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ABSTRACT

Practical heat transfer data acquisition systems are
normally characterized by the need for high-resolution,
low=drift, low-speed recording devices. Analog devices such as
strip chart or circular recorders and F4 analog magnetic tape
have excellent resolution and work well when data will be
presented in temperature versus time format only and need not be
processed further. Digital systems are more complex and require
an uncerstanding of the following components: digitizing
devices, .nterface bus types, processor requirements, and
software design.

This paper will discuss all the above components of analog
and digital data acquisition, as they are used in current
practice. Additional information on thermocouple system analysis
will aid t'.e user in developing accurate heat transfer measuring
systems.

1. GERERAL

This paper will discuss present means of acquiring heat
transfer data. Most of the information presented will apply to
data acquisition systems in general, since new types cf thermal
measurement transducers are likely to appear and require a
varlecty of processing techniques.

Lecause the ment commonly us=sd temperature transducer in
practical application is the thermocouple junction, particular
attention wili be pold to dota acquisition systems peared to

thermocouple inputs.  The only real difference between
therwceouple acquisition asystems and other types 1s in the sipgnal
level and apeed requircements, which luckily are related
inversely.

Thermocouple systems must be capable of resolving tenths of
hundredths of a millivolt algruls with virtunlly no voltage drift
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over time. Any connections in the thermocouple loop must be with
known wire types and must be at a known temperature, to determine
the total loop voltage. High-speed acyuisition is usually not
necessary, since thermal systems in power englneering exhibit
changes on a time scale of minutes. This low~speed requirement
allows the use of high-resolution acquisition systems that, if
digital, are recording at rates less than 10 samples per second
per channel.

2. ANALOG ACQUISITION SYSTEMS

For measurements that will nnt require further access to the
data for accurate calculations, an analog acquisition system may
be used. An analog system may best be defined as one that does
not make use of discrete conversion steps, but reproduces the
input signal as a voltage versus time trace on a recording
medium. The recording medium is usually ink on paper tor chert
recorders, or magnetic tape for a multichannel analog recorder.
Magnetic tape has the advantage of allowing repeated reproduction
of the recorded signal, inzluding replay at diiferent speeds and
output voltage lavels.

Analog systems have the advantage of infinite resolution but
are limited in accuracy and range. The recorded signal is
usually available for viewing in real time (in user units if
calibrated). The only total time limit is the size of the
recording media avialable., One very practical advantage of most
analog recording systems is that in the event of equipment
failure during acquisition, the preceding data is still intact.

Some of the drawbacks uf analog systems include slow
response rates (<100 Hz for most systems); limitations c¢n the
numher of channels of data input that may be easily recorded;
the unavailability of data for further processing (except for
magnetic tape); and finally, limitations produced by the
physical resolution of the hardcopy device (pen size), even
though resolution may be infinite in the electonics.

Analog m.ugnetic tape makes a nice companion to a digital
acquisition system, esperially when signal levels or time
resolution requirements are not known in aavance. The data can
be captured on FM tape and dipgitized by thc¢ data system at the
same time, 1n paurallel. If more time resoluticn is requireu, the
tape may then be played back more slowly into the digital system.
Of course, the same technique can be usecd witih strip chart
recerders or other analog systems if the original data were
recorded on tape.

Since analop systems are usually smaller and lens expensive
than digital systems, they should be considered whenever one i3
planning a new test setup. Th2ae aystems are particularly cost
effective when the user i3 recording lonpg~term data from an
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unattended site, when the data are to be used as a temperature
history recording, or when the analog system is a vackup for a
more complicated digital configuration. The limitations of
recording speed and number of input channels are not very
important when one is dealing with heat transfer measurements.

3. DIGITAL SZUUIZITICY ZYSTESS

A digital data =zcrquisition systen has several advantares
over an analog system. The firct, and most obvious, advantage is
the ability to store dats for future retrieval and prccessing.
This processing may be as simple as lisiing or plotting the data
to a hardcopy device, or as complicated as performing a
mathematical conversion. Other advantages include higher data
acquisition rates and flexitility in setugp Some disadvantages
of a digital system are limited storage (most analog systems
being limited only by the amount of recording tape or paper
available), limited voltage resolution, and the possibility of
loss of all data during the acquisition stage. An analopg system,
on the other hand, woula still retain the data acquired before
the condition causing fallure.

The fundamental units of a digital acquisition system are
the analog to digital converter (A/D) (or digital voltmeter),
interface bus, processor and memory, storafe media, and software.
Each of these units will be examined in detalil.

3.1 Digitizing Devices

A/Ds are devices that sample an input channel voltage at
specified time intervals and convert the voltage into a binary
number of steps or "counts." The resolution of the A/D is
dependent on the number of sters of voltage divisior it has. each
step being one binary value. A/Ds are available in a w!de range
of resolution ond speed-~the two being inverscly related.
Levices called transient digitizers are available at digitizing
rates of up to 100 million samples per second (100 mliz), but
their resolution is currently limited to 8 bits (+127, -128
units). More resolution 15 available at lower speeds, with the
current upper limit of 16 bits (+32 767, =32 768). Negative
values are usually sent i two's complement form, anu the user
must often perform sign bit extension to the computer's most
sipnificant bit. The data ore often available for transfer in
parallel (all bits at once) but some interfaces will reqguire
that the data be sent serially. OSince the data as transferred
are in counts, the conversion foctor to user units is

V = C*C1 + C2. (1)

Equation (1) is a simple slone/offaet correction where V i3 user
units, C is the A/D count, Cv is a slope calibration factor
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(units/count), and C2 is the offset in user units._ More detailed
discussions of calibration are covered in Section 3.4, Software

Cesigns. Most A/Ds have dec amplifiers built in, and adjustable
voltage ranges are therefore common. Some digitizers (the
transient digitizers) include a self-contained memory module to
store the binary data at very fast speeds. The interface may
then copy the data to computer memory or storage media at the
interface transfer rate.

Digital voltmeters (DVMs) offer much more resolution than
ordinary A/Ds. A resolution of 6-1/2 digits, not bits, over a
variable range scale is 1ot uncommon. This allows resolution of
0.000001 parts over the selected range. The 1/2 digit is
actually the highest (most significant) decimal value and is
allowed tc be one (1) or zero (0) only. This means that a common
set of range scales for a DVM might be plus and minus 0.10 V,
1.00 v, 10.00 VvV, 100.00 V, and 1000.00 V. This resolution costs
speed, and most DVMs of thls azcuracy can only acquire a maximum
of about 10 readings per second. Like most A/Ds, DVMs may be
"short-cycled," or commanded to use a reuuced resolution mode,
which in turn increases their acquisition speed. Note, however,
that transfer speed may increase as resolution decreases, 3ince
most DVMs send cata in serial character strings and reduced
resolution means fewer characters to send. Those that have a
parallel or binary coded decimal (BCD) interface will have a
faster transfer rate since all bits are sent at once over
individual wires. Many DVMs also offer some form of internal
data manipulation such as averaging (usefvl for removing ac line
nolse) or offset removal.

Because we are primarily concerned with heat transfer
measurements, it is worth nonting that high-~speed digitizing
devices are not necessary. Thermal transients, especially in
power systems, usually occur over a time span of several minutes.
We may therefore trade digitizing speed for the crucial
resolution that is required for low-sensitivity transducers such
as thermocouples and eddy current devices. Iligh-resolution makes
the multipurpose scanning DVM, with a variety of plug-in modules,
a very cost-effective and versatile piece of equipment for heat
transfer measurement.

3.2 Interface Bus Selection

Three interface bussss., CAMAC, RS232C, and GPIB (IEEE-488),
are common among present data acquisition systems. MNote that no
ment.ion is made of direct processor digital I/0 bus interfaces.
Although the direct parallel interface is usually faster than the
other three types mentioned, such &n interface always requires
custom installation and wiring--not to mention custom software.
In addition, the direct I/0 interface is usually nore expensive
than one of the standard ones and not nearly as versatile.
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We might think of the parallel interface as a Ferrari
automobile-~-~-wh- ' it works it's great. It is designed to do only
one thing well, and that is go fast. But when it breaks, it's
going to cost you a lot of time and money to get it fixed again.
The three standard interfaces are more like Tovota, Ford and
Lada: they are fairly plain, inexpensive, and versatile.
However, we cannot get away from the parallel interface
completely, since Lhat is what eventually must connect the three
standard interfaces to a mini- or large-~computer I/0 bus.

The CAMAC interface. The acronym is said to represent the
words "Computer Automated Measurement And Ccntrol." and it is the
one true inlternational computer standard. The specifications
originated in Franne and were meant to be used with high-speed
nuclear physics counting and detection equipment. The standard
itself is one of the best, most complete spocifications ever
written for electronic equipment. It covers not just the
interfacing electronic protocol, b»ut also the hardware-size and
guality, extension capabilitles, software-calling arguments, and
general executable functions. CAMAC is the fastest of the three
standard inlerfaces when it is used in the parallel transfer
mode. There ar over 400U different modulzs avallable from
commercial vendors, most of them relating to pulse counting and
detection, but also including thermocouple and A/D input devices.
the transilent digitizers mentioned in Section 3.1 are available
only as CAMAC modules. '

The CAMAC interface consists of a hardware rack witih
internal backplane wiring and power supplies (the “"crate™), the
individual electroric modules that plug into the crate, a speciezl
module called the "crate controller,"” and the computer interface
that connects the crate controller to the host computer.

The crate provides power at +24 Vde, +12 Vde, and +6 Vdc to
specified positions in the backplane conneciors. Each crate has
slots for 24 individual medules, but slot 24 is reserved for the
crate controller module. The controller module has access to
interrupt and ccmmand lines at each of the other slots and is the
timing and protocol link between the host computer and each
individual module. The data path in a CAMAC crate is 24 bits
wide, but controllers are usually able to send and receive data
of 24, 16, or B bits. There are several types of crate
controller modules, a different type for each interface to which
the crate may te connected. 1n addition, two ways to
interconnect more that one crate o a "highway" system exist.
One highway is for paralle! data Lransfer; the other is for
serial. There are special cr-t*e controllers for each of the
crates on the highway, at for the master crate
controller.

The CAMAC parallel or “"branch" hiphway can support up to
seven crates over total distances of up to 100 m (highway length
is a function of wire size and shilelding). The branch highway is
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a multiconductor cable terminated at one end and fed by the
branch driver at the other. Maximum data transfer rates are up
to 500 CO0 24~bit words per second (wps).

The serial highway can support up to 62 crates over a
variety of transmission media with indeterminate total length.
If wire cable is used, it consists of twisted. shielded pairs of
conductors per bit and may be e2ither bit serial (one pair of
wires) or byte serial (eight pairs). A maximum transfer rate of
200 000 24-~bit wps is possible in byte serial transfers, 20 000
wps in bit serial mode. The highway must form a circular or loop
path, beginning and ending at the serial driver, which may reside
in a crate on another highway.

One of the more recent advances in CAMAC technolcgy is the
use of single board computers as crate controller modules. This
use makes the crate a stand-alone data acquisition and processing
4nit with internal memory and interfaces for storage media and
graphilcs.

The individual mod.les in a crate may be more than one slot
in width, and each must be addressed at a specific slot number.
Therefore, provisions must be made in software for differunt
crate configurations, or else the modules must be installed in
the crate in an exactly specified order. The entire crate must
be powered down to install o~ remove a moduie, and most external
connections are made at the front panel of the module, which can
result in a tangle of wiring.

The CAMAC stancard supports 3: functions that fit into
general groups of read, write, and command functiorns. The module
manufacturer must specify the response of the individual modules
to each function. Kits are available to allow the user to desipn
and buila his own CAMAC module to perform specifie functions.

The GPIB interface. The General Purpose Interface Bus (IEEE
standard UB8) is the result of the demand for a serial interface
of medium speed, with timing and protocol sufficient to assure
data transfer over short-length lines. Total transmission path
length may not exceed 20 m, and the maximum transfer speed is
about one million @-bit bytes per second, although handshake
protocol assures that data are transfered at the rate of the
slowest device participat!ng. The maximum number of instruments
on the interface at one time is 14, and the useful maximum data
transfer rate for voltmeters is about 20 0000 8-bit bytes per
second, not including digitizing time. The in'‘erface was first
designed by the Hewlett-Packard Company .o connect between their
desktop calculators and I/C devirces but has since become a widely
used interface {or data transfer in the United States.

The actual standard (IFEE-U488) only deals with cabling,
timing, and handshake protocol. Software is becoming
standardized as it is supplied by the interface manufacturers.
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The host computer must have an I/0 bus to GPIB adapter to access
the interface; then, from the user standpoint. the only commands
that need to be sent often are read, write, clear, and
local/remote switching. Data are sent serially as ASCII
character bytes.

The GPIB interface cable is 2 parallel daisy-chain type of
interconrect (all devices on the interface are in parallel), and
the cable is easy to connect Devices on the cable may be
connected or disconnected with the interface powered up.

Examples of the types of instuments that may be interfaced
with the GPIB bus include scannir 1 digital voltmeters, x-y
plotters, different t,pes of analyzers, relay or digital
controllers, power supplies, and. of course, thermocouple
reference junctions.

The RS232C interface. This interface 1s for low-speed,
minimum protocol, ASCII character byte transfers. The full
standard supports lines for transmitted data. received data,
common roturs elear to send, ready ro sern4d, data terminal reaay
and a {cw othor specialized hardware sensing lines. Data are
sent as a series of +12 Vdc binary pulses, with a number of start
and stop bits for timing. The total number of bits defining each
character 1is not standard a. 1 depends on the hardware used at
each end of the interface. DBy using no handshake prctocol at
all, the interface can make use of bidirectional MODEMS
(MOdulatorDEModulator) to transfer data over long distances via
telephone lines or dedicated cables.

This MODEM configuration uses ornly two wires to carry the
data in a frequency-multiplexed manner. The MODEMS convert the
R3232 +12 Vdc binary data levels into one of four audio frequency
tones, two each for sender and receiver. Staight RS232 can be
sent over a three-wire system using one line for transmitted
data, one for receiver data, and a common return. It is easy to
confuse which unit is the sender anc which the receiver, so 2
switchable adapter is often necessary when using the R3232
interface. Data transmission speed of up to 9600 bits per second
is possible over distances of several hundred meters using a
three-wire system, and distance is unlimited using MODEMs at 1200
bits per second or less.

The MODEM frequencies are not an international standard. so
things pet even more confusing when one is using MODEM devices
from differeit countries or cven different manufacturers. A
car2ful investigation of the operator's manual for all equipment
to be ucced on the KS232 interface is necessary to determine how
m.ch of the staadard is used and which lines must be hardwired
hiph or low.

To decide which of these standard interfaces would best suit
a certain 1nstallation., the user should consider transfer rate,
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transmission distance, number of devizes to be accessed, and
cost. Probably the two most important factors are what data
throughput rate will be needed and whether the same system will
be used for a variety of different test configurations. The
CAMAC interface is the fastest and most versatile, but it is also
expensive. The GPIB bus is a good general purpose interface,
useful with a wide variety of devices over short distances.
Finally, the RS232 interface is cheapest, but applications are
limited by the lack of protocol. Although RS232 transmission

speeds are low they are quite satisfactory for a small number of
heat transfer data channels.

3.3 Processor Requirements

The curr 'nt t'lood of small computers available for use with
external digitizing devices may make it difficult to select a
host device for = temperature acquisition system. The decision
car be simplified by knowing Jjust what is needed for the
application.

The most important specification is that the unit support
the standard interface selected for the area. If the
manufacturer says "We don"t feel that that interface buys you
anything," or "We can interface any instument in the world to our
I/0 busz,” then the buyer should cross that model off the list.
There are enough selections available that the huver's
specifications will be met by one or more of them.

The next most important specification is the ability of the
processor to produce the type of output that the user desires.
Most small computers will have some graphics capability, but hard
copy output, inclulding data listings, will require additional
peripherals. The buyer must be sure these peripherals are
avallable and supported with software and maintenance.

Storage media type and size needed are determined by the
number of data the user needs to store and how often these data
are to te accessed once they are written to storage. If few data
are to be stored, and need to be accessed rarely. then a cassette
audiov tape storage system may be sufficient. 1In most cases
though, the minimum storage available should be a floppy cisk.

If the data will be proccessed or plotted several times after
acquisition, then a hard disk should be considered. These disks
allow faster retrieval times.

The amount and type of date processing to be performed by
the system should be considered whei the buyer is examining the
type of computer architecture. Since time-history data are
usually processed from a data array, a built-in array processor
capability can greatly speed repetitive operations. Likewise. a
floating point processor will allow greater precicion and speed
when the user is dealing with operations involving fractional
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numbers.

One final consideration must be the languagec and operating
system of the processor. BASIC is a slow=-running language since
it is interpreted into machine language a line at a time at run
time but it is very flexible and extremely handy for setting up
new devices on an interface. The oposite end of the language
spectrum is machine language code, the direct nume. ic commands
executed by the processor. This type of language is very fast,
but also difficult to change or adapt. In addition, no floating
point t'unctions or statements exist otii~r than as special
subroutine calls. The worst drawback of machine language coding
is the fact that it is not direc.ly documented for human
understanding as it is written. There must be a separate,
written document explaining the code purpose and flow.
Intermediate-level languages like FORTRAN and PASCAL are very
powerful and fast. These "compiler" languages must be compiled
into machine language by a separate program before the code can
be executled. Because the code runs as machine language, it runs
faster than BASIC; because the original source is in a user
understandable language, it can be moditied and debugged almost
as e=sily as BASIC. There i1s a time cdelay between source .
correction and program exe ution while the code is recompiled,
and the :dditional file ‘requires more storage space.

Memory is usually an easily acded expansion item (no one
ever reduces their computer memory size), but a minimum size of
32k words (32768) will accommodate most acquisition system
software.

3.4 Software Designs

Once digital data acquisition system components have been
connected, the one factor that will determine how well the systen
is used is the quality of the software that the user interfaces
with.  The best hardware money can buy will be useless if the
user finds the software is clumsy “o use or must get special
training. When writing software for data acquisiton systems, the
designer must remember that the human operator may not be
familiar with computer keyboard use and may resent beling
presented with a lot of decisions or independent actions.

The best type of software for these "hostile users” is
usually a question and answer format that leads them through the
setup and acquisition process. Default answers should he allowed
wherever possible, and any new entry should then becowe the new
default. The default values should be shown in a recognizable
format at the end of every question. Flpure 3.7 shows an example
of this derault-prompting question and answer format.
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-Display section=-

Overlay t 1is plot on previous one [Y/N]:N

Plot over scan range [1,600]:1,300 -

X axis channels [12]: (no change)

X axls scale (first,last,step) [0,500,100]: (no change)
Y axls channels [1,3,5]:7,9,11

Y axis scale (first,last,step) [-100,100,20]:-200,100,25

Figure 3.1. Question and answer format example.
User-entered responses are underlined. Default values are
shown here as enclosed in brackets [].

-Main Selection Menu=-

1=Setup Parameters 2=Acquire Data 3=Display
4=Store to File 5=Recall from File 6=zList
7=Plot 8=Modify 9=Merge Files

Operation number?:

Figure 3.2. Menu format example.

Wwhen an independent decision point is rearned, it is
recommended that a menu-type format such as the one in Figure 3.2
be used. The different cholces available to the operator should
be displayed in a loglcal, easy to understand format, and a
letter or number assigned to each of the choices. The operator
enters the letter or number of the desired operation. and a new
menu or question/answer section is displayed. There should
always be a simple method of aborting any section and returning
tn the main menu.

Do not hesitate to display a lot of information when asking
the operator for an input decision. Modern processors will have
cathode ray tube displays, which operate at high data display
rates. This high rate allows the program to display a detailed
explanation of each step, even when the operator is experienced
with the system and dnes not need the information.

Calipbration is probably the most important and, naturally
then, the most confusing part of any acquisition system setup.
Every e. fort must be made to malle the calibration section of the
system sofiwvare self-guiding and fail safe, while assuring that
the operator provides the system with as accurate a voltapge range
for each transducer input as possible.

Mention nust be made at this point of the importance of
always storing the date points in the "raw” form as obtained
dircectly from the digitizing device. This raw form may be cither
volts or A/D counts. Conversion from the raw form to enpgineering
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units form for display and listing is done according to Equation
(1) using the slope and offset calibration factors obtained from
the calibration routine. Data that have been converted to
engineering units ard t2n stored may later be found to be
inaccurate because of a calibration error. It then becomes very
difficult to correct all the data points. and inaccuracies may
appear if correction factors are applied. These inaccuracies are
due to round-off effects when data of a certain resolution have
been multiplied by one factor and then divided by another.

The calibration procedure itself should consist of the
application of high and low voltages to delimit a known

engineering units span range. The voltage is read by the
digitizing device, and the engineering units equivalent to that
voltage span must be entered by the operator. A third voltage,
referred to here as the "offset" voltage, allows the operator to
assign an engineering units offset (usually zero) to a specific
voltage value. The aavantage of this offset voltage is that the
calibration span voltage then does not need to be zero based but
can be a negative through positive voltage span. This
calibration will help to resolve polarity errors (which might be
called digitizer hysteresis) that mav be present in the
digitizing device.

The resultant slope calibration factor for a linear
transducer (volts for thermocouple calibrations) is determined by

CY = (Espan)/(Vp = Vn), (2)

where Espan is the engineering units equivalent to the input

voltage span determined by the positive calibration voltage Vp
and the negative calibration voltage Vn. The offset calibration
C2 is then determined by

C2 = Eo = C1%Vo, (3

where Eo is the engineering units offset equivalent to thc offset
voltage Vo. Note that in Equations (2) and (3), the actual units
for Vp, Vn, and Vo may not be volts, but rather the "counts’
value {rom the digitizire device.

Figure 3.3 shows an example of a calibration sequence that
is fairly easy for the operator to understand and interact with.

In the case of thermocouples or other non lincar
transducers, the dnta should still be calibrated and stored in

lincar terms=-volls or counts. The correction from volts to
linecarized, referenced degrees should be done separately and may
then be storcd in another data channel in rinal units. This

ensures that the original data «<till remain intact if a
conversion crror is later discovered.
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Channel number to cal:7

Provide the positive going cal voltage to chan 7 input.
Ready to scan../ (any key input)

Ch 7 + cal= 5.237 v

Is that a good value [Y/N]:N

Ready to scan..

Ch 7 + cal= 5.005 v

Is that a good value [Y/i']:Y

Frovide the negative ‘or zerc) cal voltage to chan 7 input.
fFeady to scan..])

¢k 7 - cal=~5.002 v

Is that a good value [Y/N]:Y

What was the engineering units value

of that 10.007 v cal span [ 25000.0]:500.0 (note default)
Provide the offset cal voltage to chan 7 input.

Ready to scan.._

Ch 7 offset cal= 0.010 v

Is that a good value [Y/N]:Y

What is the units value of that offset [0.00): (no change)

Channel number to cal: ('return' = done)
Figure 3.3. Calibration sequence example.
A good fcrmula for converting raw thermocouple data to
degrees 1is
D =a+ bV + eVl 4 dVv3 + evH (u)
D ! resultant degrees

a,b.c,d,e : coefficients of the linearizinpg polynomial
over a specific voltapge/temnerature range

V ! referenced thermocouple voltage,
where V is obtained from
V = Vt + aTe® (5)
Vt : thermocouple voltape
Tr : refercnce Jjunction temperature

a.b : coefficients of the exponential function axb.

The exponential function aTrb i3 used to convert reference
Junction vempernture to equivalent thermocouple~type voliage.
Both the polynomial and exponential functions operale best over a
linmited temperiture range as determined by the Lhermocouple
response curve., it may therefore be necessary to break the
conversion process into several ranges of conversion and apply



PAGE 13

the different coefficients of the equations as a function of
incoming thermocoujrle voltage.

Another form of linearizing correction that does not require
a polynomial curve fit is the data replacement technique. The
nonlinear curve of uncorrected versus corrected data is stored in
a file as a series of point pairs (millivolts and degrees Celsius
for example). The program compares uncorrected data from memory
with the same units in the file (millivolts in our example).
finus the match or interpolates between two adjacent points, and
then replaces the data in memory with the appropriate data point
{rom vhe other file channel. The calibration factors for the
corrected units must also be replaced. Note that “he term
'replace" should actually refer to storing the new data values in
another channel of memory to preserve the original data. This
form of correction works best with a small number of data points,
and the compirision channel of data in the file must be

unidirectional, that is, always increasing or decreasing in
value.

An item that deserves inclusion in this section is the
belief by the author that a numan observer needs only a specific
number of data points on a plot or listing to define an event of
interest. Furthermore, this ctpecific number of points may be
quantified and has in fact been determined by observation to be
no gr~ater than 4000 data points. This 4000-point number refers
to the total number of data points of cne single data channel
that are necessary to define an event of interest. An event of
interest is best uescribed as the time frame containing data that
are actually pertinent to an observation.

The actual importance of this "De Witt Criterion s that it
helps the observer to determine the sample rate necessary to
capture the event of interest, assuming that such an event time
length can be predicted. The sample rate per channel is then
determined by

Rs = 4000/Te (6)
Te : event time lenpth in seconds
Rs : data vample rate per channel in samples/second.

Therefore, a test occurring over a long time period will
‘esult in a slower sample rate than one occurring quickly.
Soeveral examples of this effect are shown in Fipures 3.4 through

j.6. Note thau the number of points necensary to actually define
the event 15 usually much lower than 4000. Of course in some
rare cagses the main event of interest may be of a loag-term

nature and nay actually include several shorter events. Since
memory and storage cpace are finite, the user must then settle
for a compromise number of data po =:s ani sample rate. It will
usually be found after the test thia the lonpg-term event was
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actually the only event of interest, the resclution of the
shorter events was Just "nice to have."

. THERMAL CYCLING TEST
_ AIR TEWPERATURE VS TIME

1,00 p—— - - e e
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Figure 3.4, A lonp=term event of interest; 2200 data
points per channel.
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One problem that nas surfaced lately in the United States is
the lack of a standard data transfer format for time-~history data

of the type acquired by the above~mentioned data acquisition
systems. To make data transfer between such systems easier for
all concerned, the Los Alamos National Laboratory has adopted a
standard format. This Standard Data File Format is defined in
Appendix A. The standard specifies text-character-based data
strings to define the channel sequences, calibration factors, and
data. The format 1is designed for easy data transmission over
telephone line MONEMS.

4, STAND-ALONE DATALOGGERS

When a separate digital file of data is not needed for post
oprocessing, the user may elect to receive @ simple data listing
from a digital datalogger. This device is the simplest form of
digital data acquisition and usually has nc¢ software
requirements. Data may be presented in & listing format on paper
and may be stored on a magnetic tape or disk. Most dataloggers
also have a printing port for RS232C in‘erface access.

Acquisition pezrameters are enterec by front panel keypad in
a structured question and answer response mode. These setup
parameters are¢ usually retained in memory when the device is
powered down between tests. Some calculations may be perflformed
on the incoming data, such as slope and offset conversion to
engineering uniis, averaging, and limit detection.

Most dataloggers supporting thermocounles will use an
isothermal connecl.or block as the reference Jjunction, with a
resistive Lemperature device to read the connector temperature.
This type of connector is described in more detail in Section 5.
Internal conversion cables are then applied according to the
thermocouple type to produce an output in deprees Celsius or
Farenheit.

The datalogger-t pc device is a pood alcernative to both the
analop and full digital dnta acquisition systems. The internal
software cannot be modified, and data are usually not stored in
digi.al format for futuc-. access, but digital accuracy and euase
of interpretation are available for about the cost of a few sirlp
chart recorders.

The typical detalogger will produce a printed listing
gimilar to that of Fipure L.1, which shows temperatares,
voltages., and Limes.
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2.313MV
2.37 MV
70.3%C
34.2%C
80.U¥*F
00:14:02:22
14,362MV
14.598MV
3BLU.6*C
52.3%C
T9.UF
00:14:05:00
13.439MV
13.640MV
360.4%C
290.7%C
79.6%F
000:14:1C:00
Figure 4.1, Typical datalog 'er printout.
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5. THERMOCOUPLE APPLICATIONS

Thermocouples may be old-fashioned, non-linear, moderate
resolution devices, but they are also very reliable and supply a
self-generating output.- For these and many other reasons
thermocouples will continue to be used in thermal data
acquicition systems for quite some time. Just because they have
only two wires and no fancy <ignal conditioning requirements does
not mean that thermoncouple circuits can be taken lightly, as many
an experimenter faced with "impossihle” or even "questionable"
temperature results can confirm.

Tnh order to understand thermocouple circuits, a basic review
of the "Laws" of these strange devices is !n order. Then a more
detailed approach to the rnolution of compicx circuits can be
attempted.

5.1 WIDERSTANDING THUERMOCOUPLES

he most basie phenomenon involved in thermocouples i3
relatced to the fact that any electrical conductor, under open
circuit conditionn, will generatoe & voltape potential difference
at the conductor ends when those ends are at diffcerent
temperatures. This potential is probably due to charpe
distribution of free electrons as a result of the different
Lemperaturen,

Tn order to measure Lhis voltape potentlal, the conductor
must be placed in o circuft with a hipgh fmpedence meter. I the
same type of conductor is used in the weter circuit then there
e no ends==the charpges are free Lo redistribute. In order to
monit.or the generated voltage potential, the conductor must have
the ends (which are still at different temperaturen) conrceted to
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a dissimilar metal--one which has a di.ferent coefficient of
thermal electromotive force. This "thermocouple junction" will
generate a mzximum output when the two conductors have an
opposite polarity of thermal emf. Common thermocouple metal
pairs such as platinum/iridium and Chromel (chromium-nicke'.) /
Alumel (aluminum-nickel) are selectud for maximum output and
linearity over a specified temperature range.

Note that the voltage is generated due to the temperatur:
difference between ends of each conductor type, not due to the
presence of a heat source at the junction itself. The junction
does not generate a voltage, it allows the voltage to be
monitored. The junction is one pair of conductor ends, and a
voltage is generated in each conductor when it's opposite ends
are at different temweratures. This distinction is an important
part of the circuit analysis method described in section 5.2.

Once the two conductor types are connected in a closed
circuit, the generated voltage can be measured anywhere in the
circuit with a high impedance meter (a low impedence device would
allow the charges to recdistribut~ faster than they were being
generated--a short circuit). 1In order to simplify connections,
most thermocouple circuits place the meter at one of the
junctions. In order to undersvand that this connecticn may not
effect the eclrcuit output it 1s necessary to presernt several
"Laws" of thermocouple eircuits. Many such laws can be
formulated, but all relate to the basic ideea of an output being
generated whenever opposite ends of a conductor are at different
temperatures.

THE LAW OF INTERMEDIATF MATERIALS

“"If metal C is inserted between metals A and B at
vne of the junctions, the temperature of C at any point
away from the AC and BC Jjunctions is immaterial. So
long as the Jjunctions AC and BC are both at the same
temperature T1, the net emf 1Is the rame as if C were
not thcre.”

A mecter circuit inserted at one of the thermocouple
junctions ucts as material C, with the AC and BC meter
connections at the same temperature on the wcever terminal strip.
Both ends of C are at the same temperature, therefore no emr is
rrenerated to upset the circult reading. Of course the
temperature of the terminal strip must be known il the absolute
temperature at the other ("hot") junction i5 to be calculated
from the generated clrcecuit voltarpe.

THE LAW OF INSERTED MATERIALS

“If a third huomopencous metal C is inserted into a
th.rrmocouple circuit with metals A and B, as lonpg as
Lhe two new Junctions are at the same temperature, the
net emf{ of the circult is unchanped, irrespective of
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the temperature of © away from i‘he junetions.®

This law applies to an irserted material, such as a meter,
inserted at a point other than one of the junctions. Notice that
*the same conditions apply as in the first law--=the ends of the
new material must be at the same temperature--so no thermal emf
iz generated. Once again, the temperature of material C awey
from the ends (junctions) does not contribute an emf to the
circrit. This fact is the basis of the remaining "law".

THE LAW OF INTERIOR TEMPERATURES

"The thermal emf of a thermocouple with junctions
at T-hst and T-ref is totally unaffected by temperature
elsewhere in the cilrcult if the tweo metals used are
each homogeneous"

This law refers not to a third material, but to localized
temperature gradien*ts (hot or cold) in the materials away from
the Junctions. If the circuit were to be broken at these
gracdients (a third material or meter circuit inserted) then amn
emf{ would be generated. HNon-homogerous materials act as inserted
materials since the thermal generating ccefficient of the
material changes, and if a thermal gradient exists between "ends"
of these sections=-~a voltage is generated.

Since nor.-homogeneous materizls act as inserted materials,
it becomes very important to avoid Iintroducing these anomolies
into the thermocouple wire. Cold working due to bending and
fatigue causes alloy changes, as does derormation (crimping) and
welding. In the case of welding--most juiictions are made this
way, so the user must try to keep the heat affected area very
small. This small heat-treated area may all he in the same
temperature zone in the actual application, which helps to
prevent erroncour signals.

One way to test for non-homogeneous meterial is to pass a
heat gun or flame heat source alonp each leg of the thermocouple
circuit while observing circuit output. The output will change
only at these locatiuns where chanpges in thermal pgenerating
coefficient occur (like Jjunctions).

Intrinslc thermocouples. The Law of Intermediate Macerials
allows a third type of matcrjal to be inserted at a Jjunction if
the connections are at the same temperature. With this knowledge
it is pousible to use a third materiai, which is actually the
material temperature to be measurcd, as a part of the
thermocouple circuit, Standard practice is to spot weld the two
thermocouple wires to the third materinl at the point of
interest. The two wires do not have to touch cach other-=-the
third material 18 the intermediate conduntor, assumed to bo at
un! form temperature.  Even if the Lhird material is not at
uniform tomperacture, the result will be an averare of the two
Junctlion temperatures.
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Problems to be avoided with intrinsic thermocouples include
system giound loops (current flowing in a thermocouple wire due
to different ground potentials) and poor weld connections. The
process of welding the wires onto the third material may actually
introduce new alloys (non-hnomogenieties or junctions) in the
thermocouy.le wire which can even change the thermocouple
sensitivity, so the user must take care to use the lowest heat
range necessary to bond the materials.

Zone boxes for connections. Since connectors and cable
splices are non-homogeneous areas in a thermocouple circuit,
extreme care must be taken to see that no temperature gradients
exist across these areas. One good way to avold these gradients
1s to place reference junctions and other cornnections in an
insulated, uniform tempera‘ure box. The temperature of the box
does not need to be known (unless there iz 2 refcrence junction
inside), it does not even have to be counstant, but it must be
uniform insice (no gradients). The jdea is to prevent the ends
of the inserted materials from being at diffeirent temperatur: s
and generating voltages. A styrofoam picriic cooler works well as
a zone box.

5.2 THERMOCOUPLE SYSTEM ANALYS1S

Because most practical measurements of temperature are taken
with thermocouples, it makes sense to discuss a methnd of
resolving circuit problems that may arise from complicated
thermal gradients along the leads and at the reference junction.
A method known as the "Gradient Approach," used by Dr. Robert
‘ioffat [1) will te used to define these etfects.

The net voltage of a thermocouple circuit can be described
by the equation

T |

Enet = J/;i1 dt +J/.&2 dt, (7)
T1 T2

where el and e2 are the absclute values cof voltapges froum the two
thermocouple metals 1 and 2.

e = dF/dT - u (8)
P : Peltier coefficient
u ! Thompson coefficient

Equation (7) represents the theoretical possibility of
determining net voltapge by inteprating the individial metal
voltapes caused by temperature alonp Lhe wire. The ¢ of each
metal cannot be precisely calculated or measurad, except as
referenced to a common material, such as platinum. If voltapes
of all metals in the circuit are obtained as referenced to a
common materlial, then the refercnuce material effect will
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disappear. The values of voltage for materials referenced to
platinum are available in the United States from the National
Bureau of Standards monograph 125 [2].

The "Gradient Approach" relies on the 1act that voltage is
contributed only along those sections of the conductors where a
temperature gradient dt is present (Section 5.1). If the two
ends of one type of thermonouple wire are at different
temperatures, then a voltage of known amount will be generated in
the wire. If the two ends are at the same temperature, no
voltage will be generated. Complicated thermocouple circuits
(multiple-wire types) passing through several temperature
gcradients can be evaluated for net voltage contributions by
considering only the temperatures of the ends of each conductor
type.

Using “ables that give the voltage output for difrerent
types of wire referenced to a common wire {(platinum) enatles the
user to understand a complicated circuit like the one in Figure
5.1.

l ar v
G 500
— —
(I
c)
;’ 800 EOOr
b) d)
Firure 5.7. A complicated thermocouple circult showing

different purts of the circuit at different temperatures. The
room temperature is 20 degrees C.
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Figure 5.1 represents a circuit with copper wire connecting
to Constantan, to Chromel, to the Chrcmel-Alumel thermocouple,
Alumel to iron, and iron to copper. The readout device is a

system with internal reference junction, so that a zero volitage
input reads room temperature.

In Figure 5.%2, the Chromel-Alumel junction is at 500
degrees C, the rest of the circuit at a room temperature of 20
degrees C. Tracing the wires for temperature gradients, we find
none along the copper from the positive terminal to the
Constantan Jjunction, and none along the Constantan wire. There
is a +480 degrees C gradient (room temp to 500 degrees C) zlong
the Chromel wire, which ac:ording to the U.S. National Bureau of
Standards monograph 125 [2) results in a 15.523-millivolt signal
referenced to platinum. The Alumel wire has a -U480 degree
gradier*, resulting in a 4.265.-mV voltage. The iron wire and the
last copper wire to the negative terminal have no gradients.
Summing the voltages encountered results in 15.523 + 4.265 =
19.788 mV. Since our readcut device has been calibrated for
K=type thermocouples, it reads this voltage as 480 degrees C + 20
degreesz junction temp = 500 degrees C.

Figure 5.'b shows a circuit that results in an improper
reading, because of the oven enclosing the Alumel-iron junction.
A gradient of +U480 depgrees C exists along the Chromel wire
(+15.523 mV), no gradient exists along the Alumel wire, but u
~480 degree gradient does exist along the iron wire (-6.499 mV).
The last coppper wire is gradient-free. The sum of the voltages
is now 9.024 mV, which the readout device interprets as 22.5 + 20
= 42.5 degrees C.

Figure 5.7c shows gradients of +480 along the Constantan
wire (-19.859 mV), -U80 along the Chromel (=-15.523 mV), +U480
along the Alumel (-4.265 mV), and finally -U80 along the iron
(=6.49° mV) for a total voltage cf -U6.146 mV. The readout
device faithfully interpret., this value for a K-type thermocouple
as =-1127.5 + 20 = =1107.5 degrees C.

The final example, Figure 5.1d, shows gradients of +480 in
copper (+5.92 mV), =480 in Chromel (=15.523 mV), +480 in Alumel
(-4.265), and =480 in the last copper (-5.92 mV). The resultant
-19.7686 mV is read as =480 + 20 = =460 degrees C.

Further explanations of the use of the Gradient Approach to
thermocouple systems may be found in Reference (1], including
examples of graphical solutions to these problems.

Isothermal connectors for thermocouples. [Usinp the
"isothermal block" connector is one ccmmon method cof connecting
thermocouples into data acquisition and/or monitoring systems
that helps to avoid reference junction problems. These
connectors are usually a group of screw clamp terminals mounted
close to each other on a printed circuit board. The board itselfl
has a layer of sclder like a grounding bus that spreads around
all the terminal connectors. This solder layer acts as a thermal
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mass, keeping al.. the zonnector terminals at the same temperature
on the board. A resistive temperature device (RTD), usually a
platinum resisto~ in a constant current circuit, is also
physically bonded to the solder layer at a central location (see
Figure 5.2). The RTD is used to read the temperature of the
solder layer anc¢ therefore the temperature of the connecting
terminals. If the thermocouple wire leads are brought directly
to this connector block, then the connector temperature is the
reference junction of the thermocouple circuit. Since the RTD is
reading the reference junction temperature, the acquiring device
now has all the information necessary to convert the millivolt
signals at the connector terminals into the true temperature at
the thermocouple itself. Software to perform this conversion is
discussed in Section 3.4.

. .. COINECTOR BLOCK
B I—_" 4 SOLDLR LAYER
//

————

&5~
RTO
DEVICE

| Pc GOARD
; /

s

— T~

Fi.ure 5.2. A resistive temperaturce device (RTD)
isot " :rmal block connector.
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There is one other phenomenon regarding thermocouple
circuits that is not always considered when one is making
transient temperature measurements. Thermocouple wire will
generate a significant transient voltage when subjected to
dynamic strains. As a matter of fact, most electical wire will
self-generate a voltage when the wire itself 1is dynamically
strained, but thermocouple systems are most sensitive to this
phenomenon because of the inherently low-level voltages generated
by temperature.

The voltage generated is cyclic (Figure 5.3) and is
apparently strain rate related. Voltage levels depend cn the
type of wire being used, but for a X-type (Chromel-Alumel)
thermocouple, straining both leads, as would happen if someone
were to trip on the wire, results in a 0.6 mv peak signal. Tnat
is equivalent to a 14 degrees C false temperature reading.

“ o 12.7 KIL 0D CHROMEL-ALUMEL TC
OUTPUT PULSE DUE TO STRAIN
2,00
18.00 |-
10.00 |-
(7]
é 5.00 |- !}
2 .
- .
W N""""J
h
B |
10.%.® 705 o ) r .50 _ .10
TIMC (SECONDS) il
Firure 5.3. K-type therrocnuple output pulse produced by

strain.
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This seemingly piezoelectric effect in what is generally
regarded as a randomly oriented crystal structure has been
mentioned before by Prof. P. K. Stein [3]. A modest
experiment to attempt to evaluate the phenomenon was conducted by
the author several years ago. A loop of wire was strung between
two insulated poles about 15 em apart. A pendulum was arranged
so as to strike the wire at the center of its suspended portion.
The impacting pendulum was also electrically insulated and could
be positioned to strike the wire at adjustable angles. The two
ends of The wire loop were fed to a high-impedance dc
differential amplifier oscilloscope input. Every impact of the
pendulum on the wire loop produced a voltage pulse output.

Impact angles were varied, and a Faraday cage shield was used to
try to eliminate any magnetic voltage effects. Even insulated
single~strand copper "hook=-up" wire exhibited a voltage output
when impacted. For validation, the nylon insulation was stripped
from a length of wire and the insulation was tested with no
conductor present. The impact was more elastic, but the test
setup repgistered no voltage.

An vnderstanding of the cause of this self-generating noise
phenomenon is not yet available, but research is being done.
Users of thermocouples shoulcd be aware that false transient
signals may appear as temperature readings when the thermocouples
or their cables are exposed to dynamic strains. Note that this
noisc-generated pulse is approximately 15 degrees Celsius for
this small strain (equivalent to someone jerking the wire). Most
of the noise pulse occurred over a 10-ms time span. This time
span may not be relevant to those users acquiring static, or slow
rate of change, data, especially if they can allow a filter in
the data path. The 15-degree temperature excursion may also be
insignificant i1n measurements involviag thousands of degrees.
Note, however, that this phenomenon may help to explain some
types of noise on occasions whea the thermocouple leads are
attached to a vibrating piece of equipment.
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APPENDIX A

STANDARD DATA FILE FORMAT
FOR TIME-HISTORY TEST DATA

PURPOSE

The Standard Data File should be used for transfer of
time-history data between digital data acquisition systems. The
data may originate from mini-or microcomputers, desktop
calculators or other sources. The originator of the data shall
provide the data in the Standard File format, on floppy disk,
hard disk, magnetic tape, or serially (phone lines).

GENERAL SPECIFICATIONS

The file shall be an ASCII text data file, written in
character strings of 80 characters or fewer, each line terminated
by a carriage return character. This file shall be compatible
with a text editor and may be created or modified by such an
editor.

Numeric values on a line are to be separated by commas and
are to be right justified against the comma. Decimal points and
E formats are allowed but not required. Leading spaces are
allowed. -

EX: 17,3.467,-13.56, 52.789E-03, 5,16.01
A trailing comma is allowed at the end of a line of numeric data,
but a leading comma will be treated as a zero entry.
EX: 1,2,3,4.507, is OK
13040 reads as 0,3,0,6

Non numeric characters (anything other than 0123456769,.E+=)
must not be included in a numeric string. Upper and lower case
characters are allowed in non numeric strings; terminating
periods (".") are nct needed. HNon-printing character s are not
allowed in the file. Comment lines may be included anywhere in
the file after the TITLE line, and must start with the
oxclamation character ™!V,

DATA FILE FORMAT

IMlank lines (all spaces, or non printing characters) are

ignored and may occur anywhere in the file. The first non blank
line will Le the TITLE line, o character string of 80 »harwcters
aor fewer, desceribing the test in peneral terms,

The remainder of the file shall conanist of Information
Ploecks (1hs) of specific data format. These TRs may be in any
order fnoa file but must, be in o specifie ordor when sent
ser lally over an K82 3.C 1ine.  These 1Bs are denoted by standard
I header lines of the format:

FNANNHNNNN
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Where NNHNNNNNN is a string of UPPER CASE characters, the
first four (4) of which are unique among the IBs. Six (6) types
of IB are specified here. The user may create and use others as
long as the first four characters after the asterisk are unique.
Obviously no line in the standard data file may begin with ¥
excect information blonk headers (beware of FORTRAN format —
overflow).

An IB is terminated by the header of the next IB, or by the
end of file. Once again, the IBs may be in any order in a file,
the reader need only input those that apply.
NOTE: If the data are to be transmitted over phone lines or will
be accessed in a noii recursive manner, it is required that the
*CONFIGURATION IB be sent before the ®*CHANNELS IB and that the
®SCANDATA IB be sent last. The last character sent may be a ctrl
Z (EOF). '

Following is a description of the six (6) specified IBs:

¥DESCRIPTION (no format)

As many lines as desired of character or numeric strings may
bc present.

¥CONFIGURATION (2 lines)
't Number of channels (NC), number of scans (NS), clock,
channel, time at first scan, time per channel, time per scan

2t Time units character string

The first line will contain the number of data channels, the
number of scans (1 scan = ' look at all channels), and clock
channel number (or O if usinpg scquentially clocked multiplexing).
If cloek chan = 0, then the last three entries describe the time
at the first scan, the time step between points (multiplexer
clock rate) and time between scans. If a separate c¢lock channel
is used, these last three values could be zero. If a constant
rate multiplexed scanner iIs used, then the time between scans
will be equal to the number of scaons times the time step between
points.

The second line is a character string of time units:
SECUNDS, MINUTES, HOURS, etc.

NOTE: Although IBs may be present in any order in a file,
it Is expected that CONFIGURATION will precede CHANNELS or
DCANDATA since NC and N5 aure needed then. It iIs the reader's
respecnsibility to accept files that are not in this sequence (EX:
REWIND and rerend the file).

®DATE (1 line)
1: The test date and time in Lhe formotl:
DD=MMM=-YYYY ,HH MMM H S

YCHANNEL S (3 Vines per channel, HON3 Yinen total)
1 Chan : Channel fdentification string
«:  Channel Type string, Units string
3¢ Channel cal values for slope, offuet, thermocouple
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reference

The channel identification string is 80 characters or fewer,
preceded by the chrhannel number and a colon.

The Type string is exactly ten .10) characters long
(including trailing blanks) and describes the type of data
calibration to use for the channel. The currently defined types
are
LINEAR :apply the slope and offset calibrations to obtain working
units.

NONLINEAR :undefined. The user must include an IB such us
*CURVFIT to include curve-fitting coefficients.

K-0C :K=-type thermocouple data (linear calibration factors of
slope and offset still apply to get volts), voltage values arec
referenced to zero degrees Celsius.

K-REF :K-type thermocouple data referenced to another data

channel, the reference channel is included in the third date
line.

n=-J0C :same as K-0C for "n" type thermocouple.

The third line contains the nume. ic values for the channel
slope and offset (true data = raw data® slope + offset), plus the
reference channel for fioating thermocouples. This last value
must be zero If Type 1ls other than n=REF.

®SCANDATA (many lines)

't 1,ch 'V data,ch 2 data,ch 3 data,ch U4 data,ch 5 data

2: ch 0 data,ch 7 data, .... (5 data points/line)

n: 2,ch 1 data,nh 2 data,ch 3 data,,,, (each new scan begins
with scan number)

The data are now listed, five (5) channels per line, for
each scan. The first entry of eacn scan group shall be scan
number, written as an inteper for easce of detection. Remember
the 80 character line length limitation. The recommended format
for cach data point {s 12 characters (G12.5 is nice).

If there are fewer than five (5) values on a line, only the
values through NC need be valid., The line may be filled (padded)
to five entriea with parbape data.

NCHDATA (many linesn)

1@ 1,s5can V,scan 2,8can 3,scan U,5can b,
Jroonean boscan fyscan 8oL,
This datva format (optional) lists the data by channel in
proups oft bH nean pointn. The first number in each channel proup
In the inteper ehannel number,

As o with ®RCANDATA, {f there are fewer than five values on o
HHne, only the values throupgh RS need be valld,
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SAMPLE DATA FILE

Q13B0OX9: SPECIMEN 3D-9, TRANSVERSE STATIC LOAD, 283 LB DEAD WT
*DESCRIPTION
Q-13 SCALE MODEL BUILDING, STATIC LOAD CYCLES APPLIED
LOAD IS +-= 3 CYCLES OF 3000 LB INCREMENTS TO FAILURE
¥*CONFIGURATION
15, 336, 15, 0.00000 , 01000E=-04 , 0.500
! 15 channels, 336 scans,, real time clock on channel 15
! time @ scan 1'=0.0, 100kHz mux rate, 0.5 sec/scan

SECONDS
®DATE
OU4-JAN-83,14:07:52
®CHANNELS
1: RAM END LOWER LVDT
LINEAR MILS
-0.16997 , =7.4788 , 0O
2:RAM END CENTER LVDT
LINEAR MILS
-0.16807 v "19-”96 ’ 0
3:RAM END UPPER LVDT 3
LINEAR MILS
-0.15957 , 2.0745 , O
4:RAM END LOWER LVDT
LINEAR MILS
-0.82988E~01, =75.270 . , O
5:RAM END LOWER LDVT 5
LINEAR MILS
~0.64171FE=01, =21.433 , 0
G:FAR END UPPER LVDT 6
LINEAR MILS
-0.13072 , =2.8758 , O
7:FAR END UPPER LVDT 7
LINEAR MILS
-0.13158 , =2.3684 , 0
8:FAR END UPPER LVDT 8
Il INEAR MILS
-0.12793 y =1.2793 , 0O
9:FAR END LOWER LVDT 9
LINEAR MILS
-0.87591E=01, =4.,2004 , 0
10:FAR END LWR LVDT 10
LINEAR MILS
=0.73529E=01, 3.5294 , 0
119 1NSIDE ROOF LVDT
LINEAR MILS
-0.03738E=01, 32.891 , 0
120 1NSIDE ROOF LVDT 6
LINEAR MTLS
=0, HhY90E~01, 11,050 , 0
13:LOAD, FROM HT5
LLINKAR POUNDS

Y. 1703 , N,00000 , 0
TH:RAM STROKE, MTS

LINEAR

MILD
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1.2213 , =1509.5 , 0
15:CLOCK, REZAL TIME TYPE
LINEAR SECONDS

0.25000 , 0.00000 , O
*SCANDATA

1, -43, =116, 13, =907, =334,
-22, -16, -10, =48, 49,
752, 388, 0, 1236, 0,

2, -43, =115, 13, =907, -334,
-221 —18v -1Ov -usy ugv
752, 388, 0, 1236, 2!

3| -u31 _116| 13] _907| -33""
-22, -18, =10, -4B, 48,
752, 388, 0, 1236, by,

4, =43, =116, '3, =907, -334,
=22, -18, =10, -48, 48,
752, 387, 0, 1236, 6,

5| —H3’ '116o 13| '907' -33”,
‘22. -17| -10, -MB. uaa
752, 388, 0, 1236, 8,

6, 'u3| '116, 12' —907, -33”,
-22, -16, -10, -48, ug,
752, 388, 14, 124C, <0,

7, =44, =118, 12, =907, =334,
=20, -15, =T, _uav ugv
752, 387, 65, 1250, e,



