 080A15 Adhesive Mounting Base (1)
Model ACS-1 NIST traceable frequency response (10 Hz to upper 5% point). (1)
OPTIONAL VERSIONS
A- Adhesive Mount [5]
Supplied Accessory : Model 080A90 Quick Bonding Gel (1)
J- Ground Isolated
Frequency Range(5 %) 8 Hz 8 Hz
Frequency Range(10 %) 12 Hz 12 Hz
Frequency Range(3 dB) 25 Hz 25 Hz
Resonant Frequency ≥ 50 kHz ≥ 50 kHz
Electrical Isolation(Base) >108 ohm
Size - Hex x Height 0.38 in x 0.86 in 9.6 mm x 21.8 mm
Weight 0.10 oz 3.0 gm
M- Metric Mount
Supplied Accessory : Model M080A15 Adhesive Mounting Base (1) replaces Model 080A15
W- Water Resistant Cable
Electrical Connector Sealed Integral Cable


 


 


NOTES:
[1] Typical.
[2] Zero-based, least-squares, straight line method.
[3] Transverse sensitivity is typically ≤ 3%.
[4] See PCB Declaration of Conformance PS023 for details.
[5] Mounting stud removed, adhesive mounting base not required.
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Download Drawing 11989-NR.pdf


Top





