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This standard has been approved for use by agencies of the Department of Defense.

INTRODUCTION

The Organization of International Legal Metrology is a treaty organization with approximately 75
member nations. In 1984, OIML issued International Recommendation No.F&Zformance
Characteristics of Metallic Resistance Strain Gages.’ Test Methods E 251 has been modified and
expanded to be the United States of America’s compliant test specification. Throughout this standard
the terms “strain gage” and “gage” are to be understood to represent the longer, but more accurate,
“metallic bonded resistance strain gages.”

1. Scope subjected. Accuracy of strain gage data can be no better than

1.1 The purpose of this standard is to provide uniform testhe precision of th? gage factor. _
methods for the determination of strain gage performance 1.3-3 Changes in gage factor as temperature varies also
characteristics. Suggested testing equipment designs are iafféct accuracy although to a much lesser degree since varia-
cluded. tions are usually small.

1.2 Test Methods E 251 describes methods and proceduresl-3.4 Transverse sensitivity is a measure of the strain gage’s
for determining five strain gage parameters: response to strains perpendicular to its measurement axis.

Section Although transverse sensitivity is usually much less than 10 %

Part |l—General Requirements 7 of the gage factor, large errors can occur if the value is not
Part ll—Resistance at a Reference Temperature 8 known with reasonable precision_

Part Ill—Gage Factor at a Reference Temperature 9 : .

Part IV— Temperature Coeficient of Gage Factor 10 1.3.5 Thermal output is the response .of a strain gage to
Part V—Transverse Sensitivity 11 temperature changes. Thermal output is an additive (not
Part Vi—Thermal Output 12 multiplicative) error. Therefore, it can often be much larger

1.3 Strain gages are very sensitive devices with essentialpan the gage output from structural loading. To correct for
infinite resolution. Their response to strain, however, is lowthese effects, thermal output must be determined from gages
and great care must be exercised in their use. The performang@nded to specimens of the same material on which the tests
characteristics identified by these test methods must be knowa€ to run; often to the test structure itself.
to an acceptable accuracy to obtain meaningful results in field 1.4 Bonded resistance strain gages differ from extensom-
applications. eters in that they measure average unit elongathril() over

1.3.1 Strain gage resistance is used to balance instrumentd-nominal gage length rather than total elongation between
tion circuits and to provide a reference value for measuremengéfinite gage points. Practice E 83 is not applicable to these
since all data are related to a change in the gage resistance fr&tges.

a known reference value. 1.5 These test methods do not apply to transducers, such as

1.3.2 Gage factor is the transfer function of a strain gage. Itoad cells and extensometers, that use bonded resistance strain

relates resistance change in the gage and strain to which it #29€s as s_ensing elements. _
1.6 Strain gages are part of a complex system that includes
structure, adhesive, gage, leadwires, instrumentation, and (of-
! These test methods are under the jurisdiction of ASTM Committee E28 orten) environmental protection_ As a result, many things affect

Mechanical Testing and are the direct responsibility of Subcommittee E28.14 %%he performance of strain gages including user technique A
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further complication is that strain gages once installed nor-_

the test structure length under the strain gage at test

mally cannot be reinstalled in another location. Therefore, gage strain,

characteristics can be stated only on a statistical basis. L, = the test structure length under the strain gage at zero
1.7 This standard does not purport to address all of the or reference strain,

safety concerns, if any, associated with its use. It is theAR = the change in strain gage resistance when strain is

responsibility of the user of this standard to establish appro- changed from zero (or reference strain to test strain),

priate safety and health practices and determine the applica-e = the mechanical straih — L,/L,.

bility of regulatory limitations prior to use. 3.1.1.5gage length(see Fig. 1)—the length of the strain
1.8 The values stated in Sl units are to be regarded as th@nsitive section of a strain gage in the measurement axis

standard. direction. An approximation of this length is the distance

between the inside of the strain gage end loops. Since the true
gage length is not known, gage length may be measured by

2.1 ASTM Standards: other geometries (such as the outside of the end loops)
E 83 Practice for Verification and Classification of Exten- providing that the deviation is defined.

someters , _ . 3.1.1.6grid (see Fig. 1)—that portion of the strain-sensing
E 228 Test Method for Linear Thermal Expansion of Solid aterial of the strain gage that is primarily responsible for
Materials with a Vitreous Silica Dilatometer resistance change due to strain.

E 289 Test Method for Linear Thermal Expansion of Rigid 3.1.1.7 lot—a group of strain gages with grid elements from

Solids with Interferometry/ . .
E 1237 Guide for Instaling Bonded Resistance Strain® cOmmon melt, subjected to the same mechanical and thermal

Gaged processes during manufacturing.
2.2 OIML International Recommendation No. 6Perfor- 3.1.1.8 matrix (see Fig. 1)—an electrically nonconductive

mance Characteristics of Metallic Resistance Strain Gages layer of material used to support a strain gage grid. The two
main functions of a matrix are to act as an aid for bonding the

strain gage to a structure and as an electrically insulating layer
3. Terminology in cases where the structure is electrically conductive.

3.1 Definitions of Terms Specific to This Standard: 3.1.1.9 measurement axis (gridpee Fig. 1)—that axis that
3.1.1 The vocabulary included herein has been chosen 48 parallel with the grid lines.
that specialized terms in the strain gage field will be clearly 3.1.1.10strain gage, metallic, resistive, bondddee Fig.
defined. A typical strain gage nomenclature is provided inl)—a resistive element, with or without a matrix that is
Appendix X1. attached to a solid body by cementing, welding, or other
3.1.1.1 batch—a group of strain gages of the same type andsuitable techniques so that the resistance of the element will
lot, manufactured as a set (made at the same time and under tagry as the surface to which it is attached is deformed. These
same conditions). test methods apply to gages where the instantaneous gage
3.1.1.2 calibration apparatus—equipment for determining resistanceR, is given by the equation:
a characteristic of a bonded resistance strain gage by accurately

2. Referenced Documents

producing the necessary strains, temperatures, and other con- R=R1+ek) @

ditions; and, by accurately measuring the resulting change ofyvhere:

gage resistance. R, = element resistance at reference strain and temperature
3.1.1.3 error-strain gage—the value obtained by subtract- levels (frequently initial test or balanced circuit con-

ing the actual value of the strain, determined from the ditions),

calibration apparatus, from the indicated value of the straine = linear strain of the surface in the direction of the

given by the strain gage output. Errors attributable to measur- strain-sensitive axis of the gage, and

ing systems are excluded. K = a proportionality factor (see gage factor).

3.1.1.4gage .factor—the ratio bgtween the unit_ chang(_a in 3.1.1.11strain, linear—the unit elongation induced in a
strain gage resistance due to strain and the causing strain. Tegecimen either by a stress field (mechanical strain) or by a
gage factor is dimensionless and is expressed as follows: temperature change (thermal expansion).

R- RO/L Ly ﬁe/e 3.1.1.12temperature coefficient of gage factethe ratio of

K="R 1, R, @ the unit variation of gage factor to the temperature variation,
where: expressed as follows:
K = the gage factor, <Ku - Kt0>.< 1 > @)
R = the strain gage resistance at test strain, Kio T, T
= the strain gage resistance at zero or reference strain
Ro gag ‘where:
T, = the test temperature,
T, = the reference temperature,
- Anmual Book of ASTM Standardkbl 03,01 Ky = the gage factor at test temperature, and
5 Azzzgl ngk gf ST Stgz d:z ol 14,00 K = the gage factor at reference temperature.
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measurement axis 4.3 Properly designed and manufactured strain gages,
r—— - S - —————" whose properties have been accurately determined and with
lrt/ end 1 appropriate uncertainties applied, represent powerful measure-
v | oops ment tools. They can determine small dimensional changes in
. structures with excellent accuracy, far beyond that of other
known devices. It is important to recognize, however, that
individual strain gages cannot be calibrated. If calibration and
traceability to a standard are required, strain gages should not

/—r— axis be employed.
4.4 To be used, strain gages must be bonded to a structure.

Good results depend heavily on the materials used to clean the
bonding surface, to bond the gage, and to provide a protective
coating. Skill of the installer is another major factor in success.
Finally, instrumentation systems must be carefully designed to
assure that they do not unduly degrade the performance of the
gages. In many cases, it is impossible to achieve this goal. If so,
allowance must be made when considering accuracy of data.
] Test conditions can, in some instances, be so severe that error

T matrix signals from strain gage systems far exceed those from the

gage length

} structural deformations to be measured. Great care must be
v | exercised in documenting magnitudes of error signals so that
i ! | realistic values can be placed on associated uncertainties.
b *_ _______ .

5. Interferences

5.1 In order to assure that strain gage test data are within a
defined accuracy, the gages must be properly bonded and
rotected with acceptable materials. It is normally simple to
certain that strain gages are not performing properly. The
most common symptom is instability with time or temperature
change. If strain gages do not return to their zero reading when
e original conditions are repeated, or there is low or changing

FIG. 1 Typical Strain Gage

3.1.1.13thermal expansion-the dimensional change of an
unconstrained specimen subject to a change in temperature t
is uniform throughout the material.

3.1.1.14thermal output—the reversible part of the tempera-
ture induced indicated strain of a strain gage installed on a

unrestrained test specimen when exposed to a change f8sistance to ground, the installation is suspect. Aids in strain

temperature. . . o . .
3.1.1.15transverse axi¢see Fig. 1)—the strain gage axis at %alg]§3|$stallat|on and verification thereof can be found in Guide

90° to the measurement axis.

3.1.1.16transverse sensitivivthe ratio, expressed as a

] . . 6. Hazards

percentage, of the unit change of resistance of a strain gage . . .
mounted perpendicular to a uniaxial strain field (transverse 6.1 In the specimen surface cleaning, gage bonding, and
gage) to the unit resistance change of a similar gage mountdyfotection steps of strain gage installation, hazardous cherr_n—
parallel to the same strain field (longitudinal gage). cals may be used. Users of these test methods are responsible

3.1.1.17type—a group of strain gages that are nominally for contacting manufacturers of these chemicals for applicable

identical with respect to physical and manufacturing characMaterial Safety Data Sheets and to adhere to the required
teristics. precautions.

4. Significance and Use 7. Test Requirements

4.1 Strain gages are the most widely used devices for the 7.1 General Environmental Requirements
determination of materials, properties and for analyzing 7.1.1 Ambient Conditions at Room Temperatdf€he
stresses in structures. However, performance parameters wbminal temperature and relative humidity shall be 23°C
strain gages are affected by both the materials from which theg73°F) and 50 %, respectively. In no case shall the temperature
are made and their geometric design. These test methods dethé less that 18°C (64°F) nor greater than 25°C (77°F) and the
the minimum information that must accompany strain gages ifelative humidity less than 35 % nor more than 60 %. The
they are to be used with acceptable accuracy of measuremeffitictuations during any room temperature test of any gage shall

4.2 Most performance parameters of strain gages requingot exceed: 2°C and=* 5 % RH.
mechanical testing that is destructive. Since test gages cannot7.1.2 Ambient Conditions at Elevated and Lower
be used again, it is necessary to treat data statistically and th@iemperatures-The temperature adjustment error shall not
apply values to the remaining population from the same lot oexceed*+ 2°C (= 3.6°F) or= 2 % of the deviation from room
batch. Failure to acknowledge the resulting uncertainties catemperature, whichever is greater. The total uncertainty of
have serious repercussions. Resistance measurement is néemperature shall not exceed2°C (= 3.6°F), or= 1 % of the
destructive and can be made for each gage. deviation from room temperature, whichever is greater. At
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(calibrared)
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FIG. 2 Wheatstone-Bridge Circuit FIG. 3 Unbalanced-Bridge Circuit

. . resistor that can be varied so that the total arm resistance
elevated temperatures the mixing ratio shall be constant, thghanges in accurately known steps. This resistor should be in
means independent of temperature, at a nominal val_ue of 0.0GRe opposite arm of the bridge circuit from the gage. This
g of water pe 1 g of air at apressure of 1 bar. This value Gjrcuit is shown in Fig. 3.
corresponds to a relative humidity of 50 % at 23°C (73°F). 72 2 3 Several types of instruments are available for ob-

Note 1—This mixing ratio, independent of temperature, can be real-taining strain data directly from a resistance strain gage. These
ized by a furnace that is well connected to an atmosphere meeting tH@struments use various types of excitation and read-out
conditions of 7.1.1. systems. Such indicators may be used only after their resolu-

7.2 Test Measurement Requirements tion, accuracy, and stability have been verified by connecting a

7.2.1 Several methods are available for measuring théesistor that can be varied in accurately known increments in
change of gage resistance with sufficient resolution and accutlace of the gage and calibrating the strain indicator over the
racy. In generaL any of these methods that are convenient m@'ltire range for which it will be used. The Calibrating resistor
be used after it has been shown that the particular combinatio¥{ePs shall be accurate to 0.1 % of the resistance change or 2
of instruments or components used produce a system with tHegPm of the total resistance, whichever is greater. The effects of

required accuracy. the following factors should be determined: thermal emf's
7.2.2 Examples of potentially satisfactory methods are a¥ithin the bridge circuit and within the leads to the gage;
follows: reactive changes within the bridge and lead circuits; initial

7.2.2.1 Balanced Bridge Circuit-In this circuit, a change in  bridge unbalance; and, battery conditions or power line fluc-
gage resistance is matched by an equal unit resistance charig@tions.
in a calibrated arm of the bridge circuit so as to produce a /-3 Strain Gage Attachment
balanced condition with zero electrical output. This circuit is 7-3-1 The attachment conditions shall correspond exactly to
not sensitive to excitation voltage changes except for selfthe instructions published by the gage manufacturer.
heating effects. A sensitive null detector (galvanometer) i - . .
requir(gd to obtain adequate resolution. Dirfagct—current exgita?} - Test M_ethod for I_D_etermmmg Strain Gage Resistance
tion is usually, but not necessarily, used. Thermal emfs at Ambient Congditions
generated within the circuit and reactive changes in the circuit 8-1 The standard 23°C (73°F) temperature resistance of
may cause errors. This circuit is shown in Fig. 2. each unbonded strain gage shall be measured and stated.
7.2.2.2 Unbalanced Bridge Circuit-This circuit is similar ~ Alternatively, strain gages may be combined in sets (4, 5, or 10,
to the Wheatstone bridge except that the bridge components ai@" example) from the same batch that have close resistance
not adjusted after a near|y balanced initial condition is Ob_ValueS. All gages combined in sets shall fall within the stated
tained. The output voltage of an unbalanced bridge circuit iffominal resistance value and uncertainty from all sources.

which one arm is varyingg,, is given by the equation: 8.2 The unpackaged strain gages selected for testing should
be stored under the ambient conditions described in 7.1.1 for at

B, = EIARIAER, + 24R)] @) least 72 h before and during resistance measurement.
where: 8.3 The uncertainty of the strain gage resistance measure-
E, = input voltage, ment shall be less thah 0.1 %. Repeated measurements shall
R, = resistance required for initial bridge balance, and have a range no greater than0.04 % of the measured value.
AR = difference between the instantaneous resistance an@he influence of the measuring current on the strain gage shall

. not be greater thart 0.1 % of the resistance value.

This circuit is readily adaptable to automatic recording of 8.4 For the resistance measurement no particular mechani-
data. Either ac or dc excitation may be used, but errors due tecal requirements are necessary. However, if the influence of the
thermal emfs and reactive changes are possible. Loadinifatness of the strain gage on the resistance measurement
effects due to the impedance of the recording instruments magxceedst 0.1 % of the actual value, the gage must be held in
be significant and must be considered. To avoid the necessity cbntact with a substantially flat surface using a suitable
accurate absolute measurement of the input and output volpressing device. Care must be exercised to assure that the
ages, the readout (recording) system may be calibrated in ternpsobes used to contact the tabs of gages without leads do not
of unit resistance change of a bridge arm by use of a calibratindamage foil areas.
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FIG. 4 Constant Bending-Moment Beam Method for Gage-Factor Determination

9. Test Methods for Determining the Gage Factor of sample should be subjected to strains of the same magnitude
Resistance Strain Gages at a Reference Temperature  but opposite sign. The gage factor is determined from the slope
9.1 These test methods describe procedures for the detern@if the straight line between the measurement points at + 1000

nation of the gage factor of bonded resistance strain gages. [ti§n/m (uin./in.) and - 1000 pm/m (uin./in.). Although less

suggested that gage factor values be obtained for at least figesirable, it is permissible to use the strain cycles of:

gage installations of one type. 0, + 1100 um/m(uin./in.), 0, + 1100 pm/m(uin./in))
9.2 For gage factor determination, the uncertainty of the 0, + 1100 pym/m(uin./in.), 0, + 1000 um/m(uin./in), 0
relative resistance change measurement shall not exce2d (6)

pohm/ohm ort 0.1 % of the actual value, whichever is greater.
Any of the test methods described in Section 7 may be used. In o o
addition, special circuits designed to compare the gages being 0, ~ 1100 pm/mpin./in), 0, = 1100 pm/m(jin./in)

tested to a calibrated reference gage may be used if it is shown 0, = 1100 pm/mipin./in.), 0, = 1000 pm/m(yin./in), O )
that equal accuracy is obtained. for the other half of the sample.

9.3 Determination of the gage factor K requires mechanical The gage factor is determined from the average of the slopes,
equipment consisting of a test specimen and a loading devicst the straight lines between the measurement points at O
capable of Pfoducin% _a uniform !Jnilaxial stress in tTe teSknd + 1000 um/m (uin./in.) and 0 and — 1000 um/m, (in./in.).
specimen corresponding to nomina _mean principa st,raln 9.6 As a guide, three separate test methods are described,
vallues of 0.+ 1000 and.t 1100 pm/m (wrl/m')' The P0|lsson S the choice of the test method used being determined by the
ratio OT the test zpecmgjen _?r?a" be O.2§).(_)1 lor sgltatrzle” articular application and by the facilities that are available.
cqtrr:_ectﬁlhogg mu;‘,t e_m/a_\ €. fthe mean p?nc:pa _T_tr:alnts a { hese test methods do not classify strain gages according to
within = 50 pm/m (pin./in.) of the nominal value. The strain a accuracy or other performance characteristics. The three test

I 1 I 0
the various gage stations sha[l d|ffer_ by no more 1;haO15 /0 methods that are described differ primarily in the manner of
of the mean value and the strain within a gage station shall var . .
Mroducmg an accurately known surface strain, and they are

0 ; :
by no more thant.0.5 Y of the nominal value. The uncertainty thereby classified. These test methods are described in the
of the mean strain measurement shall be less thahpum/m : o

following sections:

(uin./in.) or £ 0.2 % of the actual value, whichever is greater. i
Any test apparatus that meets these criteria may be used for9-6-1 Constant Bending Moment Beam Test Method
determination of gage factor. 9.6.1.1 Summary of Test MethedThis test method utilizes
9.4 To the extent possible, test specimens with attached strain on the surface of a test bar produced by loading it as a
strain gages for tests of the gage factor should be stored undeenstant moment beam by the application of dead-weight
the ambient conditions described in 7.1.1 for at least 72 Hoads.
before being tested 9.6.1.2 Mechanical SystemA typical mechanical system is
9.5 For the determination of the gage factor, the strain gageshown in Fig. 4. The test beam may be of any suitable material
under test should be prestrained three times with strain cycledat meets the requirements of 9.3, and shall have minimum
similar to the ones used for the measurement, but withlimensions of 19 by 25 by 760 mm (0.75 by 1 by 30 in.). The
maximum strain levels about 10 % higher. That means that thginimum distance between the pivot points on the supports

for one half of the sample and strain cycles of:

loading cycle should nominally be: shall be 2.45 m (96 in.). The beam assembly shall be
0, + 1100 um/m(in./in), — 1100 pm/m(pin.fin), symmetrical about a vertical line through its midpoint. The

+ 1100 um/m(pin./in), — 1100 pm/m(pin./in.), positions of the pivots and the weight values shall be adjusted

+ 1100 pm/m(pin.fin), — 1100 pm/m(uin./fin), to provide the required strains. The strain over the usable

0, + 1000 pm/m(in.fin), 0, — 1000 pm/m(pin/in), 0. ()  section of the beam shall vary by not more than 1 % of the
If possible, one half of the sample (group of gages to bestrain at the reference point. The usable portion of the beam
tested) should be strained this way and the other half of thehall be at least one half of the exposed length.
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FIG. 5 Constant-Stress Cantilever Beam Method for Gage-Factor Determination

9.6.1.3 Verification—The need for measuring calibration 9.6.2.2 Mechanical SystemA typical mechanical system is
strain directly during each test is eliminated by maintaining ashown in Fig. 5 and detailed design of a beam that has been
calibration of the system. Such a calibration is made byused satisfactorily is shown in Fig. 6 (Note 2). The size and
measuring with a Class A extensometer (see Practice E 83) tla@rangement of the equipment must be such that the beam may
actual strain produced on the surface of the beam when it ibe bent sufficiently in either direction to produce a surface
loaded. Measurements shall be made with the extensometstrain of at least 1100 um/m (uin./in.). Two or more carefully
centered over each station of the beam. At least three measurselected strain gages, for use as reference standards, shall be
ments shall be made at each station to verify the straipermanently bonded to the constant-stress section of the beam
distribution over the width of the beam. The dimensions of theas shown in Fig. 6. Great care must be taken to install these
beam shall be checked at each station periodically. A change gfages, using the best current techniques to ensure bonding
0.2 % in the thickness at any station shall disqualify thatintegrity and long-time stability. These references gages shall
station. Other dimensional changes that would cause a change individually calibrated to determine their gage factor by
of surface strain of 0.2 % shall disqualify the beam. The strairplacing a Class A extensometer (Practice E 83) so as to span
at the reference station shall be determined each time the beahe gage, bending the beam by means of the deflecting
is used either with a Class A extensometer, or with a carefullyapparatus, and measuring the resulting change in gage resis-
selected, permanently mounted resistance strain gage that hasice and strain. Readings shall be taken for the strain cycles
been calibrated by spanning with a Class A extensometer. Thatipulated in 9.5 and the gage factor computed (Note 3 and
response of this reference gage shall be verified periodically tblote 4).
assure compliance with specifications using a Class A exten- Note 2—In order for the beam to fulfill the requirements of a

Som_eter_' The beam shall be_ completely recalibrated after 58)nstant-stress beam, the drive rod must be attached to the beam at the
applications or 6 months, whichever comes last. apex of the angle formed by the sides of the beam. The ratio of the free

9.6.1.4 Procedures—Mount test gages with any appropriate length of the beam to width at the base should not be less than 9.1.
installation technique that will not change the characteristics of Note 3—For the reference gage, the gage factor for compression
the test beam (for example, excessive cure temperatures coudtains may differ from the gage factor for tension strains and it must be
be damaging). Mount the gages at the stations on the beafi¢termined for both directions of loading.

where the strain level has been determined by the calibration Note 4—It may be convenient to obtain strain of the beam surface as
procedure outlined in 9.6.1.3. a function of the deflection of the end of the beam as measured by a dial

9.6.1.5 Install the test specimen bearing previously un929¢ While the strain gages are being calibrated.

strained gages in the loading system and test environment. 9.6.2.3 Verification of Beam-The constant-stress area of
After temperature equilibrium has been attained, follow thethe beam shall be explored with a Class A extensometer to
loading sequence of 9.5. Take readings from the strain gagetetermine the area where the strain is the same as that
before applying the load, with the load applied, and after theexperienced by the reference gages. The gage length of the
load is removed for each loading cycle. Obtain compressiomextensometer shall not exceed 25 mm (1 in.). Only areas of the
loads by mounting the beam with the gaged surface up. Obtaineam where differences between the strains indicated by the
tension loads by mounting the beam with the gaged surfacextensometer and the reference gage do not exceed 10 pm/m

down. (Min./in.) at a strain of 2000 pum/m (pin./in.) are acceptable for
9.6.1.6 Calculate the gage factors. testing gages. The beam shall be verified after each 50 uses or
9.6.2 Constant Stress Cantilever Beam Test Method 6 months, whichever comes last.

9.6.2.1 Summary of Test MethedThis test method pro- 9.6.2.4 Procedure—Install the gages to be tested on the
duces strain on the surface of a cantilever beam that is designégam in the areas that have been found to be satisfactory;
to have a constant stress over the major portion of its lengtbonnect them to instruments for measuring their change of
when loaded in the prescribed manner. resistance. The active axes of the gages shall be parallel to the
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FIG. 6 Constant Stress Cantilever Beam

center line of the beam. A selector switch may be used tsuccessfully for both tension and compression loading. The
connect several gages into the measuring circuits if it is showstrain gage under test shall be mounted at the center of the
that repeated switchings do not change indicated strain readeduced section; and a Class A extensometer shall be mounted

ings by more than 2 pum/m (pin./in.). SO as to span the gage. The extensometer should have a gage
9.6.2.5 Follow the loading schedule of 9.5 and calculatdength as near that of the gage as possible in order to minimize
gage factors. the effect of nonuniform strain along the length of the bar.
9.6.3 Direct Tension or Compression Test Method 9.6.3.3 Verification—Since the calibration strain is mea-

9.6.3.1 Summary of Test MethedThis test method pro- sured during each test, no calibration of the system is neces-
duces strain in a test bar by applying direct tensile orsary. The thickness and width of the test bar must be uniform
compressive loads to the bar. within = 0.25% of their average values over a length

9.6.3.2 Mechanical SystemA typical mechanical systemis extending 13 mm (0.5 in) beyond the extensometer gage points
shown in Fig. 7. In this system the test bar is strained directlyn each direction. The absence of twisting and bending of the
in tension or compression by a testing machine or other devictest bar must be verified.
capable of applying an axial load to the specimen. The 9.6.3.4 Procedure—Mount a test gage by any appropriate
horizontal position of the bar is convenient for mounting thetechnique so that the center of its sensitive portion coincides
reference extensometer, but it is not necessary. The load mayith the center line of the bar. Mount the bar in the loading
be applied by hydraulic, mechanical, or other means, but caréevice taking care to avoid bending or loading of the bar.
must be taken to prevent any twisting or bending of the barConnect the gage electrically to the resistance-measuring
Twisting in the mechanical system of Fig. 7 is prevented by thecircuit, and mount the reference extensometer so as to span the
torque arm. Fig. 8 shows a test bar that has been useghge. Follow the loading cycle in 9.5 (plus or minus strains
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FIG. 7 Testing Machine for Gage-Factor Measurements
127 110.R Instead of the reference strain of zero, a small prestrain of
_L_ ‘ between 20 and 100 pm/m (pin./in.) may be used. The
15 1 | adjustment error shall be no more th&n50 pm/m (uin./in.).
T—-—no—-—l l f I I-——no——n The uncertainty of the mean strain should be less th&n
le— 130 1 00— 130 - pm/m (uin./in.). The strain at the various gage stations shall
L - 360 - di_ffe_r by no more t_hant 2 % of the actual strain and the strain
S - - ! W|th|_n a gage station shall vary by no more thar? % of the
T’ nominal value.
10.5 Two test methods for determining the temperature
FIG. 8 Test Bar for Gage Factor Test coefficient of gage factor of bonded resistance strain gages are

given, a static method and a dynamic method. The choice of

only) except that preload, not exceeding 5 % of the maximuni€St method will be determined by the temperature range,
load, may be applied to align the bar in the machine, to removdltimate user needs, anq thg number of tegts to_be conduc?ed.
backlash, etc. Take readings simultaneously from the electricdin® two test methods differ in the manner in which the strain

circuit and the extensometer. Calculate gage factors. Repeat fi§r Produced, one test method making use of measurements
strains in the opposite direction. made under static strain and static temperature conditions, and

the other test method making use of measurements made under
10. Test Methods for Determining the Temperature dynamic strain and transient temperature conditions.
Coefficient of Gage Factor of Resistance Strain Gages ~ 10.5.1 Static Test Methad

10.1 These test methods describe procedures for the det ;.10.5.1.1 Summary of Test MethedThis test met.ho‘tiutl-
mination of temperature coefficient of gage factors of bonde izes a constant-stress cantilever beam that is forcibly deflected

e, eI Seps i con be accurtcly
10.2 For temperature coefficient of gage factor determina- P variou nperatu ! : .
10.5.1.2 Typical equipment used to produce the strain and a

tion, the uncertainty of the relative resistance change measur?— . i . .
ment shall not exceed 5 pohm/ohm ort 0.1 % of the actual ypical test bgam are shown in F|g'. 9. The beam is d_e&gned to
have a considerable area of uniform stress that is directly

value, whichever is greater. . ; .

103 If convenien?, strain gages may be tested in tensiorﬁrOport'onal to the deflectlon of the end point (the apex of the
compression half bridges (one gage in tension, the other iﬁngle _formde(;i b%/ tr:jetﬁ'd%s of thfetgeabm) of thgdt?eamaThe fr(jame
compression) by mounting two gages opposite each other a g désigned to no € base of the beam rigidly and provide a
connecting them in a half bridge. This practice helps to ase for the sliding-stepped block. The rider on the t_>eam is
eliminate errors from drift and leadwires. If gages are teste ttached at the apex of the 6.‘”9'6 formed by the beam sides. The

rame must be much more rigid than the beam to prevent errors

gls:::jd;?élyé? three-lead wiring arrangement is used (see I:Igc'iue to bending of the frame. The stepped block can provide

10.4 To determine the temperature coefficient of gage factoﬁﬁ}’ﬁizzln td(tangtlﬁg Sr;i\?(?mssw SQ;YIVe T:t:gnFlgr.ogﬁcizwzvgarfgclz
it is necessary to have equipment consisting of a test specimeﬁ, P
a loading device, and a furnace for producing the temperatures
needed. It must be pOSSIbIe to adJUSt the .Str".’“” in t.he Spemmen“This test method is based on apparatus and techniques proposed by McClin-
to mean Val_ues of 0 and + 1000 W_n/m (um-/m-)- Itis deswabl%ck, R.M., “Strain Gage Calibration Device for Extreme Temperatulesyiew of
that a strain of — 1000 pm/m (uin./in.) may be produced.scientific Instruments/ol 30, No. 8, 1959, p. 715.
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FIG. 9 Apparatus for Static Determination of Gage-Factor Variation Versus Temperature

strain on the beam of 1008 50 um/m (uin./in.). The stepped stabilized. Make tests at a minimum of five nearly equally
surfaces must be parallel to each other and to the oppositpaced temperatures over the temperature range of interest,
sliding surface of the block. The apparatus must be designed smmpute the temperature coefficient of gage factor (see section
the beam end is deflected about 2 % of its total planne®.12).

deflection when the rider is in contact with the lowest step of 10.5.2 Dynamic Test Methad

the sliding block. This is to ensure that contact is always 10.5.2.1 Summary of Test MethedThis test method de-
maintained between the beam and the rider. To avoid differerpends upon the output voltage from a bridge circuit composed
tial expansion problems, all parts of the test rig, and theof stable resistors and one or more resistance strain gages:
specimen, should be made from the same material, selected to _

i ; E, ~ E, K(N/4)e (8)
assert proper operation over the entire temperature span to be
encountered. where:

10.5.1.3 A furnace or cryostat capable of producing theE,
desired temperature conditions is required but not shown. E;
10.5.1.4 Mount the gage or gages to be tested on the beark
so they are symmetrically centered on the constant-stress area strain to which the gages are subjected, and
and aligned with the longitudinal center line of the beam. N number of active gages.
Mount temperature sensors as near the gage(s) as practicab|éf such a brldge circuit is connected to a constant d-c VoItage
and at each end of the constant-stress area. Mount the beamS@urce and the gages are subjected to a sinusoidal strain of
the frame, and connect the gages electrically to the read-ogonstant amplitude, the change in the alternating output voltage
instruments. will be a measure of the change of gage factor.
10.5.1.5 With the loading apparatus in the furnace or 10.5.2.2 This test method requires a means of vibrating a
cryostat and the gage connected to its read-out instrumentatiop@nstant-stress cantilever beam at a constant amplitude; vary-
allow the beam to come to temperature equilibrium at théng the temperature of the beam at a nearly uniform rate; and
reference temperature (usually room temperature). With th&xeasuring the output voltage, or change of output voltage, of
rider resting on the lowest step of the block, take a measurdhe bridge circuit as a function of temperature. These opera-
ment of the gage output. Then move the sliding block so as t§ons must be done simultaneously.
increase the beam deflection and take gage output readings afLl0.5.2.3 The beam vibration may be conveniently produced
each step. Again take readings as the deflection is decreasedhy a motor-driven cam or by an electromechanical vibrator. If
steps. Repeat this procedure to obtain three sets of readindbe vibrator is used, a method of maintaining the amplitude of
Take the gage output due to strain for each step as the averagdration constant is required. Monitoring the vibration ampli-
of the differences from the value at the lowest step for alltude by means of a velocity sensing pick-up may not be
loading cycles. satisfactory because of changes in the vibration frequency.
10.5.1.6 Bring the temperature of the test fixture and beam 10.5.2.4 The temperature environment is conveniently pro-
to each of the preselected temperatures of interest and repehiced by radient heaters of the tungsten filament quartz tube
the procedure. Take care to ensure that the temperature hgpe. Power may be supplied to these heaters by a temperature

output voltage from bridge circuit,
input voltage to bridge circuit,
gage factor of the gages,
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FIG. 10 Dynamic Apparatus for Determining Variation of Gage Factor

programming unit or by manual control with an autotrans-adjacent arms of a bridge circuit, the other arms being stable
former. In order to maintain a nearly uniform temperature overesistors of approximately the same resistance as the gages and
the length of the beam, supplemental heat must be supplied thosen so that the bridge circuit is nearly balanced when the
the clamped end of the beam. This may be done by resistancbeam is in a neutral position. With the input terminals of the
wire heating elements built into the clamping fixture. bridge circuit connected to a constant-voltage source, vibrate
10.5.2.5 Equipment for producing the vibratory motion, bythe beam to produce a strain of abatut500 um/m (uin./in.).
means of a cam, and temperature environment is shown in Fig\djust the suppressing voltage to give zero output to the
10. The control units for the heating elements are not showrrecorder. Obtain the recorder sensitivity in terms of change of
Care must be taken in the design of the apparatus to preveghge-circuit output voltage by varying the input voltage to the
changes in the rigidity of the beam support and clamping withgage circuit in known steps. The change of output voltage due
time or temperature. The design of the beam is shown in Figo a change in input voltage is the same as would be caused by
11. the same percentage change of gage factor, the strain amplitude
10.5.2.6 Measuring the ac output of the strain gage circuitemaining constant.
and obtaining changes by taking differences of measured 1055 g After the recorder sensitivity has been determined,

values will not usually be satisfactory because of the smalle i the input voltage to its nominal value, and increase the
differences of large values involved. However, the change Ofafemperature of the beam at a uniform rate to the maximum

voltage may be measured directly by use of circuits such agegjreq temperature. During this time record the difference
those shown in Fig. 12 and Fig. 13. The input circuit, Fig. 12

over a range of- 10 % of the nominal value in_knqwn steps. age installation as practicable. A heating rate of 10°C (20°F)/
After the ac output voltage from the gage circuit has bee

o . _ in has been used satisfactorily. During the test keep the
amplified to gbou_t 5Vand f||tere_d to remove all §|gna|s_ eXcememperature gradient over the area of the beam near the gages
that of the vibration frequency, it becomes the input signal to

small. Measure this temperature gradient by the difference

the output circuit, Fig. 13. The signal is rectified, filtered to between two temperature sensors, one mounted near the
remove ripple, and suppressed by a bucking voltage from %I} :

. ... Clamping fixture and the other mounted an equal distance the
stable dc voltage source. The difference between the rectifie her side of the gage installation. The temperature difference

signal and the suppressing voltage is re_corded asa functipn Between these points should not exceed 3°C (5°F) or 1 % of the

test-beam temperature. The dc voltage input to the gage ClrcurSteam temperature. The power to the heaters in the clamping

must be constant during th_e test. . . fixture can be adjusted to minimize this temperature difference.
10.5.2.7 Mount two resistance strain gages on opposit

sides of the constant-stress cantilever beam as shown in Fig:_alculate the temperature coefiicient of gage factor.

11. Clamp the wide end of the beam firmly to the rigid mount, 10-5-2:9 Since both the length and thickness of the beam
and connect the narrow end to equipment for producingange with temperature, the recorded output should be cor-
sinusoidal deflections of constant amplitude. Make the conned€cted for the resulting change in strain. Applying this correc-

tion to this equipment at the apex of the angle made by th&0N gives:

sides of the main portion of the beam. Connect the gages as Gage factor change, % AE,/ (1toyt) 9)

10
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FIG. 12 Input Circuit—Gage-Factor Variation

the stress distribution in gaged areas, and for accurate results,

where:

AE, = recorded change in gage circuit output, percent,  strain-gage readings should be corrected for this effect.

o, = coefficient of linear expansion of the beam material. 11.2 For transverse sensitivity determination, the uncer-
(See Test Methods E 228 and E 289 for methods oftainty of the relative resistance change measurements shall not
determiningay,), and exceed * 5 pohm/ohm or+ 0.1% of the actual value,

At = difference between the instantaneous beam temperawhichever is greater.
ture and the initial temperature. 11.3 To determine the transverse sensitivity; mechanical

o equipment is required for producing uniform uniaxial strains of

11. Test Method for Determining the Transverse 0, 1000, and 1100 pm/m (win./in.) in the longitudinal direction

Sensitivity of Resistance Strain Gages at a Reference  f the specimen. The adjustment error shall be less th&®
Temperature um/m (pin./in.). The strain at the various gage stations shall

11.1 Strain gage transverse sensitivity results in an undeshffer by no more than+ 2 % of the actual strain in the
ired signal induced by strains along directions other than théongitudinal direction of the specimen and no more tha®
one to be measured. In two-dimensional stress analysis then/m (uin./in.) in the transverse direction. The uncertainty of
errors resulting from transverse sensitivity will depend uporthe strain shall be no more than 10 um/m (uin./in.) in the

11
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FIG. 13 Output Circuit—Gage-Factor Variation

longitudinal direction of the specimen antd1 pum/m (uin./in.)  lower surface of the beam, station-to-station calibration must also be
in the transverse direction. obtained for this surface.
11.4 This test method describes a procedure for determining 11 6 Procedure

transverse sensitivity of bonded resistance strain gages includ-11 6.1 Atest requires a minimum of five strain gages of one

ing those with wire and foil strain-sensitive elements. Ity o hstall these gages on the test beam in a manner similar
involves mounting gages on gte_st specimen that can be load that shown in Fig. 15, using manufacturer recommended
S as to pr_oduce a nearly uniaxial strain field. The transversg@ o ation techniques. Mount at least three gages perpendicu-
sensitivity Is determined from the relative response of nearly, 5 the direction of maximum principal strain and at least two
identical gages mounted parallel to a perpendicular to th‘aages parallel to the direction of maximum principal strain.

d'rlef téoRpogaegPucslpal strain. 11.6.2 For the determination of the transverse sensitivity,
11.5.1 Electrical MeasurementsAny of the test methods the strain gages under test .ShOU|d be prestramed _three times to
a maximum transverse strain of 1100 pm/m (uin./in.) and then

described in Section 7 may be used. : A ;
: : . _ the test strain of 1000 um/m (uin./in.) should be applied. The
11.5.2 Mechanical SystemTypical equipment used to pro transverse sensitivity must be determined from the slope of the

duce the strain and a suggested test beam is shown in Fig. 14" . )
The control gage may be either a Class-A extensometer osrlrr]a/gh('tulilgt/ainb)tetween the measurement points at 0 and 1000

permanently installed and waterproofed bonded resistan e
strain gages that are temperature compensated for the beamt1-6-3 Compute the transverse sensitivity of each of the

material and have been calibrated in place with a Class-A29€S mounted perpendicular to the direction of principal strain
extensometer. as follows:

11.5.3 Verification—The test beam shall be lightly scribed transverse sensitivity: [(AR/R,)/(AR, /R,)] X 100 (10)
to define 16 stations as shown in Fig. 15. The difference
between the strain measured by the control gage and the actu he/re. ~ unitch ¢ resist fthe t
strain at each of these stations, both parallel and perpendicul RiRo = ;2:1 change of resistance of the transverse gage,
to the direction of principal strain, shall be determined. The . .
strains at the test station shall be measured with a Class-,é R/Ro %voeurﬁ?e% un:rglreelmgje tﬁi} rgisrles(t:%r(;%eo?f t:}ﬁcgi]agles
extensometer centered over the station. The reference strain strain. P P P

may be measured with a Class-A extensometer or with the .
11.6.4 Report the transverse sensitivity of the gage type as

previously calibrated control gage of the bonded resistanc«?1 ¢ all val btained. Al h ;
type. The strain perpendicular to the direction of maximumt"€ average of all values obtained. Also report the range o

principal strain must be less than 4 um/m (pin./in.) or 0.5 % Ofvalues obtained.

the maximum principal strain with a maximum principal strain .

of 1000+ 50 um/m (pin./in.). A record of the station-by-station 12- Tést Method for Determining the Thermal Output of
calibration must be maintained, and data must be corrected to Bonded Resistance Strain Gages

within 5 pm/m (uin./in.). The behavior of the beam surface 12.1 Scope

shall be verified after 50 tests or 6 months, whichever comes 12.1.1 The thermal output of a strain gage installed on a
last. given material may be expressed in at least three ways:

Note 5—Tests are usually made for tension loading only, using the 12.1.1.1 A complete record of the unit change of gage
upper surface of the beam. If compression tests are desired utilizing theesistance as a function of temperature,

12
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FIG. 14 Transverse-Sensitivity Test Rig
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12.1.2 The values of 12.1.1.2 and 12.1.1.3 can be obtained
from 12.1.1.1. The test method described is primarily useful
when a temperature range greater than 50°C (90°F) is involved.
This test method requires heating uniformly a small test strip
with a strain gage installed upon it while the unit change of
gage resistance is recorded as a function of test strip tempera-
ture. It depends upon the test strip being able to expand freely
with temperature changes; upon the test strip not being
distorted or otherwise affected by external loads, residual
stresses, etc; upon the temperature of the test strip being
uniform at any given time; and upon changes of resistance of
the gage due to other factors being insignificant during the test.

12.2 For thermal output determination, the uncertainty of
the relative resistance change measurements shall not exceed
+ 5 pohm/ohm or+ 0.1 % of the actual value, whichever is
greater.

12.3 For determination of the thermal output (1.3.5), a test
specimen is required. It must be properly heat-treated and free
of residual stresses. Its dimensions, especially the thickness,
must be sufficient to prevent any distortion and thermal
hysteresis greater than 5 um/m (& pin./in.) for any tempera-
ture difference of 100°C (180°F). This applies to the whole
temperature range for which the thermal output has to be
determined. If this temperature range is less than 100°C
(180°F), the requirements applied should be those for a
minimum of 100°C (180°F). The thermal expansion of the
specimen must be known over the full temperature range with
an uncertainty of less thah 0.2 pum/m/°C ¢ 0.1 pin./in./°F).

If necessary, the thermal expansion must be determined using
a dilatometer and the specimen itself or a test piece manufac-
tured from the test specimen material.

Note 6—A test strip 25 by 150 by 1.3 mm (1 by 6 by 0.050 in.) has
been used. The test strip may be of any suitable material.

12.4 Apparatus

12.1.1.2 The unit change of gage resistance between two 12.4.1 Electrical MeasurementsThe unit change of gage
given temperatures, a chord function, and
12.1.1.3 The slope of a tangent to the unit change ofure by the circuit shown in Fig. 3. The output voltage from the
resistance-versus-temperature curve at a given temperature bridge circuit is recorded on the y-axis of a sensitive X-Y

resistance is conveniently recorded as a function of tempera-
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FIG. 16 Apparatus for Determining Temperature Sensitivity

recorder, the x-axis of which records the temperature indicatedgages are of the self-compensated type, the thermal coefficient
by a thermocouple mounted on the test strip as near the gage asexpansion for which the strain gages are compensated shall
possible. be specified.
12.4.2 Thermal System-A system that has been used to

produce satisfactory thermal environments at temperatures Uf8. Report

to 800°C (1475°C) is shown in Fig. 16. The heating elements 1
are eight tungsten filament quartz tube radiant-heat lamps ratq,g
at 1000W each. The test strip is supported at the center of t
heater configuration by porcelain tubes that also serve to car
electrical leads and thermocouples to the gaged area. Air fro
the cooling coils surrounding the reflecting cylinder prevent
the reflecting surface from overheating during a test series.

3.1 Data Reduction and StatistiesSince strain gages
ed to determine values of performance characteristics are
enerally not reusable, the data obtained from a sample of such
ages are used to predict values of these characteristics for all
her gages of the same batch. Well established statistical
Smethods can be used to make such predictions of values and
the uncertainties associated with those values. These methods
12.5 Procedure . _require that tests be made upon a sample taken at random from
12.5.1 Install the strain gage at the center of the test strigo atch and generally assume that the test results will have
using manufactur_er rec_ommended mstallatlon_procedures. Ag normal, that is, Gaussian, distribution. For purposes of
tach the test strip to its holder and mount in the furnace,q igication of reported values, it will be assumed that these
Connec.t the _IeaQs from the gage an_d thermocouples to tIﬁl%ported values are equivalent to those obtained from a sample
measuring circuit and recorder. Calibrate the recorder by, thirty gages and that systematic errors in these reported

varying the calibrating resistor in at least five nearly equal 5,65 are negligible or have been corrected for. A numerical
increments that cover the expected gage resistance change mple is given in Appendix X3

noting the recorder response at each step. With the bridge 13.1.1 For each characteristic to be verified, a sample of

CIT;It5azg?:Igrbtﬁfgﬁgr’rﬁ%%%lgnpgi‘lvtiret?htehr?ngfgﬁrsljt the tes train gages shall be tested using the procedures described. The
o put, ilontrol sample shall consist of at least five strain gages

specimens with the attached strain gages should be heateda&)hough a sample of ten or more gages would be preferred.

the upper end of the temperature range. As the temperatuaehe results of the several tests made on one gage shall be

decreases, in steps or continuously but eventually with SUfﬁ.éveraged, and these average values shall be used in the

cient heat balance and without perceptible oxidation, the Stra'Pollowing computations to determine if the average perfor-
indication versus temperature is measured. At least five mea-_ce or variability of the control sample differs from the
surements should be taken over the temperature range: reported values at the 95 percent confidence level
12.5.2.1 Between 0 and 100°C (32 and 212°F), at tempera- . : )
( ) P 13.1.2 A two-sided t-test is used to compare the manufac-

ture intervals of about 20°C (35°F) with a maximum of 30°Ct 's stat tof th lue f ticular ch X .
(55°F) (roughly 5 measurements per 100°C (180°F)), urer’s statement of the value for a particular characteristic,
shown on the gage package, and the average value from the

12.5.2.2 Above 100°C (212°F) and below 0°C (32°F), at o
temperature intervals of about 25°C (45°F) with a maximum O11:ontrol testsV.. The standard deviation of the reported value,
, is taken asT/2, whereTg is the tolerance given on the

40°C (75°F) (at least 5 measurements per 200°C (350°F) jyackage. The standard deviation of the control vaffg,is

More measurements should be made if the thermal outp lculated f h trol test dat ing th lationship:
changes rapidly. calculated from the control test data using the relationship:

12.5.3 The test specimen material shall be particularly
specified; the linear coefficient of expansion and the nonlinear B
part of the thermal expansion must be known. If the strain &=

(11)

14
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TABLE 1 Values Used to Compare Reported and Control Test
Values of Average Gage Performance and Variability

Number of gages Factor for
in control comparing average Values for comparing variability,®
sample, values,?
n t A B
5 2.036 0.306 8.47
10 2.025 0.386 3.57
15 2.018 0.424 2.74
20 2.013 0.448 2.40
30 2.002 0.476 2.10

AObtained by interpolation for t (.975) from a table of percentiles of the t
distribution assuming that Sg is based upon a sample of 30.

BObtained by interpolation from a table of percentiles of the F distribution for F
(.975) assuming that Sy is based upon a sample of 30.

where:
X, = the average value fal" gage,
X =
and
n = the number of gages in control sample.
The manufacturer’'s reported valués, is considered to be
verified if:
2952+ (N—- 1) &2 3+n
IVR—VCISt—\/[ 28T n Xl =3 | T &
(12)
where:
t = the value from Table 1 correspondingripand
e, = the estimate of systematic error in the control value,
VC
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13.2.1.3 The uncertainty from all sources, of the gage
characteristics at a probability level of at least 95.5 % (that is
to say, no less than two standard deviations).

13.2.1.4 Type of electrical circuit used, including the type of
excitation (ac or dc, constant voltage or constant current), and
the voltage across or current through the gage,

13.2.1.5 Temperature and humidity in the test area,

13.2.1.6 Number of gages included in the tests,

13.2.1.7 Complete description of the gages tested including,
type, lot number, manufacturer, size, and method of attach-
ment, including curing cycle,

13.2.1.8 Results from all gages tested, and

13.2.1.9 Average of all values of the characteristics deter-
mined and the uncertainties. Results may be presented in the
form of a table or a graph (see Appendix X2 for samples). In
the case of gage factor, state whether the values are for tension
and compression load on each gage, tension on part of the

the average value for all gages in the control sample,sample and compression on the remainder, or tension or

compression only.

13.3 Presentation of Gage Characteristics

13.3.1 Supply the following information:

13.3.1.1 Gage type,

13.3.1.2 Lot number,

13.3.1.3 Batch number,

13.3.1.4 Gage resistance with uncertainty,

13.3.1.5 Gage factor with uncertainty,

13.3.1.6 Transverse sensitivity with uncertainty,

13.3.1.7 Temperature coefficient of gage factor, over recom-
mended temperature range, expressed either graphically or
numerically with uncertainty,

13.1.3 An “equal tail” test is used to compare the variability 13.3.1.8 Thermal output versus temperature to be expressed
reported with the gages and the variability of the controleither graphically or numerically with uncertainty. The thermal

sample. The reported tolerandg, shall be considered verified
if:

A= (§1%Y) =B (13)
where:
S = T/
& = the standard deviation of control sample, and

output data or graph must include a statement concerning
whether the test was run at fixed stable temperature steps or
with continuous but uniform temperature changes and record-
ing of data.

14. Precision and Bias
14.1 Precision—No precision statement based on interlabo-

A and B =the values from Table 1 corresponding to theratory testing is possible at this time. Committee E-28 is not

number of gages in the control sampte,
13.1.4 An example is presented in Appendix X2.
13.2 Content of Report
13.2.1 The report shall include the following:
13.2.1.1 Method of test used,

aware of sufficient laboratories to conduct an appropriate
program of testing but seeks cooperation of any and all
laboratories concerned with implementing these test methods.
The Committee is willing to coordinate such an activity.

14.2 Bias—Since there are no reference or true values of

13.2.1.2 Statement of the accuracy of the apparatus usestrain gage performance characteristics, no bias estimates can

including the latest date of verification and by whom verified

15
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APPENDIXES

(Nonmandatory Information)

X1. GAGE DESIGNS (Reproduced from Reference Cited in 2.3)
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FIG. X1.1 Typical Foil Strain Gage
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X2. PRESENTING THE INFORMATION

X2.1 Aformat for presenting the information either numeri-
cally or graphically, is given as follows:

EXAMPLE: PACKAGE INFORMATION
GAGE TYPE: RLX-25PB-8764

LOT: 36D91L

BATCH: 6143
PERFORMANCE CHARACTERISTIC VALUE
1. Gage resistance at 24°C and 50 % RH 350 Q0 £ 0.2%
2. Gage factor at 24°C and 50 % RH 205*1%
3. Transverse sensitivity at 24°C and 50 % (-0.6 £ 0.2) %

RH

17
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4. Temperature coefficient of gage factor (+0.9+ 0.2) %/100°CA
(if expressed numerically)
5. Thermal output in um/m versus temperature in -451+3.32T-6.76:10"2
°C (if expressed numerically). Bonded to T2
2023-T3 aluminum. Temperature change and +3.20-104 T2
data are continuous. -2.86-1077 T*um/m

+ 0.22 (um/m)-°C 1A
A See Fig. X2.1 for graphical presentation.

X2.2 The gage type designation used shall be unique in
nature so that, from published literature, the following can be
determined:

+500
+400
+300
+200
+100

.°C

+20%
X2.2.1 strain gage geometry,

X2.2.2 type of strain sensing alloy,
X2.2.3 type of matrix material, if used,

uminum
(um/m)

+1.0%

+0.22
=)

]

=100

J1030®'d QUETOTII®0D @injexadus]

Thermal output um/m
Bonded to 2023 T3 al

P T —-1e% X2.2.4 approximate matrix size,

*’ ~400 ~-20% = X2.2.5 type of leads, terminals, solder dots or other optional
g -500 1 I 1 1 { ip -

5 ™ so o 150 100 2150 2200 =250 features, if included, and

HINIVIEdWAL HLIM d0LOVA EDVD J0 NOILVIMYA

2,00L/%(2°0% £°0+)

X2.2.6 the coefficient of expansion of the material for which
the strain gage is to provide compensated minimum thermal
output, if applicable.

Temperature in °C

FIG. X2.1 Items 4 and 5 (Presented Graphically)

X3. COMPARISON OF REPORTED AND CONTROL VALUES

X3.1 Example—The following example is given to show X3.1.7 An estimate of the standard deviation for the sample,
how values and tolerances furnished with a shipment of strai, is calculated as:
gages can be compared to values obtained from a sample tested
by a control laboratory to determine whether the reported

values properly describe the supplied gages. The gage factor &= (X3.2)
is the characteristic used in this example, but the process would ] ]
be the same for other characteristics. This value is shown in Table X3.1.

X3.1.1 Assume that the gage factor value furnished with th X3.1.8 An estimate of the. systematic error Kieis made
. . ; rom the characteristics of instruments, test apparatus, test
gages is 2.024 0.5 %, reported in accordance with these test . ) 7
rocedures, operators, etc. This estimate is influenced by the

p
methods. experience of the laboratory. Note that this does not include
X3.1.2 Select a sample of ten gages at random from theg . . .
shipment. Systematic effects for which corrections have been made, for

. example, instrument calibration corrections. For this example,
X3.1.3 Test the gages of the sample using the procedure[ﬁe sypstematic errce. is estimated to be 0.05 %. P

described in point four. Each gage is tested in both tension and X3.1.9 The gage factor valu&, obtained from (1), is

compression. The test plan (Table X3.1) gives the same . . :
numrk;er of data points forpeach(direction of)IO%ding. compared to the value furnished with the gag&s, using the

X3.1.4 The results of the tests are tabulated as shown ifdUaton:
Table X3.1. Note that the values given in this table were 29S%:+ (n—1) S| [30+n
obtained using random number techniques and may not be ~ 'Kr ™ Kd =t \/[ 28+ n ][ 30N ] &
representative of actual data from strain gages. (X3.3)

X3.1.5 Anaverage gage factiifis calculated for each gage  ysing values from Table X3.1 in this equation gives:
tested. Average values are used in the subsequent calculatlons2 024— 2.020=2.025

since gage performance and not the effects of the test procedure

are of interest. The average value is the best estimate of the \/[29>< 0'005f3; 9x 0'006&][%] +0.001
gage factor of that particular gage. These average values are 0.004
shown in Table X3.1. = 0.005 (X3.4)
X3.1.6 An average gage factor for the sample;, is , ) ) ) )
calculated: Since this statement is true, there is no reason to believe that
the two values are different at the 95 percent confidence level,
Ke _1 i K. (X3.1) and the value oK is therefore verified.
ni<y X3.1.10 The variability of the sample is compared to the
This value is shown in Table X3.1. tolerance furnished with the gages using Eq 13 in 13.1.3:

18
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TABLE X3.1 Test Plan

Odd numbered gages—Runs 1, 2 and 3 in tension; Runs 4 and 5 in compression
Even numbered gages—Runs 1, 2 and 3 in compression; Runs 4 and 5 in tension

Gﬁge Run 1 Run 2 Run 3 Run 4 Run 5 Avg. K, K - Ke (K = Ko)?
1 2.039 2.040 2.012 2.040 2.005 2.027 +.0068 4.624 x 1075
2 2.008 2.015 2.013 2.022 2.019 2.015 - .0052 2.704 x 1075
3 2.038 2.039 2.001 2.040 2.000 2.024 +.0038 1.444 x 1075
4 2.002 2.014 2.036 2.003 2.005 2.012 - .0082 6.724 X 1075
5 2.013 2.022 2.027 2.037 2.048 2.029 +.0088 7.744 % 1075
6 2.000 2.021 2.046 2.008 2.034 2.022 +.0018 0.324 X 1075
7 2.007 2.027 2.004 2.039 2.011 2.018 - .0022 0.484 X 1075
8 2.047 2.005 2.047 2.001 2.028 2.026 +.0058 3.364 X 1075
9 2.013 2.008 2.007 2.015 2.011 2.011 - .0092 8.464 X 1075
10 2.005 2.010 2.036 2.003 2.034 2.018 - .0022 0.484 X 1075
20.202 36.36 x 1075
Control Values (Calculated): Reported values (from package):
K, = 2K;/n = 20.202/10 = 2.0202 Kg =2.024
s, - Sk KP/n—1 = Sg=Tg/2 = 0.005-2.024/2 = 0.0051
3.636:107* /9 = 0.0064
e, = 0.0005 K = 0.0010
A=(SJ/S) =B (X3.5) Since this statement is true, there is no reason to believe that
Using values from Table 1 in this equation gives: the varlab|I|t|es_ are different at_t_he 95 % confidence level, and
the value ofTy is therefore verified.
0.0051
0.386= | —— = 0.635| = 3.57 (X3.6)
0.0064*
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