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For a large number of industrial operations the choice of tem-
perature control or monitoring instrumentation has been left to 
the last step in the process design. On replacement the choice is 

made to repeat the design that was in use or use the least expensive 
item available upon short notice.

 Some of the major design requirements that should be consid-
ered when specifying these thermocouples are:
 o The number and point locations that will be required.
o The operating temperature range including temperature excur-

sions.
o The operating conditions such as: Pressure, corrosion, safety, 

leakage.
o Consideration must be given as to where and how the multipoint 

will enter the process.
o Are the thermocouples going to be direct immersion into the 

process or installed into thermowells or pipe wells?
o How long a life is required for these thermocouples?
o Installation and replacement difficulty, safety, and cost.
o Temperature response time.
o Junction design and type, and is RF a concern.
o Thermocouple calibration and accuracy.
o Protection sheath material, length, and diameter.
o Thermocouple transition to lead wire and the exit from the proc-

ess.
o Lead wire length, size, flexibility, protection, and connection to 

instrumentation.
o Will these thermocouples be directly connected to the process 

instrumentation or to a transmitter?
o Traceability requirements, calibration requirements, and in proc-

ess calibration verification.
The most common designs available for multipoints include.

 

Type 1

Simple protection tubes with individual mineral insulated cable 
thermocouples inserted into the protection tube.
Advantage: Low cost and quick deliveries.
Disadvantages: Limited number of measuring point locations versus 
protection sheath diameter,  only suitable for low pressure applica-

tions, slow temperature response time to changes, small diameter 
thermocouple wires lead to shorter service life, limited lengths, not very 
bendable or formable. Bending should be done with a tubing bender 
and there will be a risk of measuring point location movement or failure.

 

Type 2

Compacted protection tube over individual mineral insulated cable 
thermocouples using a drawn design.
Advantages: Moderate cost and delivery times. Suitable for moder-
ate bending requirements, and pressure applications. Faster response 
time to temperature changes as the thermocouple junction is in con-
tact with or closer to the protection sheath. Increased wire diameter 
and life expectation over Type 1.
Disadvantages: Limited length availability, and as this design 
requires the use of a thin wall protection tube and is usually not an-
nealed after the protection tube diameter reduction step the corrosion 
resistance of the protection sheath may be reduced, and the bending 
radius is reduced. Bending radius should be limited to 10 times the 
protection tube diameter.

 

Type 3

Compacted protection tube over mineral insulated cable thermocou-
ples using a swaged design.
Advantages: Moderate cost and delivery times. As this design may 
use almost any protection tube wall thickness, and may be annealed 
after the protection tube reduction step, it may be ordered in a fully 
filled design. The protection tube has recovered its corrosion resist-
ance and formability. Bending radius may be as small as four times 
the protection sheath radius. As this design may be manufactured 
in a fully filled inside diameter the pressure rating is extremely high 
up to 60 000 pounds per square inch. Temperature response time is 
very rapid as the thermocouple junctions are in direct contact with 
the protection sheath. The thermocouple wire diameter is larger 
thereby increasing the life expectancy. A large range of designs and 
options is available.
 Disadvantage: Limited length availability.
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 Type 4

Thermocouple wires with com-
pacted MgO insulation sur-
rounding them with a protection 
sheath. Swaged design.

Advantages: High corrosion resistance and pressure use, large 
diameter wires for increased service life. 
Disadvantages: High cost and long delivery. Compaction of the MgO 
is limited, and the calibration results are done only on the bare thermo-
couple wires and not on the finished mineral insulated cable. Length, 
calibration type and protection sheath options are limited. Specific 
number of wires and protection sheath thicknesses are available.

 

Type 5

Pre-formed mineral insulated cable with milled and welded junctions.
Advantages: Almost any length of multipoint may be built, largest 
diameter thermocouple wires per protection sheath diameter avail-
able for maximum service life. Accurate calibration is done on the 
finished mineral insulated cable rather than the starting wire. High 
corrosion resistance as the protection sheath is fully annealed. Very 
accurate measuring point locations. 
Disadvantages: Long deliveries - but cost in between the Types 3 
and 4. Use in high pressure applications is limited unless an over 
sheath is used which limits available lengths. As this design uses 
a common return leg some designs of transmitters may not work.

 

Type 6

Exposed mineral insulated cable thermocouples with small diameter 
bundled mineral insulated cables. These designs consist of MI cable 
thermocouples grouped together without a protection sheath and 
may be banded, welded, or brazed together. 
Advantages: Low cost and quick deliveries. Quick response time to 
temperature changes in direct process insertion applications. Cali-
bration accuracy is high, limited only to the accuracy of the mineral 
insulated cable.  
Disadvantages: Minimal corrosion resistance as the MI cable protec-
tion sheath is the only barrier to corrosion. Insertion into the process 
may be difficult. Use is limited to lower temperature ranges as minimal 
protection is afforded by the loss of a protection sheath. There is a 
slow temperature change response time if the thermocouples are 
inserted into a pipe well.

 

Type 7

Exposed mineral insulated cable using large diameter increased wall 
thickness and maximised wire diameter mineral insulated cables. 
This design is usually installed in large vessels where thermocouple 
space is not a consideration, and multiple thermocouples are spaced 
throughout the vessel.
Advantages: Extremely long service life examples have been seen 
where 20 plus years of continuous use are possible with minimal 
corrosion and calibration accuracy still within original limits of error. 
Temperature change response time is rapid as thermocouples are 
located in the process.
Disadvantages: High cost and long delivery. Original design of the 
vessel should include use of this style of thermocouple. Retrofits are 

possible but more difficult. Installation requires the use of specially 
trained personnel. Not suitable where space is at a premium as the 
individual thermocouples are usually 8 to 6,35 mm in diameter.

 

Type 8

Flat strip spring-loaded multipoint thermocouples that are inserted 
into a pipe well. This design used to be more popular in the past but 
due to the large amount of space required it is less popular.
Advantage: Temperature measuring accuracy is high, limited only 
to the mineral insulated cable accuracy. 
Disadvantages: Very high cost and long delivery. Complicated 
design that uses spring pressure to keep thermocouple junctions in 
contact with a pipe well. Difficult installation and difficult shipping, 
bulky design requires a lot of space due to its design. Limited number 
of point locations available and lengths available.

 Another design consideration is the protection sheath alloy. A 
common choice is to match the multipoint protection sheath with the 
vessel material. If the vessel has been manufactured from a superior 
welding alloy like 321 SS (stainless steel) or 347 SS. The best choice 
is not necessarily the same alloys. The vessel wall may be much 
thicker to compensate for corrosion during the life of the vessel. In 
comparison the multipoint may require a much thinner wall thickness. 
So a better choice may be a more corrosion resistant alloy like 310 SS 
or Inconel 600. In some applications there has been a 500% decrease 
in corrosion with 310 SS over 304, 316, 321, or 347 SS. Also consider 
the multitude of designs listed earlier - some of them are available 
with much thicker protection sheaths, or that may be annealed after 
work hardening that will restore corrosion resistance.

 Another thing to consider is the insulation. The most common 
choice is MgO (magnesium oxide). But what purity is available and 
what is required. Small diameter mineral insulated cables of 1,6 mm 
and smaller should only use high purity MgO of 99,4% minimum to 
achieve the best insulation resistance possible due to the thin insula-
tion layer. The same holds true for larger diameter cables when they 
are used at the higher operating temperatures to compensate for the 
drop in resistance at higher temperatures.

  Conclusion

As can be seen from these examples there is a multitude of options 
available. Careful consideration should be taken when choosing your 
temperature measuring instrumentation. As a general rule, bigger 
conductor diameters will give longer service life when compared to 
the same calibration. But some calibrations will give longer service 
life under some conditions. After evaluating these questions that you 
may not have been aware of it is hoped that your choice of multipoint 
thermocouples will be made easier and more profitable. 
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