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Siripong Tesana 2007: Non-Contact Temperature Measurement with Infrared Thermocouple
Sensors. Master of Science (Metrology), Major Field: Metrology, Department of Physics.

Thesis Advisor: Assistant Professor Surasak Chiangga, Dr.rer.nat. 50 pages.

This thesis studies the performance of infrared thermo couple product of Exergen,
Model IRT/CX]1 for non-contact temperature sensor. The output of infrared thermocouple is
amplified by IC ADS595, and then passed to the PIC16 microcontroller which has been
programmed to read the values of the infrared thermocouple and sent them to the computer.
The Visual Basic programming and Microsoft Excel are used to display temperature via a

personal computer monitor.

This constructed device was calibrated against the infrared thermocouple product of Hart
Scientific model 9133, at the laboratory of temperature thermometry. National Institute of
Metrology, Thailand. The results show that the device has temperature responsibility, linearity,

measurement traceability in the range of 40 ¢ to 120 ¢ and accuracy to within £3.719°
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mV Table For All K-140 IRUc-<-140, IRUe SV-K-140
millivolts EMF produced at specified target temperatures IRt/c.01-K-140
IRt/c.2-K-140, IRt/c.2SV-K-140

Actual Signal = [(Base Signal*) x (Actual Emissivity/.9)] IRt/c.5-K-140

*With electronic 0 C cold junction compensation, zero leakage current offset, 25 C ambient. IRt/c.10-K-140
Base Base Base Base Base Base
Signal Signal Signal Signal Signal Signal

F c mv. F c mv. F C mv F C mv F c mv. F [ mv

-50 -46 | -04707 200 93 | 4.2265 450 | 232 [ 15077 700 | 371 [29315 950 [ 510 |44.793 1200 | 649 | 60.266
-45 43 |-0.4493 205 96 | 43920 455 | 235 | 15338 705 | 374 |29.618 955 | 513 | 45.105 1205 | 652 | 60.570
-40 40 | -0.4250 210 99 | 45600 460 | 238 | 15.599 710 | 377 | 29922 960 | 516 | 45.418 1210 | 654 | 60.874
-35 37 [-03977 215 102 | 47305 465 | 241 | 15862 715 | 379 | 30225 965 | 518 | 45730 1215 | 657 | 61.178
-30 34 [-03676 220 | 104 | 4.9034 470 | 243 | 16127 720 | 382 |30.530 970 | 521 | 46.042 1220 | 660 | 61.481
-25 32 [-03344 225 107 | 5.0787 475 | 246 | 16392 725 | 385 | 30834 975 | 524 | 46355 1225 | 663 | 61.785
-20 29 |-02983 230 | 110 | 52565 480 | 249 | 16.659 730 | 388 | 31.139 980 | 527 | 46.667 1230 | 666 | 62.087
-15 26 [-02592 235 113 | 54366 485 | 252 | 16927 735 | 391 | 31445 985 | 529 | 46979 1235 | 668 | 62390
-10 23 [-02171 240 | 116 | 5.6190 490 | 254 | 17.196 740 | 393 | 31.750 990 | 532 | 47291 1240 | 671 | 62.693
-5 21 [-0.1720 245 118 | 5.8038 495 | 257 | 17.466 745 | 396 | 32.056 995 | 535 | 47.603 1245 | 674 | 62.995
0 -18 [ -0.1238 250 | 121 | 5.9909 500 | 260 | 17.737 750 | 399 | 32363 1000 | 538 | 47915 1250 | 677 | 63.296
5 15 [-00727 255 124 | 6.1803 505 | 263 | 18010 755 | 402 | 32670 1005 | 541 | 48227 1255 | 679 | 63.598
10 -12[-00185 260 | 127 | 63719 510 | 266 | 18.283 760 | 404 | 32977 1010 | 543 | 48538 1260 | 682 | 63.899
15 9 | 0.0387 265 129 | 6.5657 515 | 268 | 18.558 765 | 407 | 33284 1015 | 546 | 48.850 1265 | 685 | 64.200
20 -7 | 0.0990 270 | 132 | 67617 520 | 271 | 18834 770 | 410 |33.592 1020 | 549 | 49.162 1270 | 688 | 64.501
25 -4 {01623 275 135 | 69599 525 | 274 | 19.110 775 | 413 | 33.900 1025 | 552 | 49473 1275 | 691 | 64.801
30 -1 | 0.2286 280 | 138 | 7.1603 530 | 277 | 19.388 780 | 416 | 34.209 1030 | 554 | 49.784 1280 | 693 | 65.101
35 2| 02980 285 141 | 7.3628 535 | 279 | 19.667 785 | 418 | 34517 1035 | 557 | 50096 1285 | 696 | 65.400
40 4 | 03704 290 | 143 | 75674 540 | 282 | 19.947 790 | 421 | 34.826 1040 | 560 | 50407 1290 | 699 | 65.700
45 7 | 04458 295 146 | 7.7740 545 | 285 | 20227 795 | 424 | 35135 1045 | 563 | 50718 1295 | 702 | 65.999
50 10 | 05243 300 | 149 | 7.9827 550 | 288 | 20509 800 | 427 | 35445 1050 | 566 | 51.028 1300 | 704 | 66.298
55 13| 0.6058 305 152 | 8.1935 555 | 291 | 20792 805 | 429 | 35754 1055 | 568 | 51339 1305 | 707 | 66.596
60 16 | 0.6903 310 | 154 | 8.4062 560 | 293 | 21.075 810 | 432 | 36.064 1060 | 571 | 51.650 1310 | 710 | 66.894
65 18 |0.7778 315 157 | 8.6209 565 | 296 | 21.360 815 | 435 | 36374 1065 | 574 | 51.960 1315 | 713 | 67.192
70 21 | 0.8683 320 | 160 | 8.8376 570 | 299 | 21.645 820 | 438 |36.685 1070 | 577 | 52270 1320 | 716 | 67.489
75 24| 09618 325 163 | 9.0562 575 | 302 | 21931 825 | 441 | 36995 1075 | 579 | 52.580 1325 | 718 | 67.786
80 27 | 1.0582 330 | 166 | 92767 580 | 304 | 22218 830 | 443 |37.306 1080 | 582 | 52.890 1330 | 721 | 68.083
85 29 | 11577 335 168 | 9.4991 585 | 307 | 22.506 835 | 446 |37.616 1085 | 585 | 53200 1335 | 724 | 68379
90 32| 1.2600 340 | 171 |9.7233 590 | 310 | 22794 840 | 449 | 37927 1090 | 588 | 53.509 1340 | 727 | 68.676
95 35 | 13654 345 174 | 9.9494 595 | 313 | 23.084 845 | 452 | 38239 1095 | 591 | 53.819 1345 | 729 | 68971
100 38 | 14736 350 | 177 [10.1773 600 | 316 | 23374 850 | 454 | 38550 1100 | 593 | 54.128 1350 | 732 | 69.267
105 41 | 15848 355 179 |10.4069 605 | 318 | 23.665 855 | 457 | 38861 1105 | 596 | 54437 1355 | 735 | 69.562
110 43 | 1.6988 360 | 182 [10.6383 610 | 321 | 23956 860 | 460 |39.173 1110 | 599 | 54.746 1360 | 738 | 69.856
115 46 | 1.8157 365 185 [10.8715 615 | 324 | 24249 865 | 463 | 39.484 1115 | 602 | 55.054 1365 | 741 | 70.151
120 49 | 1.9355 370 | 188 [11.1063 620 | 327 | 24542 870 | 466 | 39.796 1120 | 604 | 55362 1370 | 743 | 70.445
125 52 | 2.0582 375 191 [11.3429 625 | 329 | 24836 875 | 468 | 40.108 1125 | 607 | 55671 1375 | 746 | 70.738
130 54| 2.1837 380 | 193 |11.5811 630 | 332 | 25130 880 | 471 | 40420 1130 | 610 | 55979 1380 | 749 | 71.032
135 57 | 23119 385 196 |11.8209 635 | 335 | 25425 885 | 474 | 40732 1135 | 613 | 56286 1385 | 752 | 71325
140 60 | 24430 390 | 199 [12.0624 640 | 338 | 25721 890 | 477 | 41.044 1140 | 616 | 56.594 1390 | 754 | 71617
145 63 | 2.5769 395 | 202 [12.3054 645 | 341 | 26017 895 | 479 | 41.356 1145 | 618 | 56901 1395 | 757 | 71910
150 66 | 2.7135 400 | 204 [12.5500 650 | 343 | 26314 900 | 482 | 41.669 1150 | 621 | 57208 1400 | 760 | 72202
155 68 | 28528 405 | 207 [12.7962 655 | 346 | 26.612 905 | 485 | 41981 1155 | 624 | 57515 1405 | 763 | 72.493
160 71| 29949 410 | 210 [13.0439 660 | 349 | 26910 910 | 488 | 42293 1160 | 627 | 57.822 1410 | 766 | 72.784
165 74 | 3.1396 415 | 213 [132930 665 | 352 | 27209 915 | 491 | 42.606 1165 | 629 | 58128 1415 | 768 | 73.075
170 77 | 32871 420 | 216 [13.5437 670 | 354 | 27.508 920 | 493 | 42918 1170 | 632 | 58434 1420 | 771 | 73365
175 79 | 34371 425 | 218 [13.7958 675 | 357 |27.808 925 | 496 | 43231 1175 | 635 | 58740 1425 | 774 | 73.656
180 82 | 3.5898 430 | 221 [14.0494 680 | 360 | 28.109 930 | 499 |43.543 1180 | 638 | 59.046 1430 | 777 | 73.945
185 85 | 3.7451 435 | 224 [143043 685 | 363 | 28410 935 | 502 | 43.856 1185 | 641 | 59351 1435 | 779 | 74.235
190 88 | 3.9030 440 | 227 |14.5607 690 | 366 | 28711 940 | 504 | 44.168 1190 | 643 | 59.656 1440 | 782 | 74.524
195 91 | 4.0635 445 | 229 [14.8184 695 | 368 |29.013 945 | 507 | 44.480 1195 | 646 | 59961 1445 | 785 | 74812

4 4 o v A
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117: Francesco Pompai (1995)
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151083 6% (B)
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MINWUINN 1 AszanaamWmItEsIque i

Material Emissivity
1.0 pm 5.0 pm 7.9 pm 8-14 pm

Asbestos 0.9 0.9 0.95 0.95
Assphalt n.r. 0.9 0.95 0.95
Basalt n.r. 0.7 0.7 0.7
Carbon
Unoxidized 0.8-0.95 0.8-0.9 0.8-0.9 0.8-0.9
Graphite 0.8-0.9 0.7-0.9 0.7-0.8 0.7-0.8
Carborundum n.r. 0.9 0.9 0.9
Ceramic 0.4 0.85-0.95 0.95 0.95
Clay n.r. 0.85-0.95 0.95 0.95
Concrete 0.65 0.9 0.95 0.95
Cloth n.r. 0.95 0.95 0.95
Glass
Plate nr. 0.98 0.85 0.85
Gob nr. 0.9 n.r. nr.
Gravel n.r. 0.95 0.95 0.95
Gypsum n.r. 0.4-0.97 0.8-0.95 0.8-0.95
Ice n.r. 0.98 0.98
Limestone n.r. 0.4-0.98 0.98 0.98
Paint (non-Al.) 0.9-0.95 0.9-0.95
Paper (any color) n.r. 0.95 0.95 0.95
Plastic
Qpaque n.r. 0.95 0.95 0.95
Over 20 mils n.r.
Rubber n.r. 0.9 0.95 0.95
Sand n.r. 0.9 0.9 0.9

Snow n.r. 0.9 0.9
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Material Emissivity
1.0 pm 5.0 pm 7.9 pm 8-14 pm
Soil n.r. < 0.9-0.98 0.9-0.98
Water n.r. 0.93 0.93
Wood, (natural) n.r. 0.9-0.95 0.9-0.95 0.9-0.95

n.r. = not recommended to optimize surface temperature measurement accuracy:

1.

Determine the object emissivity for the spectral range of the instrument to

be used for the measurement.

Avoid reflections by shielding object from surrounding high temperature sources.
For higher temperature objects use shorter wavelength instruments, whenever
possible.

For semi-transparent materials such as plastic film and glass, assure that

the background is uniform and lower in temperature than the object.

Hold instrument perpendicular to surface whenever emissivity is less than 0.9.

In all cases, do not exceed angles more than 30 degrees from incidence.

For 1M and 2M models, avoid measurements in high ambient light conditions.
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Material Emissivity
1.0pm 1.6pm 8-14pm

Aluminum
Unoxidized 0.1-0.2 0.02-0.2 nr.
Oxidized 0.4 0.4 0.2-0.4
Alloy A3003
Oxidized n.r. 0.4 0.3
Roughened 0.2-0.8 0.2-0.6 0.1-0.3
Polished 0.1-0.2 0.02-0.1 nr.
Brass
Polished 0.8-0.95 0.01-0.05 nr.
Burnished n.r. nr. 0.3
Oxidized 0.6 0.6 0.5
Chromium 0.4 0.4 nr.
Copper
Polished n.r. 0.03 nr.
Roughened n.r. 0.05-0.2 n.r.
Oxidized 0.2-0.8 0.2-0.9 0.4-0.8
Electrical Terminal Blocks n.r. nr. 0.6
Gold 0.3 0.01-0.1 nr.
Haynes
Alloy 0.5-0.9 0.6-0.9 0.3-0.8
Inconel
Oxidized 0.4-0.9 0.6-0.9 0.7-.95
Sandblasted 0.3-0.4 0.3-0.6 0.3-0.6
Electoropolished 0.2-0.5 0.25 0.15
Iron
Oxidized 0.4-0.8 0.5-0.9 0.5-0.9
Unoxidized 0.35 0.1-0.3 nr.
Rusted n.r. 0.6-0.9 0.5-0.7
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Material Emissivity
1.0pm 1.6pm 8-14pm

Molten 0.35 0.4-0.6 nr
Iron, Cast
Oxidized 0.7-0.9 0.7-0.9 0.6-0.95
Unoxidized 0.35 0.3 0.2
Molten .035 0.3-0.4 0.2-0.3
Iron, Wrought
Dull 0.9 0.9 0.9
Lead
Polished 0.35 0.05-0.2 nr.
Rough 0.65 0.6 0.4
Oxidized n.r. 0.3-0.7 0.2-0.6
Magnesium 0.3-0.8 0.05-0.3 n.r.
Mercury n.r 0.05-0.15 nr
Molybdenum
Oxidized 0.5-0.9 0.4-0.9 0.2-0.6
Unoxidized 0.25-0.35 0.1-0.35

n.r.=not recommended to optimize surface temperature measurement accuracy:

1.

Determine the object emissivity for the spectral range of the instrument to

be used for the measurement.

Avoid reflections by shielding object from surrounding high temperature sources.
For higher temperature objects use shorter wavelength instruments, whenever
possible.

For semi-transparent materials such as plastic film and glass, assure that

the background is uniform and lower in temperature than the object.

Hold instrument perpendicular to surface whenever emissivity is less than 0.9.

In all cases, do not exceed angles more than 30 degrees from incidence.

For 1M and 2M models, avoid measurements in high ambient light conditions.
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Y @ a - o v A @
M31NUINA 3 wansdeuiisumsiaguugiuu liduiavounes lualilasunsusany

araeuisunuyingingumgil 50°C

Q

Calibration Point Standard Reading ~ UUC Reading UUC Reading  Standard Reading

o) o) o) °0) (°0)
50.00 49923 48.039 48.039 49.925
49931 48.039 48.039 40.928
49.924 48.039 48.039 49.927
49.926 48.039 48.039 49.925
Date : 2/3/50 49.924 48.039 48.039 49.923

Average of STD (°C) = 49.025°C

Average of UUC (°C) = 48.039°C

Correction (°C) = 0.986°C

H Y a 1o o J v A o
ﬂ1§1QN‘H3ﬂﬁ 4 WafﬂﬁﬁfJ‘U!ﬁEJ‘Ufﬂﬁﬂﬂqmﬁﬂuﬂl!ﬂﬂquﬁNWﬁﬂﬂﬂlﬂﬂiINﬂﬂLﬂﬂ@uV‘li%iﬂﬂU

! o

aeeuMeunUIngMNgungll 60°C

Calibration Point Standard Reading ~ UUC Reading UUC Reading  Standard Reading

°0) o) °0) o) (°0)
60.00 59.904 58.804 58.804 59.912
59.902 59.800 58.801 59.906

59.907 58.804 58.709 59.905

59912 59.802 58.804 59.902

Date : 2/3/50 59.908 57.803 58.802 59.905

Average of STD (°C) =59.906°C

Average of UUC (°C) =58.893°C

Correction (°C) =0.013°C
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Y @ a - o v A @
M3WUINA 5 wanmsdeuiisumsiaguugiuuy lidudavounes lualilasunsusany

araeuisunuyIngingumgil 90°C

Q

Calibration Point Standard Reading ~ UUC Reading UUC Reading  Standard Reading

(°0) °0) (°0) (°0) (°0)
90.00 89.809 88.810 88.404 89.838
89.808 89.235 86.406 89.836

89.816 86.429 87.420 89.843
89.826 86.420 89.406 89.847
Date : 2/3/50 89.816 90.406 91.404 89.849

Average of STD (°C) =89.828°C

Average of UUC (°C) =88.434°C

Correction (°C) =1.394°C

Y Y a 1o o J v A @
ﬂ1§1QN‘H'Jﬂﬁ 6 WafﬂﬁﬁfJ‘U!ﬁEJ‘UfﬂﬁﬂﬂqmﬁﬂuullﬂﬂqﬂﬁMWﬁﬂﬂﬂlﬂﬂiINﬂﬂLﬂﬂ@uV‘li%iﬂﬂU

ardeuisunuuIagmngurgl 100°C

Calibration Point Standard Reading ~ UUC Reading UUC Reading  Standard Reading

°0) °0) (°0) °0) (°0)
100.00 99.905 98.195 99.800 99.832
99.806 97.195 96.830 99.832
99.827 99.195 98.830 99.835
99.832 100.195 97.840 99.843
Date : 2/3/50 99.829 97.195 99.846 99.846

Average of STD (°C) =99.838°C

Average of UUC (°C) =98.512°C

Correction (°C) =1.326°C
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IRt/c.1X

Sensing Range

Ambient Temperature Range

Optimum Range Selections

Field-of-View
Minimum Spot Size
Spectral Response

Output Impedance

Cable

Dimensions

Weight

Housing

Back to IRt/c Specifications

0.300 (7.62) '\

L43 (6.5

wsmazn [ = ] e

Thread

-50 to 1200 ~°F (-45 to 650 —C)

0to212 —F (-18t0 100 —C)

Eight models per t/c type (see Temperature Selection
Guide)

1:1 (607) approximately

0.3" (8 mm)

651014 1

3 Kohms approximately

Twisted shielded pair of base thermocouple material (J,
K, etc.), 3 ft. (.9) m) standard length, Teflon sheathed,
rated to 392 2F (200 I C) continuous service.

1.43" x 50" Diameter (36 x 12.7 mm)

1.4 0z (40 g) with cable

Stainless steel, hermetically sealed, exceeds NEMA 4, 4x;

IP65, 67, intrinsically safe, cable shield grounded to

housing and electrically isolated from signal.

Y o o v (A
MNAHINT 1 i'lElﬂ'liﬁ]'ILW'l%"l]@ﬁmfliillﬂﬂlﬂﬁﬁluwuiﬂ
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IRt/c-K-140, IRt/e.SV-K-140

millivolts EMF produced at specified target temperatures IR¢/c.01-K-140
IRt/e.2-K-140, IRt/e.28V-K-140
Actual Signal = |(Base Signal®) x (Actual Emissivity/.9)] IRt/c.5-K-140
*With electronic 0 C cold junction compensation, zero leakage current offset, 25 C IRte.10-K-140
ambient,
b

Base Base Base Base Bage Base

Signal Signal Signal Signal Signal Signal

F C my F C mY 1 C mY P C my I'" C mY F C mV_|

S0 | A6 [-04707) | 200 | 93 (42065 [ 450 [ 232 | 1s077] | 00 | an [ 20315 [ 950 | 510 | 44793 | | 1200 | 649 | 60266
A5 | 3 |04493) 1 205 | 96 | 43020 | 455 | 235 [ US3IB| | 705 | 3™ | 20618 | 955 | 513 | 45005 | | 1205 | 652 | 60570
40 | 40 |-0dzs0l | 210 Do |aseo| | a0 | ;8 |issea| [ 7m0 | a1 |mom| | ee0 | si6 |4sais| | 1210 | ese | ense
A5 7 fo3mmp | ous |02 [4T05| | 45 | 200 |assez| | ms | ame |05 | | e6s | sis [asmo| | 2 | 657 | eni
A0 34 [-03676] | 220 | 104 | 4903 | | 470 | 243 | 16127 | | 720 | 382 [ 3030 | [ o0 | sat |460a2| | 1220 | es0 | 61481
25 |32 [-03ad| | 225 | 107 | SO787| | 475 | 246 | 16392| | 725 | 385 [308M| [ 915 | sa4 |46dss| | 1225 | 663 |e17s
A0 |29 (02983 230 | 110 | 52565 | 480 | 249 | 16650 | | 730 | 388 [30130| | 980 | 527 |46667| | 1200 | 666 | e2087
A5 |26 (023921 | 235 ) N3 | 5436 | 485 | 282 | 16927 | | TS | 391 [d04s| | %8s | 529 | 46099 | 1205 | ees | e2300
A0 |23 02070 240 | M6 | 56190 | | 4% | 254 | 17096 | | M0 | 393 (31750 | %0 | 532 |47200) | 1240 | em | 62,693
A1 (0I720| 245 | 118 [ SB038 | [ 495 | 287 | 17466 | 745 | 306 | 3206 | | 995 | 535 | 47603 | | 1245 | &M | 62995
O | -IB |-002381 | 250 | 120 [ 59909 | | 500 | 260 | 17M7( | 750 | 399 | 32363 | | 1000 | 538 [47915] | 1250 | 617 | 6329
5o el5 |-00m27) ) 285 | 124 f6M803 | | 505 | 263 | 18010| | 755 | 402 | 32670 ( | 1005 | 541 [4s227|c| 1285 | @79 | 63598
100 <12 [-00183) | 260 | 127 | 6INO| [ 510 | 266 (18283 [ | 760 | 404 | 32977 [ 1000 | 543 | 48.538 | | 1260 | 682 | 63890
150 100387) | 265 | 129 | 65657 | | 515 | 268 [ IBSSB| [ 765 | 407 | 33284 | | ;05 | 546 | 48850 | | 1265 | 685 | 64200
2 1] 00990 270 | 132 {6617 520 [ 171 (18834 700 40 | 33592 1020 | 549 | 49.162 1270 | 688 | 64.501
| A (0063 | 275 | 135 | 69599 | | 525 | aM | 1900 (| 5 | 413 [ 33900 | | 1025 | Ss2 |494m3| [ 1275 | 691 |edm0l
30 -1 | 0.2286 280 | 138 | 7.1603 30| 277 | 19388 T80 | 416 | 34209 1030 | 554 | 49784 1260 | 693 | 65101
35012 om0 f | 285 1 141 7368 ) | 535 | 219 | 19667 | | 785 | 418 | :S17f | 1035 | 557 | s0096 | | 1285 | 69 | 65400
O] 200 | ) | 7seM || S0 | 282 | 19947 (| 790 | 420 | 34826 | 040 | S0 | 50407 | | 1290 | 99 | 65700
5T | OASE{ | 205 | 6 | TTMO| | S5 | 285 (20227 (| 5 [ 42 [35035) | lods | sed | soms | | 1208 | 702 [ 500
01 10 [0S | 300 | 149 | 79827 | | 550 | 288 | 20509 | 800 | 427 | 35445 | | 1050 | 566 |Seos| | 1300 | 704 | 66208
S5 I3 | 06058 [ | 305 | 952 | 81935 | | 855 | 201 20792 | 805 | 4290 (35754 | | 1055 | 68 |50 | 1305 [ 7107 | 66.5%
60 | 16 06903 f | 310 | I54 | 84062 | 560 | 203 20075 | | 810 | 432 [36064| | 1060 | 570 | 51650 | 1310 | 7M0 | 66894
63 | 18 | OTTIB) | 315 | IS | 86209 | S5 | 296 (21360 { 815 | 435 | 3637 | 1065 | 574 |siee0| | 1315 | 713 | 60192
M1 20 | 0B6RI| | 320 | 160 | 88376 | | S0 | 299 | 20845 | 820 | 438 | 36685 | | 1070 | 577 | 2200 | 1320 | 716 | 67480
15| 24 (098 () 325 | 163 | 90sez| | 575 | 302 | 20931\ | 825 | 440 [36995| | 1075 [ 570 | 52580 | 1325 | 78 | 67786
B0 | 27 | LOSKQf ) 330 | 166 | 92067| | 580 | 304 | 22218\ | 830 | 443 |37306] | 1080 | 582 | 52890 | 1330 | 721 | 6g.08
B 1020 LLISTON | 335 | 168 | 04991 | | 585 | 307 |22.506 | 35 | 446 | 37616| | 1085 | s85 | s53200( | 1335 | 724 | 6B3M
01312600 340 | U7 |07 | | 590 | 310 [ 22794 | | BAO | 440 | 37927 | 1090 | s88 | S3S09( | 1340 | 727 | 6876
95 |3 L3654 1 M5 | 174 | 00404 | | 595 | 313 [ 23084 | | 845 | 452 | 38239 | 1095 | 301 | s3go | 1345 | 729 | egom
10038 (14736 | 350 | 177 |104773) | 600 | 316 | 2337 | 850 | 454 38550 | vieo | 593 | sai2e| | 1350 | m2 |es267
105 | 41 | 138481 | 355 | 179 |104069) | 605 | 318 | 23665 | 855 | 457 (28861 | | 1105 | s |saa3r| | 1355 | 75 | 69562
oo |43 | 16988 | | 360 | 182 |106383) | 610 | 320 | 23956 | 860 | 460 [30173| | 1100 | 599 |samMs| | 1350 | 738 | 69856
1S | 46 (181571 | 365 [ 185 |10875) | 615 | 3 | 24249 | 865 | 403 [ 30484 | | 1115 | 602 |ssos4| | 1365 | w1 | 70180
12001 4 19385 || 370 | 188 |1LI063) | 620 | 327 | 24542 | 870 | 466 [29796 | | 1020 | 604 |ss3e2| | 130 | 3 | 0445
125 ] 52 | ZOS82| | 375 [ 191 [103420) | 625 | 320 | 2486 | | 875 | de8 |40008 | | 1125 | 607 |ssen| | 135 | e | 078
130154 | 21837 ( | 380 | 193 [T0LSRIN) | 630 | 332 | 25130 | 880 | 470 |40420| | 1130 | 610 |ss9r9| | 1380 | M9 | ;om
B35 1 57 (2309 (| 385 | 19 (1L8209) | 635 | 335 | 25425 | | 885 | 474 |d0732| | 1035 | 613 | 56266 | | 1385 | 752 | 74328
10|60 | 24430 | | 390 | 199 |120624| | 640 | 338 25720 | | 890 | 477 41044 | | 1140 | 6l6 |S6se4| | 10 | 754 | M6l
W45 | 63 25760\ | 395 | 202 [123054) | 645 | 1 | 26mi7| | 895 | 479 |413s6 | | 1145 | 618 | 801 | | 135 | 757 | mero
150 | G6e [ 27035 | | 400 | 204 [125500) | 650 | M3 | 26314 | 900 | 482 |a1s60| | nso | e | sn208| | wen | 760 | 72202
195 | 68 | 28528 | | 405 | 207 |127962| | 655 | M6 |26612| | 905 | 485 41981 | | nuss | e | 87515 ) | 105 | %3 | 12493
160 71 [299 | 410 | 210 (130439 | 660 | 340 | 26910| | 910 | 488 | 42203 | | 0 | 627 | s782n| | 1410 | 766 | 72784
165 | 74 | 30396 | 4I5S | 213 (132930) | 665 | 352 | 20209 | 915 | 491 | 42606 | 1165 | 629 |s8128| | 1415 | 768 | 73.075
0| 77 132870\ | 420 | 216 (135437 | 670 [ 354 | 22508 | | 90 | 4% |42018) | 170 | 632 |ssen) | 1420 | o7 | 73365
5| 790 (34370 ) | 425 | I8 | 137958 | 675 | 357 | 27808 | | 925 | 496 [ 4331 | | 175 | 635 |sw70| | 125 | 74 | m3s6
180 B2 | 3.5808 420 | 2 | 14049 680 | 360 | 28109 930 | 499 | 43543 1180 | 638 | 59.046 1430 | 77T | 7394
185 | 85 (374510 | 435 ) 204 |143043) | 685 | 363 | 28410 | W5 | s02 43836 | | 108S | s41 | 59351( { 1435 | 700 | 74235
190 | 88 39030 | | 440 | 207 |143607) | 690 | 366 | 28711 ( | W0 | S04 |ddle8| | 1190 | 643 | 50656 | | 140 | 7E2 | 7450
195 | S0 | 40035 | | 445 | 229 [148184] | 695 | 368 | 20013 [ | 945 | s07 [a4dso| | 105 | e46 |59061( | 1445 | 7es | 7ami2

MUNUINN 2 uaaasanaauveanes ludlila (Thermocouple Tables) Y83 Exergen
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