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ABSTRACT 
Meawiirpg oltemnpmim in furnaces has been a probienr in many research instifutes 
and universiiies. l 3 e  objective of this research is ro produce a device capable of 
nteasuring Ienlpratures in the range of400 lo IOOU'C. TIris research is orr the desigi 
qf a ~ype J or irott-corrsfanta~i ihrrn~ocorpIc. Corrs~mtan is an ulloy havittg n 
composilion of 60% copper ur~d 40% nickel, A type J thernrocouple rktm ntade by 
twisting iron lead wire and consfantan feud wire. A perforntnnce evalimntion carried out 
showed that the rnemurefitews were reliable d 95% cot$det~re {level for tenrperatures 
lp lo Imc .  
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INTRODUCTION 
Measuremaent of mechanical. thermal, electrical, and chemical quantities are made by devices called 
sensors and transducers. Thc sensor is responsive to changes in the quantity to be measured e..g. 
tern peratw, position, systolic b l d  pressure or chemica t concentration. The transducer converts such 
measureomit into electrical signats. which tlsualfy sunpiified can be fed into instruments for the readout, 
recording or control of the measured quantities. Sensors and transducers can operate at locations remote 
from the observer and in environment unsuitable or impractical for humans.lt has been stated that by virtue 
of thermocouple operation of traducing thermal energy into etectriwl, it is used widely in temperature 
measurement and control [Baker et a!., f953JKnowledge of operating temperature i s  so essential in 
industries and small scale laboratories. This explains the relevance of ternperatuare measuring devices of 
which thermocouple enjoys the widest application. This i s  because of i ts small size lightweight. long life. 
reliability a ~ ~ d  its relatively large range of tlsehtl~~ess. 111 il~dustries, a close n i o ~ ~ i l o r i ~ ~ g  of temperatures ol' 
operations or reactions is required, oFten times leading to control action, In  the home, the thermocouple 
finds application in the heatinglcooling system. On the sea. the thermocouple can prove very useful in 
sensing equipment temperatuares. Thermoelectric effects result from energy conversion from one form to 
the other. According to turner a transducer is a device which conve& energy from one form to the other 
[Bradley et at.. 1988). He classified tral~ducers into two categories viz. output tranducers and input 
tranducers. Output tmnducers or actuators convert electrica!, pneuniatic or hydraulic energy in to mechanical 
force. Input tranducers or sensors convert state parameters sucl~ as temperature, pressure, force, magnetic 
field strength etc, into {usually) electrical energy, since this i s  generally the most c6nvinient form for 
ineasurernent or signal processing. Thermocouple is  an esample of an input tranducer. The objective of this 
study is to design and construct a therrnocoupie capable o f  nieasuring higher temperataures normally 
encounted in research furnaces. Standards have bcen defined for some special base metal thermocouples. 
The letter designations were originally used by the ir~strument society of anierica and have now gaittcd 
world wide acceptance [Dally, et a!.. 19841. Table t highlights the eight standard base metal thermcouplu 
types and their composition. 
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Tabltl: Letter designation and composition for standartlized lhermocouples 
firrmocwplc ~>pc 
dcsigna~ion 

B 
J 
K 
E 
N 
I< .. 
S 

-- T 
Irun-Constantnn characteristics 
Cwistanlatl i s  an alloy having n composition of 30% coppur and JOP! nickel. I t  i s  estensively used 
n~ahing aatldard electrical resistors. It hiis an crlec8-La1 ressistib it! of  48 a l lln O~IIII-CIII units ill O°C. 

Thermocuuplc 
Positive \\ire 
Platinunl with 3IPe Khdiuni 
Imn 
Nickti-chromium al lq ( c l ~ r u w l ~  
Nickl-chromium all* (nlumcl) 
. Nicmsil 
f lruin~rn~ uilh 13On RhoJiur~~ 
Plntinum with IUPo Rhudium 
Coppcr 

~raterialu 
Negative n iw  
Platinum H ith 690 Rhdium 
Cupper-Nickel a l lq  lalumcl) 
Nickvl-aluminium itlluy (alu~ncl) 
Copper-nickel allo! tconsianlan) 
Nisil 
I'lr~ti~~uni 
Platinum 
Cupwr-nichcl allcl! t uor~slit~~tr~~~anl 
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temperature coefficient uf resisuncr: is very lo\\: v a ~ i n p  between *0.00000J"C at rootn lenlpcrnt nre. 
specific gravity is 8.9 [Avnctr. 19741. The thennoclcctric power of irou as compared la olher ~nelals i 
usefulty exploited in tclnperalllre n~easuremcnt [Tun~tr. 1 9801. 

"1 
~\latcrials and !rclhads. 
1-11c marerials used for the production tiere iron lead \r ire. constanran lead wire. insulators for lead \\ires 
prolccti\ e tuhe or ~va l l  and welding elenlent. A base metal thtrmocouple is  any of ~hr l  ~nelnls foulld at 1114 

lo\ver pan of the e!ectrocheni ical series, such as copper. lead. zinc and tin. They are the direcr ~rpposite o f  
the noble metals such as gold and silver [Pollock, 1991) Suitable lengths of the nvo \\ires were cut. The 
ends were carefully twisted together for about three turns and welded together (see Plate 1 ). The two wire$ 
were insulared such that only rhe junction'is heated. 

Plate 1 : Iron-constantan thermocouple 

Tests 
l l i e  tests were conducted at reference temperatures of Oo, 29' and 3 1°C. 0°C was obtained by immersing the 
co Id junction in a jar of ice ivh i le reference temperatures of 29°C and 3 1 "C were obtained over an extended 
period. A standard rheni~ocouple was cont~ected to the digiml "Eurotherm" control ter of the oven. The 
conrroller was ser to a cutout temperature of 1000%. The constructed thern~owuple was inserted in19 the 
oven and the readings were taken over intervals of 50°C. 
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Statistical test 
Ar~slvsis o f  varia~ice ANOVA tool in Microsaft Escel ibas used for this anqlysis. The test results for the , 
thrre reference temperatures uerc an;itvsed and tltc rest~slts art. shown ill tlic table 5 belau. 

Table 4: Resultant reading and expected reading at 31*C reference temperatut-e 
Expected reading (m V) 

1.588 
2.585 

Temperature OC I Resultant reading rnV 
3 I 
50 

1.588 
2.479 
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slunmw I f I 
Gmups 1 C o w  Sum A v w  V h  1 
RESULTANT R W I N G  1 21 591.187 21.15176 3Z4.1301 1 1 

RESULTS AND DISCUSSION 
Performance evaluation showed that the constructed thermacoup!e functions as expectad within a reasonable 
limit of emr.  The basis for c o m p ~ s o n  is the standard for type J thermocouple ofthe International Meal 
Temperatw~ Scale of 1968 (IPTS 68). 

CONCLUSION 
A thermocouple has been constructed using locally available raw materials. Its design is mbun and the 
performance depends only on choice of material. From the tests, we conclude that the pcr famsn~e 
conforms to standard. It is faithful and rnainlenance free. Tie J type thermocouple so desc~bed may & 
produced in research fac i l  itier to enhance the rneasusi~lg of temperature acclimiely up to 1 OOO°C. - 
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