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TMHMA ENEPI'EIAKHX TEXNOAOI'TAZ
EPTAXTHPIO METAAOXHY OGEPMOTHTOX
0666 Ay.Zmupidwvog,12210 Aydrew, ABva

H METPHXH THY OEPMOKPAXIAY

H Beppokpaoia mov onwg poPAéneton and v KivnTikn Bewpla Tev aepiewv Kot TIg apXEg TG
OTOTIOTIKTG BEPHOSVVUHIKTG OXETICETOL APECH LLE TNV HECT] KIVITIKT] EVEPYELX TV HOPImV TNG VANG,
givan péyebog touv omoiov 1 pETpnon sival kaBoploTikng onpaciog oty texvoroyia. H e&dptnon evdg
HeyaAov aplBpoL Gpeca HETPNOIHGOV HeyeBmv amd TV Beppokpacio eMTPENEL GLXVA TOV ELHECO
TIPOGSI0PIOHO NG HECM TNG amevBeiag péTpnong Twv peyedav autayv, n HeTafoAn Tav onoiwv Siénetal
amo YVOOTOVG BaO1KOVG PUOIKOVG VOOUG. ATIO Tig AoV SadeSopeveg peBdSoLG HETPNONG
Beppokpaaoiag eivon ekeiveg mov Pacilovron apevog

1) Z1o BepponAekTpikd Qavopevo 1] eaivopevo Seebeck (@eppootoiyeia)
2) 10 @ovOpEVO PETAPBOATNG TNG NAEKTPIKNG AVTIOTOOTG TOV Ay®YQV HE TNV Beppokpacia
(OeppoavTIOTAOELG)

O Seebeck avakoAvie wg pioe payvnTikn feova
E1VOL SLUVOTO VX PETATOTILOTEL ATIO EVA KAELOTO
KUKA®HO TIOV OMOTEAELTAL &TT0 VO SIHPOPETIKOVG
HETOHAKOUG OY®YOLG TIOV EIVOL EVOHEVOL OE SLO
OTNHELX, EPOTOV LTIKPYEL Slaxpopa BeppoKpaa1Og
HETAEL TV EVROOEWDV.

heat source

AUTO OQEIAETAL OTO YEYOVOG TIOG TOX EVEPYELXKK
eMMESH TOV POPTIROV OE KaBe HETHAAMKO aywyo
KLVOUVTOL SIOQOPETIKA |IE ATMOTEAECHA VL
SnHIoLPYELTAL S10POPA SUVAHTKOU KO GUVETIMG
HOYVNTIKO TIeS10 IOV HETAKLVEL TN BeAova.
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heat sink

Z ~ L
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current flow OLYKEVIPWOELG BETIK®V PopTI®V
Seebeck Effect -1 oo N doped semiconductors: Hpuaywyot pe peyoaAutepeg

OLYKEVIPWOELG APVIITIKOV POPTIOV



Oeppolevyn (O/Z)

H Aetrtovpyia twv Beppolevyav, mov anoteAovvial amo 600 COPHATA SIHPOPETIKMOV HETAANKOV
AYOYQV T] KPOHATOV GLUVOESEPEVAOV HETAED TOVG HEC® HIXG XKPAIOG OYDYLHNG EMAQPNG, OIS QAivETAL
oto oxNpa 1, Baoifeton 0To BepHONAEKTPIKO QALVOHEVO.

H yxpnopomnoinon twv Beppolevymv yio v akpifip pétpnon Beppokpaciag eivat onpepa eupovToTa
dradedopevn Kupimg eéontiog g avtdvopung Aettovpyiag, TG LYNANG Toug akpifelag Kot TG
a&lémaoTng Asitoupyiag Toug oe PeYdAo BEpHOKPATGIOKO E0POG HE XAUNAO KOOTOG,.

(a) (b) (© (d) (e) U
Zynpa 1. Alc@opot Tomol ena@myv BeppoleLy@V He HUTOYEVE] GLYKOAANOT EAEVBEp@V aywyQV (a) Kat
(b), evidg cwArvog mpootaciog (¢) kat pe yeiwon enagr|g (d), emaor nepleAtypévav akpav (e) pe
HTNXOVIKT] GUYKPATNOT] GKPQV

Ta O/Z swvon onoBntnpeg petpnong Beppokpaciag. ATToteAouVTal Ao SLO KYWYOLG KATAROKEVAGHEVOLS
aro S1@opeTIKa HETOXAAA. Ot VO PETRANKOL XYWYO EIVOL EVROLEVOL GTO EVA OKPO, SNHIOVPYMVTOG Hlx
ovlevén (onpelo petpnong g Beppokpaociag). Otav aTo onpe0 cLVEEoT|G PPavIoBel pia peTafoAn
¢ Beppokpaoiag dnpiovpyettan piax HAektpeyepTikn Avvapn 1 oMol avayveoplleTal amo eva
HiKpoBoAtopetpo. Amo Babpovopnoelg Tov BepHOGTOLKEIOL TIPOKVTITEL | GLVOEDT] TNG S1APOPUG TAGCTG
KoL TNG S10opaG HETPOVHEVNG BEPHOKPATING KOl BEPLOKPATIOG XVAPOPXG.

'Exel Slamotwel 0T 6Tav OAX T THAHATX EVOG KAELGTOD NAEKTPIKOD KUKAQHATOG OO OVOHOL0UG
HETHAANKOVG aywyoLg evpiokovtal oty 161 Beppokpaaia, tote dev eivar Suvatn n avantuén Stapopdg
SLVOHIKOU KOl KOTE GUVETIELX NAEKTPIKOV PEVHATOG OTO KUKA®HA. EVIONTOIg Op®E 0TV 01 EMOPES TV
SIOQOPETIKAOV HETAANMK®OV QY®Y®V €ivan o€ S1aQopeTIKEG BeppoKpaTieg, TOTE MAPAYETAL HIKPT| Saop&
SLVAHIKOU PETAED TV EMAPOV HE AMOTEAECHN TNV PO NAEKTPIKOV PEVHATOG.
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HETHAAK®V Oy®Yy®V TIOL EvvovTal o€ Svo ema@eg A kol B, 0tav ocupfaivel va 1oxVel ta=tg TOTE N
TIAPAYOpEVn BepponAeKTpIKT] Tdon 010 KOKAwpK eivan E=0 kot katd ouvéneila 1) évoeién tou
BoAtopetpou evor V = 0. AVTIOTOIX®G OTav taZts TOTE Tapayetal BepponAektpikn tdon E mov mpokaAel
por| pevpatog [#Z0 Tov omoiov 1 Tipn eival paAloTa avaAoyn G Slx@opdg BepHoKpaaiag ta-tg Kot
dideTon amo 1 oyéon,

E=al(t,—t,)+b.(t,—1t,)’ (1)
omov a Kol b otaBepéc. e ouvnBelg mepmtoelg n Tipn g otabepdg b eivar ouyxvd o0 pIKp WOTE
va glvar Suvatov mpakTIKG va BewpnBel apeAntéa. TNy MEPIMTOOT ALTA ] AVATTTUCCOHEVN

BepHONAEKTPIKT] TAOT V& €IVOL YPOHHIKT) GLUVAPTNON TNG S1APOPAG ta-tp,

E=al(t,—t,) )

IIINAKAX 1

Tomol Oeppolevy@dv PE TNV TIPOTEIVOREVT TIEPLOYT] BEPHOKPAGLAKIIG AELTOVPYLAG KAL TV GVGTAGT)
TOV KPALRNTOG TGOV XPIGHOTOI0DHEVOV AYDYDV.

Tomnog O/Z Kpapa Betikob aywyon Kpapa apvntikol aywnyoy
B 800-1700 C | 70%Pt30%Rh 94%Pt6%Rh

E 0-900 C | 90%Ni10%Cr 45%Ni55%Cu

J 0-750 C | Fe 45%Ni55%Cu

K 0-1200 C | 90%Ni10%Cr 95%Ni2%Mn2%Al11%Si
N 84.4%Ni14.2%Cr1.4%Si 95.5%Ni4.4%Si0.1%Mg
R 0-1450 C | 87%Pt13%Rh Pt

S 0-1450 C | 90%Pt10%Rh Pt

T 0-350 C | Cu 45%Ni55%Cu

O mponyovpevog miivakag 618el TV akp1Pr] cVOTHOT TWV KPAHAT®OV TOL BETIKOV KAl apvNTIKOL oy®yoL
ya tov ke tomno Beppolevyoug ov QaiveTal OTNV MPAOTH OTHAN.

INa tov k&Be TOMO Beppolevyong moL MPoSiypAPETAL Vo AEITOVPYEL O€ Vo OPLOPEVO BEPPOKPATIOKO
€0pOG TIOL PAiVETAL OTNV POTN OTNHAN, ideton N avtioTtoyn akpPng kaBopilopevn Kat SteBvag
TUTIOTIOUNHEVT] BEPHONAEKTPIKT] TAOT) CLVAPTIOEL TNG Beppokpaciag amod mivakeg ov eivat StaBEaipot
oV BifAoypaoia.

Evéeiktika ot mivakeg 2 kot 3 mov akoAovBovv napovaidlovy v BepponAekTpikn tdon Beppolevynmv
tonov J kot K oto Beppokpaciaxd evpog amo -200 €mg 1200 ko -200 €wg 1370 C avtiotoiyeg.



ITINAKAX 2
OepponAektpikn taon (pV) ywa Oeppolevyn tomov J
Tvpe J

°C 0 10 20 30 40 50 60 70 80 20 100

-200 -7890 -8095
-100 -4633 -5037 -5426 -5801 —-6159 -6500 -6821 -7123 -7403 -7659 -7890
0 0 -501 -995 -1482 -1961 -2431 -2893 -3344 -3786 -4215 -4633
0 0 507 1018 1537 2059 2585 3116 3650 4187 4726 5269
100 5269 5814 6360 6909 7459 8010 8562 9115 9669 10224 10779
200 10779 11334 11888 12445 13000 13555 14110 14665 15219 15773 16327
300 16327 16881 17434 17986 18538 19080 19642 20194 20745 21297 21848
400 21848 22400 22952 23504 24057 24610 25164 25720 26276 26834 27393
500 27393 27953 28516 29080 29647 30216 30788 31382 31939 32519 33102
600 33102 33689 34279 34873 36470 36071 36675 37284 37896 38512 39132
700 39\32 39755 40382 41012 41645 42281 42919 43559 44203 44848 45494
800 45494 46141 46786 47431 48074 48715 49353 49989 50622 51251 51877
900 51877 52500 53119 53735 54347 54956 55561 56164 56763 57360 57953
1000 57953 58545 59134 59721 60307 60890 61473 62054 62634 63214 63792
1100 63792 64370 64948 65525 66102 66679 67255 67831 68406 68980 69553

ITINAKAX 3
OepponAektpikn taor (pV) ywa Oeppolevyn tomov K
Type K
& 0 10 2 3 40 50 60 70 80 90 100

-200 -5891 -6035 -6158 -6262 -6344 -6404 -6441 -6458
-100 -3554 -3852 -4138 —4411 -4669 -4913 -5141 -5354 -5550 -5730 -5891
0 0 -39%2 -778 -1156 -1527 -1889 -2243 -2587 -2920 -3243 -3554
0 0 397 798 1203 1612 20283 2436 2851 3267 3682 4096
100 4096 4509 4920 5328 5735 6138 6540 6941 7340 7739 8138
200 8138 8539 8940 9343 9747 10153 10561 10971 11382 11795 12209
300 12209 12624 13040 13457 13874 14293 14713 15133 15554 15975 16397
400 16397 16820 17243 17667 18091 18516 18941 19366 19792 20218 20644
500 20644 21071 21497 21924 22350 22778 23203 23629 24055 24480 24905
600 24905 25330 25755 26179 26602 27025 27447 27869 28289 28710 29129
700 29129 29548 29965 30382 30798 31213 31628 32041 32453 32865 33275
800 33275 33685 34093 34501 34908 35313 35718 36121 36524 36925 37328
900 37326 37725 38124 38522 38918 39314 39708 40101 40494 40885 41276
1000 41276 41665 42053 42440 42826 43211 43595 43978 44359 44740 45119
1100 45119 45497 45873 46249 46623 46995 47367 47737 48105 48473 48838
1200 48838 49202 49585 49926 50286 50644 51000 51355 51708 52060 52410

1300 52410 52759 53106 53451 53795 54138 54479 54819




Z10 oxnpa 6 gaivetal CLUYKPLTIKA N AVATITUOCOHEVT BEPHONAEKTPIKT] TAOT) CLVAPTIOEL TNG
Beppokpaaciag yia toug ev prioel Tomovg Beppolevymv. Onwg gaivetal and Ti¢ HOPPEG TOV KAPTVAGY,
Y10 VO OXETIKA OTEVO €0POG BepOKPATIOV 1| €6APTNON TNG BEPPONAEKTPIKIG TAONG HE TNV
Beppokpaacia eivatl oxedov ypap Pk 0nwg npoAéneton and v oxéon (2).
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Zynpa 6. H avantuoodpevn BepponAekTpikn Téon ouvaptroel g Beppokpaaciag yio Stkpopoug
TOnovg Beppolevywv.

H evaeOnoia tov Oeppolevyoung sivar éva péyeBog mov kaBopidel v Tiurn Tov AGYoL NG S1QOPIKNIG

TIUNG NG AVaMTLOCOHEVNG BepponAekTpikng tdong dE(t) mpog Tiun ¢ S1aQOPIKTG HETABOANG

Beppokpaociag dt mov tnv pokaAel kKot opideton ano v akoAovbn oxéon,
dE

S=— 4

NAopBdavovtag vmdym ot ywx tg = 0 C 1 oxéon (2) yivetonr £ = a.t, 1 evoaioOnoia evog Beppolevyoug

mov ek@pdadleton oe (mV/C), didetan oav,

S=a (5)
KO QAVEPAOVEL TNV KALOT] TNG EKAOTOTE KAUTIVANG TNG AVAMTUGGOHEVNG BEpHONAEKTPIKIG TAOTG TOV

Beppolevyoug , OTMG PAIVETAL 0TO OYXNHX 6.

Ynapyovv Sta@peTika €16m B/, omou 1o Kabe eva gxel SLAPOPETIKA XAPAKTNPLOTIKX OE OKEOT] LLE TO
€VPOG HETPOVHEVOV BEPHOKPAOIWYV, AVOEKTIKOTNTA, TNV AVTIOTAOT O€ XNHIKN Stofpwaon Kat Tig
EQUpPHOYEG IOV amevBuVeETAL.

Ot turot JLK, T & E ewvan o1 Baoikot tumot B/Z
Ot turot R,S & B €wvat o1 evyevelg Tuomol o Xpnoiponolouvtal o€ VYMAeg BepoKpATIEG.



To peTAAAC IOV XPNOLHOTIOIOLVTAL YIX TNV KATAOKELT B/X glvanl AEUKOXPLOOG, XAAKOG, G10NPOG, Kot
Kpopota:

1) vikeAlov Kat Xpwpiov
2) AAoupviov-vikeAlov
3) NikeAov — xaAkov

Xapakmnpotika O/K

TMAeovektnuata: Mikpo peyefog, AKaploia amoKploT, HEYAAO eVpog BEPOKPACIOV AEITOLPYLAG, OTTAT
KOTOOKELT

Metovekmpata: XapnAn taon €£0600 Kot YEVIKA S€V €X0UV KAAT YPOUHIKOTNTX O HEYOAO EVPOG
Beppokpaocinv. Xpnolponolovvtal oTn Blopnxavia (povpvotl, KALBavoL) Kot GE LOTPIKEG EQAPHOYEG KOl
EPYNOTNPLX

Thermocouple grade wire is used to manufacture thermocouple probes. Thermocouple grade wire is
normally used for the junction and inside the stem sheath. This is because the thermocouple grade wire
has a accuracy specification than extension grade wire.

Extension grade wire is a less expensive, lower grade wire. It is used to extend from the thermocouple
probe to the control system or digital display.

Thermocouple Wire - Color Codes

A thermocouple can be identified by the color of its wire insulation. For example, in the United States a
type J thermocouple has one red wire and one white wire, typically with a brown over jacket. A type J
extension grade wire also has one red wire and one white wire, but it has a black over jacket. As a
general rule the_red wire of a thermocouple or extension wire is negative and the positive wire is

color coded according to the type of thermocouple. Different countries use different color codes.

Type K Thermocouple (Nickel-Chromium / Nickel-Alumel): The type K is the most common type of
thermocouple. It’s inexpensive, accurate, reliable, and has a wide temperature range.

Temperature Range:

Type K Themocouple Grade Wire Type K Extension Grade Wire

ey gt
|"K T



http://www.thermocoupleinfo.com/type-k-thermocouple.htm
http://www.thermocoupleinfo.com/type-k-thermocouple.htm

* Thermocouple grade wire, —454 to 2,300F (—270 to 1260C)
* Extension wire, 32 to 392F (0 to 200C)

Accuracy (whichever is greater):

e Standard: +/- 2.2C or +/- .75%
* Special Limits of Error: +/- 1.1C or 0.4%

Type J Thermocouple (Iron/Constantan): The type J is also very common. It has a smaller temperature

range and a shorter lifespan at higher temperatures than the Type K. It is equivalent to the Type K in
terms of expense and reliability.

Temperature Range:

* Thermocouple grade wire, -346 to 1,400F (-210 to 760C)
» Extension wire, 32 to 392F (0 to 200C)

Accuracy (whichever is greater):

e Standard: +/- 2.2C or +/- .75%
* Special Limits of Error: +/- 1.1C or 0.4%

Type T Thermocouple (Copper/Constantan): The Type T is a very stable thermocouple and is often

used in extremely low temperature applications such as cryogenics or ultra low freezers.

Temperature Range:

* Thermocouple grade wire, -454 to 700F (-270 to 370C)
* Extension wire, 32 to 392F (0 to 200C)


http://www.thermocoupleinfo.com/type-t-thermocouple.htm
http://www.thermocoupleinfo.com/type-j-thermocouple.htm
http://www.thermocoupleinfo.com/type-j-thermocouple.htm
http://www.thermocoupleinfo.com/type-t-thermocouple.htm

Accuracy (whichever is greater):

* Standard: +/- 1.0C or +/- .75%
* Special Limits of Error: +/- 0.5C or 0.4%

Type E Thermocouple (Nickel-Chromium/Constantan):

The Type E has a stronger signal & higher accuracy than the Type K or Type J at moderate temperature
ranges of 1,000F and lower.

Temperature Range:

Type E Extenzion Grade Wire

* Thermocouple grade wire, -454 to 1600F (-270 to 870C)
* Extension wire, 32 to 392F (0 to 200C)

Accuracy (whichever is greater):

» Standard: +/- 1.7C or +/- 0.5%
 Special Limits of Error: +/- 1.0C or 0.4%

Type N Thermocouple (Nicrosil / Nisil): The Type N shares the same accuracy and temperature limits
as the Type K. The type N is slightly more expensive.

Temperature Range:

Type N Extension Grade Wire

* Thermocouple grade wire, -454 to 2300F (-270 to 392C)
* Extension wire, 32 to 392F (0 to 200C)

Accuracy (whichever is greater):

 Standard: +/- 2.2C or +/- .75%
 Special Limits of Error: +/- 1.1C or 0.4%


http://www.thermocoupleinfo.com/type-n-thermocouple.htm
http://www.thermocoupleinfo.com/type-e-thermocouple.htm
http://www.thermocoupleinfo.com/type-e-thermocouple.htm
http://www.thermocoupleinfo.com/type-n-thermocouple.htm

NOBLE METAL THERMOCOUPLES (Type S,R, & B): (Evyevn O/X)

Noble Metal Thermocouples are selected for their ability to withstand extremely high temperatures
while maintaining their accuracy and lifespan. They are considerably more expensive than Base Metal
Thermocouples.

Type S Thermocouple (Platinum Rhodium - 10% / Platinum): The Type S is used in very high
temperature applications. It is commonly found in the BioTech and Pharmaceutical industries. It is

sometimes used in lower temperature applications because of its high accuracy and stability.

Temperature Range:

Type S Extenzion Grade Wire

* Thermocouple grade wire, -58 to 2700F (-50 to 1480C)
* Extension wire, 32 to 392F (0 to 200C)

Accuracy (whichever is greater):

* Standard: +/- 1.5C or +/- .25%
» Special Limits of Error: +/- 0.6C or 0.1%

Type R Thermocouple (Platinum Rhodium -13% / Platinum): The Type R is used in very high
temperature applications. It has a higher percentage of Rhodium than the Type S, which makes it more
expensive. The Type R is very similar to the Type S in terms of performance. It is sometimes used in
lower temperature applications because of its high accuracy and stability.

Temperature Range:

* Thermocouple grade wire, -58 to 2700F (-50 to 1480C)
* Extension wire, 32 to 392F (0 to 200C)

Accuracy (whichever is greater):

* Standard: +/- 1.5C or +/- .25%
* Special Limits of Error: +/- 0.6C or 0.1%


http://www.thermocoupleinfo.com/type-r-thermocouple.htm
http://www.thermocoupleinfo.com/type-s-thermocouple.htm
http://www.thermocoupleinfo.com/type-s-thermocouple.htm
http://www.thermocoupleinfo.com/type-r-thermocouple.htm

Type B Thermocouple (Platinum Rhodium — 30% / Platinum Rhodium — 6%): The Type B
thermocouple is used in extremely high temperature applications. It has the highest temperature limit of
all of the thermocouples listed above. It maintains a high level of accuracy and stability at very high
temperatures.

Temperature Range:

Type B Themocouple Grade Wire |  Type B Extension Grade Wire

* Thermocouple grade wire, 32 to 3100F (0 to 1700C)
* Extension wire, 32 to 212F (0 to 100C)

Accuracy (whichever is greater):

* Standard: +/- 0.5%
* Special Limits of Error: +/- 0.25%

AYXKHXH 1:

Epwmon: Metpnon 14.82 mV oe Beppolevyog tomov J pe Beppokpaocia avapopag ae 0°C. ITowa ewvon
N Beppokpaocia petpape?

Amnavtnon:

272 °C ---> 14.776

273 °C ---> 14.831

AV/AT = 0.055 --> AT = (14.82-14.776)/0.055 = 0.8 °C
Metpovpevn tipn: 272 + 0.8 = 272.8 °C

AYXKHXH 2:

Epwmon: Metpnon 3.444 mV oe Beppolevyog tomov J pe Beppokpacia avagpopag ae 25°C. TTowx evat
n Beppokpacia MOV PETPAE?

Anavtnon: H téon g Beppoxpaaciag avagopag atovg 25°C ewvon 1.277 mV. H petpovpevn Tipn
Tipemel va S1opBwbet:


http://www.thermocoupleinfo.com/type-b-thermocouple.htm
http://www.thermocoupleinfo.com/type-b-thermocouple.htm

1.277 + 3.444 = 4721 mV

Avt avuotoyel oge 89.907 °C
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