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Standard Test Methods for
Measuring Contact Resistance of Electrical Connections
(Static Contacts)

This standard is issued under the fixed designation B 539; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope circuit, but a low-current circuit is not necessarily a dry circuit

1.1 These test methods cover equipment and techniques féYhen the applied voltagepen-circuit voltaggis too low to
measuring the resistance of static electrical connections such §8Use any physical changes in the contact junction, such as
wire terminations or splices, friction connectors, solderedPréak-down of thin insulating films or softening of contact
joints, and wrapped-wire connections. asperities, the circuit is said to beday circuit.

1.2 Measurements under three distinct levels of electrical 3.1.3 open-circuit voltage-the steady-state voltage which
loading are described. These levels arB: dry circuit, ¢)  would appear across the contacts if they were opened.
standard test current, an8) fated current. Any one or more of  3.1.4 static contacts—electric junctions designed for infre-
these levels of loading may be required in specific cases. quent separation and connection, and intended to perform their

1.3 This standard does not purport to address all of thefunction only when contacting members are stationary relative
safety concerns, if any, associated with its use. It is thdo each other. This definition includes crimped, welded, brazed,
responsibility of the user of this standard to establish appro+iveted, or soldered joints; friction connections such as pin and
priate safety and health practices and determine the applicasocket connectors or taper pins, twisted-wire splices; and
bility of regulatory limitations prior to use. connections made with screws, or bolts and nuts between

1.4 It is the responsibility of the user to become familiar electrical wiring and components. The definition excludes
with all hazards including those identified in the appropriaterelay contacts, slip rings and commutators, and switches and
Material Safety Data Sheet for this product/material as pro<ircuit breakers.
vided by the manufacturer. 3.2 Descriptions of Terms for Levels of Electrical Loading:

3.2.1 dry circuit—This method provides for measurement

2. Referenced Documents of contact resistance under very low levels of electrical

2.1 ASTM Standards: excitation, with applied voltages and currents selected to be too
B 542 Terminology Relating to Electrical Contacts andlow to cause breakdown of thin oxide films or other contami-
Their Use? nates in the contact interface or to cause formation of metallic
E 122 Practice for Choice of Sample Size to Estimate &ridges across the interface where none may otherwise exist.
Measure of Quality for a Lot or Proceds Dry circuit testing is intended to determine whether the test
] contact will function properly in circuits of arbitrarily low
3. Terminology levels of electrical excitation. Dry circuit testing procedures
3.1 Definitions: should be used when the possibility of films or contaminants in

3.1.1 bulk resistance-the resistance a contact assemblythe contact interface exists or when the test sample is ulti-
would have if it were solid metal of an identical geometry somately intended for use in a low-level circuit. This testing must
that the nominal contact area offered zero resistance. Whewrecede other tests on the same samples at high levels of
measuringcontact resistancene attempts to include as little electrical loading.
bulk resistanceas possible in the measurement, by placing 3.2.2 rated currert—The rated current for a static contact
measuring probes as close to the contact interface as possibtisvice is determined or specified by the vendor or user of the

3.1.2 dry circuit—a circuit in which theopen-circuitvoltage  device. The rated current may be large enough to cause
is less than or equal to 20 mV. Current is usually low idrg  significant heating of the test samples. When rated current

measurements of contact resistance are required, using either

R - A a-c or d-c test currents, the procedures outlined for temperature
These test methods are unqer the ]u'nsdlcnon of ASTM Committee B-4 ONstabilization in 9.5.3 must be followed.
Materials for Thermostats, Electrical Heating and Resistance, Contacts and Con- .
nectors and are the direct responsibility of Subcommittee B04.07 on Electrical 3.2.3 Standard test currert-Most contact resistance tests

Contact Test Methods. are made with atandard test currenin the test sample. The
Current edition approved Jan. 10, 1996. Published April 1996. Originally P P i P
published as B 539 - 70, Last previous edition B 539 - 90, standard test current is selected with respect to the_physmal size
2 Annual Book of ASTM Standardéol 03.04. and electrical capacity of the test samples, and is chosen in
3 Annual Book of ASTM Standardgol 14.02. each case to be large enough to allow accurate measurement of
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resistance, yet small enough that no significant heating of theiscussed irElectric Contactsby Holm.*

test sample or its wiring in the test circuits will occur. A- 52 The practical evaluation and comparison of electrical
standard current of 1 A is satisfactory, except for very small oconnections depend in large part on their contact resistance
very large samples. For detailed guidelines for selection of thgharacteristics. On the one hand, the absolute value of contact

standard test current, see Section 9. resistance is greatly dependent on the amount of metallic
contact established and indicates initially how efficient the
4. Summary of Test Methods system is in producing areas of metallic contact. On the other

4.1 The test methods described herein are characterized Q nd, a comparison of the initial resistance to the resistance
four-terminal resistance measuring techniques, wherein a megier ging indicates how stable the system is in maintaining

sured and controlled test current is introduced into the sampl € |r_1|t|al contact area. BOt.h of these characteristics shou_ld pe
: u . " : . considered when evaluating contact systems. The criteria
using two" terminals” or connecting points, and two other

. . employed in evaluating contact resistance and stability are not
points are selected on the sample across which a voltage dr%o part of these test methods as they depend on specific

'S measured. This VO“"’?ge drop, divided by the test current, Igtpplications and therefore, will not be quantitatively stated.
the effective overall resistance of the sample included betweef},\\ever an estimate of contact resistafaesulting from

the voltage probes. The voltage-measuring points are chosen §804 metallic contact can be made for a given physical

as to measure as closely as possible the voltage drop due orliyation and used as a comparison to actual measurements to

to the contact resistance of the sample and to eI_iminate frometermine how effective the system is in establishing stable
the measurement as much as possible the resistance of thftallic contact.

metal pieces comprising the contact and the resistance of the
wires and connections used to introduce the test current into th& Interferences

sample. 6.1 Measurement of Low Resistance

4.2 Three different levels of test current are specified. The 6.1.1 Contact resistances are normally very small, ranging
choice of which level to use is governed by the application androm microohms to a few milliohms in cases of practical
requirements of the electrical connection being tested and withnterest. The measurement of resistance in this range requires
concurrence of the producer and user. Electronic signal-circutpecial techniques to eliminate effects of thermal potentials,
connections may require low-level (dry-circuit) testing, external interference, and resistance of connections and wires
whereas power-handling wire connectors should be tested #ading to the test sample.
rated current. General-use connections may be tested at the6.1.2 The resistance-measuring procedures in these test
standard test current of 1 A. methods are four-terminal techniques. Test current in the
sample is measured and controlled, and made independent of

4.3 Either ac or dc test currents may be used, with approt—he sample resistance. Voltage-measuring probes are attached

priate instrumentation and precautions and concurrence of tq% the sam o :

ple so as to eliminate the effects of connections of the
producer and user. sample into the test circuit, and so as to include as little of the
bulk resistance of the sample as possible in the measurement of
the contact resistance.

5.1 As stated in 3.1.2, contact resistance is comprised of a 6.1.3 The Wheatstone bridge is not a suitable instrument for
constriction resistance and a film resistance. When present, ti§@ntact resistance measurements. Connections to the sample
latter of these is usually much greater in value and dominate&ontribute part of the measured resistance, and these may be
the contact resistance. For a given contact spot, when the fil{§rge, unknown, and variable and can completely mask the
resistance is zero or negligible the contact resistance for th&lesired contact resistance of the sample. .
spot is nearly the same as the constriction resistance and®-1.4 The Kelvin double bridge is an extension of the
therefore, as a practical matter, has a minimum value whicVheatstone bridge and includes circuitry to eliminate the

represents a clean metal-to-metal contact spot. As real conta@SiStance of connections to the sample from the measurement.

surfaces exhibit varying degrees of roughness, real contacts egge Kelvin bridge is not recommended by these methods,

necessarily composed of many contact spots which are ele pé’vivfg fgrl thdgf;ollﬁv;/lng rleasons: | dfal i

trically parallel. In practical cases the clean metal-to-metal an. éaéil bles oé)t;il;e do alance properly, and faise readings

contact spots will carry most of the current and the total contact y A .

resistance is primarily dependent on the size and number of 6.1.4.2 Most Kelvin bridge Instruments do not measure or
talli tact i i Note 1). | dditi control the test current applied to the sample. In contact

metallic contact Spots presen (se_e ote 1). In a WO asistance measurements a knowledge and control of test

acceptably low values of contact resistance are often obtain frent is important

with true areas of contact_bglng significantly Ies_s than the 6.2 ac Versus dc Measurements

apparent contact area. This is the result of having a large

number of small contact spots spread out over a relatively large

apparent contact area.

5. Significance and Use

6.2.1 Either method described herein can be used with ac or

) o ) 4 Calculations and formulae for contact resistance of various types of contacts are
Note 1—The term metallic contact as used here is intended to includ@overed very thoroughly in Holm'Electric Contacts4th Edition, Springer-Verlag,
the so called quasi-metallic contact spots as well. The latter case wasew York. Documents
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dc test currents, with appropriate changes in instrumentation tgood voltage regulation and stability, freedom from ripple and

correspond with the power supply. The methods are describdihe transients, and ability to provide the moderately heavy

as using dc test currents, and the following comments applgurrents required for contact resistance measurements. These

when ac is used. methods recommend either storage batteries or an ac-operated
6.2.2 Sixty-hertz ac has the advantage that the powedc supply, with the following comments applying to the choice

supply, which can be a step-down transformer operating fronof the latter.

ordinary power lines, is cheap, simple, and readily available in 7.1.2 When test currents less than 25 A are used, a filtered

a wide range of output voltages and currents. It is also an easilyower supply is recommended; otherwise ripple voltages may

variable current supply with the use of variable transformersaffect the accuracy of ammeter and voltmeter readings. Filter-

AC measurements are of special interest when the test sampley of rectifier power supplies at heavy currents is impractical

is to be used in ac circuits. AC measurements eliminate ther expensive, or both. If a high current (>25 A) is required,

necessity of reversing current in the sample when takinghree-phase full-wave rectification is recommended.

readings. 7.1.3 Good regulation of dc voltage output is desirable, to
6.2.3 The main disadvantage of ac current is associated withvoid drift readings.

electro-magnetic coupling that can exist between the power- 7.1 4 \oltmeters and ammeters built into power supplies

supply circuit and sensitive voltage-measuring instrumentsmay or may not meet the requirements of these methods with

This coupling can lead to false readings, since measuremenigspect to accuracy or precision. External metering should be
depend on the physical placement of meters and test leads gged when necessary.

well as the current level and the sample resistance. Further, 7 1 5 goth output terminals of the dc supply must be

sensitive meters are af_fected by stray fields in the vicinity d_L"?soIated from the power line, the case of the supply, and the
to power—dlstrlbu_tlon lines, motors, and transformers. It iSpuilding ground. This prevents “ground loops” or undesired
therefore essential to constantly check the test setup ang nnections through ground, between the power supply and

frequently restandardize the equipment. _ other measuring instruments (such as an electronic voltmeter)
6.2.4 Some of this disadvantage is overcome if an ac supplysiached to the sample.

frequency different from 60 Hz is used. This requires more
complicated power-supply equipment. The frequency cannoé
be too high, as the higher frequency enhances electromagneg
coupling between supply and measuring circuits. If the fre-.
guency is too low the measuring equipments (voltmeterss

become complicated, and proper linear response with narrow /.1.7 The output current of the power supply should be

S ! : ariable and readily and accurately adjustable. Rheostats can
ﬂinﬁg\?jsbfeﬂfgggém obtain. Frequencies of 20, 40, and 100ée used to control battery supplies, and variable transformers

6.2.5 AC measurements of contact resistance sometimes 33” control the ac input to rectifier-type supplies. The output

. voltage of the supply may be low. Six-volt or twelve-volt
not agree with dc measurements, even when adequate precad-, . : e
. - . ; atteries are suitable, and rectifier supply voltages seldom need
tion has been taken to eliminate coupling and stray f|eldst exceed 40 V
There are two main reasons for this: first, the ac measurement ) , .
7.2 dc AmmeterA good d’Arsonval-type ammeter is ad-

normally measures impedance, not resistance, and includes . : .
equate. It should be a multirange instrument and in each test a

inductive or capacitive reactance, or both, of the sample: )
Second, the ac current can heat the sample and the temperat ge S.hOU|d be selected su'ch th.at the meter reads in the upper
alf of its scale. For measuring high test currents (up to 100 A

of the contact spots will follow to some degree the alternation ) L A
in current magnitude. The average resistance of the sampﬂ—:r more) a calibrated shunt and millivolt-meter combination is
under such conditions is not the same as the rms meter readinﬂ§ed' . . ) . )
indicate. This effect is especially important when the ac current /-3 Reversing Switch-Since millivolt-drop readings across
and contact resistance are high. the sample are to be taken with both forward and reverse dc

6.2.6 In general, when these methods are used with ac teSyrrent, a double-pole-double-throw switch of suitable current-
currents, more skill is required to make the measurement ang@"dling capacity is used to reverse the current in the sample.

interpret the results at the accuracy, reliability, and reproduc! N two millivolt-drop readings are averaged in order to cancel

7.1.6 The maximum current required in the power supply
an be estimated from Table 1, which gives rated currents for
Srious wire-size terminations according to Military specifica-

ibility of comparable dc measurements. the effects of thermal potentials. When the switch is in the
circuit position shown in Fig. 1, there is no need to reverse the
7. Apparatus and Test Circuits ammeter connections when the sample current is reversed.

7.1 Fig. 1 shows the basic arrangement of contact resistance 7.4 Millivoltmeter:
measuring equipment. The equipment consists of the following 7.4.1 Measurements of millivolt drops made with an ordi-
elements: nary d’Arsonval type meter are subject to error if the resistance

7.1.1 Power Supphl~For many years the best primary dc of the meter is too low. The variable contact resistance of the
supply was a bank of automotive storage batteries. Batterigerobes is in series with the meter and this resistance is often
provide a stable source for dc current up to about 30 A whicthigh enough to cause serious errors in indication. D’Arsonval-
is free of ripple, transients, and other variations normallytype meters with sensitivities of 10/mV have been found
observed in power-line voltage. AC line-operated dc powessatisfactory when used with test probes having the same

li re available which have th ir roperti sistance as leads used for calibratigrq of the instrument. An

supplies are available ch have the desired properties ok (ﬁocumen?ts
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