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Warranty Information

Bridge Diagnostics, Inc. warrants its products to be free from defects in materials and workmanship
under normal use and service fihirty-six (36) months from date of shipment. This warranty shall be
void if any products have been subjected to maodification, misuse, neglect, accidents of nature, or
shipping damageBatteries have no warranty.

All equipment manufactured by Bridgeagnostics, Inc. is intended for use by a qualified
professional only. Under this warranty Bridge Diagnostics, Inc.'s obligation is limited to repairing or
replacing (at Bridge Diagnostics, Inc.'s option) of defective products. In no event shall Bridge
Diagnostics, Inc. be liable for punitive, exemplary, special, indirect, incidental, or consequential damages
and the customer shall assume all costs of removing, reinstalling, and shipping of defective products.
EXCEPT AS STATED HEREIN, BRIDGE DIAGNOSVIKIES NO WARRANTIES, EXPRESSED OR
IMPLIED, AND SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTY OF FITNESEAFOR A PARTICU
PURPOSE OR MERCHANTABILITY.

Before returning any product, Bridge Diagnostics, Inc. technical support must be contacted at 303
494-3230 or by visiting www.bridgetest.com/contact/ and submitting a request. A technician will help
determine the nature of the problem and if it cannot be resolved, authorization will be given to return
the item. A return merchandise authorization (RMA) bdl sent to the customer to be filled out and
shipped back with the equipment. Bridge Diagnostics, Inc. will not accept shipment of any product
without prior authorization as provided herein.

Ship all equipment to:
Bridge Diagnostics, Inc.
Attn: Techntal Support
1995 57th Court North, Suite 100
Boulder, CO 80362810
(303) 4943230

Bridge Diagnostics, Inc. has taken every precaution to ensure accuracy of its manuals,
documentation, and software. Bridge Diagnostics, Inc. assumes no responsibaity ferrors or
omissions that may appear in any manual, documentation or software and in no event shall Bridge
Diagnosticsinc.be liable for any damages or losses that result from the use of its products in
accordance with any manuals, documentation, oftware.
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The Quarter Arm Strain Gage Completion Mod@ACMhas been designed focompleting the
Wheatstone bridge circuit for individuat®NXY F2Af aGNI Ay 3 3 $oauvewittt KS v ! / a
many different varieties of 2Arm foil strain gages, BDI recommend that Viskagro-Measurements
folgage® S dzaSR A 0GK (GKS v!/aQao

The QACMmploy metalfoil resistance elements, bonded to a dense ceramic substraie.
NBairadl yoOS StSySyida IINB aLISOAlLffte LINRPOSaasSR (2 avy
ceramic, resulting in a very low resist&nc G SYLISNI (G dzZNB O2SFFAOASY G SljdzA I f
forthehaltd NA RIS OANDdZAG&X YR pndop>t Kk ct@mpergturerange> s Kk ¢ / 6
from 0° to +200°F¢[L8° to +95°C].

Completing the bridge circuit at the strain gage girovides for a symmetrical, balanckzhd wire
system between the strain gage circuit and the instrumentation. This can reduce effects of noise pickup
in thelead wiresystem in some environments. Where switch contacts, slip rings, or other mechanical
connections are employed between the strain gages and measuring instrumentation, ollegtenires
will be periodically disconnected from the measuring instrument, accuracy can be improved by
completing the bridge at the measurement site.

Each unit igully sealedwater resistanto an IP67 ratingand incorporates a single mounting hole
F2N) STFAOASY(H Y2dzyiAy3ao . &SR 2 yQAEMSSO b indtkted, (i dzNB Q a
various mounting techniques can be used and are outlinedvioel

2{t 9/ LCL/!¢Lhb{

B
A B 3500
< |l 22001
4 e e e

o =S m—

Figure2-1 Quarter ArmDrawing
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Table2-1 General Specifications

Model

QA120

QA350

QA1000

Range (Resistance)

MH /T M

opnm

MM

Circuit

Full Wheatstone bridge with-&ire hookup to foil gage

Foil Gage Hookup

36 inch (914mm) threavire 30 awg assembly with waterproof M8 connector

(Other lengths available upon request)

Excitation Voltage

+1.0 to +10.0 Vdc

Power Rating

Max: 840 mw 300 mwv 100mw

Typical: 210 mW @ +5.0 Vdc 72 MV @ +5.0 Vdc 25mW @ +5.0 Vdc

Intelliducer: 13mW @ +5.0 Vdc 13mW @ +5.0 Vdc 13mW @ +5.0 Vdc
Damping Nitrogen Gas Damped
Cable 1G02-187 (22awg, 2 pair, shielded with drain wire, red PVC cable)
Housing 6061-Aluminum

Weather Proofing

IP67 Rated (with connector plugged in)

Operating Temperature

-58°F to +185F (50°C to +85C)

Size (Ax B x C)

0.80inx 1.95in x 0.49 in (20.3 mm x 49.5 mm x 12.4 mm)

Weight

0.12 Ibs. (54 grams)

Mounting

BDI mountingrab and adhesive, mechanical connection

* Intelliducer connectors operate at +5.0 Vdc only.

3.¢1 9hw htmav! ¢Lhb

The internakomponents of theQACMcontaina Wheatstone bridgeeompletion circuitwith
integralad R dzY Y € € Tha QALH is used to connect one active foil strain gage by completing the
Wheatstonebridge circuit that is needed for most standard data acquisition system.

4.¢C t LAt [ L/ !"¢Lhb{

Typical applications fAdACMinclude:

Standard foil strain gage measurengn
Strainrosette measurements
Residual Stress measurements

1
1
1
9 StressVibrationMonitoring

5/hbb9o/ @ !/ v L{{¢cLhDa

This section outlines how to connect and tdst QACMor most standard data acquisition systems
that are designed to handletber a differential or singlended voltage signal.
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5.1 BHECTRICAIDNNECTIONS

TheQACMis a typical 4vire hook upfor Wheatstone bridge sensar§eeTable5-1 for a
description of the wiring, this table also includes thim assignmentor the BDI Structural Testing
System Intelliduceconnector This is a ratiometric sensor #te output will change relativ to the
supplied excitation voltage, which should be betwedrta-+18VDC.

Note: When using th€QACM withSTSlata acquisition equipmenthe connection has already been
pre-wired with an Intelliducer plug.

Table5-1 QACMinput/output wiring scheme

QACMWire Signal Intelliducer PinAssignment
Red + Excitation G

Black - Excitation (Ground) K

Green + Signal C

White - Signal J

Bare ShieldDrain Integrated into pin K

PIN_ASSIGNMENTS

FRONT VIEW

Figure5-1 M8 connector pin assignment for threwire connector

-y

\J
Figure5-2 Typical 1/4Arm foil gage

Table5-2 ¥+=Arm foil gage connection

Foil Gage Foil Gage Wire M8 Connector
Solder Pad 1 Red Wire 4

Black Wir& 1
Solder Pad 2 - -

White Wire* 3

* TheBlack and White wires should be twisted together and both soldered on to Solder Pad 2.

BDI 6
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5.2 APPLYINGALIBRATIOIRACTORS

BDI does not supply calibration factors for @ACMthe calibration factors will be based on the
individual foil gage that is being used with the QACM. Atypicalgage (@& 2 NJ I opnam F2Af £
gage can be seen kigure5-3.

MICRO-MEASUREMENTS
General Purpose
STRAIN GAGES

FOR COMPLETE TECHNICAL DATA, VISIT WWW.VISHAYPG.COM

Gl OF GAGE FACTOR, %/100°C
ST/ (#1.320.2)

GRID| GAGE FACTOR @ 24°C VERSE SENSITIVITY

TRANS!
2.115£0.5% (+0.2 £0.2)%

2
3
NOM
THERMAL OUTPUT COEFFICIENTS FOR 1018 Steel
ORDER FAHRENHEIT CELSIUS
0 -2.26E+2 -8.80E+1
i +5.48E+0 +5.86E+0
2 -3.89E-2 -9.96E-2
3 +8.83E-5 +4.73E-4
4 -5.61E-8 -5.89E
FOIL LOT NUMBER BATCH NUMBER
AB5AD8B55 CF525317

Figure5-3 Typical micremeasurements foil gage calibration document

The typical metallic foil strain gage consists of a fieg/wire arranged in a grid pattern. The grid
pattern is oriented so that the wire is subjected to the maximum amount of strain in the in the parallel
direction(seeFigure5-4). The crossectional area of the grid is minimized to reduce the effects of
shear strain and Poisson Strain. The grid is bonded to a thin backing, which is attached directly to the
test specimen. Therefore, the strain experienced by tst $pecimen is transferred directly to the
strain gage, which responds with a linear change in resistahttee active grid.

\J
Figure5-4 Standard Bil Strain Gage
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It is very important that the strain gage be properly mounted onto the test specimen so that the
strain is accurately transferred from the test specimen, through the adhesive and strain gage backing, to
the active grid itself. A fundamenrtparameter of the strain gage is its sensitivity to strain, expressed as
the Gage factor (GF). The Gage Factor is defined as the ratio of fractional change in the resistance to the
fractional change in length (strain), sequation5-1.
Yy v yY v
00 w5
U

Equation5-1

To calculatestrain from the change in voltage outp(¥, in Figure5-5) from the QACM, the output
must be entered into the into the Arm gage formula with the supplied gage factéigure5-3). If the
QACM is used with the any BDI Structural Testing System, the foil gage calculation is integrated into the
data acquisition software (WinSTS). Otherwise, follow these procedures for calculating strain from a
change in voltage

Figure5-5 Wheatstore bridge configuration

The formula that can be developd&m Figure5-5is:

14
T4 4 4 4 ™

Equation5-2

FromEquation5-2, it is apparent that when R, = R/R,, the output voltage Yequals zero In this
condition the Wheatstone bridge circuit is balanced. Any change in resistance to any of the four
resistors will result in a nehalanced conditiomnd will result in a measurable voltage at Wsing the
QACM, three of the resistors are fixed resistance and th@R is the foil gage that will be used to
measure strain (change in resistance). If the nominal resistance of the foil strain gag@yisated as
Rs then the straiccA Y RdzOS R OKIF y3S Ay NBaAadllgkCEE aWRNROIY 0685
Equation5-1) Assuming that R= R and R = R;, the bridge equation above can be rewritten to express
V,/Veyas a function of strain (seequation5-3). b2 S GKS LINBaSyO0S 2F (KS Mk o mI
indicates the nonlinearity of the bridge output with respect to strain.

w 0 5 p
w T T 0w
Equation5-3
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5.3 VERIFYINGOILGAGEOUTPUT

Once theQACMnas been connected to the data acquisition system as outlined above, the user
should perform the following testsThese tests should also be conducted on a regular basis to verify
proper continued operation ahese sensitive instruments.

TheQACMhas been designed to minimize the amount ofim@nance required tdt operational.
Before each use it is recommended that eveepsorbe visually inspected for damage and powered on
to ensure it is working properlyThis should be done two to three weeks befargy scheduledesting
in case any repairs are required.

5.3.1 Noise and Output Test

Once the foil strain gage has been attached to the QACM it is a good idea to test the functionality.
This can be done very simplging the following steps:

1. Start a test and ensure the resolution of the foil gage is as expected for the data acquisition
system that is being used (BDI generally uses-bit2data acquisition system and the
resolution of a single foil gage with the QMG less thent 1> ¥ GebFigure5-6 to see an
example of the typical noise level from a-Bi data acquisition system.

12
0.8
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0.4

"ﬁl 144 A Y
! 11 u ' J il .[uu | “/ ! J, L ln LI
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] |
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Figure5-6 Typical noise level from a 2@it data acquisition system

2. Using the eraser of a wooden pencil rub the element of the foil gage with approximately 2
3psi (2630kPa) as seen below. The data acquisition equipment that is bsétgshould
display some change in voltage or strain.

BDI 9
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Figure5-7 Testing the output with a rubber eraser.

5.4 LEADWIREEFFECTS

Strain gages are sometimes mounted at a distance from the measuring equiphhé&increases
the possibility of errors due to temperature variations, lead desensitization, aneW&adesistance
changes.

5.4.1 Effects of the Thre&Vire Foil Gage Cable
The resistance of leadires in series with an active strain gage attenuates the brwlgput (or
"desensitizes" the gage) by the factor:
Y

O'Y Y

where:

R_= total resistance of leadires in series with the gage (two lengths of ledde for a two
wire-circuit, and on length for a threwvire circuit).

Rs = gage resistance.

Ry

74 V’\Nﬁxﬁf,

¥ -
E "/T— = o

JEERA

Figue 5-8 Threewire hookup

The errorg, caused by leadire resistance can be expressed as:

BDI 10
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Q ——— pnm
Y
P Y
When the leadvire resistance is known, indicated strains could be corrected fordgaeffects
by multiplying the strains by:

YooY
p IO T
As an alternative to correcting the data numerjcally, thq gage fagtor of the strain indicator canAbe
adjusted fromits originalvalu&x 2 | ySg3s O2ywhisegal GAy3a @I fdsSI CQ
6 "0 Y
YOy

6.{9b{hbw ¢! [[!¢Lhb

This section will focus on the installation and proper connediad installatiorof the QACM. It is
assumed that the user is familiar with the promatachmenttechniques for foil strain gage installation.

6.1 LEADWIRECONNECTIONOFOILGAGE

Each QACM is supplied with one thne@e foil gage connection cablé@nce the foil strain gage
has been installed the threwire sensor leads can be attached using the following instructions:

1. If applicable, split the three wireg; (i NA LJ F LILINPEA Y i8St & wmkyé¢ 2F (K
wire. Twist the black and white leads together and tin both this pair and the red lead. An
example of this can be seen below.

Red tinned

White & Black wires
solder together

Figure6-1Foil gage soldered lead wires.

BDI 11
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2. Place a small bead of solder on the pads of the foil strain gage as seen below.

Figu.re6—2: Solder bead on the two foil gage pads.

3. Solde the white/black pair to one solder pad and the red to the other as seen below.

Figure6-3: Foil gage with solder lead wires attached.

4. Securely attach the QACM to the structure within 8fdm) of the foil gage. There is an
integrated through hole on the QACM module that will fit a standa20%0or M6)
mounting tab. Please see SectioBs2 through 6.3 for further mounting information.

5. Connect the foil gage lead wire to the QACM using the M8 connector provided with the
lead wire assembly.

6. Lastly, connedhe QACM instrumentation cable to the data acquisition system using a
typical fourwire connection and shield.

6.2 INSTALLATION GBTEEIMEMBERS

In most situations, the mosfficient method of mounting ACMis using the tab/glue method as

Al

GKS tSIHad AyoRIADEHz0 YRS al Shanfduows sectirbo@igigsiat dzS ¢

installation for a flat a steel plateNote that there are several alterramounting methods that can be
used deending on the material being mounting to (steel, concrete, timber) and the length of test
(hours, weeks, months, yearsyhese variations will be discussed in later sections.

Note:

I 12
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BDI manufactures botihmperial (1/420) and metric (M6) tabs. To easily distinguish metric Tabs from
imperial, BDI has scribed all metric items as seen in the above picture

1 Placea tabthrough theintegratedmounting hole from the bottom and tighten thg-20 (or
M6) nut to agproximately 40 iAbs. Note that the bottom of the sensor has a machined
slot to capture the mounting talso there should be no need to hold the mounting tab in
placewhile tightening the nut

Figure6-4 Machined slot for¥#20 (or M6)mounting tab

9 Since the location of the QACM is not vital to the measurement, simply remember that the
QACM needs to be fixed to the structure withinegtf(0.9m) of the foil gage.

9 For a more secure bond, the paint andfaist should be grinded from the surface of the
steel. This may not be necessary if the surface is in relatively good condition, simply wiping
the dirt and dust away may be good enough for a temporary installation.

1 Next, very lightly grind the bottom dlfie tab that has already been mounted to tRRACM
to remove any oxidation and/or other contaminants. Before mounting, set the sensor in
the location it is to be attached, and ensure that the unit is flush to the surface as this is
important for achieving good bond.

1 Apply a thin line of adhesive to the bottom of the téloctite 410 Black Toughened
Adhesive, Part # 41045 20 gramcontainers)about % inch (6.4mm) wide. Mount the
QACMin the marked location, and then pull it away. This action will apghesive to the
structural member at tab location.

BDI 13
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T {LINy& (KS | RKSaA@S alLkRi 2y (GKS aidNHzOdGdz2NI¥ £ YS
accelerator(Loctite Tak Pak 7452, Part # 18637 in 0.70z aerosol spray container).

1 Very quickly, mount sensor in itsqmer location and apply a light force to the top of the
tab for approximately 120 seconds.

| Note: To find the closest Loctite Distributor please call 1 (800}48/3! or visitvww.loctite.com

Figure6-5 QACMglued to a steel surface

If the above steps are followed, it should be possible to mount sadlsorin approximately five
minutes.

Often, the above approach will make removing the tabs very difficult from steel members due to
the strength of the glueTherefore, BDI has developed a Tab Removal Tool (TRT) to help reduce the
possibility of damaging BDI sensors and tabs Fsgere6-6). Each TRT has a hex head machined into
bottom face for tightening and/or loosening the designated nut size, and the small hole in the face of
the hex head has beeinteaded to capture the threaded stud.

BDI 14
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Scribe Line indicates metric TR’

W] 1l oo 0l b {1 A o o T

Figure6-6 Tab Removal Tool (TRT)

Note: Please remember that BDI manufactures both imperial2@% and metric (M6) tabs. Ensure
that the matching TRT threads are used with the tabs.

The following instructions describe the method used to remove a sensor that has been mounted to
a steel surface. If a TRT is not available, a pair of vise grips can be used to remove the tabs muath
greater chance of damaging the tabs using a vise grip.

1. Use the cutout in the TRT or an end wrench; remove the nut from the tab. Carefully slide
the QACMfrom the tab stud.

2. Thread the TRT on to the tab until the face is flush with the foot ofaheas seen below. If
a gap remains between the TRT and the tab foot there is a high likelihood that the stud will
be bent in the next step. Also, do not over tighten the tab into the TRT or it will be hard to
remove the tab from the TRT. After a feses this process will become a simple
procedure.

Surface of TRT and Tab
. must be flush to prevent
damage to the Tab!!!

Figure6-7 TRT with a Tab inserted

3. LY GKS RANBOGAZ2Y 2F aldKAYyé¢ | EAA 2F GKS Gloz
pop off the member surface. Depending on how well the tab is fixed, particularly on a steel
surface, more force may be required. In this case, simply hitanelle of the tool witha
small rubber mallet Note that holes in the top of the tool have been supplied so that a
lanyard can be added if necessary.

BDI 15

¥ ¥ QUARTERRM STRAINGAGECOMPLETIONODULEDPERATIONAANUAL




Document VersioA.1

]
(9
{

3
®

Figure6-8 Removing a Tab with the TRT

4. Unthread the tab from the TRT and continue with the other sensors. If the tab remained
with the sensor during removal, use vice grips to hold the foot of the tab while loosening

the nut.

The tabscan be reused by soaking them in acetone for-80 minutes to remove the
hardened adhesive. Be sure to cover the container since the acetone will evaporate quickly
and is very flammableThe mounting tabs have been designed to be reusable by simply
dissolving the glue with acetone. Acetone can be reused multiple times, but if it becomes
too saturated with glue it will start leaving a thin layer of glue in the threads of the

mounting tabs. Also, sometimes when the mounting tabs are removed from dig&uc

the top threads can be chipped. If it becomes hard to thread nuts onto the mounting tab
stud, run a 1/420 (M6) die down the threads to remove these chips and glue from the

threaded stud.

6.3 INSTALLATION AQDTHERSTRUCTURES

The QACMan be installed omany structure types and in all types of applications, so it is
impossible to outline all the details for each installatidtiowever, with practice and experience, the

user can select from a combination of the mounting techniques that BDI has developethe years

depending on the application.

6.3.1 Tab and Glue System on Concrete
Ly 3SySNIfs G(GKS o0FaArd adlo FyR 3t debricretd SOKY A |j dz8
memberapplications, however, if any of the following parametexsst;BDI recommendssing
mechanical anchors rather than glue:

1 If concreteismoist or wet
1 If the £nsor must remain in place for more than a day or two
9 If the instrumented areas are directly over automobile or train traffic where if the sensor

came loose, it could create abard.

16
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1 If the instrumented area is difficult to raccess during the testing period in case sensor
comes loose.

If it is judged that the tab/glue system is sufficient, some extra steps should be followed when using
this method for concrete membersThe pimary concern when mounting sensors on either reinforced
or pre-stressed concrete is that the surface must be clean, dry, andfdeesin order for the glue to
adhere to. Therefore, it is highly recommended that compressed air (either in cans or from a
compressor) be used to remove the dust after grinding has been compléttbw the above steps as
outlined for steel, except just prior to applying the glue to the talsg the compressed air to clean any
surface dust away from the mounting point.

6.3.2 Concrete Mounting Studs

If it is judged that the conditions warrant are more secure mounting system, then threaded
mounting studs can be used. These will require a hole to beramdy drilled in the concrete with a
hammer drill as described below.

f Locate thedrillingLl2 Ay G 2y (GKS &GNHz2OGdzZNB ' yR dzaiay3a | O:
F LILINRBEAYI St & mon ¢ -streS&llcsberdteFensrir trgviid dfiling iitd  LINS
the prestressing tendons.

 Dropinal/420xImk HEé t 26 SN CSBtadibrSiyhBanNgad lighfydad Mwith a
hammer to set.

9 Slide the sensor over the stud.

1 While holding the sensor in place, screw a nut on the stud and tighten with anengbn
wrench.

6.3.3 GClamp

The integrated through hole should be used to align a typig€alathp A Gclamp should be
centered over this area and tightened until snug, DO NOT OVERTIGHTEN!

BDI 17
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Figure6-9 QACMmounted with a GClamp

6.3.4 Zlf-Tapping Wood Screws

If the QACMis to be mounted to a timber member or other relatively soft materials, usenaklH €
selftapping screw and a power screwdrivdf.the wood has any sort of glue laminated section or it has
been chemicajl treated, it is recommended that a pilot hole be drilled.

N

Figure6-10 QACMmounted to a wood surface with seffapping screw

BDI 18
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7.1.1 Recalibration

The QACM does not come with an indival calibration certificate. There is no need to calibrate
these modules.

7.1.2 Replacement

In order tomeet an IP67 rating the sensor has been potted with a neenterable encapsulant
Due to this design, the only replacement part available for the sesdbe cable. For the cable to be
replaced, the sens@houldhave at least twelve inches of cable exiting the sensor body. This cable can
be spliced to a new cable of the proper length.

Note: If a sensor is damaged beyond repair, the sensor may be replaced at a discounted price to the
original purchaser. Please contact Bridge Diagnostics, Inc. or the local distributor to obtain authofization
for return.
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