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Copyright and Trademarks

No part of this product or related documentation shall be reproduced in any form by any means without
prior written authorization of Phase IV Engineering, Incorporated. No part of this document shall be
reproduced, stored in a retrieval system, or transmitted by any means, electronic, mechanical, photocopying,
recording, or otherwise, without prior written permission from Phase IV Engineering, Incorporated.

Although every precaution has been taken in the preparation of this document, Phase IV Engineering
assumes no responsibility for errors or omissions. Neither is any liability assumed for damages resulting
from the use of the information contained herein.

Phase IV Engineering assumes no responsibility for any loss or claims by third parties that may arise through
the use of this product.

Phase IV Engineering assumes no responsibility for any damage or loss caused by deletion of data as a
result of malfunction, repairs, or battery replacement, or power failure.

Phase IV Engineering, Incorporated may have patents, patent applications, trademarks, copyrights, or other
intellectual property rights covering subject matter in this document. Except as expressly provided in any
written license agreement from Phase IV Engineering, the furnishing of this document does not give you
any license to these patents, trademarks, copyrights, or other intellectual property.

This manual, its related hardware, software and documentation are subject to change without notice and
do not represent a commitment on the part of Phase IV Engineering. Phase IV Engineering reserves the
right to make changes in the product design without reservation and without notification to its users.

© 2021 by Phase IV Engineering, Incorporated, 2820 Wilderness Place, Unit C, Boulder, Colorado 80301,
USA. All rights reserved.

All brands and product names are trademarks or registered trademarks of their respective owners.
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1. About this Manual

This User Manual describes specific configuration and usage of the Leap Strain/Load Cell Sensor Device,
generically called the Resistive Bridge Sensor as it’s applicable to any resistive bridge.

LOAD CELL
FULL BRIDGE

S0FD9FFFFEADACE7

Phase IV Engineering

The Leap Strain/Load Cell Sensor Device is designed to work with any resistive bridge circuitry. This includes
custom strain gauges as well as commercially available load cells. The Leap Web User Interface allows the end-user
to configure this device for use with any resistive bridge sensor.

General usage of the Leap Wireless Sensor System, including a system Quick Start Guide, is described in the User
Manual linked here:

Leap Wireless Sensor System User Manual
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2. Hardware Configuration

Hardware configuration may be required by the end-user for custom resistive bridge applications.

2.1  Resistive Bridge Wiring

Resistive bridges usually contain four strain sensors configured in a Wheatstone bridge configuration.

Typically, the bridge is set-up with wires of standard colors. The Leap Strain/Load Cell Sensor Device follows this
typical convention.

e Red Wire: Excitation Voltage (supplied by the Leap Device)
e Black Wire: Ground

e  White wire: Signal (-)

e Green wire: Signal (+)

e Bare wire (cable shield): Connect to the load cell ground

Important: The voltage signals from load cells are very small. To ensure the most accurate readings:

1) Solder all wire connections with quality solder joints to ensure good connection. Insulate connections at the joints
to prevent any shorts.

2) Keep the cables as short as reasonably possible.

3) Connect the bare cable shield wire from Leap Device to the load cell ground
Important: Compression vs Tension Polarity: After setting up the device and viewing the readings in the Web Interface, if
compressing or tensioning the cell is yielding results with the reverse polarity than desired, simply reverse the White and

Green signal wires. For example, if the reading value should be positive under load but it's increasing in the negative
direction, reversing the signal wires will fix the issue.
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2.2

2.21

Many applications use two weld-on half-bridge gauges to form a full-bridge. In most cases the sensitivity of a full-
bridge strain circuit has a sensitivity of 1.3 mV/V at 1000 pe, However, many weld-on gauges use a “compensation
resistor” instead of a “Poisson gauge” for a leg of the bridge. The “compensation resistor” is not glued to the metal

mounting plate. The result is that:

When using two weld-on half-bridge gauges (with compensation resistors) to make a full-bridge strain sensor,

Weld-on Strain Gauges

Important Considerations

the sensitivity for that full-bridge is 1.0 mV/V at 1000 pg, not 1.3 mV/V at 1000 pe.

Here is a picture:

ALIGNMENT
MARKS

HITEC PROPRIETARY
WATERPROOF
COMPOUND

THE SENSITIVITY

COMPENSATING

WIRING DIAGRAM

clear water

ACTIVE
OF THE FULL GAGES %,
BRIDGE IS 2.0 IN GAGES
PARALLEL - OR 1.0 '\
mv/V OF NOT A POISSON
EXCITATION AT GAGE - NOT e
1000 uSTRAIN ATTACHED TO
METAL
SPECIFICATIONS HITEC PRODUCTS, INC.
SENSOR TYPE i’u‘i:""s'm"a” or TEMP. COMPENSATION | 6ppm/°F (1018 steel) GAGE DESCRIPTION: HBWF-35-125-6-GP-NT
SENSOR ALLOY STRAIN DESCRIPTION Static DRAWING NO.: 80-808
SENSOR LENGTH 0.125" MAX. OPERATING TEMP. | 180°F
GAGE FACTOR(nominal) 2.0 Nom. each active element | INTERMEDIATE WIRE None APPROVED BY: /57 I DATE: / 5[
GAGE RESISTANCE(nominal) | 350 Ohms TRANSITION DIMENSIONS | None CUSTOM DRAWING:
CABLE TYPE Shielded vinyl jacket SHIM MATERIAL Standard
CABLE LENGTH Customer Specified SHIM DIMENSION BO"W x 15°L HPPE 10/12/2021
ENCAPSULATION 100% Immersion tested in NOTES:

2.2.2 Welding Instructions

The strain gauges for all weld-on strain gauges are mounted on 5 mill thick shims made of 317L stainless steel.

Minimal cleaning of the shims is needed to allow for good welding performance. They can be welded to most other

steel alloys.

Before welding:

e The surface to which they are to be welded must be clean, flat, and oxide free to allow for a reliable weld

connection.

o Check that the shim is flat and doesn’t have any significant bends or creases.
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During welding, press the center of the shim against the surface to which it will be welded. Verify it is sitting flat
against that surface. Using a spot welder, begin welding at one corner, and proceed around the perimeter of the
shim placing a weld every 0.2” or so, for a total of 10 to 18 weld spots around the entire gauge.

Location of
Strain Gauge

2.2.3 Weld-On Strain Gauge Orientations

2.2.31 Axial Strain Welding Orientation

The 2 strain gauges of an axial strain sensor should be welded directly opposite of each other on both sides of the
material to measure. Orient the gauges so the long axes of the gauges are parallel to the direction of the force on a
plane that intersects both gauges.

_
[

2.2.3.2 Bending Strain Sensor Gauge Welding

The 2 strain gauges of a bending strain sensor should be welded directly opposite of each other on both sides of
the material to measure. Orient the gauges so the long axes of the gauges are perpendicular to the direction of the
force on a plane that intersects both gauges.

Bending
Strain
l_/

LEAP SYSTEM [7]
User's Operating Manuall




2233 Torsion (Shear) Strain Sensor Gauge Welding

The single gauge of a torsion (or shear) strain sensor should be welded to the surface of the material to measure
oriented so the long axis is perpendicular to the direction of the force on a plane parallel to the surface to which
the gauge is welded.

Torsion Strain
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3. Device Configuration

3.1 Device Web Ul View

The default Leap Strain/Load Cell Sensor Device display in the Leap Wireless Sensor Web Interface looks like this:

5C0272FFFEF18959 Last Reading: 9/3/21 6:50:22 AM MDT
4 Resistive Bridge Sensor
Last Communicated: 9/3/21 6:51:18 AM MOT 306 pe
D Firmware Version: 1.20

Battery: 3.608V
Signal: -85 ,

Show More Info

3.2 Edit Device Configuration

Edit the Device configuration by selecting the Device panel check box, click Configure Devices->Edit Configuration

Select All I Deselect All (1) I C > Readings ~ Device

Search For Device: Update Firmware

| | Edit Configuration

5C0272FFFEF18358

Click to Edit
Configuration

Select the Device

In the dialog box that appears, scroll down to the Sensor Options section to find configuration options for the Resistive
Bridge Sensor picture here:
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H Sensor Options

Component 1

Sensor Type: Resistive Bridge Sensor

Msensor Enabled

Bridge Sensitivity (mV/V of excitation)

1.2999999523162842 *

Calibration Load

1000

L]

Offset

0

L]

Sensor Units
HE
Sensor Label

Resistive Bridge Sensor

Reading Decimal Places

0

Resistive Bridge Power Stabilization Delay (ms)

1500

See the next section in this document for how to set these values for specific types of calibration. If a sensor is already
attached, these values have already been set at the factory and should not be changed. Here’s a general description of
each option.

- Bridge Sensitivity (mV/V of excitation): Sensitivity of the bridge in mV/V. Can also be used as the slope for custom
calibration described later in the document.

- Calibration Load: The strain gauge or load cell calibration load.
- Offset: Zero the sensor by entering the negative of the reading value at no strain/load.

- Sensor Units: Change so the display on the Web Ul displays the correct units. For example: ue, Ibs, kg, etc.
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- Sensor Label: Change to display the correct sensor label on the Web Ul units. For example: Strain Sensor, Load
Cell, etc.

- Reading Decimal Places: Adjust the precision according to expected accuracy of the sensor.

- Resistive Bridge Stabilization Delay: When the device takes a reading the bridge is momentarily excited with a
voltage produced by the device. This delay allows the sensing circuitry to stabilize for a reading. For most sensors
the default, 1500 ms, is the correct value. Adjust only if instructed by a Phase IV representative.

3.3 Field Calibration

If Phase IV sent the Leap Strain/Load Cell Sensor Device with a Sensor already connected it will already be configured and
calibrated so adjusting the configuration won’t be necessary. If connecting a Resistive Bridge Sensor in the field adjust the
configuration options as appropriate as described below for different types of calibration.

3.3.1 Calibrate Custom Strain Sensor in pe:

Field calibration of a strain sensor reporting the value in microstrain (u€) takes a little bit of effort. Set each configuration
value as described:

Bridge Sensitivity: Strain sensor sensitivity is dependent on the Gauge Factor of each strain cell in the bridge, type of bridge,
and the strain cell orientation. Use the link below to determine the sensitivity for a given orientation

https://www.ni.com/en-us/innovations/white-papers/07/measuring-strain-with-strain-gages.html

An example of a common configuration is a Full-Bridge Type Il configuration. From the linked article it shows that if the 4
strain cells in the bridge have a Gauge Factor of 2.0 mV/V then the overall sensitivity of a Type Il Full-Bridge configuration is
1.3 mV/V. Enter 1.3 for the Bridge Sensitivity configuration value. For different Gauge Factors in a Type Il Full-Bridge
configuration do the proportional math. For example, if the Gauge Factor (GF) of the 4 strain cells is 2.13 mV/V then:

1.3 1.3
FullBridge Type Il Sensitivity = GF o= 2.13- - = 1.3845mV/V

The math is similar for other bridge configurations.
Calibration Load: Gauge factors for strain sensors are given at 1000 pe. Enter 2000 in this field.

Offset: If possible, remove any load from the strain sensor, let the device take a few readings, and input the negative of the
reported value. For example, if the unloaded reading is -306 g, enter 306 for the Offset value.

Sensor Units: Enter ue
Reading Decimal Places: Enter 0 in this field because a tenth of a microstrain is so small as to be meaningless.

3.3.2 Calibrate Custom Strain/Load Sensor for weight (Ibs, kg, etc):

Sometimes an end-user would like custom strain sensor values in a unit of weight like Ibs or kg. Internally the Bridge
Sensitivity configuration value is used as the slope. For this calibration method we’ll use this configuration value as the slope
in a 2-point linear calibration. Follow these steps to do a 2-point calibration for weight:

1) Set the Device configuration options as follows: Bridge Sensitivity (the Slope) = 1; Calibration Load = 1; Offset = O;
Sensor Units = <desired weight unit>; Sensor Label: <appropriate sensor name>; Reading Decimal Places: Set
according to the desired accuracy. For example, a load cell expected to output Ibs to the one-hundredth of a lbs,
enter 2 for this value so 2 decimal places are reported.
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2) Let the device take a few readings at 2 known loads (if possible the loads should be at the extreme ends of the
expected measurements)

3) First calculate the Slope; In the equations below the “Values” are the actual weight used for calibration in kg, lbs.,
etc.; the “Readings” are the sensor reading values displayed on the Web Interface.

High Load Value — Low Load Value

Bridge Sensitivity (Sl =
ridge Sensitivity (Slope) High Load Reading — Low Load Reading

Enter result of this equation as the Bridge Sensitivity configuration value.
4) Then calculate the offset using the Slope calculated in the previous step:
Of fset = Low Load Value — (Low Load Reading - Slope)
Enter result of the equation as the Offset configuration value.

3.3.3 Calibrate for Commercial Strain or Load Cell:

Enter the Bridge Sensitivity and Calibration Load from the manufacture’s datasheet. Change the Sensor Units, Sensor Label,
and Reading Decimal Places appropriately for the device. If desired enter the Offset value necessary to set the value to 0 at
no strain/load.

LEAP SYSTEM [12]
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4. Strain Sensor Simulator/Tester

4.1  Purpose of the Strain Sensor Simulator/Tester

The strain simulator allows the user to test the leap device node to assure it is working properly.

If a problem is encountered with a strain sensor reading being questionable or in an error condition, this
device may be used to check if the problem is with the Leap Device Node or the strain sensor itself.

4.2 Temperature Sensitivity — IMPORTANT NOTE

Tests with the Strain Sensor Simulator have shown that it is temperature sensitive.

If instability of the readings are observed with the strain simulator — it is likely that it is due to the
temperature sensitivity of the simulator.

5C0272FFFEF18959 N
O~ Resistive Bridge Sensor (ug) Strain simulator
Strain Simulator in a rf:rlrjslovled from llhe
stable-temperature stable temperature
chamber R'ér:_::\;?:tgroem chamber and placed
HE ch‘; Fribr at "room
518 —————— . temperature" that
fluxuates
510 o
500
Readings will fluxuate if the strain
490 ; i i
simulator is not in a stable
temperature enviroment.
480
27,22, 03:14:31 PM Mar 27, 22, 07:55:01 PM Mar 28, 22, 12:35:31 AM Mar 28, 22, 05:16:02 AM Mar 28, 22, 09:56:32 AM Mar 28, 22, 02:37:03 PM
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4.3 Install the Wires

Strip the wires and install the wires from the Leap Strain Sensor Device Node to the strain tester as
shown. Press the brown levers down to install the stripped wires into the terminal block.

+500 uS UP

0 uS DOWN
+500 uS UP

0 uS DOWN

+ uS to the Right
- uS to the Left

Set the strain Positive, 0 uS. (Left switch Down, Middle switch to the Right, Right switch Down).

4.3.1 Attach the Strain Simulator to the Leap Sensor Node

If strain sensors are already attached to the Leap node, then the best way to connect the Strain Simulator is to
connect the other end of the cable to the inside terminal block of the Leap Strain Sensor Node.

First, open the front cover of the strain sensor node. (See the video on how to do this at:
https://www.phaseivengr.com/about-us/support/ - See video titled, “Opening and Closing the Transceiver Node
Enclosure”.

Dis-connect the strain sensors from the terminal block as shown below.
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Remove all the strain sensor
wires from this terminal block
so that the tester may be
installed.

Press on the button with a

all of the strain sensor wires
from this block.

J11
Strain Sensor
Terminal Block

Once the strain sensing wires have been removed, install the strain tester into this terminal block as shown below.

Use a small screwdriver to press on the button above each hole to open the spring-loaded wire-clamp inside each
hole. Insert the stripped wire into the hole —then remove the screwdriver to let the terminal block clamp on the
wire. Pull on the wire to verify a good connection.
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4311 Strain Tester Wiring to Terminal Block

To attach the strain tester, leave the sensor node lid open and connect the cable from the strain tester to terminal block J11
as shown below.

Ji1
RED,=11
RED
—
St Green=2 . | S+/RTD+
= \White-3 ___SJRTD-
. | IBIAS
B
Black.=.5
Shield

MX250A-2.5-6P

AGND

4.4 Set the Zero Offset

Use the Leap software to see the output from the strain tester/simulator.

The strain sensor simulator is unlikely to report 0 uStrain when first attached. A zero-offset needs to be
set in the software.

In the example below, an offset of +136.49 needs to be added to zero-out the strain sensor tester.
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Select All l Deselect All (1) |

Search For Device:

I I

H Devices

5C0272FFFEF18959

Click on the checkmark to select this device node.

Then, click on Configure Devices.
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Scroll down the page and add the offset.

Then, click Save.

LEAP SYSTEM

@b Devices

Sensor Options

Component 1

Sensor Type: Resistive Bridge Sensor

Elsensor Enabled

Bridge Sensitivity (mV/V of excitation)

1

Calibration Load

1000

Offset /
136.49

Sensor Units
3

Sensor Label

Resistive Bridge Sensor

Reading Decimal Places

2

Resistive Bridge Power Stabilization Delay (ms)

1500
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After the offset adjustment, the strain sensor should show a value nearly zero, +/- 3 uS.

5C0272FFFEF18959 Last Reading: 10/20/21 3:33:22 PM MDT

@ Resistive Bridge Sensor

Last Communicated: 10/20/21 3:33:22 PM MDT 145 pe

[ 1 Firmware Version: 1.20
Battery: 3.592V

Signal: -43 4

Show More Info

4.5 Testing 0, 500, and 1000 uStrain
Once the zero-offset is input, the Leap Device Node can be tested at 0, +500, and +1000 uStrain.

Use the switches to change the strain settings. The switches on the right and left of the tester will add
500 uStrain. With both switches up, the Device Node should read 1000 uStrain.

+/- 5 uStrain is typical at 500 and 1000 uStrain.
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4.6 Switching to Negative Strain — IMPORTANT NOTE

IMPORTANT NOTE: When switching from positive to negative strain, the offset also needs to change
from positive to negative.

@b Devices

Sensor Options

Component 1

Sensor Type: Resistive Bridge Sensor

Esensor Enabled

Bridge Sensitivity (mV/V of excitation)

1

Calibration Load

1000

Offset /
-136.49

Sensor Units

HE

Switch the sign on the offset when flipping the positive/negative strain switch. In the example above,
the offset was +136.49 when displaying positive strain and needed to be changed to -136.49 when
moving the tester switch to negative strain.

4.6.1 Removing the Tester and Re-Attaching the Strain Sensors

Once the testing with the strain testing module is complete, remove the strain tester from terminal block J11 and re-attach
the strain sensors as shown in section 4..3.1.
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5. Technical Support

For more information about our products and services, or for technical assistance:
Visit us at: www.phaseivengr.com

Tel: +(303) 443 6611 (USA — MST 8:00 a.m. to 5:00 p.m., Mon.-Fri.)
E-Mail: support@phaseivengr.com

If you need assistance, please provide the product part number, product serial number, and product version.
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