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Temperature Measurement

Thermocouple EMF vs. Temperature
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Temperature Measurement
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Measuring Junclion Sheath Conductors Insulator
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Thermocouple ( TC )
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Thermocouples are very rugged and inexpensive and can operate over a wide
temperature range. i
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Common Thermocouple Temperature Ranges b
alibration Temp Range td. Limits of Error Spec. Limits of Error f:
J lﬂ"D to 750°0 B Greater of 2.2°C B Greater of 1.1°C = &
(32°F to 1382°F) or 0.75% or 0.4% g S ~
SO oRN
B =200°C to 1250°C B Greater of 2.2°C B Greater of 1.1°C S _g L
(—328°F to 2282°F) or 0.75% or 0.4% = g%
<QF
E B =200°C to 900°C B Greater of 1.7°C B Greater of 1.0°C TSz
(—328°F 1o 1652°F) or 0.5% or 0.4% g ?:3 o
S )
T B =250°C to 350°C B Greater of 1.0°C . Greater of 0.5°C ks EO
(—328°F 1o BE2°F) 0.75% or 0.4% = g
) @S
L LS g
>

o M
Thermocouple Color Codes: TC (g iyuyky y yinYh

Thermocouple wiring is color coded by thermocouple types

NEGATIVE/POSITIVE
ANSI TYPE | MAGNETIC ANSI| COLOR CODE THERMOCOUPLE ALLOY
J YES JP - WHITE IRON
NO JN - RED CONSTANTAN
K NO KP - YELLOW CHROMEL
YES KN - RED ALUMEL
E NO EP - PURPLE CHROMEL
NO EN - RED CONSTANTAN
T NO TP - BLUE COPPER
NO TN - RED CONSTANTAN
o NO RP - BLACK PLATINUM 13% RHODIUM
NO RN - RED PURE PLATINUM
g NO SP - BLACK PLATINUM 10% RHODIUM
NO SN - RED PURE PLATINUM
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Thermocouple EMF vs. Temperature
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ASTM = American Society for Testing and Materials
IEC = International Electrotechnical Commissionwx\ A\\“‘ed IEC 85 (s5,8¥) allaill -

JIS =Japanese Industrial Standards qud p:o(\eggcom JIS sy Auld Ui
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Thermocouple Tolerances

(Reference Junction at 0°C)

American Limits of Error ASTM E230-ANSI MC 96.1

Standard Limits®

Special Limits'

32 to 1382°F

Tolerance Value

1.7°C or 1.0%

ANS| Code
J Temp Ranga =0 to 750°C >32 to 1382°F 0to 750°C
Tolerance Value 22°Cor0.75% 4.0°F or 0.75% 1.1°C or 0.4% 2.0°F or 0.4%
Temp Range =010 1250°C >32 to 2282°F 0to 1250°C 32 to 2282°F
|:< Tolerance Value 2.2°Cor0.75% 4.0°For 0.75% 1.1°C or 0.4% 2.0°F or 0.4%
Tamp. Range* -200 to 0°C -328 to 32°F
Tolerance Value 2.2°C or2.0% 4.0°F or 2.0%
Temp Ranga =0 to 350°C >32 to 662°F 0to 350°C 32 to 662°F
Tolerance Value 1.0°C or 0.75%  1.8°F or 0.75% 0.5°C or 0.4% 1°F or 0.4%
Temp. Range” -200 to 0°C -328 to 32°F
Tolarance Value 1.0°C or 1.5% 1.8°F or 1.5%
Temp Range =0 o 900°C =32 to 1652 0 to 900°C 32 to 1652°F
Tolerance Value 1.7°C or 0.5% 3°F or 0.5% 1.0°C or 0.4% 1.8°F or 0.4%
Temp. Range” -200 to 0°C -328 to 32°F
3°F or 1.0%

0 to 1300°C

32 to 2372°F

Temp Range =0 to 1300°C =32 to 2372°F
Tolerance Value 22°Cor0.75% 4.0°F or 0.75% 1.1°C or 0.4% 2.0°F or 0.4%
Temp. Range* -270 to 0°C -454 to 32°F
Tolerance Valueg 2.2°C or 2.0% 4.0°F or 2.0%
Temp Range 0 to 1450°C 32 to 2642°F 0 to 1450°C 32 to 2642°F
Tolerance Value 15°C or0.25%  2.7°F or 0.25% 0.6°Cor01% 1°F or 0.1%
Temp Range 800 to 1700°C 1472 to 3092°F Mot
- Tolerance Value 0.5% 0.9°F Established
& o & Temp Range 0 to 2320°C 32 to 4208°F Mot
G C D Tolerance Value 4.5°C or1.0% 0.9°F Established
T Whichever value is greater.

" Not official symbol or standard designation
Note: Material is normally selected fo meet tolerances above 0°C. If thermocouples are needed to meet folerances below O°C, the purchaser

shall state this as selection of material is usually required.
o)
g
IEC Tolerance Class EN 60584-2:; JIS C 1602 <
IEC Code Class 1 Class 2 Class 3t ;C g
Temp Range -40 1o 375°C -40 to 333°C S o
Tolerance Value +1.5°C 42 5°C Not & 9o
Temp. Range 375 to 750°C 333 to 750°C Established o oD
Tolerance Value +0.4% Reading +0.75% Reading = 2 o
Temp Range -40 10 375°C -40 fo 333°C -167 to 40°C SIS A
K N Tolerance Value +15°C 25°C 25°C S
Temp. Range 375 to 1000°C 323 to 1200°C -200 to -167°C < F
Tolerance Value +0.4% +0.75% Reading +1.5% Reading = S =
p
Temp Range 4010 125°C 4010 133°C -67 to 40°C e ECC
T Tolerance Value +0.5°C +1°C +1°C g S o
Temp. Range 125 to 350°C 133 to 350°C 200 to -67°C = 35
Tolerance Value +0.4% Reading +0.75% Reading +1.5% Reading § 2 =
Temp Range 4010 375°C -40 to 333°C 167 to 40°C g
E Tolerance Value +1.5°C £25°C £2.5°C 8h S
Temp. Range 375 to BOO°C 333 to 800°C -200 10 -167°C S s
Tolerance Value +0.4% Reading +.75% Reading +1.5% Reading b =
Temp Range 0 to 1100°C 0 to 600°C CS‘
H S Tolerance Value +1°C +1.5°C Not
Temp. Range 1100 to 1600°C 600 to 1600°C Established
Tolerance Value #{1+0.3%x (Rdg-1100)]°C  +0.25% Reading
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Reference Guide
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» Properties of the sheath material
» Diameter and construction
of thermocouple assembly

Temperature Range

Matal
Sheath

Magnesium Oxide Insulation

pg ¢
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TC I G ™ .

A

Thermocouple
Wires

Upper Temperature Limit in °C (°F) of Protected
Bare Wire Thermocouples Vs. Wire Diameter

OMEGACLAD® is a three-part system composed Tic e 8w
of compacted MgO insulation, thermocouple wire i B L R ORI 21 RVIE o2 A S0 RN (28 ARG -
and metal sheath. Four factors determine the useful 0128" | 0.064" | 0.032" | 0020" | 0.013" | 0.010" | 0.005" S
service temperature for OMEGACLAD?® assemblies. J 760 500 480 arn a70 320 315 IS
1 Range for the thermocouple wire (see table of error) (1400) | (1100) | (900) | (70O} | (FOO) | (600} | (590) =
»# Maximum service temperature of Insulation. [ | 1260 | 1000 | 980 B70 870 760 | 580 <
In the case of MgO, this Is In excess of 1650°C (3000°F) (2300) | (2000) | (1800) | (1€00) | (1600) | (1400) | (1100) = g
: . E 870 850 540 430 430 a70 320 I 8
Sheath Material Specifications (1600) | (1200) | (1000) | (8OO) | (80D) | (700) | {600) s 2
Wieitin T 370 370 260 200 200 150 R~ 8 <+
g | Continuous | Tenslle (PSl) Strength it ] A ; —
Point | Maximum [ @93° @ 537" L B B AL o= LR
Materlal | (°CI°F) [Temp. (°CI°F)| (200°F) | (1000°F) Rgysx| 200 | 200 | 200 | 200 | 200 | 150 2 S3
30455 | 1405/2560] 900/1650 | 68,000 | 15,000 (o) 1 ¢00) | (00) | (90 | (490) 1 (300) <X
N e : = 1260 | 1090 | 980 980 980 870 <t
31055 |1405/2560] 11602100 | 75,000 27,500 N (300) | (2000 | (1800 | (1800) | (1800) | (1600) TS
316 55 13?0!_230[] 925«:‘_1 700 75,000 23,000 72 70 73 172 Fv 200 ) ) o
32155 |1400/2550] B870/1600 | 70,000 17,000 CX| (s00) | 800y | (800) | (BO0) | (8OD) | (752) g § o
Hastelloy X| 1260/2300 1200/2200 55,100 35,500 = O o
Inconel* | 1400/2550] 1150/2100 | 39,000 5,000 Conmmosy ThRmOcoHES Jctons § 5=
SUPER XL| 1400/2550] 1204/2200 70,000 17,000 Grounded Exposed Ungrounded S
"Oxidizing, Vacuum or Inert atmaosphere onl| = ! I
Conductor Size Equivalents e e —_—l (SIS
Twisted 2
Gage AWG SWG GAGE AWG SWG Shielded Wire M
No. inches mm inches mm No. inches mm inches mm |
0 0.2240 8.2 0824 8.23 23 0.0226 0.574 0.024 0.610 r
i 0.2803 7% 0300 762 4 0.0201 0511 0.022 0.550 '
z 02576 6.54 0276 701 5 0.0178 0.455 0.020 0.508
3 02204 563 0252 540 26 0.0158 0.404 0.0180 0.457
3 02043 510 0732 580 77 0.0142 0951 00168 0417
5 01870 [N 0212 538 75 0.0126 0.320 0.0148 0.976
5 01620 411 0102 188 ] 0.0113 0.287 0.0136 0.045
7 01443 367 0478 147 0 0.0100 0.554 0.0124 0.315
g 01285 3% [EE] 406 £l 0.0080 0.26 0.0176 0.505
g 01144 2ol 0144 366 @ 0.0080 0.203 0.0108 0.074
10 01070 250 0128 325 EE] 0.0071 0.180 0.0100 0.254
1 0.0907 230 0116 205 X 0.0063 0160 0.0002 0.2
i 00808 70 004 764 £ 0.0056 0142 0.0084 0213
3 00720 .63 0002 734 ES 0.0050 0127 0.0076 0193
3 0064 162 0.080 703 £l 0.0045 0114 0.0088 0473
15 00571 145 0072 183 28 0.0040 0102 0.0080 0152
18 00508 1.2 0064 183 EX 0.00% 0.089 0.0052 032
7 0.0453 715 0,056 142 40 0.0031 0.078 0.0048 0.122
i 00403 T2 0048 122 ] 0.0028 0,071 0.0044 0112
i 00350 0.012 0040 102 32 0.0025 0.064 0.0040 0,102
20 0.0320 0813 0038 0014 43 0.0022 0.056 0.0036 0.007
7 00285 0.724 0032 0813 a5 0.0020 0.051 0.0032 0.087
%5 00253 0.643 0028 07 a5 0.0018 0.046 0.0025 0.077

AWG = American Wire Gage
WG = (British} Standard
Wire Gage

P Sheath |  0.020" 0.032" 0.040" 0.062" 0.003" 0.125" 0.188" 0.250"

: %qm. 0.5 mm 0.8 mm 1.0mm 1.6 mm 2.4 mm 3.2 mm 48mm | 63mm
§a9§|?sl J 260 (500) | 260(500) | 260(500) | 440(825) | 480(000) | 520(970) | 620(1150) | 720 (1300)
e K &N | 700(1290) | 700 (1290) | 700(1200) | 920 (1690) | 1000 (1830) | 1070 (1960) | 1150 (2100)| 1150 (2100)

E 200 (570) | 300(570) | 300(570) | 510(950) | 580(1075) | 650 (1200) | 730(1350) | 820 (1510)
T 260 (500) | 260{500) | 260(500) | 260(500) | 260(500) | 215 (600) | 370(700) | 270(700)
= H-7

Ta comert from AWG fo SWE: Detarmine wire diameter in fnches (mm) from aopropriate AWG.
To comvert S0 AWG fo SWG, determine that 530 AWE is 001007 which is equivalent fo 33 SWG

_Upper Temperature Limit in °C (°F)
/ of OMEGACLAD® Vs. Sheath Diameter
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Magnesium Oxide Insulation Thermocouple
Wires
Sheathed Metal 7 __¢_,'\ o ;
Temperature Sensor Shemth: _ (| =
SHEATH "*:"\“,x -
INSULATOR
- Mg
THERMOCOURLE
WIRE I 1 't\ r
Measuring Junclion Sheath Conductors Insulator
Sheath Material Specifications g
Melting | Continuous | Tenslle (PSI) Strength ;C‘:
Point Maximum | @93°C @5371°C | < £
Materlal ("C/°F) |Temp. ("C/°F) | (200°F) (1000°F) fg S«
304 S5 1405/2560)  B00/1650 58,000 15,000 =8 A
310SsS 1406/2560] 1150/2100 75,000 27500 |8°S §
316 S5 1370/2500) 8251700 75,000 23,000 ig @5‘ %
32155 1400/2550) 8701600 70,000 17,000 EiCE=
Hastalloy X 1260/2300| 1200/2200 55,100 35,500 é‘_ﬁ =<
Inconal™ | 1400/2550] 115072100 39,000 5,000 s _§ =
SUPER XL|1400/2550] 1204/2200 70,000 17,000 ¥ g =
5E
>

Thermocouple Probe =

A thermocouple probe consists of thermocouple wire housed inside a metallic tube.
A el JA sl Al 2193 i (0 TC ) Probe G s

Ao \giske £ g3 S alaiaY) gy« TC U dgglal) 4y 9aBU damall jlaal) ad dalsl) 038 Sheath
TC A &1 lha dlaey dalal)

Blad) dad s Jgaalls LaS 4dla 0 stainless steel wlwall ¢ Sheath 2 8aka (583 dals g

higher temperature ranges 4sital) 31 all cila )3 gaal Inconel JaisSiy) 32k

sala JSAlL LS a5 (Sheath =) ¢ 1920y el J3al) Insulator JJked) Sabe LA quay Laayl
1650°C 3 a 4ae uﬁ Jandl Jaadi aﬂ‘ eww‘ s )

The wall of the tube is referred to as the sheath of the probe.
Common sheath materials include stainless steel and Inconel.

Inconel supports higher temperature ranges than stainless steel, however, stainless
steel is often preferred because of its broad chemical compatibility.
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Resistance Temperature Detector

QA gsl diaglia yad e RTD -1 Temperature sensor 3 adl gubwa Jas Adliny
L °C b ypallda

..

o
Resistance Temperature Detectors (RTDs) are temperature sensors that contain a

resistor that changes resistance value as its temperature changes.
-200 t0 850 °C (w sl B dule RTD 3l adl clulaa adiiud g
DAY Jady ol
-50 to 500 °C sl b axdicd Thin-film™ L) de suadl RTD ¢l -
-200 t0 850° (sall & axdiadi wire-wound JSi e de siadl RTD g5l -

) 50Y) Jia Laladiny) Jilugll A oa 3 Al (uldl RTD 4 gl dagliall Sensor (ubua adii)
. Thermocouple ¢l

O ol g a8 Excellent accuracy 8 baal) 43all | jlai RTD ) aladied slady) Glta 20a3s

A Dl ) dalad) ade g lgana o ) ABLEYL 138 ¢ jad) B ALy ¢ Bl adl Aa o (uld
Thermocouple =1 ¢y 483 JiSi RTD 21 o) LS ¢ s ) adl ) 533y e dalss

RTD Elements

P Highly accurate RTD probes
//N.' and_sensnrs _and el Thin film and ceramic
¥ des:gn LI wire RTD Elements are
SERIES R perfect for those tight
/A' work spaces when you
. need precise
PR-12 rreasuments. -
fs v | Industrial RTD (FT100) 2
e * ! Probes with Cast Iran =
Frotection Head ;C s
: -
S S8
—~ Resistance Element — o
Platinum Leads - ; 3 § 2
\ Fal Pt i Fa .l'\/l"\ Fat Fat g @@
= S —
! / / Ceramic bobbip & =
t L ¥ ™ ™ L T A ™ ‘:E‘ QOC:@
M =]
Protective Casing cbg
. 3 - - - - - =) S
s sl Jiall 2ie100Q W-at Pt100 g5 RTD 4 lia ==
m

Ceramic eha s i e cisila Platinum wire ¢uidy ellu ¢ & sias Lo slia JLi)) s sy
O ol 9 2 e Near Linearity dabd ¥ LY Lalading) ) 4 4ol dagliall s g
L dashll aal) e bty Ui Ll Las ¢ 30 jad) cluld
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RTD =) Jie 450l dagliall ) B (udll (s A1 ga (48 gian RTD oY) dliag
Cowladl gl Jil) (e de glaal)
DAY Bl e g 8l
Other materials such as nickel, copper, and nickel-iron alloy have also been used for
RTDs.
However, these materials are not commonly used since they have lower temperature
capabilities and are not as stable or repeatable as platinum.
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Eesistance-Temperature Curve for a 100 £
Platinum RTD. o =0.00385

RTD standards

There are two standards for platinum RTDs:.
the European standard (also known as theDIN or IEC standard) and the American
standard.

The European standard, also known as the DIN or IEC standard, is considered the
world-wide standard for platinum RTDs.

This standard, DIN/IEC 60751 (or simply IEC751), requires the RTD to have an
electrical resistance of 100.00 Q at 0°C and a temperature coefficient of resistance
(TCR) of 0.00385 Q/Q/°C between 0 and 100°C.

There are three resistance tolerances for Thin Film RTDs specified in IEC60751.:
Class AA (Formerly 1/3B) = +£(0.1+0.0017*t)°C or 100.00 £ 0.04Q at 0°C

&5’ Class A = £(0.15+0.002*t)°C or 100.00 £ 0.06Q at 0°C

4 Class B = +£(0.3+0.005*t)°C or 100.00 £ 0.12Q at 0°C
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Two-Wire RTD Measurement
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Table 1: Sensing Elemeant Materials And Temperature Limits g
Material Usable Temperaiure Range = ; %
Flatinum -450°F To 1200°F - +§
Mickel -150°F To 600°F ? %
Copper ~100°F To 300°F | Y Uz
Mickellron 32°F To 400°F

Ry

RTD

A

—F—o

Two wire il by 46l RTD ) daglia
AL () 483 b RTD ) daglia dad o () slaiey ok
da glia dad Ciliat dua ¢ el A e el Dl Jgha 313 13)
RTD 4agliall dad ) Lead Resistance (R ) aill dui

LAl e e o el il b Uad jglay il
Three Wire RTD <l bl &3 93 RTD aladdia) Juad) e 9% 13¢d

RTD

Resistance varies with Temperature
Platinum 100 Ohm at 0°C
Very accurate
Very stable
The most common material from which RTD’s are made is Platinum
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Platinum RTD’s are made of 99.99% pure platinum (PT).

RTD’s are 100, 500, and 1000 Ohms The most common resistances of Platinum
(©’s) at 0° Centigrade.

of 138.5 Ohms at 100 °C. A 100 Ohm PT RTD will have a resistance

RTD 4agliall Aok o cdgh lal) (ubd ol el Ry 4 3 Rpg Gffagtiall (B gD L3N ey

o

(Dl = ASual) Jgia 4 uta ) Ay guud) Jadil) AS i - Temperature Measurement 81l old
48841 3 3¢l s pmaall el / g8l gl daa] ZUl L 3 gana [ (uaigeall [ LT g dlas)
E.Mail mahmodcontrol@yahoo.com

2009/2010 Mob. 01148695492



Why use an RTD instead of a thermocouple
or thermistor sensor?

Each type of temperature sensor has a particular set of conditions for which it is best
suited.

RTDs offer several advantages:

» A wide temperature range (-50 to 500°C for thin-film and -200 to 850°C for wire-
wound).

» Good accuracy (better than thermocouples)

» Good interchangeability

* Long-term stability

When made using metals such as platinum, they are very stable and are not affected
by corrosion or oxidation.

Other materials such as nickel, copper, and nickel-iron alloy have also been used for
RTDs.

However, these materials are not commonly used since they have lower temperature
capabilities and are not as stable or repeatable as platinum.

Temperature Sensor Selection Guide

RTD Thermocouple

Temperature Range —200°C to 850°C -190°C to 1821°C
—-328°F to 1562°F -310°F to 3308°F
Accuracy +0.001°F to 0.1°F +1°F to 10°F
Response Time Moderate Fast
Stability Stable over long periods Not as stable
<0.1% error/5 yr. 1°F error/yr.
Linearity Best Moderate
Sensitivity High sensitivity Low sensitivity

RTD
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Wiring Arrangement
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RTDs operate by exhibiting an increase in resistivity with an increase in temperature.
RTDs are most commonly made from platinum, nickel, or copper. Copper and nickel
versions operate at lower temperature ranges and are less expensive than platinum.
Platinum is the most versatile material because of its wide temperature range (-200°C
to 850°C), excellent repeatability, stability, and resistance to chemicals and corrosion.
Platinum RTDs are available in 100 (omega), 200 (omega), 500 (omega), and 1000
(omega) nominal resistance values at 0°C, of which the 100 (omega) is the most
popular.

The basic construction of an RTD is quite simple. A sensing element is connected to
lead wires and supported by an insulator such as glass, mica, or a ceramic placed
inside a protective sheath (see Figure 1, ). The detectors are available in 2-, 3-, and 4-
wire configurations.

The 2-wire version is well suited to applications where the sensor is directly

connected to the receiver to prevent lead length resistance errors, a problem that led
to the development of more accurate 3- and 4-wire configurations.

When there is a significant distance between the sensor and the receiving instrument,
3-wire units are used. Their accuracy, although less than that of a 4-wire detector, is
sufficient for many industrial applications.
In the 4-wire configuration, one pair of leads supplies the excitation current to the

RTD and the other pair measures voltage across it. This technique significantly
minimizes lead voltage drop and provides high accuracy.
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Digital temperature Indicator Controller
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process value. They can be used in many applications with their universal process input, control

outputs and selectable alarm functions.
Some application fields which they are used are below:

Temperature Controller =
O
5
- 4 digifs process(PV) and 4 digits process set value(SV) display f s
= Universal process input (TC, RTD ) s S
- Configurable ON/OFF, P, Pi, PD and PID confrol forms S N
- Adaptation of PID Coefficients fo the system with Self-Tune 23
operation {Step Response Tuning) 2
- Programmable Heating or Cooling Functions for Control Output< @ x
- Alarm Functions for Alarm Output ? £ g
ESg
ESM-7720 series temperature controllers are designed for measuring and controlling a < ,§ S
Ss=
o
<
& g
>

Glas.s = PID Fro;:ess Control T

Plastic : ‘;JYQ?L@_,\J\ Iy
Petro-Chemistry L) Qi o33y dagas -
Automative DAY B all clubea e Input Ja2
Machine production industries Pt 100 dl-.’ :\.ALG &JM‘J RTD L,J\JAJ‘ ;LAJM‘ _
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Electrical Wiring Diagram

Universal
Process Input
(TC, RTD)
Pt-100
Rl
£ NTC
=
L
g
<
Emmillll.ll g £
I £ S8
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@III[O Pm ESM-??ZU =Sk
Hl =
g Eo
g 3 o
R
1T 1T 2 o 2
PROCESS OUT ALARM OUT ‘QDE
SAGIZ 5V~ SAG2 5V~ oS
NO fc INC [NO fC_ INC 28
12|13|14|15|16 |17 E}@\Em
Mote-1
N [L
Supply Voltage Input
230V ~_ (£ 15% ) 50/60Hz - 3VA
Process Output 115V ~. ( £ 15% ) 50/60Hz - 3VA
Relay or 24V ~_ (£ 15% ) 50/60Hz - 3VA
Optional SSR Qutput 24V == ( -15%;+10% ) 50/60Hz - 3VA
(It must be determined  Alarm Output Relay (It must be determined
in order.) in order.)

Note-1: Max 12V—,10mA for SSR Driver Output
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Process Input Connection

TC Thermocouple Connection
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RTD Connection
ag ) ad) daglial) Jua ¢

By Eng. Mahmoy
mahmodcony,

Pt-100 Pt-100

Note 1 Note 2
v v v v ¥
(1] [2][3] 1][2][3]

2-wire Pt-100 connection

3-wire Pt+-100 connection
(without line compensation)

(with line compensation)
(Max. Line impedance is 10 )

Note 1 : In 3-wire system, use always cables of the same diameter (min 1mm?) Always use

wires of the same gauge and type whether a 2-wire or 3-wire system.
Note 2 : Install a jumper between terminals 2 and 3 when using a 2-wire RTD.

Note 3 : If the distance is longer than 10 meters, use 3-wire system
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Process Output ( Relay) Connection

Process Output ( Relay ) Connection
Device
c 5A ~_. T Fuse
13 |7 — ®
14 p E
Last Control Element =
(Contactor) <
= g
| 5 =3
12 Py L ] < @A
NO | = g
AN S8R
I L2l S X0
F
g use :;: %@E
ISy
e =352
Load § B =S
o o
o <
m g
>
m

/R Fuses must be selected according to the application.

Alarm Output ( Relay ) Connection
L N

Device
5A ~_ T Fuse

17 P
Last Control Element
(Contactor)

150> @ :
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Temperature signal converter for RTD sensors

Temperature signal converters
for PT100 sensors , CC-E range

Approvals :@n: @ 1604 Class [, Div. 271
104 ]
Dim ens ions 225275 x 102 mm
‘Supply voltage 24 V DC
Tvpe Input signal (utput signal Order code
{linearized)
Universal dewce
CC-EMRTD PTI00, 0._100°C - 0._500°C 0-10¥ 0-20 mA| 15VR 011 701 RZ5007
-E0°C...+50°C - -50 °C..+450°C | 4- 20 mA
Single-function devices
CC-E RTONV o- 10V 1SVR 011 730 R2500
CC-E RTON PT100, 0..100°C - 20 mA [ 1sVR 011 731 R1Z00
CC-E AT d4-20mA [ 1sVR 01 732 R1300
CC-E RTONV o- 10V | 15VR 011 733 R1400
CC-E AT PTI00, -50..+50 °C - 20 mA | 15VR 017 724 R1500
CC-E RTDV A4- 70 mA 1SVR 011 735 R1600
CC-E RTOAV D- 10V | 1sVR 0171 738 R1700
CC-ERTDN PT100, 0..300°C 0-20mA | 1SVR 011 737 RID00
CC-E RTD d4- 20 mA | 1sVR D11 728 R2100
CC-E RTOAV n-10v 15VR 011 733 R2200 i WEnR Jac
CC-E RTDVI PT100, -50..+250 °C 0- 20 mA | 18VR 011 740 ROT00 Orderlng gb“ :
CC-E RTDH 4-20mA [ 1SVR D11 741 R2400
Supply voltage 110-240 V AC . .
Tvpe Input signal Cutput signal Order code JL"‘“:‘M ‘_AQ JJML’ 4—’1“'\"““}” @‘L‘""‘“"
{fimaar zod) A all Glaal }AL\ )y b aut
Universal dewice - y : :
CC-E/RTD PTI00, 0..100°C-0.500°C, | 0-10V,0-20 mA| 15VR 011 706 Rzzodacall Clilaall 8 e\.liﬂ.m?\.‘ Al
-E0°C..+50"C--50°C.+450°C | 4-20mA . P S - -
Single-function devices —8 . 47‘1})"'.‘”‘5 A‘:‘QM\ ‘—’ls‘)‘“"“"
CC-E RTON o- 10V ISWR 011783 R2400 | g
CC-ERTDH PT100,0..100°C 0-20mA 1SVRO11 783 R2500 17
CCEl . T} g ! ISVRO11 7™ Rzz00 = &
CCEF £ —"'I;f— IsvRO T R £ §
CCEl ""_Gl;_'-_ VRO TR R0 [ S O
CCE ¥ ! Vol 1IN Dr ISVROT 783 RTI00 —b & &
CCEF la [ ; ISVROTT T84 1200 S D
CC-EF -t R I;II ISVRO11 785 R1300 f () 20
CC-El H | |ISVROT1 786 RIA0 ] - —
CCE . K o | ISVROT 797 M50 3| & S
CCEN = i ISURO1 708 R2800 | &
supply gl S o
|CC-EF 24 VDG or 110-240 ¥ AG 1SVR D11 709 RE'-"I'~:: ..8 =)
Se=
=
03
SIS
>
M
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Temperature signal converters for
thermocouples type J and K, CC-E range

Approvals s () 1604 Class |, Diw. 20
e
Dimensions 22,5 x 75 % 102 mm
Supply voltage 24 V DC
Type Input signal (utput signal Order code
Universal dewice
CC-ETC Thermacouples type F (0...600°C), | 0- 10V, 0-20mA,| T5VR 011702 R2E00T
type K {0... 1000 °C) - 20 mA
Single-function devices
CC-ETCA 0-10V 1SVR 011 750 ROT00
CC-ETCA | type J 0..500 °C 0 - 20 mA T5VR 011 751 R2600
CC-ETCA 4- 20 mA TSWR D11 752 R2700
CC-ETCA [o- 10V T5VR 011 753 R2000
CC-ETCA ' type K 0...1000 *°C - 20 mA T5VR 017 754 R2100 '8
CC-ETCA 4- 20 mA TEVR 011 755 R2H00 g
Supply voltage 110-240 W AC =
Type Input signal Cutput signal Order code < IS
Universal dewee 'ﬁ o
CC-ETC Thermacauples type § (0...600°C), | 0-10% 0-20mA. TSVR 011 707 R2300 s 2 8\1\
type K {0..1000 °C) 420 mA =8
Single-function devices ..8 'ﬁ lOQ
CC-E TCW a-10Vv 1SVR 011 760 ROZI0 S o\g
CC-ETCA type J 0...600 °C 0- 20 mA T5VR 011 761 R2000 < @ <t
CC-ETCA 4 - 20 mA T5VR 011 762 R2100 SIS =
CC-ETCN 0-10v T5VR 011 763 R2200 S
CC-ETCA type K 0...1000 °C 0 - 20 mA 15VR 011 764 R2300 )
CC-ETCA 4- 20 mA T5VR 011 765 R2400 zo
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Process Output ( SSR Driver ) Connection

L N

Device i o

13
14+ P-H
12V =— §

A\

o l Max. 10mA
LED L Fuse
| ®
— SIGNAL (Ej’ e \'_é i =
T .
TRIGGER | —
= | CiRCUT ?
_________________________ Load

Photo-Coupled SSR mpﬂ,ﬁﬂ:‘ IFuses must be selected according to the application.

y 51
5
Irfl:.i;:;pamhm Long life g;astr_sﬂsoﬂsare E E
| l =R
B \ [ H < o 3
O ™ TS W
= S D
= L E = = >\‘0\8
E ..\xll E E § @E
< I Y % = = § 3
E -1 | E| | B £ g d
&l |° SS58
— @]
g2 L
Gipur <
‘ ' 5 g
( >
. ] ) & -
o T R Solid State Relays
switching generation is maquined. may damage
the elements. N
Snubbeer circuit SSR ‘5”,«)
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Measuring Device

THERMOCOUPLE CHARACTERISTICS TABLE

Color Coding
Overall Jacket
Symbol | Generic Individual Extension Magnetic] Environment
ANSIVASTM]  Single | Names Conductor Grade Wire YesiNo | (Bara Wire)
TP Copper @6Blue ®Blue X | Mild Oxidizing, Reducing.
T TN Constantan, Nominal @®Red X | Vacuum or Inert. Good where moisture is present.
Composition: 55% Cu, 43% Ni
Ip Iron QWhite ®Black X Reducing Vacuum, Inert.
J IN Constantan, Nominal ®Red ¥ | Limited use in oxidizing at High Temperatures.
Composition: 55% Cu, 45% Ni Mot recommended for low temps.
EP Chramel®, Nominal Purple Purple X | Oxidizing or Inert. Limited
E Composition: 90% Ni, 10% Cr use in Vacuum or Reducing.
EN Constantan, Nominal ®Red X
Composition: 55% Cu, 45% Ni
KP Chromel, Nominal Yellow Yellow X | Clean Oxidizing and Inert.
Composition: 90% Ni, 10% Cr Limited use in Vacuum or Reducing
KN Alumel, Nominal @®Red X
Compaosition:
95% NI, 2% Mn, 2% Al
NP Nicrosil®, Nominal @0range @0range X | Clean Oxidizing and Inert.
Compositions: 84.5% Ni, Limited use in Vacuum or Reducing
14.2% Cr, 1.4% Si
NN Nisil®, Nominal ®Red X
Composition: 95.5% Ni.
4.4% Si. 1% Mg
SP Platinum 10% Rhodium ®Elack @®Green X | Oxidizing or Inert Atmospheres.
SN Pure Platinum ®Red ¥ | Do not insert in metal tubes.
Beware of contamination.
RP Platinum 13% Rhodium ®Elack @Green X | Oxidizing or Inert Atmospheres.
RN Pure Platinum ®Red X | Do notinsert in metal tubes.
Beware of contamination.
BP Platinum 30% Rhodium 2 Gray siray X | Oxidizing or Inert Atmospheres.
BN Platinum 6% Rhodium ®Red X | Do notinsert in metal tubes.
Beware of contamination.
P Tungsten 5% Rhenium OWhite/Red Trace | S White/Red Trace X | Wacuum, Inert, Hydrogen
N Tungsten 26% Rhenium @®Red X | Atmospheres. Beware of Embrittlement.
P Tungsten 3% Rhenium White/Yellow Trace] — White/Yellow Trace X | Wacuum, Inert, Hydrogen
N Tungsten 25% Rhenium ®Red X | Atmospheres. Beware of Embrittlement.

+Conax designated, not ANSI/ASTM. ®Chromel-Alumel is a registered trademark of Hoskins Manufacturing.  ®Nicrosil and Nisil are registered trademarks of Hamison Alloys, Inc.
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At higher temperatures it is often better to use a heavier gauge of wire in order to
maintain stability

Shop online at

T

amagd. cam

g-mail: mfod omaga. com
For ladesi prodoed manualks:
amegamaniai, info
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Thermocouple Calibrator
Severely corroded or oxidized thermocouples are L TEK, R, S, B, N, mV

always a possibility of trouble.
Changes in wire composition can result from corrosion and contamination by foreign
elements.
Impurities such as sulfur and iron plus other factors picked up from furnace
refractories, oxide scale, brazing alloys and fluxes constitute possible sources of drift
away from initial calibration.
To check the working thermocouple, hook it to the test meter of known accuracy and
observe the reading.
If the reading is the same:as that previously obtained from the test thermocouple of
known:accuracy, then the working thermocouple is not the problem.
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It is usually more economical to replace the thermocouple element
than to risk loss of productivity, product or equipment through
inaccurate temperature measurement.
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Choosing Thermocouple Wire Gauge
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At higher temperatures it is often better to use a heavier gauge of wire in order to
below).Wire Gaugemaintain stability (
The following table can be used as a very approximate guide to wire gauge:

B

1820 - - 1700 1700 -
C 2315 2315 2315 2315 2315

D 2315 2315 2315 2315 2000

E 870 620 540 430 400 370
G 2315 2315 2315 2315 2315

J 760 560 480 370 370 320
K 1260* 1000* 980 870 820 760
M 1260* 1200*

N 1260* 1000* 980 870 820 760
P 1395 1250 1250 1250

R 1760 1480 1480

S 1760 1480 1480

T 400 370 260 200 200 150
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KD C TABLE 9 Type K Thermocouple — thermoelectric voltage as a function of
temperature (°C); reference junctions at 0 °C

°C 0 1 2 3 4 5 6 7 8 9 10 °C
Thermoelectric Voltage in Millivolts

-270 -6.458 -270
-260 -6.411 -6.444 65446 65448 6450 -65452 5453 65455 -6.456 -6.457 -5458 -260
-250 -6.404 -65408 6413 6417 -6421 -6425 65429 -6432 -6.435 -6438 5441 -250

-240 -6.344 -6.351 -6.358 65364 -6.370 -6.377 -6.382 -6.388 -6.393 -6.399 -6404 -240
-230 -6.262 -6.271 -6.280 -6289 -6297 -6306 -65314 -6.322 -6.329 -6.337 -65.344 -230
-220 -6.158 -6.170 -6.181 -6.192 -6202 -6213 6223 6233 -6.243 -6252 -6262 -220
-210 -6.035 -6.048 -6.061 -6074 -6087 -6.099 -6.111 -6.123 -6.135 -6.147 -6.158 -210
-200 -5.891 -5907 -5922 -55936 -5951 -5965 -5980 -5994 -6.007 -6.021 -5.035 -200

-190 -5.730 -5.747 -5763 -5780 -5797 -5.813 -5829 -5845 -5.861 -5.876 -5891 -190
-180 -5.550 -5.569 -5.588 -5606 -5624 -5642 -5660 -5678 -5.695 -5713 -5730 -180
-170 -5.394 -5.374 5395 -5415 -5435 -5454 -5474 -5493 -5.512 -5.531 -5550 170
-160 -5.141 -5.163 -5.185 -5207 -5228 -5250 -5271 -5292 -5313 -5333 -5354 -160
-150 -4913 -4936 -4960 -4983 -5006 -5.029 -5052 -5074 -5.097 -5.119 -5141 -150

-140 -4.669 -4694 -4719 4744 4768 -4753 -4817 -4841 -4865 -4.88% -4913 -140
-130 -4.411 -4437 4463 4430 4516 -4542 4567 -4593 -4618 -4644 -4669 -130
-120 -4.138 -4.166 -4.194 -4221 -4249 -4276 -4303 -4330 -4357 -4384 -4411 -120
-110 -3.892 -3.882 -3.911 -3.939 -3968 -3.997 -4025 -4054 -4.082 -4.110 -4.138 -110
-100 -3.554 -3.584 -3614 -3645 -3675 -3.705 -3.734 -3764 -3.794 -3.823 -3.852 -100

-90 -3.243 -3.274 -3.306 -3.337 -3.368 -3400 -3431 -3462 -3492 -3.523 -3.554 -90
-80 -2920 -2953 -2986 -3.018 -3.050 -3.083 -3.115 -3.147 -3.179 -3.211 -3.243 -80
-70 -2.587 -2.620 -2654 -2688 -2721 -2755 -2788 -2821 -2.854 -2887 -2920 -70
-60 -2243 2278 -2312 -2347 -2382 -2416 -2450 -2485 -2519 -2553 -2.587 -50
-50 -1.889 -1925 -1.961 -1996 -2032 -2067 -2.103 -2.138 -2.173 -2.208 -2.243 -50

-40 -1.527 -1.564 -1.600 -1637 -1673 -1.709 -1745 -1.782 -1.818 -1.854 -1.889 -40
-30 -1.186 -1.194  -1.231 -1.268 -1.305 -1.343 -1.380 -1417 -1452 -1.490 -1.527 -30
-20 -0.778 -0816 -0.854 -0892 -0930 -0968 -1.006 -1.043 -1.081 -1.119 -1.156 -20
-10 -0.392 -0431 -0470 -0.508 -0.547 -0585 -0624 -0663 -0.701 -0.739 -D.778 -10

] 0.0000 -0.039 -0.079 -0.118 -0.157 -0.197 -0236 -0275 -0.314 -0.353 -D.392 0

] 0.0000 0039 0079 019 0158 0198 0238 0277 0317 0357 03957 0
10 0397 0437 0477 0517 0557 0597 0637 0677 0718 0758 0798 10
20 0.798 0838 0879 0919 0960 1.000 1.041 1081 1.122 1163 1.203 20
30 1203 1244 1285 1326 1366 1407 1448 1489 1530 1571 1612 30
40 1612 1653 1694 1735 1776 1817 1858 1899 1941 1982 2023 40

50 2023 2064 2106 2147 2188 2230 2271 2312 2354 2355 2436 50
60 2436 2478 2519 2561 2602 2644 2685 2727 2768 2810 2851 60
70 2851 2893 2934 2976 3.017 305 3100 3142 3184 3225 3267 70
80 3.267 3308 3350 3391 3433 3474 35916 3557 3.599 3640 3682 80
90 3.682 37723 3765 3806 3848 3889 3931 3972 4013 4055 4096 90

100 4.096 4.138 4179 4220 4262 4303 4344 4385 4427 4468 43509 100
110 4509 4550 4591 4633 4674 4715 4756 4797 4838 4879 4920 110
120 4920 4961 5002 5043 5084 5124 5165 5206 5247 52838 5328 120
130 5328 5369 5410 5450 5491 5532 5572 5613 5653 56894 5735 130
140 5735 5775 5815 585 5896 5937 5977 6017 6.058 6.098 6.138 140

150 6.138 6.179 6219 6.259 6299 6339 6380 6420 6460 6500 6540 150
160 6.540 6.580 6620 6660 6701 6741 6781 6821 6861 6901 6941 160
170 6.941 6981 7021 7060 7100 7.140 7180 7220 7.260 7300 7340 170
180 7.340 7380 7420 7460 7500 7V.540 TVOV9 V619 7.609 7.699 7739 180
190 7739 7979 7B19 7859 7899 7939 7979 8019 B8.059 8099 8138 190
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TABLE 9 Type K Thermocouple — thermoelectric voltage as a function of K o C
temperature (°C); reference junctions at 0 °C

°C 0 1 2 3 4 5 [ 7 8 9 10 °C
Thermoelectric Yoltage in Millivalts

200 §.138 B.178 8218 8258 8258 8338 8378 8418 8458 845 8539 200
210 §.539 B.57T9 68619 B.659 86589 8739 6779 8819 6860 8900 8940 210
220 8940 8980 9020 9081 9101 9141 9181 9222 9262 9302 9343 220
230 9343 9383 9423 9464 9504 9545 9585 9626 9666 9707 9747 230
240 9747 9788 9828 9869 9909 9950 9951 10031 10072 10.113 10153 240

250 10.153 10.194 10.235 10276 10.316 10357 10.398 10439 10480 10520 10.561 250
260 10.561 10.602 10.643 10.684 10.725 10.766 10.807 10.843 10.889 10.930 10.971 260
270 10.971 11.012 11.053 11.094 11.135 11176 11.217 11259 11.300 11341 11382 270
280 11.382 11423 11465 11506 11.547 11588 11.630 11671 11.712 11753 11795 280
290 11.795 11.836 11.877 11919 11.960 12.001 12043 12.084 12126 12.167 12209 290

300 12.209 12250 12291 12333 12374 12416 12457 12499 12540 12582 12624 300
310 12.624 12665 12707 12748 12790 12831 12873 12915 12956 12998 13.040 310
320 13.040 13.081 13.123 13.165 13.206 13.248 13.290 13.331 13373 13415 13457 320
330 13.457 13498 13.540 13.582 13.624 13665 13707 13749 13791 13833 13874 330
340 13.874 13916 13.958 14.000 14.042 14084 14126 14167 14209 14251 14293 340

350 14.293 14335 14377 14419 14461 14503 14.545 14587 14.629 14671 14713 350
360 14713 14755 14797 14839 14881 14923 14965 15007 15049 15091 15133 360
370 15.133 15.175 15217 15.259 15301 15.343 15385 15427 15469 15511 15554 370
380 15.554 15.096 15638 15.680 15722 15.764 15806 15.849 15891 15933 15975 380
390 15.975 16017 16.059 16.102 16.144 16.186 16.228 16270 16.313 16355 16.397 390

400 16.397 16.439 16482 16.524 16.566 16.608 16.651 16.693 16735 16778 16.820 400
410 16.820 16.862 16.904 16.947 16.989 17.031 17.074 17.116 17.158 17.201 17243 410
420 17.243 17.285 17.328 17.370 17.413 17455 17487 17.540 17582 17624 17667 420
430 17.667 17.709 17.752 17.794 17.837 17.879 17.921 17964 16006 18.049 18.091 430
440 18.091 18.134 18.176 18.218 18.261 18.303 18346 18388 18431 18473 18516 440

450 18.516 18.558 18.601 18.643 18.686 18.728 18771 18.813 18856 18.8%8 18941 450
460 18.941 18983 15.026 19.068 19.111 19.154 19196 19239 19281 19324 19366 460
470 19.366 19409 19451 19494 19537 19.579 19622 19664 19707 19750 19792 470
480 19.792 19835 19.877 19920 19962 20005 20.048 20090 20133 20175 20218 480
450 20218 20.261 20303 20346 20389 20431 20474 20516 20559 20602 20644 490

500 20644 20687 20730 20.772 20815 20.857 20900 20943 20985 21.028 21071 500
510 21.071 21.113 21.156 21.199 21.241 21.284 21.326 21369 21412 21454 21497 510
520 21497 21540 21582 21625 21668 21.710 21.753 21796 21838 21881 21924 520
530 21924 21966 22009 22052 22094 22137 22179 22222 22265 22307 22350 530
540 22350 22393 22435 22478 22521 22563 22606 22649 22691 22734 22776 540

550 22776 22819 22862 22904 22947 22990 23.032 23075 23117 23.160 23203 550
360 23203 23245 23288 23.331 23373 23416 23458 23501 23544 23586 23629 560
570 23,629 23671 23714 23757 23799 23.842 23.884 23927 23970 24012 24055 570
580 24055 24.097 24140 24.182 24225 24267 24310 24353 24395 24438 24480 580
590 24480 24523 24565 24608 24650 24693 24735 24778 24820 24863 24905 590

600 24905 24948 24990 25.033 25.075 25.118 25160 25203 25245 25288 25330 600
610 25.330 25373 25415 25458 25500 25.543 25585 25627 25670 25712 25755 610
620 23.795 25797 25.840 25882 25924 25967 26.009 26.052 26.094 26.136 26.179 620
630 26,179 26.221 26.263 26.306 26.348 26.390 26.433 26475 26517 26.560 26602 630
640 26.602 26644 26687 26.729 26771 26.814 26.856 26.898 26940 26983 27.025 640

650 27.025 27.067 27.109 27.152 27.194 27236 27.278 27320 27.363 27405 27447 630
660 27447 27489 27531 27.574 27616 27658 27.700 27742 27784 27826 27.869 660
670 27.869 27911 27953 27995 28.037 28.079 28121 28.163 28205 28247 28289 670
680 28.289 28332 28374 28416 28458 28500 28.542 28584 28626 28668 28710 680
690 28.710 28.752 28.794 28.835 28.877 28919 28.961 29.003 29.045 29.087 29.129 690

°c 0 1 2 3 4 5 6 7 8 2 10 °c
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KD C TABLE 9 Type K Thermocouple — thermoelectric voitage as a function of
temperature (°C); reference junctions at 0 °C

“C 0 1 2 3 4 5 [} 7 8 9 10 °c
Thermoelectric Voltage in Millivolts

700 29.129 29171 29213 29.255 29.297 29338 29380 29422 29464 29506 29548 700
710 29548 29589 29631 29673 29715 29757 29798 29840 293882 29924 29965 710
720 29965 30.007 20.049 30.090 30.132 30.174 30.216 30.257 30299 30341 30382 720
730 30.382 30424 30466 30507 30549 30590 30632 30674 30715 30757 30798 730
740 30.798 30.840 30881 30.923 30964 31.006 31.047 31.089 31130 31.172 31.213 740

750 31.213 31.255 31.296 31.338 31.379 31421 31462 31.504 31545 31586 31.628 750
760 31.628 31669 31.710 31.752 31.793 31.834 31.876 31.917 31958 32.000 32.041 760
770 32.041 32.082 32124 32165 32.206 32247 32289 32330 32371 32412 32453 770
780 32453 32495 32536 32577 32618 32659 32700 32742 32783 32824 32865 780
790 32.865 32906 32547 32988 33.029 33.070 33.111 33152 33.193 33234 33275 790

800 33.275 33.316 33357 33.398 33439 33.480 33.521 33062 33603 33644 33685 800
810 33.685 33.726 33767 33.808 33.848 33.889 33930 33971 34012 34053 34093 810
820 34.093 34.134 34175 34216 34.257 34297 34338 34379 34420 34460 34.501 820
830 34.501 34.542 34582 34623 34664 34704 34745 34786 34.826 34867 34908 830
840 34908 34.948 34989 35.029% 35070 35.110 35151 35192 35232 35273 35313 B840

850 35.313 35354 35394 35435 35475 35516 35556 35596 358637 35677 35718 850
860 35.718 35758 35798 35.83% 35879 35920 35960 36.000 36.041 36.081 36.121 860
870 36.121 36162 36202 36.242 36.282 36.323 36.363 36403 36443 36484 36524 870
880 36.524 35.564 36604 36.644 36685 36.725 36.765 36.805 36845 36.885 36925 880
890 36.925 36965 37.008 37.046 37088 37.126 37.166 37206 37246 37286 37326 890

900 37.326 37.366 37406 37446 37.486 37.526 37.566 37606 37646 37686 37.725 900
910 37.725 37.765 37805 37.845 37885 37925 37965 38.005 38044 38.084 38.124 910
920 38.124 38.164 38204 38.243 38283 38323 38.363 38402 38442 38482 38522 920
930 38.522 38.561 38601 38.641 38680 38.720 38.760 38.799 38839 38.878 38918 930
940 38.918 38958 28997 39.037 39.076 39.116 39.155 39.195 35235 39274 39314 940

950 39.314 39.353 39393 39432 39471 39511 39550 39590 39629 39669 39708 950
960 39.708 39.747 39787 39.826 395868 395905 39944 39984 40023 40.062 40.101 960
970 40.101 40.141 40.180 40.219 40.259 40.298 40.337 40376 40415 40455 40454 970
980 40494 40533 40572 40611 40651 40690 40725 40768 40807 40846 40885 980
990 40.885 40924 40963 41.002 41.042 41.081 41.120 41.159 41.198 41237 41276 990

1000  41.276 41.315 41354 41393 41431 41470 41.509 41548 41587 41626 41665 1000
1010 41.665 41.704 41.743 41.781 41.820 41.859 41.898 41.937 41976 42014 42053 1010
1020 42053 42092 42131 42169 42208 42247 42286 42324 42363 42402 42440 1020
1030 42440 42479 42518 42556 42595 42633 42672 42711 42749 42788 42826 1030
1040 42,826 42865 42903 42942 42980 43.019 43.057 43.096 43.134 43173 43211 1040

1000 43211 43.250 43288 43.327 43.365 43403 43.442 43480 43518 43557 43595 1050
1060 43.595 43633 43672 43710 43748 43.787 43.825 43863 43901 43940 43978 1080
1070 43978 44016 44054 44092 44130 44.169 44207 44245 44283 44321 44353 1070
1080  44.359 44397 44435 44473 44512 44550 44588 44626 44664 44702 44740 1080
1090 44740 44778 44816 44853 44891 44929 44967 45005 45043 45081 45119 1090

1100 45119 45157 45194 45232 45270 45308 45346 45383 45421 45459 45497 1100
1110 45497 45534 45572 45610 45647 45685 45723 45760 45798 45836 45873 1110
1120 45873 45911 45948 45986 46.024 46.061 46.099 46.136 46.174 46211 46245 1120
1130 46.2459 46286 46324 46.361 46398 46.436 46473 46.511 46548 46.585 46623 1130
1140 46.623 48.660 46697 46.735 486772 46.809 46.847 46.8584 46921 46.958 46995 1140

1130 46,995 47.033 47.070 47.107 47.144 47181 47.218 47236 47293 47.330 47.367 1150
1160 47.367 47404 47441 47478 47515 47552 47.589 47626 47663 47700 47737 1160
170 47.737 47774 47811 47848 47.884 47921 47958 47995 48032 48069 48105 1170
1180 48.105 48.142 48179 48216 48.252 48289 48326 48.363 48399 48436 48473 1180
1190 48473 48509 48.546 48582 48.619 48636 48692 48729 48765 48802 48838 1190

°C 0 1 2 3 4 5 & 7 8 9 10 °c
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TAEBLE 9 Type K Thermocouple — thermoelectric voltage as a function of

temperature (“C); reference junctions at 0 °C

KeC

g 0 1 2 3 4 5 6 7 8 9 10 °c
Thermoelectric Voltage in Millivolts

1200 48838 48875 48911 48948 48984 49021 49057 49093 49130 49166 49202 1200
1210 49202 49239 49275 49311 49348 49384 49420 49456 49493 49529 49565 1210
1220 49565 49601 49637 49674 49710 49746 49782 49818 49854 49890 49926 1220
1230 49926 49962 49998 50034 50070 50106 50142 50178 50214 50250 50286 1230
1240 50286 50322 50358 50.393 50429 50465 50.501 50537 50572 50608 50644 1240
1250 50644 50680 50715 50.751 50.787 50.822 50.858 50.894 50929 50965 51.000 1250
1260 51000 51.036 51071 51.107 51.142 51.178 51.213 51249 51284 51.320 51.355 1260
1270 51355 51391 51426 51461 51497 51532 51.567 51603 51638 51673 51.708 1270
1280 51708 51.744 51779 51814 51.849 51.885 51.920 51955 51.990 52025 52060 1280
1290 52060 52.095 52130 52165 52.200 52235 52270 52305 52340 52.375 52410 1290
1300 52410 52445 52480 52515 52550 52585 52.620 52654 52689 52724 52759 1300
1310 52759 52794 52828 52863 52898 52932 52967 53002 53037 53071 53106 1310
1320 53106 53.140 53175 53210 53.244 53279 53313 53348 53382 53417 53451 1320
1330 53451 53486 53520 53555 53589 53623 53658 53692 53727 53761 53795 1330
1340 53795 53830 53864 53898 53932 53967 54001 54035 54069 54104 54138 1340
1350 54138 54172 54206 54240 54274 54308 54.343 54377 54411 54445 54479 1350
1360 54479 54513 54547 54581 54615 54649 54683 54717 54751 54785 54819 1360
1370 54819 54852 54.886 1370
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TABLE T Type J Thermocouple— thermoelectnic voltage as a function of J o C
temperature (*C); reference junctions st 0 °C

b 2 0 1 2 3 4 5 6 T & 9 10 °C

Thermeoelectric VVoltage in Millivolts

=210 -5.085 -210
-200 -7.88%0 -7812 -78934 74555 -T476 -748% -8.017 -3.037 -8057 -30v6 -5.095 -200

-150 -7.659 -7B883 Y707 -7.¥31 7755 -777E 7801 -7B24 7846 -7BE63 -7.850 -190
-180 -7.403 -7429 -7456 -T4B2 -7508 -7.534 7559 -7.585 -7T.610 -7.834 -7659 -130
-170 -7.123 7152 7181 -7.208 7237 Y265 7293 7321 -T.348 -73V6 7403 170
-160 6821 -6853 -6883 -6514 -6944 6575 -FO0O5 -7.035 -T.064 -7.0594 -7123 -160
-150 -6.300 -6.533 -6.566 -6.5%3 -6.631 -6663 -5.8%5 -G.FIT 6759 6780 -65.821  -150

-140 -6.158 -6.134 6229 -6283 -6283 -6.332 -B366 -6400 -65.433 6467 6500 -140
-130 -5.801 -5838 -5874 -5510 -5946 -53582 -B.018 -6.054 -6.089 -6124 -H159 -130
-120 -5.426 -5465 -5503 -5.541 -5.573 -5616 -5.853 -5.6880 -5727 5764 5801 120
-110 -5.037 5076 -5.116 -5.155 -5.184 5233 53272 -5311 5350 5388 5426 -110
-100 4633 4674 4714 4755 4796 4836 4877 4817 -4557 49857 5037 -100

-80 4215 4257 4300 4342 4384 4425 4467 4509 4550 -4591 4833 -80
-80 -3.786 -3829 -3872 32916 -3959 4002 4045 4083 4130 4173 4215 -a0
-T0 -3.344 3389 3434 3478 3522 3566 -3810 -3.854 3683 -3.742 -3786 -70
-60 -2.85%3 -2938 -2984 3028 3075 -3120 -31653 3210 -3.255 3300 -3.244 -0
-50 -2.431 -2478 -2524 -2571 -2617 -2863 -2709 -2755 -2801 -2.847 -2.893 -0

-40 -1.961 -2008 -2055 -2.103 -2150 -2.197 23244 23291 -2338 -2385 -24M -40
-30 -1.482 -1530 -1.573 -1.626 -1674 -1.722 -1770 -1.818 -1.863 -1.913 -1.961 -30
-20 08585 -1.044 -1.0%3 -1.142 1180 -1.239 1288 -1.336 -1.385 -1433 -1482 -20
-10 -0.501 -0550 -0.600 -0650 -0659 -0.7459 0795 -0.847 -0.8856 -0D.845 -0595 -10

0 pooo 0030 0101 0157 0201 D251 0301 -0.3517 -0.401 0431 DS 0

0 pooo 0050 0101 0151 00202 0253 0303 0354 0405 0458 0507 0
10 0507 0558 0608 0660 0711 0762 0814 0DB65 0916 0568 1.019 10
20 1019 1.071 1122 1174 1226 1277 1329 1381 1433 1483 1.537 20
3o 1537 1589 1641 1683 1745 1797 1848 1502 1954 2006 2.059 30
40 2039 2111 21164 2216 2269 2322 2374 2427 2480 2532 2585 40

50 2585 26383 2691 2744 2757 2850 2503 2556 3.009 3062 3116 50
60 M6 30189 3222 3275 3329 3382 3436 3489 3543 3508 3.650 60
70 3630 3703 3757 3810 3864 3918 3571 4025 4079 4133 4187 70
80 4187 4240 4294 4343 4402 4456 4510 4564 4618 4672 4728 80
40 4726 4781 4835 4889 4543 4597 5052 5106 5160 5215 5.269 90

100 5269 5323 5378 5432 5487 5541 55895 5630 5705 5739 5.814 100
110 5814 5888 5823 5577 6032 6087 6141 6196 6251 63068 6.360 110
120 6360 6415 G470 6525 6579 68634 6683 6744 67935 6804 5.909 120
130 6909 6964 7.019 V074 7129 7184 V238 7294 T.349 7404 7459 130
140 7439 7¥514 7569 V624 TH/9 T3 J789 TB44 TO00 7953 B.010 140

150 8.010  8.085 86120 &173  §.231 8286 3341 8296 5452 8507 §.562 150
160 8562 8818 8673 85723 8783 8839 3.8%4 5545 9005 9080 9115 160
170 9115 9171 9226 9282 9337 9392 9448 9503 9559 9614 9663 170
180 9669 9725 9780 9836 9891 9547 10002 10.057 10113 10.168 10.224 180
190 10224 10279 10335 10.3%0 10446 10501 10.557 10.612 10.668 10723 10.773 150

200 10779 10834 10.890 10.245 11.001 11.056 11112 11167 11.223 11278 11.334 200
210 11.334 11389 11445 11501 11.556 11.612 11667 11723 11.778 11.834 11.689 210
220 11.888 115945 12.000 12.056 12111 12167 12222 12278 12334 12389 12445 220
230 12445 12500 12,5356 12611 12.667 12722 12778 12833 12.88%9 12544 13.000 230
240 13000 13.056 13111 13167 13222 13278 13.333 13389 13.444 13500 13.555 240

°C 0 1 2 3 4 5 G T i) 9 10 “C
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J o C TABLE T Type J Thermocouple — thermoelectric voltage as a function of
temperature (°C), reference junctions at 0 °C

°C 0 1 2 3 4 5 G T 8 9 10 “C

Thermoelectric Voltage in Millivolts

250 13555 13611 13666 13.722 12777 13823 13883 13544 13999 14055 14110 250
260 14110 14,186 14221 14.277 14332 14.380 14443 14493 14554 14609 14663 260
270 14665 14.720 14776 14.831 14887 148942 14598 15053 15109 15.164 15219 270
250 15219 15275 15330 15386 15441 15496 15552 15607 15663 15.718 15773 230
240 15773 15829 15884 159840 159985 16.050 16.1068 16.161 16216 16.272 16327 290

300 16.327 16.3B3 16438 164593 16.5349 16.604 16659 16.713 16770 16.825 16.681 300
310 16.881 16.936 16.991 17.046 17.102 17.157 117.212 17268 17.323 17.378 17434 310
320 17434 17489 17544 17.589 17655 17.710 17.765 17820 176876 17.931 17.986 320
330 17.986 18.041 18.097 18.152 18.207 18.262 18318 18.373 184258 185483 13.538 330
340 18.536 18.594 18.649 18704 18759 18.814 18870 15923 18980 19.035 19.090 340

350 19.080 19.146 19.201 19.256 19.311 19.366 19422 19477 19.532 19587 19.642 350
380 19.642 19697 19.753 19.808 19.B63 19918 19.573 200238 20083 20133 20.194 380
370 20184 20.249 20304 20.359 20.414 20469 20.525 20.580 20635 206590 20.745 7o
380 20.745 20300 20.855 208911 20866 21.021 21076 21131 21.186 21241 21.297 380
340 21297 21352 21407 21462 21.547 21.572 21627 21683 21738 21793 21.848 390

400 21.848 21903 21958 22014 22.069 22124 22179 223234 22289 22345 22400 400
410 22400 22455 22510 22565 22620 22676 22731 22786 22641 22896 22952 410
420 22852 23.007 23.062 23117 23172 23228 23283 23338 23393 23449 23504 420
430 23504 23559 23614 23870 23725 23760 23835 23891 235946 24001 24057 430
440 24057 24112 24167 24223 24278 24333 24385 24444 24495 24555 24610 440

430 24610 24665 24721 24776 24.832 24887 24843 24598 25033 25109 25.164 430
480 25,184 25220 25275 25331 25,386 25442 25497 25553 25608 25684 25720 460
470 25720 25775 25831 25886 25842 25998 26.053 26.109 26.165 26220 26.276 470
4350 26.276 26.332 26.387 26443 26499 26555 26610 26666 26722 26778 26.634 430
450 26.834 26389 26.945 27.001 27.057 27.113 27169 273225 27.281 27.33T7 27.393 430

200 27383 27449 27505 27.561 27617 27673 27729 27785 27.841 27697 27853 500
510 27953 28.010 28066 25122 28178 28.234 23.291 25347 25403 28460 258518 510
520 28516 2B.572 28629 28685 25.741 28.798 23.854 23.9511 28967 29.024 29030 520
530  29.080 2890137 29.194 200250 29307 209.363 29420 20477 29534 25590 29647 530
540 29647 20704 29761 20815 29.874 29931 29988 30.045 30102 30.159 30216 540

550 30.216 30273 30330 30.367 30444 30502 30.559 30816 30673 30730 30.788 550
360 30788 200845 30802 30860 31.047 21.074 231132 31189 31247 31304 31.362 360
570 31.362 31419 31477 31.535 31.582 31650 31.708 31766 31.823 31.881 31.93% 570
580 31.939 31.997 32.055 32113 32171 32229 32287 32345 32403 32461 32519 580
5290 32519 32577 32636 32694 32752 32810 232869 32927 32985 33.044 33102 590

600 33.102 33181 33.219 33278 33337 33395 33454 33513 33571 33630 33689 600
G610 33.688 33743 33807 33866 33825 33964 34043 34102 34161 34220 34273 G610
620 34275 34333 34357 34457 34516 34573 34835 34894 34754 34813 34873 620
630 34873 34932 345862 35051 35111 35171 35230 35290 35350 35410 35470 630
640 35470 35530 35590 35650 235710 35770 235.830 35890 35950 36.010 36.071 640

6350 36.071 36.131 36191 36.252 36.312 36373 36433 36494 36554 36615 36673 630
G6&80 36675 36.736 36.797 36.858 236.818 36979 3IT.040 3ITA0N1 37162 37233 37.284 G680
670 37.284 37345 37406 37467 37528 3I7.580 37651 ITT12 37773 3IT.B35 37.696 G670
630 37.886 374953 36.019 35.081 35142 38204 38265 35327 35389 38450 35512 630
650 36.512 38574 316636 35653 235.760 38.822 33.884 355468 35008 33.070 39132 650

700 39.132 39.1894 39256 39318 239381 39443 39505 39.568 39630 39693 39.733 700
710 38755 39813 39.380 30543 40005 40068 40131 40193 40.236 402313 40382 710
720 40.382 40445 40508 40570 40.833 40596 40.759 40822 40886 40943 41.012 720
730 41.012 41.075 41138 41201 41.265 41328 41.391 41455 415158 41.581 41645 730
740 41645 41708 41.772 41.835 41.8%9 41562 42026 42090 42153 42217 42281 740

°C 0 1 2 3 4 5 6 7 8 9 10 “C
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J o C TABLE 7 Type J Thermocouple — thermoelectiopvaliags ga function'af
temperature (°C); referehies junttions at 0 °C

o 0 1 2 3 4 5 B T & 9 10 “C

Thermoelectric Voltage in Millivolts

250 13,555 13611 13666 13722 13777 13833 13.888 13544 13993 14055 14110 250
260 14110 14166 14221 14277 14332 14388 14443 14493 14554 14605 14665 260
270 14665 14720 14776 14.831 14.887 14542 14993 15053 15109 15164 15219 270
280 15219 15275 15330 15386 15441 1545 15552 15607 15663 15718 15773 280
250 15773 15829 15884 15940 159585 16.050 16.106 16.161 16216 16272 16.327 290

300 16.327 16383 16433 164583 16.549 16604 15859 16715 16770 16825 16.881 300
310 16.881 16.936 16.991 17.046 17.102 17.157 17.212 17268 17.323 17.378 17434 310
320 17434 17489 17544 17589 17655 17.710 17.765 17.B820 17.876 17931 17986 320
330 17.986 18.041 16.097 18.152 158.207 18262 18318 1837Y3 18428 15483 18538 330
340 18538 18.5%4 16649 18704 18759 15814 18.870 18825 15930 13.035 15.090 340

350 19.0%0 19146 19.201 19.256 19.311 19.366 19.422 19477 19532 19587 19.642 350
360 19.642 19.6%7 19.753 19.808 19.863 19918 19573 20028 20.083 20135 20.194 360
370 20194 20249 20304 20359 20414 20469 20525 20580 20.635 20690 20.745 370
380 20745 20800 20.855 205911 20866 21.021 21076 21131 21186 21.241 21297 380
330 21297 21352 21407 21482 21517 21572 21627 21683 21.738 21.793 21.848 3590

400 21848 21903 21953 22014 22069 22124 22179 22234 22283 22345 22400 400
410 22400 22455 22510 22565 22620 22676 22731 22786 22.841 22898 22952 410
420 22932 23007 23062 23117 23172 23228 23283 23338 23393 23449 23.504 420
430 23504 23559 23614 23670 23725 23780 23835 23891 23946 24001 24.057 430
440 24057 24112 24167 24223 243278 24333 24383 24444 24493 24555 24.610 440

450 24810 24665 24721 24776 24832 24887 24543 24538 25053 25109 25.164 450
460 25164 25220 25275 25331 25386 25442 25497 25553 25.608 25664 25720 480
470 25720 25775 25831 25886 25842 25598 26.053 26.109 26.165 26.220 26.276 470
480 26276 26332 26367 26443 26459 26555 26810 26866 26722 26778 26.834 480
490 26834 268889 26945 Z7.001 27.057 27.113 27.169 27.225 27.281 27.337 27.393 490

500 27393 27449 27505 27561 27617 27673 27.729 27785 27.841 27897 27953 500
510 27933 28.010 2B.066 28122 28178 28234 28291 28347 28403 25460 2B.518 510
520 28.516 28572 26629 28685 28741 28798 28.854 28911 28967 29.024 25.080 520
530 29080 29137 29.194 29250 29.307 29363 29420 29477 29.534 29590 29.647 530
540 29647 29704 29761 29818 29.874 299831 29883 30045 30.102 30.138 30.218 540

550 0216 30273 30330 30387 230444 30502 30559 30616 30673 30730 30788 550
560 30.788 30845 30902 30860 231.047 31.074 31132 31183 31.247 31.304 31362 560
570 31.362 31419 31477 31535 31.582 31650 31.708 31766 31.823 31.881 31939 570
580 31939 31957 32.055 32113 32171 32229 32267 32345 32403 32461 32513 580
550 32519 32577 32636 32654 32752 32810 32.869 32927 329385 33.044 33102 590

600 33102 33181 33219 33278 33.337 33395 33454 33513 33571 33630 33.689 600
610 33889 33748 33807 33866 33525 33984 34043 34102 34161 34220 34279 G610
620 34279 34338 24397 34457 24516 4575 34835 348594 34754 34813 34873 620
630 34873 34932 34992 35051 35111 35171 35230 35290 35350 35410 35470 630
G640 35470 35530 355590 35650 35710 35770 35830 35890 35930 36.010 36.071 G40

650 36071 36131 36191 36.252 36.312 36373 36433 364594 36554 36615 36675 630
660 36675 3676 36797 36.858 36918 36579 3IF.040 ITA01 3IT.I62 IT.223 37.254 GG0
670 37284 37345 37406 37467 37528 37090 3IV.E51 ITTI2 3ITVTI IT.835 37.896 670
680 37.896 379586 36.019 38.081 35.142 35204 38265 38327 38.28%9 38450 38.512 G630
G630 38512 38574 32B636 33558 38760 35822 35884 358946 35008 33.070 358132 650

700 39132 39194 39256 39318 393871 29443 30505 39568 39.630 39693 39.755 700
710 39735 395818 39880 39943 40005 40068 40131 40193 40258 40315 40.332 710
720 40382 40445 40503 40570 40533 406598 40759 40822 40836 40945 41.012 720
730 41012 41075 41138 41201 41265 41328 41391 41455 41518 41.581 41.645 730
740 41645 41.708 41.772 41.835 41.899 41562 42026 42090 42153 42217 42.281 740

b 0 1 2 3 4 5 & T 8 9 10 “C
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TABLE T Type J Thermocouple— thermoelectnic voltage as a function of J OC
temperature (°C); reference junctions at 0 °C

°C 0 1 2 3 4 5 [ 7 & 9 10 “C
Thermoelectric \Yoltage in Millivolts

730 42281 42344 42403 42472 42536 42599 42663 42727 42791 42855 42919 730
760 425919 42583 43.047 453111 43175 43239 43303 43367 43431 43495 43555 760
770 43559 43624 43883 43752 43817 43881 43945 44010 44074 44133 44 203 770
780 44 203 44267 44332 44396 444671 44525 44590 44855 44719 44784 44848 780
790 44 848 44913 44977 45042 45107 45171 45236 45301 45365 45430 45404 790

800 45494 453559 45624 458858 45753 45818 45882 455947 48011 45076 48.141 a0o
810 46,141 46205 46270 46334 46399 46464 46528 46.593 46657 46.722 46.786 310
820 46786 46831 46915 46.980 47.044 47109 47173 47238 47302 47367 47431 320
830 47431 47455 47560 478624 47688 47753 47.817 47881 475946 45010 45.074 430
840 48074 48138 48202 43267 45331 48395 45455 45523 48537 45651 4B8.715 340

830 48715 48779 48.843 43507 435971 40034 49098 49162 49226 49290 49353 330
860 49353 49417 49481 49544 49803 49872 49735 49793 45862 49926 49985 falatn]
870 49989 50052 50116 50179 50.243 50306 S50.3689 50432 50495 50553 50622 a7o
880 30.622 50685 50.743 50811 50.874 50537 51.000 51063 51.126 51.188 51.251 380
890 51.251 51.314 51377 51.439 51502 51565 51.627 51690 51.752 51.815 51.877 90

200 31.877 51540 52.002 52.064 52127 52.189 52.251 52314 52376 52438 52.500 200
910 52.500 52582 52624 52686 52745 52.810 52.872 5295934 52996 53.057 53.119 910
820 33.119 53,181 53243 53304 53366 53427 53489 53550 53612 53673 53.735 920
930 53735 5376 53857 53819 53880 54041 54102 54164 54225 54285 54.347 930
240 54347 54408 54469 54530 54591 54652 54713 54773 54834 54885 54956 940

8950 34956 55016 55077 55138 55193 55259 55315 55380 55440 55501 55.581 9350
960 35.561 55622 55.682 535.742 55.B03 55863 55823 55933 56.043 56.104 56.164 960
70 56.164 56224 56284 56344 56404 56464 56524 56534 56643 55703 56763 970
980 56.763 56.823 56.883 56.842 57.002 57.062 57.121 57181 57.240 57300 57.360 980
990 37.380 57419 57479 57.538 57.597 57657 57.716 57776 57835 57894 57953 930

1000 57¥953 58013 5B.072 558137 58190 58.249 55309 58368 58427 53486 58.545 1000
1010 58545 58604 5B663 558722 55781 5B8.840 55853 53557 59.016 59.075 59.134 1010
1020 55134 55183 55252 59310 59369 55425 59487 59545 59604 53663 53.721 1020
1030 59.721 59780 59838 59897 59856 60.014 60073 60.131 60.190 B60.248 60.307 1030
1040 60307 60365 60423 60482 60.540 B0.559 60657 60.715 60.774 B60.832 60.890 1040

1050 60.890 60949 61.007 61.065 61.123 61.182 61.240 61.288 61.356 61415 61473 1050
1060 61473 61.531 61.589 61647 61.705 61.763 61.822 61.880 61.933 61.996 62.054 1060
1070 6§2.034 62112 62170 62228 62286 62344 62402 624860 62518 B2.576 62.634 1070
1080 §2.634 62692 62750 62803 62.B66 62924 62.962 63.040 63.098 B3.156 63.214 1080
1080  63.214 63.271 63329 63387 63445 63.503 63.561 63619 63677 B3.734 B63.792 1080

1100 83792 83850 53908 63566 64.024 B4.081 64139 B4.197 64255 B4.313 64370 1100
1110 84370 64428 54486 64544 64502 B4.859 B4.717 B4.775 64833 B4.890 64943 1110
1120 64948 65006 65064 65121 65.179 65237 65295 65.352 65410 B5.468 65525 1120
1130 65525 65583 65641 65699 65756 65814 65872 65529 65987 66.045 66.102 1130
1140 §6.102 B6.160 66218 66.275 66.333 66.351 66448 66.506 66.564 B6.621 66.679 1140

11530 66.679 66.737 66.794 66852 66.910 66967 67.025 67.082 67.140 B7.198 67.255 1150
1160 &7.255 67313 67.370 67428 67486 67.543 67601 67658 67.716 B7.7/73 67.831 1160
1170 §7.831 67888 67546 65003 65061 65.119 65.176 65234 65291 B3.345 63406 1170
1180 §8.406 65483 86521 65578 656536 65653 65751 63808 GB.865 B63.923 63.980 1180
1190 68980 69.037 69.095 69152 69.209 EB9.267 69.324 69.381 69433 B69.496 B69.553 1190

1200  69.553 1200

°C 0 1 2 3 4 5 & T 8 9 10 “C
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I o C TABLE 1T Type T Thermocouplie — thermoseiectric voltage as a funciion of
temperature (“C); reference junctions at 0 °C

*C 0 1 2 3 4 5 6 7 & 9 10 S

Thermoelectric Yoltage in Millivolts

=270 -6.258 =270
-260 -6.232 -6236 -B239 6242 -6245 -6248 -6.251 -6253 -B.255 -6.236 -6.258 -260
-250 -5.180 -6.187 -B.1%3 -6.198 -6.204 K209 -6.214 -B219 -6.223 -6.223 -6.232 -230

-240 5105 -6.114 6122 -6130 -61238 -6.146 -6.153 -6.160 -6.167 -6.174 -6.180 -240
-230 -6.007 -6.017 -6.028 -6.033 -6.04% -5.05% -6.068 -65.073 -6.087 -6.096 -6.105 -230
=220 -5.888 5801 -5914 -55926 -5838 -5950 -5.962 5473 -5.585 5895 -6.007 220
-210 -5.753 5767 -5782 5785 -5809 -5823 -5836 -5850 -5.BE3 -5876 -588B8 -210
-200 -5.803 -561% -5834 -5650 -5665 -5880 -5689%5 -5710 -5724 5739 5753 -200

-150 -5.43% 5456 -5473 -5489 -5506 -5.523 -3.539 -5.555 -5.571 5587 -5.803  -190
-180 -5.261 5279 5257 -5316 5334 5351 5369 5387 -5.404 5421 5439 130
-170 -5.070 -508% -5109 -5128 -5143 -5.167 -5.186 -5205 -5.224 -5.242 -53261 -170
-160 -4865 4386 4907 4528 -4949 4969 45839 -5010 -5.030 -5.050 -5070 -160
-15 -4 848 4671 -48% 4715 4737 4759 4780 -4802 4823 4844 4865 -150

-140 4419 4443 4466 4489 -4512 4535 -4558 -4581 -4604 -4626 -48548 -140
-130 4177 4202 4226 4251 4275 4300 4324 4343 4372 438 4419 -130
-120 -3.8923 349458 3975 4000 -4026 4052 4077 -4102 4127 41352 4477 -120
-110 -3.857 -3684 -3T11 -3738 -3765 -3991 3818 -3844 3871 3897 -3323 110
-100 -3.379 3407 -3435 3483 -3491 3519 3547 3574 -3.802 -3829 -3857  -100

a0 -3.08% 3118 -3148 3177 3206 -3.235 3284 33293 3322 3330 3379 -90
-50 -2.7B8& -2818 -2849 -2879 -2910 -2540 -2870 -3000 -3.030 -3.039 -3.089 -80
-70 -2.476 -2507 -2539 -2571 -2602 -2833 -2.664 -2895 -2.726 -2.737 -2.768 =70
-60 -2.153  -2186 2218 -2.251 2285 2316 2343 2380 2412 2444 2476 -50
-50 -1.81% -1.853 -1.887 -1.820 -1.954 -1.8987 -2.021 -2.054 -2.087 -2120 -2.153 -50

-40 -1.475 -1.310 -1.545 -1.579 -1614 -1848 -1.683 -1.717 -1.751 -1.785 -1.819 -40
-30 1121 1157 -1.1%2 1228 1264 -1.289 -1.335 -1.370 -1405 -1.440 -1475 -30
=20 -0.757 -0.784 -DB30 -0.857 -04904 -D.340 -0.8v6 -1.013 -1.049 -1.085 -1.121 -20
-10 -0.383 -0421 -D450 -0456 -0534 -0571 -D.608 -D846 -0.883 -0.720 -0.757 -10

0 00000 00392 -00F7F 0116 D154 -0193 0231 0269 0307 0345 -0.383 0

0 0000 0039 00Y8 017 0156 0185 0234 0273 0312 0352 0.3 0
10 0331 0431 047Y0 0510 0549 0589 062% 08639 0708 0745 0790 10
20 0.F7%0 D0B30 04670 0511 0551 0592 1033 1074 1114 1135 1196 20
30 1186 1238 1279 1320 1362 1403 1445 1485 1528 1570 1.612 30
40 1612 1634 169 1738 1780 1823 1865 13508 15950 1993 2036 40

30 2036 2079 2122 2165 2208 2251 22894 2338 2381 2425 2468 a0
60 2468 2512 2556 2600 2643 2887 2732 2776 2820 2864 2909 &0
Fi] 2909 295 2998 3043 3087 3132 3177 33222 3267 3312 3358 70
80 33586 3403 3448 3494 3539 3585 3631 3677 3722 3768 3814 80
90 3814 3860 3507 35853 3999 4046 4092 4138 4185 4232 4279 90

100 4279 4325 4372 4419 4466 4513 4561 4808 4655 4702 4730 100
110 4730 4758 4845 4893 4547 4588 5036 5084 5132 5180 5228 110
120 5.22 5277 5325 5373 5422 5470 5519 5567 5616 5683 5714 120
130 5714 5783 5812 5861 5910 55589 6008 6057 6107 6.156 6208 130
140 6206 6255 6305 6355 6404 G454 6504 6554 6604 6654 6704 140

150 6704 6734 6805 6855 6905 65956 7FO006 7057 T.107 T.158 7.208 150
160 7209 T260 Y310 T361 7412 V463 T.515 7566 TE1T  T6BE T.720 160
170 7720 T.F71 Y7823 TAB74 7926 Y577 802% 8081 8133 8183 B.237 170
180 8237 B2B9 8341 8393 6445 5497 8550 858502 8654 8Y0FT 8758 180
180 8.73% 6812 8865 6817 8570 9023 9076 9125 95182 92357 9.2868 190

*C 0 1 2 3 4 5 ] 7 8 9 10 “C
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TABLE 17 Type T Thermocoupie — thermoeieciric volfage as a function of I OC
temperature (°C), reference junctions at 0 °C

*C 0 1 2 3 4 5 i T i3 9 10 “C

Thermoelectric Voltage in Millivolts

200 9288 9341 93585 9443 9501 9555 9808 9882 9715 9789 9822 200
210 9822 9876 95930 9584 10033 10.092 10146 10200 10.254 10308 10.362 210
220 10,362 10417 10471 10.5325 10.580 10.634 10889 10.y43 10.v98 10.853 10.907 220
230 10,907 10962 11.017 11.072 11127 11182 11237 11292 11.347 11.403 11.458 230
240 11.458 11.513 11.569 11.624 11680 11.735 11.791 11.846 11.902 11.858 12.013 240

250 12.013 12.0689 12125 12181 12237 12293 12349 12405 12461 12.518 12.574 250
260 12.574 12,630 12687 12743 12.799 1285 12512 12569 13.026 13.082 13.139 260
270 13139 13196 13253 13.310 13366 13423 13480 13537 13.595 13.652 13.709 270
250 13,709 13766 13.823 13.B81 13538 13595 14053 14110 14.168 14.226 14.283 280
290 14283 14341 14399 14456 14.314 14572 14830 14888 14746 14.804 14.862 290

300 14.862 14.920 14978 15.036 15095 15153 15211 15270 15328 15386 15445 300
310 15445 15503 15562 15.621 15679 15738 15797 15856 15914 15973 16.032 310
320 16.032 16.081 16.150 16.209 16.268 16327 16387 16446 16.505 16.564 16.624 320
330 16.624 16.683 16.742 16.802 16.861 16521 16.960 17.040 17.100 17.139 17.215 330
340 17.219 17.279 17.339 17.399 17458 17.518 17578 17638 17698 17.759 17.819 340

350 17.819 17.879 17.539 17.999 13.060 13.120 181680 18241 18.301 18.362 18.422 330
350 16422 18483 18543 15.604 13.665 18725 18.786 15.847 15.908 18.969 19.030 360
370 19.030 19081 19.1532 19.213 19.274 19335 193586 19457 19.518 19.579 19.641 370
3580 19641 158702 19.763 19.825 19.886 19547 20,009 200V0 20.132 20193 20235 380
340 20,255 20317 20,373 20.440 20502 20.563 20625 20687 20.745 20.810 20872 390

400 20.872 400

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld
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Rec

°C

-40
-30
=20
-10

100
110
120
130
140

150
160
170
180
190

200
210
220

240

250
260
270
280
290

300
310
320
330
340

350
360
Erii}
380
390

°C

2.401
2458
2.587
2.696
2.796

2.886
2997
3.085
3201
3304

0

TABLE 13 Type R Thermocouple — thermoelecinic voiiage as a function of

-0.182
-0.150
-0.105
-0.056
-0.005

0.005
0.080
017
0177
0239

0.303
0.389
0435
0.508
0.581

0.655
0.731
0.50a
D887
0967

1.049
1.132
1.217
1.303
1.389

1477
1.567
1.657
1.748
1.340

1.933
2.027
2121
2217
2313

2410
2.508
2607
2706

2.306

29086
3.007
2109
3212
3315

1

py-uMﬁTlDN'.mc.

-0.1%6
-0.154
-0.109
-0.061
-0.011

0.011
0.063
0.123
0.183
0.245

0.310
0.376
0.445
0.516
0.585

0.662
0.733
0816
0.895
0.5976

1.058
1.141
1.225
1.311
1.393

1.4886
1.573
1.666
1757
1.849

1.942
2036
2.1
2226
2.323

2420
2.518
26817
2716
2.816

2.918
3.01a
3119
3.222
3.325

3

4

&

G

temperature {°C); reference junctions at 0 °C

Thermeelectric Voltage in Millivolts

2.440
2.538
2.836
2.736
2.836

2.937
3.033
3.140
3.242
3.346

-0.203
-0.167
-0.123
-0.076
-0.026

D.027
0.0z
0.141
0.201
0.264

0.329
0.397
0.466
0.537
0.810

0.885
0.761
0.839
0.919
1.000

1.082
1.166
1.251
1.337
1.423

1.513

1.602
1.693

50

-0.211
-0.171
-0.128
-0.081
-0.031

0.032
0.088
0.147
0.207
0.271

0.338
0.403
0.473
0.544
0.618

0.693
0.765
0.847
0.927
1.008

T 8
-0.215 -0.21%9
-0.175  -0.180
-0.132 0137
-0.086 -0.091
-0.026  -0.041
0.038 0.043
0.094 0.100
0.153 0.159
0.214 0.220
0277 0.284
0343 0.345
0410 0417
0.430 0.4&7

52 0.559
0.623 0.632
0.y00 0.708
0.777 0.785
0.855 0.863
0.933 0.943
1.016 1.025
1.09% 1.107
1183 1.1
1.288 1.277
1.355 1.263
1442 1431
1.531  1.540
1620 1.629
1.711 1.720
1.803 1.812
1885 1.805
1.58% 1.598
2083 2093
2179 2.188
2275 2284
2371 233
2489 2473
2.567 2577
2666 2676
2786 2776
2.866 2.876
2967 28977
3.068 3.079
3171 3131
3273 3384
3377 3387

T &

-0.223 -0.228 -40
-0.184 -0.188 -30
-0.141  -0.145 -20
-0.085 -0.100 -10

0105 011 10
0.165 0.171 20
0.2268 0.232 30
0.290 0.296 40

0336 0.363 a0
0424 043 60
0494  0.501 70
0566 0.573 80
0.640 0.647 90

0715 0723 100
0.792 0.600 110
0871 0.873 120
0.931 0.959 130
1.033  1.041 140

1116 1.124 150
1.200 1.208 180
1.285  1.204 170

1.372 1.381 180
1460 1463 190

1.543  1.558 200
1633 1.648 210
1.728  1.739 220

1914 1823 240

2008 2017 250
2102 2112 260
2198 2.207 270
2294 2304 280
2391 24 290

2438 2498 300
2587 2597 310
2638 2.696 320
2736 2796 330
2.836 2.896 340

2987 2997 350
3.089 3.099 360
319 320 370
3.294  3.304 380
3.397  3.4038 330

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld
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TABLE 13 Type R Thermocouple — thermoelectnc voltage as a function of RD C
temperature (°C); reference junctions at 0 °C

b= 0 1 2 3 4 5 (i T a 9 10 “C

Thermoelectric Voltage in Millivolts

400 2408 3418 2428 3439 3449 3460 3470 3480 3401 3501 3.512 400
410 3512 3522 3533 3543 3553 3564 3574 3585 3.595 3606 3.616 410
420 3616 3627 3637 3648 38568 3669 3679 3690 3700 3ITV11 3T 420
430 721 3732 3T742 3733 3T64 3774 3785 3795 3806 3816  3.827 430
440 3827 3833 3B48 3859 3869 3880 3891 39501 38912 3922 3933 440

430 38933 3544 3854 3565 3576 3886 3997 4008 4013 4025 4.040 4350
460 4040 4050 4081 4072 4083 40893 4104 4115 4125 4136 4147 460
470 4147 415 4168 4179 4150 4201 4211 4222 43233 4244 473255 470
450 4.25 4285 4276 4287 4288 4300 4315 4330 4341 4352 4363 480
430 4363 4373 4384 4395 4406 4417 4428 4439 4443 4480 447 430

500 4471 4482 4493 4504 4515 4526 4537 4548 4558 45685 4.530 500
510 4580 4591 4602 4613 4624 4635 4646 4657 4668 4673 4690 510
520 4680 4701 4712 4723 4734 4745 4758 4767 4778 4783 4800 520
230 4800 4.811 4822 4833 4844 4855 4866 4877 4858 4893 4910 330
540 4910 4822 45833 4844 4555 4966 48577 45358 4993 5010 35.021 540

330 2.021 5033 5044 5055 5066 5077 5088 5099 51411 5122 5133 350
560 2133 5144 5155 50166 5178 5189 5200 5211 5222 5234 5245 560
570 5245 5256 5267 5279 5290 5301 5312 5323 5335 5346 5357 570
580 5357 5369 5380 5391 5402 5414 5425 5436 5443 5459 5470 580
590 5470 5481 5483 5504 5515 5527 5538 5549 5561 5572 5.583 590

600 5.583 5580 5606 5618 5629 54640 5652 5663 5674 5686 5.697 600
610 5697 5709 5720 5731 5743 573 57668 5777 5789 5800 5812 610
620 5812 5823 5834 5846 5857 5869 5880 5892 5803 5915 5926 620
630 58926 54838 5949 5561 54572 55884 54595 6007 6.018 6030 &G04 630
640 6041 6053 6065 6076 60838 6099 6111 6122 6134 6.146 6157 640

630 6.157 6.168 6180 6.1%2 6204 6215 6227 6238 6250 6262 G273 630
660 6273 B.285 6297 6308 6320 6332 6343 6355 6367 6373 6390 1]
670 6380 6£6402 6413 6425 6437 6448 6460 6472 6484 6493 6507 670
630 6.507 6518 6531 6542 65594 6566 6578 6589 6601 6613 G6.623 630
6590 G625 6636 6648 6660 6672 6684 6BEI3 6707 6719 6731 6743 630

700 6743 B.75 B.FBE 6778 6790 6802 6814 68256 6635 6845 6861 700
710 G861 6873 6885 6897 6909 6521 6533 6945 6956 6963 6.980 710
720 G980 64952 YOD4 Y016 TO028 TO040 TO52 T.O064 TF.OFE T.088 T.100 720
730 7100 7112 7124 736 7143 TA60 742 7184 FABE  T.208  T.220 T30
740 7220 7232 Y7244 T256 V263 V280 T.292 7304 F316  T.328  7.240 740

730 7340 7352 Y364 TAVE 7389 7401 7413 T423 T43IF  T443  T.461 [
760 7461 7473 7485 7498 7510 7522 7534 7546 T.558B 7570 T.583 760
770 7583 7595 7607 76198 7631 7644 TH56 TEBG6B THBD T692 T.705 770
780 F.r0x 7717 Y729 TF41 TYS3 O YUBE T.F8 7790 F.AB02  T.815 F.B2T T80
790 7827 7839 7851 7B64 THVE T7BBE 7801 7913 TF.825 7938 7.950 730

a0o 7950 ¥962 Y4974 T7H8Y 7599 8011 BO024 85036 8048 8081 B.073 a0l
310 8073 8086 80% 3110 8123 8133 8147 8160 3172 8183 8197 310
320 B.197 B8.209 8222 8234 8247 8259 8272 85284 85295 3.309 B.321 320
430 B.321 B8.334 8346 5359 &§.371 8384 5396 5409 5421 8434 5446 330
340 B.446 5455 8471 5484 5456 5500 5521 5534 8548 5559 8.571 840

330 B.571 B8.584 8597 G§.609 G622 8634 8647 8639 8§672 8683 B.697 330
360 6697 B.710 8722 8735 8743 8760 8773 8735 8798 8811 B.823 a0
a70 B.823 8836 85849 3§B61 8874 B&BAT 85893 8912 8925 35937 B.930 a70
aa0 B950 B85963 84975 4§83 9001 95014 9026 9038 9052 9.085 9.077 480
390 9077 8.0%0 9103 9115 9128 9141 9154 9167 3179 9192 9.205 3390

"= 0 1 2 3 4 5 [ 7 8 9 10 “C

51 pyu-mmmm'.wc.
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RD C TABLE 13 Type R Thermocouple — thermoelectric voliage as a function of
temperature (°C); reference junctions at 0 °C

*C 0 1 2 3 4 5 [ T ] 9 10 “C

Thermoelectric Voltage in Millivolis

900 9205 9218 9230 9243 93256 9269 9282 93294 9307 9320 9333 900
910 9333 9346 9359 9371 9384 9357 9410 9423 9438 9443 5461 910
920 9481 9474 9487 9500 9513 89526 9539 9552 9565 9578 9580 920
930 95%0 9603 9616 9629 9642 09655 9668 9681 9654 9707 9720 930
940 9720 B97T33 9746 9759 9772 8785 978 9811 9824 9837 89850 940

930 9830 9863 94876 9889 9502 995915 9928 9541 9954 995967 5930 930
960 9380 9953 10006 10.019 10.032 10.046 10.059 10072 10.085 10.098 10111 960
970 10111 100124 10137 10150 100163 1077 10,180 10203 10.216 10.223 10242 970
280 10,242 10.255 10263 10.282 10.2%5 10.308 10.321 10.334 10.347 10.361 10.374 930
930 10,374 10387 10400 10413 10427 10440 10453 10466 10480 10493 10.508 930

1000 10,506 10519 10.532 10.546 10.559 10.572 10.585 10.59% 10612 10.625 10633 1000
1010 10638 10632 10665 10.673 10692 10.705 10.71& 10731 10.745 10.758 10771 1010
1020 10771 10785 10.798 10.B11 10.825 10.828 10.851 10.865 10878 10.891 10505 1020
1030 10,805 10918 10932 10.845 10.958 10572 10.985 10593 11.012 11.025 11.039 1030
1040 11.039 11.032 11065 11.079 11.092 11106 11.119 11.132 11146 11.159 11173 1040

1050 11173 11186 11200 11.213 11227 11240 11.253 11267 11.280 11.294 11.307 1050
1060 11307 11321 11.334 11343 11361 11375 11388 11402 11415 11.429 11442 1060
1070 11442 11456 11469 11.483 11496 11510 11.524 11537 11551 11.564 11578 1070
1080  11.578& 11591 11605 11.613 11632 11646 11659 11673 11686 11.700 11.714 1080
1080 11714 11727 11741 11754 11.768 11.782 11.795 11809 11.822 11.836 11.850 1030

1100 11.850 11.863 11877 11.891 11504 11918 11531 11945 11959 11.972 11586 1100
1110 11.986 12.000 12.013 12.027 12.041 12.054 12.068 12082 12.086 12109 12123 1110
1120 12123 12137 12150 12164 12178 12191 12205 12219 12233 12246 12260 1120
1130 12260 12274 12288 12301 12315 12329 12342 12356 12370 12384 12397 1130
1140 12387 12411 12425 12439 12453 12466 12480 12494 12508 12521 12535 1140

1150 12535 12549 12563 12577 12590 12604 12618 12632 12646 12659 12673 1150
1160 12673 12687 12701 12715 12729 12742 12736 12770 12784 12798 12812 1160
1170 12812 12825 12839 12853 12.867 12.881 12.895 12509 125922 12536 12950 1170
1180 12950 12984 12978 12.992 13.006 13.019 13.033 13047 13.081 13.075 13.089 1180
1190 13.089 13103 13117 13131 13145 13158 13172 13186 13.200 13.214 13.228 1190

1200 13228 13242 13256 13.270 13.284 13.293 13311 13325 13.339 13.353 13367 1200
1210 13367 13381 13.395 13409 13423 13437 13431 13465 13479 13493 13507 1210
1220 13507 13521 13535 13.549 13563 13577 13.590 13604 13618 13.632 13646 1220
1230 13646 13660 13674 13.688 13702 13716 13730 13744 13758 13772 13786 1230
1240 13,786 13800 13814 13.8258 13.842 13.856 13.870 13884 13.888 13.912 13926 1240

1250 13926 13940 12554 13968 13982 135996 14.010 14024 14.033 14.052 14.066 1250
1260 14.086 14081 14093 14109 14123 14137 14131 14165 14179 14.193 14207 12860
1270 14207 14221 14235 14249 14263 14277 14291 14305 14319 14333 14347 1270
1280 14347 14387 14375 14390 14404 14418 14432 14446 14460 14474 14453 1230
1280 14488 14502 14516 14530 14.544 14555 14.572 14586 14601 14615 14623 1230

1300 14629 14643 14657 14671 14685 14699 14713 14727 14741 14755 14770 1300
1310 14770 14784 14793 14812 14826 14840 14.854 14863 14882 14898 14911 1310
1320 14911 145925 14939 14.953 14967 14981 14.993 15009 15.023 15.037 15.052 1320
1330 15052 15.066 15080 15.094 15108 15.122 15136 15150 15.164 15179 15193 1330
1340 15183 15207 15221 15235 15249 15263 15277 15291 15306 15320 15334 1340

1350 15334 15348 15362 15376 15390 15404 15419 15433 15447 13461 154735 13350
1360 15475 15489 15503 15517 15531 15546 15560 15574 15.588 15.602 15616 1380
1370 15616 15630 15645 15.659 15673 15687 15701 15715 15729 15743 15758 1370
1380 15758 15772 15786 15.800 15.814 15828 15.842 15856 15871 13.885 15.899 1380
1390 15889 15913 15927 15841 15855 15969 155984 159593 16.012 16.026 16.040 1330

e 5 0 1 2 3 4 5 [ T ] 9 10 “C

PyuMATloN",m c. 52
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TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of

temperature (°C); reference junclions at 0 °C

Rec

°C 0 1 2 3 4 5 6 7 8 9 10 °C
Thermoelectric Voltage in Millivoliz

1400 16040 16.054 16.068 16.082 16.097 16.411 16.125 16.139 16.153 16.167 16.181 1400
1410 16.181 16.196 16210 16224 16.238 16252 16.266 16280 16294 16.309 16.323 1410
1420 16323 16.337 16.351 16.365 16.379 16.393 16407 16422 16436 16450 16464 1420
1430 16464 16478 16.492 16506 1A.520 16.534 16.549 16.563 16.577 16.591 16.605 1430
1440 16.605 16.619 16.633 16.647 16.662 16.676 16.690 16704 16718 16.732 16.746 1440
1450 16746 16.760 16.774 16789 16.803 16.817 16.831 16.845 16.859 16.873 16.887 1450
1460 16.887 16.901 16.915 16.930 16.944 16958 16972 16986 17.000 17.014 17.028 1460
1470 17.028 17.042 17.056 17.071 17.085 17.099 17.113 17127 17.141 17.155 17.169 1470
1480 17.169 17.183 17.197 17.211 17.225 17.240 17.254 17268 17.282 17.296 17.310 1480
1480  17.310 17.324 17.338 17.352 17.366 17.380 17.394 17408 17423 17437 17451 1490
1500 17451 17.465 17.479 17.493 17.507 17.521 17.535 17.549 17.563 17.577 17.591 1500
1510 17.591 17.605 17.619 17.633 17.647 17.661 17.676 17.690 17.704 17.718 17.732 1510
1520 17.732 17.746 17.760 17.774 17.788 17.802 17.816 17.830 17.844 17.858 17.872 1520
1530 17.872 17.886 17.900 17.914 17.928 17.847 17.956 17.970 17.984 17.998 18012 1530
1540 18.012 18.026 18.040 18.054 18.068 18.082 13.096 18.110 18.124 18138 18.152 1540
1550 18.152 18.166 15180 18.194 18.208 18.222 18.236 18.250 18.264 18.278 18292 1550
1560 18292 18.306 18.320 18334 18.348 18362 18.376 18.390 18404 18417 18431 1560
1570 18431 18.445 18453 18473 18.487 18501 18515 18529 18543 18557 18571 1570
1580 18571 18.585 1B.589 18.613 18.627 18.640 18.654 18.668 18.682 18.696 18.710 1580
1580 18.710 18.724 1B.738 18752 18.766 18.779 18793 18.807 18.821 13.835 18.849 1590
1600 18.849 18.863 18.877 18.891 18.904 18.918 18932 18.946 18960 13974 18938 1600
1610 18.988 19.002 19.015 19.029 19.043 19.057 19.071 19.085 19098 19.112 19.126 1610
1620 19.126 19.140 19.154 19168 19181 19.195 19.209 19223 19.237 19.250 19.264 1620
1630  19.264 19.278 19.292 19306 19.319 19333 19.347 19361 19.375 19.388 19402 1630
1640 19402 19.416 19.430 19.444 19457 19471 19485 19499 19512 19.526 19.540 1640
1650 19.540 19.554 19.567 19.581 19.595 19.609 19.622 19.636 19.650 19.663 19.677 1650
1660 19.677 19.691 19.705 19718 19.732 19.746 19759 19773 19787 19.800 19.814 1660
1670 19.814 19.828 19.841 19.855 19.869 19.882 19.896 19.910 19.923 19.937 19.951 1670
1680 19.951 19.964 19.978 19.992 20.005 20.019 20032 20046 20.060 20073 20.087 1680
1690 20087 20100 20.114 20127 20141 20.154 20.168 20.181 20.195 20208 20.222 1690
1700 20222 20235 20249 20262 20275 20289 20302 20316 20.329 20.342 20.356 1700
1710 20356 20369 20382 20395 20.409 20422 20436 20449 20452 20475 20483 1710
1720 20488 20502 20515 20528 20.541 20554 20567 20581 20.584 20607 20.620 1720
1730 20620 20633 20.646 20659 20672 20.685 20698 20711 20724 20736 20743 1730
1740 20748 20762 20775 20.788 20.801 20.813 20.826 20.839 20.852 20.864 20.877 1740
1750 20877 20.890 20.902 20.815 20.928 20.940 20953 20965 20.978 20.990 21.003 1750
1760 21003 21.015 21.027 21.040 21.052 21.065 21.077 21.089 21.101 1760

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld
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TABLE 15 Type § Thermocouple — thermoelectnic volfage as a function of S c
temperature (°C); reference junclions at 0 °C

*C 0 1 2 3 4 5 G T i 9 10 g, b

Thermoelectric Voltage in Millivolts
-50 -0.236 -50

-40 -0.194  -D199 D203 -0.207 -0.211 0215 -0.219 D224 0228 -0.232 -0236 -40
30 -0.150 -0155 0158 D164 -0.168 -073 0177 0181 -0.186 -0.190 -0.194 -30
=20 -0.103 D08 -0113 0117 -0122 0127 D132 D136 -0.141 -0.146  -0.150 -20
=10 -0.053 -0D.058 -0.063 -0.066 -0.073 -007V3 -0.083 -0.088 -0.093 -0.09 -0.103 -10

0 0.000 -0.005 -0.011 0016 -0.021 -0.027 -0.032 -0.037 -0.042 -0.048 -0.053 0

o p.oob o0O0s 0011 O0ODME6 0022 0027 0033 0038 0044 0050 0055 1]
10 0D.055 0061 006F 0072 0078 0084 0030 0035 041401 0107 0113 10
20 0112 0119 0125 013 0137 0143 0149 0155 0161 0167 0173 20
30 D172 0179 0185 0131 0157 0204 0210 0216 0222 0229 0235 30
40 0D.235 0241 0248 0254 0260 0267 0273 0280 0286 0292 0299 40

50 D298 D305 0312 0319 0325 0332 0338 0345 0352 0338 0365 S0
60 0D.365 0372 0378 0385 03592 039 0405 0412 0419 0426 0433 60
70 0433 0440 0446 0453 0460 0467 0474 0481 0488 0495 0.502 70
80 0502 0509 0516 0523 0530 0538 0545 0552 0559 0566 0573 a0
a0 D573 0580 0588 0535 0602 0609 0617 0624 0631 0638 0.646 a0

100 D646 0653 0661 0668 0675 0683 0690 0688 0705 0713 0720 100
110 0DF20 0727 0735 0F43 0750 0758 076> 0773 0780 0788 079 110
120 D795 0803 0811 0818 06826 0834 0841 0849 0857 0865 0872 120
130 D872 08B0 0BB8 089 0903 0911 0919 0927 0935 05842 0830 130
140 D950 D958 0966 0974 0932 095950 09% 1006 1013 1.029 1.029 140

150 1028 1.037 1045 1053 1061 1069 1077 1085 1084 1102 1110 150
160 1110 1118 1126 1124 1142 1150 1158 1167 11475 1183 1.191 160
170 11917 1199 1207 1216 1224 1232 1240 1249 1257 12656 1273 170
180 1273 1282 1290 1298 1.30F 1315 1323 1332 1340 1.348 1357 180
190 1357 1365 1373 1382 1380 1399 1407 1415 1424 1432 1441 190

200 1441 1449 1458 1466 1475 1483 1492 1500 1509 1517 1.526 200
210 1526 1534 1543 1551 1560 1569 157F 1586 1584 1603 1612 210
220 1612 1620 1629 1638 1646 1655 1663 1672 1681 1690 1698 220
230 1698 1707 1716 1724 1733 1742 1751 1759 17068 1.7/7 1786 230
240 1786 1794 1803 1812 1821 1829 1838 1847 1856 1865 1874 240

230 1874 1882 1891 1900 1909 1918 1927 1936 1944 18953 1862 230
260 19862 1971 1980 1989 1998 2007 2016 2025 2024 2043 2052 260
270 2052 2061 2070 2078 2087 2086 2105 2114 2123 2132 2141 270
280 2141 2151 2160 2169 2178 2187 21896 2205 2214 2223 2232 280
2490 2232 2241 2250 2258 2268 27T 2287 2286 2305 2314 2323 290

300 2323 2332 2341 2350 2360 2369 2378 2367 2386 2405 2415 300
310 2415 2424 2433 2442 2451 2461 2470 2479 2488 2497 2507 310
320 2507 2516 2525 2534 2544 2553 2562 2571 2581 2590 2599 320
330 2598 2609 2618 2627 2636 2646 2655 2664 2674 2683 2692 330
340 2692 2702 2711 2720 2730 2739 2748 2758 2T¥eT 2776 2786 340

3350 2786 2795 2805 2814 2823 2833 2842 2851 2861 26870 2880 350
360 2880 2889 2899 2908 2917 2927 2936 2946 2955 2985 2974 360
370 2974 2983 2993 3002 3012 30219 3031 3040 3050 3059 3069 370
380 3068 3078 3088 23097 23107 3M6 3126 3135 3145 3154 3164 380
390 3164 3173 3183 3182 3202 3212 33221 3231 3240 3250 3259 390

*C 0 1 2 3 4 5 6 T il ) 10 C

(Dl = ASual) Jg8a 4 uta ) Ay gud) ol 4S5~ Temperature Measurement 80 adl (ubd
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S OIC TABLE 15 Type § Thermocouple — thermoelectric vollage as a function of
temperature (“C); reference junctions at 0 °C

*C 0 1 2 3 4 & 6 T 3 9 10 *C

Thermoelectric Voltage in Millivolts

400 3259 3269 33279 3288 3298 3307 3317 3326 3336 3346 3355 400
410 3355 3365 3374 3384 3394 3403 3413 3423 3432 3442 3451 410
420 3451 3461 3471 3480 3490 3500 3509 3519 3529 3538 3548 420
430 3548 3558 3567 3577 3587 3596 3606 3616 3626 3635 3640 430
440 3645 3655 3664 3674 3684 3694 3TF0D3 3IFI3  3IF23 3932 3742 440

450 3742 3752 3762 37N 3F81 3791 3801 3810 3820 3.830 3840 450
480 3840 3850 3858 3BB9 3B79 3889 3898 3908 3918 3928 39838 460
470 3938 3947 3957 3967 3977 3987 3997 4006 4016 4026 4036 470
480 4036 4046 4056 4085 4075 4085 4095 4105 4115 4125 4134 480
490 4134 4144 4154 4164 4174 4184 4194 4204 433 43223 4233 490

500 4233 4243 42353 4263 4273 4283 4293 4303 4313 4323 4332 500
510 4332 4342 4352 4362 4372 4382 4392 4402 4412 4422 4432 510
520 4432 4442 4452 4462 4472 4482 4482 4502 4512 4522 4532 520
230 4532 4542 4552 4562 4572 4582 4592 4602 4612 4622 4632 530
540 4632 4.642 4652 4662 4672 4682 4692 4702 4712 4722 4732 540

550 4732 4742 4752 4762 4772 4782 4793 4803 4813 4823 48633 550
560 4833 4843 4853 4883 4873 4883 4893 4904 4914 4924 40934 560
570 4934 4944 4954 4984 4974 40984 4995 5005 SMM5 5025 5035 570
580 5035 5045 5055 5066 5076 5086 5096 5106 S116 5127 5137 580
590 5137 5147 5157 5167 5178 5188 51898 5208 S8 5228 5239 590

600 5239 5249 5258 5269 5280 5290 5300 5310 5320 5331 S53H 600
610 5341 5351 5361 5372 5382 5392 5402 5413 5423 5433 5443 610
620 5443 5454 5464 5474 5485 5485 5505 5515 5526 5536 5546 620
630 5546 5557 5567 5577 5588 5598 5608 5618 5629 5639 5649 630
G40 5649 5660 S670 5680 5691 5701 5TF12  5F¥22 5732 543 3733 640

650 57533 5763 5774 5784 5794 S5B05 5815 5826 S5B36 5846 SBST 650
BE0 5857 5867 5873 5888 5898 5909 5919 5930 5940 5950 5.961 6E0
670 5961 5971 5982 5982 6003 6013 6024 6034 6044 6055 6065 670
680 6065 6076 6086 6.087 6107 6118 6128 6139 6148 6160 6170 680
690 6170 6181 6191 6202 6212 6223 6233 6244 6254 6265 6275 690

700 6275 6286 6296 630F 6317 6328 6338 6349 6360 6370 6.381 700
710 6381 6391 6402 6412 6423 6434 6444 6455 6465 6476 6486 710
720 6486 6497 6508 6518 6529 6539 6550 6561 6571 6582 6593 720
730 6593 6603 6614 6624 6635 6646 6656 6667 6678 6688 6699 T7i0
740 6699 6710 6720 6731 6742 6752 6763 6774 6784 6795 6806 740

730 6806 6817 6827 6838 6849 68639 6870 6831 6892 6902 6913 730
760 6913 6924 6934 6945 6956 6967 6977 6988 6999 7010 TO20 76D
7o 7020 7031 7042 7053 7084 7FO74 TOBS YO8 TA0F 7117 728 770
780 128 7139 730 711 T2 7182 T193 T4 TS5 7326 T236 T80
790 7236 T247 7258 V2689 T280 V291 TF3D2 T2 T323 T3M 7345 T

a0o 7345 7356 V367 7TI¥d 7388 7399 T4H0 T421 T432 T443 T454  E00
810 f454 T465 7476 T487 7497 TS50 TS519 FS530 TSH41 7552 T.563 0 810
820 7563 7574 7585 7596 T607 7618 T629 T640 TES51 TEE2 TETI 820
830 fE6F3 7684 FB95 V706 TTF17 V728 TF3I® TFs0 TFE1 T2 T.V83 B3O
G40 7783 7.794 V805 7VB16 7B2Y TVB3B TFB49 TA8E0 TBY1 7882 TEI3 B840

g0 7893 7904 V915 TVO26 7937 TH48 TH59 THO70 THH1 7992 8003 650
ilil] 6.003 &.014 B026 B037 8048 B039 8070 8031 8092 8103 8.114 860
&70 8.114 B125 B137 B.148 8159 8170 B8.181 8.192 8203 8214 8226 B70
80 8226 B.237 8245 8258 8270 8281 8283 8304 8315 8326 8337 380
90 B.337 8345 8360 8371 8382 8393 38404 B416 5427 85438 8440 390

*C 0 1 2 3 4 i1 [ T i 9 10 “C

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld

48841 3 3¢l s pmaall el / g8l gl daa] ZUl L 3 gana [ (uaigeall [ LT g dlas)
2009/2010 Mob. 01148695492 E.Mail mahmodcontrol@yahoo.com



TABLE 15 Type § Thermocouple — thermoelectric volfage as a funcfion of S 0\
temperature (°C); reference junctions af 0 °C

bt i 0 1 2 3 4 & G 7 8 9 10 C

Thermoelectric Voltage in Millivolis

900 8448 5460 0O8472 5483 6484 8505 8517 86528 8539 BH550 8.562 900
910 8.562 6573 48584 859 5607 8618 8629 8640 B652 B663 B674 910
920 8674 6685 8697 BF08 8719 8F31 8742 87F33 8BF¥ES BFT6 B.y87 920
930 8.78F 6795 85810 B621 85632 8844 8855 86866 BH78 6889 8900 930
940 8900 6912 85923 8935 8§946 8957 8969 8950 8931 9003 9014 940

950 5014 9025 9037 9048 9060 9071 9082 9034 9105 9117 9128 930
960 9128 9139 9151 9162 9174 5185 9197 9208 9219 9231 9242 960
970 9242 9254 9265 9277 9288 9300 9311 9323 9334 9345 9357 970
980 9357 9368 9380 9391 9403 9414 9426 9437 9449 9460 9472 980
990 9472 9483 9495 9506 9518 9529 9541 9552 9564 9576 9.587 990

1000 9587 9599 9610 9622 9633 9645 9656 9668 9680 9691 9703 1000
1010 8703 9714 9726 9737 9749 09761 97FF2 9784 9795 9807 9819 1010
1020 9819 9830 9842 9853 9865 9877 9888 5900 9911 9923 9935 1020
1030 9935 95946 9958 9970 9931 9993 10005 10016 10028 10.040 10.051 1030
1040 10.051 10063 10073 10086 10098 10110 10121 10133 10145 10156 10.168 1040

1050 10.168 10.180 10191 10203 10215 10227 10238 10250 10262 10273 10.285 1050
1060 10.285 10297 10309 10320 10332 10344 10356 10367 10379 10391 10403 1060
1070 10403 10414 10426 10438 10430 10461 10473 10485 10497 10509 10.520 1070
1080 10520 10532 10544 10556 10567 10579 10531 10603 10615 10626 10.638 1080
1090 10638 106350 10662 10674 10686 10697 10709 10721 10733 10745 10.757 1090

1100 10757 10.768 10.780 10792 10804 10816 10828 10839 10851 10863 10.87> 1100
1110 10.875 10887 10899 10911 10922 10934 10946 10958 10970 105982 10994 1110
1120 10994 11.006 M.017 11.029 11041 11.053 11.065 11077 11089 11100 11113 1120
1130 11113 11125 111368 11148 11160 11172 11184 11496 11208 11220 11232 1130
1140 11232 11244 11256 11268 11280 11291 11303 11315 11327 11339 11351 1140

1150 11351 11363 11375 11.387 11389 11411 11423 11435 11447 11459 11471 1150
1160 11471 11483 11495 11.507 11519 11531 11542 11554 11566 11578 11.590 1160
1170 11590 11602 11614 11.626 11638 11.650 11662 11674 11686 11698 11.710 1170
1180 11.710 11722 11.734 11.746 11.758 11.770 11782 11784 11806 11.818 11.830 1130
1180 11.830 11.842 11.854 11.B66 11.878 11.890 11902 11914 11926 11939 115851 1190

1200 11951 11963 11975 11.987 11999 12011 12023 12035 12047 12059 12071 1200
1210 12071 12083 12.095 12107 12119 12131 12143 12155 12167 121479 12191 1210
1220 12191 12203 12216 12,228 12240 122252 12264 12276 12288 12300 12.312 1220
1230 12312 12324 12336 12,343 12360 12372 12384 12397 12409 12421 12433 1230
1240 12433 12445 12457 12,469 12481 12493 12505 12517 12529 12542 12554 1240

1250 12554 12566 12578 12.590 12602 12614 12626 12638 12650 12662 12675 1250
1260 12675 12687 12699 12711 12723 12735 12747 12759 12771 12783 12796 1260
1270 12796 12808 12.820 12.832 12.844 12.806 12868 12880 12852 12505 12317 1270
1280 12917 12929 12941 12.953 12965 12977 125939 13001 13014 13.026 13.038 12380
1280 13.038 13050 13.062 12.0v4 13.086 13.098 13.111 13123 13135 13147 13159 1290

1300 13159 13171 13183 13,195 13208 13220 13232 13244 13256 13268 13.280 1300
1310 13.280 13292 13305 13317 13329 13341 13353 13365 13377 13.390 13402 1310
1320 13402 13414 13426 13435 13450 13.462 13474 13457 13499 13511 13.523 1320
1330 13523 13535 13547 13.5359 13572 13.584 13596 13608 13620 13.632 13.644 1330
1340 13.644 13657 13669 13.681 13693 13.705 13717 13729 13742 13754 13.766 1340

1330 13766 13778 13790 13.802 13814 13.826 13.839 13851 13863 13875 13.887 1350
1360  13.887 13.899 13911 13924 13936 13948 13960 13972 13984 13996 14.009 1360
1370 14.009 14.021 14032 14.045 14057 14.069 14.081 14094 14106 14118 14130 1370
1380 14130 14.142 14154 14166 14178 14.191 14203 1415 14227 14239 14251 1380
1390 14251 14263 14276 14288 14300 14312 14324 14336 14348 14360 14.373 1390

HE 0 1 2 3 4 5 6 7 8 9 10 *C

(O = ASual) Jgia 4y paa ) Ay gud) Jadil) A4S & - Temperature Measurement 3l adl (ubd
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S DC TABLE 15 Type § Thermocouple — thermoelectric voifage as a function of
temperature (°C); reference junctions at 0 °C

*C 0 1 2 3 4 5 G T 8 9 10 C

Themoelectric Voltage in Millivolts

1400 14373 14385 14397 14.409 144291 14433 14445 14457 14470 14482 144594 1400
1410 14494 14506 14518 14.530 14542 14.554 14567 14579 14591 14603 14.613 1410
1420 14615 14627 14639 14.651 14.664 14676 14688 14700 14712 14724 14736 1420
1430 14736 14748 14.760 14773 14785 14797 14.809 14821 14833 14.845 14857 1430
1440 14857 14869 148581 14.894 14906 149158 14930 14942 14954 14966 14.978 1440

1450 14978 14990 15002 15.015 15027 15039 15031 15063 15075 15087 15.099 1450
1460 15093 15111 15123 15135 15.148 15160 15172 15184 15196 15208 15220 1460
1470 15220 15232 15244 152536 15268 15280 15292 15304 15317 15329 15341 1470
1480 15341 15353 15365 15.377 15389 15401 15413 15425 15437 15449 15451 1480
1490 15461 15473 15485 15497 15509 15521 15534 15546 15558 15570 15.582 1450

1500 15582 15594 15606 15618 15630 15642 15654 15666 15678 15690 15.702 13500
1510 15702 15714 15726 15738 15750 15762 15774 15786 15798 15810 15822 1510
1520 15822 15834 15846 15858 15670 15882 15894 15906 15918 15930 15942 1520
1530 15942 15.954 15966 15.978 15990 16.002 16.014 16026 16.038 16.030 16.062 1530
1540 16.062 16.074 16086 16.098 16.110 16.122 16.134 16.146 16.158 16170 16.182 1540

1350 16.182 16.194 16205 16.217 16.229 16.241 16233 16265 16277 16.289 16.301 13550
1360 16301 186313 16325 16.337 16349 16361 16373 16.385> 16396 16408 16420 1560
1570 16420 16432 16444 16.456 16468 16480 16492 16504 16516 16.527 16.539 1570
1380 16.539 16.551 16.563 16.575 16.587 16.599 16611 16623 16634 16646 16.658 1580
13890 16.658 16.670 16.682 16.694 16706 16.718 16729 16.741 16753 16.765 16.777 1590

1600 16777 16.789 16.801 16.812 16.824 16836 16848 16860 16872 16883 16.895 1600
1610 16.895 16.907 16.919 16.931 16943 16954 16966 16.978 16990 17.002 17.013 1610
1620 17.013 17.025 17.037 17.049 17.061 17.072 17.084 17096 17108 17120 17131 1620
1630 17131 17.143 17155 17167 17178 17190 17202 1714 17225 17237 17249 1630
1640 17.249 17261 17272 17.284 17296 17308 17.319 17331 17343 17355 17.266 1640

1650 17366 17.378 17.390 17401 17413 17425 17437 17448 17460 17472 17483 1650
1660 17483 17495 17507 17518 17.530 17542 17553 17565 117577 17588 17.600 1660
1670 17.600 17612 17623 17.635 17647 17658 17670 17682 17683 17705 17.717 1670
1680 17.717 17.728 17.740 17751 17763 17.¥75 17786 17.798 17809 17821 17.832 1680
1690 17.832 17844 17.855 17.867 17.878 17890 17901 117913 17924 17936 17947 1690

1700 17947 17959 17970 17982 17993 15.004 18016 18.027 13.039 18.050 18.061 1700
1710 18.061 18073 18.084 18.085 18107 18118 18.129 18.140 18.152 18163 18.174 1710
1720 18174 18185 18196 18.208 18219 18230 18241 18252 18263 18274 18.285 1720
1730 18285 18297 18308 18319 18330 18341 18352 18362 13373 138384 18.395 1730
1740 18395 18406 18417 158428 15439 15449 18460 15471 15482 15493 18503 1740

1750 18503 18.514 18525 18.535 18546 18557 18567 18578 18588 18.59% 18.609 1v50
1760 18609 18620 18630 15641 185651 18661 18672 18662 15693 1760

(O = ASual) Jgia 4y paa ) Ay gud) Jadil) A4S & - Temperature Measurement 3l adl (ubd
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RO C TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of
temperature (°C); reference junctions af 0 "C

*C 0 1 2 3 4 5 G T a ) 10 *C

Thermoelectric Voltage in Millivolts
50 -0.226 -50

-40 -0.188 -D192 0196 D200 D204 D208 0211 D215 0219 0223 0228 -40
-30 -0.145 -0150 -0.154  -D158 0163 -0.167 0171 -0.175  -0.180 -0.184 -0.138 -30
=20 -0.100 -0105 -0109 -D114 D19 0123 0128 -0.132 -0137 0141 -0.145 -20
-10 -0.051 -0.056 -0.061 -D.0O66 -D.OF1 -D.OF6 -0.0B1 -0.086 -0.091 -0095 -0.100 -10

1] p.0oo -0.005 -DOT1 -0.0M6 -D.029 -D.O26 -0.031 -0.036 -0D.041 -0.046 -0.051 0

1] p.ooo 0005 0011 006 D21 0027 0032 0038 0043 0049 0.054 o
10 D054 0060 0065 0071 DOFF 0082 0083 0094 0100 0105 0111 10
20 0111 0117 0123 0129 04135 0441 0147 0153 0159 0165 071 20
30 D171 0177 0183 0189 D195 0201 0207 0214 0220 0226 0232 30
40 D232 0239 0245 0251 0258 0264 0271 0277 0284 029 0296 40

50 D296 0303 0310 036 0323 0329 0336 0343 0349 035 0363 a0
&0 0363 0369 D376 0333 0390 0397 0403 0410 0417 0424 0431 &0
70 D431 0438 D445 0452 0459 0466 0473 0480 0437 0494 0501 70
&80 D301 0508 0516 0523 0520 0537 0544 0552 0559 0566 0.573 &80
a0 D573 0581 0588 0585 0603 0610 0618 0625 0632 0640 0647 a0

100 De47 0655 0662 0670 O0O677 0685 0693 0700 OFDB 0715 0723 100
110 D723 O0F3 0738 0746 0754 0761 0769 0777 0785 0792 0.800 110
120 pDB8D0D O0BDE D816 0824 0832 0839 0847 0855 0863 0871 0879 120
130 D879 0887 0895 0903 0911 0919 0927 0935 0943 05951 059539 130
140 D959 0967 0976 0934 0992 1000 1008 1016 1025 1.033 1.041 140

1350 1041 1045 1058 1066 1074 1082 1091 1098 1107 1116 1.124 150
160 1124 1132 1141 1149 1158 1166 1175 1183 1191 1200 1208 160
170 12068 1217 1225 1234 1242 1251 1260 1268 1277 1285 1254 170
180 1294 1303 1311 1320 1329 1337 1346 1355 1363 1.372 1.381 180
180 1381 1389 1395 1407 1416 1425 1433 1442 1451 1460 1469 190

200 1469 1477 1486 14595 1504 1513 1522 1531 1540 1549 1.558 200
210 1558 1567¥ 1575 1584 1593 1602 1611 1620 1629 1639 1648 210
220 1648 1657 1666 16V5 1684 1693 1702 1711 1720 1729 1739 220
230 17389 1748 1757 1.¥66 1.7f3 1784 1794 1803 1812 1621 1.831 230
240 1831 1840 1849 1858 1868 1877 1836 1895 1905 1914 1923 240

250 1823 1933 1842 1951 1961 1970 1930 1989 1998 2008 2017 250
260 2017 2027 2036 2046 2055 2064 2074 2083 2093 2102 2112 260
270 2112 2121 2131 21440 2150 21589 2169 2179 2188 21898 2207 270
280 2200 2217 2226 23236 2246 2355 2265 2275 2284 2294 2304 280
290 2304 2313 22323 2333 2342 2352 2362 2371 2381 2391 2401 290

300 2401 2410 2420 2430 2440 2449 2459 2469 2479 2488 2458 300
310 2498 2508 2518 2528 2538 2547 2557 2567 2577 2587 2597 310
320 2397 2607 2617 2626 2636 2646 2656 2666 2676 2686 2696 320
330 2696 2706 2716 2726 2736 2746 2756 2766 2776 2786 2796 330
340 2796 2806 2816 2826 2836 2846 2856 2866 2876 2686 2896 340

350 2896 2906 2916 2926 2937 2947 2957 2967 2977 2987 2897 350
360 2997 3007y 2018 3028 23038 3048 3058 3068 3079 3.08% 3099 360
370 3095 2109 2119 3130 3140 3150 3160 3171 3181 3191 3201 370
380 3201 3242 33222 33232 3242 3253 3263 3273 3284 3294 3304 380
390 3304 32345 3325 3335 3346 3356 3366 3377 3387 3397 3408 390

*c 0 1 2 3 4 5 6 T 8 9 10 *C

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld
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TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of R':
temperature (°C); reference junctions af 0 °C

*C 0 1 2 3 4 & 7 7 8 9 10 *C

Thermoelectric Voltage in Millivolis

400 3408 3418 3428 3439 3449 3460 3470 3480 3491 3501 3512 400
410 3512 3522 3533 3543 3553 35684 3574 3585 3585 3606 3616 410
420 3616 3627 3637 3643 3658 3669 3679 3690 3F00 3IT11 3721 420
430 IF2 3732 3742 3753 3764 3Fr4 3¥65 3795 3806 3816 3627 430
440 3827 3838 38458 3859 38669 3880 3891 3901 3912 3922 3833 440

450 3933 3944 3954 3965 3976 3986 3997 4008 4018 4029 4040 450
460 4040 4050 4.061 4.072 4083 4093 4104 4115 4125 4136 4147 460
470 4147 4158 4168 4179 4190 4201 4211 4222 43233 4244 4255 470
480 42535 4265 4276 4257 4298 4309 4319 4330 4341 4352 4363 480
430 4363 4373 4384 4305 44068 4417 4428 4439 4449 44680 4471 490

300 4471 4482 4493 4504 4515 4526 4537 4548 4558 4569 4580 500
310 4580 4591 4602 4613 4624 4635 4646 4657 4668 4679 4690 510
520 4690 4701 4712 4723 4734 4745 47F56 4767 4778 4789 4800 520
530 4800 4811 4822 4833 4844 4855 4866 4877 4888 4899 4910 530
540 4910 4922 4933 4944 4955 4966 4977 4988 4999 5010 5021 540

350 5.021 5033 5044 5055 5066 5077 5088 5099 5111 53122 5133 550
560 5133 5144 5155 5166 51y8 5189 5200 5211 53222 5234 5245 560
570 5245 5256 5267 5279 5280 5301 5312 5323 5335 5346 5357 570
580 5357 53689 5380 5391 5402 5414 5425 5436 5448 5459 5470 580
380 5470 5481 5493 5504 5515 5527 5538 5549 5561 5572 5583 580

600 2.583 5595 5606 5618 5629 5640 5652 5663 5674 5686 5697 60O
610 5697 5708 5720 57M 5743 57F54 S5¥66 STFYF 5789 5800 S5.812 610
620 5812 5823 5834 5846 5B5F 5869 5880 5892 5903 5915 5826 620
630 5926 5938 54949 5961 5972 5984 5995 6.007 6.018 6030 6.041 630
G40 6.041 6053 6.065 6076 6088 6.099 6111 6122 6134 6146 6157 640

650 6.157 6168 6180 6192 6204 6215 622F 6238 6250 6262 6273 650
660 6273 6285 6297 6308 6320 6322 6343 6355 6367 6378 6390 660
670 6390 6402 6413 6425 6437 6445 6460 6472 6484 6495 6507 670
6580 6.507 6519 6531 6542 6554 6566 6578 6589 6601 6613 6625 680
690 6.625 6636 6645 6660 6672 6684 6695 6707 6719 6731 6743 690

700 6.F43 B755 6766 6778 6790 6802 6814 6826 6838 6849 6.861 700
710 6.861 6873 6885 66897 6509 6921 6933 6945 6956 6968 6980 T10
720 6980 6992 7004 VD16 YO28 7040 TOS52 TFO64 TOFGE TOBB TFA00 V20
T30 7100 ¥42 7124 ¥136 Y148 TA60 TA¥2 T84 TA96 7208 T220 0 V30
740 7220 ¥232 V244 F256 V268 T280 Y7292 T304 T316 7328 T340 V40

a0 7340 7352 7364 T3IF6 7389 T4D1 T3 T425 TA437T T4489 7461 730
760 7461 7473 7485 748 7510 7522 7534 TH46 TS558 2 TS5T0 2 TF.583 V6O
7ro 7.583 7595 7607V 7619 Y631 7644 THO6 T6EE T6B0 TE92 TV0 VID
780 7705 ¥MF 728 FFM Y753 TFE6E T¥FB TF80 TA02 V815 T.E2Y 78O
790 7827 ¥839 7851 V8BB4 TVBYE THEE TOD1 TO13 T925 T938 TFO50 790

@00 7930 7962 74974 7987 ¥H99 8011 8024 B036 8048 B061 8073 800
810 6073 6086 B.098 B&6.110 8123 8125 6147 8160 8.172 8185 8197 810
820 8197 8208 B222 85234 8247 8259 8272 8284 85296 83089 8.3 820
830 8321 8334 B346 85359 8371 8384 B8396 85409 85421 8434 8446 B30
240 8446 B459 B471 5484 8495 8509 8521 8534 8546 8559 B.5T1 &40

&30 6571 6&584 B.597 05609 B8.622 §634 8647 6659 8672 8685 8.697 850
860 8697 8710 B722 B87F35 8748 8F60 B8YFf3 8785 879 8811 8823 860
70 8823 B836 B849 858861 B8AB6Y4 BH8BY 8899 8912 85925 8937 8830 870
&80 8950 B93 B975 B5988 9001 9014 9026 9039 9052 9065 9077 880
a0 9077F 9090 9103 8115 9128 9141 9154 9167 91479 9192 9205 890

*C 0 1 2 3 4 5 G 7 i 9 10 C

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld
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RD C TABLE 13 Type R Thermocouple — thermoelectric voltage as a function of
temperature (°C); reference junctions at 0 "C

k! i 0 1 2 3 4 & 13 T 8 9 10 . b

Thermoelectric Voltage in Millivolts

900 9205 8218 9230 8243 9256 9269 9282 9294 9307 9320 9333 900
910 9333 9346 9359 9371 9384 9397 9410 9423 9436 9449 9461 910
920 9461 9474 8487 8500 8513 85526 9539 9552 9565 9578 9590 920
930 95090 9603 9616 9629 9642 9655 9668 9681 9694 9707 9720 930
940 9F20 8733 9746 8F38 08F7V2 87¥85 9798 9811 9824 9837 9830 940

9350 9850 9863 9876 9885 98902 85915 9928 9941 9954 9967 95980 930
960 9980 9993 10.006 10.019 10.032 10.046 10059 10072 100853 10.098 10.111 960
970 100111 10124 10137 10150 10.163 10177 10.190 10203 10216 10229 10242 970
980 10.242 10255 10268 10.282 10.285 10.308 10321 10.334 10.347 10.361 10.374 930
29580 10,374 10387 10400 10413 10427 10440 10453 10466 10430 10493 10.506 990

1000 10,506 10519 10532 10546 10.559 10572 105385 105399 10612 10625 106368 1000
1010 10.638 10,652 10665 10.678 10.692 10705 10718 10731 10745 10.758 10.771 1010
1020 10771 10785 10798 10.811 10.825 10838 10851 10865 10678 10.891 10805 1020
1020 10,905 10918 10932 10945 10958 10972 10985 10993 11.012 11.025 11.039 1030
1040 11.039 11.052 11.065 11.078 11.092 11106 11.119 11132 11146 11159 11173 1040

1050 11173 11186 11200 11213 11227 11240 11253 11267 11280 11294 11207 1050
1060 11307 11321 11334 113468 11361 11375 11388 11402 11415 11429 11442 1060
1070 11442 11456 11469 11.482 11496 11510 11524 11537 11551 11564 11578 1070
1080 11576 11591 11605 11.618 11.632 11.646 11659 11.67v3 11686 11.700 11.714 1080
1080 11714 11727 11741 11754 11.768 11.782 11795 11.809 11822 11836 11.850 1090

1100  11.850 11.863 11.877 11.891 11904 11918 11931 119545 11959 11972 11886 1100
1110 118986 12.000 12.013 12.027 12.041 12054 12068 12082 12096 12109 12123 1110
1120 12123 12137 12150 12164 12178 12191 12205 12219 12233 12246 12260 1120
1120 12260 12274 12288 12301 12315 12329 12342 12356 12370 12384 12397 1130
1140 12397 12411 12425 12439 12.453 12466 12480 12494 12508 12521 12.535 1140

1150 12,535 12549 12563 12577 12.590 12604 12618 12632 12646 12659 12673 1150
1160 12673 12687 12701 12,715 12,729 12742 12756 12770 12784 12798 12812 1160
1170 12.812 12.825 12.839 12.852 12.867 12.881 12895 129509 12922 12836 12830 1170
1180 12950 12964 12978 12,992 13.006 13.019 13.033 13.047 13.061 13.075 13.089 1180
1180  13.089 13103 13117 13131 13,145 13158 13172 13186 13200 13214 13.226 1190

1200 13228 13242 13256 13270 13.284 13298 13311 13325 13339 13.353 13.367 1200
1210 13367 13381 13395 13409 13.423 13437 13451 13465 13479 13493 13507 1210
1220 13507 13521 13535 13.548 13563 13577 13590 13604 13618 13.632 13646 1220
1220 13646 13660 13674 13.688 13.702 13716 13730 13744 13758 13772 13786 1230
1240 13.786 13.800 13.814 13.828 13.842 13.8506 136870 13.884 136898 13.912 13826 1240

1250 13926 13940 13954 13968 13952 13996 14010 14024 14038 14.052 14066 12350
1260 14.066 14.081 14.095 14.108 14.123 14137 14151 14165 14179 14193 14207 1260
1270 14207 14221 14235 142483 14263 14277 14291 14305 14319 14333 142347 1270
1280 14347 14361 14375 14.390 14.404 14418 14432 14446 14460 14474 14488 1280
1280 14488 14502 14.516 14.530 14.544 14.558 145372 14586 14601 14615 14629 1290

1300 14629 14643 14657 14.671 14685 14699 14713 14727 14741 14755 14770 1300
1310 14770 14784 14755 14.512 14.826 14.840 14854 14868 140882 148696 14911 1310
1320 14911 14925 14939 14953 14967 14981 14995 15009 15023 15037 15052 1320
1320 15.052 15066 15.080 15.084 15.108 15122 15136 15.150 15164 13179 153193 1330
1340 15193 15207 15221 15235 15249 15263 15277 15291 15306 15220 15234 1340

1350 15334 15348 15362 15376 15390 15404 15419 15433 15447 15461 15475 1350
1360 15475 15489 15503 15517 15531 15546 15560 155374 15588 13602 15616 1360
1370 15616 15630 15645 15658 15.673 15687 15701 15715 15729 15743 15738 1370
1380 15758 15072 15786 15800 15.814 15828 15842 15856 15871 15885 15899 1380
1380 15889 15913 15927 15941 15955 159689 15984 15993 16.012 16.026 16.040 1390

*C 0 1 2 3 4 1 G T 8 9 10 b &
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TABLE 13 Type R Thermocouple — thermoeleciric voltage as a function of Ro(
temperature {°C); reference junctions at 0 °C

e 0 1 2 3 4 5 G T g 9 10 b

Thermoelectric Voltage in Millivolts

1400 16.040 16.0>4 16.068 16.082 16.097 16.111 16125 16.139 16153 16.167 16.181 1400
1410 16181 16.196 16210 16.224 16.238 16.252 16266 16.260 16254 16.309 16323 1410
1420 16323 16.337 16351 16.365 16.379 16.393 16407 16422 16436 16450 16464 1420
1430 16464 16478 16492 16.506 16.520 16.534 16549 16563 16577 16.591 16605 1430
1440 16605 16.619 16633 16.647 16.662 16676 16690 16704 16718 16.732 16746 1440

1450 16746 16.760 16.774 16.789 16.303 16.817 16.831 16.845 16859 16.873 16.887 1450
1460  16.887 16.901 16915 16930 16.944 16958 16972 16986 17000 17.014 17028 1460
1470 17.028 17.042 17056 17.071 17.085 17.099 17113 17127 17141 17.155 17169 1470
1480 17169 17.183 17197 17211 17.225 17240 17254 17268 17282 17296 17.310 1430
1490 17.210 17324 17338 17.352 17.366 17.380 17394 17408 17423 17437 17451 1490

1500 17451 17465 17479 17483 17507 17521 17535 17549 17563 17577 17591 1500
1510  17.591 17605 17619 17.633 17.647 17661 17676 17690 17704 17.718 17.732 1510
1520 1¥.732 17.746 17760 17.774 17.788 17802 17816 17830 17844 17858 17872 1520
1530 17.872 17.886 17900 17914 17928 17942 174956 17970 17984 17.9% 18.012 1530
1340 16012 16.026 15040 18.054 18.068 18.082 185.096 18.110 15124 18138 18152 1540

1550 18152 18.166 18180 18.184 18.208 18222 18236 18250 18284 18.278 13292 15530
1560 18292 18.306 18320 18334 18.348 18362 18376 18.390 15404 18417 18431 1560
1570 16431 18445 158459 18473 18467 18501 18515 18529 18543 18557 18.571 1570
1580 16571 18.585 18599 18613 18.62F 18640 15654 18668 15682 185696 18710 1530
1580 15710 18.724 18738 18752 1B.766 18779 18793 18.80F 18821 18835 15849 1590

1600 18849 18863 18877 18.891 18.904 18918 18932 18946 15960 18.974 13988 1600
1610 185988 15.002 19015 19.029 15.043 19057 19071 19.085 19088 19112 19126 1610
1620 19126 15.140 19.1534 19.166 19.181 19.195 19209 19223 19237 19250 19264 1620
1630 19264 19278 19292 19306 19.319 19333 19347 19361 19375 193853 19402 1630
1640 19402 19.416 19430 19.444 19457 19471 19485 19409 19512 19.526 19540 1640

1650 19540 19.554 19567 19.581 19.585 19609 19622 19636 19650 19.663 19677 1650
1660 19677 19.691 19705 19.716 18.¥32 19746 19739 19773 19787 19.300 19814 1660
1670 19.814 19828 19841 19.855 19.869 19882 19896 19910 19923 19937 19951 1670
1680 19951 19.964 19978 19992 20005 20.019 20032 20046 20080 20.073 20087 1630
1680 20.087 20.100 20.114 20127 20.141 20.154 20168 20.181 20185 20.208 20222 1690

1700 20222 20235 20249 20262 20275 20289 20302 20316 20329 20.342 20356 1700
1710 20356 20369 20382 2039 20409 20422 204368 20449 20462 20475 20488 1710
1720 20488 20.502 20515 20.528 20.541 20.554 20567 20581 20584 20607 20620 1720
1730 20620 20633 20646 20659 20672 206385 20698 20711 20724 20736 20749 1730
1740 20749 20.762 20775 20,766 20.801 20813 20826 20839 20852 20.864 20877 1740

1750 20877 20.890 20902 20915 20928 20940 20953 20965 20978 20990 21.003 1750
1760 21.003 21.015 211027 21.040 21.052 21.085 21077 21.089 21.101 1760

*C 0 1 2 3 4 5 6 T 8 ) 10 *C
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TABLE 5 Type E Thermocouple — thermoelectric volfage as a funcfion of E o C
temperature (°C); reference junctions at 0 °C

*C 0 1 2 3 4 5 3 T ] 9 10 C
Thermoelectric Voltage in Millivolts

=270 -8.833 -270
-260 -8.797 -9.802 -9.80G -9.813 -9.817 -9.821 -9825 -9.828 -9831 -9.833 -9835 -260
-250 -8718 -9.728 -B737 9746 -8.754 9762 9770 -9.777 -9.734 -9.790 -9797 -230

-240 -9604 -9617 -9630 -9642 9654 -9666 -9677 -96858 -9698 -9709 -9718 -240
-230 -8.455 -9471 -B487 -9503 -9.519 -9.534 -9543 -9.563 -9.577 -9.591 -9604 -230
-220 -8274 9293 -B313 -9331 B350 -9.366 -9.386 -9.404 -9421 -9.438 -93435 -220
-210 -8.063 -5.085 -9.107 -912% -89.131 -9.172 -9.183 -9.214 -9234 -9254 -9274 -210
-200 -8.825 -8.850 -5.874 -8.899 5923 -8.4947 3571 -899%4 9017 -9.040 -9.063 -200

-180 -B561 -B8.585 -5616 -8.643 -5669 -85.696 -B3722 -B748 -87F74 -8799 -8823 -190
-180 -82F3 -8303 -5333 8362 5391 -8420 -5449 8477 -8505 -8533 -8561 -180
-170 -f963 -7.995 -5027v -8.0589 -50%0 -3.121 -8.152 -8.183 -8213 -B8.243 -8273 -170
-160 -f.632 -7.666 -7700 -7.733 -7.767 -7.600 -vB23 -Y.B66 -7B99 -7931 -F963 -160
-150 -7.279 7315 7351 7387 7423 7458 74893 Y528 -F563 -7.597 7632 -150

-140 -6.907 -6945 -5983 7021 7058 7096 -7.133 7170 -F206 -7.243 7279  -140
-130 -6516 -B.556 -65596 -6636 6675 -6.714 6753 -B.792 -6831 -6.869 -6907 -130
-120 -6.107 -6.1489 6191 -6.232 6373 -6.314 -6355 -6.396 -6436 -6476 -6516 -120
-110 -5.681 -5.724 -5767 -5.810 -5.853 -5.896 -3939 -5.981 -6.023 -6.065 -6.107 -110
-100 -5.237 -5.282 5327 5372 5417 5461 5505 5548 -5593  -5.637 -3631  -100

-80 4777 4824 4871 4917 4963 -5009 -5055 -5.101 -5.147 -5.1982 -5237 -0
-80 -4302 4350 4398 4446 4494 4542 4589 4636 4634 4T3 A4TFTT -80
-T0 -3.811 -3861 -3911 -3960 4009 4058 4107 4156 -4205 -4254 -4302 -7l
-60 -3.306 -3.357 -3408 -34539 -3510 -3.561 -3611 -3.661 -3711 -3761 -3.811 -60
-50 -2.787 -2.840 -28%2 -2544 -25%6 -3.0456 -3100 -3.152 -3.204 -3255 -3.306 -50

-40 -2255 -2.308 2362 -2.416 -2.469 -2.523 -2576 -2.629 -2682 -2735 -27aT -40
-30 -1.708 -1.765 -1.820 -1.874 -1929 -1984 -2038 -2.083 -2147 -2201 -2255 -30
-20 -1.152 1208 1264 1320 -1.376 -1.432 -1.4858 -1.543 -1599 -1654 -1.709 -20
-10 -0.582 -0.639 -0697 -0.734 -0.811 -0.866 -0925 -0.962 -1.03% -1085 -1.132 -10

0 p.ooo -0059 -0.11F 0176 -0.234 -D.252 -0.350 -D.403 -0.466 -0.524 -D.582 0

0 DOoooD Dos8 0118 D476 0235 0284 0354 0413 0472 0532 0.5 1]
10 0591 0651 0711 D770 0830 089 09850 1010 1071 1131 1192 10
20 1192 1252 1313 1373 1434 1485 155 1617 1678 1740 1.8 20
30 1801 1862 1924 1986 2047 2109 2171 2233 2295 2357 2420 30
40 2420 2482 2545 2607 2670 2733 2795 2858 2921 2984 3.048 40

50 3048 3111 2174 3238 2301 3365 3429 3482 3556 3620 3685 50
60 3685 3749 2813 3877 2942 4006 4071 4136 4200 4265 4330 60
it} 4330 4395 4460 4526 4591 4656 4722 4788 4853 4919 4985 70
80 4985 5051 5117 5183 5249 5315 5382 5448 5514 5581 5648 a0
90 5648 5714 5781 5848 5915 5982 60489 6117 6184 6251 6319 a0

100 6319 6386 6454 6522 659 6658 6725 6794 6862 6930 6998 100
110 6998 Y066 7135 V203 7272 TV341 T409 TF478 T5H47 TE16 TEES 110
120 7685 Y754 7823 VB892 T7H62 8031 8101 B470 8240 8309 8379 120
130 B379 B449 B8519 B8589 8659 8729 8799 8869 8940 9010 9081 130
140 8081 95151 8222 8292 9363 9434 9505 9576 9647 9718 9759 140

150 9789 9860 9931 10.003 10.074 10.145 10217 10288 10360 10.432 10.503 150
160 10503 10.575 10647 10.719 10791 10.863 10935 11.007 11080 11.152 11224 160
170 11.224 11297 11369 11.442 11514 11587 11660 11733 11.805 11.878 11.951 170
180 11951 12024 12097 12170 12243 12317 12390 12463 12537 12610 12684 180
180 12684 12757 12831 12904 12978 13052 13126 13199 13273 13347 13421 190

*C 0 1 2 3 4 5 & T 8 9 10 *C

(Dl = ASual) Jg8a 4 uta ) Ay gud) ol 4S5~ Temperature Measurement 80 adl (ubd
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E DC TABLE 5 Type E Thermocouple — thermoelectric volfage as a funclion of
temperature ("C); reference junctions af 0 °C

T 0 1 2 3 4 5 6 T B 9 10 A 5

Thermoelectric Voltage in Millivolts

200 13421 12495 13.569 13644 13718 13.792 13866 13941 14015 14.090 14164 200
210 14.164 14239 14313 14388 14.463 14537 14612 14687 14762 14837 14912 210
220 14912 14987 15.062 15137 15212 15287 15362 15438 15513 15588 15664 220
230 15664 15739 15815 135690 15966 16.041 16117 16.193 16269 16.344 16420 230
240 16420 16496 16572 16648 16724 16.800 16876 16952 17.028 17104 17.181 240

230 17181 17257 17.333 17409 17486 17.562 17639 17715 17.792 17868 17943 250
260 17.945 18.021 18.098 18.175 18.252 18.328 18405 138482 18559 18636 18713 260
270 18.713 18790 18.867 18944 19.021 19.098 19175 19252 19320 19407 19484 270
280 19484 19.561 19.639 19.716 19.794 19.871 19948 20026 20.103 20.181 20.25% 230
290 20259 20336 20414 20492 20569 20.647 20725 20803 20.880 209538 21.036 290

300 M036 21114 11192 211270 21.348 21426 21504 21582 21660 21739 21817 300
310 21817 21.895 21973 22051 22130 22208 222686 22365 22443 22522 22600 310
320 22600 22678 22757 22835 22914 22933 23071 23150 23228 23307 23386 320
330 23386 23464 23543 23622 23701 23780 23858 23937 24016 24095 24174 330
340 24174 24253 24332 24411 24490 24569 24648 24727 24806 24885 24964 340

350 24964 25044 25123 25202 25281 25360 25440 25519 25588 25678 23757 350
360 25757 25836 25916 25995 26075 26.154 26233 26.313 26392 26472 26.552 360
370 26552 26,631 26,711 26.790 26870 26950 27029 27109 27189 273268 27348 370
380 27348 27428 27507 27587 27667 27747 27827 27907 27986 28.066 2B.146 380
390 28.146 28226 28306 28386 25466 28.546 28626 28.706 28.786 28.866 28.946 390

400 23946 20026 29106 29.186 29266 29.346 29427 29507 29587 29.667 29747 400
410 29747 20827 29905 29983 30.068 30.148 30229 30309 30.389 320470 30550 410
420 30550 30630 30711 30791 30871 30952 31032 31112 31193 21273 31354 420
430 31354 31434 31515 31585 31676 21.756 31837 31917 31998 22078 32159 430
440 32159 32239 32320 32400 32481 32562 32642 32723 32803 32884 32963 440

450 32965 33.045 33126 33207 33287 233.368 33449 33529 33610 238691 33772 450
460 I3TT2 33852 33933 M.014 34.095 34173 34256 34337 34418 34498 34579 460
470 34579 34660 34741 34822 34902 34933 35064 35145 35226 235307 35387 470
480 35387 35468 35549 35630 35711 35792 35873 35954 36.034 36115 36196 480
490 I6.196 36277 36.358 36.439 36.520 36.601 36682 36.763 36.843 36.924 37.003 490

200 37005 37.086 37.167 37248 37.329 27410 37491 37572 3IT653 2773 3761 500
510 37815 37896 375977 38.058 35.139 38220 38300 38361 384862 38543 38624 510
220 38.624 38705 38.7B6 38.867 38948 39.029 39110 39191 393272 39353 39434 520
230 39434 39515 39.586 39.677 39.738 29.839 39520 40001 400862 40163 40243 530
540 40243 40324 40405 40486 40567 40648 40729 40810 408591 40972 41.053 540

250 41033 41134 41215 41.296 41.377 41457 41538 41619 41700 41.781 41.862 550
560 41862 41.943 42024 42105 42185 42266 42347 42428 42509 42590 42671 560
570 42671 42731 42832 42913 42994 43.075 43156 43236 43317 43398 43479 570
280 43479 43560 43640 43721 43.802 43.853 435963 44044 44125 44206 44286 5580
590 44286 44367 44445 44.529 44609 44690 44771 44851 44932 45013 45093 590

GO0 45093 45174 45255 45335 45416 454597 45577 45658 45738 45819 45900 60O
610 45900 45980 46.061 46.141 46222 46302 45383 46463 46544 46624 46.70> 610
620 46705 46.785 46.866 46.946 47.027 47107 47188 47268 47.349 47429 47509 620
630 47509 47590 47670 47.751 47831 47911 47992 48072 485152 48233 48313 630
G40 48.313 483093 45474 48554 48634 48715 48795 48875 48055 49035 49116 640

650 49116 49196 49276 49356 49436 49517 49597 49677 49757 49837 49917 650
G&0 49917 49997 50.077 50.157 50.238 50.318 50398 50478 50.558 50.638 50.718 660
670 30.718& 50.798 50.8F3 50958 351.038 51.118 51197 51277 51.357 51437 51.517 670
6580 51517 51.597 51.6F7 51757 51.827 51916 51996 52076 52156 52236 52.31% 630
690 32315 52395 52475 52555 52624 52714 52794 52873 52953 53.033 53112 690

*C 0 1 2 3 4 5 7 T i 9 10 *C

(Dl = ASual) Jg8a 4 uta ) Ay gud) ol 4S5~ Temperature Measurement 80 adl (ubd
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TABLE 5 Type E Thermocouple — thermoeleciric voliage as a funcfion of E o C
temperature ("C); reference junctions at 0 °C

*C 0 1 2 3 4 & G T i3 9 10 *C

Thermoelectric VYoltage in Millivolts

700 33.112 53192 53272 53.351 53431 53510 53580 53670 53.749 5H3.629 53808 70D
710 53.908 53.988 S54.067 54.147 54226 54306 54335 54465 54544 54624 54703 V10
720 54.703 54.782 54862 54.941 55021 55100 55.179 552589 55338 55417 55497 720
730 55497 55.576 55655 55.734 55.814 55893 55972 56051 56.131 56210 56289 730
740 56.289 56.368 56447 56526 56606 56.685 S56.764 56843 56922 57001 57.080 V40

750 57.080 57.159 57.238 S57.317 57.396 57475 57554 57633 57712 57.791 576870 750
760 57870 57949 58028 58107 58.186 58265 58343 58422 58501 53580 58659 760
770 35659 58.738 56816 58.895 56974 59.053 59.131 59210 59289 59367 59446 770
780 39446 59.525 59.6D4 59.682 59.761 59.838 59918 59997 60075 60154 60232 780
780 60.232 60.311 60390 60468 60.547 60.625 60.704 60.752 60860 60939 61.017 790

800 61.017 61.096 61.174 61.253 61.331 61409 61438 61566 61644 61.723 61.801 800
810 61801 61.879 61958 62.036 62.114 62192 62271 62349 62427 62505 62.583 810
820 62583 62662 62740 62.818 62.896 62974 B63.052 63.130 63208 63286 63.264 820
830 63364 63442 63520 B3.598 63676 63.754 B3.832 63910 63938 64066 64.144 830
840 64144 642227 64300 64377 64.455 B64.533 B4.611 B4.689 B4.766 B4.844 64922 840

850 64922 65000 65077 65155 65233 65310 B5388 65465 65543 65621 65698 850
860 65695 65776 65853 65931 66.008 66.086 66163 66241 66318 66396 66473 860
a70 66.473 665530 66628 66.705 66.762 66.860 66.937 67.014 67.092 67.169 67.246 870
380 67.246 67323 67400 67478 67.555 67.632 E67.709 67766 67863 67940 68.017 &80
390 65.017 65.094 65171 63.248 656325 65402 68479 685506 68633 68710 68.787 690

900 68.787 65.863 66940 69.017 69.094 69.171 69247 69324 69401 69477 69554 900
910 69554 69631 69.707 69.784 69.860 69937 7V0.013 V0090 70166 V0243 70.2189 910
9200 70319 70396 T0472 70.548 70.625 7VO.F01 VO.F77 70854 70930 V1006 71.082 920
930 T71.082 71139 T1.235 T1311 71387 71463 71539 71615 71682 71768 71.844 930
940  71.844 F1920 71996 72072 72147 72223 72399 V2375 72451 V2527 T2603 940

950 72603 72678 T2754 T2830 72906 72981 73057 73133 73208 V3284 73360 950
960 73360 73435 T3ISHN1 TILE6 T3.662 T3IFIE V3813 73889 73964 V4040 T4.115 960
970 T4115 74190 74266 T4.341 T4.417 74492 74567 74643 74718 74793 74869 970
980 74869 74944 To.0M19 TF5.085 To.170 V5.245 ¥5.320 75395 75471 Vo546 Ti.621 980
9890 2 To.621 TF5.696 To471 To.B4Y 75922 75997 V6072 V6147 F6223 V6298 TV6.AT3 990

1000 7B6.373 1000

(Dl = ASual) Jgia 4 juta ) Ay guud) ol AS & - Temperature Measurement 30 adl (b
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B‘D C TABLE 3 Type B Thermocouple — thermoelectric voltage as a function of

temperature {°C); reference junctions at 0 °C
*C 0 1 2 3 4 5 6 T 8 9 10 .=

Thermoelectric YVoltage in Millivolts

0 p.ooo 0000 0000 -0001 -DODY -DOO1 -DOD1 -D0OD1 -DODZ -DOD2 -0.002 1
10 -0.002 -p0OO2 -DOO2 -D.002 -DOD2 -DO0O2 -0002 -0002 -0.003 -0.003 -0.003 10
20 -0.003 -0.003 -DO0O3 -0.003 -DOO3 -DO02 -0002 -0002 -0.002 -0.002 -0.002 20
30 -0.002 -p00O2 -0.002 -0D.00D2 -DOO2 -DOD1 -00OD1 -0001 -0.001 -0.001 0.000 30
40 p.ooc 0000 0000 OOCO OD.ODO OOO1 OODY1 OOD1 0002 0002 0.002 40

a0 p0.002 0003 0003 0003 O.O04 OOD4 ODD4 0005 0005 0006 0.006 a0
60 D.006 0007 000y 0008 O0.0083 0009 0009 0010 0010 0011 0011 60
70 0011 0012 0012 0013 0014 0014 0015 0015 006 0017 0017 70
&80 0017 0018 0019 0020 0020 0021 0022 0022 0023 0024 0025 a0
a0 D.025 0.026 0.026 0027r 00283 0029 0030 0031 0031 0032 0033 a0

100 0.032 0034 0035 0036 0037 0035 0039 0040 0041 0042 0043 100
110 0.043 0.044 0045 0.046 0.047 00453 0045 0030 0051 0052 0053 110
120 0D.052 0055 0056 0057 0058 0059 0060 0062 0063 00684 00685 120
130 D.065 O0.066 0068 0069 0070 00Y2 0073 0074 007> 0077 0078 130
140 o.ore 0079 0081 0082 0084 0085 0086 0088 0089 0091 0092 140

150 p.0s2 0094 0095 009 008 008 0101 0102 0104 0106 0107 150
160 p0¥ 0108 0110 0112 0113 0115 O0OM7 0118 0120 0122 0423 160
170 D122 D125 0127 0428 D130 0132 0134 0135 0137 0138 0141 170
180 0141 0142 0144 D146 0148 0450 0151 0153 0155 0157 0.159 180
190 D138 0161 0163 0165 0166 0168 0170 0172 0174 08476 04178 190

200 DAFEé 0180 0182 0184 0186 0188 0190 0192 0195 0197 0199 200
210 D198 0201 0203 0205 0207 0209 022 0214 0216 0218 0220 210
220 D220 0222 0235 0227 0229 0231 0234 0236 0238 0241 0243 220
230 0243 0245 0248 0250 0252 0255 0257 0258 03262 0264 0267 230
240 D267 0269 0271 0274 0276 0279 0281 0284 0286 0289 029 240

250 D291 0294 029 0299 03017 0304 0307 0309 032 0314 0317 230
260 0317 0320 0322 0325 0328 0330 0333 0336 0338 0341 0344 260
270 0344 0347 0345 0352 0355 0358 0360 0363 0366 0369 0372 270
280 D372 0375 0377 0380 0383 03386 0389 0392 0395 0398 0401 280
290 0401 0404 0407 0410 0413 0416 0419 0422 0425 0428 04N 290

300 0431 0434 0437 0440 0443 0446 0449 0452 0455 0458 04862 300
310 0462 0465 0468 0471 0474 0475 0481 04834 04857 0490 0494 310
320 D484 0497 05300 0503 0507 05310 0513 0517 0520 0523 0527 320
330 0527 0530 0533 0537 0540 0544 0547 0550 0554 0557 0.561 330
340 D561 0564 0568 0571 057> 05¥8 0582 0585 0589 0592 0596 340

350 D596 0599 0603 0607 0610 0614 0617 0621 0625 0628 0632 350
360 D632 0636 0639 0643 0647 0650 0654 0658 0662 0665 0669 360
70 D.669 0673 0677 0680 0684 0638 0692 069 0700 0703 0707 2370
380 D707 0711 0715 0718 0723 0F27 0731 0735 0738 0742 0746 330
390 D746 0750 0754 0758 0762 OF66 0770 OF7f4 OF78 0782 0787 390

400 D787 0791 0795 0799 0803 0807 0811 0815 0819 0824 0828 400
410 D828 0832 0836 0840 0844 0849 0853 0857 08561 0866 0870 410
420 0.6¥0 0874 O08B¥8 0883 0887 0831 089 0500 0504 0909 0913 420
430 D912 0917 0922 0926 0930 0935 0939 0544 0948 0953 0957 430
440 D957 095961 0966 0970 0975 05979 0984 05888 0593 0997 1002 440

430 1.002 1.007 1.011 1.016 1020 1025 1030 1034 1.039 1043 1048 450
460 1.048 1.053 1.057 1.062 1067 1071 1076 1.081 1.086 1.090 1095 460
470 1085 11400 1105 1109 1114 1119 1124 1129 1133 11386 1143 470
480 1143 1148 1153 1158 1163 1167 1172 11497 1182 1187 1192 430
490 1192 1157 1202 1207 1212 1217 1222 1297 1232 1237 1242 490

*C 0 1 2 3 4 5 6 T 8 9 10 C

(Dl = ASual) Jg8a 4 uta ) Ay gud) ol 4S5~ Temperature Measurement 80 adl (ubd
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TABLE 3 Type B Thermocouple — thermoelectric voltage as a function of B G\C
temperature (°C); reference junctions af 0 °C

*C 0 1 2 3 4 5 i3 T B 9 10 o

Thermoelectric Voltage in Millivolts

500 1.242 1247 1252 1257 1.262 1267 1272 1277 1282 1288 1293 500
510 1293 1298 1302 1308 1313 1318 1324 1329 1324 1338 1344 510
520 1344 1350 1355 1360 1.365 1371 1376 1381 1387 1392 1397 520
530 1397 1402 14068 1413 1418 1424 1428 1435 1440 1445 1451 230
540 1451 1456 1462 1467 1472 1478 1483 1489 145 1500 1505 540

5350 1505 1511 1516 1522 1527 1533 1539 1544 1550 1555 1.561 550
560 1561 1566 1572 1578 1583 1589 1585 1600 1606 1612 1617 560
570 1617 1623 1629 1634 1640 1646 1652 1657 1663 1669 1675 570
580 1675 1680 1686 1692 1698 1704 1709 1715 1721 172F 1733 580
590 1.733 1739 1745 1750 1756 1762 1768 1774 1780 1786 1792 590

G600 1.792 1.7% 1804 18510 1816 1.822 1828 1834 1840 1846 1852 60O
610 1852 1858 1864 1870 1876 1882 1888 1894 1901 1907 1913 610
620 1913 1918 1925 1931 1937 1944 1950 1956 1962 1968 1975 620
630 1975 1981 1987 1993 1989 2006 202 2018 2025 2031 2037 630
G40 2037 2043 2050 20506 2062 2069 207> 2082 2088 2094 2101 G40

630 2101 2107 2113 2120 2126 2133 2129 2146 2152 2158 2165 650
660 2165 2171 2178 2184 2191 2197 2204 210 2217 23224 2230 G660
670 2230 2237 2243 2250 2206 2263 2270 22V6 2283 2288 2296 670
680 2206 2303 2309 2316 2323 2329 2336 2343 2350 2356 2363 G680
690 2363 2370 2376 2383 2390 23597 2403 2410 2417 2424 24 G550

700 2431 2437 2444 2451 2458 24650 2472 2479 2485 2482 2493 700
710 2499 2506 2513 2520 2527 2534 2541 2548 2555 2562 2569 710
720 2569 2576 2582 2590 23597 2604 2611 2618 2625 2632 2639 720
730 2639 2646 2653 2660 2667 2674 2681 2688 2686 2703 2710 730
740 2710 277 272 2¥M 2738 2746 2753 2¥60 267 2¥70 2782 740

750 2782 2789 2796 2803 2811 2818 2825 2833 2840 2847 2854 730
760 2854 2862 2869 2876 2884 2831 2898 2906 2913 2921 2928 760
770 2928 2935 2943 2950 2958 2965 2973 2980 2987 2995 3002 V70
780 3002 3010 301Y 3025 3032 3040 3047 3055 3062 3070 3078 780
790 3.0r8 3085 2093 3100 3108 3116 3123 3131 3138 3146 3154 790

800 3154 2161 3168 377 3184 3192 3200 3207 325 3223 3230 BOO
810 3230 2238 3246 3254 3361 3269 3277 3285 33282 3300 3308 810
820 3308 3316 3324 3331 3339 3347 3355 3363 3371 3379 3386 B20
830 3386 3394 3402 3410 3418 3426 3434 3442 3450 3458 3466 830
&40 3466 3474 3482 3490 3498 3506 3514 3522 3530 3538 3546 B340

830 3546 3554 3562 3570 3578 3586 3594 3602 3610 3618 3626 850
il 3626 2634 3643 3601 36599 3667 3675 3683 3682 3700 3708 860D
&70 3q0e 3716 272 3732 3741 3T49 3757 3765 3774 3T¥82 3790 87D
880 3.790 2798 380F 34815 3823 3832 3840 3848 3857 3865 3873 B80
90 3873 3882 3890 3898 3907 3915 3923 3932 35940 3949 3857 890

800 3957 3965 3974 3982 3991 39399 4008 4016 4024 4033 4041 900
810 4041 4050 4058 4.067 4075 4084 4093 4101 4110 4118 4127 910
920 4127 4135 4144 4152 4161 4170 4178 4187 4195 4204 4213 920
930 4213 42 4230 4239 4247 4256 4265 4273 4282 4291 4299 930
940 4299 4308 4317 4326 4334 4343 4352 4360 4369 4378 4387 940

950 4387 4396 4404 4413 4422 4431 4440 4448 4457 44668 4475 950
960 4475 4484 4493 4501 4510 4519 4528 4537 4546 4555 4564 960
870 4564 4573 4582 4591 4599 4608 4617 4626 4635 4644 4653 970
980 4653 4662 4671 4680 4639 4698 4707 4716 4725 4734 4743 980
990 4743 4733 4762 4771 4780 4788 4798 4807 4816 4825 4834 5930

(Dl = ASual) Jg8a 4 uta ) Ay gud) ol 4S5~ Temperature Measurement 80 adl (ubd
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Bo C TABLE 3 Type B Thermocouple — thermoelectric vollage as a function of

temperature (“C); reference junciions af 0 "C
e 0 1 2 3 4 5 6 7 8 9 10 *C

Thermeoelectric Voltage in Millivolts

1000 4834 4843 4853 4862 4871 4880 4859 48598 4908 4917 4926 1000
1010 4926 4935 4944 4954 4963 4972 4951 4950 5000 5009 5.018 1010
1020 5018 5027 5037 5046 5055 5065 5074 5083 5092 5102 5111 1020
1030 5111 5120 5130 5139 5148 5158 5167 51¥6 5186 5195 5205 1030
1040 5205 5214 5223 5233 5242 5252 5261 5270 5280 5289 5299 1040

1050 5299 5308 5318 5327 5337 5346 5356 5365 5375 5384 5394 1050
1060 5394 5403 5413 5422 5432 5441 5451 5460 5470 5480 5489 1060
1070 5489 5495 5508 5518 5528 5537 5547 5556 5566 S5.576 5585 1070
1080 5585 5595 58605 5614 5624 5634 5643 5653 5663 5672 5652 1080
1080 5682 5692 O5702 5711 5721 543 5740 5750 5760 S5.70 5080 1090

1100 5780 5789 5793 5809 5819 5828 O5B38 5848 5858 56868 5878 1100
1110 5878 5887 5897 5907 5917 5927 58937 5947 5936 5966 5976 1110
1120 58976 5986 5996 6006 6016 6026 6036 6046 6055 6065 6.073 1120
1130 6075 6.0B5 6.095 €105 6115 6123 6133 6145 6155 6163 6173 1130
1140 6175 6.18B5 6.195 6205 6215 62253 6235 6245 6236 6266 6276 114D

1150 6276 6286 6296 6306 6316 6326 6336 6346 6356 6367 6377 1150
1160 6377 6.387 6397 6407 6417 6427 6438 6448 6458 6468 6478 1160
1170 6478 6485 6499 6B6509 6519 6529 6539 6550 6560 6570 6580 1170
1180 6580 6591 6601 6611 6621 6632 6642 6652 6663 6673 6683 1180
1150 6683 6693 6704 6714 6724 6735 6745 6755 6766 6776 6786 1190

1200 6.fB6 6.797 6807 6G.818 6.828 6.838 6.849 6859 6869 68680 6890 1200
1210 6890 6901 6911 6922 6932 6942 6953 6963 6974 6984 6995 1210
1220 6995 7.000 VO16 7V.026 7.037 Tv047 T.058 JT068 TFO/9 TF.089 TA00 1220
1230 7100 710 VA1 TAM 42 7152 TA163 TAYI T84 7194 7205 1230
1240 7205 V216 V226 T237 7247 T258 T2689 TI2Y9 T280 T300 T.311 124D

1250 731 7322 V332 7343 7353 T364 T3S T3B5S TA96 T407 7417 1250
1260 TAT7T T428 7439 7449 7460 T471 T482 7482 7T503 7514 7524 1260
1270 7524 7535 7546 T.557 ToH67 T7S57H TSHB8 7600 7610 7T621 7632 127D
1280 7632 7643 7¥653 7T6B4 TEFS TEEE TE9T TYO7 TFFIE T729 T.740 128D
1290 40 7T Y761 To472 TFB3 T.794 THBOS 7816 TB2T 7837 T.848 1280

1300 7848 7858 VBFD TVA8B1 7892 7903 T914 T924 7935 TO46 TO57 1300
1310 7957 7965 V979 7T950 8001 8012 8023 5034 B8045 8056 BO66 1310
1320 8066 BO077f 6&088 B8099 8110 8121 8132 8143 8154 8165 BA1AT6 1320
1330 8176 8187 8198 B.209 8220 8231 8242 8253 8264 8275 B2B6 1330
1340 8.286 B8.298 8309 B8.320 8.331 8342 8353 8364 8375 8386  B.I9T7 1340

1350 8397 5408 8419 B5.430 8441 8453 8464 B47> 85486 8497 5508 1350
1360 8508 8519 8530 B8.542 8553 8.564 BS57V> B586 8597 8.608 B.620 1360
1370 8620 &631 65642 B653 8664 BE7S B687T 8698 BF09 B720 8T7M 137D
1380 8.F31 8743 8754 B.F65 B.776 8.7867 8.799 8610 8821 8.832 5844 1380
1390 8844 BB55 6866 86Y7r 8869 BH500 8911 8922 8934 B945 8956 1380

1400 8956 8967 6979 86950 9001 9013 9024 9035 9047 9058 9069 1400
1410 9068 9080 9092 98103 9114 9126 9137 9148 9160 9171 9182 1410
1420 9182 9194 9305 826 9228 9239 9251 9262 9273 9285 9296 1420
1430 9296 9307 93159 9330 9342 9353 9364 9376 9387 9398 9410 1430
1440 9410 9421 9433 9444 9456 9467 9475 9400 9501 9513 9524 1440

1450 9524 9536 9547 9558 9570 9581 9593 9604 9616 9627 9639 1450
1460 9639 9650 9662 9673 9684 969 9707 9F18 970 9742 9753 1460
1470 9753 960 9776 9.f88 9.799 9811 9822 9834 9845 9857 9868 1470
1480 9868 96880 9891 9903 9914 9526 9937 9949 9961 9972 9984 1480
1480 9984 9995 10.007 10.018 10.030 10.041 10.053 10.064 10076 10.0858 10.039 1430

b 0 1 2 3 4 5 i3 7 i3 9 10 “C

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld
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TABLE 3 Type B Thermocouple — thermoelectric vollage as a function of B GC
temperature (°C); reference junctions af 0 °C

*C 0 1 2 3 4 5 6 T g 9 10 *C

Thermoelectric Voltage in Millivolts

1500 10,099 10.111 10.122 10.134 10.145 10157 100168 10.180 100192 10,203 10.215 1500
1510 10215 10226 10.238 10.248 10.261 10273 10284 10286 10307 10.319 10.231 1510
1520 10331 10342 10334 10.365 10377 10389 10400 10412 10423 10435 10447 1520
1520 10447 10458 10470 10482 10493 10505 10516 10528 10540 10.551 10.563 1530
1540 10,563 10,575 10.586 10.598 10.609 10,621 10633 10644 10656 10.668 10.679 1540

1550 10679 10.691 10.703 10.F14 10.726 10.738 10749 10761 10773 10.784 10.796 1550
1560 10,796 10.808 10.819 10.831 10.843 10.854 10866 10877 10889 10901 10.913 15560
1570 10913 10924 10836 10.948 10959 10971 10983 10984 11006 11.018 11.029 1570
1580 11.029 11041 110533 11.064 11076 110688 11089 11111 11123 11134 11146 1580
1580 11146 11.158 11.169 11181 11.193 11205 11216 11228 11240 11.251 11.263 1590

1600 11.263 11275 11.286 11298 11.310 11321 11333 11345 11357 11.368 11.380 1600
1610 11380 11.392 11403 11415 11.427 11438 11450 11462 11474 11485 11497 1610
1620 11497 11509 11520 11532 11544 11555 11567 11579 11591 11602 11.614 1620
1620 11614 11626 11637 11649 11661 11673 11684 11686 11708 11.719 11.731 1630
1640 11.731 11.743 11.734 11.766 11.778 11.790 11801 11813 11825 11.836 11.848 1640

1650 11.8486 11860 11.871 11.883 11.895 11907 11518 11920 11942 11853 11.865 1650
1660 11965 11.977 11.988 12000 12.012 12024 12035 12047 12059 12.070 12.082 1660
1670 12.082 12094 12105 12117 12,129 12141 12152 12164 12176 12187 12199 1670
1680 12199 12211 12222 12234 12246 12257 12269 12281 12292 12304 12.316 1680
1680 12316 12327 12339 12351 12363 12374 12386 12398 12409 12421 12433 1690

1700 12433 12444 12456 12468 12479 12491 12503 12514 12526 12538 12549 1700
1710 12549 12561 12572 12584 12596 12607 12619 12631 12642 12654 12666 1710
1720 12666 12677 12689 12701 12712 12724 12736 12747 12739 12770 12782 1720
1720 12782 12.794 12805 12817 12.829 12840 12852 12863 12875 12887 12.898 1730
1740 12898 12910 12921 12933 12845 12956 12968 12980 12991 13.003 13.014 1740

1750  13.014 13.026 13.037 13.048 13061 13.072 13084 13085 13107 13119 13130 1750
1760 13130 13.142 13.153 13.165 12176 13188 13200 13211 13223 13234 13246 1760
1770 13246 13257 13269 13280 13.292 13304 13315 13327 13328 13.350 13.261 1770
1780 13361 13.373 13384 13396 13407 13419 13430 13442 134533 13465 13476 1780
1780 13476 13488 13499 13511 13522 13534 13545 13557 13568 13.580 13.591 1790

1800 13591 13603 13614 13626 13637 13.649 13660 13672 13683 13694 13706 1800

1810 13706 13717 13.729 13.740 13.752 13763 13,775 13786 13797 13.809 13.820 1810
1820 13.820 1820

*C 0 1 2 3 4 5 G 7 8 ) 10 C

(O = ASual) Jgia 4y paa ) Ay gud) Jadil) A4S & - Temperature Measurement 3l adl (ubd
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C o C TABLE 21 Type C Thermocouple — thermoelectric voltage as a function of
temperature ("C); reference junclions at 0 °C

*C 0 1 2 3 4 5 & 7 8 ) 10 *C

Thermoelectric Voltage in Millivolts

1] 0000 D013 0027y D040 D054 0067 0081 0054 0108 0121 0135 0
10 D135 0149 D62 0176 0190 0204 0217 023 0245 0259 0273 10
20 0273 0286 0300 0314 0328 0342 035 0370 0384 0398 0412 20
30 0412 D426 D441 0435 0469 0433 0497 0512 0526 0540 0554 30
40 0534 0569 0583 059 0612 0626 0641 0655 0670 0684 0699 40

50 D699 0713 0728 0742 0757 07¥72 0786 0801 0B16 0830 0845 50
60 0545 D860 067> 0859 09504 0519 09534 05949 0964 059789 0934 60
70 D934 1009 1024 1039 1054 1069 1084 1099 1114 1129 1.144 70
&0 1144 1158 1175 1180 1205 1220 1235 1251 1266 1281 1297 &0
90 1297 1312 1327 1343 1358 1374 1389 1405 1420 1436 1451 90

100 1451 1467 1482 148 1513 1529 1545 1560 1576 1392 1.607 100
110 1607 1623 1639 1655 1670 1686 1702 1718 1734 1750 1.766 110
120 1766 1781 1797 1813 1829 1845 1861 1877 1893 1909 1925 120
130 1925 1942 15958 1974 1950 2006 2022 2033 2055 2071 2087 130
140 2087 2103 2120 2136 2152 2168 2185 221 2217 223 2200 140

150 2250 2267 2283 2300 2316 2332 2349 2365 2382 2358 2415 150
160 2415 2432 2448 2465 2481 2498 2515 2531 2548 2565 2.581 160
170 2581 2598 2610 2632 2648 2665 2682 2699 2716 2732 2749 170
180 2743 2766 2783 2800 2817 2834 2851 2868 2885 2902 2919 180
190 2919 2936 2853 295970 2987 3004 3021 3038 3055 3072 3089 190

200 3089 3106 3124 3141 3158 3175 3192 3M0 3227 3244 3261 200
210 3261 3279 3296 3313 3331 3348 3365 3383 3400 3417 3435 210
220 3435 3452 3470 3487 3505 3522 3539 3557 3574 35082 3609 220
230 3609 3627 2645 3662 3680 3697 3715 3732 3750 3768 3785 230
240 3785 3803 3821 3838 3856 36874 3891 3909 38927 3945 3862 240

250 3962 3980 3998 4016 4034 4051 4069 4087 4105 4123 4141 250
260 4141 4158 4176 4194 4212 4230 4248 4266 4284 4302 4320 260
270 4320 4338 4356 4374 4392 4410 4428 4446 4464 4482 4500 270
280 4500 4513 4536 4554 4573 4591 4609 4627 4645 4663 4682 280
290 4682 4700 4718 4736 4754 4773 4791 4809 4827 4846 4664 290

300 4864 4882 4500 4919 4937 4955 4974 4992 5010 5029 5047 300
310 5047 5065 5084 5102 5121 5139 S5A5F 5176 5184 5213 523 310
320 5231 5230 5268 5287 5305 5323 5342 5361 5379 5398 5416 320
330 2416 5435 5453 5472 5490 5509 5527 5546 5565 55083 5602 330
340 5602 5620 5639 5658 OH676 5695 5714 5732 5751 SFI0 5788 340

350 5788 5807 5826 5844 5HB63 5BB2 5901 5919 58938 5957 5976 350
360 5976 5994 6013 6032 6051 6070 6088 6107 6126 6145 6164 360
270 6.164 6182 6201 6220 6239 6258 6277 6296 6314 6333 6352 370
360 6.352 6371 6390 6409 6428 6447 G466 6483 6504 6523 654 360
390 6541 B6560 6579 6598 6617 6636 6655 6674 6693 6712 673 390

400 6731 6750 6769 6788 6807 6826 6845 6865 6884 6903 6922 400
410 6922 6941 690 6979 6998 7017 TO03E 7TO55 TOT4 TO84 T113 410
420 112 7132 ¥151 TAAVD 7189 V208 T227 T247 T266 T285 T304 420
430 T304 7323 7342 T362 7381 7400 T419 T438 T458 TATT T496 430
440 T496 7515 ¥534 7T.45b4 ToHT3 7582 T611 763 7650 TF.668 7683 2440

4350 7688 7708 V727 7TT46 T765> T.FBS T804 TE23 TH42 TFB62 7.881 450
460 7881 7900 7920 7939 7958 7978 7937 8016 8036 8.055 8074 460
470 6074 G509 8113 6132 6152 8171 8180 8210 8229 8248 8268 470
480 8.268 B287Y 8306 8326 834> B.364 8384 8403 8423 8442 §.461 480
430 G461 056481 8500 6520 6539 B8535 8578 8597 8617 8636 865> 490

*C 0 1 2 3 4 5 ] T i 9 10 b

(Dl = ASual) Jg8a 4 uta ) Ay gud) ol 4S5~ Temperature Measurement 80 adl (ubd
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TABLE 21 Type C Thermocouple — thermoeleciric voltage as a function of C Q\c
temperature (°C); reference junctions at 0 °C

" 0 1 2 3 4 5 i3 [ ] 9 10 b =

Thermoelectric Voltage in Millivolts

500 8635 &675 B694 B87F14 87FI3 8753 48¥7r2 8791 8811 8830 8850 500
510 8850 8869 ©£8889 5908 8925 8947 8966 8986 9005 9025 9044 510
520 9044 9064 S083 9103 9122 9142 9161 9181 9200 9220 9239 520
530 9239 92589 83278 9288 9317 9337 9356 9376 9395 9415 5434 530
540 9434 9454 9473 9483 9512 9532 9551 9571 9550 9610 9629 540

330 9629 9649 9668 9688 9707 9727 9746 9766 9FI5S 9805 9.624 550
560 9824 9844 9863 9883 9902 9922 9942 9961 9981 10.000 10.020 560
570 10.020 10.039 10.059 10.078 10.098 10117 10137 10.156 10176 10196 10215 570
580 10.215 10235 10.254 10274 10.293 10.313 10332 10352 10371 10391 10411 580
590 10.411 10430 10.450 10469 10.489 10508 10528 10.547 10567 10.587 10.606 590

G600 10.606 10626 10.645 10.665 10.684 10.7D4 10723 10743 10763 10.782 10.802 600
610 10.802 10.821 10.841 10860 10.880 10.899 10519 10939 10958 10978 10.99F7 610
620 10997 11.017 11.036 11056 11.075 11.095 11114 11.134 11154 11173 11193 620
630 11193 11.212 11232 11.251 11.271 11.290 11310 11330 11349 11369 11.388 630
640 11.388 11408 11427 11447 11.466 11486 11505 11.525 11544 11.564 11.584 640

630 11.584 11603 11.623 11642 11.662 11681 11701 11720 11740 117589 11779 650
660 M.F79 11.796 11.818 11837 11.857 11.676 11896 11915 11935 11955 11.974 660
670 11.974 11.994 12.013 12.033 12.052 12072 12091 12111 12130 12150 12169 670
650 12.169 12189 12.208 12228 12247 12267 12266 12306 12325 12345 12364 680
690 12.364 12384 12403 12422 12442 12461 12481 12500 12520 12539 12559 690

700 12.559 12578 12598 12617 12.637 12606 12676 12695 12715 12734 12753 70O
710 12733 12773 12792 12812 12.831 12851 12570 12890 12909 12928 12948 710
720 12.948 12967 12.987 13006 13.026 13.045 13064 13.084 13103 13123 13.142 720
T30 13.142 13161 13181 13200 13220 13239 13258 13278 13297 13317 13336 730
T40 13.336 13355 13375 12394 13413 13433 13452 13472 13491 13510 13.530 740

T30 13.530 13549 13568 13588 13.607 13.626 13646 13665 13685 13704 13723 750
Te0 13.723 13.743 13.762 12781 13.800 13.820 13839 13.858 13.878 13.897 13.916 760
770 13.916 13936 13955 13974 13994 14013 14032 14.051 14.071 14.090 14.109 770
T80 14109 141289 14148 14167 14186 14.206 14225 14244 14263 14283 14.302 780
790 14302 14321 14.340 14.360 14379 14398 14417 14437 14456 14475 14494 790

200 14,484 14513 14.533 14.552 14571 14500 14609 14629 14645 14667 14686 800
210 14686 14705 14.725 14.744 14763 14782 14801 14.820 14.840 14859 14878 810
820 14.878 14.897 14.916 14935 14954 14974 14993 15.012 15031 15050 15.069 820
30 15.069 15.086 15.107 15.126 15.146 15.165 15.164 15203 15222 15241 15260 B30
&40 15260 15279 15298 15317 15336 15355 15374 15393 15413 15432 15451 &40

&30 15451 15470 15489 15508 15527 15546 15565 15584 15603 15622 15.641 850
860 15.641 15660 15679 15688 15717 15736 15755 15774 15793 15812 15.831 860
a70 15.831 15849 15868 15887 15906 15925 15944 15963 15982 16.001 16.020 870
&80 16.020 16.039 16.058 16.077 16.096 16.114 16.133 16152 16.171 16190 16.209 380
a0 16.209 16226 16.247 16.265 16.284 16.303 16.322 16.341 16360 16.379 16.397 590

900 16.397 16416 16.435 16.454 16473 16491 16510 16529 16548 16.567 16.585 900
910 16.585 16.604 16.622 16642 16661 16679 16698 16717 16736 16754 16773 910
920 16,773 16.792 16.811 16.829 16.848 16.867 16886 16904 16923 16942 16.960 920
930 16.960 16979 16998 17.016 17.035 17.054 17072 17.091 17110 17128 17147 930
940 17147 17166 17184 17203 17.222 17.240 17259 17278 17296 17.315 17.333 940

950 17.333 17352 17.371 17389 17408 17426 17445 17463 17482 17501 17.519 950
960 17.519 17.538 17.556 17.575 17.593 17612 17630 17649 17667 17686 17.704 960
970 17.704 17723 17.741 17760 17.778 17.797 17815 17.824 17852 17871 17889 970
980 17.889 17908 17.926 17.945 17963 17981 158.000 18.018 18037 18055 18.074 980
990 18.074 18.092 18.110 18.125 18.147 18.166 18.184 18202 18221 18239 18.25F 990
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C o C TABLE 21 Type C Thermocouple — thermoeleciric voltage as a function of
temperature (°C); reference junctions at 0 °C

*C 0 1 2 3 4 & G T 8 9 10 C

Thermoelectric Voltage in Millivolts

1000 18257 16276 18284 18.312 18331 15349 18367 15.366 18.404 15422 18441 1000
1010 18441 18459 18477 18.496 18514 18.532 18550 18569 18587 18.605> 18.623 1010
1020 18623 15642 15660 18.676 18.696 18.715 18733 18751 18769 18.788 18.806 1020
1030 16806 18824 18842 18.860 16878 18.897 18915 18933 18951 18.969 18887 1030
1040 18987 19.006 19.024 19.042 19060 19.078 19.096 19.114 19.132 19.151 19.169 1040

1050 19169 19187 19205 19223 19241 19259 19277 19295 19313 19331 19349 1050
1060 19.349 19367 19385 19.403 19.421 19439 19457 19475 19493 19511 19529 1060
1070 19.529 19547 19565 19.583 19.601 19619 19637 19655 19673 19691 19709 1070
1080 19.709 19727 19745 19.763 19.781 19799 19816 19834 19852 19870 19888 1080
1090 19.888 19906 19924 19.942 19959 19977 19595 20013 20.031 20.049 20066 1090

1100 20.066 20084 20102 20.120 20.138 20155 20173 20191 20209 20227 20244 1100
1110 20244 20262 20280 20.298 20315 20333 20351 20369 20.386 20404 20422 1110
1120 20422 20433 20457 20475 204592 20510 20528 20546 20.563 20.581 20588 1120
1130 20595 20616 20634 20.651 20.669 20687 20704 20722 20739 20.757 20775 1130
1140 20775 20792 20810 20.827 20.845 20863 20880 20898 20915 20.933 20950 1140

1150 20950 20968 20985 21.003 21.020 21038 21.055 21073 21090 21108 21125 1130
1160 21125 21143 21160 21178 21,195 21213 21230 21248 21265 21232 21200 1160
1170 21300 21317 21335 21.352 21.369 21387 21404 21422 21439 21458 21474 1170
1180 21474 21491 21508 21.526 21543 21560 21573 21595 21612 21.630 21.647 1180
1190 21.647 21664 21682 21689 21716 21733 21751 21768 21785 21.802 21820 1190

1200 21820 21837 21854 21.871 21889 21906 21923 21940 21957 21975 21892 1200
1210 21992 22009 22026 22043 22061 22078 22095 22112 22129 22146 22163 1210
1220 22163 22180 22198 22215 22232 22249 22266 22283 22300 22317 22334 1220
1230 22334 22351 22368 22385 22403 22420 22437 22454 22471 22488 22505 1230
1240 225050 22522 22539 22556 22573 22590 22607 22624 22641 22657 22674 1240

1250 22674 22691 22708 22725 22742 22739 22776 22793 22810 22827 22844 12350
1260 22844 22860 22877 22.89%4 22911 22528 22545 22962 22978 2299 23012 1260
1270 23012 23029 23046 23063 23079 23096 23113 23130 23147 23163 23180 1270
1280 23180 23197 23214 23230 23247 23264 23281 23297 23314 23331 23247 1280
1250 23347 23364 23381 23398 23414 23431 23448 23464 234561 23498 23514 1290

1300 23514 23531 23548 23564 23581 23597 23614 23631 23647 23.664 23680 1300
1310 23680 23697 23714 23720 23747 23763 23760 23796 23813 23.829 23846 1310
1320 23846 23862 23879 238395 23912 23928 23945 23961 23978 239%4 24011 1320
1330 24011 24027 24044 24060 24.077 24.093 24110 24126 24142 24159 24175 1330
1340 24175 24192 24208 24.224 24241 242357 24274 243290 24306 24.323 24339 1340

1350 24.339 24355 24372 24388 24.404 24421 24437 24453 24470 24485 24502 1350
1360 24502 24518 24535 24551 24567 24583 24600 24616 24632 24648 24665 1360
1370 24665 24681 248697 24713 24730 24746 24762 24778 24794 24810 24827 1370
1380 24827 24843 24839 24875 24891 24907 24923 24940 24956 24972 24988 1380
1350 249868 25004 25020 25.036 25.052 25068 25084 25100 25117 25133 25149 1390

1400 25149 25165 25181 25197 25213 25229 25245 25261 25277 25293 25209 1400
1410 25309 25325 25341 25357 25373 25389 25405 25420 25436 25452 25468 1410
1420 254658 25484 25500 25.516 25532 25548 25564 25580 25595 25611 25627 1420
1430 25627 25643 256859 25675 25691 25706 25722 25738 25754 25770 25785 1430
1440 25785 25801 25817 25833 25849 25864 25880 25896 25912 25927 25943 1440

1450 25943 25959 25975 25990 26.006 26.022 256038 26053 26.069 26.085 26100 1450
1460 26100 26116 26.132 26.147 26163 26,179 26194 26210 26226 26241 26257 1460
1470 26257 26272 26288 26304 26319 26335 26350 26366 26382 26.397 26413 1470
1480 26413 26425 26444 26459 26475 26490 26506 26521 26.537 26.552 26.568 1480
1450 26568 28583 265989 26.614 26630 26645 26661 26676 266592 26707 26723 1490
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TABLE 21 Type € Thermocouple — thermoeleciric voltage as a function of C cC
temperature (°C); reference junctions at 0 "C

£, 15 0 1 2 3 4 & G [ g 9 10 C

Thermeoelectric Voltage in Millivolts

1500 26.723 26.738 26.753 26769 26.784 26.800 26815 26.830 26846 26861 26.877 1500
1510 26877 26.892 26907 26923 26938 26.953 26969 26934 26999 27015 27.030 1510
1520 27030 27.045 27.061 27076 27.091 27107 27122 27137 27152 27163 27183 1520
1530 27183 27198 27.213 27229 27244 27259 27274 27290 27305 27320 27.335 1530
1540 27335 27350 27366 27381 27396 27411 27426 27441 27457 27472 27487 1540

1550 27487 27502 27517 27532 27547 27562 27578 27593 27608 27623 27638 1550
1560 27638 27653 27668 27683 27698 27713 27728 27743 27758 27773 27788 1560
1570 27.786 27803 27818 2¥.B833 27848 27663 270878 27893 27908 27923 27.838 1570
1580 27938 27953 27965 27983 27998 28013 25028 28.043 28.058 28072 28.087 1580
15390 28087 26102 28117 28132 28147 28162 28177 28191 28206 28221 28236 1590

1600 26236 28251 28266 25280 28295 28310 28325 25340 28354 28369 28.384 1600
1610 28384 28399 28413 254258 28443 28458 28472 28487 28502 28517 28.531 1610
1620 28531 28546 255361 28575 28590 28605 28619 28.634 28649 28.663 28.678 1620
1630 28670 280692 28.707 28722 28737 28.f531 28766 28.780 28.795 28.810 28.624 1630
1640 28824 28839 28853 25868 28883 28897 28912 28926 25941 28955 28.970 1640

1650 28970 28984 28999 20013 29028 29042 29057 29.071 29086 29100 29115 1650
1660 29115 20128 29144 29158 29173 29187 20201 2916 29230 29245 29259 1660
1670 29259 29274 20288 20302 29317 29331 29345 29360 29374 29383 29403 1670
1680 29403 29417 29431 29446 29460 29474 29489 29503 29517 29532 29.546 1680
1690 29546 29560 29.574 29589 29603 29617 29631 29.646 29660 29674 29688 1690

1700 29688 29703 29.717 29731 29745 29759 29774 29788 29802 29816 29.830 1700
1710 29830 29844 29859 29873 29887 29901 29915 29929 29943 29957 29871 1710
1720 29971 29986 30.000 30.014 30,028 30.042 30056 30.070 30084 30088 30.112 1720
1730 30.112 30126 30.140 30.154 30.168 30.182 30196 30210 30224 30238 30.252 1730
1740 30252 30266 30.280 30.284 30308 30322 30336 30.350 30364 30378 30.391 1740

1750 30391 30405 30419 30433 30447 30461 30475 30489 30502 30516 30.530 1730
1760  30.530 30544 30.558 30572 30585 30.599 30613 30627 30641 30654 30.668 1760
1770 30666 30682 30.696 30710 30.723 30.737 30751 30765 30.778 230.792 30.606 1770
1780 30806 30819 30.833 30.847 30.861 30.874 30888 30.902 30915 30929 30.943 1780
1790 30943 30956 30970 30983 30997 31.011 31.024 31.038 31.052 31.085 31.07% 1790

1800 31079 31.092 31106 31.119 31.133 31147 31160 311474 31187 31201 31.214 1300
1810 31214 31228 31241 31255 31.268 31.282 31295 31309 31322 31336 31.349 1310
1820 31349 31363 31376 31.389 31403 31416 31430 31443 31457 31470 31.483 1320
1830 31483 31497 31510 31524 31.537 31550 31564 31577 31580 31604 31617 1830
1840 31617 31.630 31.644 31657 31.670 31.683 31697 31710 31.723 31737 31.750 1840

1850 31.750 31.763 31.7f6 31.790 31.803 31.816 31.829 31842 31856 31.869 31.882 1850
1860  31.882 31895 31908 31922 31935 31948 31961 31974 31987 32001 32014 1860
1870 32014 32027 32040 32.053 32066 32079 32092 32105 32118 32132 32145 1B70D
1860 32145 32158 32171 32184 32197 32210 32223 32236 3224% 32262 32275 1880
1890 32275 32288 32301 32314 32327 32340 32353 32366 32378 32391 32404 1390

1900 32404 32417 32430 32443 324568 32469 324562 32495 32507 32520 32.533 1900
1910 32533 32546 32559 32572 32584 32587 32610 32623 32636 32643 32.661 1910
1920 32661 32674 32.687 32700 32712 32725 32738 32751 32763 32776 32.789 1520
1930 32789 32801 32.814 32.827 32.840 32852 32865 32878 32890 32903 32915 1930
1940 32915 32928 32941 32953 32966 32979 32991 33.004 33.016 33.029 33.041 1540

1950 32041 33.054 33.067 33.079 33.092 33104 33117 33.129 33142 33154 33167 1850
1960 32167 33179 33.192 33204 33217 33229 33242 33254 33266 33279 33.291 1960
1970 322091 33304 33316 33329 33341 33353 33366 33.378 33380 33403 33415 1870
1980 32415 33427 33440 33.452 33464 33477 33489 33501 33514 33526 33.538 1980
1990 32538 33550 33.563 33575 33587 33599 33612 33624 33636 33.643 33.660 1990
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‘ : o C TAEBLE 21 Type C Thermocouple — thermoeleciric voltage as a function of
temperature (°C); reference junctions at 0 °C

e 0 1 2 3 4 5 G 7 8 9 10 *C

Thermoelectric Yoltage in Millivolts

2000 33660 33673 33685 33697 33.F09 33721 33733 33746 33758 33770 33.¥82 2000
2010 33782 33794 33806 33.818 33.830 33.842 33855 33867 33879 33.891 33803 2010
2020 33903 33915 33927 33938 33951 33963 33975 33987 33999 34011 34023 2020
20230 34023 34035 34047 34.0589 34071 34.082 34094 34106 34118 34130 34142 2030
2040 34142 34154 34166 34178 34.189 34.201 34213 343223 343237 34249 34260 2040

2050 34260 34272 34284 34206 34307 34319 34331 34343 34354 34366 34378 2050
2060 34378 34300 34401 34413 34425 34436 34448 34460 34471 34483 34495 20580
2070 344595 34506 34513 34.530 34.541 34.553 34564 34576 345387 34599 34611 2070
2080 34611 34622 34634 34.645 34.657 34.668 34680 34691 34703 34714 34726 2080
2090 34726 34.TFI7T 34749 34760 34771 34783 34794 34806 34817 34529 34.840 2090

2100 34840 34851 34863 34874 34885 34897 34908 34919 34931 34942 34853 2100
2110 349533 34965 34976 34957 34998 35.010 35.021 35032 35043 35055 35066 2110
2120 35066 35077 35.068 350898 35110 35122 35133 35.144 35,155 353166 353177 2120
2130 35177 35188 35199 35211 35222 35233 35244 35255 35266 35277 35288 2130
2140 35288 35299 35310 35321 35332 35343 35354 35365 35376 35287 35398 2140

2150 35398 35409 35420 35430 35441 35452 35463 35474 35485 35496 35506 2150
2160 35506 35517 35528 35538 35.5500 35.561 35571 35582 35593 35604 35614 2160
2170 35614 35625 35636 35647 35657 35.668 35679 35689 35700 35711 35721 2170
2180 35721 35732 35742 35753 35764 35774 35785 35795 35806 35817 35827 2130
2190 35827 235838 35848 35859 35.869 35.880 35890 35901 35911 35922 35832 2190

2200 35932 35942 35953 35962 35974 35.984 35995 365005 36015 36.026 36.036 2200
2210 36.036 36046 36.057 36.067 36.077 36.088 36.098 35108 36118 36.129 36139 2210
2220 36.139 36.149 36.159 36.1689 36.180 36.190 36200 36210 36220 36231 36.241 2220
2230 36241 36231 36261 36271 36231 36.291 36301 36311 36321 36331 36341 2230
2240 36341 36331 36361 36371 36.3581 36.391 36401 365411 36421 36431 36441 2240

2250 36441 36451 36461 36471 36481 36491 36500 36510 36520 36.530 36.540 2250
2260 36.540 36549 36.559 36.569 3I6.579 36.589 36598 36608 36618 36.627 3I6.637 2260
2270 36637 36647 36656 36666 36.676 36.685 36695 3I6Y03 3IGT14 36.724 36733 2270
2280 36.733 36743 36753 3B.762 36.FV2 36.¥81 36791 35800 35810 36.819 36.829 2250
2290 36829 36838 36.847 36.857 36866 36.876 36.835 35895 36904 36913 36923 2290

2300 36923 36932 36941 36951 36960 36.969 36978 356988 36997 37006 3I7.015 2300
2310 37015 37025 37.034 37.042 37.052 37.061 3210
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DE Series, 1/8 DIN Digital Thermostats

(PROCESS TECHNOLOGY)

SET /7 % E20

s POINT
— _ . m—— DISPLAY
RELAY ACTIVE — T T
WHEN LIT /N
* b “SET 4%
L \,/ J J - d

/ AN
/ N

DECEEASEEKEY _ INCREASEKEY
PROGEAMMING
SELECT “SET" POINT
SHIP
MODEL  oi1g MAX TEMP. SENSOR REPL.
NUMBER AMPS RANGE LENGTH SENSOR P/N L‘{)‘ﬁl@;)
DE20 85-265 = 20 0 to 500°F 10'(3m) | RTD1000 | 3(L5)

(0 to 260°C)

** Thermal Protection Systems

Product Features and Benefits:

IMPROVES PROCESS CONTROL: Large (.56" high), easy to read LED display. Provides precise control for
consistent plating and etch rates in most aqueous processes.

TEMPERATURE SENSOR: Fluoropolymer (FEP) covered 10-foot (3m), 1000-ohm platinum RTD sensor
included standard with the control. Provides extended service in corrosive liquids and can be lengthened
with ordinary copper hookup wire.

CAPACITIES:

Single pole, double throw switch rated at 20-amps for either 120 or 240 volts.
Adjustable temperature range from -40°F (-40°C) to 999°F (538°C).
+/- .25% full span, single digit accuracy.

20°F (-7°C) to 130°F (54°C) ambient temperature range.

Universal power supply: 85-265 VAC, 50 or 60 Hz.

Single phase only.

Non-volatile memory.

Programmable high alarm shutdown.

Sensor short and break protection.

Programmable high setpoint limit.

Security code restricted menu.
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Power, Heatineg and Cooling Relav Wiring
(rear view of controller)
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FOWER SUPPLY HEATERE, CONTACTOR or JSOLENOID

853-240 vaAC/VIC cl AMPS B 240 WaC

30760 Hz 4VA 1 HP @ 240 VAC

RTD devices are precise resistors whose resistance value varies with temperature.
The DE20 control measures the RTD resistance and compares that measurement with
a “standard” set of values stored in the control memory.

To restore, update or verify that this “standard” set of values is correct, do the
.Calibration

RTD (2- or 3-Wire) 100 (Platinum

There could be a + 2°F input error for every 1 Jof lead length resistance

when using a 2-wire RTD. That resistance, when added to the RTD element
resistance, will result in erroneous input to the instrument. To overcome

this problem, use a 3-wire RTD sensor, which compensates for lead length

resistance. When extension wire is used for a 3-wire RTD, all wires must

have the same electrical resistance (i.e. same gauge, same length, multistranded
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Troubles and Remedies for Resistance Thermometer Sensors

Cccurrence I i o
Ty Timing U yAlYy urly
Trouble Upon | During Possible Cause Remedy
Start-- | Opera-
up tion
Megative 0 0 - Faulty 3 -wire type connectio + Check and connect correctly.
temperature — - —
indication « Short -circuit at the resistance + Check for short circuit with an
i e element block.. ohmmeter or reconnect the
AW YBiHY [Ya » Burnout setting of the receiver | terminals
O (] is at the lower limit, and the
resistance element or extension
conductors are open or the
terminal block has no continuity.
Excessive positive » The resistance element is + Check for open circuit with an
temperature open circuit. ohmmeter, and replace or reconnect
indication - Burnout setting of the receiver the terminals.
THYFTAUT Y5 8] 0 is at the lower limit, and the
. . resistance element or extension
I)lﬁ Y] conductors are open or the
terminal block has no continuity.
Temperature « Trouble in the receiver. = Check, and repair or replace.
indication remains
unchanged if a 0 o
temperature
changes.
An indication value » The input connection terminal or | = Check for open circuit with an
is unstable. compensation junction of the ohmmeter, and replace or
0 o C S .
receiver is short-circuited reconnect the terminals.
= Check and repair or replace.
YO Y101 « Internal short-circuit of the « After a check. chanae the
- O conpensation lead wires. . ’ g€
II-W] e grounding method or shield.

(OOl - ASual) Jgia & ppaa ) Ay gl Ll ASy&— Temperature Measurement 31 _adl (uld

2009/2010

Mob. 01148695492

o

48841 3 3¢l s pmaall el / g8l gl daa] ZUl L 3 gana [ (uaigeall [ LT g dlas)

E.Mail

mahmodcontrol@yahoo.com




Occurrence - N
Shasd) Timing Jadaal) ) k)
Trouble Upon During Possible Cause Remedy
Start- | Opera-
up tion
An indicationvalue = Faulty resistance value of th - Replace
is abnormal. resistance element. - Check for an installation
0 - Faulty installation of the position, insertion length, and
n‘ﬂY GVED]] resistance thermometer sensors. installation method, and reinstall.
S = Type of the receiver or setting of
OgY Y1 the range is wrong.
= Deterioration of insulation of the | - Check the insulation resistance,
resistance thermometer sensor or | and replace.
o extension conductors. » Check the insulation, and repair
- Change of installation of the or replace.
resistance thermometer sensor. « Check the receiver , and repair
- Trouble of the receiver. ar replace.
An indicationvalue - A "JPT" type resistance - Replace with an adequate one
is several percents O thermometer sensor is connected which meets the standard.
higher. to a "Pt" type instrument.
An indicatiovalue - A "PT" type resistance - Replace with an adequate one
is several percents O thermometersensor is connected to | which meets the stapdard.
lower. a "JPt" typeinstrument.
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°C 3 Al da a3 Bl 4l (g RTD Al ad) 4o glial) dadd (p A8Dad) J gan
( Pt100 Platinum [ 53 4 slaall

Ptoc TABLE 29 1000 Platinum RTD — 0.00385 coefficient
temperature in "C

°C 0 1 2 3 4 5 [ 7 8 9 10 L
Resistance in Ohms
-200 18.52 -200

-150 2283 2240 21897 M4 2111 2068 2025 1982 1938 1895 1852 -190
-180 2710 2667 2624 2582 2539 2457 2454 2411 2368 2325 2283 -180
-170 3134 3091 3045 3007 2964 2922 2880 2837 2785 2752 2710 -170
-180 3554 3512 34TFD 34328 3386 3344 3302 3260 3218 3198 31.34 -160
-130 3972 3931 23889 3547 3805 3ITe64 3I722 3680 3633 3596 35.54 -130

-140 4388 4346 4305 4263 4222 4180 4139 4097 4056 4014 3972 -140
-130 4800 4759 4718 4677 4636 4554 4553 4512 4470 4429 4383 -130
-120 5211 5170 5128 5088 5047 S006 4985 4924 4883 4542 45.00 -120
-110 56.19 557% 5538 54457 5456 5415 5375 5334 5283 5252 521 -110
-100 6026 5985 5944 5904 5363 S5B23 5Y82 5741 S5F01 5660 56.19 -100

-390 6430 6390 634% 6309 6268 62286 6188 6147 6107 6066 6026 -30
-80 6833 6792 6752 6712 6672 6631 6591 6551 6511 6470 6420 -80
-70 F233 7183 7152 T3 VOOV Y033 B9583  EB9.53  B8.13 633 68.33 -70
-60 T633 75893 T¥553 To13 T4F3 Y433 7383 V353 V313 72V3 7233 -60
-50 8031 7991 7T¥951 T911 F8F2 V832 TFr92 7§FFS52 Y712 V673 7633 -50
-40 8427 B387 8348 83086 8265 8229 8189 8150 8110 30v0 @&0.M -40
-30 8822 A8V83 8742 8704 B664 B625 BS5BS B546 8506 8467 38427 -30
-20 9216 ©1.77 99137 9058 ©059 ©0D19 B980 8940 89.01 8562 8522 -20
-10 96059 9569 9530 94951 8452 08412 08373 058334 9285 9255 9216 -10

0 10000 9951 9922 G383 9544 9304 G765 G726 09687 9643 96.09 0

0 10000 100.3% 10076 10117 10156 101.85 10234 10273 10312 103.51 103.80 0

0 102.90 104.2% 104.686 1035.07 10546 105.85 106.24 106.63 107.02 107.40 107.79 10
20 107.75% 108.18 10857 10856 109.35 10973 11012 11051 110,80 11129 111.67 0
30 11167 1206 11245 11283 11322 11361 11400 11438 11477 11515 11554 30
40 11554 11583 11631 11670 117.08 11747 11786 11824 11863 119.01 11940 40

0 11940 11978 12017 12035 12084 12132 121.71 12209 12247 12286 123.24 a0

0 12324 12363 124.01 12439 12478 12516 12554 12553 126.31 126.69 127.03 60
70 127.08 12746 127.84 12822 12361 12859 12937 12975 13013 13052 130.90 it}
80 13080 131.28 131.66 132.04 13242 13280 13318 13357 13385 13433 13471 80
90 13471 13508 13547 13585 136.23 13681 136899 13737 13775 13813 13831 90

100 138351 13838 13826 13984 140.02 14040 14078 141.16 141.54 141.91 142.29 100
110 14225 14267 14305 14343 14380 14418 14456 144534 14531 14569 146.07 110
120 146.07 14644 14682 147.20 147.57 147.55 14533 14370 145.08 14345 149.83 120
130 14983 15021 15058 15086 151.33 15171 15208 15246 15283 15321 153.53 130
140 15358 15396 15433 15471 15508 15546 15582 156.20 158.58 135.95 157.33 140

150 37.33 157.70 138.07 13845 153.82 159.1% 15956 1539.94 160.31 16068 161.03 150
160 161.05 16143 16180 16217 162.534 16251 163289 163.66 164.03 16440 164.77 160
170 18477 16514 16551 16589 166.26 166.63 167.00 167.37Y 167.74 16511 165.43 170
180 168.48 16885 16922 16959 169.96 170.33 17070 171.0Y 17143 171.80 17217 180
190 17217 17254 17281 17328 173685 174.02 17438 17473 17512 17549 175.86 190

200 17586 176.22 17659 176.96 177.33 17769 175806 17343 17379 17916 179.53 200
210 17953 179.8% 180.26 18083 180.895 181.36 181.72 182.09 18246 132.82 183.19 210
220 18315 18255 18282 18428 184.65 18501 18538 18574 186.11 13647 156.84 220
230 18684 18720 18756 18753 188.20 18366 189.02 18933 188.75 19011 19047 230
240 15047 190.84 191.20 181.56 191.82 18229 19265 183.01 183.37 193.74 19410 240

250 18410 19446 194.82 18518 18555 19591 19627 1896.63 196.99 19735 197.71 250
260 187.71 19807 186843 18379 189.15 198.51 199.87 200.23 200.59 20095 201.31 260
270 20131 20167 202.03 20239 20275 20311 20347 203.83 20419 204.55 204.90 270
280 204590 20526 20562 20558 206.34 20670 207.05 207.41 207.77 208.13 205.43 280
290 20848 20884 20920 209.56 20991 210.27 21063 210583 211.34 21170 212.05 2490
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TABLE 29 10042 Platinum RTD — 0.003585 coefficient
temperature in °C

Ptec

°C 0 1 2 3 4 5 6 7 8 9 10 °C
Resistance in Ohms

300 21205 21241 21276 21312 21348 213.83 21419 21454 21480 21525 21561 300
310 21561 21596 21632 21667 217.03 217.38 217.74 21809 21844 21880 21915 310
320 21915 21951 219.88 22021 22057 22082 221237 22163 22168 22233 22288 320
330 22268 223.04 22339 22374 22400 22445 22480 22515 22550 22585 22621 330
340 22621 22656 22691 22726 22761 227.96 22831 22866 22002 22937 22972 340
350 22972 230.07 23042 23077 23112 23147 231.82 23217 23252 23287 23321 350
360 23321 23356 23391 23426 23461 23496 23531 23566 236.00 23635 23670 360
370 23670 237.05 23740 237.74 23809 23844 23879 23913 23948 23983 24018 370
380 24018 24D52 24087 24122 24156 24191 24236 24260 24265 24329 24384 380
390 24364 24399 24433 24468 24502 24537 24571 24606 24640 24675 24708 390
AD0 247.08 24744 24778 24813 24847 248.81 24916 24050 24985 25019 25053 400
410 25053 25088 25122 25156 25191 25225 25259 25293 25328 25362 25396 410
A20 25396 25430 25465 25499 25533 25567 256.01 25635 25670 257.04 25738 420
430 257.38 257.72 25806 25840 25874 25908 250.42 25076 26010 260.44 26078 430
440 26078 26112 26146 26180 26214 26248 262.82 26316 26350 26384 26418 440
450 26418 26452 26486 26520 26553 26587 266.21 26655 266.89 267.22 26756 450
A60 26756 267.90 26824 26857 26891 26925 26059 26092 27026 27060 27093 460
AT0 270.93 27127 27161 27184 27228 27261 27295 27329 27362 27396 27429 470
AB0 27420 27463 27498 27530 27563 27507 27630 27664 27667 27731 27764 480
490 277.64 277.98 27831 27864 27898 279.31 27964 27998 280.31 28064 28098 490
500 280.98 28131 28164 28188 28231 28264 28267 28331 28364 28367 28430 500
510 28430 28463 28497 28530 28563 28595 28629 28662 28695 287.29 28762 510
520 287.62 287.95 28828 28861 28804 28927 28060 28093 29026 29059 20082 520
530 20092 29125 29158 29191 29224 29256 29289 29322 29355 29388 29421 530
540 29421 29454 29486 29519 29552 20585 296.18 295.50 296.83 297.16 29749 540
550 297.49 297.81 298.14 20847 29880 29912 299.45 29978 30010 30043 30075 550
560 30075 301.08 30141 30173 30206 30238 30271 30303 303.36 30369 30401 560
570 304.01 30434 30466 30495 30531 30563 30596 30628 306.61 30693 30725 570
580 307.25 30758 307.90 30823 30855 308.87 30920 30052 309.84 310.16 31043 580
590 31049 310.81 311.13 31145 31178 31210 31242 31274 31306 31339 31371 590
600 31371 31403 31435 31467 31499 31531 31564 31596 31628 31660 31692 600
610 316.92 317.24 317.56 317.85 31820 31852 318.84 31916 31948 319.80 32042 610
620 32012 32043 32075 32107 32139 32171 32203 32235 32267 32268 32330 620
630 32330 32362 32394 32426 32457 32489 32521 32553 32584 32616 32648 630
640 326.48 32679 327.11 327.43 327.74 328.06 326.38 32869 329.01 32932 32964 640
650 329.64 32996 33027 33059 33090 331.22 33153 33185 33216 33248 33279 650
660 332.79 §60
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