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Temperature Sensors
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ZH2IE (Callendar) 0k O] 4!
R(t)=R(O0TC)1+At+Bth)

— R#) =ROT)[1+at+as (ﬁ)(l § L)]

_ R(o00<T)—- R0 T)
100R(0 C)

Ht &4 (Van Dusen)
> 0 °C O|SI0|A X&d-2= A E dFst=0 & =7t

R(t)=R((0C)[1+At+Bt.4+C (¢t — 100) t:]

> Z2I-8t £4F A (Callendar-van Dusen equation)
> CVD &84 - F2 PRTH U HE

FLUKE .

—Calibration



FLUKE -

— Calibration

NS 252

» HZFEHZ N2 A (SPRT)

R(t)=R (0 C)[1+At+B t.+C (¢t — 100) t:] A = 3.985 X10_:C_.
B = — 5.85 x10.:C_a
R(29-76—l6 oC) C :4.27 ><10—12 9—4
1 S R(O eC) a = 3.927 X10-: C-
p=1.118 14
W(29.7646)= >111807 [Ga/WT] s AR EH I KSR T 7| (IPRT)
W(-38.834 4)= <0.844235 [Hg/WT] o
W(961.78) = 242844  [Ag/WT] A = 3.908 X10-5 C-
B = —5.80 x10.:°C_»

C — 427 ><10—12 0C—4
o = 385 ><10—3 OC71
p = 1.115 817



Tables for RTD Pt100

Temperature interval Temperature interval
-200°Cto0°C 0°Cto850 °C
Rt=Ro[1+ At + Bt*+ C(t-100) t*] Ri=Ro(1+ At + Bt)
Coefficients Coefficients

A =39083 E-3 A=39083E-3

B=-5775E-7 B=-5775E7

100~ R

=
100 - Ry 160 - R,

TABLE: =200 -850 °C for Pt100 as per IEC 60751 (2008)

L 4 L »
€ E E g
& E §|® £ g 4 E § 4 E s
] a8 |g =] 5 =1 ] &
£ ¢ g|f : g|F 3 E|F & B
-200 18,520 0.432 [100 138,506 0,379 ||400 247,092 0,345 | 700 345284 0,310
-190 22,825 0,428 | TT0 132293 0378 | 410 250,533 0,343 | 710 348,378 0.309
-180 27,096 0,425 | 120 146,068 0,377 | 420 253,962 0,342 | 720 351,460 0.308
-170 31,335 0,422 | 130 148,832 0,376 | 430 257,379 0,341 | 730 354,531 0,307
-160 35,543 0419 | 140 153,584 0.375 | 440 260,785 0,340 | 740 357,580 0.305
-150 39,723 0,417 | 150 157,325 0,374 | 450 264,179 0,339 | 750 360,638 0.304
-140 43,876 0414 | 160 161,054 0,372 | 460 267,562 0,338 | 760 363,674 0,303
-130 48,005 0412 | 170 164772 0.371 | 470 270,933 0,337 | 770 366,699 0.302
-120 52,110 0,409 | 180 1684738 0.370 | 480 274,293 0,335 | 780 369.712 0.301
-110 56,193 0407 | 150 172,173 0,369 | 490 277,641 0,334 | 790 372,714 0.300
-100 60,256 0,405 | 200 175,856 0,368 | SO0 280,978 0,333 | 800 375,704 0.293
-90 64,300 0403 | 210 179,528 0,367 | 510 284,303 0,332 | 810 378,683 0.297
-80 68,325 0402 | 220 183,188 0,365 | 520 287,616 0,331 | 820 381,650 0.296
-70 72,335 0,400 | 230 186,836 0,364 | 530 290,918 0,330 | 830 384,605 0,295
-60 76,323 03995 | 240 190473 0.363 | S40 294,208 0,325 | 840 387,549 0294
-50 80,306 0337 | 250 194,098 0,362 | SSO 297,487 0,327 | 850 390,481 0293
40 84,271 07396 | 260 197.712 0,361 | S60 300,754 0,326
-30 88,222 0,394 | 270 201,314 0,36C | 570 304,010 0,325
-20 92,160 0,333 | 280 204,905 0,358 | S80 307,254 0,324
-10 96,086 0392 | 250 208484 0,357 | S90 310,487 0,323
0 100,000 0331 ||300 212,052 0.356 | 600 313,708 0,322
10 103,903 0.390 | 310 215608 0355 | 610 316,918 0,320
20 107,794 0339 | 320 218,152 0.354 | 620 320,116 0,319
30 111,673 0,387 | 330 222,685 0,353 | 630 323,302 0,318
40 115541 0,386 | 340 226,206 0.35. 640 326,477 0,317
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Platinum Resistance Thermometers
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5681 5683

Specifications

Temperature Range —200 °C to 670 °C | —200 °C to 480 °C

Nominal Ry 2550Q

Current 1 mA

Resistance Ratio W(302.9146K) = 1.11807 and

W(234.3156 K) <0.844235

Sensitivity 0.1Q/°C

Drift Rate < 0.002 °C/100 hours at < 0.001 °C/100 hours at
661 °C 480 °C (0.0005 °C typical)

{typically < 0.001 °C)

Self-heating at TPW <{0.002 °C under 1 mA current

Reproducibility + 0.001 °C or better +0.00075 °C or better

Ry drift after Thermal < 0.00075 °C < 0.0005 °C

Cyding

Sensor Support Quartz glass cross

Diameter of Sensor Pt 0.07 mm (0.003 in}

Wire

Protective Sheath Quartz glass, Diameter: 7 mm (0.28 in),

Length: 520 mm {20.5 in)




Platinum Resistance Thermometers
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Platinum Resistance Thermometers
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Specifications 5681 5683
Temperature Range —200 °C to 670 °C | —200 °C to 480 °C
Nominal Ry 255Q
Current 1 mA
Resistance Ratio W(302.9146 K) = 1.11807 and

W(234.3156 K) <0.844235
Sensitivity 0.1Q/°C
Drift Rate < 0.002 °C/100 hours at < 0.001 °C/100 hours at
661 °C 480 °C (0.0005 °C typical)
{typically < 0.001 °C)
Self-heating at TPW <{0.002 °C under 1 mA curmrent
Reproducibility + 0.001 °C or better + 0.00075 °C or better
Rypy drift after Thermal < 0.00075 °C < 0.0005 °C
Cyding
Sensor Support Quartz glass cross
Diameter of Sensor Pt 0.07 mm (0.003 in)
Wire
Protective Sheath Quartz glass, Diameter: 7 mm (0.28 in),

Length: 520 mm {20.5 in)




Platinum Resistance Thermometers
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HHL| 254 (Thermocouple)
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SHL| 254 (Thermocouple) it

= H|¥l 2 1} (Seebeck Effect)
. MR OZ2 & 24M 92 22 YEsio 322 1Asin
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ML 254 (Thermocouple) e
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V = Su(Ty-T)+ Sa(T-Tp)
= (Sa - Sp)(Ty-T)

= SA B(Th_Tr) V

9| Ao M T, = 0°C Ofatg, S &



FHL| 24| (Thermocouple)

FLUKE .
— Calibration
« AXC|o| 2 =X
JEEM LT Tre EAN|OF siCt,
o AZ|L0 Y= E&Z|ZE (Internal RJ)
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e (Outernal RI)
Internal R.J

To=0C
En =Sa(Th— Tr+ T/)
=Sab Th

Eh -'—"Sab(Th’* To)
=Sav Th



Type R and S thermocouple standards
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Reference (or Cold)
Junction

— Calibration
Specifications

Range 0°Cto 1450 °C

Type Platinum/13 % Rhodium vs.
platinum (type R}

Platinum/10 % Rhodium vs.
platinum (type S}

Calibration Optional fixed point calibration
uncertainties (k=2): £ 0.15 °C
up to 962 °C, inpreasing linearly
to+£2.0°Cat 1450 °C

Hot 6.35 mm {0.25 in) diameter; see

Junction Ordering Information for lengths

Sheath

Dimensions

Reference 4.8 mmdia. x 210 mm long

Junction {0.188 x 8.25 in)

Sheath

Dimensions

Long-Term =0.5°Cto1100°C

Stability +2.0°Cto 1450 °C
(over one year depending on
usage)

Short-Term =0.2°Cto 1100°C

Stabilifies =0.6°Cto 1450°C

Immersion At least 152 mm (6 in)
recommended

Protective = Model 2609 case included

Case

Weight 1 kg (2 Ib)
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FLUKE -
ML 254 (Thermocouple) e

= HY-Ho= FME UL 2=

V = SA(To-Ty)+ S,(T1-Tp)+ Sp(Tp-Ty)+ Sp(T4-T»)

= Spp(T2-Tq) + S;p(T1-Tg) = Spp(T5-Tp)

* 9 MOIM S, =S, BAES 00|,

*HAEMO| ZH . ACHH M A Sag = Sab
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« EWO 2|20 EHO| 0K = I

V= S\(T,-T;) + Sg(T;-T3) + Sp(T3-Ty)
= SA B(TZ_T1)
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T+ 4 A L
AAY
721 & |&A o Al
712 1%
B | BP Pt - 30 % Rh BN 94 % Pt, 6 % Rh
724 ENESP Pt-10 % Rh SN
Pt
R | RP Pt-13 % Rh RN
84 % Ni-14-14.4 % Cr - . .
N | NP 15155 0 & NN |Ni, 4.2-4.6 % Si, 05-1.5 % Mg
89-90 % Ni-9-95 % Cr - P e ol h g
K | KP . KN | 1-23 % Al*1 % Mn,- 05 %
0.5 % Si- Fe
o _ -
E | EP Ni <10 % Cr EN 55 % Cu - 45 % Ni
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* Loading Effect
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- wYUE/E X Uniformity ($1X])
- QMH I stability (A2}
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Insert

Dry-Well's Thermometer/Controller
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= Stem conduction error
- 2EAMO| X|E0| 25 HHE, MMl XA ka2t
- 2EMAM Em 40> 22 MM X[ & X 20

15-20d




» UAME 28 & MO| =t 2EMA Ato]o] HH 744

-0.1mm ~0.3mm
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Loading Effect FLUKE .

— Calibration

» Loading Effect
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| Jﬂv o s
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0121°C

.0005°C
.0044°C l l
U 25.0000°C .0004rC l
U .0382(C
.0002°C
U .o711°C U U .0004°C
.0002°C .0336°C
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= Bk 7 & (Dry-Wells) FLUKE

— Calibration
= Axial Uniformity
- ANME =S52| Z40[0f HE 2k Bsts
- QR Of7|et 2 =5 57t
Insert
Dry-Well Temperature
Probe
& Probe Temperature Sensors
X
AmbientTeMerature
| — | \
Measurement
P = Zone




HIAL @ & (Dry-Wells) FLUKE

— Calibration
= Radial Uniformity

S QIME 229 B (L HO|) A2lo| ME 2& Wie
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Internal Control Sensor
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| |
]

300°C

Baths
Refrigerated
2-Stage
1-Stage
Heated Oil
Heated Salt

Furnaces
Standard
Heat Pipe
Ultra High Temp

Drywells
Thermoelectric Cooled
Heated

Other
LN, ®
Ice Bath
Sand Bath

] 1100°C

1 1000°C

11700°C

] 700°C

11200°C

1 660°C
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CrFe 2= Helo| o188 Eefo|H FLUKE

= Calibration

= -95 to 1200 °C
- 2E H9IH M50 02 Chs HBR

9190A 914X series. 917X series. 9150
. . 9142: -25°C to 150°C 9170: -45 °C to 140 °C > 150 °C to 1200 °C
>95CT1a0c 9143:33°C to 350°C 9171:30°Cto 155 °C
9144: 50°C to 660°C 9172:35°Ct0425°C

9173:50 °Cto 700 °C

Good performance




Chokst 2 9lo| HEHE njo|3 2 HjA FLUKE .

— Calibration

= -30 to 250 °C
= 2 HQQ} Working volumed [[}E CIAESH HE

6102/7102/7103
6102: 35 °C to 200 °C
7102:-5°Cto 125 °C
7103:-30°Cto 125 °C

6109A/7109A.
6109A: 35 °C to 250 °C
7109A: -25 °Cto 140 °C

64 mm dia x 140mm deep

6109 7102 7103



oixt2 C2lo|¥l 914X Series FLUKE .

= Calibration

- 3o AR 7
> 9142: -25°C to 150°C

> 9143: 33°C to 350°C
> 9144: 50°C to 660°C

s TZ2NA2M

20702 HIAEO oot H& EMEY
HHA PRT S 7|

UUTs (RTD, TC, and 4-20 mA) &3 7|s
loop power supply 7|&

V V V V

= XS 29X HAE 7|5

= QHE3l 6 BEAY|




o8 C 20|’ 914X Series

- W2 25 HEE

——=
> M8 IE: 25°CHX| &k
> 528 D 350°CTHXA| 2
> 1282 aH g60°C}

-6I-_:|O N [
> M22 ofof =22 C|xtol
> Hixo] HES B2 ZE| A|YSHH |
- O|5M

> 27 7kg to 8 kg

= C}OFSE TMO|XE 7}Xl QI E

oL = ol 2!
> 67FX| EtR(A~F)
> custom size QI E X|ZEf

FLUKE -

— Calibration

9142 Inserts

8143/9144 Inserts




2128 E2}0|E 914X Series (Process Option) FLUKE .

— Calibration
=2 E#HAD|E
mA £ H{ 53 J 6 > e @ /
mA Lu on E PRTSLI‘
- ® RTDsZ
® ' "o =xa 4

H A PRT Y2 95t
smart connector

T T15VAC 63 AT 250
ccccc Z30VAG 315 AT 250V Thel‘mOCOUp|e

6115°C -
o i A

WELL REF IC-H  TEHWP
TENP°C  TEMP

TEHP  DIFF
; 13 .46 .45
i e
835 46 Lo 44
Y EM HYS Soto] U o, YmHA 25 g,
UUT 5% 2, 2l 22t uuTe| XHo] ZHES 7|5




A%8 C 2102l 914X Series FLUKE .

— Calibration

Temperature Stability Measurement

100307 2sigma=z0000°C [ T
X

100.135
L . 1|

* Dual-zone control

+0.01°C2| HH =

+0.01°Ce| 27t #¥ =

+0.04°Ce| 7t #e

+0.006°C2| loading error

+0.2°C2| C|AZ 0] ME

S8 22 22 HoEAnEe 2

100.130

111111

uuuuuu Peak to Peak = 0.026°C

Peak = 0.026°C / 2 =+0.013°C

Temperature Deviation, °C
g

uuuuuu

nnnnnn
oooooooooooooooooooooooooooooo

vV V. V V Vv V

= NVLAP-accredited calibration standard

—— Heating

e = 150 mm (6 in)2] E2| Z0|

Actual Temperature, C

0 100 200 300 400 500 600 700
Set Point Temperature, C




H3g £a

= 9142

= 9143

= 9144

rO| €l 914X Series

Spec

Display Acc.
Ref. Acc.
Stability
Cooling Time
Heat Time

Weight

Process
Electronics

Auto/Doc.
Amb. Impact

Spec

Display Acc.
Ref. Acc.
Stability
Cooling Time

Fast-Cal

Heat Time

Process
Electronics

Auto/Dac.
Amb. Impact

7 min

Ref, mA,
no 24V

Ref, mA,
no 24V

Druck

Buuayo oN

Spec

Display Acc.
Ref. Acc.
Stability
Cooling Time

Fast-Cal

Heat Time

Process
Electronics

Auto/Dac.

[15mn |
Bl |

5
kg
Ref, mA, Ref, mA
no 24V no 24V

Druck

Buuayo oN

FLUKE -
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oi%2 0lo|3 2 HiA 6109A/7109A FLUKE .

— Calibration

= 25 HeY

>6109A : 35 °Cto 250 °C
>7109A :-25 °Cto 140 °C

» Large Working Volume

> 110 mm diameter x 150 mm depth
>7|Z& OtO| 2= H A H T} 4Hy

> CHQISH ROkt 7|88 01 SEfO| MA| g
> tri-clamp / S/ 4IM
> SO o A w3y
> IF XY AlZH =Y

» =2 C|AEY 0] HEBE :+0.1°C
>7| & oE & EH|[=0 £ 2y

>H Dol 02 T XG0 7|2 2t
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—Calibration
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— Calibration
- otyME|
7109-2080 7109-2051 7109-2027
Fluid Expansion Overflow Tank Single Probe Clamp Kit Adjustable Probe Holding Fixture

7109-2013-1 7109-2013-2 7109-CASE
Transport Cover Probe Access Cover Carrying Case
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