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Welcome to the webinar on

"Temperature compensation of strain gauges"

The presentation starts at 15.00 CET

e

stress analysis

...the experience counts
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All participants' microphones are muted during the webinar.

Please do not forget to activate your PC speakers to enable audio
or connect headphones to your PC.

Please use the 'Questions and answers' window, if you have any
guestions. We will answer questions at the end of the presentation.

We will emalil the presentation to you after the webinar.

The webinar is recorded and will soon be made available on our
website.
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= Jens Boersch
International Product Management T&M
HBM Test and Measurement

= Diploma in Business Administration and Engineering

= 15 years of experience in test and measurement P

Jens Boersch

* Product Manager for electrical strain gauges

International Product Management T&M
HBM Test & Measurement

Phone: +49 6151 803243
Email: jens.boersch@hbm.com
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The influence of temperature
- Overview of temperature-dependent influence quantities
- Description of the individual influence quantities

Compensation

- Temperature-compensated strain gauge (SG)
- Compensation through calculation

- Wheatstone bridge (half- and full-bridge circuit)
- Multiple-wire technology

- Carrier-frequency technology

Strain gauges for higher temperature ranges
- Strain gauge series
- Adhesives

Conclusions, additional information and Q&A }’

stress analysis

... the experience counts



Overview of temperature-dependent influence quantities

Temperature-dependent influences on strain gauge measurements
(measurements in experimental stress analysis)

. Material strain (apparent strain)
. Cable resistance

. Temperature coefficient of the gauge factor

. Temperature dependence of the modulus of elasticity
. Self-heating of the strain gauge (excitation voltage)
. Climate/relative humidity

. Creep of the adhesive (exceeding of temperature limits)

© HBM
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Temperature-dependent influence quantities: Material strain

L

© HBM

Material strain

Material expands as a result of increasing temperature.

This is described by the material's expansion coefficient a (alpha)
(material dependent - e.g. steel ~11 ppm/K [11 um/m / °C])

- Measurement of apparent strain (strain without load)

T

v, - | V,+AV

Change in volume

AV = a sV oA T

=>» Use of temperature-compensated SG and/or adequate SG circuits

(see section 2)




Temperature-dependent influence quantities: Cable resistance =TETY,

Cable influence

The cable resistance is added to the SG resistance and thus influences the
measurement®.

Apart from the resulting zero drift and reduction of the effective gauge factor, the
cable resistance is temperature dependent.

- Measured value depends on cable temperature

R cable

Rcable B f(T)

R cable

= Use multiple-wire technology

(see section 2)

© HBM

*When 2-wire circuit is being used
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Temperature-dependent influence quantities: Temp. coeff. of k

HBM

Temperature dependence of the gauge factor

The gauge factor is a key strain gauge property. It describes the relationship
between the strain and the relative change of resistance.

The gauge factor is temperature dependent
- Temperature coefficient of the gauge factor

Typical value: 0.01%/K (i.e. 110-4/K)

=> Is relatively small - usually ignored.

Could be compensated through calculation (when measuring temperature)




Temperature-dependent influence quantities: Temp. depend. of E

H

Temperature dependence of the modulus of elasticity

Modulus of elasticity is a material-dependent property of the measuring body.
It is the ratio of measured strain to mechanical stress.

The modulus of elasticity is temperature dependent.

o=¢"FE (WithE=f(T))

Typical value for steel T, = -2%/K (i.e. -2¢10-4/K)

=> |s typically ignored in experimental stress analysis.

With high-precision transducers (that can be calibrated), compensation through
temperature-dependent nickel elements in the bridge.

© HBM




Temperature-dependent influence quantities: Self-heating of SG
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Self-heating of the strain gauge

The excitation voltage causes self-heating of the strain gauge compared to the
measuring body.

Dissipation of the thermal output to the measuring body depends on its thermal
conductivity (A).

With measuring bodies that are poor conductors, there may be a temperature
difference between the measuring body and the strain gauge.

This disrupts the functioning of a temperature-compensated SG.

AT
Umax=\/R-A-7\-?

= Observe maximum excitation voltage



Temperature-dependent influence gquantities: Climate & adhesive

HBM

© HBM

Climate/relative humidity

Insufficient measuring point protection may result in a zero drift depending on
the relative humidity.

This is due to the fact that the adhesive and the SG carrier material attract and
hold water molecules (hygroscopy).

=» Thoroughly cover the measuring point

Creep of the adhesive

Adhesives soften as a result of increasing temperature and can no longer
transfer the strain in full.

Comparable to a decreasing gauge factor

=>» Observe the temperature limits of the adhesives used
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® Compensation
- Temperature-compensated strain gauge (SG)
- Compensation through calculation
- Wheatstone bridge (half- and full-bridge circuit)
- Multiple-wire technology
- Carrier-frequency technology
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Temperature compensation: Temperature-compensated SG

HBM

© HBM

Temperature-compensated SG

The temperature response of strain gauges is matched such that they
compensate for the apparent strain (measuring body expansion resulting from
temperature).

= SG (temperature response matching) in line with the measuring body material

Material (examples) a (-10°%/°K)

1 Ferritic steel 10.8
3 Aluminum 23
5 Austenitic steel 16
6 Quartz glass/composite 0.5
7 Titanium/gray cast iron 9.0
8 Plastic 65
9 Molybdenum 5.4



Temperature compensation: Limitations temp.-compensated SG =TETY,
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Limitations of the temperature-compensated strain gauge (SG)

The better part of the apparent strain is compensated for by selecting the right
SG for each material; however, a residual error remains (non-linear proportion).

i i

> This error is determined | /if/”“*\;
during production and is . @ /”' . . K"“‘*-\\\
specified in the data sheet sl : : )
(representation as ol : !
polynomial and in a graph). ol | |
Optimization for typical 71‘500;55%1‘7;—,' e, e el (A B
temperature range rro

€s(T) = -7.45+0.86 * T -2.48E-02 * T2 +4.71E-05 * T° £ (T-20) * 0.60 [um/m]

=> In the event of large temperature variations during measurement, the
temperature can be measured in parallel and the residual error

compensated for by calculation
(DAQ software, e.g. catman® provides the corresponding functions)




Temperature compensation: Compensation through calculation =TETY,
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Compensation through calculation

Apart from the residual error, other errors of a strain gauge without/with
insufficient temperature response matching or other minor errors can be
compensated for through calculation (e.g. temperature dependence of the
gauge factor).

For this purpose, the temperature is measured in parallel and the measured
strain corrected by online or post-process calculation of a channel.

Temperature gradients need to be taken into account (if necessary, several
measurement points need to be allowed for temperature)

L f(s,T) T e




Temperature compensation: Wheatstone bridge (half/full bridge) #1
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Principle of the Wheatstone bridge, in general

The Wheatstone bridge converts minimal changes in resistance into a voltage
that can be measured.

The 4 resistors can be replaced with one, two or four SG
(quarter, half or full bridge)

—_— ( 1o 2 + 3 4)
o in Rl RZ R3 R4
=5
S
=2 Al AR -
o = — _—= E
> = 1 ~> AR~Al~e R
e
IS
£ U k
) out — . - —
2 = 2 (& &+ & &)
_'§| in
m

=» The different signs of the individual
~ Outputvoltage Uy, bridge arms are incorporated into result

\
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(i.e. possibility of compensation)




Temperature compensation: Wheatstone bridge (half/full bridge) #2
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Temperature compensation (example of a bending beam)

When a load is applied to a bending beam, elongation (+) occurs on one side
and shortening (-) on the other side.

Correctly wired in a Wheatstone bridge circuit, you get the dual signal.

Strain resulting from an increase in temperature has the same sign for both
strain gauges. They eliminate one another in the Wheatstone bridge.

Bending load
F

Strain (bending load):

SG1: +
SG 2: -

ATV SG1 2 Doubling

/' SG?2 Elongation due to
increased temperature:

J _ l SG1:+
U k SG2: +
il — = (81 = 82) . . .
U. 4 = Elimination




Temperature compensation: Multiple-wire technology HBM
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Multiple-wire technology

The effect of the cable resistance can be largely compensated for through the
use of a three wire circuit, provided that the supply leads are connected to
different arms of the Wheatstone bridge by an additional third lead.

st
1 RCable

Input with high resistance
(middle between Re e
and sense lead)

'y

Wi

¥

=> Apart from the influence of unbalanced cables and temperature gradients,
the effects are compensated for through the use of the three wire circuit.

Furthermore, the four wire circuit®) can be used, which compensates for all

cable influences.
* Circuit patented by HBM



Temperature compensation: Carrier-frequency amplifier
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Thermoelectric voltages

The thermoelectric effect causes a temperature-dependent
voltage where different materials are joined.

This effect is used in thermocouples.

Effects on SG measurement system (SG + amplifier)
(temperature-dependent zero error)

Carrier-frequency amplifier

Thermoelectric voltages can be largely compensated for
through the use of a carrier-frequency amplifier.

Here, in most cases, the excitation voltage is sinusoidal and,
as a result, the measurement signal is modulated onto a
periodic signal.

It is digitally demodulated after a low-pass filter such that the
guasi-static thermoelectric voltages are compensated for on
the path to the measuring amplifier.

100 %

qu
0

k

kf»

1: Thermoelectric voltages

2: 50 Hz hum
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- Strain gauge series
- Adhesives
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Strain gauges for higher temperature ranges: Strain gauge series
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Y series
M series
C series
G series
Pre-wired SG
V series

Temperature limits of foil strain gauges

The temperature range of foil strain gauges is limited depending on the
materials used.

The maximum is about 300°C to 400°C.

In addition, strain gauges for high temperatures based on other principles are
available.

Temperature limits of HBM SG series:

200°C
300°C
250°C
200°C
150°C
105°C

H



Strain gauges for higher temperature ranges: Adhesives Ty

Temperature limits of adhesives

When an adhesive softens as a result of an increase in temperature, strain is no
longer transmitted in full. An adhesive for SG must be very brittle.

For this reason, it is essential to observe the temperature limits of adhesives.

Temperature limits of adhesives from HBM:

A distinction is made between cold-curing and hot-curing adhesives

depending on whether the adhesive cures at ambient temperature or whether
an oven is required.

Hot-curing: Cold-curing:
= EP310S 310°C = 770 120°C
= EP150 150°C = X60 80°C

= X280 280°C

© HBM
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Conclusions
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Conclusions ﬂ“\
» Different temperature-dependent influence quantities affect measurements
using electrical strain gauges
» When variations in temperature have to be expected during the measurement,
the following two influence quantities should be compensated for at least:
e Apparent strain (material strain)
e Cable resistance (absolute [zero point] & temperature dependence)
» Other influence gquantities are ignored or compensated for through calculation
» Suitable compensation measures:
e Temperature-compensated SG
e Half or full bridge circuit
e 3- or 4-wire circuit
» Choose suitable SG series and adhesives for higher temperature ranges.



Additional information
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www.hbm.com/strain
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Strain Gauges & Accessories for Strain Measurement

Our range of strain gauges comprises of an extensive assortment for the most widely differing strain measurement applications - from experimental
stress analysis, durability testing through transducer manufacturing

We have optical strain gauges too! Optical sensors based on Fiber Bragg technology (FBG) are a reliable and safe solution for high-precision
measurements even under difficult and harsh environments. For more information on our optical strain gauges, click here.

If you can't find the right strain gauge for your unique application, we will work with your design team to customize a strain gauge that will meet your
specifications. Our custom sensor team will design and develop your strain gauge and sensor from the design phase all the way to the finished
product. For more information on our custom sensors, click here.

Additionally, HBM offers all the necessary accessories and components for the installation of your strain gauge.

Find the equivalent strain gauge Strain gauge catalog HBM's reference book
Enter strain gauge part numbers Download the strain gauge [BE Download our reference
from other manufacturers and o catalog (PDF) book: An Introduction to
immediately find the HEM = Measurements using
equivalent. Strain Gauges.

Strain Gauges & Accessories Overview

Related content

I
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Additional information HBM

www.hbm.com/en/3179/tips-and-tricks-experimental-stress-analysis/

Strain Measurement Tips & Tricks

r .- - The reference book on experimental stress

— analysss using strain gauges
Get a complete overview of the topic of "An Introduction 1o Stress Analysis and
Transducer Design using Strain Gauges - in Karl Hofmann's 250-page reference
book.
=

" Click here 1o download this free o

i Strain Measurement Videos
What is Experimental Stress Analysis?
Determining and identifying stress in material: This is done using e ]
experimental stress analysis Strain gauges are the principal measuring In this video from HEM Test and Measurement, you find 10 tips for
instrument used in This context. making strain gauge installation faster.

10 Tips for Faster Strain Gauge Installation

Here you will find a short introduction to experimental stress analysis

Our tip: HBM Academy seminars

HBM Academy seminars and workshops are available where you will N , .,
learn how to install strain gauges - step by step, by our highly-skilled Strain Measurement Articles

trainers. Tips for experimental stress

Click here to view seminar dates analysis

Our series of articles addresses possible
sources of error when strain gauges are used in
experimental stress analysis and shows how 1o
successfully assess measurement uncertainty
& Practical Hints for the Installztion of Strain Gauges akrady in the desion. stage.

= Applying the Wheatstone Bridge Circuit

Two how-to guides on strain gauges available

Download now:

Please enter your email address

If you already have an account with HBM.com, fog in here using your
email address to get unlimited access to HBM's complete technical
documentation

Your email address :| Email

Register Mow!

Typical Strain Measurement Products from HBM

© HBM
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Additional information — Webinars

www.hbm.com/webinars
HBM webinars

Upcoming Webinars What you need to know about our webinars

Temperature Compensation of Strain Gauges - March 2, 2016 = What is a webinar?

The word webinar is a combination of web and seminar: A webinar,
as the name implies, is an online seminar, presentation, course or -
in some cases - discussion, that aims at teaching the attendees
something about the webinar topic.

How to Accurately and Quickly Perform Electric Motor and Drive
Efficiency Mapping - March 29, 2016

Advanced Aircraft Electrical System Testing - April 19, 2016

How can | attend one of the HBM webinars?

Choose a webinar from the list. Click on the title to be directed to a
subpage with information on the event and a registration button or
directly to the registration page in our online webinar center, called
WebEx. Follow the instructions to register for the webinar.

Which hardware do | need to attend a webinar?
You need a computer with an internet connection and speakers or a
headset to listen to the presentation.

‘What happens if | have technical problems during the webinar?
Mo problem: During the webinar, you can address the presenter or
the moderator via the Q&A feature. Your problem will be solved
instantly.

Can | ask questions during the webinar?
You can use the Q&A feature to ask questions, which will be
answered after the presentation.

How long are HEM webinars?
Usually, webinars take about an hour, including questions.

Do | need to pay for HEM webinars?
Mo, all our webinars are free.

What if | register, but miss the webinar?

If you cannot attend the webinar, you usually get the chance to
watch a recording of the webinar on HBM.com a few days later. If
you're registered, you will also receive an email with more
information after the webinar.

Recorded Webinars

I
<

© HBM

HBM: public

Data Acquisition
» Selecting The Right Filter for Your

Experimental Stress Analysis
» Selecting the Right Strain Gauge, Adhesive

Torgue Measurement

» [Integraticn of Torgue Sensors into

Application and Covering Automation Environments using TIM-EC
= Selecting the right amplifier for your » Structural health menitoring of wind
application turbines Optical Measurement

« Measurement Cables and Shielding
« Enhancements to the Genesis HighSpeed
Family
Weighing Technology

« Advantages of digital weighing technology

« Residual stress measurements by hole
drilling in accordance with ASTM
EB372013

eDrive Testing

= Dynamic Testing and Analysis of Inverters,

Electric Motors and Generators Beyond
the Typical Power Analyzer

» [nnovative Optical Measurement
Technology

» Optical Fiber Sensors Unveiled - How
These Sensors Will Fulfill your Application
Needs (US)



Any questions?

We look forward to your email: emarketing@hbm.com

» Or email the presenter directly: jens.boersch@hbm.com

© HBM

» If you have any gquestions, please do not hesitate to contact us.
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mailto:emarketing@hbm.com
mailto:jens.boersch@hbm.com

H

Jens Boersch

International Product Marketing T&M
Tel. +49 6151 / 803 - 243
jens.boersch@hbm.com

measure and predict with confidence
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