Introduction to Strain Gage Technology

Experimental Stress Analysis is an established, popular engi-
neering tool, routinely used in the design of safe and reliable
products and engineering structures. The techniques of experi-
mental stress analysis may be applied at different stages in the
life of a product; from preliminary design concepts to testing of
the finished product; in proof and overload testing; and in fail-
ure analysis of products already in service. Within the broad
field of experimental stress analysis, several practical tech-
niques are available, including photoelastic coatings and
models, and electrical resistance strain gages,

Of these techniques, the modern bonded electrical resistance
strain gage is widely recognized as the most practical technol-
ogy for testing of load-bearing parts, members, and structures.
Because both excellent accuracy and repeatability can be
achieved, strain gages are also becoming increasingly impor-
tant as primary sensing elements in load cells as well as in pres-
sure, force, torque, displacement, and other transducers.

To make strain measurements of acceptable quality — whether
for structural testing or for transducer applications — requires
the consideration of several well-defined parameters: quality of

the strain gage itself; proper selection of the strain gage, bond-
ing adhesive, environmental protection, and other strain gage
accessories; proper circuit design, proper installation of the
strain gage; and quality of the strain gage instrumentation.
While the importance of these parameters is well understood
by the experienced stress analyst, their significance may be less
obvious to those unfamiliar with strain gage technology. The
purpose of this manual is to familiarize students with the prop-
er techniques of strain measurements with electrical resistance
strain gages.

In addition to providing high-quality, state-of-the-art strain
gages and strain gage instrumentation, Vishay Measurements
Group maintains an extensive selection of technical and prod-
uct literature describing the techniques, equipment, and practi-
cal application of strain gage technology. This manual is a
compendium of Vishay Measurements Group strain gage liter-
ature, specially selected to provide the student with a sound
introduction to the hardware and procedures of strain gage
methods. It includes the following topics:

Strain Gage Selection Criteria, Procedures, Recommendations: The parameters for gage selection — including strain sensing
alloy, backing material, gage length and pattern, self-temperature compensation, gage resistance, and gage options — are detailed.
Examples are given of gage selections made in actual application.

Strain Gage Installations with M-Bond 200 and AE-10 Adhesive Systems: Steps used by professional stress analysts in
preparing the test specimen and making gage installations with both M-Bond 200 cyanoacrylate and M-Bond AE-10 epoxy adhe-
sive systems are described in detail. Also included is a section on two- and three-leadwire strain gage circuits and a trou-
bleshooting guide. By following the detailed, illustrated steps, the first-time strain gage user can make dependable installations.

In the later sections, the hardware of strain gage technology is described:

Description of Strain Gages and Accessories: Partial listings of Micro-Measurements strain gages show the range of modern
foil strain gage sizes and geometries. Included are linear patterns, three-element rosettes, pressure diaphragm gages, shear pat-
terns, and others. Also included is a description of the accessory materials and equipment necessary for making goed, sound
installations.

Description of Strain Gage Instrumentation: The range of instrumentation — including static, dynamic, and computer-
controlled stress analysis systems -— is shown. A selection chart is provided as a guide in determining the type of instrumenta-
tion best suited to a specific measurement application,

Reading List: Additionally, a reading list of recommended references is provided for supplemental study.

This manual has been provided as part of the Vishay Measurements Group Educational Program for Strain Gage Technology.
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Strain Gage Selection
Criteria, Procedures, Recommendations

1.0 Introduction

The initial step in preparing for any strain gage installation
is the selection of the appropriate gage for the task. It might at
first appear that gage selection is a simple exercise, of no great
consequence to the stress analyst; but quite the opposite is true.
Careful, rational selection of gage characteristics and parame-
ters can be very important in: optimizing the gage performance
for specified environmental and operating conditions, obtaining
accurate and reliable strain measurements, contributing to the
ease of installation, and minimizing the tofal cost of the gage
installation.

The installation and operating characteristics of a strain
gage are affected by the following parameters, which are selec-
table in varying degrees:

* self-temperature-
compensation number

* sirain-sensitive
alloy

* backing materials
{carrier)

¢ grid resistance

* options
* page length

* gage pattern

Basically, the gage selection process consists of determining
the particular available combination of parameters which is
most compatible with the environmental and other operating
conditions, and at the same time best satisfies the installation
and operating constraints. These constraints are generally
expressed in the form of requirements such as:

= accuracy * test duration

* stability » cyclic endurance

* temperature + ease of installation

+ elongation * environment

The cost of the strain gage itself is not ordinarily a prime
consideration in gage selection, since the significant economic
measure is the total cost of the complete installation, of which
the gage cost is usually but a small fraction. In many cases, the
selection of a gage series or optional feature which increases
the gage cost serves to decrease the total installation cost.

It must be appreciated that the process of gage selection
generally involves compromises. This is because parameter
choices which tend to satisfy one of the constraints or require-
ments may work against satisfying others. For example, in the
case of a small-radius fillet, where the space available for gage
installation is very limited, and the strain gradient extremely

high, one of the shortest available gages might be the obvious
choice. At the same time, however, gages shorter than about
0.125 in (3 mm) are generally characterized by lower maximum
elongation, reduced fatigue life, less stable behavior, and
greater installation difficulty. Another situation which often
influences gage selection, and leads to comprormise, is the stock
of gages at hand for day-to-day strain measurements. While
compromises are almost always necessary, the stress analyst
should be fully aware of the effects of such compromises on
meeting the requirements of the gage installation. This under-
standing is necessary to take the best overall compromise for
any particular set of circumstances, and to judge the effects of
that compromise on the accuracy and validity of the test data.

The strain gage selection criteria considered here relate pri-
marily to stress analysis applications. The selection criteria for
strain gages used on transducer spring elements, while similar
in many respects to the considerations presented here, may vary
significantly from application to application and should be
treated accordingly. The Vishay Measurements Group Trans-
ducer Applications Department can assist in this selection.

2.0 Gage Selection Parameters
2.1 Strain-Sensing Alloys

The principal component which determines the operating
characteristics of a strain gage is the sirain-sensitive alloy used
in the foil grid. However, the alloy is not in every case an inde-
pendently selectable parameter. This is because each Micro-
Measurements strain gage series (identified by the first two, or
three, letters in the alphanumeric gage designation — see dia-
gram on page 11) is designed as a complete system. That sys-
tem is comprised of a particular foil and backing combination,
and usually incorporates additional gage construction features
(such as encapsulation, integral leadwires, or solder dots) spe-
cific to the series in question.

Micro-Measurements supplies a variety of strain gage alloys
as follows (with their respective letter designations):

A: Constantan in self-temperature-compensated form.
P: Annealed constantan.
D: Isoelastic.

K: Nickel-chromium alloy, a modified Karma in
self-temperature-compensated form.

2.1.1 Constantan Alley
Of all modern strain gage alloys, constantan is the oldest,

and still the most widely used. This situation reflects the fact
that constantan has the best overall combination of properties
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needed for many strain gage applications. This alloy has, for
example, an adequately high strain sensitivity, or gage factor,
which is relatively insensitive to strain level and temperature.
Its resistivity is high enough to achieve suitable resistance val-
ues in even very small grids, and its temperature coefficient of
resistance is not excessive. In addition, constantan is character-
ized by good fatigue life and relatively high elongation capabil-
ity. It must be noted, however, that constantan tends to exhibit a
continuous drift at temperatures above +150°F (+63°C); and
this characteristic should be taken into account when zero sta-
bility of the strain gage is critical over a period of hours or days.

Very importantly, constantan can be processed for self-
temperature-compensation (see box at right) to match a wide
range of test material expansion coefficients. A alloy is supplied
in self-temperature-compensation (S-T-C) numbers 00, 03, 05,
06, 09, 13, 15, 18, 30, 40 and 50, for use on test materials with
corresponding thermal expansion coefficients (expressed in
ppr°F).

For the measurement of very large strains, 5% (50 000w €) or
above, anneated constantan (P alloy) is the grid material nor-
mally selected. Constantan in this form is very ductile; and, in
gage lengths of 0.125 in (3 mm) and longer, can be strained to
>20%. It should be bormne in mind, however, that under high
cyelic strains the P alloy will exhibit some permanent resistance
change with each cycle, and cause a corresponding zero shift in
the strain gage. Because of this characteristic, and the tendency
for premature grid failure with repeated straining, P alloy is not
ordinarily recommended for cyclic strain applications. P alloy
is available with §-T-C numbers of 08 and 40 for use on metals
and plastics, respectively.

2.1.2 Isoelastic Alloy

When purely dynamic strain measurements are to be made
— that is, when it is not necessary to maintain a stable reference
zero — isoelastic (D alloy) offers certain advantages. Principal
among these are superior fatigue life, compared to A alloy, and
a high gage factor (approximately 3.2) which improves the sig-
nal-to-noise ratio in dynamic testing.

D alloy is not subject to self-temperature-compensation.
Moreover, as shown in the graph (see box), its thermal output is
so high [about 80uwe/°F (145pe/°C)] that this alloy is not nor-
mally usable for static strain measurements, There are times,
however, when D alloy finds application in special-purpose
transducers where a high output is needed, and where a full-
bridge arrangement can be used to achieve reasonable tempera-
ture compensation within the circuit,

Other properties of D alloy should also be noted when con-
sidering the selection of this grid material. Tt is, for instance,
magnetoresistive; and its response to strain 1s somewhat nonlin-
ear, becoming significantly so at strains beyond £5000.€.

2.1.3 Karma Alloy

Modified Karma, or K alloy, with its wide areas of applica-
tion, represents an important member in the family of strain
gage alloys. This alloy is characterized by good fatigue life and
excellent stability; and is the preferred choice for accurate stat-
ic strain measurements over long periods of time (months or

Self-Temperature-Compensation

An important property shared by constantan and mod-
ified Karma strain gage alloys is their responsiveness to
special processing for self-temperature-compensation.
Self-temperature-compensated strain gages are designed
to produce minimum thermal output (temperature-
induced apparent strain) over the temperature range from
about -50° to +400°F (—£5° t0 +200°C). When selecting
either constantan (A-alloy) or modified Karma (K-alloy)
strain gages, the self-temperature-compensation (S-T-C)
number must be specified. The S-T-C number is the
approximate thermal expansion coefficient in ppm/°F of
the structural material on which the strain gage will dis-
play minimum thermal output.

The accompanying graph illustrates typical thermal
output characteristics for A and K alloys. The thermal
output of uncompensated isoelastic alloy is included in
the same graph for comparison purposes. In normal prac-
tice, the S-T-C number for an A- or K-alloy gage is select-
ed to most closely match the thermal expansion coeffi-
cient of the test material. However, the thermal output
curves for these alloys can be rotated about the room-
temperature reference point to favor a particular temper-
ature range. This is done by intentionally mismatching
the S-T-C number and the expansion coefficient in the
appropriate direction. When the selected S-T-C number is
lower than the expansion coefficient, the curve is rotated
counterclockwise. An opposite mismatch produces
clockwise rotation of the thermal output curve. Under
conditions of §-T-C mismatch, the thermal output curves
for A and K alloys (supplied with each package of strain
gages) do not apply, of course, and it will generally be
necessary to calibrate the installation for thermal output
as a function of temperature.

For additional information on strain gage temperature
effects, see Tech Note TN-504.
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years) at room temperature, or lesser periods at elevated tem-
perature. It is recommended for extended static strain measure-
ments over the temperature range from —452° to +500°F (-269°
to +260°C). For short periods, encapsulated K-alloy strain
gages can be exposed to temperatures as high as +750°F
(+400°C). An inert atmosphere will improve stability and
extend the useful gage life at high temperatures.

Among its other advantages, K alloy offers a much flatter
thermal output curve than A alloy, and thus permits more accu-
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rate correction for thermal output errors at temperature ex-
tremes. Like constantan, K alloy can be self-temperature-com-
pensated for use on materials with different thermal expansion
coefficients. The available S-T-C numbers in K alloy are limit-
ed, however, to the following: 00, 03, 05, 06, 09, 13, and 15.
K alloy is the normal selection when a temperature-compensat-
ed gage is required that has environmental capabilities and per-
formance characteristics not attainable in A-alloy gages.

Due to the difficulty of soldering directly to K alloy, the
duplex copper feature, which was formerly offered as an option,
is now standard on all Micro-Measurements open-faced strain
gages produced with K alloy. The duplex copper feature is a pre-
cisely formed copper soldering pad (DP) or dot (DD), depend-
ing on the-available tab area. All K-alloy gages which do not
have leads or solder dots are specified with DP or DD as part of
the designation (in place of, or in addition to, the option specifi-
er). The specific style of copper treatment will be advised when
the Customer Service Department is contacted. Open-faced K-
alloy gages may also be ordered with solder dots.

2.2 Backing Materials

Conventional foil strain gage construction involves a photo-
etched metal foil pattern mounted on a plastic backing or carri-
er. The backing serves several important functions:

* provides a means for handling the foil pattern during instal-
lation

* presents a readily bondable surface for adhering the gage to
the test specimen

* provides electrical insulation between the metal foil and the
test object

Backing materials supplied on Micro-Measurements strain
gages are of two basic types: polyimide and glass-fiber-
reinforced epoxy-phenolic. As in the case of the strain-sensitive
alloy, the backing is not completely an independently specifi-
able parameter. Certain backing and alloy combinations, along
with special construction features, are designed as systems, and
given page feries designations. As a result, when arriving at the
optimum gage type for a particular application, the process does
not permit the arbitrary combination of an alloy and a backing
material, but requires the specification of an available gage
series. Micro-Measurements gage series and their properties are
described in the following Secfion 2.3. Each series has its own
characteristics and preferred areas of application; and selection
recommendations are given in the table on page 5. The individ-
ual backing materials are discussed here, as the alloys were in
the previous section, to aid in understanding the properties of
the series in which the alloys and backing materials occur.

The Micro-Measurements polyimide E backing is a tough
and extremely flexible carrier, and can be contoured readily to
fit small radii. In addition, the high peel strength of the foil on
the polyimide backing makes polyimide-backed gages less sen-
sitive to mechanical damage during installation. With its ease of
handling and its suitability for use over the temperature range
from --320° to +350°F (-195° 10 +175°C), polyimide is an ideal
backing material for general-purpose static and dynamic stress
analysis. This backing is capable of large elongations, and can

be used to measure plastic strains in excess of 20%. Polyimide
backing is a feature of Micro-Measurements EA-, CEA-, EP-,
EK-, 52K-, N2A-, and ED-Series strain gages.

For outstanding performaice over the widest range of tem-
peralures, the glass-fiber-reinforced epoxy-phenolic backing
malterial is the most suitable choice. This backing can be used
for static and dynamic strain measurement from —452° to
+550°F (-269° to +290°C). In short-term applications, the
upper temperature limit can be extended to as high as +750°F
{+400°C). The maximum elongation of this carrier material is
limited, however, to about 1 to 2%. Reinforced epoxy-phenolic
backing is employed on the following gage series: WA, WK,
SA, SK, WD, and SD.

2.3 Gage Series

As noted in Sections 2.1 and 2.2, the strain-sensing alloy
and backing material are not subject to completely independent
selection and arbitrary combination. Instead, a selection must
be made from among the available gage systems, or series,
where each series generally incorporates special design or con-
struction features, as well as a specific combination of alloy
and backing material. For convenience in identifying the appro-
priate gage series to meet specified test requirements, the infor-
mation on gage series performance and selection is presented
here, in condensed form, in two tables.

The table on page 4 gives brief descriptions of all general-
purpose Micro-Measurements gage series — including in each
case the alloy and backing combination and the principal con-
struction features. This table defines the performance of each
series in terms of operating temperature range, strain range,
and cyclic enduzance as a function of strain level. It must be
noted, however, that the performance data are nominal, and
apply primarily to strain gages of 0.125 in (3 mum) or longer
gage length.

The table on page 5 gives the recommended gage series for
specific test “profiles,” or sets of test requirements, calegorized
by the following criteria:

* type of strain measurement (static, dynamic, etc.)
* operating temperature of gage installation

* test duration

* accuracy reguired

* cyclic endurance required

This table provides the basic means for preliminary selec-
tion of the gage series for most conventional applications. It
also includes recommendations for adhesives, since the adhe-
sive in a strain gage installation becomes part of the gage sys-
tem, and correspondingly affects the performance of the gage.
This selection table, supplemented by the information in the
table on page 4, is used in conjunction with Catalog 3500,
Micro-Measurements Precision Strain Gages to arrive at the
complete gage selection. The selection procedure for accom-
plishing this is described in Section 3.0.
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Standard Strain Gage Series Selection Chart

Fﬁmug- LIFE:

1§ Numbai:-
1.0l Cyclos -

Normal: —100° to +350°F

+3% for gage

Cons_taman_ foilin combinatign with aliough, fll_axibk_a, p_olyimide (~75° t0 +175°C) lengths under +1800 105

EA backing. Wide range of options available. Primarily intended Special or Short-Term: 118 in (3.2 mm) +1500 108
for general-putposq static and dynamic stress analysis, Not —320° to +400°F +5% for 1/8 in +1200 108
recommended for highest accuracy transducers. (~195° t0 +205°C) and over
Univarsat general-purpose strain gages. Cbhéiantah grid - gl T _:3%'fo-f‘gage - 1800 ] - 105"

. complately encapsulated in polyimide, with large, rugged Normal: ~100 1“’ tgsooF : lengths under . [ - £1500% ] .- 10

CEA | copper:coated tabs, Primarily usad for general-purposs stat- s [i_;s fo +17. ‘I? “) di /8 in (3.2 mm) - —
-] e and dynamic siress analysis. 'C'-Féature gages-are spe- tad 91- 5?})"5!:“:68 S :2' ad lo 5% for 1/8in | Fatigue ife improved
clally highfighted throughout the gage listings of Catalog 500. - + (+65°C) ' andover - ::*Ggr"’w.‘ modulus -
Open-faced constantan foil gages with a thin, laminated, poly-
imide-film backing. Primarily recommended for use in preci- Normal Static

N2ZA sion transducers, the N2A Series is characterized by low and Transducer Service: +39% +1700 10°
repeatable creep performance. Also recommended for stress -100° to +200°F +1500 107
analysis applications employing large gage patterns, where (-75° to +95°C)
the especially flat matrix eases gage installation,

Fully encapsulated constantan gages with high-endurance No";l%.lg:}g(lz?;go F £2000 105

wa leadwires. Useful over wider temperature ranges and in more Special or Short-Term: £2% 1800 106
extreme environments than EA Series. Option W available on p~320° to +500°F ° £1500 107
some patterns, but restricts fatigue life te some extent. (~195° to +260°C)

Fully encapsulated constantan gages with solder dols. Same Normal: —100° to +400°F

SA matrix as WA Series. Same uses as WA Series but deraled {(-75° lo +205°C) +29, +1800 108
somewhat in maximum temperature and cperating environ- Special or Short-Term: +1500 107
ment because of solder dots. —-320° to +450°F {(~195° to +230°C)

Specially annealed constantan foil with tough, high-elonga- jl:;r?uft“hg){‘gggf +1000 104

EP tion polyimide backing. Used primarily for measurements of -100° to +400°F 18 31 (3.2 mm)
large post-yield strains. Available with Options E, L, and LE (757 to +205°C) +20% io} 18in EP gages show zero
(may restrict elongation capability). ° shift under high-cyclic

and over strains.
lsoelastic foil in combination with tough, flexible polyimide Dynamic: +2%

ED backing. High gage factor and extended fatigue life exceltent —320° to +400°F Nonlinear at +2500 108
for dynamic measurements. Not normally used in static mea- (~195° to +205°C) strain levels +2200 107
surements due to vary high thermal-output characteristics. over +0.5%

Fully encapsulated isoelastic gages with high-endurance Dynamic: £1.5% — non- +3000 103

wD leadwires. Used in wide-range dynamic strain measurement —-320° to +500°F linear at strain +2500 107
applications in severe environments. {—-195° to +260°C} levels over £0.5% +2200 108

SO Equivalent to WD Series, but with solder dots instead of lead- Dynamic: +1.5% +2500 102
wires. -320° to +400°F (-195° to +205°C) See above note +2200 10
K-alloy foil in combination with a tough, flexible polyimide Normal: 320" to +350°F
kacking. Primarily used where a combination of higher grid (-195° to +175°C) 1.59 1800 107

EK resistances, stability at elevated temperature, and greatest Special or Short-Term: +1.5% *
backing flexibility are required. —452° to +400°F (-269° o +205°C}
thly engapsulaled K-alloy gages with high-endurance Igad- Normal: —452° 1o +550°F
wires. Widest temperature range and most extreme environ- (~269° t0 +290°C) 5

WK mental capability of any general-purpose gage when self- Special or Short-Term: £1.5% +2200 107
femperature compensation is required. Option W avaitable on _452° 1o +750°F ’ ’ +2000 10
some patterns, but restricts both fatigue life and maximum (~269° to +400°C)
operating temperature.

Fully encapsutated K-alloy gages with solder dots, Same Nor(T;gg_jg‘?+;ggfc§0 F £2200 108

SK uses as WK Series, but derated in maximum temperature Special or Short-Term: +1.5% £2000 107
and operating environment because of solder dots. —452° 10 +500°F (—269° lo +260°C)

K-alloy foil laminated to 0.001 in (0.025 mm) thick, high-per- N“’;‘la;:s::gg 12’0‘;(2;)50 F .
formance polyimide backing, with a laminated polyimide f g . +1800 10
52K overlay fully encapsulating the grid and solder tabs. Provided Special or Short-Term: +1.5% +1500 107

with large solder pads for ease of leadwire attachment.

—300° to +300°F
(—-185° to +150°C)

The perfermance data given here are nominal, and apply primarily to gages of 0.125-in (3-mm) gage length or larger.




Strain Gage Series and Adhesive Selection Reference Table

TYPICAL SELECTION -
q  WBund
n, pi dhesive: - -
<10* Moderate +1300 <108 CEA, EA 200 or AE-10
_50° 10 +150°F (45" 10 465°C) =104 Moderate £1300 <108 CEA, EA AE-10 or AE-15
>10* Very High +1600 >108 WA, SA AE-15 or 610
GENERAL -
STATIC OR =104 High +2000 >108 WK, 8K AE-15 or 610
STATIC- 5
DYNAMIC 50" o +400°F (45" 0 +205°C) <10 Moderate +1600 <10° WA, SA 600 or 610
A:}IE;SS . =103 High +2000 <108 WK, SK 600 or 610
—452° lo +450°F (~269° to +230°C) =10% Moderate £2000 >108 WK, SK 610
<BO0°F (<315°C) <102 Moderate +1800 <108 WK 610
<700°F (<370°C) <10 Moderate +1500 <108 WK 610
<10 Moderate +50 000 1 CEA, EA AE-10
HIGH- -50° to +150°F (—45° to +65°C) =102 Moderate | +100 000 i EP AE-15
ELt();igngN * =108 Moderate | +200 ooo 1 EP A-12
YIELD) 0° to +500°F (~20* to +260°C) <102 Maderate +15 000 1 SA, SK, WA, WK 610
—452° to +500°F (-269° to +260°C) <103 Moderate +10 000 1 SK, WK 600 or 610
A 100" 0 +150°F (75° 0 +65°C) <10 Moderate +2000 107 ED 200 or AE-10
(CYCLIC) <104 Moderate +2400 107 WD AE-10or AE-15
Aﬂf&%?s ~320° to +500°F (_195° 0 +260°C) <10* Moderate +2000 107 WD 800 or 610
<10? Moderate +2300 <{0° WD 600 or 610
_50° to +150°F (45° to +65°C) <1¢? 1to 5% +1300 <108 CEA, EA AE-10 or AE-15
<108 1105% +1300 <108 CEA AE-15
TRél'AI%ImEER ~50° 1o +200°F (—45° to +95°C) <10° 982?2',',:“’" +1500 g8 N2A 800, 610, or 43B
-50° to +300°F (—45° to +150°C}) <10% 0.2160.5% +1600 108 WA, SA 610
-320° to +350°F (195 to +175°C) <10* Beter than +1800 108 WK, SK 610

* This category includes most testing situations where some degree of stabifity under static t

est conditions is required. For absolute stability with con-

stantan gages over long periods of usage and femperalures above +150°F (+65°C), it may be necessary to employ half- or full-bridge configura-
tions. Protective coatings may also infiuence stability in cases other than transducer applications where the element is hermetically sealed.

" Itis inappropriate to quantify “accuracy” as used in this table withoul consideralion of various aspects of the actual test program and the instrumenta-
fion used. In general, “moderate” for stress analysis purposes is in the 2 16 5% range, “*high" in the 1 to 3% range, and "very high” 1% or better.

When a test profile is encountered that is beyond the ranges
specified in the above table, it can usually be assumed that the
test requirements approach or exceed the performance limita-
tions of available gages. Under these conditions, the inter-
actions between gage performance characteristics become too
complex for presentation in a simple table. In such cases, the
user should consult our Applications Enginecring Department
for assistance in arriving at the best compromise.

As indicated in the previous table, the CEA Series is usual-
ly the preferred choice for routine strain-measurement situa-
tions, not requiring extremes in performance or environmental
capabilities (and not requiring the very smallest in gage
lengths, or specialized grid configurations). CEA-Series strain
gages are polyimide-encapsulated A-alloy gages, featuring
large, rugged, copper-coated tabs for ease in soldering lead-
wires directly to the gage (see illustration). These thin, flexible
gages can be contoured to almost any radius. In overall han-

dling characteristics, for example, convenience, resistance to
damage in handling, etc., CEA-Series gages are outstanding,

BACKING

/ ENCAPSULATICN

L COPPER-COATED TABS Vo
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2.4 Gage Length

The gage length of a strain gage is the active or strain-sen-
sitive length of the grid, as shown below. The endioops and sol-
der tabs are considered insensitive to strain because of their rel-
atively large cross-sectional area and low electrical resistance.
To satisfy the widely varying needs of experimental stress
analysis and transducer applications, Micro-Measurements
gages are available in lengths ranging from 0.008 in (0.2 mm)
to 4 in {100 mm).

GAGE LENGTH

Gage length is often: a very important factor in determining
the gage performance under a given set of circumstances. For
example, strain measurements are usually made at the most
critical points on a machine part or structure — that is, at the
most highly stressed points. And, very commonly, the highly
stressed points are associated with stress concentrations, where
the strain gradient is quite steep and the area of maximum
strain is restricted to a very small region. The strain gage tends
to integrate, or average, the strain over the area covered by the
grid. Since the average of any nonuniform strain distribution is
always less than the maximum, a strain gage which is notice-
ably larger than the maximum strain region will indicate a
strain magnitude which is too low. The sketch below illustrates
a representative strain distribution in the vicinity of a stress
concentration, and demonstrates the error in strain indicated by
a gage which is too long with respect to the zone of peak strain.
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As a rule of thumb, when practicable, the gage length
should be no greater than 0.1 times the radius of a hole, fillet,
or notch, or the correspending dimension of any other stress
raiser at which the strain measurement is to be made. With
stress-raiser configurations having the significant dimension
less than, say, 0.5 in (13 mm), this rule of thumb can lead to

very small gage lengths. Because the use of a small strain gage
may introduce a number of other problems, itis often necessary
to compromise.

Strain gages of less than about 0.125 in (3 mm) gage length
tend to exhibit degraded performance — particularly in terms
of the maximum allowable elongation, the stability under stat-
ic strain, and endurance when subjected to alternating cyclic
strain. When any of these considerations outweigh the inaccu-
racy due to strain averaging, a larger gage may be required.

When they can be employed, larger gages offer several
advantages worth noting. They are usually easier to handle (in
gage lengths up to, say, 0.5 in or 13 pun) in nearly every aspect
of the installation and wiring procedure than miniature gages.
Furthermore, large gages provide improved heat dissipation
because they introduce, for the same nominal gage resistance,
lower wattage per unit of grid area. This consideration can be
very important when the gage is installed on a plastic or other
substrate with poor heat transfer properties. Inadequate heat
dissipation causes high temperatures in the grid, backing, adhe-
sive, and test specimen surface, and may noticeably affect gage
performance and accuracy (see Tech Note TN-502, Optimizing
Strain Gage Excitation Levels).

Still another application of large strain gages — in this case,
often very large gages — is in strain measurement on nonho-
mogeneous materials. Consider concrete, for example, which is
a mixture of aggregate (usually stone) and cement. When mea-
suring strains in a concrete structure it is ordinarily desirable to
use a strain gage of sufficient gage length to span several pieces
of aggregate in order to measure the representative strain in the
structure. In other words, it is usually the average strain that is
sought in such instances, noi the severe local fluctuations in
strain occurring at the interfaces between the aggregate parti-
cles and the cement. In general, when measuring strains on
structures made of composite materials of any kind, the gage
length should normally be large with respect to the dimensions
of the inhomogeneities in the material.

As a generally applicable guide, when the foregoing con-
siderations do not dictate otherwise, gage lengths in the range
from 0.125 to 0.25 in (3 to 6 mm) are preferable. The largest
selection of gage patterns and stock gages is available in this
range of lengths. Furthermore, larger or smaller sizes general-
ly cost more, and larger gages do not noticeably improve
fatigue life, stability, or elongation, while shorter gages are
usually inferior in these characteristics.

2.5 Gage Pattern

The gage pattern refers cumulatively to the shape of the
grid, the number and orientation of the grids in a multiple-grid
gage, the solder tab configuration, and various construction
features which are standard for a particular pattern. All details
of the grid and solder tab configurations are ilustrated in the
“Gage Pattern” columns of Catalog 500. The wide variety of
patterns in the list is designed to satisfy the full range of nor-
mal gage installation and strain measurement requirements.

With single-grid gages, pattern suitability for a particutar
application depends primarily on the following:
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Solder tabs — These should, of course, be compatible in
size and orientation with the space available at the gage
installation site. It is also important that the tab arrangement
be such as to not excessively tax the proficiency of the
installer in making proper leadwire connections.

Grid width — When severe strain gradients perpendicular to
the gage axis exist in the test specimen surface, a narrow
grid will minimize the averaging error. Wider grids, when
available and suitable to the installation site, will improve
the heat dissipation and enhance gage stability — particu-
larly when the gage is to be installed on a material or spec-
imen with poor heat transfer properties.

Gage resistance — In certain instances, the only difference
between two gage patterns available in the same series is the
grid resistance — typically 120 ohms vs. 350 ohms. When
the choice exists, the higher-resistance gage is preferable in
that it reduces the heat generation rate by a factor of three
(for the same applied voltage across the gage). Higher gage
resistance also has the advantage of decreasing leadwire
effects such as circuit desensitization due to leadwire resis-
tance, and unwanted signal variitions caused by leadwire
resistance changes with temperature fluctuations. Similarly,
when the gage circuit includes switches, slip rings, or other
sources of random resistance change, the signal-to-noise
ratio is improved with higher resistance gages operating at
the same power level.

In experimental stress analysis, a single-grid gage would
normally be used only when the stress state at the point of mea-
surement is known to be uniaxial and the directions of the prin-
cipal axes are known with reasonable accuracy (+5°).

These requirements severely limit the meaningful applica-
bility of single-grid strain gages in stress analysis; and failure
to consider biaxiality of the stress state can lead to large errors
in the stress magnitude inferred from measurements made with
a single-grid gage.

For a biaxial stress state — a com-
mon case necessitating strain mea-
surement — a two- or three-element
rosette is required in order to deter-
mine the principal stresses. When the
directions of the principal axes are
known in advance, a two-element 90-
degree (or “tee”) Tosette can be em-
ployed with the gage axes aligned to coincide with the princi-
pal axes. The directions of the principal axes can sometimes be

90-degree rosetle

determined with sufficient accuracy from one of several con-
siderations. For example, the shape of the test object and the
mode of loading may be such that the directions of the princi-
pal axes are obvious from the symmetry of the situation, as in
a cylindrical pressure vessel. The principal axes can also be
defined by PhotoStress? testing.

In the most general case of sur-
face stresses, when the directions of
the principal axes are not known - - - -
from other considerations, a three- . N
element rosette must be used to
obtain the principal stress magni- !
tudes. The rosette can be instailed
with any orientation, but is usually
mounted so that one of the grids is
aligned with some significant axis
of the test object. Three-element
rosettes are available in both 45-
degree rectangular and 690-degree i
delta configurations. The usual '
choice is the rectangular rosette 60-degree rosette
since the data-reduction task is
somewhat simpler for this configuration.

When a rosette is to be employed,
careful consideration should always
be given to the difference in charac-
teristics between single-plane and
stacked rosettes. For any given gage
length, the single-plane rosette is
superior to the stacked rosette in
terms of heat transfer to the test spec-
imen, generally providing better sta-
bility and accuracy for static strain measurements.
Furthermore, when there is a significant strain gradient perpen-
dicular to the test surface (as in bending), the single-plane
rosette will produce more accurate strain data because all grids
are as close as possible to the test surface. Still another consid-
eration is that stacked rosettes are generally less conformable to
contoured surfaces than single-plane rosettes.

Stacked rosette

On the other hand, when there are large strain gradients in
the plane of the test surface, as is often the case, the single-
plane rosette can produce errors in strain indication because
the grids sample the strain at different points. For these appli-
cations the stacked rosette is ordinarily preferable. The stacked
rosette is also advantageous when the space for mounting the
rosetie is limited.




2.6 Optional Features

Micro-Measurements offers a selection of optional features Availability of each option varies with gage series and pat-
for its strain gages and special sensors. The addition of options tern. Standard options are noted for each sensor in Catalog 500. o
to the basic gage construction usually increases the cost, but
this is generally offset by the benefits. Examples are: Shown below is a summary of the optional features offered,

* Significant reduction of installation time and costs

® Reduction of the skill level necessary to make depend-

able installations Standard Catalog Options

* Increased reliability of applications Option Brief Description
* Simplified installation of sensors in difficult locations on W Integral Terminals and Encapsulation
components or in the field
. . . L . E Encapsulation with Exposed Tabs
® [ncreased protection, both in handling during installation P P
and shielding {rom the test environment SE Solder Dots and Encapsulation
® Achievement of special performance characteristics
L Preattached Leads
LE Preattached Leads and Encapsulation
Option W Series Availability: EA, EP, WA, ED, WD, EK, WK

General Description: This option provides encapsulation, and thin, printed circuit terminals at the tab end of the
gage. Beryllium copper jumpers connect the terminals to the gage tabs. The terminals are 0.0014 in (0.036 mm)
thick copper on polyimide backing nominally 0.0015 in (0.038 mm) thick. Option W gages are rugged and well pro-
tected, and permit the direct attachment of larger leadwires than would be possible with open-faced gages. This
" option is primarily used on EA-Series gages for general-purpose applications. Solder: +430°F (+220°C) tin-silver
alloy solder joints on E-backed gages, +570°F (+300°C) lead-tin-sitver alloy solder joints on W-backed gages.
Temperature Limit: +400°F {+200°C) for E-backed gages, +500°F (+260°C) for W-backed gages. Grid
Protection: Entire grid and part of terminals are encapsulated with polyimide. Fatigwe Life: Some 1oss in fatigue
life unless strain levels at the terminal location are below + 1000 €. Size: Option W extends from the soldering tab
end of the gages and thereby increases gage size. With some patterns width is slightly greater. Strain Range: With some gage
series, notably E-backed gages, strain range will be reduced. This effect is greatest with EP gages, and Option W should be avoid-
ed with them if possible. Flexibility: Option W adds encapsulation, making gages slightly thicker and stiffer. Conformance to
curved surfaces will be somewhat reduced. In the terminal area itself, stiffness is markedly increased. Resistance Tolerance: On
E-backed gages, resistance tolerance is normally doubled.

Option E Series Availability: EA, ED, EK, EP

General Description: Option E consists of a protective encapsulation of polyimide film approximately 0.001 in
(0.025 mm) thick. This provides ruggedness and excellent grid protection, with little sacrifice in flexibility.
Soldering is greatly simplified since the solder is prevented from tinning any more of the gage tab than is deliber-
ately exposed for lead attachment. Option E protects the grid from fingerprints and other contaniinating agents dur-
ing installation and, therefore, contributes significantly to long-term gage stability. Heavier leads may be attached
directly to the gage tabs for simple static load tests. Supplementary protective coatings should still be applied after £ o
lead attachment in most cases. Temperature Limit: No degradation. Grid Protection: Entire grid and part of tabs '..
are encapsulated. Fatigue Life: When gages are properly wired with small jumpers, maximum endurance is easily

obtained. Size: Gage size is not affected. Strain Range: Strain range of gages will be reduced because the additional reinforce-
ment of the polyimide encapsulation can cause bond failure before the gage reaches its full strain capability. Flexibility: Option
E gages are almost as conformable on curved surfaces as open-faced gages, since no internal leads or solder are present at the time
of installation. Resistance Tolerance: Resistance tolerance is normally doubled when Option E is selected.




~ Option SE | - . Series Availability: EA, ED, EK, EP

General Description: Option SE is the combination of solder dots on the gage tabs with a 0.001-in (0.025-mm)
polyimide encapsulation layer that covers the entire gage. The encapsulation is removed over the solder dots pro-
viding access for lead attachment. These gages are very flexible, and well protected from handling damage during
installation. Option SE is primarily intended for small gages that must be installed in restricted areas, since lead-
wires can be routed to the exposed solder dots from any direction. The option does not increase overall gage dimen-
sions, so the matrix may be ficld-trimmed very close to the actual pattern size. Option SE is sometimes useful on
miniature transducers of medium- or low-accuracy class, or in stress analysis work on miniature parts. Solder:
+570°F (+300°C}) tin-silver alloy. To prevent loss of long-term stability, gages with Option SE must be soldered
with noncorrosive (rosin) flux, and all flux residue should be carefully removed with M-LINE Rosin Solvent after wiring.
Protective coatings should then be used. Temperature Limit: No degradation. Grid Protection: Entire gage is encapsulated.
Fatigue Life: When gages are properly wired with small jumpers, maximum endurance is easily obtained. Size: Gage size is not
affected. Strain Range: Strain range of gages will be reduced because the additional reinforcement of the polyimide encapsula-
tion can cause bond failure before the gage reaches its full strain capability. Flexibility: Option SE gages are almost as con-
formable on curved surfaces as open-faced gages. Resistance Tolerance: Resistance tolerance is normally doubled when Option SE
is selected.

Option LL Series Availability: EA, ED, EK, EP

General Description: Option L is the addition of soft copper lead ribbons to open-faced polyimide-backed gages. i
The use of this type of ribbon results in a thinner and more conformable gage than would be the case with round
wires of equivalent cross section. At the same time, the ribbon is so designed that it forms almost as readily in any
desired direction. Leads: Nominal ribbon size for most gages is .012 wide x 0.004 in thick (0.30 x 0.10 mm).
Leads are approximately 0.8 in (20 mm) long. Solder: +430°F (+220°C} tin-silver alloy. Temperature Limit:
+400°F {+200°C). Fatigoe Life: Fatigue life will normally be degraded by Option L. This occurs primarily because
the copper ribbon has limited cyclic endurance. When it is possible to carefully dress the leads so that they are not
bonded in a high strain field, the performance limitation will not apply. Option L is not often recommended for very
high endurance gages such as the ED Series. Size: Matrix size is unchanged. Strain Range: Strain range will usu-
ally be reduced by the addition of Option L. Flexibility: Gages with Option L are not as conformable as standard
gages. Resistance Tolerance: Not affected.

Option LE Series Availability: EA, ED, EK, EP

General Description: This option provides the same conformable soft copper lead ribbons as used in Option L, but
with the addition of a 0.001-in (0.023-mm) thick encapsulation layer of polyimide film. The encapsulation layer
provides excellent protection for the gage during handling and installation. It also contributes greatly to environ-
mental protection, though supplementary ceatings are still recommended for field use. Gages with Option LE will
normally show better long-term stability than open-faced gages which are “waterproofed” only after installation. A
good part of the reason for this is that the encapsulation layer prevents contamination of the grid surface from fin-
gerprints or other agents during handling and installation. The presence of such contaminants will cause some loss
in gage stability, even though the gage is subsequently coated with protective compounds. Leads: Nominal ribbon
size for most gages is 0.012 wide x 0.004 in thick {0.30 x 0.10 mm) copper ribbons. Leads are approximately 0.8 in
(20 mm) long. Solder: +430°F (+220°C) tin-silver alloy. Temperature Limit: +400°F (+200°C). Grid
Protection: Entire gage is encapsulated. A short extension of the backing is left uncovered at the leadwire end to
prevent contact between the leadwires and the specimen surface. Fatigue Life: Fatigue life will normally be
degraded by Option LE. This occurs primarily because the copper ribbon has limited cyclic endurance. Option LE
is not often recommended for very high endurance gages such as the ED Series, Size: Matrix size is unchanged. Strain Range:
Strain range will usually be reduced by the addition of Option LE. Flexibility: Gages with Option LE are not as conformable as
standard gages. Resistance Tolerance: Resistance tolerance is normally doubled by the addition of Option LE.
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Leadwire Orientation for Options L and LE

These illustrations show the standard orientation of leadwires relative to the gage pattern geometry for Options L and LE. The gen-
eral rule is that the leads are parallel to the longest dimension of the pattern. The ilustrations also apply to leadwire orientation for

WA-, WK- and WD-Series gages, when the pattern shown is available in one of these series.

2.7 Characteristics of Standard Catalog Options on EA-Series Gages

As in other aspects of strain gage selection, the choice of
options ordinarily involves a variety of compromises. For
instance, an option which maximizes a particular gage perfor-
mance parameter such as fatigue life may at the same time
require greater skill in installing the gage. Because of the many
interactions between installation attributes and performance
parameters associated with the options, the relative merits of ail
standard options are summarized qualitatively in the chart
below as an aid to option selection. For comparison purposes,
the corresponding characteristics of the CEA Series are given
in the right-most column of the table.

Since, in strain measurement for stress analysis, the stan-
dard options are most frequently applied to EA-Series strain
gages, the information supplied in this section is directed pri-
marily toward such option applications.

When contemplating the application of an EA-Series gage
with an option, the first consideration should usually be

whether there is an equivalent CEA-Series gage that will satis-
fy the test requirements. Comparing, for example, an EA-Series
gage equipped with Option W and a similar CEA-Series pat-
tern, it will be found that the latter is characterized by lower
cost, greater flexibility and conformability, and superior fatigue
life. The only possible advantages for the selection of Opticn W
are the wider variety of available patterns and the occasional
need for large soldering terminals.

It should alse be noted that many standard strain gage types,
without options, are normally available from stock; while gages
with options are commonly manufactured to order, and may
thus involve a minimum order requirement.

In the table below, the respective performance parameters
for an open-faced EA-Series gage without options are arhitrar-
ity assigned a value of 5. Numbers greater than 5 indicate a par-
ticular parameter is improved by addition of the option, while
smaller numbers indicate a reduction in performance.

Installation Attribute Standard Options CEA

Or Performance Parameter w E SE L LE Series
Overall Ease of Gage Installation 8 7 6 5 6 10
Ease of Leadwire Attachment 10 8 7 7 8 10
Protection of Grid from Environmental Attack 8 8 8 5 8 8
Cyclic Strain Indurance 2 7 8 3 4 4
Elongation Capability 2 3 3 4 3 3
Resistance Tolerance 3 3 3 5 3 3
Reinforcement Effects 2 3 3 5 , .38 3
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3.0 Gage Selection Procedure

The performance of a strain gage in any given application is
affected by every element in the design and manufacture of the
gage. Micro-Measurements offers a great variety of gage types
for meeting the widest range of strain measurement needs.
Despite the large number of variables involved, the process of
gage sclection can be reduced to only a few basic steps. From
the diagram below that explains the gage designation code, it is
evident that there are but five parameters to select, not counting
options. These are: the gage series, the S-T-C number, the gage
length and pattern, and the resistance.

Of the preceding parameters, the gage length and pattern are
normally the first and second selections to be made, based on
the space available for gage mounting and the nature of the
stress field in terms of biaxiality and expected strain gradient. A
good starting point for initial consideration of gage length is
0.125 in (3 mm). This size offers the widest variety of choices
from which to select remaining gage parameters such as pat-
tern, series and resistance. The gage and its solder tabs are large
enough for relatively easy handling and installation. At the
same time, gages of this length provide performance capabili-
ties comparable to those of larger gages.

. Strain Gage Selection Steps

L
EA-06-250BF-350 — OPTION LE

GAGE LENGTH- | | LopTion (IF ANY)
GAGE PATTERN
GAGE SERIES $T-C NUMBER  (Step 6)-

RESISTANCE

The principal reason for selecting a longer gage would com-
monly be one of the following: {a) greater grid area for better
heat dissipation; (b) improved strain averaging on inhomoge-
neous materials such as fiber-reinforced composites; or (c)
slightly easier handling and instaltation [for gage lengths up to
0.50 in (13 mm)]. On the other hand, a shorter gage length may
be necessary when the object is to measure localized peak
strains in the vicinity of a stress concentration, such as a hole or
shoulder. The same is true, of course, when the space available
for gage mounting is very limited.

In selecting the gage pattern, the first consideration is
whether a single-grid gage or rosette is required (see Section
2.5). Single-grid gages are available with different aspect
(length-to-width) ratios and various sclder tab arrangements for
adaptability to differing installation requirements. Two-element
90-degree rosettes, when applicable, can also be selected from
a number of different grid and solder tab configurations. With
three-element rosettes (rectangular or delta), the primary choice
in pattern selection, once the gage length has been determined,
is between planar and stacked construction, as described in
Section 2.5.

The format of Catalog 500, Micro-Measurements Precision
Strain Gages 1s designed to simplify selection of the gage length
and pattern. Similar pattems available in each gage length are
grouped together, and listed in order of size. The strain gages in
the Super Stock section of the catalog are the most widely used
for stress analysis applications. This section should always be
reviewed first to locate an appropriate gage.

With an initial selection of the gage size and pattern com-
pleted, the next step is to select the gage series, thus determin-
ing the foil and backing combination, and any other features
common to the series. This is accomplished by referring to the
chart on page 5, which gives the recommended gage series for
specific test “profiles”, or sets of test requiremnents. If the gage
series is to have a standard option applied, the option should be
tentatively specified at this time, since the availability of the
desired option on the selected gage pattern in that series
requires verification during the procedure outlined in the fol-
lowing paragraph.

After selecting the gage series (and option, if any), reference
is made again to Catalog 500 to record the gage designation of
the desired gage size and pattem in the recommended series. If
this combination is not listed as available in the catalog, a sim-
ilar gage pattern in the same size group, or a slightly different
size in an equivalent pattern, can usually be selected for meet-
ing the installation and test requirements. In extreme cases, it
may be necessary to select an alternate series and repeat this
process. Quite frequently, and especially for routine strain mea-
surement, more than one gage size and pattern combination will
be suitable for the specified test conditions. In these cases, it is
wise to select a gage from the Super Stock Listings to eliminate
the likelihood of extended delivery time or a minimurn order
requirement.

As noted under the gage pattern discussion on page 6, there
are often advantages from selecting the 350-ohm resistance if
this resistance is compatible with the instrumentation to be used.
This decision may be influenced, however, by cost considera-
tions, particularly in the case of very small gages. Some reduc-
tion in fatigue life can also be expected for the high-resistance
small gages. Finally, in recording the complete gage designa-
tion, the S-T-C number should be inserted from the list of avail-
able numbers for each alloy given on page 4 of Catalog 500.

This completes the gage selection procedure. In each step of

" the procedure, the Strain Gage Selection Checklist provided in

Section 4.0 should be referred to as an aid in accounting for the
test conditions and requirements which could affect the selection.

4.0 Strain Gage Selection Checklist

This checklist is provided as a convenient, rapid means for
helping make certain that no critical requirement of the test
profile which could affect gage sclection is overlooked. It
should be borne in mind in using the checklist that the “consid-
erations™ listed apply to relatively routine and conventional
stress analysis situations, and do not embrace exotic applica-
tions involving nuclear radiation, intense magnetic fields,
extreme centrifugal forces, and the like. -
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CONSIDERATIONS FOR
PARAMETER SELECTION

strain gradients

area of maximum strain
accuracy required
static strain stability
maximum elongation
cyclic endurance

heat dissipation

space for installation
ease of installation

Selection Step: 1
Parameter: Gage Length

000040300 0--

strain gradients (in-ptane
and normal to suiface)
biaxiality of stress

heat dissipation

space for instaliation

ease of installation

gage resistance availability

Selection Step: 2
Parameter: Gage Pattern

oooca o

]

Selaction Step: 3 type of strain measurement
Parameter: Gage Series application (static, dynamic,

post-yield, etc.)

operating temperature

test duration

cyclic endurance

accuracy required

ease of installation

oDooan

3

Selection Step: 4 type of measurement (static,
Parameter: Options dynamic, post-yield, etc.)

otherwise, the knowledgeable practitioner does so in the light of
parameter selection considerations such as those itemized in the
preceding checklist.

A. Design Study of a Pressure Vessel

Strain measurements are to be made on a scaled-down plas-
tic model of a pressure vessel. The model will be tested stati-
cally at, or near, room temperature; and, although the tests may
be conducted over a period of several months, individual tests
will take only a few hours to run.

O installation environment —
laboratory or field
{7 stability requirements
O soldering sensitivity of .
substrate (plastic, bone, etc.) Gage Selection:
O space available for installation
O installation {ime constraints 1. Gage Length — Very short gage lengths should be avoided f
in order to minimize heat dissipation problems caused by !
Selection Step: 5 (3 heat dissipation the low thermal conductivity of the plastic. The model is ;
Parameter; Gage Resistance [ leadwire desensitization quite large, and apparently free of severe strain gradients;
O signal-to-noise ratio therefore, a 0.25-in (6.3-mm) gage length is specified,
because the widest selection of gage patterns is available in 5
Selection Step: & O test specimen material this length.
Parameter: S-T-C Number {0 operating temperature range
) accuracy required 2. Gage Pattern — In some areas of the model, the directions

;

|

of the principal axes are obvious from considerations of |
symmetry, and single-grid gages can be employed. Of the i

patterns available in the selected gage length, the 250BF |

5.0 Gage Selection Examples pattern is a good compromise because of its high grid resis- ;

tance which will help minimize heat dissipation problems. |

In this section, three examples are given of the gage-selec- 1
|

tion procedure in representative stress analysis situations. An In other areas of the model, the directions of the principal

attempt has been made to provide the principal reasons for the axes are not known, and a three-element roselte will be

particular choices which are made. It should be noted, however, required. For this purpose, a “planar” rosette should be |
that an experienced stress analyst does not ordinarily proceed in selected, since a stacked rosette would contribute signifi- |
the same step-by-step fashion illustrated in these examples, cantly to reinforcement and heat dissipation problems. |
Instead, simultaneously keeping in mind the test conditions and Because of its high-resistance grid, the 250RD pattern is a 4
environment, the gage installation constraints, and the test good choice. ]
requirements, the analyst reviews Catalog 500 and quickly seg- :
regates the more likely candidates from among the available 3. Gage Series — The polyimide (E) backing is preferred be- |
gage-pattern and series combinations in the appropriate sizes. cause its low elastic modulus will minimize reinforcement of %%/J :
The selection criteria are then refined in accordance with the the plastic model. Because the normal choice of grid alloy |
particular strain-measurement task to converge on the gage or for static strain measurement at room temperature is the A ;
gages to be specified for the test program. Whether formally or alloy, the EA Series should be selected for this application. l
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Options — Excessive heat application to the test model dur-
ing leadwire attachment could damage the material. Option
L (preattached leads) is therefore selected so that the instru-
ment cable can be attached directly to the leads without the
application of a soldering iron to the gage proper. Option L
is preferable over Options LE and P because the encapsula-
tion in the latter options would add reinforcement.

. Resistance — In this case, the resistance was determined in
Step 2 when the higher resistance alternative was selected
from among the gage patterns; i.e., in selecting the 250BF
over the 250BG, and the 250RD over the 250RA. The
selected gage resistance is thus 350 ohms.

. 8-T-C Number —~ Ideally, the gages should be self-temper-
ature-compensated to match the model material, but this is
not always feasible, since plastics — particularly reinforced
plastics — vary widely in thermal expansion coefficient.
For unreinforced plastic, $-T-C 30, 40 or 50 should usually
be selected. If a mismatch between the model material and
the S-T-C number is necessary, $-T-C 13 should be selected
(because of stock status), and the test performed at constant
temperature. . :

Gage Designations;

From the above steps, the strain gages to be used are:

EA-30-250BF-350/Option L (single-grid)
EA-30-250RD-350/Option L (rosette)

See page 15 for a description of the strain gage types men-
tioned in this section.

B. Dynamic Stress Analysis Study
of a Spur Gear in a Hydraulic Pump

Strain measurements arc to be made at the root of the gear

tooth while the pump is operating. The fillet radius at the tooth
root is 0.125 in (or about 3 mm) and test temperatures are
expected to range from 0° to +180°F (—20° to +80°C).

GAGE LOCATIONS

Gage Selection:

L

Gage Length — A gage length which is small with respect
to the fillet radius should be specified for this application. A
length of 0.015 in (.38 mm} is preferable, but reference to
Catalog 500 indicates that such a choice severely limits the
available gage patterns and grid alloys. Anticipating prob-
lems which would otherwise be encountered in Steps 2 and
3, a gage length of 0.031 in (0.8 mm) is selected.

Gage Pattern — Because the gear is a spur gear, the direc-

tions of the principal axes are known, and single-grid gages
can be employed. A gage pattern with both solder tabs at the

same end should be selected so that leadwire connections
can be located in the clearance area along the root circle
between adjacent teeth. In the light of these considerations,
the 031CF pattern is chosen for the task,

Gage Series — Low strain levels are expected in this apphi-
cation; and, furthermore, the strain signals must be trans-
mitted through slip rings or through a telemetry system to
get from the rotating component to the stationary instru-
mentation. Isoelastic (D alloy) is preferred for its higher
gage factor (nominally 3.2, in contrast to 2.1 for A and K
alloys). Because the gage must be very flexible to conform
to the small fillet radius, the E backing is the most suitable
choice. The maximum test temperature is not a considera-
tion in this case, since it is well within the recommended
temperature range for any of the standard backings. The
combination of the E backing and the D alloy defines the
ED gage series.

Options — For protection of the gage grid in the test envi-
ronment, Option E, encapsulation, should be specified.
Because of the limited clearance between the outside diam-
eter of one gear and the root circle of the mating gear, a par-
ticularly thin gage installation must be made; and very
small leadwires will be atlached to the gage tabs at 90° to
the grid direction, and run over the sides of the gear for con-
nection to larger wires. This requirement necessitates
attachment of the small leadwires after gage bonding, and
prevents the use of preattached leads.

Resistance ~— In the ED-Series version of the 031CF gage
pattern, Catalog 500 lists the resistance as 350 ohms. The
higher resistance should usually be selected whenever the
choice exists, and will be advantageous in this instance in
improving the signal-to-noise ratio when slip rings are used.

§-T-C Number — D alloy is not subject to self-temperature-
compensation, nor is compensation needed for these tests
since only dynamic strain is to be measured. In the ED-
Series designation the two-digit S-T-C number is replaced
by the letters DY for “dynamic.”

Gage Designation:

Combining the results of the above selection procedure, the

gage to be employed is:

ED-DY-031CF-350/Option E
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The strain gradients are sufficiently steep that stacked
rosettes should be selected. From Catalog 500, the forego-
ing requirements suggest the selection of 060WT and
D60WR gage patterns for the stacked rosettes, and the
062AP pattern for the single-grid gage. In making this
selection, attention was given to the fact that all three
patterns are available in the WK Series, whichis compatible
with the specified operating temperature range.

3. Gage Series — The maximum operating temperature, along
with the requirement for static as well as dynamic strain
C. Flight-Test Stress Analysis measuremc-nt, clearly dictates use of K alloy for the grid
of a Titanium Aircraft Wing Tip Section — material. Either the SK or WK Series coul_d be sclecteq. but
With, and Without, a Missile Module Attached the WK gages are preferred because they have integral leadwires.
. . . 4. Options — For ease of gage installation, Option W, with
The ogeratmg tsmperatoure rangeofor strain ‘mcasuremerllts 18 integral soldering terminals, is advantageous. This option is
g‘;ﬁg;&s thteo +a420551e(—t§5 to +230°C), and will be a dominant not applicable to stacked rosettes, however, and is therefore
48 chon. specified for only the single-grid gages.
Gage Selection: 5. Resistance — When available, as in this casc, 350-ohm
o ] ) ) gages should be specified because of the benefits assoclated
1. Gage Length — Preliminary design studies using the with the higher gage resistance.
PhotoStress photoelastic coating technique indicate that a
gage length of 0.062 in (/.6 mm) represents the best com- 6. S-T-C Number — The litanium alloy used in the wing tip
promise in view of the strain gradients, areas of peak strain, section is the 6A1-4V type, with a thermal expansion coef-
and space for gage installation. ficient of 4.9 x 107 per °F (8.8 x 107 per °C}. K alloy of
$-T-C number 05 is the appropriate choice.
2. Gage Pattern — With information about the stress state and
directions of principal axes gained from the photoelastic Gage Designations:

coating studies, there are some areas of the wing tip where
single-grid gages and two-element “tee” rosettes can be
employed. In other locations, where principal strain direc-
tions vary with the nature of the flight maneuver, 45-degree
rectangular rosettes are required.

WEK-05-062AP-350/Option W
WEK-05-060WT-350
WEK-05-060WR-350
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S = Section (51 =

ES = Each Section

Sec 1)

CP = Complete Pattern

Strain gages referenced on pages 12-14.

[ineres ]

S = Section {51 = Sec 1}
CP = Complete Pattern

_milimalras

M = Matrix M = Matrix
031CF 062AP
b S T 4
- -
’ \ - mE
. , " &
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S | T T oam | S| mew | am |
0.031 0.076 0,062 0.062 0.062 0.114 0.062 0.062
ezl des 157 1.57° '1.67 260 1.57 1.57
Matrix Siza 0.19L x 0. 14W ‘4.8 1;3,5W Malrix Size 0.26L x 0.16W 6.6Lxd4.1W
250BF OG6OWT
1%
Bl | G | amn | o G | e | am [ o
0.250 0.375 0.125 0.125 0.060 ES 0.24 M 0.060 ES 0.30 M
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0.250 ES 0.550 CP 0.125 ES 0.847 CP 0.080 ES 0.24 M 0.0680 ES 0.30 M
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Matrix Size 0.78L x 0.93W _ 19.8L x 23.6W Matrix Size 0.24L x 0.30W 6.1L x 7.6W
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Installation of Micro-Measurements Strain Gage with
M-Bond 200 and AE-10 Adhesive Systems

1.0 INTRODUCTION

Because the strain gage is an extremely sensitive device capa-
ble of registering the smallest effects of an imperfect bond, con-
siderable attention to detail must be taken to assure stable,
creep-free installations. However, the techniques involved are
very simple, and readily mastered.

This manual gives explicit step-by-step instructions for making
consistently successful strain gage installations with M-Bond
200 and M-Bond AE-10 Adhesives. These directions should be
followed precisely. More detailed information may be found in
the Vishay Measurements Group VideoTech® Library and in
the following publications:

* Instruction Bulletin B-129, Surface Preparation for Strain
Gage Bonding.

® Instruction Bulletin B-127, Strain Gage Installations with
M-Bond 200 Adhesive..

* Instruction Bulletin B-137, Strain Gage Installations with
M-Bond AE-10, AE-15, and GA-2 Adhesive Systems.

All operations described in this manual can be performed with
the use of the Student Strain Gage Application Kit. The proce-
dures outlined here are ideally suited to the classroom or teach-
ing laboratory. For most teaching/leaming activities involving
strain gage technology, the specially priced, first-quality
Student Gages manufactured by Micro-Measurements Division
of Vishay Measurements Group may be used with excellent
results.

2.0 STRAIN GAGE ADHESIVES

Because consistently successful installation of strain gages
requires the use of an adhesive certified for strain gage use,
Micro-Measurements M-LINE adhesives undergo extensive
laboratory testing to ensure reliability and consistency of those
propetties required in strain gage bonding. To assure accurate
and reliable strain gage measurements, it is strongly recomni-

mended that a certified adhesive such as M-Bond 200 methyl-
2-cyanoacrylate or M-Bond AE-10 epoxy adhesive be selected
for most general laboratory installations.

2.1 M-Bond 200

Micro-Measurements certified M-Bond 200 is an excellent
general-purpose laboratory adhesive because of its fast room-
temperature cure and ease of application. It is compatible with
all Micro-Measurements strain gages and all common structur-
al materials. When properly handled and used with the appro-
priate strain gage, M-Bond 200 Adhesive can be used for high-
elongation tests (+60 000 L€), for fatigue studies, and for one-
cycle proof tests within a normal operating temperature range
of -25° to +150°F (-30° to +65°C;.

The catalyst supplied with M-Bond 200 is specially formu-
lated to control the reactivity rate. For best results, the catalyst
should be used sparingly. Since M-Bond 200 bonds are
weakened by exposure to high humidity, adequate protective
coatings are essential. Because this adhesive will become
harder and more brittle with time, M-Bond 200 is not general-
ly recommended for permanent installations over one or two
years in duration.

HANDLING PRECAUTIONS

M-Bond 200 is a cyanoacrylate compound. Immediate
bonding of eye, skin, or mouth may result upon contact.
Causes irritation. The user is cautioned to: (1) aveid
contact with skin; (2) avoid prolonged or repeated
breathing of vapors; and (3) use with adequate ventila-
tion. For additional heaith and safety information, con-
sult the Material Safety Data Sheet which is available
upon request.

M-Bond 200 Adhesive has a shelf life of three months at +75°F
(+24°C) after opening and with the cap placed back onto the
bottle immediately after each use. Note: To ensure the cap pro-
vides a proper seal, the bottle spout should be wiped clean and
dry before replacing the cap. .
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2.2 M-Bond AE-10

Micro-Measurements certified M-Bond AE-10 is a 100%
solids epoxy system for use with strain gages. It offers the
advantages of high elongation (10%) and wider operating tem-
perature range [-320° to +200°F (-195° to +95°C)). Because it
is highly resistant to moisture and most chemicals, M-Bond
AE-10 1s recommended for permanent installations over one
year in duration.

M-Bond AE-10 Adhesive is supplied in kit form with pre-
weighed resin and sufficient curing agent for six separate mixes
of adhesive. Allow the materials to attain room lemperature
before opening the containers. Each of the individual units of
resin can be separately activated by filling one of the calibrat-
ed droppers with curing agent exactly to the number 10 and dis-
pensing the contents into the center of the jar of resin.
Immediately cap the bottle of curing agent to avoid moisture
absorption. Mix the resin and curing agent for five minutes,
using one of the plastic stirring rods. The pot life or working
time after mixing is 15 to 20 minutes at +75°F (+24°C). The
pot life can be somewhat extended by occasionally stirring the
mixture, by cooling the jar, or by spreading the adhesive on a
chernically clean aluminurn plate. Discard the dropper and stir-
ring rod after use.

HANDLING PRECAUTIONS

While M-Bond AE-10 is considered relatively safe to
handle, contact with skin and inhalation of its vapors
should be avoided. Immediately washing with ordinary
soap and water is effective in cleansing should skin con-
tact occur. For eye contact, rinse thoroughly with copi-
ous amounts of water and consult a physician. For addi-
tiona! health and safety information, consult the Material
Safety Data Sheet which is available upon request.

The shelf life of unmixed components is one year at room tem-
perature. During storage, crystals may form in the resin. These
crystals do not affect adhesive performance, but should be
reliquefied prior to mixing by warming the resin jar to +120°F
{+50°C} for approximalely one-half hour. Because excess heat
will shorten pot life, allow the resin to return to room tempera-
ture before adding the curing agent.

3.0 SURFACE PREPARATION

Strain gages can be bonded satisfactorily to almost any solid
material if the material surface is properly prepared. While
there are many surface preparation techniques available, the
specific procedures and techniques described here are a care-
fully developed and thoroughly proven system. They are ideal
for both M-Bond 200 and M-Bond AE-10 Strain Gage
Adhesives.

The purpose of surface preparation is to develop a chemically
clean surface having a roughness appropriate to the gage instal-
lation requirements, a surface alkalinity of the correct pH, and
visible gage layout lines for locating and orienting the strain
gage. The Micro-Measurements system of surface preparation
will accomplish these objectives for aluminum alloys and steels
in five basic operations:

* Solvent degreasing

¢ Surface abrading

* Application of gage layout lines
¢ Surface conditioning

* Neutralizing

To ensure maximum cleanliness and best results, the following
should be avoided in all steps:

* Touching the surface with the fingers
* Wiping back and forth or reusing swabs or sponges

* Dragging contaminants into the cleaned area from
the uncleaned boundary of that area

* Allowing a cleaning solution to evaporate on the
surface

* Allowing partially prepared surface to sit between
steps in the preparation process or a prepared surface
to sit before bonding

Consult Instruction Bulletin B-129 for other test materials
and for special precautions and considerations for surface
preparation.

3.1 Solvent Degreasing

Csm-1P
DEGF{“&%ASF’-ik

Degreasing is performed to remove oils, greases, organic con-
taminants, and soluble chemical residues. Degreasing should
always be the first operation. o
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Degreasing can be accomplished using solvents such as
CSM-1A Degreaser or GC-6 Isopropyl Alcohol. CSM-1A De-
greaser is preferred whenever possible since this is a very active
degreaser. The substitution of GC-6 as a degreasing agent
should be considered for materials that may be sensitive to
strong solvents. Spray applicators are preferred to avoid back-
contamination of the parent solvent. Use a clean gauze sponge
to clean the entire specimen, if possible, or an area covering 4
10 6 in {100 to 150 mm) on all sides of the gage location.

3.2 Surface Abrading

The surface is abraded to remove any loosely bonded adherents
(scale, rust, paint, coatings, oxides, etc.), and to develop a sur-
face texture suitable for bonding. For rough or coarse surfaces
it may be necessary to start with a grinder, disc sander, or file;
but, for most specimens a suitable surface can be produced
with only silicon-carbide paper of the appropriate grit.

Place a liberal mount of M-PREP Conditioner A in the gaging
area and wet-lap with clean 320-grit silicon-carbide paper for
aluminum, or 220-grit for steel. Add Conditioner A as neces-
sary to keep the surface wet during the lapping process.

When a bright surface is produced, wipe the surface dry with a
clean gauze sponge. A clean surface of the gauze should be
used with each wiping stroke. A sufficiently large area should
be cleaned to ensure that contaminants witl not be dragged
back into the gaging area during the steps to follow.

Repeat the above step, using 400-grit silicon-carbide paper for
aluminum, or 320-grit for steel.

3.3 Layout Lines

The desired location and orientation of the strain gage on the
test surface should be marked with a pair of crossed, perpendic-
ular reference lines. The reference or layout lines should be
burnished, rather than scored or scribed, on the surface. For
aluminum, a medium-hard drafting pencil is satisfactory. For
most steels, a ball-point pen or a tapered brass rod may be used.
All residue from the burnishing operations should be removed
in the following step.

3.4 Surface Conditioning

After the layout lines are marked, Conditioner A should be
applied repeatedly, and the surface scrubbed with cotton-tipped
applicators until a clean tip is no longer discolored by scrub-
bing. The surface should be kept constantly wet with
Conditioner A until the cleaning is completed. When clean, the
surface should be dried by wiping through the cleaned area
with a single slow stroke of a gauze sponge. The stroke should
begin inside the cleaned area to avoid dragging contaminants in
from the surrounding area. Throw the used gauze away and,
with a fresh gauze, make a single slow stroke in the opposite
direction. Throw the second gauze away.

3.5 Neutralizing

To provide optimum alkalinity for Micro-Measurements strain
gage adhesives, the cleaned surfaces must be neutralized. This
can be done by applying M-PREP Neutralizer 5A liberally to
the cleaned surface, and scrubbing the surface with a clean cot-
ton-tipped applicator. The cleaned surface should be kept com-
pletely wet with Neutralizer 5A throughout this operation.
When neutralized, the surface should be dried by wiping
through the cleaned area with a single slow stroke of a clean
gauze sponge. Throw the gauze away and with another fresh
gauze sponge, make a single stroke in the opposite direction.
Always begin within the cleaned area to avoid recontamination
from the uncleaned boundary.

If the foregoing instructions have been followed precisely, the
surface is now properly prepared for gage bonding. The gages
should be installed within 30 minutes on aluminum or 45 min-
utes on steel. .

—19—



4.0 STRAIN GAGE BONDING

The electrical resistance strain gage is capable of making accu-
rate and sensitive indications of strains on the surface of the test
part. Its performance is absolutely dependent on the bond
between itself and the test part. The procedures outlined below
will help ensure satisfactory bonds when using M-Bond 200
and AE-10 Adhesives. While the steps may appear unduly elab-
orate, these techniques have been used repeatedly in strain gage
installations which have yielded consistent and accurate
results. The steps shown assume that a terminal strip will be
used. When CEA-Series gages are used, no strip is required.

4.1 Handling and Preparation

Micro-Measurements strain gages are specially treated for
optimum bond formation with all appropriate gage adhesives.
No further cleaning is necessary if contamination of the
prepared bonding surface is avoided during handling. (Should
contamination occur, ¢clean with a cotton swab moistened with
a low residue solvent such as M-LINE Neutralizer SA or
GC-6 Isopropyl Alcohol. Allow the gage to dry for several
minutes before bonding.) Gages should aever be touched with
the hands.

Remove the strain gage from its transparent envelope by grasp-
ing the edge of the gage backing with tweezers, and place on
a chemically clean glass plate (or empty gage box) with
the bonding side of the gage down. Place the appropriate
terminals (if any) next to the strain gage solder tabs, leaving a
space of approximately 1/16 in (/1.5 mm) between the gage
backing and terminal.

Using a 4-to-6-in (100-t¢-150-mm) length of M-LINE PCT-2A
cellophane tape, anchor one end of the tape to the glass plate
behind the gage and terminals. Pick the gage and terminals up
by carefully lifting the tape at a shallow angle (30 to 45 degrees
to the glass plate) until the tape comes free with the gage and
terminal attached. (The shallow angle is important to avoid
over-stressing the gage and causing permanent resistance
changes.) Caution: Some tapes may contaminate the bond-
ing surface or react with the bonding adhesive. Use only
tapes certified for strain gage installations.

The sirain gage is now prepared for positioning on the test
specimen. Position the gageftape assembly so the triangle
alignment marks on the gage are over the layout lines on the
specimen. Holding the tape at a shallow angle, wipe the assem-
bly onto the specimen surface. If the assembly is misaligned,
lift the tape again at a shallow angle until the assembly is free
of the specimen. Reposition and wipe the assembly again with
a shallow angle.

In preparation for applying the adhesive, lift the end of the tape
opposite the solder tabs at a shallow angle until the gage and
termninal are free of the specimen. Tack the loose end of the tape
under and press to the surface so the gage lies flat with the
bonding side exposed.

The appropriate adhesive may now be applied. The procedures
for M-Bond 200 and M-Bond AE-10 are described in the two
sections which follow.
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4.2 Bonding with M-Bond 200

M-Bond 200 Catalyst should be applied sparingly in a thin uni-
form coat. Wipe the brush against the lip of the boitle approxi-
mately ten times to remove most of the catalyst. Set the brush
down on the gage and swab the gage backing by sliding — not
brushing in the painting style — the brush over the entire gage
surface. Move the brush to an adjacent tape area prior to lifting
from the surface. Allow the catalyst to dry at least one minute
under normal ambient laboratory conditions.

The next three steps must be completed in sequence within
three to five seconds. Read these steps before proceeding.

Lift the tucked-under tape. Holding the gage/tape assembly in
a fixed position, apply one or two drops of M-Bond 200
Adhesive at the junction of the tape and specimen surface,
about 1/2 in (13 mm) outside the actual gage installation area.

Immediately rotate the tape to approximately a 30-degree angle
so that the gage is bridged over the installation area.

Holding the tape slightly taut and beginning from the tab end
of the gage, slowly and firmly make a single wiping stroke over
the gage/tape assembly with a clean gauze sponge to bring the
gage back down over the alignment marks on the specimen.
Release the tape,

Immediately upon completion of the above step, discard the
gauze and apply firm thumb pressure to the gage and terminal
area. This pressure should be held for at least one minute. Wait
two minutes before the next step (tape removal).

The gage and terminals should now be bonded to the specimen.
To remove the tape, pull it back directly over itself, peeling it
slowly and steadily off the surface.




4.3 Bonding with M-Bond AE-10

(This section follows 4.1 when using M-Bond AE-10
Adhesive.) Mix the Resin AE with Curing Agent Type 10
per the instructions in Instruction Bulletin B-137 supplied with
the adhesive.

Coat the specimen, back of the gage, and terminal strip with the
prepared M-Bond AE-10 Adhesive. The mixing rod may be
used to apply a thin layer of adhesive over each surface. Be
careful not to pick up any unmixed components of the adhesive.
To ensure this, wipe the mixing rod clean and then pick up a
very small amount of adhesive from the central area of the
adhesive jar. After applying the adhesive, proceed immediately
to the next step.

Lift the tucked-over end of the tape and bridge over the speci-
men installation area at approximately a 30-degree angle.
Beginning from the tab end of the gage and using a clean gauze
sponge, slowly and firmly make a single wiping stroke over the
gage/tape assembly to bring the gage back down over the
alignment marks on the specimen.

Place a silicone rubber pad and a back-up plate over the gage
installation. Apply force by dead weight or spring clamp until
a pressure of 5 to 20 psi (35 to 135 kN/M?) is attained. Take
care to ensure the pressure is equal over the entire gage surface.

The M-Bond AE-10 Adhesive will develop adequate bonding
strength in six hours at room temperature [+70°F (+20°C)].
This time may be reduced by increasing the temperature of the
glueline per the schedule below. Warning: For curing tem-
perature above +150°F (+66°C) a special mylar tape must
be used for gage handling, and a Teflon® strip should be
placed between the gage and the silicone rubber pad.

RECOMMENDED CURE SCHEDULE

GLUELINE TEMPERATURE IN °C —

625 50 795 100 125 150 175

X T L
Td | | | | °c%
2 1N 1
a 3
2l i ]
é, A I } |
N ™

76 100 125 150 175 200 225 260 275 300 325 350 37%
GLUELINE TEMPERATURE IN °F —

After the adhesive is cured, remove the clamps or weights, the
silicone pads and Teflon strip (if used). To remove the tape, pull
it back directly over itself, peeling it slowly and steadily off
the surface.

®Registered trademark of DuPont. »
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5.0 SOLDERING TECHNIQUES

If the strain gage is without encapsulation or preattached lead
ribbons, mask the gage grid area with drafting tape, leaving
only the tabs exposed.

After the soldering iron has reached operating temperature,
clean the tip with a gauze sponge and tin it with fresh solder.
Tin the gage tabs and terminal tabs (if used). Melt a small
amount of solder on the tip of the soldering iren, lay the
rosin-core solder wire across the gage tab or copper terminal.
Firmly apply the iron tip for one second, then simultancously
lift both sclder and tip. A bright, shiny, even mound of solder
should have been deposited on the tab. If not, repeat the
process. If spikes are formed rather than smooth beads, it is a
sign of inadequate flux, dwelling too long with the iron, and/or
an improper iron temperature. Feeding the cored solder into the
tab area during heat application will increase the amount of
flux available.

For a three-conductor lead-in wire, separate the individual
leads for 3/4 in (20 mm). Strip away 1/2 in (13 mm) of insula-
tion by using the soldering tip to melt the insulation on both
sides of each end of the wire 1/2 in (13 mm) from the ends and
quickly pulling off the insulation. Warning: Do not use a
knife or other blade to cut the insulation. When the main
leadwire is stranded and terminal strips are used, it is often con-
venient to cut all strands but one to fit the size of the copper
pad. The long strand can then be used as the jumper wire.
Soldering is made considerably easier by this method. This is
unnecessary when the leadwires are bonded directly to the sol-
der tabs on CEA-Series strain gages.

Holding the tip of a finger on the tip of the tinned wire for safe-
ty, cut each wire with diagonal wire cutters leaving 1/8 in
{3 mm) of exposed, tinned wire.

Tack the lead-in wires to the specimen with drafting tape so the
tinned end of the wire is spring-loaded in contact with the
solder bead. Complete the solder connection as before by
applying solder and iron tip for one second and removing
simultaneously.

Apply rosin solvent liberally to the solder joints. Drafting tape
may be removed by loosening the mastic with rosin solvent.
Remove all sotvent with a gauze sponge, using a dabbing
action. Repeat.

Tape or otherwise secure the lead-in wires to the specimen to
prevent the wires from being accidentally pulled from the tabs.
A stress relief “loop” should be placed between the tape and
the solder connections.

Apply a protective coating over the entire gage and terminal
area. For most laboratory uses, M-Coat A will provide adequate
long-term protection. The coating should be continucus up to
and over at least the first 1/8 in (3 mm) of leadwire insulation.

The properly installed strain gage will have a resistance to
ground of at least 10 000 to 20 000 megohms. Checking leak-
age resistance with the Model 1300 Gage Installation Tester is
highly recommended.
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6.0 TWO-AND THREE-WIRE CIRCUITS

6.1 Introduction

Since the invention of the electrical resistance strain gage more .

than a half century ago, the Wheatstone bridge has become the
sensing circuit of choice in most commercially available strain
gage instrumentation. This popularity is due in large measure to
its inherent ability to 1) detect the small resistance changes pro-
duced in the strain gage when it follows even minute dimen-
sional changes on the surface of a test part under load, 2) pro-
duce a zero output voltage when the test part is at rest, and
3) provide for compensation of temperature-induced resistance
changes in the strain gage circuit. To varying degrees, each of
these factors is essential for accurate strain gage measurements.

In the majerity of strain gage applications for the determination
of the state of stress on a test-part surface, individual strain gage
elements, whether from uniaxial or rosette strain gage configu-
rations, are connected independently to the Wheatstone bridge
in a quarter-bridge arrangement. As discussed in the following
sections, the wiring scheme chosen to connect the strain gage to
the bridge circuit has a significant effect on the accuracy of
measured strain data,

In particular, use of a two-wire connection is generally not rec-
ommended because it may introduce a significant resistance
offset in the strain gage circuit; temperature changes in the
leadwire system will introduce errors into measured strain data;
and the leadwire system will reduce the sensitivity of the strain
gage circuit. Configuring the strain gage input as a three-wire
circuit provides for intrinsic “bridge balance” and automatic
compensation for the effects of leadwire temperature changes
on measured strain data, and reduces the loss in sensitivity pres-
ent in the two-wire configuration. Consequently, the three-wire
connection is the recommended hookup for quarter-bridge
strain gage circuits for static strain measurement.

6.2 The Wheatstone Bridge

The Wheatstone bridge circuit in its simplest form (Fig. 1) con-
sists of four resistive elements, or bridge arms (R, R,, Ry, Ry),
connected in a series-parallel arrangement, and an excitation
voltage source (E). The electrical connections where pairs of
bridge arms are joined to the leadwires from the excitation volt-
age source are referred to as input corners of the bridge. A dif-
ferential output voltage (e,) is measured at the two remaining
bridge corners, referred to as output or signal corners.

Fig. 1 — Basic Wheatstone Bridge Circuit.

While a mathematical proof is beyond the scope of this manu-
al, it can be shown that if the arm resistances are chosen such
that the bridge is resistively symmetrical about an imaginary
line drawn through the bridge output corners (as is the case
with most commercially available strain gage instrumentation
and as assumed here) the differential output voltage (e,) will
be identically zero regardless of the value of the excitation sup-
ply voltage. In this condition, the bridge is said to be resistive-
ly balanced. If the bridge is not in balance, a differential volt-
age will be present at the output corners of the bridge, and the
magnitude of this output voliage will be proportional to the
amount of unbalance.

6.3 Two-Wire Circuit

For an initially balanced bridge, if one of the bridge arms is
replaced with a strain gage of precisely the same resistance
value and connected with two leadwires having negligible
resistance, the bridge remains at balance. But in practice the
leadwires will have some measurable resistance (R;) as shown
inFig. 2, which may result in a significant lack of symmetry in
the bridge. This occurs because both leadwires are in series
with the strain gage between, for example, the positive (+)
input corner and the negative (=) output corner, adding to the
gage arm resistance. That is, the gage arm resistance becomes
Rg+2R;.

Fig. 2 — Two-wire quarter-bridge circuit.

As a measure of the magnitude of this effect, consider a 120-
ohm strain gage installed at a distance of 20 ft (6 m) from the
instrument, and connected to the instrument with a pair of
AWG26 (0.4 mm dia.) copper leadwires. At room temperature,
the total resistance in series with the strain gage is about 1.7
ohms. For an instrument gage factor setting of 2.0, this pro-
duces an initial imbalance in the bridge corresponding to
approximately 7000.€. Further, the leadwires are a parasitic
resistance in the gage arm of the bridge and effectively reduce
or desensitize the gage factor of the strain gage, resulting in a
reduced signal output when the test part is subjected to test
loads. For modest values of leadwire resistance, the percentage
of loss in signal is approximately equal to the ratio of leadwire
resistance to strain gage resistance. In the example given here,
this results in about a 1.5% loss in sensitivity,

The initial imbalance may be offset using a strain indicator that
has a sufficient balance range, or may be (mathematicatly) sub-
tracted from measured strain readings. However, a more serious
problem may result if the temperature of the leadwires changes
during the measurement process, causing a corresponding
change in resistance of the interconnecting leadwires. Copper
leadwires change in resistance approximately 22% of their

:
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room-temperature resistance value for a 100°F (55°C) temper-
ature change. For the 120-ohm gage circuit above, this would
result in an error equivalent to approximately 156 € fora 10°F
(5.5°C) temperature change in the leadwire system.

The errors and problems specifically caused by the two-wire
circuit are due to the pair of leadwires in series with the strain
gage. All three of the effects discussed here increase in severity
with increased leadwire resistance; and the two-wire circuit
offers no intrinsic compensation. It is worth noting that use of a
350-ohm strain gage circuit will reduce each of these effects,
but cannot eliminate completely the associated measurement
errors. But a straightforward method exists to reduce the loss in
sensitivity, and essentially eliminate the initial imbalance prob-
lem and the error that results from temperature changes in the
leadwire system. This method involves simply adding a third
leadwire to the strain gage circuit as shown in Fig. 3.

6.4 Three-Wire Circuit

The preferred circuit for use with a single strain gage in a quar-
ter-bridge configuration is the three-wire circuit shown in
Fig. 3. In the two-wire circuit, both leadwires are in series with
the strain gage in one arm of the Wheatstone bridge. In the
three-wire circuit, the first leadwire remains in series with the
strain gage, but the second leadwire is now in series with
dummy resistor R, between the negative input and output cor-
ners of the bridge. Referring to Fig. 3, if these two leadwires are
the same type and length and exposed to the same temperature,
their resistances will be equal. The two respective bridge arms
will therefore be equal in resistance, the bridge is again resis-
tively symmetrical about a horizontal line through the bridge
output corners, and the bridge remains balanced regardless of
leadwire temperature changes, so long as the two leadwires are
at the same respective temperature. And because only one lead-
wire is in series with the strain gage, leadwire desensitization is
reduced about 50% compared to the two-wire configuration.
The third wire in Fig. 3 is a voltage-sensing wire only and it is
not in series with any of the bridge arms, therefore it does not
affect bridge balance or temperature stability.

Fig. 3 — Three-wire quarter-bridge circuil.

While the three-wire circuit offers several advantages over the
two-wire circuit, in some special applications involving, for
example, slip rings or feed-through connectors, not encugh
connections may be available for a continuous three-wire sys-
tem from the gage site to the instrument terminals. In these
cases, use of a two-wire lead system between the strain gage
and the connector, and a three-wire circuit between the connec-
tor and the measuring instrurnent is recommended to minimize
the total length of the two-wire system.

The foregoing discussion applies primarily to measurement of
static strains with a measuring instrument that provides
dec-coupling between the bridge circuit and the amplifier input
terminals. For measurement of purely dynamic strains when
only the peak-to-peak arplitude of a titne-varying strain signal
is of interest, the two-wire system may sometimes be used
effectively by selecting a signal-conditioning amplifier that
provides for ac-coupling of the input signal, to *block” the
effects of temperature-induced changes in leadwire resistance
on the strain signal.

In summary, benefits of the three-wire circuit include intrinsic
bridge balance, autormatic compensation for the effects of lead-
wire temperature changes on bridge balance, and increased
measurerment sensitivity compared to the two-wire configura-
tion. The three-wire hookup is the recommended configuration
for quarter-bridge strain gage circuits for static strain measure-
ment. The two-wire circuit can sometimes be used effectively
for special situations such as dynamic-only measurements with
ac-coupled instrumentation, or in static strain applications
where the length of the two-wire system can be kept very short.




7.0 TROUBLESHOOTING PROCEDURE

M-Bond 200 Gage Installation

| attempled to install a strain gage with M-Bond 200 Adhesive, but the gage unbonded from the lest surface when | removed the handling tape.

What should [ do?

When the gage fails to adhere 1o the test-part surface, it is necessary,
procedure to isclate the cause or causes of bond faitura. Am
Irrespactive of encountering cne or more NO answers, the trou

ong the

of course, to reprepare the surface and install a new gage. Before doing so, however, follow through this roubleshecoling
first seven questions, any question which cannot be answered precisely and lirmly with YES has NO lor its answer.
bleshoaling procedure should be conlinued via the dashed lines ta identify additional instaliation steps which may nct have been

performed properly. In any case, a careful review of Micro-Measurements Instruction Bultetin B-127, Strain Gage Instafiations with M-Bond 200 Adhesive, is recommended belora attempting
to install a new gage. See alsa the VideoTech™ Library.

Y

Was calalyst applied to the bonding surface of the
gage, using the side of the brush after wiping the
brush on the lip of the botlle at least ten imes?

1
yes

Was adhesive applied in a drop on the test-part
surface, 1/2 in (13 mm) oulside of the gage inslal-
Jation area as shown in Fig. 8, Bulletin B-127?

yes

y

Was the adhesive flowed under the gage by wiping
the gage slowly (2-3 seconds} and firmly onto the
surlace as shown in Fig. 8, Bulletin B-1277

yes

Was firm thumb pressure applied to the bonded
gage within one second after the gage contacled
the surface, and held for at least cne minule?

T
yes

Was the tape allowed to remain on the gage at
least two minutes after thumb pressure was re-
leased?

ye

Was the tape peeted directly back on itsell as
shown in Fig. 11 of Bullelin B-127?

T
yes

Was adhesive thin and clear when compared to a
new bottle?

T
yes

Was adhesive used prior 10 the expiration date on
the boltie?

T
yes

¥

Did adhesive remain on the bonding surface of the
gage as judged from comparison with & new gage?

5

i

ye

Did adhesive femain in the gage area of the test
part as judged from comparison with a clean area
of the parl?

yes

Was the adhesive in the gage area dry. indicating
that it had properly sel up?

T
yes

Is adhesive present on the test part in the area
completely surraunding the gage area, indicating
that adhesive flowed out beneath the gage?

Centinue iroubleshooting proce-
L no—a=] dure to identily addilional steps .
not praperly executed.
T
1
. Y
1
1
e mmm—m————— J4
L— no T O "
1
) Using a 1/16-in ({.5-mm) thick aluminum spec-
: imen, praclice insla®ing a gage, following pre-
] cisely the instructions in Builetins B-127 and
J B-129. Alter the gage is bended. hold the spec-
- —mmmmm——- imen crosswise against a rigidly mounted
no - 3/d-in {19-mm) diameter round bar, with the
: - transverse centerline of the grid over the axial
| centerline of the bar. Now, bend the specimen
. " around 1he bar until a8 U-shape is formed. If
) properly installed, the gage should not disbond
' except for perhaps 1/16-in {1.5-mm) or so at
- - - - - esmm - b either end. Repeal practice installations, diag-
no - nosing each faulty installation with this trou-
1 = bleshooting pracedure unlit consistently proper
' tonding is achieved.
1
1
1
! k.
e~ === - I -
—no : :
] nag
1
H CHECK THE GAGE RESIS-
: TANCE AND THE RESIS-
- - Does gage TANCE TO GROUND WITH
—no T - bond firmly |-yes—a-I THE MODEL 1300 STRAIN
' Y ta test part? GAGE INSTALLATION TES-
1 TER, AND COMPLETE THE
! A INSTALLATION.
1
[~ - Y
—no r
] Reclean ihe lest-pari surface thoroughiy,
removing all traces of previous insiallation
Replace adhesive with fresh bol- | attempis, and producing a fresh, virgin surface
no == 4o oo of the lesl-object material. Make certain that all |
surface preparation malerials are clean and
wilhin (heir recommended shelf lives. Using
| gm| fresh adhesive and calaiysi, and following the
directions in Bulletins B-127 and B-129 precise-
iy reattempt the gage insiallalion wilh a new
Gage was probably contaminat- gage.
ne ed during slorage or handling. -
Was gage installed immedialely Surfac
" @ may have been contam-
N0 -—3m={ lollowing surface preparalion 1o |[~No—pm- inated aﬂerysurlace preparation
pravent recontamination of .
specimen?
| P
yes -
Surface preparation was not adequate for proper o
gage bonding. l
. Inadequate thumb pressure, or tape removad 100 -
no—3 soon, or humidity or lemperature too extreme. -
Insufficiem adhesive used, or adhesive nol wiped
—N0—= uniformly over the enlire gage area. >
i

%
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The Broadest Range of Strain Gages

and Accessories Available

Micro-Measurements has been a trusted name in the field of Strain Gage Technology for many years. We
are proud of our worldwide reputation as a premier supplier of high-quality precision strain gages and
strain gage accessories, and are fully committed to maintaining our position as the leader in this field.
This short-form catalog of Micro-Measurements strain gages and related products is intended to provide
a condensed overview of the sensors, supplies, and tools commeonly needed for strain gage applications.

Micro-Measurements was independently founded and operated in the early 1960's. A few years later it
became a part of Vishay Intertechnology, Inc. and, in late 1973, was incorporated with the Instruments
and Photolastic Divisions of Vishay into a single entity — Vishay Measurements Group. All divisions of
Vishay Measurements Group are located in our world headquarters facility near Raleigh, North Carolina.

Customer Support Services

The common denominator in all Micro-Measurements products and services is our dedication to helping
you achieve consistently accurate and reliable strain measurements. And we've made some significant
commitments to help ensure your success:

We publlsh the widest range of techmcal

r reference literature in the strain gage field -

|~ available through the Vishay Measurements .
'Group s Technrcal Data Malllng Program :

We respond qurckly to requests for specials"_.; '
“to surt rndrvlduat requrrements SRR

: j-iAn experienced Apphcatrons Engineermg
--staff is readily avariable by phone letter
-:.or facsmrle : , ,

'-_r_‘begmner to advanced Ievels in strain gage teehnotogy
- Measurements Group regularly conducts; workshops' and téchnical'sem
. "nars in our Technical Training Center near. Ftalesgh,, North Carolina-and-at
; 1ocat|ons throughout the U 8! and the wortd , R

Your Success is Our Goal. J :

- S
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Micro-Measurements

Strain Gage Gatalog 500

This introductory catalog contains abridged strain

which are representative of the types and sizes most widely used
in stress analysis applications. For those involved in extensive
stress/strain measurement programs, it is advantageous to re-

quest a copy of Catalog 500. The gage listings in

include all standard types and pattern configurations manufac-
tured by the Micro-Measurements Division. Considering the vari-
ations in pattern design, grid alloys, self-temperature-compensa-
tion (S-T-C) numbers, backing materials, and optional features,
there are over 250,000 possible gage types from which to select.

Catalog 500 contains a broad range of pattern configurations and

sizes, designed to meet the many and varied test

encountered throughout the fieid of experimental stress anaiysis.

N

gage listings

Catalog 500

requirements

" . A special group of strain gages — Transducer-'
- Class® — has been developed specifically for trans-
- ducer applications. Transducer-Class strain gages,

"described in separate Vishay Measurements Group
literature, are a select group of standard and special
'gage patterns designed for optimum cost/perform-
ance ratio (in transducer service) in high-volume pro-

s am |
PN T IR )

i cmian | mATi

duction quantities. :

Gage Listings

A sample Catalog 500 listing for a single, repre-
sentative gage pattern is reproduced below. The
listing includes a tabulation of all gage series in
which the pattern is available, as well as option-
al features applicable to each series. Complete
descriptions of the gage series, options, etc., are
provided in Catalog 500.

T | ew | o [ om

i G s | parene

L axommn | v

GAGE
DESIGNATION
ES = Each Saction
S = Section (S1=Sec 1) insert desired
CP = Complete Pattern S-T-C number
M = Matrix in spaces marked XX.

Increased when

RES. IN
OHMS

Tolerance is

Oplion W, E,
SE,LE,or P
is specifiad.

125AD

"

EA-XX-125AD-120

ED-DY-125AD-350
EK-XX-125AD-350
WA-XX-125AD-120

GAGE OVERALL GRID OVERALL | WK-XX-125AD-350
LENGTH LENGTH WIDTH WIDTH EP-08-125AD-120

0.125 0.250 0.125 0.125 SA-XX-125AD-120
N _ SK-XX-125AD-350
‘8.18 - 835 3.18 © 318 SD-DY-125AD-350

Matrix Size  040Lx 022w | 102Lx56w | WD-DY-125AD-350

120 +0.15%
350 £0.3%
350 +0.15%
120 +0.3%
350 +0.3%
120 +0.15%
120 +0.3%
350 +0.3%
350 +0.6%
350 x0.6%

—29__
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Strain Gage Designation System
and Selection Chart

In selecting the most suitable strain gage for each application, consideration must be given to the variations in pattern
design, grid alloy, self-temperature-compensation (S-T-C}, backing material, and optional features. The gage designation
system and standard strain gage selection chart shown on this page present a partial summary of the many combina-
tions of these factors available in Micro-Measurements strain gages. For brevity, this summary is limited to those gage
series and optional features listed in this catalog only. When selecting or ordering a strain gage from this catalog, these
charts will provide a key to choosing the appropriate gage for your application,

A complete, detailed designation system and selection chart are included in Catalog 500.

When test conditions are severe, or when there are unusually stringent demands on accuracy and stability, selection of
the optimum gage parameters to satisfy the test specifications can involve a number of subtle considerations. As an aid
in systematically arriving at the most appropriate gage type, given a specific measurement task, Tech Note TN-505,
Strain Gage Selection Criteria, Procedures, Recommendations, available on request from the Vishay Measurements
Group Applications Engineering Department, will provide a valuabie reference for use in conjunction with these selec-
tion criteria and charts.

Self-Temperature-Compensation Active Gage Length in Mils

. 0.001 in {0.0254 mm
Foil Alloy [_ ( )
e Grid and Tab Geometry
arrier Matrix (Backin : i i
( 9) Resistance in Ohms
I:Optional Feature
EA 06-250BG-120 Option E
T T 1= _I_'_
E: Opean-faced cast polyimide A: Constantan alloy The S-T-C number is the ap- W: Integral printed circuit terminal,
backing. in self-temperature- preximate thermal expansion polyimide encapsulation.
) ted form. coefficient in ppm/°F of the . ; : i W
W: Fully encapsulated; glass- compensal ) E: Polyimide encapsulation, leaving a £
tiber-reinforced apoxy- P: Annealed constantan. siructural material on which portion of solder tab exposed. O

the gage is to be used. The iy
foliowing standard compen- SE: Solder dots plus polyimide

phenglic resin. High-

L5

Isoelastic alloy.

endurance leadwires. K: Nickel-chromium sations are available; encapsulation.
CE: Thin, flexible gages with a . i . L: Preattached, soft, formabie copper
cast polyimide backing and alloy (similar to A and K altoy: 06, 13. leads.

encapsulation featuring large, Karma). P alloy: 08 -

rugged, copper-coated solder The D alloy is not available
tabs. This construction pro- in self-temperature-com-
vides optimum capability pensated torm. ‘DY’ is used

: Leads plus polyimide encapsulation'.-

for direct leadwire attachment. instead.
CAGE FATIGUE LIFE
series|[PESCRIPTION AND PRIMARY APPLICATION TEMPERATURE RANGE STRAIN RANGE | strain Leve! | Number of
In e Gycles
. . Normal: =100° to +350°F (-75° to +175°C) +3% for gage lenglhs +1800 10°
General-purpose static and dynamic stress 5
EA analysis, Wide range of options availabie. Special or Short Term: under /8 in (3.2 mm) +1500 10/

-320° to +400“F (—195 fo +205°C) 5% for 1/8 in & over +1200 108

-Unlvlersal genaral-lpurpose strain gags{s Con--|-.~ : i
'] stantan g¥id completely encapsulated.in-poly-: | Nofm ‘ Ooo 1o +35 oF = sot 5,
&) ‘imida, with: farge; rugged, copper-coated tabs. Nk Stgckgd'r;settes hmitgd !o( +?1'50‘$=?Zf5°c0:5
] Primarify used for: ganeral-purpose stalic and '

- | dynamii; siréss analysis. - : N S e -

13% for gage Iengths
under 18 in (3.2 mmy)
15% for. 1/& in & qver

+2% Nonlinear at strain 42500 108

— 30—

Excellent for dynamic measuremants. High gage e _nope oF £ o a
€D factor and extended fatigue life. Dynamic: -320° to +400°F (~195° to +205°C) levels over £0.5% +2200 107
: Stress analysis and transducer applications. Normal: —100° to +400°F (-75° to +205°C) +2000 10°
WA | Wide temperature range and exireme environ- Special or Short Term: +2% +1800 108
mental capability, High-endurance leadwires. -320° o +500°F {—195° to +260°C) +1500 10°
Widest temperature range and most extreme | Normatl: —452° to +5650°F (-269° to +290°C) +2200 105
WK | environmental capability. High-endurance lead- Special or Short Term: +1.5% 2000 107
wires. ~452° 10 +750°F (—269° to +400°C) *
. . ) +10% for gage lengths +1000 107 5
EP :Jgﬂ;ﬂ;“i%agg"s?}?gﬂﬁg‘e”‘S {postyietd). Only -100° to +40C°F (-75° to +205°C) under 1/8 in (3.2 mm} | EP gages show zero shift
’ +20% for 1/8in & over | under high-cyclic strains.
. . . . +1.5% +3000 10°
For wide-range dynamic strain measurements in . o o o ° . .
WD ; - " Dynamic: —320° to +500°F (195" to +260°C) Nonlinear at strairn +2500 107
severe environments. High-endurance teadwires. levels over +0.5% +2200 107



Micro-Measurements
Super Stock Gage Listings Section

The gages listed on this and the following page represent the most widely used types for general-purpose experimental
stress analysis. Gage lengths range frem 0.015 to 0.500 in (0.4 fo 13 mm) in a wide range of pattern configurations. In
addition to single-element gages in a variety of sizes and aspect ratios, the list includes two- and three-element rosettes
for use in biaxial stress fields. There are also twin-element chevron patterns for measuring shear strain or torque. Grid
resistances of 120, 350, and 1000 ohms are available.

Selection of gages from this list will generally lead to the best delivery and, in many cases, to a price advantage as well.
The “C"-feature, or CEA-Series, strain gages are normally the first choice because of the ease of installation. These
gages have rugged, copper-coated solder tabs, permitting direct leadwire attachment.

All gages in this list are classified as Super Stock. This means that Vishay Measurements Group guarantees to
maintain stock for off-the-shelf delivery of at least 10 packages of any type listed in 06 and 13 self-temperature-
compensation numbers {except 08 S-T-C for P alloy and DY for isoelastic). There is no Minimum QOrder
Requirement for gages selected under the above conditions.

If your application requires a gage that is not listed here, refer to Micro-Measurements Catalog 500, which includes all
standard, general-purpose Micro-Measurements strain gages. All gage patterns are shown at actual size except where
enlargement is necessary for geometry definition.

EA-XX-062AP-120
WHK-XX-062AP-350

CEA-XX-015UW-120

EA-XX-125AC-350

Micro-miniature pattern
with large exposed solder
tabs for high-strain-gradi-
ent applications. Exposed
tab area is 0.06 x 0.04 in
(1.5 x 1.0 mm).

Compact, small, generatl-
purpose pattern. Select WK
gage for wide-temperature-
range applications.

B

2X

Widely used general-pur-

pose pattern with high- m
resistance grid. H

CEA-XX-032UW-120

Shart-gage-length pattern
with large exposed solder
tabs for high-strain-gradient
applications. Exposed tab
area is 0.07x0.04in (1.8 x
1.0 mm).

EA-XX-062AQ-350

Same size as 062AP pat-
tern but with high-resis-
tance grid in EA Series.

ED-DY-125AD-350
WD-DY-125AD-350
WHK-XX-125AD-350

EA-XX-125AD-120 ﬁ

Widely used general-purpose pattern. Select
ED- or WD-DY gages for faligue applications;
WK for wide-temperature-range static or

2X 2% dynamic measurements,
EA-XX-031DE-120 R CEA-XX-062UW-120 CEA-XX-125UN-120
CEA-XX-062UW-350 N a CEA-XX-125UN-350
Miniature pattern for posi- “ m - )
tioning adjacent to high Small general-purpose hthi Narrow general-purpose ﬂ
stress concentralions, e.g., gage with large exposed o .| gage pallern. Exposed tab 13
hales, fillets, etc. solder tabs. Exposed tab i areals 0.06 x0.05iN {1.5x
area is 0.07 x 0.04 in (1.8 x ' 1.1 mm).
1.0 mm).
ax 2%
WA-XX-060WR-120 EA-XX-062TV-350 CEA-XX-125UW-120
. CEA-XX-125UW-350
Small three-element 45° Small two-element 90° : i
rectangular stacked rosette. torque gage. - H Most widely used general- i’
. N purpose gage in CEA ‘M'
! Series. Exposed tab area is el
0.10 x 0.07 in (2.5 x 1.8 '
mmy).
2X 2%

EA-XX-062AK-120

Small general-purpose pat-
tern with elongated solder
tabs.

EA-XX-062TT-120

Small general-purpose 90°
tee rosette. Sections are
electrically independent.

EA-XX-125BB-120

Narrow general-purpose -
pattern with eloengated tabs. T

3]



Micro-Measurements

Super Stock Gage Listings Section

General-purpose pattern
with narrow grid and com-
pact geometry.

CEA-XX-187UV-120
CEA-XX-187UV-350

Two-element 90° rosette for
torque and shear-strain mea-
suremenis, Sections have a
common #iectrical connec-
fion. Exposed {ab area is 0.13
¥ 0.08in (323 x2.0mm}

EA-XX-250BK-10C

Very high-resistance
(10000} pattern. Recom-
mended for high bridge volt-
age or for use on plastics.

EA-XX-126BZ-350

Narrow high-resistance
pattern with compact
geometry,

EA-XX-250AE-350

Large general-purpose
gage. Used when high
power dissipation s
required.

CEA-06-W250A-120
CEA-06-W250A-350

Lowest cost, most flexible
and conformable linear,
weldable gage pattern. See
page 8 for more details.

EA-XX-125RA-120

General-purpose three-ele-
ment 45° rectangular
rosette. Compact geomelry.

EA-XX-250AF-120

Large general-purpose
gage. Used when high
power dissipation is
required.

CEA-XX-250UR-120
CEA-XX-250UR-350

Large three-element 45°
single-plane rosette. Ex-
posed lab area is 0.13 x
0.08in (3.3 x 2.0 ram),

CEA-XX-125UR-120
CEA-XX-125UR-350

General-purpose 45° sin-
gle-plane rosette. Compact
geomelry. Exposed tab
area is 0.08 x 0.06 in (2.0 x
1.5 mm).

EA-XX-250BG-120
EP-08-250BG-120
WA-XX-2508G-120
WHK-XX-250BG-350

Widely used general-pur-
pose pattern. EP Series
capable of elongations
>20%.

EA-XX-500BH-120

Long general-purpose gage
in a compact geometry.

EA-XX-125TM-120

General-purpose two-ele-
ment 90° tee rosetle.
Sections are electrically
independent.

EA-XX-250BF-350

General-purpose pattern
with high-resistance grid.
Compact geometry. Similar
to 250BG patiern except for
resistance.

CEA-XX-500UW-120

Widely used, long gage pat-
tern. Exposed tab area is
010 x 007 in{25x 1.8
mm,).

CEA-XX-125UT-120
CEA-XX-125UT-350

Two-element 90° tee
rosefte for generat-purpose
use, Exposed tab area is
0.10 x 0.07 in 2.5x 1.8
mm).

CEA-XX-250UN-120
CEA-XX-250UN-350

Narrow general-purpose
gage pattern. Exposed tab
area is 0.08 x 0.05 in (2.0 x
1.1 mm).

EA-XX-125TK-350

High-resistance two-ele-
ment 90° gage for torque
applications.

CEA-XX-250UW-120
CEA-XX-250UW-350

Larger grid and tabs than
250UN paltern. Exposed
1ab area is 0.10 x 0.07 in
(2.5 x 1.8 mm).

1

!
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Special-Purpose Gages, Sensors, and Equipment

In addition to providing the stress analyst with a vast selection of standard strain gage types, Micro-Measurements offers
a variety of products designed to meet special needs and perform special functions in experimental stress analysis.
Although space in this introductory catalog permits neither a full listing of these products, nor complete descriptions, a
few types of special sensors are briefly noted.

Full information on any of these products, along with detailed technical specifications, can be obtained by requesting
Catalog 500, or by contacting our Applications Engineering Department.

Temperature Sensors

TG Temperature Sensors, with a grid of ultra-pure nickel foil, are recommended for gen-
eral-purpose temperature measurement from —320° to 500°F (~195 to +260°C}. For appli-
cation at extremely low temperatures, two alloys — nickel and manganin — are combined
to produce the CLTS-2B (cryogenic linear temperature sensor). The duplex construction
of this sensor results in an essentially linear change of overall resistance with temperature,
from —452° to +100°F (-269° to +40°C).

Reusable LST matching networks are available for half-bridge connection of temperature
sensors to strain indicators. With these accessories, the strain indicator registers temper-
ature directly, at a scale factor of 10 or 100 microstrain per °F or °C.

Crack

Detection

CD-Series Crack Detection Gages are designed

to provide a convenient, economical method of
indicating the presence of a crack, or indicating
when a crack has progressed to a predetermined
location on a test part or structure. By employing
several CD gages, it is also possible to monitor the
rate of crack growth. Crack Detection Gages are

Crack Propagation Gages accurately indicate rate
of crack propagation in a specimen material over a
very small distance. These sensors are often used
adjacent to notches, fillets, or other types of discon-
tinuities in structures. Several sizes and geometries
are available.

available with various strand lengths; from 0.4 to
2.0in (10 to 50 mmy).

Strain Gages for O
Residual Stress Determination g! (ﬁﬁﬁ\

The most widely used practical technique for measuring residual stresses ~ EA Series CEA Series

is the hole-drilling strain gage method described in ASTM Standard Method E837. With this method, a specially config-
ured electrical resistance strain gage rosette is bonded to the surface of the test object, and a small, shaliow hole is intro-
duced through the center of the gage using a precision drilling apparatus such as the Vishay Measurements Group’s
RS-200 Milling Guide. After drilling, the strain in the immediate vicinity of the hole is measured, and the relaxed residual
siresses are computed from these measurements. For further details, request Builetin 304,

i

Bridge Completion Modules

Bridge Completion Modules are designed for completing the bridge circuit at the strain gage
site. This provides for a symmetrical, balanced leadwire system between the strain gage cir-
cuit and the instrumentation, which can reduce effects of noise pickup in the leadwire system
in some environments. Where switch contacts, slip rings, or other mechanical connections are
employed between the strain gages and measuring instrumentation, or when leadwires will be
periodically disconnected from the measuring instrument, accuracy can be improved by complet-
ing the bridge at the measurement site. Bridge completion modules can be designed to meet ‘special circuit require-
ments. Contact our Applications Engineering Department for a detailed discussion of your specnal needs.
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Weldable Strain Gages and Temperature Sensors

Weldable gages are precision foil sensors bonded to a metal carrier for spot welding to structures and compo-
nents. These sensors are easy to install and require minimal surface preparation. Installation is accomplished with- £
out adhesives, eliminating heat-curing problems on massive structures. They are also weil suited to laboratory test
programs requiring elevated-temperature testing and minimal installation time.

g

CEA-Series Weldable Strain Gage: | LWK-Series Weldable Strain Gage: Nickel- WWT-Series Weldable Temperature
Constantan alloy sensing grid completely | chromium alloy sensing grid completely encap- | Sensor; High-purity nickel sensing grid
encapsulated in polyimide. Very flexible. In | sulated in a fiberglass-reinforced epoxy-pheno- | completely encapsulated in a fiberglass-
most cases can be contoured to radii as | lic matrix. Integral three-wire lead system con- | reinforced epoxy-phenolic matrix. Integral
small as 1/2 in (13 mm). Rugged, copper- | sists of 10 in (250 mm) flexible etched Teflon®- | three-tab printed circuit terminals for con-
coated tabs for convenient teadwire attach- | insulated leadwires. Installation radius general- [ venient leadwire attachment.

ment. ly fimited to 2 in (50 mm) or larger in the direc-
tion of the grid axis.

W250A N

®Registered Trademark of DuPont

Model 700 Portable Strain Gage
Welding and Soldering Unit

The Model 700 is a completely portable, capacitance-discharge spot welder, designed for
efficient installation of weldable strain gages and temperature sensors. Supplied in a
rugged, gasketed case, the battery-powered unit can be used under field condi-
tions where no power lines are available.

Y
EX

A temperature-controlied soldering pencil, operated from the
main battery supply, is an integral part of the Model 700. The
lightweight pencil can be adjusted to a wide range of tip
temperatures for both gage soldering and leadwire splicing.

For further delails, request Bulletin 302.

Linear Displacement Sensors

Micro-Measurements Linear Displacement Sensors use a fully active
350-ohm strain-gage bridge to sense spindle displacement, giving infinite
resolution and excellent linearity. They are compatible with all standard
strain-gage instrumentation with bridge excitation from 2 to 10 voits. With a
selection of models having full-scale ranges from 1/4 in (6 mm) to 4 in
{100 mm), Micro-Measurements Linear Displacement Sensors feature a
unique design that produces maximum operating forces of less than 1 b
{4.4 N). Available with specially designed mounting fixtures, these versatile
sensors are ideally suited for use in research, manufacturing and process
control applications.

For further details, request Bulletin 322.

i
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Micro-Measurements
Strain Gage Accessories

Micro-Measurements strain gages are produced under rigidly controlled manufacturing conditions, with the utmost care
and attention given to ensuring the high level of quality and precision for which these gages have gained world-wide
recognition. However, the gages’ full potential for accurate strain measurement can be realized only when they are prop-
erly installed. There are, in fact, three principal components in every strain gage installation: (1) The strain gage itself, {2)
the tools, materials, and supplies (accessories) neaded to install the gage, and (3) the technigues employed in perform-
ing the instalation. Professional stress analysts have learned from experience that compromising any of these may lead
to compromising the quality of the instaliation and the accuracy of the strain data.

The weli-established formula for making consistently successful strain gage installations is quite simple:
¢ seléct high-quality precision strain gages.

* select professional-caliber accessories which have been labaratory-tested and field-proven for effectiveness
and compatibility with the strain gages.

+ follow the installation procedures recommended by the manufacturer of the gages and accessories.

A small sample of the Micro-Measurements M-LINE strain gage installation accessories is featured on the following two
pages. As indicated, the appropriate materials, supplies, and tools are available for each important step in the gage
installation process — from preparing the surface of the test piece to applying a protective coating over the bonded and
wired gage. All accessory items, whether manufactured directly by Micro-Measuremenits or specified for purchase from
an outside supplier, are of the highest guality, and have been designed or selected specifically to help ensure success-
ful installation of Micro-Measurements strain gages.

Regular users of strain gages will want to request a copy of Catalog A-110. This 40-page, fully illustrated catalog
describes the complete line of gage installation accessories and related equipment. In addition to detailed product
descriptions and specifications, it includes, where applicable, extensive recommaendations for the appropriate selection
and application of the accessories. Catalog A-110 is available on request
from our Applications Engineering Department.

Also available from our acces-
sories line is the VideoTech®
Library, a series of videotapes that
provides step-by-step instructions
for making general-purpose strain
gage installations. For detailed
information request Bulletin 318.
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6 Simple Steps To Successful
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Strain Gage Installations ...

it is often of greatest conven-
tence for the strain gage user to
purchase all of the neseded
accessory supplies and materi-
als in a single package.

GAK-2-Series Kits provide
specific selections of M-LINE
accessories for making basic

strain gage installations with
the M-Bond 200, AE-10, AE-
15, or 810 Adhesives.

The ultimate in gage installa-
tion capability is provided by
the MAK-1, Master Strain
Gage Application Kit. The
MAK-1 includes all of the sup-
plies and spacial tools neces-
sary for making a wide range of
gage installations for both labo-
ratory and field applications.

Because tachnique

is such an important
ingredient in success-
ful strain gage installa-
tion, detailed Instruc-
tion Bulletins have
been prepared for vir-
tually all Micro-Mea-
surements strain gage
instafiation products.

in addition, a library of
Tech Notes and Tech Tips
is avaitable for reference on a broad
range of subjects within Strain Gage
Technclogy.

" enny

Tech Tips present practical strain gage application techniques for “out-
of-the-ordinary” situations, and represent, as much as possible, a practi-
cal "how-to” approach to strain gage installation.

Tech Notes contain in-depth technical treatments of specific subjects
having direct or indirect bearing on the successful application of
stress/strain measurement technology.

— Field-Proven
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Ordering Information

The Vishay Measurements Group Customer
Service Department can provide immediate stock
and delivery information. Most products are avail-
able for same-day shipment or can be produced on
short delivery cycles. Vishay Measurements Group,
Inc. maintains regional sales representatives
throughout the world to further assist you. For addi-
tional information on any of our product lines, con-
tact us or our representative serving your arga.

Quantity discounts are available on strain gages
and special sensors. All other itams are sold on a
net basis only. All prices are subject to change with-
out notice.

Micro-Measurements Division Wai'ranty Policy

The Micro-Measurements Division of Vishay Measurements Group, Inc., warrants that the products sold under its name are fit for the pur-
pose for which they were intended by the supplier and guarantees said items against defects in workmanship or material for a period of
ninety (90) days, or otherwise specified limits, from date of delivery. Every reported case of nonstandard material is thoroughly investi-
gated by our Quality Assurance Department. I should be recognized that there is no method to 100% test our type of products since
many tests would be destructive. Both Micro-Measurements and the purchasers must depend upon statistical sampling techniques that
have in the past proved to be reliable and economical in respect to the cosl of the product.

This warranty is in lleu of any other warranties, expressed or implied, including any implled warranties of merchantability or fit-
ness for a particular purpose. There are no warranties which extend beyond the description of the face hereof. Purchaser
acknowledges that all goods purchased from Vishay Measurements Group are purchased as is, and buyer states that no sales-
man, agent, employee or other person has made any such representations or warranties or otherwise assumed for Vishay
Measurements Group any liability in connection with the sale of any goods to the Purchaser. Buyer hereby waives afl rights
buyer may have arising out of any breach of contract or breach of warranty on the part of Vishay Measurements Group, to any
incidental or consequentiai damages, including but not limited to damages to property, damages for injury to the person, dam-
ages for loss of use, loss of time, loss of profits or income, or loss resulting from personal injury.

Some states do not allow the exclusion or limitation of incidental or consequential damages for consumer products, so the above limita-
tions or exclusions may not apply to you.

The Purchaser agrees that the Purchaser is responsible for notilying any subsequent buyer of goods manufactured by Vishay
Measurements Group of the warranty provisions, limitations, exclusions and disclaimers stated herein prior to the time any such goods
are purchased by such buyers, and the Purchaser hereby agrees to indemnify and hold Vishay Measurements Group harmless from any
claim asserted against or liability imposed on Vishay Measurements Group occasioned by the failure of the Purchaser to so notity such
buyer. This provision is not intended to afford subsequent purchasers any warranties or rights not expressly granted to such subsequent
purchasers under the law.

This catalog lists a variety of standard products commerciafly offered to all of cur customers, The prices shown are based upon Vishay
Measurements Group’s standard terms and conditions, the only valid terms and conditions that will apply. Any modification or addition to
these terms and conditions could result in a pricing change for these products, and would require negotiation.

It Source Inspection is required by the Buyer, it would be arranged at a mutually agreed upon time by the Buyer and Vishay
Measurements Group. A fee which is commensurate wilh the costs associated with displacing key, qualified, technical specialists from
their normal duties will be charged to the Buyer for such inspection. ) :

Vishay Méasurements Group is solely a manufacturer and assumes no responsibility of any form for the accuracy or adequacy of any test
results, data, or conclusions which may result from the use of its equipment.

The manner in which the equipment is employad and the use lo which the data and test results may be put are completely in the hands of
the purchaser. Vishay Measurements Group, Inc. shall in no way be liable for damages consequential or Incidental to defects in any of its
products.

LIMITATION OF REMEDY: In the event any discrepancy is found to be Vishay Measurements Group s responsibility, the buyer’s sole and
exclusive remedy will be the replacement of, or full credit for, the discrepant product.

We will provide immediate assistance to the best of our ability in locating and identifying the source of any difficulties involving our product.

VISHAY MEASUREMENTS GROUP, INC.
P.O. Box 27777 * Raleigh, NC 27611, USA

VISHAY Telephone {919) 365-3800
FAX (919) 365-3945
measurementsgroup @ vishay.com
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STRAIN GAGE
INSTRUMENTATION

SELECTION GUIDE

The Instruments Division of Vishay Measurements Group, Inc. offers a wide

selection of reliable, precision strain gage instrumentation for stress-analy-
sis, structural, and materials testing.

This Selection Guide will introduce you to our instruments, and assist you
in selecting those most appropriate for your measurement needs.

¥
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Considerations for Instrument Selection

Basic instrumentation requirements call for stability, accuracy and high resolution when making
measurements under static loading conditions, and particularly where measurements are to be
taken over long periods of time.

If test conditions involve predominantly constant measurement signals, the first choice for a
measuring instrument will ideally incorporate a digital or analog display, and, depending on
the degree of sophistication, output to a printer, microprocessor or computer. Multi-channel
capability can be provided by manual or automatic switching/multiplexing units, which may
include balance and/or span control facilities.

Many strain indicators have an analog cutput available for making single-channel measurements
in conjunction with, for example, an oscilloscope, recorder, peak-read indicator, or analog-to-digital con-

verter. However, this capability may have limitations with respect to frequency response and amplifier gain
compared to an instrument designed specifically for high speed measurements.

When signals are produced by dynamically applied loads at frequen-
cies above 0.1 Hz, or are transienls, measuring instrumentation
requires adequate frequency response, and a wide amptifier gain
range for output to the appropriate recording or display device. Such
an instrument consists of an amplifier and signal conditioner with a
built-in or shared power supply. Individual units are normally required
for each channel when simultaneous recording or multiple channels
are neaded. With the output sent to a suitable display device, signal
conditioning amplifiers can be used for making long-term measure-
ments under static loading conditions, when maximum stability and
accuracy are not primary considerations.

The 2100, 2200, and 2300 Systems accept low-level signals, and condition and amplify them into high-ievel cutputs suit-
able for multiple-channel, simultaneous, dynamic recording. All of these systems can be used in conjunction with a vari-
ety of recording devices.

Depending on their design, digital data systems can be used for measure-
ment of static, dynamic, or both kinds of signals. System
6000, with higher sampling rates and digital filters, is suit-
able for signals of up to 4 kHz. System 5000, with a 5-Hz
low-pass analog filter and lower sampling rates, can be
used for static or quasi-static signals.

System 5000 and System 6000, the StrainSmart® Data
Systems, accept inputs not only from strain gages but also
strain-gage-based transducers, other transducers with high-level
signals, LVDT's, thermocouples, and {for System 6000 only)
piezoelectric sensors.
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Instrument Selection Guide

- Manual, Battery Portable, Bulletin
Digial DirectReading 20Vdo (AC Optional) | [ Manual(h 1 1 0.05% Accuracy 245
Wide-Range,
DC Step iah-Precisi Bulieti
» Manual, High-Precigion ulietin
Digital Direct-Reading Selectable AC Manual (1) Labaratory 249
T Strain Indicator

'FREQUENCY  AMPLIFIER | | BRIDGE * -
RESPONSE(2) © - GAINE | | EXCITATION
DC 17 kHz, i
Zo5dE 10V at C°3:r’i‘:ggs'y DC AC or Ge"egglf:{ pose Bulletin
Dc_gndiéHz. 100 mA 1-2100 05-12v Battery Conditioner 250
OC 50 kHz, . High .
~05d8 1ov aa'nLO mA Coc::;:g':siy DC: 0.5-15V ar AC Pertormance, Bulletin
DC 100 kHz, 0.5-15mA for Demanding 252
—3dB 1Vrms at 10 mA 1-3300 Environments
D(-:o?g 532' 10V or C°3::;:;‘;S'V DC AC Mulg;gﬁg:ure Bulletin
o] _gsdog-lz. 100 mA 1-11 000 0.5-15v Conditioner 251
DC 50 kHz, : High Frequency
“05dB 10V or Coptinuously DC: 0.5-15V AC Response Bulletin
DC 125 kHz, 100 mA 11 0.3-6V Variable Multi-Feature 251
—-3d8 -11 000 Signal Conditioner

exchanoN “wemans | | pemals’
Slgt'i:ir:‘aery. {in i:éﬂ; 5) SeS;:(‘:;Ezis::el Proog-:aom\rfggble AC Low—Pse;g: Filter Bl12||587“l'l
gt IR - | S | I | L e
Stand.atone 11200 s%;’“?;:i, programmable | | (AC Optional ;g:?‘f:'af:i_':‘?g‘i Buzlgin

{3) All systems can be operated with StrainSmart software for data acquisition, storage, reduction, and prasentation, or with other third-party software.
{4) Strain gage cards only.

Considerations for instrument selection are provided on the facing page for all general-purpose instrumentation
and data systems produced by Vishay Measurements Group. Additionally, our Applications Engineering staff is
always available to assist you in selecting the right instrument for your specific applications.
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For Static Signals

P-3500

The P-3500 is a portable, battery-powered precision instrument featuring a 4-1/2 digit LCD
readout (optional LED available). Color-coded push-button controls provide an easy-to-fol-
low, logical sequence of setup and operational steps. A transducer input connector facilitates

L5\ connection of strain gage based transducers. Request Bulletin 245.
R

3800

The 3800 is a high-precision, laboratory-type digital display strain indicator,
It features extremely wide-range gage factor, balance, and bridge excitation
controls. The wide-range feature enables measurement resolution of
0.1ue. The 3800 can also be used as a high-performance transducer indi-
cator. Request Bulletin 249.

Digital Data Systems

StrainSmart®

StrainSmart is a ready-to-use, Windows®-based
software system for acquiring, reducing, presenting,
and storing measurement data from strain gages,
strain-gage-based transducers, thermocouples,
temperature sensors, LVDT's, potentiometers,
piezoelectric sensors, and other commonly used
transducers. And, it is designed to function seam-
lessly with a variety of Vishay Measurements Group
instrumentation hardware, including both System
5000 and System 6000 StrainSmart Data Systems.
Hequest Bulletin 256 and 257.

Strain gage technology is the stress/strain measurement technique
most widely used around the world. Over the years, through
our Micro-Measurements Division, we have developed the
tools necessary for accurate acquisition and under-
standing of strain gage measurements. The primary
factors affecting strain gage and instrument perform-
ance are incorporated into our extensive selection of
Tech Notes, Tech Tips, Instruction Bulletins, and other
technical publications that are recognized and used as the
autheritative references for strain gage mea-surement by
practitioners throughout the world. StrainSmart software
automatically applies the technigues and corrections covered
by these publications to your test measurements.

1
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For Dynamic Signals

The 2100, 2200, and 2300 Systems accept low-level signals, and condition and amplify them into high-level outputs suit-
able for multiple-channel simultaneous dynamic recording. These systems can be used in conjunction with various record-
ing devices.

:

The 2100 is an economial system with a central
power supply, and two active channels per unit
module. Request Bulletin 250.

The 2200 System offers high performance in its most
severe operating environments. Among its features are
isolated constant-voltage/constant-current excitation,
guarded input structure with 350V common-mode
capability, automatic wide-range bridge balance, and
four-pole Bessel low-pass filter. The plug-in amplifiers
are removable from the rack mount without having to
disconnect the input wiring. Request Bulletin 252,

The 2300 is a sophisticated system incorporating
such advanced features as an individual power supply
per channel, active filtering, three simuitaneous out-
puts, tape pfayback mode, wide frequency response,
and electronic bridge balance. Request Bulletin 251.
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Special-Purpose Instrumentation

$B-10

The SB-10 is a high-quality, 10-channel switch and balance unit for use with strain indicators.
It features gold-plated binding posts for reliable connection of input circuits, and incorporates
fine-balance control with turns-counting dials for each individual channel.

Request Bulletin 247.

1300

The 1300 Gage Installation Tester is used to verify the quality of an installed strain gage, as well
as the complete gage installation, including leadwires. A carefully selected individualized test
voltage is used for each measurement mode. Operation is by push buttons.

Request Bulletin 301. )

V/E-40

This decade resistor/strain gage simulator can be used as a resistance standard,
decade box, instrumentation calibrator, strain simulator, or investigative tool. It is also
useful in measurement of arbitrary resistances and large strains.

Request Bulletin 316.

1550A

A true Wheatstone-bridge simulator, the 1550A Strain Indicator Calibrator presents known and
repeatable resistance changes to the input of the indicator. Three decades of push buttons are
used to produce incremental resistance changes. The 1550A is NIST-traceable.

Request Bulletin 313.

VISHAY MEASUREMENTS GROUP, INC.
P.O. Box 27777 * Raleigh, NC 27611, USA

Telephone (919) 365-3800

FAX (919) 365-3945
measurementsgroup @ vishay.com
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Recommended Reference Materials

Experimental Stress Analysis, by J.W. Dally and W.F. Riley.

Prepared to serve as a teaching text for courses in experimental stress analysis. Topics covered include elementary elas-
ticity, brittle coatings, photoelasticity, strain gages, and related instrumentation.

Formulas for Stress and Strain, by R.J. Roark and W.C. Young.

A comprehensive summary of the formulas, facts, and principles pertaining to the strength of materials, for the design
engineer and stress analyst.

Experimental Stress Analysis and Motion Measurement, by R.C. Dove and P.H. Adams.

A thorough discussion of stress analysis and strain measurement. Part two covers techniques and instruments used for
measuring and analyzing displacements, velocities, and accelerations.

A broader selection of Experimental Stress Analysis related literature is available from:

Society for Experimental Mechanics
7 School Street

Bethel, Connecticut 06801
Telephone (203) 790-6373
Facsimile (203) 790-4472

email: sem@sem1.com

Web site: www.sem.org
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