LORD QUICK START GUIDE

The LVDT Series

Compact Linear Displacement Sensors

The LVDT family of compact linear displacement sensors provides a rapid
response in rugged packaging, maintaining the high level of accuracy and
durability customers expect from LORD Sensing displacement sensors. With a
strong, lightweight, and corrosion-resistant free-sliding transducer core, the
sensing head is capable of total submersion in aqueous environments. The cores
are precision-ground to ensure a close-sliding fit within the open bore of the
stainless steel-lined LVDT body, allowing the sensor to achieve extremely high
repeatability.

These sensors are ideal for linear control and precision measurement
applications. Cutting-edge features may include micron resolution, linear analog
output, flat dynamic response to kHz levels, and/or very low temperature
coefficients.

Figure 1 - The LORD Sensing LVDT Series

LORD Sensing LVDT sensors are designed to be connected to one of the
following LORD Sensing signal conditioners: DEMOD-DC-2, DEMOD-DVRT-
2,DVRT-Link, or DEMOD-DVRT-TC housed in either a motherboard chassis or
smart motherboard chassis.
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Figure 2 - LORD Sensing Signal Conditioners
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LS-LVDT Compact Linear Dispclacement Sensors Quick Start Guide

1. Cable Connections

The LVDT connector cable terminates in a four-pin hermaphroditic LEMO
connector. The following mating cables are required to connectto an LVDT:

« DEMOD-DVRT-TC: CBL1, CBL2, or CBL25 mating cables have a four-pin
keyed locking LEMO connector with a red dot for alignment.

« DEMOD-DVRT-2 : DEMOD-DVRT-2 sensor cable

No mating cable is required for the DEMOD-DC-2 or the DEMOD-DVRT-TC .

2. Sensor Connections

Connecting the LVDT and a DEMOD-DC-2

1. Attach the Micro-DB9 connector with pigtail leads to the mating con-
nector on the DEMOD-DC-2.

4

2. Provide 6-16 V dc to the RED wire, and connect the BLACK lead to
ground. The output of the DEMOD-DC-2 is 0-5 V dc on the WHITE wire.
Refer to the Certificate of Calibration for the conversion to displacement.

3. Plug the LEMO connector on the LVDT directly in to the LEMO on the
DEMOD-DC-2. Refer to the Certificate of Calibration for the conversion
to displacement.

\

Connecting the LVDT and a DEMOD-DVRT-2

1. Plug the LEMO connector on the LVDT into the sensor cable.

e = ;—

2. Connectthe sensor cable to the DEMOD-DVRT-2.

3. Plug the power supply into a standard outlet, and connect to the barrel
jack on the DEMOD-DVRT-2.

4. Connectthe mini-BNC end of the output cable to the DEMOD-DVRT-2,
and connect the standard BNC end to the system. The output of the
DEMOD-DVRT-2 is 0-10 V dc. Refer to the Certificate of Calibration for
the conversion to displacement.
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LS-LVDT Compact Linear Dispclacement Sensors Quick Start Guide

Connecting the LVDT and a DVRT-Link

1. The LVDT connector cable is plug-compatible with the DVRT-Link. Con-
nect the LVDT directly to the DVRT-Link.

2. Use the DVRT-Link with the USB Base Station and SensorConnect soft-
ware. Refer to the Certificate of Calibration for the conversion to dis-
placement.

Connecting the LVDT and a DEMOD-DVRT-TC

1. Connectthe LVDT to the CBL1, CBL2, or CBL25 cable.

2. Connectthe CBL cable to the four-pin LEMO connector on the DEMOD-
DVRT-TC by aligning the red dots and pushing the connector in until it
locks.

3. Connect the Data Acquisition (DAQ) device to the Bayonet Connector
(BNC) on the DEMOD-DVRT-TC.

4. Plug in power supply for the motherboard chassis. Refer to the Cer-
tificate of Calibration for the conversion to displacement.

3. Locate Linear Range

After connecting the LVDT, powering up the signal conditioner, and connecting
the DAQ, the next step is to locate the core within the body and establish the
linear range by moving the core back and forth, observing the sensor's output on
the DAQ. In some cases it is possible to insert the wrong end of the core into the
body. If there is less than a 50 millivolt reading on the DAQ, the core is in
backwards.

DEMOD-DC-2

« Volts output: 0.0 Vto +5.0 V
« LVDT Linearregion: +0.5Vto +4.5V
« Output without core installed : +2.5V

« Output at null position: +2.5V

1. Carefully insert the core into the body, and observe the output.
2. When the core is initially inserted, the voltage will first show 0 V.

3. Continue inserting the core, and the voltage will increase to +2.5 V, indic-
ating it is passing the mid-point of its specified linear region.

4. Continue inserting the core, and the voltage will continue increasing to
+5.0V.

Using the LORD Sensing 8 mm S-DVRT-8 for an example, if the linear slope from
the Calibration Certificate is 2 mm/V, the linear region would be between +0.5 V
and +4.5 V. The 4 V range reflects the 8 mm measurement range.
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LS-LVDT Compact Linear Dispclacement Sensors Quick Start Guide

DEMOD-DVRT-2

« Volts output: 0.0 Vto +10.0 V
« LVDT Linearregion: +0.5Vto+9.5V
« Output without core installed: +5.0 V

« Output at null position: +5.0 V

1. Carefully insert the core into the body and observe the output.
2. When the core is initially inserted, the voltage will first show 0 V.

3. Continue inserting the core and the voltage will increase to +5.0 V, indic-
ating itis passing the mid-point of its specified linear region.

4. Continue inserting the core and the voltage will continue increasing to
+10.0 V.

DVRT-Link

« Bits output: 0.0 to 4096
« LVDT Linear region: 48 to 4048 bits
« Output without core installed: 2048 bits

« Output at null position: 2048 bits

1. Carefully insert the core into the body, and observe the output.
2. When the core is initially inserted, the voltage will first show 0 bits.

3. Continue inserting the core, and the output will increase to 2048 bits,
indicating itis passing the mid-point of its specified linear region.

4. Continue inserting the core, and the output will continue increasing to
4096 bits.

Using the LORD Sensing 8 mm S-DVRT-8 for an example, if the linear slope from
the Calibration Certificate is 2 microns/bit, the linear region would be between 48
and 4048 bits. The 4000 bits range reflects the 8 mm measurement range.

The DVRT-Link is shipped with its calibration already programmed into non-
volatile memory. The Calibration Certificate will contain the conversion factor for
bits to displacement.

DEMOD-DVRT-TC

« Volts output: -5.0 V to +5.0 V standard, -10.0 V to +10.0 V optional
o LVDT Linearregion:-4.5Vto+45V
« Output without core installed: 0 V

« Output at null position: 0 V

1. Carefully insert the core into the body, and observe the output.

2. When the core is initially inserted, the voltage will first show a negative
reading.

3. Continue inserting the core, and the voltage will increase to 0 volts, indic-
ating itis passing the mid-point of its specified linear region.

4. Continue inserting the core, and the voltage will continue increasing to a
positive voltage.

Using the LORD Sensing 8 mm S-DVRT-8 for an example, if the linear slope from
the Calibration Certificate is 1 mm/V, the linear region would be between -4.0 V
and +4.0 V. The 8 V range reflects the 8 mm measurement range.
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LS-LVDT Compact Linear Dispclacement Sensors Quick Start Guide

4, Calibration

For the calibration to remain valid during operation for contact type

I
I

I

I

I

!

: . ) I ) < sensors, the fixture material must be a non-magnetic material. For non- I
sensor is paired and calibrated at the factory with its own signal conditioner. A :
I

I

I

I

Certificate of Calibration is provided for each pair and is only valid for the units
matching the serial numbers listed on the certificate. For sensors with non-captive
cores itis also important to keep cores paired with their respective sensors. - -

contact type sensors, the fixture material must be non-magnetic and

I
I
I
I
I

To achieve the highest levels of accuracy, every LORD Sensing displacement :
I
I
I
| non-conductive.
I

LORID sevsine Raw Sensor Output

CERTIFICATE OF CALIBRATION Microstrain

This document certifies that the equipment referenced below meets published specifications.

6

Model: 6116-1000 Calibration Date:  3/20/2017 _
Serial Number:  EXAMPLE Calibration Tech.: PIL %
Description: HS5G-DVRT-6 E
2
LLORID sensine g
MicroStrain s
459 Hurricane Lane, Suite #102 www.microstrain.com c
Williston, VT, USA 05495 sensing_support@lord.com B L o
Ph (802)862-6629 Fax (802)863-4093 AR & _1 B 1 e 5
For any questions concerning this certificate, please call MicroStrain for a support engineer. Displacement [mm}

l..QRlD SENSING System Information I..QRD SENSING

Least Squares Linear Fit
MicroStirain MicroSirain q
Sensor Model 6116-1000 Signal Cond. Model 6130-0010 Least Squares Linear Fit Mode!
Sensor /N EXAMPLE Signal Cond. 5/N EXAMPLE 015
g : | D=M"+B
Linear Slope (mm,/V) 1.26290 -3dB Bandwidth {Hz 800 01 where D = Displacement {mm}
Linear Offset (mm) -3.16991 Supply Voltage 6-16 VDC il M = Siopa [mmjv)
Calibration Freq. | Static (<2Hz) | |Calibration Temp. 22°C = i
Customer: £ Results
Note: 2. N Slope {mm/V) | Offset {mm]
* Farthe calibration to be valid the fivture materizl must be 3 polymer. b 4 a 1.262%0 3.16551
* Far maximum stzbility plesze allow S minutes wanm-up sfter the system i initially powered. £ .
ot i in e this caiibration is traceabis to KIST StEnGaNES. Th reports Gat ane kept on ke, This casbration report = Residuzl Errors
waz performed i with currert o mnd L . = Max (%F.5.) Min |3 5.}
The Fart referenced abowe has not been aponoved by the L5, Food and Drug Administration or any other govennmental agency. This part has not been approved, | 0537 -0968
Bnel should not be Used, for human triaks or mesicel procedures involing humsns. Eqcept for sny sxprass warranky provided by LORD with respect tn thiz Part in
=y document sgned by LORD, LORD heredy discieims any and ofl other warmanties, express o implied, including, without limitstion, the imaied wermnties of 01
marchantahility sne fitness for & particular purpose.
Signoff: Tech ac I Revision - I
015
Displacement {mm)
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LS-LVDT Compact Linear Dispclacement Sensors Quick Start Guide

!125!2“"’“"9 Multi-Segment Linear Fit Be aware that some sensors have additional travel beyond the calibrated range.
. Muiti-Segment Linear Fit Model The fits detailed here have been generated only for the intended stroke of the
I D= Wi} + B3} sensor. Applying the fits to a voltage outside the calibrated range is likely to result
where D = Displacement (mm} . .
oo Mi) = Stope {memy) in an inaccurate measurement.
::_SEmurCh.ﬂpﬂt!ﬂ
. ﬁi{,ng,&-’,’}m} Applying the Linear Fit
Results
i i i . _ . . .
§ n:ﬂu TR :ﬁgas The linear fit is the simplest model to derive displacement from the LVDT. To
s b [preiod Bpssecl Inqmiiid apply the linear fit, enter the Slope shown on the calibration certificate into the
i pdtand Bl il equation of a line as "M", and the Offset shown on the calibration certificate as "B".
5 | 250006 § 129464 | -3.736402 .
& | 29636 | 125708 | 31262 Displacement = Slope *Voltage + Offset
7§ 344096 | 123366 | -3.005955
8 § 393145 § 1.21001 | -2.95635
9 | 442747 | 125003 | 3.037%0 OrD = M*x+B
| ] 490722
-0.015 Residual Errors
Displacement (mm) Ma;.ﬂ:s Mg.m’ej' 015 Least Squares Linear Fit Model
L.ORD oot
"-n,om,amsmsmc Pol\.‘nomlal Fit 0.1 where D = Displacement (mm)
Polynomial Fit Model ) M = Slope (mm/V)
0015 D=Ag+ p.;ia,'f AT x = Sensor Output (V)
| where D = Displacement [mm) E 0.05 B = Offset (mm)
e £ S —
Results g |SIope(mm/V)= ! Offset (mm) |
3 Coefficient Value . h )] 1.26290 -3.16991
£ A 3.10395E+00 S )
& A, 1.11485E400 = Residual Errors
-Hny g Ay | ranzee02 & Max (%F.5) | Min (%F.S.)
3 My 441133602 0.537 -0.968
5 g 2.91635€-02 01
. Ag 105037602
¥ 164186803
8. fiy -9.05137€-05 -0.15
Residual Errors Displacement (mm)
e Max (WF.5) ] Min (%F.5)
Displacement {mm) 0.121 -0.141
Figure 3 - Linear Fit Values
5. Scaling Volts to Displacement Using the coefficients in the example above, the linear equation for this sensor is:
The Calibration Certificate provides three calibration models to scale the voltage D = 1.2629073" x = — 3.16991mm
output of the LVDT into a Linear Fit, Multi-Segment Fit, or Polynomial Fit
displacement measurement. Where D is displacementin mm and x is the voltage output from the
DEMOD.
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LS-LVDT Compact Linear Dispclacement Sensors Quick Start Guide

0.015 Multi-Segment Linear Fit Model

Enter the voltage from the DEMOD as "x" in the equation and solve for the D; M(i)*xi’f B_(i)I
displacement, "D". Be aware that the displacement measurement from all LORD where RA‘(E)D;SSISEZTi';:/(\’/';m)
Sensing LVDTs is from the mid-point of the stroke. The sensor above is a 6mm 001 x = Sensor Output (V)

model, so the displacement measurements will range from +3 to -3mm. B(i) = Offset (mm)

€ 9 when  X(1)>x2Xt)______
. . . £ 1 Results 1
Applying the Multi-Segement Fit g 0T X0 M(i) i) 1
2 nl' 1. 0 | 009427 | 116306 | -3.11035
. . . . . ! 1 | 0.61032 | 1.21935 | -3.14470
The multi-segment fitis a compromise between the accuracy of the polynomial fit ER iy 2 2 | 110250 | 126077 | 3018037
and the simplicity of the linear fit. In this model, the output from the sensor is B J 3 | 157859 | 129491 | -3.24427
divided i 10 individual ight i f ; " . . " 3] 005 4 | 2.04209 | 131055 | -3.27621
ivided into individual straight lines, forming a "piecewise- continuous o« s | 250006 | 129464 | -3.23622
function. To apply the multi-segment fit, enter the Slope shown on the calibration 6 | 2.96366 | 1.25746 | -3.12624
ifi K h . f I N d the Off h h -0.01 7 | 3.44096 | 1.22366 | -3.00995
certificate into the equation of a line as , and the Offset shown on the - 8 | 303145 | 121001 | 2.95625
calibration certificate as "B". 9 | 4.42747 | 1.25103 | -3.13790
10| 4.90722
-0.015 Residual Errors
SensorDutp:l::s. Displacement Displacement (mm) Mas'(;/;gs-) = Ml»ré).(?b;s-)
5000 - Figure 5 - Multi-Segment Fit Values
4000+ Figure 5 - Multi-Segment Fit Values shows the values of Voltage "x", Slope "M",

and Offset "B" are expressed in terms of "(i)"; where "i" is the index for each point
shown in the first image. To calculate the displacement at any given voltage, from
the top of the table down, find the first value in column "X(i)" that exceeds the
voltage reading. One row up on the table should be a value that is lower than
10001 your voltage reading. The row that is lower than the voltage reading shown
contains the Slope "M(i)" and Offset "B(i)" used to determine the current position.

3.000

Sensor Output (V)

2000 1800 1000 0500 000 0500 1000 1500 2000 For example, if the readout from the signal conditioner is 3.2 volts, the first row in
column "X(i)" that exceeds this value is row 7, with a value of x(7)=3.44096 V. The
value in Row 6 should be less than the current value, which is the case (x
(6)=2.96366 V). From row 6, refer to the Slope "M" and Offset "B" in the columns to
Figure 4 - Sensor Output vs. Displacement the right: Slope M(6) =1.24746 mm/V and Offset B(6) = -3.23642 mm. Plugging
these values into the linear fit line, as shown below, with a voltage of 3.2 V gives
a displacement of 0.7874 mm. Be aware that the displacement measurement
from all LORD Sensing LVDTs is from the mid-point of the stroke.

Displacement (mm) —— Raw Sensor Output
—B— Multi-Seament Linear Fit

Figure 4 - Sensor Output vs. Displacement shows the sensor output divided into
10 equal lines. From left to right, each point is given an index "i" starting with i=0.
This is important for how the multi-segment coefficients are reported on the
calibration certificate. D= 1.25746% x 3.2V — 3.23642mm

D =0.7874mm

If the ouput of the DEMOD is exactly one of the values of "x(i)" listed in the table,

use the Slope and Offset in that row.
LLOIRDD sensive
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LS-LVDT Compact Linear Dispclacement Sensors Quick Start Guide

Applying the Polynomial Fit

The polynomial fit is typically the most accurate model, but also requires the
computation of high-order terms. For post-processing on modern computers this
not an issue, but in applications where a digital readout or independent
programmable device is reading the DEMOD output, the ability to compute high-
order terms is not always supported.

The polynomial fit uses a 7-order term to relate the sensor output to displacement
in mm. The full form of the equation is shown below.

D=Ay+ Az + A2w2 + A3:L‘3 + A4a:4 + A5(B5 + Asmﬁ + A7(L‘7

The coefficients Ag through A are listed in the calibration certificate. Insert the
values into the matching term in the equation above, paying close attention to the
power of the exponent for each term. The notation "E" is interchangeable with
"10~" so "E-02" is the same as *10-2.

Polynomial Fit Model
D=Ag+A M x +A M + A%+
where D = Displacement (mm)
A,; = Polynomial Coefficient
% = Sensor Qutput (V)
Results

0.015

Coefficient Value
Ay -3.10395E+00
Ay 1.11465E+00
A, 8.74726E-02
Az -4.41133E-02
A, 2.91635E-02
As -1.05037E-02
Ag 1.64186E-03
A, -9.05137E-05

Residual Error (mm)

-0.01

Residual Errors

Max (%F.S.) | Min (%F.S.)
Displacement (mm) 0.121 -0.141

-0.015

Figure 6 - Polynomial Fit Values

After entering the coefficients into the equation, the displacement at any point
along the stroke can be solved by replacing "x" with the voltage from the DEMOD.

L.OIRID sensive
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6. Legacy Signal Conditioners Locate the LVDT's Linear Range with a DEMOD-DVRT or DEMOD-DIN

. « Volts output: -10.0 Vto +10.0 V
Connecting the sensor and the DEMOD-DVRT

« LVDT Linearregion: +4.5V

1. Connectthe sensorto the CBL1, CBL2, or CBL25 cable. . .
« Output without core installed: 0 V

2. Connectthe CBL cable to the four-pin LEMO connector on the DEMOD-

DVRT by aligning the red dots and pushing the connector in until it 1. Carefully insert the core into the body, and observe the output.
locks.
2. When the core is initially inserted, the voltage will first show a negative

3. Connectthe Data Acquisition (DAQ) device to the Bayonet Connector reading.

(BNC) on the DEMOD-DVRT.
3. Continue inserting the core, and the voltage will increase to 0 volts, indic-
ating it is passing the mid-point of its specified linear region.

nnecting th nsor and the DEMOD-DIN . . . . . . .
Connecting the sensor and the © 4. Continue inserting the core, and the voltage will continue increasing to a

1. Connectthe sensor to the CBL1, CBL2, or CBL25 cable. positive voltage.

2. Connectthe CBL cable to the four-pin LEMO connector on the DEMOD-

Using the LORD Sensing 8 mm S-DVRT-8 for an example, if the linear slope from
DIN by aligning the red dots and pushing the connector in until it locks.

the Calibration Certificate is 1 mm/V, the linear region would be between -4.0 V

3. Connectthe Data Acquisition (DAQ) device to the V Out and GND con- and +4.0 V. The 8 V range reflects the 8 mm measurement range.
nectors on the DEMOD-DIN.

Powering and Wiring the DEMOD-DIN

« GND from power source

« +12V from power source
« -12V from power source
« VOutto DAQ

« GND to DAQ

LORD Corporation
MicroStrain® Sensing Systems
459 Hurricane Lane , Suite 102
Williston, VT 05495 USA
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