


MONEL samples. The evaluation included tests in a three-zone creep furnace and use of
platinum/platinum-rhodium control thermocouples. The Pyrolaser® was evaluated over a range

from 750°C to 1250°C and parallel data obtained with a [conventionalz] infrared instrument. The
maximum error of Pyrolaser® over the entire range was 3.2°C, which is within specification. The

maximum error for the [conventional?] instrument reached 9.8°C. Figure 11 shows a plot of the
percentage error and the values of emissivity as determined by Pyrolaser®. It is evident that the
ability to measure emissivity at the same location, time, temperature, wavelength and surface
condition provides a significant improvement in the measurement of temperature by infrared means

Figure 10. Metal Fil Temperature as Measured by Pyrolaser®.
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Zirconium

A series of Pyrolaser® tests were made at a large U.S. zirconium processing plant. The data
presented below are from a heat cycling of a large zirconium billet. In this case, the target zone was

initially a freshly cut surface which was tracked during the cycle.

Conditions Emissivity Corrected Temperature
Range °C
Fresh Cut 0.50 —0.55 T=20°C Ambient
8" Face
Heating 0.44 - 0.46 673 — 683
0.38 —0.42 835 - 848
0.35-0.40 930 — 940
1028 — 1038
Cooling 0.37-0.40 943 — 948
0.36 -0.38 798 — 808
0.32-0.33 678 — 690
Cold 0.26 —-0.32 T=22°C

The Pyrolaser® was hand-held in the tests and an attempt made to survey the target area. The
results for zirconium appear contrary to other materials, which tend to increase in emissivity when
heated while exposed to air. Additional tests during which the white oxide is removed may be
justified.

Ceramics

Obviously, the ceramic industry, including that associated with the electronic components business,
uses high temperature processing. Some manufacturing is done in open small tunnel kilns as well
as vacuum furnaces. Due to secrecy agreement(s) with the manufacturer, at this time only "coded"
data can be presented. It does, however, verify the large differences in target emissivities in
ceramics and therefore the need to measure directly this vital variable.

Sample Code Emissivity Tunc Tcor
°C - °F oC - °F
"A" .88 - .89 716 — 1321 723 - 1334
"B" .50 -.52 784 — 1443 831 - 1528
"C" 13 -.75 601 —-1114 619 - 1146




The emissivity corrections for sample "B", for example (47°C or 85°F), are significant and cannot be
ignored in the control of the manufacturing process.

Small Target Applications

While the Pyrolaser® was initially designed for use in large industrial furnaces, soon after its
introduction the need for small target measurements became evident. Most of the items were in R
& D laboratories and they frequently involved specialty metals. To meet the small target
requirements, modification of the optics and software were required. At this time, the following
ranges are available in addition to the standard Pyrolaser®.

Target Size Target Distance
mm  ||Inch Cm inch
.039 20 7.9
2 .078 40 15.8
195 100 394

The optical modification for each case is an add-on lens and the software change is now simply a
Pyrolaser® keypad entry by the user. A Pyrolaser® can be outfitted with any two of the four ranges;
if four ranges are needed, an EPROM substitution available from PYRO is required. This, too, can
be installed by the user.

Titanium

The first application of the small target Pyrolaser® was on titanium strips in a vacuum. The
transmission losses due to the glass bell jar wre calibrated (out) prior to making the following
readings.

Emissivity Tuncorrected Te (Corrected)
0.84 857°C | 1575°F 870°C 1598°F
0.85 850°C | 1562°F 863°C 1585°F
0.85 850°C | 1562°F 862°C 1584°F

"Super Conductivity Material"

Preliminary tests using Pyrolaser® to monitor the temperature of a "material" being made
(processed) for super conductivity evaluation have been run. The processing is accomplished in a
vacuum and, in this case, the data are reported without correction for the viewport transmission
losses.

Conditions Emissivity Tuncorrected | Tecorrected
Ambient 0.65 -0.67
Time (minutes) °C °F °C °F
0 0.88 594 || 1101 | 600 | 1112
10 0.91 597 | 1107 | 602 1116
20 0.84 628 1162 | 637 | 1179




25 0.83 635 1175 | 642 1188

It is hoped that Pyrolaser® will provide the means to monitor and control the temperature during the
processing of these materials.

Conclusions

An effective precision infrared pyrometer has been developed which has application in many
industrial and R & D areas. The ability to measure emissivity and to account for irradiance are
important for accurate surface temperature measurements. Practical use of the technology in the
petroleum, chemical, steel, aluminum, ceramic and other industries verify the usefulness of the
Pyrolaser® concept. The development is a major advance in infrared pyrometry. Additional work on
lower temperature units, specular targets and on-line process control systems is foreseen.

Appendix A
Details of Pyrolaser®
Optical System

The optical sensor system is of single axis configuration with the viewing focusing (distance
measuring), laser transmit, laser receive and radiance receive, all being coincident through the
objective lens. The laser transmit energy is introduces via a beam splitter and filters protect the
operator from any laser energy. The field of view is 7 degrees; the measuring cone 1/3 degree with
measuring range 6 to 30 feet ( 2 — 10m). Lenses for measuring zones of 1, 2 and 5 mm diameter
are available.

The optical configuration of the Pyrolaser®, comprising transmit optics, receive optics, radiance
channel and sighting system are all operating through a common objective lens. The lay-out of the
laser monitor channel is also shown.
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Laser

The measuring instrument uses a solid state GaAS three stack laser with peak power of 25 w. The
laser is pulsed to distinguish between reflected laser (AC-signal) and emitted radiance (DC-signal)
from the target. The large changes of radiant laser power with ambient temperature are roughly
compensated for by changing the supply voltage of the storage capacitor. The final precision is
achieved by referring the laser return signal to the monitored laser output signal.

Electronics:

Besides communicating with the operator via keypad, LCD digital display, in-view-finder LED-



display, and/or RS232 communication line, the electronics measure the distance to the target by
detecting

the lens position after focusing manually, provides power and fires the laser, monitors and the
outgoing signal, and detects the returning laser signal and the radiance emitted from the target,
finally calculates from these raw data the temperature and emissivity and stores the results.

In the electronic design and fabrication special care has been taken to protect the very sensitive
detector amplifier circuit from microprocessor noise. The noise has nearly been brought down to

the level of the Noise Equivalent Power of the PIN-photodiode detector itself. The dark current of
this detector diode is brought to zero by keeping the bias voltage across the diode smaller than1uV.

Specifications

e Selectable Readout: °F°C

e Standard Temperature Range: 1100°F - 2730°F (600°C - 1500°C)

e Optional Extended Temperature Ranges: || 1300°F - 3600°F (700°C - 2000°C)

o _ 1450°F - 4500°F (790°C - 2500°C)

See Calibration Lens & Filter Table 1550°F - 5400°F (850°C - 3000°C)

e Calibration Ranges: (4) Ranges Available

e Accuracy: 1+ 5°F (3°C)

e Resolution: +1°F (1°C)

e Repeatability: +1°F (1°C)

e Effective Wavelength: 0.865 mm +0.015

e Bandwidth: 0.055 mm

e Automatic Emissivity Measuring Range: |[0.01 -1.0 ( Increments 0.01 )

® Agquisition Time: 1ms - 2000ms Selectable
e LED Display In Viewfinder: 4 Digit Corrected Temperature (Tt)
e LCD Disply 40 Digit Readout of Target Distance Emissivity

Value (E), Uncorrected Temperature (Tu), &
Corrected Temperature (Tt)

e Standard Target Distance: 2-10 meters

Optional Target Distances Available

e Target Size vs. Distance: Target Size Target Distance
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Standard 2 - 10 meter Range

Optional Target Size/Distances Available

(Target Size = 1/200 of Target Distance)
Min Max Min Max

1.96" (

039" (Sem) g0

6.56' (2m) 32.8' (10m)

e Visual Field Of View:

70

® IR Field Of View:

0.333° (1mm @ 20cm; 0.04" @ 8")

e Sample Rate

1,2, 4, 8, 21, 23, 37 Readings/sec Selectable

e Maximum Equipment Operating
Temperatures:

32°F - 125°F (0°C - 32°C)

e Display Output:

LCD 3.5" x 0.75"

Target Emissivity

Target Uncorrected Temperature

Target Emissivity Corrected Temperature

e |[nstrument Enclosure:

Cast Aluminum

® Auxiliary Output:

Single Analog Output: 0 -5vdc or 0-20mA
Single Digital Output : RS232C

® Power Supply:

(3) x 9v Rechargeable Ni Cad Batteries
115v/60Hz or 230v/50Hz Charger

2 Hours Operating Time w/Batteries - Unlimited
Operating Time With Charger.

e Dimensions:

12.5" x 8.0" x 3.0" (318mm x 211mm x 74mm)

e Weight Including Batteries:

7Ibs. (3.5kg)
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