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Thermocouple Wire

MINIMIZING SENSOR ERRORS AND UNNECESSARY
VALIDATION STUDY RE-RUNS

ANSWERING THE UNEXPLAINED FAILURE
Have you ever experienced a failed validation run and
couldn’t explain why? One run passes its criteria with

the next run producing bad results. Does the culprit lie in
the process or the validation equipment or the sensors?
The problem may well be a combination of material and
environment.

Before starting the study, you calibrated the thermocou-
ples. After the study, you verify that the thermocouples
were still within limits. Yet, the study produced results that
didn’t meet your acceptance criteria. What went wrong?

It may be that one or more of your thermocouples had been
damaged. During normal use, thermocouples are subject

to significant abuse. They are dropped, wound up, tied,
stepped on, and rolled over. Eventually they get damaged.

Repeated bending of a wire at a single point or slamming

in autoclave doors are typical causes of sensor damage.
Overstressing the wire in this way is called cold working. But
damage alone does not affect measurement results.

An error is introduced when the damaged section of wire

is subject to a temperature gradient such as occurs at the
wall of an autoclave. You’re not aware of these errors at
calibration time because there is no temperature gradient.
Contrary to popular belief, not all errors are corrected during
sensor calibration.



TYPE T THERMOCOUPLE

Autoclave 121°C

30°C >

Copper

Constantan

Temperature gradient of 91°C between the inside wall and
the outside.

Potential errors exist at the gradient

When the damaged (stressed) portion of a thermocouple
wire is used in a large temperature gradient, your validation
data will have errors. How much error is determined by the
manufactured quality of the wire.

WHICH COSTS MORE: MATERIAL OR TIME?
While quality wire does cost more, the cost of unneces-
sarily repeating a single validation study far exceeds the
price of the wire (time, lost productivity, equipment down-
time). Without understanding the effects of cold working,
you could lose a validation study and not know why. And
the risk of it happening again is still present. This could
explain why many companies discard their wire after only
a few studies. In any case, specifying high-purity wire and
handling your sensors more carefully is always a good
practice, and will result in more accurate process mea-
surement.

MINIMIZING THE RISK OF DAMAGE

Using stranded wire will reduce the likelihood of cold
working over that of solid core wire. Thermocouple dura-
bility improves as the number of strands increase and the
strand diameter decreases.

MINIMIZING A SOURCE OF ERROR
Thermocouple accuracy is directly related to the purity
and homogeneity of the metals used. Accuracy varies
widely among the different grades: standard, premium,
and ultra premium. The higher the wire purity, the lower
the potential error if stressed. While cold working of any

thermocouple can produce errors, the error from stranded,

high-purity wire is significantly less than experienced with
solid wire.

QUALITY ASSURANCE

Kaye thermocouple wire is manufactured with the highest
purity and uniformity available to the industry. Quality
control and testing of every wire spool and thermocouple
probe ensures consistent measurement results. Each
spool of wire includes a Certificate of Conformance —
your guarantee that it meets the accuracy specifications
listed. Each Thermocouple is leakage vacuum tested.

DETERMINING YOUR

THERMOCOUPLE WIRE QUALITY

To ensure your measurements are as accurate as possible,
we encourage you to benchmark the wire you presently
use against a Kaye ultra-premium grade wire. Here are
three ways to do this.

Compare the quality and purity of two uncalibrated
thermocouples:

- Attach a sample of Kaye ultra-premium wire to one
channel of your Validator® system (set to type T
thermocouple and 0.01°C resolution).

- Attach a length of wire you presently use to a second
channel of your Validator system.

- Set your temperature reference to a known value such
as 121°C.

+ Place the measuring tip of both uncalibrated
thermocouples into your temperature reference.

- Place a temperature standard in the temperature
reference.

- Wait for all sensors to stabilize. On your validation
system, read the difference between each thermocouple
and the temperature standard.

COMPARE THE IMPACT OF DAMAGE

BY COLD WORKING
- With the sensors still attached to the instrument, stress
a section of each wire either by repeated bending or
smashing it with a hammer.

- Produce a temperature gradient using a heat gun over the
stressed area.

- Do this for both sensors, noting any change in instrument
readings.

COMPARE THEIR WORKABILITY

- Flex, bend and coil each wire, noting how easily the wire
distorts or resists returning to its original shape without
damage.



TIPS TO MINIMIZE ERRORS FROM
THERMOCOUPLES

Use type T thermocouples — Type T thermocouples are
the most accurate in the temperature range of -200°C to
400°C, providing more accurate, repeatable results in the
validation environment.

Calibrate sensors before your validation studies. This will
eliminate any hot junction conformity errors. Then verify
them after the study is complete.

Use one continuous wire length — no connectors or
extension wire.

Use the highest quality wire available - high purity wire
is less prone to errors from temperature gradients that
exist in the validation test (but are not present in sensor
calibration).

Use stranded wire rather than solid wire to minimize
material degradation errors due to cold working.



THERMOCOUPLE WIRE SPECIFICATIONS

KAYE TEFLON®
Wire grade Ultra-Premium Ultra-Premium Auto-Bond Ultra-Premium Auto-Bond Ultra-Premium
Model 3-Strand 7-Strand 7-Strand (AL) 7-Strand (AS)
K0258 K0255 K0259 K0263
Gauge 27 AWG 22 AWG 22 AWG 26 AWG

EXAMPLE OF CONFIGURED THERMOCOUPLE (40FEET/12M) LABELED

3ST1WY-40 7STIWY-40 AL-7ST1WY-40 AS-7STIWY-40
ACCURACY
@121°C +0.3°C +0.25°C +0.25°C +0.25°C
APPROXIMATE SIZE
Size © 0.042” (1.07 mm) 0.095” (2.41 mm) 0.095” (2.41 mm) 0.042” (1.07 mm)
size () 0.074” (1.88 mm) 0.120” (3.03 mm) 0.120” (3.03 mm) 0.074” (1.88 mm)

MAXIMUM VARIATION WITHIN GROUP FOR ALL WIRE

@ 40°C + 0.05°C maximum;

+ 0.03°C typical

+ 0.05°C maximum;
+ 0.03°C typical

+ 0.05°C maximum;
+ 0.03°C typical

+ 0.05°C maximum;
+ 0.03°C typical

@ 121°C + 0.1°C maximum;

+ 0.05°C typical

+ 0.1°C maximum;
+ 0.05°C typical

+ 0.1°C maximum;
+ 0.05°C typical

+ 0.1°C maximum;
+ 0.05°C typical

Kaye representative contact:
www.kayeinstruments.com/en/contact

Request a demo:
www.kayeinstruments.com/en/demo

USA/AMERICAS

Amphenol Thermometrics, Inc.

967 Windfall Road

St. Marys, PA 156857

T: +1(814) 834-9140

F: +1(814) 781-7969

Email: kaye-us@amphenol-sensors.com

EUROPE, MIDDLE EAST, AFRICA AND ASIA
Amphenol Advanced Sensors Germany GmbH
Sinsheimer Strasse 6

D-75179 Pforzheim

T: +49 (0) 7231-14 3350

F: +49 (0) 7231-14335 29

Email: kaye@amphenol-sensors.com
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INDIA

Amphenol Interconnect India Pvt Ltd.

Plot no. 6, Survey No.64 | Software Units layout
MAHAVEER TECHNO PARK

Hitech City, Madhapur | Hyderabad,

Telangana — 500081 | T: +91 40 33147100
Email: kaye-india@amphenol-sensors.com

CHINA

Amphenol (Changzhou) Connector
Systems Co., Ltd, Building 10,

Jintong Industrial Park, No. 8 Xihu Road,
Wujin High-Tech Development Zone,
Changzhou, Jiangsu 213164

T: 0086-519-83055197

Warranty and disclaimer: The information mentioned on documents are based on our current tests, knowledge and experience. Because of

the effect of possible influences in an application of the product, they do not exempt the user from their own tests, checks and trials. A guarantee of
certain properties or a guarantee for the proper suitability of the product for a specific, especially permanent application can not be derived from our
data. Liability is therefore excluded to that extent permitted by law. Any proprietary rights of third parties as well as existing laws and regulations must

be observed by the recipient of the product on his own responsibility.
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