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Intro

This TECH NOTE explains some basics around structural analysis and testing and puts its
focus on the overall measurement chain. It also represents a tutorial using a double
bending beam demo where two weights with springs can be used to stimulate harmonic
load and thus strain in the overall steal construction. This demo unit from HBM has been
designed for training purposes in the field of strain related measurement and analysis. It
shall demonstrate the HBM measurement chain in a simple way - starting with strain
gauges used in a Wheatstone bridge, the instrument or amplifier converting analog to
digital data and the software for physical data visualization, online calculation, data
storage, post-process analysis and finally report generation.

Keywords: Fatigue, durability testing, life-time, experimental stress analysis (ESA), structural testing, static load test,
strain gauge, data acquisition, noise reduction, alarm, long-term stability, QuantumX, catman, FEM, CAE, nCode
DesignLife, GlyphWorks.

Main Focus of this TUTORIAL

This demo is focussing on the following topics:
e Description of the engineering and testing disciplines
e Sensors for mainly strain and temperature measurement
e Instrument / data acquisition: Wheatstone Bridge
Setting up the measurement chain and operating some tests
0 Parameterizing inputs
0 Online calculation (temperature compensation, strain gauge rosettes, counters, algebra, others)
0 Starting, stopping and storing data — the DAQ job
0 Visualization and analysis
0 Report generation
e Service Tasks
0 Shunt calibration

Parts of the Demo

The bending beam demo consists of the following parts:

e Demo case

0 bending beam and space for up to two QuantumX modules including cable and adapters
(modules are not part of the demo)

e Bending Beam Demo
0 Two weights (load) hanging on springs on a steel based bending beam in boomerang shape
0 2 strain gauge rosettes applied closed to the most interesting analysis spots
0 2 strain gauge based temperature transducers applied
0 Sub D 15 pin female socket

e QuantumX MX1615B strain gauge bridge module
0 16 channels strain gauge full, half or quarter bridge, PT100 or voltage
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The Demo

SG rosette

Pictures: Setting up the demo
Hint: Sensor wires just need to be pushed in to the connectors of MX1615B. Just leave the plug in the socket of the
device for a quick and easy installation. Another approach for in-field use is a self-made tool pushing down every pin.
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Classification of Tests

For this tutorial we use a “double bending beam” as demo. It allows us to hands-on explaining the complete
measurement chain from sensor, over instrument to software and data analysis typically used in the field of structural
analysis and testing. In this chapter testing fields are shown and classified.

Virtual PC based Structural Test using Finite Element (FE) based Fatigue Analysis
This test is a virtual test based on the FE model executed completely in the virtual environment of a PC. For this we
recommend to use nCode Designlife.

Material / Coupon / Fatigue Test

Target of this discipline is finding out detailed material properties according to pre-defined load tests. Material
properties are highly dependent on type and composition as well as ageing and test environment. Life-time prediction
focusses on strain or stress-life fatigue calculation based on time series data or rainflow matrix generating damage
histograms. Typical driver in this field is the design and development of new materials like light metal, plastics or fibre
reinforced structures.

For this purpose mechanical load is applied by screw-jacks, hydraulic pistons, servo-hydraulic pistons or electric
machines applying uniaxial or biaxial tension in a static, quasi-static or dynamic (cyclic) way to the test specimen.

For highly dynamic tests special impact machines are used. Examples are the so called split-Hopkinson bar, Charpy
impact test or Drop Weight test. Only a small amount of sensors are used in this field.

In this domain HBM offers the complete measurement chain and tool fully integrated or beside material testing
machine suppliers.

Road Load Data Acquisition (RLDA)

The discipline Road Load Data Acquisition (RLDA) is an important step in mechanical engineering of a vehicle. RLDA
belongs to the large durability testing domain. The “true” mechanical load is measured by different types of transducers
and sensors applied to the vehicles chassis, body and other main mechanical parts. This test takes place in special
proving grounds, on- or off-road or on railway tracks for whatever purpose vehicles are designed for. Data acquisition
can go up to many hundred channels with mainly strain gauges. The acquired load is the source for post-process
mathematical analysis consisting of statistical analysis, data reduction methods (rainflow, time-at-level, range-pair,
level-crossing in time domain), frequency analysis, comparison with existing data and the final damage calculation
(relative Miner rule, Wohler curve). The extracted “golden file” is used for lab based durability testing of components,
parts or full-scale vehicles, but also for further FE based virtual fatigue calculation or simulation.

In this domain HBM offers the complete measurement chain and tool set:
e High accurate strain gauge bridge inputs, next to universal inputs
e Powerful software offering offline parameterization (process integration / asset management)
e GPS for a later position based data analysis
e Support of vehicle protocols like CAN, CCP, XCP-on-CAN
e Support of Kistler wheel force transducers (WFT) over Ethernet measuring load in x-y and z direction
e Integration of meta data describing test cases, driver and weather condition
e Support of video cameras (web cam, GigE, FireWire)
e Remote access to Data Recorder(s) via mobile telecom network from anywhere via internet
e Powerful math

In a wider scope structural health monitoring (SHM) of bridges, oil rigs, towers for wind energy plants, tunnels or
railway tracks can be seen as load monitoring over a longer period of time and with a large set of different sensors and
other aspects like remote access, event or condition notifications or alarms, automatic data transfer and analysis and so
forth. For many different large scale constructions monitoring helps understanding load conditions and thus calculating
and estimating life.

In this domain HBM offers the complete turnkey solution or products and services covering monitoring jobs.
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Lab based Structural Durability Testing

Durability testing is a common engineering method, where single system parts or full-scale products are evaluated for
reliability and life-time in their end usage. For a ground vehicle this means all system parts like axles, spring-damper,
doors, latches, steering, the overall white body or the complete vehicle. In aerospace industry we find parts or the
complete aircraft. In Structural Durability Testing the job is done by stressing the part by a certain load condition
s(t)imulated by actuators in a typical lab environment — typically static, quasi-static or also complex load models with
often random sequence in order to assess and verify the safe life of the system part or the complete vehicle or product.

In a wider view this domain can also be seen as Experimental Stress Analysis (ESA).

In this domain HBM offers the complete measurement chain evaluating the system under test:

e Software reducing raw data and extracting the relevant parts (rainflow, histogram, fatigue damage spectrum,
cumulative damage incurred from the S-N curve, Miner’s)

e Load cells, strain gauges, displacement transducers

e Instruments and DAQ solutions 4 to 20.000 channels (centralized or distributed) covering all relevant
transducers, sensors and other inputs and outputs

e Full digital integration into the load s(t)imulator based on EtherCAT (MTS, MOOG, Instron, ...)

e Real-time calculated output of compensated output using multi component load cells with 2/3 or 6 DOF.

The Double Bending Beam

In this TECH NOTE we use a “double bending beam” as demo. It allows applying static or quasi-dynamic load to a
structure in boomerang style.

load

7| = etrain gauge '//I load

@ Loxd points i I I i

|:| Strain gauge

rd ‘/
rosette 3 K//"' K : Us Ky

The bending beam uses steal AISI 1045. The material characteristics are:

Mechanical Property Short Metric English |
Young’s Module E 200.000 N/mm? 29000 ksi

Poisons’ ratio o 0,29 0,29

Ultimate tensile strength uTsS 585 MPa 84800 psi

Source: the matweb

Electrical Strain Gauges

A electrical strain gauge (SG) is a transducer used for determining the amount of strain. The most common type of
strain gauge is the fully insulated foil gauge type forming a resistor. The SG is applied directly by an adhesive to the part
under test or investigation. Every deformation deforms the SG as well and thus the length of the foil pattern and its
resistance (Ohm).

The most heavily loaded areas in test objects, frequently small, are most interesting. So every effort is made to measure
strain as accurately as possible. If measurements are made with a standard SG having a measuring grid length of 3 mm,
a strain of 1 um/m in this case would correspond to a change in length of just 0.003 pm. The SG method can be used to
measure even smaller changes in length reliably. The relative change in resistance of the SGs with metallic measuring
grids corresponds quite accurately to twice the strain of the measurement object (AR/RO = 2 x AL/LO), which means it is
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also a miniscule measurands. With a standard 120 Q SG, a strain of 1um/m generates a change in resistance of just
0.00024 Q. To be able to measure such small changes in resistance in a stable manner, SGs are configured to form full
bridges — the so called Wheatstone bridge.

Strain gauges are used in many applications in research and engineering: pure material, system or structural testing and
life-time prediction, installed in load cells, pressure transducers or torque sensors, just to name the most common
areas.

There are also optical strain gauges available, most of them based on Fibre Bragg technology (FBG), mainly used
because of high levels of strain, high numbers of load cycles, high electromagnetic stress or installations in explosive
environments. More info on hbm.com.

As seen below strain gauges can be applied to almost any material - metal, concrete, plastic, composite (carbon fibre),
concrete or even human bones. Still using SG is a very cost effective way analysing structures and components. The SG
catalogue from HBM helps you to select the right SG and instrument.

carbon fibre ship
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The Whetstone Bridge

In general measurement bridges balance two halves of a resistive, inductive or capacitive circuit where one half of the
circuit is changing its value due to physical influence. The bridge is either implemented in the transducer itself (full
bridge) or is added to the transducer in the amplifier (half or quarter bridge). The result is then a ratio of bridge output

voltage to excitation voltage (e. g. in mV/V).

The Whetstone Bridge is resistive. A single metallic strain gauge typically with 120 or
350Q applied to a system under test is integrated in a so called quarter bridge 6‘1(+)/ﬂr R4
configuration. Resistor R2 is a high precision resistor with 120 or 350 Ohm and is (R1) |
used as completion resistor inside the instrument. The bridge is supplied by a ° °
R2 R3

certain excitation voltage and the returned signal voltage is measured back in ratio
metric normalized way (mV/V).

In order to calculate the strain from the gauge factor must be known. This number is
provided together with the strain gauge from HBM.

BUT, environmental conditions are not ideal — variance in temperature around the

strain gauge or test piece will influence results. This effect can be normalized in

many ways. Per default HBM strain gauges are made of constantan reducing 31(+))%( \w,
temperature effects. So in case temperature does not vary much it might be OK. The (R1)

software can also compensate temperature influence if temperature is measured £, (_}ﬁ

and the compensation curve is known (part of HBM strain gauge package). Last but (R2) ] R3

not least using the Wheatstone bridge for temperature compensation is also
possible in half bridge or full bridge configuration. Please find all different ways of
strain gauge configurations in the Hofmann book from HBM available as free

download.

(<) 2,(-)
Transducers and instrument are often located up to several hundred meters apart. (R1) (R4)
The cable therefore becomes an integral part of the measuring chain which must £(0) 24(+)
not be underestimated. This includes considerations of the total cost of a measuring J{RE} (R3)
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point. Good shielding of the cable is always important. It must surround the inner cores from the transducer up to the
electronics like a Faraday cage. The shield must be laid out flat in the connectors. If connector casings have screw
connections, they are part of the shield design. Current must never flow through the shield, as this would induce
interference in the measurement signal.

In the case of errors in the measuring chain caused by line resistance, two things are often neglected: the temperature
response of the copper cable (4% in change per 10 K) and the asymmetry of a pair of conductors. In practical
applications, differences of up to 5% are found even in twisted pairs.

This means that an error effect from cable resistance could be equal to many times more than the measurands. Special
connecting methods, most of them also combined with carrier frequency amplifiers, are used to achieve accurate
results despite this problem. The oldest and simplest connecting method is the three-wire circuit for quarter bridge
applications. In this method the measuring potential on the SG (R1) is tapped with a third conductor. This ensures the
line resistors of the bridge circuit are symmetrically assigned and avoids extremely large zero offsets. The circuit
requires the line resistors to be equal in magnitude. Since practically no current is flowing through line Lw3 its
resistance does not cause an error.

i Lw,
SG — -
R1
Lw,
i l______d
Lw

However, the voltage drops on Lw1 and Lw2 do lead to decreased sensitivity which the three-wire circuit is unable to
compensate for.

The four-wire method is able to compensate for these defects with the appropriate electronic control circuits. The
amplifier V1 regulates the voltage drop on Lw1. V2 measures the voltage drop on Lw2 and increases the bridge
excitation voltage by the same amount. The impedance converter I1 is used to prevent current loading on line Lw3 due
to the bridge resistance R4. Impedance converters 12 and 13 with auxiliary resistors Rh1 and Rh2 assign the voltage drop
over Lw2 in equal parts to the SG (R1) and completion resistor R2. If there are still other contact and switch resistors in
the measuring circuit, their voltage drops are also eliminated. The circuit arrangement is suitable for both constant
excitation voltage (DC) and alternating voltage or also called carrier frequency (CF), and allows for cable lengths up to
200 meters and more. It should be noted in this regard that a constant current supply with large strains changes the
measuring sensitivity of SGs and significant non-linearities occur. In bridge circuits, by contrast, both with large SG
resistance tolerances and also with large strains, the measurement sensitivity remains nearly constant and the
deviations in linearity are negligibly small. This property of bridges also ensures that a shunt signal (activating an
instrument internal shunt resistance with some kOhm in parallel to the completion resistor R2) remains constant
almost completely independently of the tolerances of the SG resistance R1 and can therefore be used for channel
health check purposes.
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In half bridge configuration using five wires is the best approach.

A full bridge configuration is used in applications where the highest degree of accuracy is required and in best case six
wires are used compensating cable length influences. Measuring amplifiers supply the connected transducers with the
bridge excitation voltage Us, resulting in the excitation current is. This current causes voltage drops on line resistances
(Lw1, Lw2) of the measurement cable with ensuing measurement errors.

These errors can be avoided with a six-wire circuit, which taps the incoming bridge excitation voltage on the transducer
and directs it back to the amplifier by means of two additional lines. The amplifier compares the bridge excitation
voltage that is returned with the reference voltage and increases its output voltage by the amount of the voltage drops.
Components Rf1, Cf1 and Rf2, Cf2 are used to stabilize the control circuit.

The nominal output signals of SG transducers are several millivolts, and must frequently be measured with high
resolution. By contrast, input interference signals may be many volts in magnitude. Good suppression of interference
voltage by the amplifier is therefore essential, as is a good connecting method. Measurement voltage U,,,, bridge
excitation voltage Us and return voltage U, are conducted in separately shielded, twisted line pairs to reduce the effect
of electrical and magnetic fields. In carrier frequency amplifiers, this also has the effect of preventing crosstalk from the
bridge excitation voltage to the measuring leads, i.e. a link between the supply lines and the measuring voltage lines.
Since charge/discharge currents flow into the cable capacitance in carrier frequency amplifiers, the amplitude of Um is
reduced and rotated in the phase due to internal bridge resistance. The two resistances RB/2 ensure that the returned
voltage U, undergoes the same change in amplitude and phase as U,,. Since the measuring amplifier always forms the
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measured value from the ratio U,,/U, which completely corrects both voltage drops caused by the supply current and
errors resulting from the charging/discharging of cable capacitances.

Carrier Frequency based Excitation Voltage in a Wheatstone Bridge

If very small measurement signals need to be measured in an environment of high electro-magnetic interference,
carrier frequency based amplifiers is a good choice. They modulate the measurement signals and transform them into a
frequency range that lies outside the typical noise and interference influences. Carrier frequency amplifiers supply
transducers with an AC voltage that usually exhibits a sinusoidal or rectangular waveform. Only passive transducers
such as resistance thermometers, SGs and inductive transducers can be measured in that way.

Transducer Amplifier Band pass Demodulator Low pass

G

Xy

Excitation voltage
generator

The shown full bridge transducer is supplied by an alternating voltage working as bridge excitation voltage Us from the
measurement amplifier. The measured signal U,, controlled by the physical measurands G is modulated proportionally
to the excitation amplitude and carrier frequency. U, is represented by the amplitude at the given carrier frequency fr.
The signal is amplified, runs through a band-pass filter that suppresses all signals outside the transfer range, and is then
rectified with the correct phase in the demodulator. After this step the signal is smoothed by a digital low-pass filter on
the output side. A dynamic load in a frequency range of 0...f; appears on the amplifier input as an amplitude-modulated
signal (fr = (0...fg)). After amplification it is transformed back to the range 0...f; by the demodulator. The carrier
frequency amplifier principle requires more extensive circuitry compared to DC amplifiers, but is capable of separating
measurement and interference signals suppressing them to the maximum. This makes it possible to eliminate the
working point drift of amplifier input stages, thermo voltages and 50 or 60 Hz mains power interference signals, and to
record the smallest measurement signals with high resolution and stability.

The measurement uncertainty for DC amplifiers is in the microvolt range, whereas carrier frequency amplifiers are able
to resolve measurement signals reliably down to sub uV. For example, it is possible with carrier frequency amplifiers to
measure the signal of a weak mechanical 50-Hz vibration reliably even if the measurement signal is overlaid by a much
greater 50-Hz mains interference voltage.
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0 fr 0 f
Figures: left working with carrier frequency, right working with DC excitation.

The figures illustrate the working principle of carrier frequency amplifiers. The measurement signals “Static signal” (1)
and “Dynamic signal” (2) are present on the amplifier input as amplitude-modulated carrier frequency voltages, while
the interference signals “Input amplifier drift” (3), “Thermo voltages” (4), “50-Hz mains interference voltage” (5) and
“Low-frequency flicker distortion” (6) are close to 0 Hz. Demodulation of the signals causes a frequency transformation
and the signals change places. The static measurement signal is transformed to 0 Hz and the input amplifier drift as well
as the thermo voltages and mains interference voltages are transformed to the range of the carrier frequency.
Interference voltages can now be easily suppressed by using a low-pass filter on the output side. However, interference
signals cannot be suppressed if they lie in the transmission band of the carrier frequency amplifier. Since the white
noise extends evenly over all frequencies, the part of the noise voltage that lies in the transmission band of the carrier
frequency amplifier is also transformed into the signal range. Thus carrier frequency amplifiers are able to eliminate
practically all interference and error signals with the exception of white noise. The highest resolution of a carrier
frequency amplifier physically possible is accordingly the ratio of the measurement signal to the noise voltage

in the carrier frequency transmission band. The noise of a very good input amplifier is less than the noise of the
transducer resistances. The absolute physical resolution limit of a good carrier frequency amplifier is therefore
determined essentially by the noise of the transducer resistance. For example, the noise voltage of a 350 Q SG
transducer with a bandwidth of 1 Hz is just 0.0024 pV. Small 10-mV measurement signals can therefore still be
measured with a resolution of 106 parts. Carrier frequency amplifiers have different carrier frequencies. The carrier
frequency periodically charges and discharges the capacitances of the measurement cable, which can cause
measurement errors. Since the error effect of the cable capacitances increases proportionately to the square of the
carrier frequency, selecting the carrier frequency requires a compromise between the parameters for measurement
accuracy, signal bandwidth and cable length. Amplifiers like the MX840B offer carrier frequency with 4.8 kHz and a
resulting signal bandwidth < 1.5 kHz providing a wide range of bandwidth with all the advantageous of the carrier
frequency method and are able to measure inductive full or half bridge sensors. However, they also exhibit the greatest
effect of the cable. Cable lengths over 50 m should therefore be avoided. Measuring amplifiers with a low carrier
frequency like 600 or 225 Hz meet higher requirements for accuracy even with cable lengths of a few hundred meters,
but signal bandwidths is limited.

QuantumX Measurement Amplifier MX1615B

Quantum” is a modular, freely scalable and distributable data acquisition system from HBM for measurement and
testing purposes allowing quicker innovation. All modules offer Ethernet and FireWire interface and can be freely
combined with each other. All channels work fully time synchronized - module to module with < 1 ps.

n
I
i
H

E

Picture: MX1615B — 16 channels strain gauge bridge amplifier
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The MX1615B strain gauge bridge amplifier offers 16 channels. Every channel can be individually parameterized via
software, supporting:
e  Strain gauges in the following configuration
0 full bridge in 6 wire technology
0 Y bridge in 5 wire technology
0 % bridge in 3 or 4 wire technology (4 wire with DC and AC excitation)
0 Selectable excitation voltage: 0,5/1/ 2.5/ 5V constant or carrier frequency (CF) based with
maximum noise oppression
0 Internal 100 kOhm shunt resistor for channel health check or quick calibration
e PT100 for temperature measurement
e +/-10V standardized voltage
e Poti for displacement measurement

Benefits working with QuantumX in general:
- Plug and measure using TEDS technology (IEEE 1451.4) — the electronic datasheet integrated in sensor or plug
- Freely scalable channel count (max data throughput of catman is 12 MS/s)
- Flexible sample rates: from 0.01 to 200 kS/s per channel
- Selectable digital low pass filter: Bessel / Butterworth from 0.1 ... 2 kHz, filter off = max. bandwidth of 3 kHz
- Fully time synchronous parallel measurement
- Small size and light weight for mobile or portable use

Benefits working with QuantumX in strain gauge applications:
- No zero point shift
- No effect due to temperature variation around the connection cables
- No effect due to contact resistance (plug)
- Gauge factor does not vary with cable length (up to 200 m cable length possible)
- cable length automatically compensated
- compensating influence of ambient temperature of the module (AutoCal routines)

Our aim is to deliver measurement results with confidence. Maximum oppression of electro-mechanical noise sources
coming from electrical power lines, machines or generators are achieved by:

- Carrier Frequency based excitation voltage measures strain with accurate amplitude but oppresses noise with
lower frequency (but there is a price to pay for this outstanding technology: limited bandwidth — please
calculate with 1/3 of CF. So here approximately 400 Hz)

- Galvanic isolation

For some applications it is needed to output the high quality strain gauge inputs in real-time over classic analog voltage
output (MX878 / MX879) or over digital real-time bus protocol EtherCAT (CX27).

MX878 and MX879 offer also real-time math calculating a 6x6 matrix for cross talk compensation of applied strain
gauges on a 6 DOF force transducer, also harmonic or arbitrary voltage output working as stimulation and finally limits
switch or PID control.

catman®AP Software

catman®AP from HBM is a powerful software package for PC based data acquisition and data analysis with the following
classified operation fields:
Live Data View and Storage
e visualize live data: physical quantities, digital bus signals, video, position (GPS), wheel force transducer, status
in powerful objects over time, angle, other physical inputs or frequency of process and test data
y-t, x-y graph with history
online analysis frequency graph
numeric display
instrument
bar graph
0 interactive operation: switch, checkbox
e measurement and data acquisition jobs
0 high data throughput: 12 MS/s

O O0OO0OO0O0
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start / stop condition: manual or automatic (trigger events), condition (zeroing)
data packaging: keep all data, peaks, cycle

storage format: binary, ASCII, Excel, MDF 3/4, Diadem, nSoft, Matlab, UFF, RPC IlI
meta information: tester, condition, part description

0O o0oo0oo

Live Data Analysis

e general online scientific math
0 basic algebra
0 statistics: class counting, min / max, mean, RMS
0 integral, differential
o0 filter box / phase correction
0 trigonometric function, logic, ,

e structural durability testing math
0 rosette calculation: resulting strain, angle
0 cycle counter
0 vibration analysis in frequency domain

e powertrain / drivetrain math
0 angle based statistics: min, max, peak-to-peak

Post process Data Analysis and handling
e post process data analysis
0 graphical data visualization in time, frequency domain, position

data cleansing and preparation: curve operation (cut, eliminate outliers), statistics
general online scientific math
export in different data format
video based data analysis
structural durability testing math

0 powertrain / drivetrain math
e export data and report test result

0 export to different storage format

0 export visualization objects to Microsoft Word report template

O printer page

O O0OO0OO0Oo

Automating recurrent activity
e auto sequencer
e scripting

Additional system functionality
e Device configuration: communication, scan, parameterization, source naming, synchronization
e |0 parameterization
o online / offline
0 inputs (analog, digital, video, bus signals, GPS, ...), outputs
e Diagnostics

Thanks to an intuitive user interface only a few mouse clicks start your measurement job. Simply configure the amplifier
using TEDS, the transducer electronic data sheet, or the extendible sensor database — and the test can start. Many
options for graphical data analysis and versatile export options make catman®AP a reliable and indispensable tool for
every measurement technician.
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PRACTICAL PART

The transducers of the double bending beam are applied to the spots where we estimate the highest strain.

Strain Gauge Rosettes

A strain gauge rosette comes with a fix geometric pattern of three strain gauges that allows the software to calculation
the overall strain and direction. Many variants with different positions and angles are available, where all three strain
gauges are on top of each other or especially designed for residual stress analysis. The software catman®AP can
calculate the principal direction of strain and angle in an easy way.

More information about all different types of strain gages can be found on our web page www.hbm.com.

On our bending beam demo two HBM strain gauge rosettes type RY101-6/120 are applied with the following footprint:

Ea
Dehnungsmessstreifen ET::’."EE”‘"" 1-RY101-6/120
" o o rearonce
Strain gages o (T AT
HBM Jauges d’extensométrie v 6/120 RY101
ype
L2 00
il 120 0 +0.30 % e 5
e e i
e orotwon NN mmee o wsopera
b2os«10% NI emesEl L, cioc. s i
Ba2L08 dilb N ;
@05 % W g Aosa i
b 0.1 % T AT '
0:05% A s ecan 812048331

IR

Picture: strain gauge rosette package leaflet

From the measured strains and the known material properties (modulus of elasticity and Poissons’ ratio), the absolute
value and the direction of these mechanical stresses are determined. These calculations are based on Hooke’s Law
which applies to the elastic deformation range of linear-elastic materials.

In durability testing or in general experimental stress analysis 3-grid rosettes are used for strain measurement. These
rosettes are available in 0° / 45° / 90° and 0° / 60° / 120° versions. The three measuring grids of the rosettes are
designated with the letters a, b and c measuring the three strains €,, €, and €..

The principle / orthogonal nominal stresses o, and o, are calculated for the 0° / 45° / 90° rosette by:

_E (ea + €0) E 5 —
0—(1_V)x > iﬁx(l_l_v)\/(sa—sb) + (ec — ¢€b)

The principal direction (angle) for 0° / 45° / 90° rosettes is calculated by:

2ep — €4 — &
tang = ——
€a —&a
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Temperature effects

The resistance of the strain gauge does not only change in response to the given mechanical load but also to the
changes in temperature of the test specimen and the overall environment. Temperature related effects can cause a
significant error in strain measurements. This signal, called the apparent strain, is superimposed on the actual measure.

Tamparaturkompansation: Feritischer Stahl mit

Temperature compansaban: steel wih a=10.8[10"% /K]
Compensaten de tempeérature: acier avec
L | T
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=
& -100] .
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-160 -
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£5(T) = -14.30 +1.58 * T -4.88E-02 * T2 +2.21E-04 * T* £ (T-20) * 0.30 [um/m]

Picture: strain gauge rosette package leaflet — temperature influence
So we need to find a solution how to compensate temperature and thus resistance changes of the measurement.

Various thermal effects contribute to the apparent strain:
e expansion of the test specimen
e change in the strain gauge resistance due to temperature
e contraction of the strain gauge measuring grid foil
e resistance of the connection wires

The apparent strain by temperature changes can be represented by the following formula:

&(T) = (%+ ap — am) * AY

With:
g, = apparent strain of the strain gauge

o, = temperature coefficient of the electrical resistance of the measuring grid foil
a, = thermal expansion coefficient of the measurement object
o, = thermal expansion coefficient of the measuring grid material

k = gauge factor (sometimes called k factor) of the strain gauge
AY = temperature difference that triggers the apparent strain

Compensation

Temperature effects in strain gauge measurements can be compensated for example by setting up a half or full bridge.
This approach makes uses the principle of a Wheatstone bridge reflecting the temperature influence of the
measurement signal with opposite signs. If you know mechanical strain direction you can also apply a so called
“compensation strain gauge” compensating temperature effects.

In our demo case using a quarter bridge strain gauge circuits we compensate the apparent strain by using a dedicted
temperature sensor.

Temperature and resistance influence of lead wires, plugs, contacts and the amplifier heating itself is compensated by
HBM strain gage bridge technology and QuantumX automatically. In our case by using a quarter bridge four-wire
circuits.
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TECH NOTE :: Structural Analysis using Strain Gauges and QuantumX HBM

Temperature Sensors

Temperature can be measured in many different ways. Most dominant transducer types are thermocouples and the
resistive RTD types (PT100, PT1000, ...), strain gauges, NTC, PTC or KTY. The “best choice” depends on temperature
range, accuracy, size, dynamical behaviour, price, equipment | have and so forth.

“nannn|  HBM offers a strain gauge and resistive based temperature sensor named TT-3/100

i 1 Similar to a Pt100 the resistance is 100 Ohm at 0 °C.
Linearization: polynomial per datasheet, table based with a quick comparison in EXCEL.
Connection technology: 4-wire (cable length compensation)

T

m Polynomial lin. a0 +al*™R +a2*R*R 140
HBM Test and Measurement 20 19649
a1l 2,2499 120
Materialnummer/Part number A-TT-3/100 "h_ﬁ.s-m ] a2 -0,00268 100 {/
Typ/Type B/100 TT Ro 100 Chm /
_ Ras 112,69 Ohm © 80
Widerstand/Resistance @ 23°C A12.69 0 k0.1 = /
( L U g o v
Polynom/ \ H /
Palynomial ED'DOZBS'R‘R 4+ 2.2499°R - 196.49 Resistance (Ohm) Temperatur (°C) i a0 L
90 -15,707 £ )
Auftragsnummer/Order number [| 100 0 = 20
Folienlos/Foil lot A 112,68 2 0
X — m 130 50,705 B0 100 0 140 160 180 200
Menge/Quantity ao [k 180 54 836 0
Messbereich/Measurement Range =50 °C - + 180°C| 180 121,66 0
U Resistance in Ohm

Picture: TT-3/100 temperature sensor from HBM

Working with the Software

Connect your QuantumX MX1615B via Ethernet to your PC or integrate into your Local Area Network.
Start catman and the demo project or create a new project and create everything from scratch. The following pages can
be seen as tutorial with

Channel Parameterization
Channel parameterization in catman®AP can be done in different ways.

Live parameterization together with the instrument:

The most common workflow is by using the Sensor Database integrated in catman. This database can be seen as
collection or description of many sensors represented by their digital datasheets or just a signal description when it
comes to pure voltage inputs. The sensor database can be stored on the same client catman is running or server based
even with a local reference. Adding a new data sheet is easy as there are many templates available. This approach is
highly reusable, channel configuration is quick and you can share sensors within a group. The sensor database also
hosts CAN message descriptions or DBC files.

A fully automatic channel parameterization is possible through a digital sensor datasheet stored on a small chip based
on TEDS technology located in the sensor or plug. TEDS stands for Transducer Electronic Data Sheet and describes in
short words a standardized sensor datasheet based on different so called templates. TEDS is internationally
standardized in IEEE1451 and allows true plug and measure getting quick results with many more advantageous. The
above mentioned sensor datasheet can also be stored in a TEDS chip. Just drag and drop it to the channel with the
sensor. All sensors with TEDS are clearly marked in the channel list.

Offline parameterization without the instrument:

There are two possible ways for an offline parameterization.

The Wizard is a step by step parameterization based on virtual instruments representing channels and their character.
The spreadsheet approach using an offline parameterization template you find in the catman route folder and based on
Microsoft Excel. The spreadsheet shows all parameters. Larger companies, power users or users with many DAQ
systems take this approach integrating their data acquisition jobs into their development and data flow processes which
has aspects of an asset management.

In this experimental demo we mainly use quarter bridges and thus we will work with the Sensor Database.
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TECH NOTE :: Structural Analysis using Strain Gauges and QuantumX HBM

The typical sensor datasheet consists of
- Transducer name
- Calibration data / scaling type: physical -> electrical, scaling points
- Additional electrical information: supply voltage, bridge excitation type, resistance / impedance
- Meta information (identification, quality)
0 Manufacturer, type, model name, serial number
0 Calibration date and validity
O User comments
0 real datasheet as PDF file

Just drag & drop the digital datasheet to the channel or highlight several channels and double click the sensor for
parameterization.

After parameterization you can also calibrate the measurement chain and then re-store the new scaling parameters in
the sensor datasheet and the database. Please go to the “Sensor Database” tab and integrate all sensor or transducer

types of this demo.

For this purpose you can also insert a new group into your sensor database under “my sensors”.

DAQ channels Video cameras DAQ jobs Visualization Sensor Channel check

@ @ % Cut XDelete ﬁ%:Surt group
= S5 Copy E‘Newsensorgroup g Collapse all

Update | New Mew CAN
sensor sensor signal Lo Paste 5 Insert group

Now add a new sensor data sheets

&Y

New
sensor

B
4} Please specify type and name of new sEnsor‘ M

Name/Description

=) D Sensor o
14 Full bridge

[4] Half bridge

|%:] Quarter bridge
&%) Strain gage circuit
Single SG

-

ingle SG 3-wire 1000 Ohms

ingle strain gage 4 wire 350 ohms
ingle strain gage 4 wire 700 ohms
|4 Single SG 4-wire 1000 Ohms

--[€] SG half bridge

-[4] SG half bridge 120 Ohms

.[4] SG half bridge 350 Ohms

| [ [ | [ ]

[4] strain gage half bridge 700 ohms
|| Strain gage full bridge
[] Strain gage full bridge 120 ohms
142] 5G full bridge 350 Ohms
Strain gage full bridge 700 ohms
4 Resistor
=+{&] Inductive Sensors

..[@] Inductive fullbridge

i3] Inductive halfbridge
—th DC waltana

|||

Bl

« 0K x Cancel
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TECH NOTE :: Structural Analysis using Strain Gauges and QuantumX

I

BM

The strain gauge rosette
Take over all relevant information from the package leaflet.
For the k factor just take one reference value. This value can be modified in the channel list as well.

B ciochamels  videocameras  OAQicbs  Visuslization | Sensor database . Channel chedk U Anaiyte mesiurement aata T Window (G 1elp-
{E; o Bt Koo i Sort group 4 b
. - e enior (4 -
mmmm_‘,‘lm! SO R Findl.. || Apply
sensor tendse  fignal Lo Paste 3 Insert group .
Sensor detsbase Cument sensor settings
Language 3.7 Version Sensar-1D 427225584837963
Search Name/ Cescriptan 5G rosette RY101-6-120
Coenme ek
;
Serial rumber 811048331
[ Sensor database Type/Model 5G rasette = Manufacturer MBM
£ ) Sensor groups
W ) HEBM transducers B Here

ain gage transducers

® 3 Strain gage bridges Transducer sattings.
® 5 Inductive transducers
® & Temperature transducers £ Single strain gage 4 wire 120 ohms
® ) DC voltage /current h
® L) Frequency 25 -| xcitagion in v
e ﬁ:‘:‘:l"““m 1200 Hz -] Camr frogumncy
*
# 4 Counters downre * | Sensoranschiuss
= @k My sensors 120 Bridge resistance (Ohms)
- T Leave this field ematy if the resistance is wnknamn, 1t is enly required for shunt calibration. By default a valus of 350 hen mill be assumed,
W Shaft Encoder (rpm)
10} Torque- T40B_ID_200NM_240kHZ Z.04 Gage factor
1, Accelerabon- SAPE-HLS- 1100
1K Microphone M370 000 Measuring range (Lmim)

& AC current clamp 10mv-4
Al 551 Encoder

Pobi 1 m displacement sensor
&3] Load cell USB 200N
Pulse width modulation

®B IEPE

@ & GPs-Racelogic.dbe

@ o j1939_guantumX.dbc

® 1 TEDS

® L IRIG

w & j1eae.dbe

W & Roadyn_S630.dbc

The strain based temperature sensor
TT-3/100 is already part of the sensor database
So you can copy this type of sensor to the new group of sensors and modify it lightly.

ﬂ DAQG channels  Video cameras  DAQ jebs  Visualization - Sensor database . Channel check AU Analyze sesturement dats T Window - (g Help «

o JC ovete i sont
ﬁh é} E .bmﬂmiulwm&m::; % b

Update New  Hew

can Fina.. | appry
vensor senser sigeal o) Paste G Inseit gioup s
sor databiaie

S

Language [3.7 Varsion Seneor-10 060820151 73040
Search Name/ Deseriptian 8100

Comment strain gags based temperature 5

Serial numbar

|| sensor database s | Typa/Model TT-3/100 - Mandacturer  HOM
= ) Sensor groups
# 4} HBM transducers Elaseoce
* L) Strain gage transducers
% 4 Strain gage bridges Transducer characteristic
# 4 Inductive transducers
= 4 Temperature transducers
= Thermecouple Type J Zero-Soan
= Thermecouple Type K
= Thermocouple Type T
= Thermocouphe Type S L whm 3 7| unit
= Thermocouphe Typie B 1
= Thermacouple Type £ -
= Thermocouple Type R 112,69 Serwitrsy 23 il
= Thermacouple Type N
o Prio
o Pt100
oF LSOO
«f Pt1000
«f One-Wire Temparature
& TT-3/100
* ) DC voltage/current
* 4 Frequency
® 4 LvDT
# 4) Resistance
® 4 Counters
= @k My sensors
1 Bending Beam Demo
| SG rosette RY101-6-120

=
Electrical->Physical

Electrical Physical

100,00000 Zera 0

& TT-3/100
%5 shaft Encoder (rpm)
N Toroun-TA0R 0 200NM P40kHr - | | Ne measuremant channel avallable
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TECH NOTE :: Structural Analysis using Strain Gauges and QuantumX HBM

Channel parameterization
Now highlight all channels you want to parameterize with the same sensor type by holding down the Ctrl button of your
keyboard, select the channels with your mouse and double click to the reference sensor of your sensor database.

DAQchannels  Video cameras  DAQjobs  Vhuskosbion  Seraorcatabase  Channel check 2 V) Analyze mesturement data T window - iG Heip -

> = HEL TGS TE =

Y b pa [ 3 arr eSO
AT k prey M ‘
< Ay ?x
. Channel name Reading Gage  Jursyaue L U
- LC MRS
"= MX16168 QuantumX Bridge Module L7 ) g =1
@ |m|Time 1 - defaull sample rale =] [c] @ Time from sample rate 0.00000 5 B-[3 My sansors

[} Bending Boam Ciemo

w [m| MX 16158 GuantumX Bridge Module_CH1 @ 362,1 pmim 300 Hz | BE 20 He (Auto) 3 SG rosette RY101-6-120 (812048331) 204 000000 pmim
= |m| MX16158 Quantum Bridge Module CH2 & -891,1 pmim  » 300 Hz/ BE 20 Hz (Auto) [ SG rosetie RY101-6-120 (812048331) 204 000000 pmim
w [&| MX16158 Quantum Bridge Module CH3 @ 6261 umim v 300 Hz | BE 20 Mz (Auto) ( SG roselie RY101.6-120 (812048331) 204 0,00000 prmim
= | |MX16158 QuantumX Bridge Module CH4 @ 0,00041V 300 Hz | BE 20 Hz (Auto) = DC Voltage 0,00000 v

5] MX16156 QuantumX Bridge Module CHS @ 422,3 umim 300 Hz | BE 20 Hz (Auto) (@ SG rosette RY101-6-120 (812048331) 204 000000 ymim
- [-_'mumsa QuantumX Brdge Module_CHE & -188,9 pmim 300 Hz / BE 20 Hz (Auto) [ SG rosette RY101-6-120 (812048231) 204 000000 pmém
w [+| MX161568 Quantum Bridge Module_CH7 @ -B0B,2pmim v 300 Hz | BE 20 Hz (Auto) @ SG rosette RY101-6-120 (812048331) 204 0,00000 ymvm

=

- .I. MX16158 QuantumX Bridge Module CHE & -0,00030 V W 300 Hz / BE 20 Hz (Auto) W DC Voltage 0,00000V B Pe——

- 'l_ MX 16158 Quantun Bridge Module_CH 2 No signal w300 Hz / BE 20 Hz (Auto) = DG Voltage 0,00000V Search

= [m| MX16158 Quantum Bridge Module_CH 10 () No signal W 300 Hz/ BE 20 Hz (Auto) ™ DC Violtage 000000V 4 Advanced...

o [ MX 16158 QuantumX Bridge Module_CH 11 No signal w300 Hz/ BE 20 Hz (Auto) = DC Voltage 0.00000 V Gy Mo sersar <]

[ T 50 rosclbe AY101-6-120 (812048331

L] 2 MX 16158 QuantumX Bridge Module_CH 12 No signal ¥ 300 Hz/BE 20 Hz (Auto) = DC Voltage 000000V ;?-" TIaN00

= | MX16158 QuantumX Bdge Module_CH 13 No signal w300 Hz/ BE 20 Hz (Auto) = DC Voltage 0,00000 V

= [m|MX1615B QuantumX Bridge Module_CH 14 ©) Nosignal  » 300 Hz / BE 20 Hz (Auto) ® DC Voiage 0,00000V

L) | MX16158 QuantumX, Brdge Module_CH 15 No signal » 300 Hz / BE 20 Hz (Auto) = DC Voltage 0.00000 V

- I MX 16158 Quantum Bridge Module_CH 16 & 0,00024 V » 300 Hz/ BE 20 Hz (Auto) = DC Voltage 0,00000 V
“ nl  Computation channels

-

al I ||  Charine ino [MICLELSE Gua_ | €uerent sensor database: My...

# sensse CH e
Directly enter the correct k factors in the corresponding cell:

) B MX16158 QuantumX Bridge Module_CH 1 @ 360,6 ym/m  » 300 Hz/BE 20 Hz (Auto) ) SG rosette RY101-8-120 (812048331) 2,04
& (m] MX1615B QuantumX Bridge Module_CH2 @& -B86,6 um/m  » 300 Hz/BE 20 Hz (Auto) (3 SG rosette RY101-6-120 (812048331) 2,05
) B MX1615B QuantumX Bridge Module_CH3 @ 623,8 pm/m  » 300 Hz/BE 20 Hz (Auto) (3 SG rosette RY101-8-120 (812048331) 2,04

Parameterize the two channels with TT-3/100 temperature sensor in the same way.

Signal Naming
Find appropriate names for all channels. This is important for traceable data analysis, comparing different test data or
existing data and for a good test report.

Naming is somehow philosophy — some like to name the “measurement spot or location”, others name the “sensor or
transducer” or like it more generic in taking over the “channel name of the device”.

Enter a name you can clearly identify the measurement spot in post-process data analysis several weeks later.
Here is a suggestion describing the measurement spot (bending beam top or lower section) and the sensor type (strain
gauge rosette or temperature):

- BB_TOP_SG-rosette-a / BB_ TOP_SG-rosette-b / BB_ TOP_SG-rosette-c

- BB_TOP_temperature

- BB_LOW_ SG-rosette-a / BB_ LOW_ SG-rosette_b /BB_ LOW_ SG-rosette_c

- BB_LOW_temperature
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B Coracannes | vidcommens  Damioes  Visusiaaben  Sensorsatabase  Channel eheck ¢ U} Analyze measurement dats P Window - (G Help -

P> i rename E E fo ﬁm . Wl oR .’{\
+F sample * Detaut

Kum =
cimt ¥ ‘!m :}m - - ¥2 OFF
55 e upaate - B mrv 5 ||| = jm—-ruuw W 13 oFF Soecl
;m_ Lm J L"‘Emm_

Configure DAD channels [Display filter act] Cipiey file: 1 © database My-5 %
CT 1T 17 |Youmayfori —_—
OnN Chanme nscive channes. | Reading Sample rate/Filter SensorfFunction | m | zZerovalue L -
“ = MX16158 QuantumX Bridge Module @ 'O E E& n f"
@ |l Time 1 - default sample rate =] [c] @ Time from samgple rate 0,00000 5 =0 _‘i:"::'"‘:')“‘“
= [m|BE_TOP_SG.rosette-a © 3682pmim w300 Hz / BE 20 Hz (Auto) () SG rosette RY101.6-120 (812048331) 204 0,00000 pmim - o et
= [m)BB_TOP_SGrosefte-b @ -886,5pmim v 300 Hz/ BE 20 Hz (Auto) () SG rosetie RY101.-6-120 (812048331) 205 0,00000 pmim o teee
& (] 55_TOP_SG-rosette-c @ 6230 umim w300 Hz/ BE 20 Hz (Auto) (3 SG rosetie RY101-6-120 (812048331) 204 0,00000 prvm ) e rensucers
= [ BB_TOP_temperature & 2244°C ¥ 300 Hz / BE 20 Hz (Auto) (@ TT-3100 0,00000 °C j :::: i medulation
= 5| BB_LOW_SGrosette-a @424 4pmim w300 Hz / BE 20 Hz (Auto) () SG rosette RY101.6-120 (812048331) 204 0,00000 pmim CJ Resistance
= ) BB_LOW_SG-rosetieh @ 1878 pmim w300 Hz / BE 20 Hz (Auto) () SG rosetie RY101.6-120 (812048331) 205 0,00000 pmim B Sorsin oage ndee
- E BB_LOW_SG-rosefe-c & 8107 pmim w300 Hz/ BE 20 Hz (Auto) (3 SG rosefie RY101-6-120 (812048331) 204 0,00000 pmim 3 Temperabure transducers
W (] BE_LOW_temperature  28,76°C W 300 Hz / BE 20 Hz (Auto) (3 TT-3100 0,00000 °C

Sample rate and filter
One generally good approach is working with a high sample rate and a filter offering max bandwidth per channel.

Then execute a test with active load and vibration, do a quick frequency analysis. Take the maximum frequency
response and amplitude you need to consider in your analysis as “harming” and then take the adequate filter for the
job. For slow mechanical systems we recommend using Bessel filter and a minimum of factor 10 for sample rate.

In our demo the frequency response with full dynamic load is < 20 Hz so we select:
- Digital low pass filter: Bessel, 20 Hz corner frequency
- Sample rate: 600 Hz (here even factor 25)

% Configure sample rate

~Sample rate groups

Useful sample rates...

Slow sample rate 1Hz |z| »

Default sample rate | 600 Hz =] »

Fastssmple rate | 4800 Hz [=] m
- Filter

Help reqarding filter settings
Channel: BE_TOP_SG-rosette-c
() Use current device settings
Filter is set via TEDS or Setup Assistant.
() Use automatic Anti-Alias filters

The frequency will be determined before DAQ start based upon the
sample rate. Usually a Bessel characteristic will be selected.

(®) Chose characteristics and frequency

A If the frequency selected is not supported by the device the best
possible frequency will be selected.

Butterworth 1 Hz -
Butterworth 2 Hz
Butterworth 5 Hz E/

Butterworth 10 Hz
[Butterworth 20 Hz |
Butterworth 50 Hz A4

() Werking witheut filter

Internal low-pass filters of device are deactivated. This setting applies to
QuantumX/SomatXR, espressoDAQ and eDAQ systems only.

oK
n MQM Video caméras DAQjob:  Vicuslzsbion  Sendor dstsbate  Channel check @ AV Analyze mesturement data T window - (g Heln ©
E E P Slow {,_\ Eium & Wi
e 3;.. xnm £ W oFF
awm Adive hﬂlr W Fat .W! 'ID: mm‘“’” Execde | Create ‘sww Configure... il orr
Cerifiguate DAG channek [Drpley filter active] Current sensor databases My-Sensor-Databasesdh. 3 x
. Channel name Reading Sample rate/Filter SensorFunction Gage Zerovalue L Stoccs s
Ll |  factor -
“ mm  MX16158 QuantumX Bridge Module “ ’Q E EE ﬂ L=
GE Time 1 - default sample rate =] [c] @ Time from sample rate 0,00000 5 B0 f_“"g:'"::"‘
@ E Time 1. slow sample rate =] [c] @ Time from samphe rate 0,00000 5 j :’:n‘:""‘z“""m
= W] BB_TOP_SG.rosette.a & oK ¥ 500 Hz/ BU 20 Hz @ 56 rosette RY101-6-120 (812048331) 204 346,32 pmim 3 1EeE
= 8| BB_TOP_SG-rosette-b 0K » 600 Hz/ BU 20 Hz (3 SG rosette RY101-6-120 (812048331) 205 925,07 umim :: :;‘[‘é“"‘""""‘d"“"
o 8] BB_TOP_SG-rosefle-c 0K W 600 Hz/BU 20 Hz @ SG rosette RY101-6-120 (812048331) 204 609,14 pmim 3 et
= | BB_TOP_temperature & 2246°C * 1 Hz/BE 0.05Hz (Auto) @ TT-3/100 000000 *C - Pz mith medulation
= (1] BE_LOW_SG-rosetle-a oK W GO0 He / BU 20 Hz @ 56 rosette RY101-6-120 (812048331) 204 434 36 pmim :" ;‘,‘_":’;’_‘:_ bridges
= 8] BB_LOW_SG-rosefte-b 0K » GO0 Hz/BU 20 Hz 3 SGrosetie RY101-6-120 (812048331) 205 147,33 pm/m [ Stram gage transducers
= [ BB_LOW_SG-rosefte.c & oK w500 Hz [ BU 20 Hz @ 56 roselte RY101.6-120 (812048331) 2,04 798,04 prmim £ Temeerature transducers
= [§ BB_LOW_temperature & 2697 °C * 1Hz/BE0.05 Hz {Auto) @ TT-3100 000000 *C
a - B .
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Initializing channels
Before applying any load to the bending beam lock all temperature sensor inputs from zeroing.

= Edit
@ w2
x Delete
Execute Create
- _S Auxiliary channel
Zero balance

@ Zero balances all selected channels.

Zero balance all hardware channels
Computation channels will be ignored,

Undo

Q Resets zero balance to zero for selected
channels
Manual input

@ Specify zero balance value for all
selected channels manually
Lock

@ Locks zero balancing for selected
channels
Unlock

el Unlocks zero balancing for selected
channels
Options...

E1 Opens a dialog for configuration of
zero balancing.

If you zero also the strain gauge inputs the channels will look like this. In this special case of a bending beam with
alternating load we need to think about zeroing when calculating the angle. You will find out in a later step.

Channel name Reading Sample rate/Filter Sensor/Function f(:zig:r Zero value

= MX1615B QuantumX Bridge Module

@ BTime 1 - defautt sample rate @ @ @ Time from sample rate 0,00000 s

Q BTime 1 - slow sample rate = ] @ Time from sample rate 0,00000s

& [m| BB_TOP_SG-rosette-a @ 0,4 pmim » 600 Hz/BU 20 Hz @ SG rosetie RY101-6-120 (812048331) 2,04 | 345,01 pmim
= (m| BB_TOP_SG-rosette-b @ -0,3 pm/m » 6500 Hz/BU 20 Hz [J SG rosette RY101-6-120 (812048331) 2,05 -925,87 ym/m
= (8] BB_TOP_SG-roselte-c @ -06pmm  * 600 Hz/BU 20 Hz 3 SG rosefte RY101-6-120 (812048331) 204 | 607,92 pm/m
= [ BB_TOP_temperature @ 22,23°C » 1 Hz/BE0.05Hz (Auto) 3 TT-3/100 @ 0,00000 °C
= (1) BB_LOW_SG-rosette-a @ 03pmm  » 600 Hz/BU 20 Hz 3 SG rosefte RY101-6-120 (812048331) 2,04 | 433,30 pm/m
= (5 BB_LOW_SG-rosette-b @ 01pmim  * 600 Hz/BU 20 Hz 3 SG rosefte RY101-6-120 (812048331) 2,05 | -148.43 pmim
= [ BB_LOW_SG-rosette-c @ 0,1 pmim » 600 Hz/BU 20 Hz 3 SG rosefte RY101-6-120 (812048331) 2,04 | -798,80 ymim
® (=) BB_LOW_temperature @ 2551°C » 1 Hz/BE0.05Hz (Auto) 3 TT-3/100 @ 0,00000 °C

Other channel parameters
There are a few other parameters available which shall be mentioned here:

v

TEDS |Sensor .
= v B

Reac

),1760
0,474
),3099
1214
),2209
0,076
0,407
15,42

Fiet # Edit
K pelete

5 Auiliary channel

% {4 Adaptation @
[ Edit

Execute Create

Coni

Sensor adaptation
i, Changes the sensor settings (e.g. input characterisic exctation
¥ voltage] of the current DAQ project. Settings in the sensor database
remain unchanged.

Disconnect

Disconnect sensor fram channel. Channel settings remain
unchanged.

Edit

Switches to modification mode of sensor database. New sensors can
be created as well.

Update

Applies current settings from the sensor database to assigned
sensors and resets the channel.

Check expiration of calibration

Checks for all channels if the expiration date of the sensor
calibration has been exceeded.

e @ @ X

Electrical value on/off

Switches the display between the scaled value in physical units (e.g.
S5 kM) and the electrical value at the amplifier input (2.9 my/v).

Auto calibration
rmy  Configuration of auta calibration/auto adjustment of the amplifier
k&) electronic. This corrects the temperature induced drift of the
electronic and increases the measurement value stability.

Shunt ON

Activate the internal shunt resistor of the amplifier to check for
carrect sensar connection.

Shunt OFF
4w Shuts off the internal shunt resistor of the amplifier.

All actions are applied to the currently selected channels.

Sensor adaption: changes sensor settings directly on the channel and
afterwards it can be played back to the sensor database.

Check expiration of calibration: in case your company wide quality
guideline says that all sensors need to be recalibrated every 12 months,
this function allows you to check all used sensors if their calibration
interval has been expired.

Electrical value: When working with ratio metric bridge type inputs you
can select to show the readings also directly in mV/V.

Auto calibration: All QuantumX bridge inputs work with auto calibration

routines per default. In this mode all inputs are cyclically switched to an

internal reference source for some fragments of a second minimizing for
example temperature influence.

Shunting: This functionality allows you to activate an internal or external
shunt resistor to electrically stimulate unbalance the bridge.

Author: Christof Salcher

Page 20 of 31



TECH NOTE :: Structural Analysis using Strain Gauges and QuantumX HBM

Strain gauge temperature compensation
Compensating temperature effects of strain gauges with catman can be done by referencing the channel to:
- acompensation strain gauge
- atemperature response polynomials for apparent strain as indicated on the strain gauge package (see above)

Channels with identical parameters for the corresponding temperature channel and polynomial can be handled
together. Strain gauges from the same production batch always have identical polynomials.

When defining the temperature channels, note that the actual temperature of the material must be measured at the
measuring point. Depending on the application, several temperature measurement points may be necessary.

In catman AP, the configuration dialog for a strain gauge can be accessed from the central "measurement channels"
worksheet. To do this, highlight all strain gauge channels to be adapted with the mouse and right-click to open the
"Sensor adaptation" dialog.

G SG FCISETIE RY1O1_6_1'1!’\1:‘04 ANACITA N4 A
O SG rosefte RY101-6-1 > """

3 SG rosette RY101-6-1
@ T1-3/100

3 SG rosette RY101-6-1
3 SG rosette RY101-6-1
3 SG rosette RY101-6-1
@ T1-3/100

3 Activate TEDS

¥ Deactivate TEDS usage
Activate TEDS usage

Sensor adaptation...
Disconnect sensor

Edit sensor

Update sensor

Check expiration of calibration

Auto calibration.,

JE OO XE #

Shunt ON

+ o+
+

Shunt OFF

L]

Help on strain gage configuration

Channel: BB_TOP_SG-rosette-b

2,05 Gage factor 2,5V [=] excitation voltage
Bridge factor 1200 Hz  [+] Carrier frequency
4000 Measuring rangs (pm/m)
Execute transformation mV/V -> pm/m in hardware

Optionally you can correct temperature influences on strain gage signals by
a compensation measuring point or by the temperature respanse
palynomial to be found on your strain gage package.

More information about compensation of temperature influences

Temperature compensation using compensation 5/G
v| Temperature compensation using temperature response polynomial

Temperature response polynomial

14,3 2(0) 10,8 256
1,58 P(1) 10,8 3 Material
-0,0488 20 o

F2) Tegr (°C)
0,000221 P(3)

Temperature data from

BB_TOP_temperature [=]

v| Update in sensor database

Create new sensor oK Cancel

Highlight the second rosette and reference the relevant temperature channel.

Online processing - Rosette calculation

Online processing of measurement data is powerful. With this functionality you are able visualizing on the spot results
and store all relevant data without a need for post processing. For this purpose catman offer a powerful and open math
calculator toolbox.

éff-u A Edit
| K Delete

| Create |
| | _S Auxiliary channel
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Go to the channel overview and open the “Computation channels” and the “Strain gauge stress analysis” dialogue. Drag
& drop the first channel of the rosette to the field “Strain channels” and parameterize accordingly for both rosettes.

Fill in all necessary parameters for the steel plate (see 1. chapter) and rosette geometry and transversal sensitivity.

Create the computation channels for Angle and Principle nominal stress 1 and 2.

B i s | [ [0 (o] [ 7] [ o
= @ Strain gage stress analysis —<u §|I||||I| : i i s

,,,,,,,, 1 'olo)

Name BB_TOP_rosette 552 [T] From strain channels

Strain channels Create computation channels

a BE_TOP_SG-rosette-a v Angle

v Principal nominal stress 1

b BB_TOP_SG-rosette-b mlPrincipal nominal stress 2
Shear stress

c BB_TOP_SG-rosette-c Reference stress (v. Mises)

[¥] automatically complete {get b and ¢ continuing from a) Stress X
Stress Y
: . N Principal strain 1
Type of rosette Material properties Transversal sensitivity in % Principal strain 2
© as°/90° 200000 Young's modulus 0,5 Grid a Strain X
) Strain Y
(C)e0=f120° 2 . .
] N/mm ut Grid b Shear strain
(L90° 2-axis 0.29 Poisson's ratio 0,5 Grid ¢

Online processing - Filter

All signals coming from QuantumX MX1615B are already digitally filtered as these signals can be used in real-time as
well. Catman offers an additional Filter toolbox with the following filter types:

- Running average

- Running RMS

- Mean over a certain time window

- Low and high-pass Bessel or Butterworth

- Sound pressure filter (A-weighted in dB / dBA

- Phase correction (runtime delay)

- Human vibration filters with various weighting functions to EN ISO 8041 (for example Wy weighting for

horizontal whole-body vibrations in the x or y direction. Refer also to I1SO 2631)

. | A i g ™ [s57-}
O =) [ L

MName
Input channel @
Function Running average T

Mumber of points 10

We don’t use extra filters in this demo.

Online processing - Cycle Counter

With periodic signals the Cycle Counter enables you to calculate the number of test or load cycles from one specific
sensor.

Open the “Computation channels” and the “Cycle Counter” dialogue. Drag & drop the channel with the periodic signal
into the field Channel to monitor. Specify the Span (hysteresis), i.e. the peak-to-peak amplitude which the signal must
have as a minimum to be counted as an oscillation. Any form of signal can be taken and it does not need to be
sinusoidal. Favourable values are, for example, 20% of a peak-to-peak amplitude. The value should be clearly above the
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signal noise level to prevent erroneous counting. Use a filter as required if you have a signal with short but high
perturbation amplitudes.

Example: BB_TOP_SG-Rosette-a over 20 um/m in relative range counts as 1 cycle.

é |y <E Cycle counter .|_Im|. ! ;@E
Name BB_Cycle-Counter

Input channel @ BB_TOP_SG-rosette-a

Range 20

Help about cvele counter

With some basic algebra you can create a Cycle Count Down which can be used to stop the overall test, or for sending
out an email or simple as overall indicator.

=] | e | [air]fy L0 | | [ (=R [S181-]
Algebra and formulas e = : : e
|_ B o ~a ully| ks 2
Formula editor Fixed formulas
MName BB-Cycle-CountDown Unit

Edit expression

10000-BB_Cycle-Counter

789 AN = |2 || ¢ POWw | SORT | Additional functions Paste

4 5 B ® ] > 4= »= ExP LM Modulo division -
11123 - || PR AND | OR SIM cos

0 C o+ & ABS | INT TAM | LOG _

Last in use i

Online processing - Class Counting

Especially in fatigue analysis but also in long term measurement jobs data classification and reduction to the relevant
part is useful.

catman offers the following mathematical class counting methods:

- Time at level (TAL) determines how long a signal is located in a certain amplitude range subdivided into certain
sections (or also called classes or bins), displayed in a 2D-histogram.

- Rainflow (FromTo or RangeMean) class counting is mainly used in material fatigue analysis. This method
counts the frequency of occurrence of certain amplitude values of measured material stresses. To achieve this,
the amplitude range of the output signal is subdivided into sections, the so-called classes or bins.

- Span pairs

- Joint time at level

Especially the rainflow-counting algorithm is the base for the so called Miner's rule in order to assess the fatigue life of
a structure subject to complex and high-cycle fatigue loading tests. In high-cycle fatigue situations, materials
performance is commonly characterized by an S-N curve, also known as a Wéhler curve. This is a graph of the
magnitude of a cyclic stress (S) against the logarithmic scale of cycles to failure (N). S-N curves come from material or so
called coupon tests where a regular sinusoidal stress is applied by a load machine counting the number of cycles to
failure. Analysis of fatigue data requires techniques from statistics, especially survival analysis and linear regression.

For simple periodic loadings like in the used demo model rainflow counting is not necessary. As an example we use the
class counting method Time at Level on some inputs.
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I
W
<

5] Computation channel (ot

@ Help on computation channels

C|F®
A

& & (%

= Q

uantumX MX1615 Strain Gage Br

- Time 1 - default sample rate
BB_TOP_SG-rosette-a

--BB_TOP_SG-rosette-b

- BB_TOP_SG-rosette-c

- BB_TOP_temperature

- BB_LOW_SG-rosette-a
BB_LOW_SG-rosette-b

- BB_LOW_SG-rosette-c

- BB_LOW_temperature

= Computation channels
BB_TOP_Rosette_SH

--BB_TOP_Rosette 551

--BB_TOP_Rosette_AG

--BB_LOW_Rosette_SH
BBE_LOW_Rosette_551

--BB_LOW_Rosette_AG

-~ Cycle Counter SG-b

- Count Down 10.000 Cycles
TAL_BB_TOP_Rosette_SH

4 [

Delete

Applies class counting to a DAQ channel (Rainflow, Time at level)

Counting method

(®) Rainflow FromTo (I Time at level (") Span pairs

() Rainflaw RangeMean () Joint time at level (compound counting)

Name of computation channel TAL_BB_TOP_Rosette_SH

Channel to count BB_TOP_Rosette_SH

- Configure class counting

128 T Mumber of classes

--50 Lower class limit

50 Upper class limit

o Minimal amplitude (in % of total range)

["] Determine limits from sensor measuring range
Count symmetrically

[T Close residuum

Help on class counting

Drag a channel from the left onto the field <Channel to be counted=, doubleclick on the left or assign the selected =

channel via selection button.

Repeat this operation to create several computation channels simultaneously. In this case the result name is used

Close

Visualization and Operation
Catman offers many strong visualization objects.

You can use the Count Down as Floating Panel overlaying all panels or on a second screen together with other main
signals you want to have in constant overview:

| - 5 Visualization . [> Codkpit —
o @ EQTJI(’D\ setup 23 Copy (3 Lock
; &l Perfarmance - [Zyinsert (] Full screen mode. St
Stal Stop G New 2
pause | il Comment - - ¥ peiets 79 update
(@ information 16.10.2014 01:47:22 DAQ job Jobi started | Previous Hext Hide
Panel 1 I
------- Count Down 10
Nominal stress x-y ———— BB_TOFP_SG-rosetta-c
BB_TOF_Rosette_SH BB_TOF_SG-rosette-a
11,0 F
10,5 12m He
E g [
im0 . =AU MMN HHMMMM i
9,0 f a0
- 85 f —
] E £ 60
E s0E£ g
= E =
(i 40
7,0F
65F 20
6.0-F r
E ]
5,5-F [
5,0:\ i : L ’207||\\\\\|\\|\\|\\\\|
-10 -9 -8 -7 -6 10 12 14 18 18 20
BB_LOW_Rosette_SH [N/mmz2] Time [s]
Time window: 10 5 Time window: 10 5 (Seroll mode) Compression: 3
DAQ job: Job1 K] Storage: All / Saving: OFF P 600 Hz G RTlag:0s | [z 11980 -0 -0
e | & =]
[> DAQ running......
Frequency Analysis

In the menu you find three ways of FFT visualization objects:
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=

e

Live FFT and Spectrogram

The Live FFT displays the frequency spectrum of one or more channels. Spectrograms show the spectra evolving over
time while the FFT graph only shows the current frequency spectrum. Spectrograms can also be used in analysis mode -
just drag a channel to the graph and the joint time frequency will be computed and displayed.

More precisely they display the so called Amplitude Spectrum in RMS (unit of time signal). A Live-FFT graph can display
a single spectrum per channel or combine three channels to a single spectrum by performing a vector addition of the
individual spectra. The latter scenario is for instance useful for tri-axial accelerometers. Use the "Channels" mode
parameter to configure this property. With each incoming block of data a new FFT is computed. The spectrogram does
not possess this feature. It can only show the spectrum of one channel at a time.

In addition to just display the spectra the graph keeps also track of the peaks detected in a spectrum. Up to 16 peaks
can be detected. Peak detection is strongly determined by the "Threshold" and "Width" parameters - a peak must at
least possess Width data points above Threshold to be considered as a valid peak.

If two or three channels are added to the graph, their spectra can be combined to a single summed spectrum, e.g.:
s =sqrt(s1*sl + s2*s2 + s3*s3)

This mode is denoted as "vector sum" mode. It is useful for instance for 3-axial accelerometers. See the "Channels"
mode parameter in the graph configuration dialog. The maximum number of channels which can be combined to a
vector sum is three.

Live-FFT graphs have similar zoom and cursor support as standard graphs. The spectrogram has only a coarse frequency
zoom (buttons in upper left corner of the graph).

Confgure: Live FFT ® = | Confgure: Live FFT o x
Mplots | i DE @ Mrelots || 0@ @
General 1 Axes Layout Special Office General 1 Axes Layout Special Office
Name RTGRAPH_2 MName RTGRAPH_2
Title @ Frequency analysis Title @ Frequency analysis
Subtitle Subtitle
Style Default i Style Default 4
Grid xy-grid i Grid wy-grid 4
Legend Top MR Legend Top e
Big lines and points Big lines and points
FFT 4086 1 FFT 4096
Window No window 1 Window No window B
] -
Cutput Amp RMS Cutput Triangle
Channels Singular 1 Channels Hanning L
Hamming =
Averaging | Off = Averaging  |Blackman
) Exact Blackman
Peak detection Blackman-Harris
Flat Top
Threshald 0 Threshald Cosine Tapered
Scaled: Uniform b
Width 4 Width

The characteristics of the different FFT windows can be found in the www.

Class Counting
A Time-at-Level histogram of the angle might look like this:
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Time at level class counting

Bl TAL_SG_TOP_Angle

7 7
] [
1 g

o T A A
uf 10 20

R AT

Polar diagram

Principle nominal stress over angle might look like this:
+ BB_TOP_rosette_AG

90,00

135,0 45,00

180,0 5 0,00000

225,0 315,0

270,0

BB_TOP_rosette_S52

Data Acquisition Job and Storage

Storing data is the essential part in data acquisition. Listening to customer demands over many years catman®AP offers
the most relevant options in starting and stopping data storage.

Please consider that beside the signal data also meta data is relevant and shall be stored in the data file.
Let’s name the overall set of necessary information as DAQ job.

In most of the cases triggers start and stop DAQ jobs and activate data storage in a file.
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Sample rate groups

bb 600 Hz - Default b 1Hz ™ Slow Py 4800 Hz

Start of data recording
Immediately at job start
© Trigger

(O Time of day

How are triggers working? What is the meaning of burst mode?

Trigger mode Above level

Trigger channel

Pre-trigger (s) 0 [ Burst mode O Max. bursts

Thresheld [] 1]

Min. dwell time (s) 0

Execute automatically on DAQ start
[[] Zero balance of hardware channels
[[] zero balance of computation channels

[ recennect and initialize devices before DAQ start.

This mode allows to reconnect to devices if during the course of a DAQ
project the connection gets lost for some time.

[[] EasyScript Edit

~ Fast Useful sample rates

Stop of data recording and measurement
(@ Manual

() Trigger

() Duration

() Number of values

Execute automatically on DAQ stop

[ EasyScript Edit

Create yourself the best start and stop condition — manual, triggered, time or sample based.

The Burst Mode can only be applied with DAQ jobs using a start trigger. If burst mode is active, the job will not
terminate if the stop condition occurs. Instead the job starts waiting for the next start trigger event again. As a result,

the final data file will contain many chunks of data, each represe
The job will terminate if either the maximum number of bursts h
All special storage modes like manual storage, peak storage, fast

nting a single trigger event (including pre-trigger)
as been reached or if stopped manually (STOP button).
stream or cyclic interval storage are not applicable if

bust mode is active. The DAQ job must use either Trigger or Duration as stop condition. In burst mode these conditions

will determine the duration of the burst. If displaying channels fr

om a file generated in burst mode, make sure to use a

time channel for the x-axis of a graph! Just using the dt (from samplerate) would remove the time gaps between the
individual trigger events. Any trigger event occurring before the stop condition (incl. post-trigger!) will not be

considered.

The Data storage settings allow some helpful functionality. For long term structural testing data can be saved by special

storage modes.

For long term monitoring application you can use the statistical j
in permanent bridge monitoring: crossing of a train is doneasat
permanently in a an extra file, the statistical journal.

DAQ jobs sualization oSequence e EasyScript e Co
& Use as default &’ at = Bl i
o fl)
_ W LEooW B e | G
3¢ Reset default settings "
X General Data Channel Video Job Advanced
Iy Check storage parameters parameters
Settings
Job parameters
bridge monitoring Job name F3 ~ Shortcut k

[7] Deactivate job (deactivated jobs will be skipped while executing the DAQ job list)
[[] Deactivate limit value monitoring
[ Delete event log before DAQ job start

Compute statistics after DAQ job Mere infermation about DAQ job statistic

Create statistic journal More infermation about statistic journal

10 minutes T Update interval [¥] Also active during waiting for trigger

Daily 24:00 * Backup

ournal parallel to the triggered DAQ job. For example
riggered DAQ job, but all sensor data is also stored

The Cycle dependent interval storage mode greatly reduces the amount of data stored during a long term

measurement while retaining nearly all important information. It

is usually applied in fatigue or durability tests where
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large numbers of load cycles are performed. During the test whole cycles may be stored at certain intervals as well as
peak values. In the following example the peak values for every cycle will be stored and every 5th cycle a complete
cycle will be stored. Instead of a load cycle you may alternatively use a time interval - in this case the term "cycle" is

replaced by the term "time interval" using parameters like "every 10 minutes store all data for 30 s".

For every complete cycle stored a separate file will be created. Such a file may however contain more than one cycle if
for example “with every 100th cycle two cycles shall be stored” or “for the first 10 cycles every cycle shall be stored”.

Peak values are saved to a single file after the test stops. In a simple way you can also parameterize periodically during

measurement: Cycle dependant.

Cefine & sequence plan ta contrel centinuous storage as wel as the storage of peak values,
il @ More informakion recarding inkerval storsas
Detect cycles by

Counter channel 3/ bridge strain gage 120 shm | =]

Cyele penied (3] U

& Peak-valley detection 1/2 beidisé girain asgs 120 ohim — [R] JETRRRNEIYL]

Tetal rumber of cycles 166099

Sequence plan

ou job it & nuembar of

1 each seduencs you may def

of peak values securning dunng thes intery
die Lndetedingung des Messiobs edfulk ist,

@ vam o ] defing seausnces and itervals?

First cycle Last cycle ;mm,llﬁr..ﬁmmm Mo. cycles to store | Interval for peak storage
100000 Every 1000, i [ -

4 Canbemsus stora

 Craate absolute timestames for pask values (hhammass)

Refresh peak values in temparary stcrage every |2 seconds
Settings Sequence

Fioad || [dsave P Check 1 3 Create | o Delete I ) cicse

Report Generation
When working in analysis mode you can basically push all relevant data and results to a report template.

Visualization

aCopy () Lock

= =
Wymate Treen o (] W
F oot I8 upane

] | : =
AR Ea s % AF KLY [ Ex3

Edit |R-Zoom H-Zoom Section Cursor Sood Anmotations Pew Create

Panel 1

The combination of QuantumX and catmanEASY is a powerful solution for strain analysis and many more applications.
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Appendix

Shunt Calibration or Channel Check

catman is able to perform a so called shunt calibration or in short a shunt cal of the channel and with a connected
bridge configuration. For some users this is equal to “channel health check”.

What is it for?

Channel Health Check

If the applied strain gauge and wiring in a bridge configuration is damaged for some reason this “channel health check”
enables you to quickly check all channels in one automatic routine preventing you from measurement errors. Especially
for larger channel counts this is a very efficient which helps reducing set up times before you actually start the DAQ job
where visual inspections of the strain gauge applied and the wiring might be difficult and time consuming.

Go to the Channel check tab in catman and execute a channel health check:

“Sansor dat

1) Deactmate tailed cha

) compute

1 Exteenal thunt

x hail

Channel name Reading SensorfFunction  Zero value d bal: Shunt test OK/INOK
“ == MX16158 SG Bridge Module
W BE_TOP_SGrosettea B 02410 mVV (3 SG rosette RY101.6. 345,01 pmh NA
= BB_TOP_SG.rosetteb B0 -0,03037 mVIV (3 SG roselie RY101.6 92587 ym A
= BE_TOP_SG-roselle.c Bl -0,3899 mVIV () SG roselte RY101.6- 607 92 pmi A
= BB_TOP_lemperature 3 TT-3100 @ 0,00000° NA
= BE_LOW_SG.aosefle-a 01535 mVIV (] S5 rosette RY101-6- 433 30 pm) A
= BB_LOW_SGrosetieb B0 -0,5257 mVIV [§ SG roselie RY101-6 -148,43 ym A
W BB_LOW_SGaosette.c B 02897 mVIV (3 SG roselie RY101.6. 798,89 pm NA
= BB_LOW_temperature 3 TT-3100 £ 0,00000° NA
Shunt Cal

In some markets still full bridge transducers in 4-wire configuration are used so the resistance of the lead wires
between the transducer and the DAQ device causes a drop of the supply voltage and thus it leads to a loss of sensitivity
and accuracy. The cable length is not automatically compensated from the DAQ electronics. Even when the DAQ device
supports 6-wire configuration but the 2 lead wires are just shorted in the connector of the device the overall idea of
cable length compensation is not working.

This is the same when using single strain gauges in % bridge configuration with only 2-wire. Most commonly seen for
stress analysis is 3-wire especially in large channel count applications. Good to know that with single strain gauges in 4-
wire configuration even temperature is compensated next to lead wire length.

The shunt calibration can be used to compensate the voltage losses in the leads to the strain gauge bridge. Parallel to
the main strain gauge bridge arm a high-value resistor of typically 100 kQ can be switched on which leads in return to a
certain electrical input to the amplifier. The measured quantity can be used to calculate a 2-point calibration spot which
can be stored on the channel and in the sensor database to linearize the channel.

The two point calibration for a strain gauge full bridge based on 350 Q strain gauges:
1. bridge mechanically not under load and shunt resistor is OFF = 0 mV/V = 0 physical units
2. bridge mechanically not under load and shunt resistor is ON = 0,976 mV/V = 485 Ibs (in case full range of the
sensor is 1000 Ibs = 2 mV/V
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5
=

active

Bridge completion and ADC
RShunt

=1
N

o Rt R o

o—{ |

Riead Ujead = Riead’!

Graph: DAQ device internal shunt resistor switched in parallel
Example: 350 Q strain gauge with 100 kQ shunt resistor switched on.

Calculation:

AR = Rows * Renunt _

R
DMS
RDMS + RShunt

Ua_l[ARJ
Ue 4 I:QDMS

gt Raw g} 1 (2200000 ) .
K { Roys + Repune 2,03| 120Q + 2200000

QuantumX MX1615B and shunt cal
QuantumX MX1615B offers on every channel a software controlled internal shunt resistor with 100 kQ. First assign a
sensor type to the channel. The channel has to be active and not in overload state.

The respective channels are automatically switched to electrical measurement in the channel check module since the
data sheets are stating the shunt deviations in electrical values as well.

Please check the datasheet for the expected signal level when activating the shunt.

For MX1615B this shall be:
e  Strain gauge quarter bridges: +1,0078 mV/V
e Half bridges: +1.0657 mV/V
e  Full bridges: -1.0657 mV/V

To prepare the test two measurements will be performed on the DAQ channel one with and one without switching a
defined resistance the so called shunt resistance. The resulting signal deviation the so called "expected deviation" is
written into the table and stored in the catmanEASY DAQ project. This must happen before the actual series of
measurements with correctly connected sensors.

(3 Time from sample ral 0,00000 s
(3 Time from sample rat 0,00000 s

{3 SG rosefte RYAN1_A_ 245 N1 umi
% Sensorscan

3 5Gra T3 Activate TEDS

@ SGra % Deactivate TEDS usage
Activate TEDS usage

@ TT-3H
3 SGra
@ SGra
3 SGra

@ TT-31

Sensor adaptation...
Disconnect sensor

Edit sensor

Update sensor

Check expiration of calibration

Auto calibration.

TEHOQWYXE &

Shunt ON

e
+ 4

Shunt OFF
ROSETTE~BB_TOP_£0,00000 N/

LB
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To perform the shunt test this procedure is repeated and the measured deviation compared with the expected one
stored in the DAQ project. If the difference is greater than a certain user defined percentage the check has failed.
Depending on the outcome of the test the channel is marked in column "OK/NOK" either with a green point and OK or a
red point and NOK.

Execution of measurements depends on the type of channel. For this reason hardware channels are classified into three
different groups on module start:

Switching the shunt off is performed by the program itself. If sensors of type quarter bridge are assigned to QuantumX
amplifiers the measuring of expected shunt is not necessary but can be calculated directly from sensor properties
(Function "Automatic calculation").

Expected deviations can also be entered manually in the table if they are known to the user for example by a cal
datasheet.

The different methods for determining the expected deviation can be found in the control "Shunt" in group "Prepare
shunt test" of the catmanEasy/AP ribbon system, internal and shunt test in "Check" in group "Channel check". All
functions can be used either on all channels in the table or only selected ones.

Additional functions encompass displaying of channels with built-in shunt functionality, with possibility of manual shunt
or with failed shunt test only for better visibility and deactivating of channels with failed shunt-test in all DAQ jobs. Also
the channel table can be exported to Excel.

The recording of a measurement series for shunt control is not a classical test. Three regular DAQ jobs will be
performed over a user specified time frame. After the first job shunt will be switched on for channels supporting this
functionality after the second job it will be switched off. For all other channels this must be done manually by the user.
The measurement will be automatically exported. The user can also choose from which available DAQ job other basic
job properties should be taken.

To execute the measurement series the program is switched into the measurement series mode from the channel
check module. catmanEasy switches onto tab "Visualization" and displays a control group "Shunt control measurement
series". It allows manual start of the three measurement series, termination of the measurement series mode and
shows status info about the ongoing series. As long as this mode is not terminated normal DAQ job execution is not
possible.

--END
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