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Measuring Electrical Contact Intermittences
This standard is issued under the fixed designation B 854; 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 B 615 Practice for Measuring Electrical Contact Noise in

1.1 The techniques described in this guide apply to electri- _Sliding Electrical Contacts _
cal circuits that include one or more electrical contacts in B 878 Test Method for Nanosecond Event Detection for
devices such as slip rings, separable connectors, electrome- Electrical Contacts and Connectors
chanical relays or closed switch contacts. The user should 2:2 Other Documents: _
determine applicability for other devicesTable 1. IEC Publication 512, Test 2e Contact Disturbahce

1.2 The range of techniques described apply to circuit EIA-364-46 Continuity Test Procedure for Electrical
discontinuities (intermittences) of durations ranging from ap- ~ Connector$
proximately 10 nanoseconds to several seconds and of suf%; Terminology
cient magnitude to cause alteration of the circuit function.™" . . i ) .
Extension of the guide to shorter duration events may be 3-1 Terms relevant to this guide are defined in Terminology
possible with suitable instrumentation. Events of longer duraB 542 €xcept as noted in the following section.
tion may be monitored by techniques for dc measurements 3-2 Definitions of Terms Specific to This Standard:
such as those described in Test Methods B 539 or by adaptation3-2-1 intermittence—a transient increase in the voltage
of methods described in this guide. drop across a pair of electrical contacts.

1.3 The techni_ques described .in this ggide ap_ply_to eIectriz,r_ Significance and Use
cal circuits carrying currents typical of signal circuits. Such ) , ) ) ,
currents are generally less than 100 ma. Extension of these#-1 This guide suggests techniques to evaluate intermit-
techniques to circuits carrying larger currents may be possibld€Nces in a contact pair while it is subjected to simulated or
but the user should evaluate applicability first. actual environmental stress. Such measurements are a valuable

1.4 This standard does not purport to address all of the!©0! in predicting circuit performance under these stress
safety concerns, if any, associated with its use. It is thé&onditions and in diagnosing observed problems in circuit
responsibility of the user of this standard to become familiarlunction under such conditions. .
with all hazards including those identified in the appropriate 4-2 This document is intended to provide some general
Material Safety Data Sheet for this product/material as pro-guidance on the best available practices for detecting, quanti-
vided by the manufacturer, to establish appropriate safety andyind, characterizing and reporting short duration intermit-

health practices, and determine the applicability of regulatorytences in circuits containing electrical _contacts. Cer_tam envi-
limitations prior to use. ronmental stresses such as mechanical shock, vibration or

temperature change may cause intermittences. These measure-
2. Referenced Documents ment procedures include methods applicable to contacts oper-
2.1 ASTM Standards? ating under various conditions in testing or in service.

B 539 Test Methods for Measuring Resistance of Electrical 4-3 Practice B 615 defines methods for measuring electrical
Connections (Static Contacts) contact noise in sliding electrical contacts. In contrast Guide

B 542 Terminology Relating to Electrical Contacts and B 8_54 provides guidgnce to the various methods for measuring
Their Use similar phenomena in static contacts.

5. Apparatus

5.1 General CommentsThe apparatus required varies de-
1 This guide is under the jurisdiction of ASTM Committee BO2 on Nonferrous pending upon the technique selected and the parameters (SUCh

Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on : : f ;

Electrical Contact Test Methods. as duration and magnitude) of the intermittence that the user
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TABLE 1 Comparison of Methods of Monitoring Electrical Contact Intermittences

Typical Number

Method of Channels Typical Event Characterization Possible Advantages
Oscilloscope 1,2o0r4 AV vs time detailed characterization of each event
Custom Circuitry 1 per circuit Presence or absence of one or more events during a Ability to closely model actual circuit conditions,

preselected monitoring interval, such events defined allows use of various technologies in the transmitting
as above a preselected threshold of AR and duration, and receiving devices
the number of events during the interval may or may
not be recorded.
Event Detector 1to 64 Presence or absence of one or more events during a Multichannel capability, selection of thresholds for
preselected monitoring interval, such events defined events to be counted
as above a preselected threshold of AR and duration,
but the number of events during the interval is not
recorded.
Bit Error Rate 1 ratio of errors to number of bits transmitted The format of the results is readily applicable to
ranking of interconnection devices with respect to
transmission quality for a specific signal format

wants to detect. In general, the cabling must be capable dhat uses this method. Examples of the use of this method are
carrying signals of the speed to be detected in the study, arghown in the reference by Currence and Rho&des.

must be isolated from sources of noise that may cause false6.3.1 Fig. 1 shows a schematic representation of an
indications.

5.2 Special Precautions for Measurements Involving Events ~ A~ OSCILLOSCOPE
Less than 1 Microsecond in DuratierDetection of events of
duration less than 1 microsecond will require special attention
to the wiring of the detection circuits and instrumentation.

Fixed Resistor

Such attention may include using coaxial cable, shielding the | Bi‘gg}f
apparatus from interferences and minimizing cable lengths. ——— TEST

5.3 Specific Apparatus-The apparatus required will vary
depending upon the measurement method selected and the
environmental stresses imposed during the test.

6. Procedure FIG. 1 Schematic Representation of Oscilloscope Method

6.1 General CommentsThe following sections describe,

in general terms, sev_eral mgthods that have been used to det%?('ample of how this method may be implemented. In selecting
or measure contact intermittences. The. user should select ap, oscilloscope, choose a model with response time fast
appropriate method and adapt it as required. Table 1 presentggough to observe events of the duration of interest in the
comparison of the attributes of the various methods. They,dy. The user may find it convenient to use an oscilloscope
following I|st_covers guestions that the user should answegapable of storing and printing results.
before selecting a test method. 6.4 Custom Circuitry—In this method, the user assembles
6.1.1 What is the definition of an intermittence in the circuitry to measure the effects of the intermittences under the
intended application? For example, what resistance changsnditions of interest. For example, the circuitry may simulate
over what time interval constitutes an intermittence, or whathe type of source and detector circuitry that the user plans to
error occurs if the contact resistance changes, or what othelesign into a system. Alternatively, the user may design
definition is appropriate for the intended purpose of the testircuitry based on specialized components to achieve capabili-
results? ties different from those found in commercial instruments. An
6.1.2 Is it necessary to monitor more than one contaceéXample of custom circuitry was described by Abbott and
simultaneously? If so, is it acceptable to connect the contacts iichreibef
series? If contacts cannot be connected in series, how many6.4.1 Fig. 2 shows a schematic representation of an example
contacts must be measured simultaneously? of how this method may be implemented. The source and

6.2 Test results should be reported in a format appropriatgetecmr incorporate the specific devices, technology, driver
for the application and consistent with the format supplied by

the test instrument. . - _ , _
i i . i i Currence, R. and Rhoades, W., “Predicting, Modeling and Measuring Transient
6.3 Oscilloscope-In this method, an oscilloscope is wired Resistance Changes of Degraded Electrical Contacts,” Electrical Contacts, Proceed-
to monitor the potential across the contact(s) of interest whiléngs of the 29th Meeting of the Holm Conference on Electrical Contacts, lllinois
i P itute of Technology, p. 81, 1983.
a Slg.nal .IS paSSEd thrOUgh the contacts. Standan_js such as lmAbbott, W. H. and Schreiber, K. L., “Dynamic Contact Resistance of Gold, Tin
Publication 512, Test 2e or EIA 364-46 are often 'mplementedomd Palladium Connector Interfaces During Low Amplitude Motion,” Proceedings

using this method. Practice B 615 provides a specific circuibf Holm Conference, 1981, p. 211.
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the same length of time under the same measurement condi-
CONTROL AND MONITORING tions but without the imposed external stréss'.
INSTRUMENTATION 6.5.5 Fig. 3 shows a schematic representation of an example

EVENT DETECTOR

Status

Send  Channel  Pass Fail Receive
SOURCE DETECTOR . o o
O 2 O O
DEVI}(E:}}zz o 3 o o
TEST -0 4 O @] o8
FIG. 2 Schematic Representation of Method Using Custom
Circuitry

. . . . . . DEVICE UNDER TEST
circuits, amplifiers, etc., that are of interest in the intended D g

application of the connection or switch under test. The control
and monitoring instrumentation monitors the performance of
the connecting circuit by a suitable method such as comparing
the signal received against a standard.

6.5 Commercial Event Detecterln this method, a com-
mercial instrument that detects high resistance events is wired
to monitor one or more electrical contacts under evaluation. : ;
Test Method B 878 gives detailed instructions for implement- L RS PRNRE
ing a specific version of this method. Certain instruments allow

. . . . CONTROL CHANNEL
monltorlng of Se"er.a' electrlc_al contacts mdepen_dently ar_]d FIG. 3 Schematic Representation of Method Using Commercial
simultaneously. Typically, the instrument has a pair of termi- Event Detector with Multiple Channel Capability
nals for each channel to be monitored: a transmit terminal and
a receive terminal. Each contact to be evaluated is wired into a
cable that runs from the transmit terminal, through the tesef how this method may be implemented. In the instrument
contact, to the receive terminal. Carefully follow all instruc- illustrated, each channel has a “send” and “receive” terminal. A

tions and recommendations of the instrument manufacturer igonnection or switch in the device under test is wired into a
making these connections. cable connecting the send and receive terminals for each

6.5.1 The resistance change and the event duration requiréfannel. The instrument itself monitors the performance of
to trigger the event detector should be set according to thgach channel and indicates interruptions on a suitable display
instructions of the instrument manufacturer. These leveldOr €ach channel.Fig. 3

should be selected based on the requirements of the system in®-5:6 As mentioned in 6.1, test results should be reported in
which the contacts are intended to be used. a format appropriate for the application and consistent with the

tformat supplied by the test instrument. Typically, an event
detector records if one or more events occurred during a fixed
eriod of time, but may not tell how many events occurred or
eir magnitudes above the preset threshold. The report may
ist the total number of measurement periods and the number of
eriods during which events occurred, and any correlation

6.5.2 It is good practice to conduct a control experimen
using similar wiring without the test contact in the circuit. In
the case where the monitoring instruments have multipl
channels available, wiring one or more of the channels as
experimental control is recommended. This control channel(s
should be wired with cables that are of the same types an ; :
lengths as those used for the test channels. The routing of t eetween applied environmental stresses and events.

cable for the control channel(s) should follow the routing of the, 6.6 Bit Error Rate De_tector—ln th|§ methoq, a digital signal .
test channels as nearly as feasible. is passed through the interconnection device under evaluation

. . and into a signal receiving device. The signal received is

. 6.5.3 Ifevents are de_tected in a control channe_l, mt_erferencgompared with the signal transmitted, and the number of errors

Is suspected. Events in the control channel invalidate th@eecteq during a fixed time period is recorded. The ratio of the

associated test. ) number of errors counted to the number of bits transmitted is
6.5.4 After the contact(s) under test are wired to thecgjculated and reported as the bit error rate. Alternatively, one

instrument, monitoring may begin. Typically, monitoring con-

tinues for a fixed time and the number of events is recorded. If

the contacts are stressed, for example, through thermal cycles, Examples of instruments of the type described are built by AnaTech Inc.,

or meChamC?I disturbance, it is appropriate to co_nduct Svakefield, Massachusetts. Similar instruments may be available from other manu-
control experiment where the same contacts are monitored fadcturers.
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can count the number of error free seconds of transmission BIT ERROR RATE
versus the number of seconds during which an error occurred. DETECTOR
6.6.1 The effect of various environmental stresses on per-
formance may be evaluated as part of the test. For example, the
device may be subjected to thermal cycling or mechanical
disturbance while the error rate is being monitored. SOURCE DETECTOR
6.6.2 A number of commercial instruments are available to
perform the measurement and error rate calculation functions.
Some instruments simulate specific signal formats enabling
evaluation of interconnection devices with signals typical of
the application environment. For example, instruments are

available to simulate DS1 and DS3 signaling formats used in s s
telecommunication®.
6.6.3 Fig. 4 shows a schematic representation of an example DEVICE
. . . UNDER
of how this method may be implemented. In the instrument TEST
illustrated, the connection or switch in the device under test iss|G. 4 Schematic Representation of Method Using Bit Error Rate
wired into a cable connecting the send and receive terminals Detector

for each channel. The instrument itself monitors the connection
and measures performance for the particular signal or data

transmission format being evaluated. 7.1.2 A description of the experimental set up.

6.6.4 The results may be reported in a number of Ways. 73 3 A description of the device(s) tested, including appro-
Typically, statistics on the number of errors, error rate, “error, riate part numbers, lot codes, and similar information

free” and “errored” seconds are available as an instrumerﬁ 7 1.4 Test its. Results of int it test I
output. In contrast to the event detector discussed in the, "~ est resuls. Resulls ot intermitience tests are usualy

previous section, a bit error rate instrument usually monitord'VEN 1N termslof one or n|10re of the foIIowmg ltems: eventf
only one channel, detects and counts all errors, but is ndfiagdnitude (delta V or delta R), event duration, number o
calibrated with respect to the resistance change that causes &FNtS Per unit time, bit error rate, or other quantities appro-

error. priate to the specific test method used.
7.1.5 Other information required to reproduce the experi-
7. Report ment
7.1 The test report should includg the foIIowing items. 7.1.6 Information on the operator’'s interpretation of the
7.1.1 Alist of the apparatus and instrumentation used. results

8 Examples of instruments of the type described are built by Hewlett-Packard3, Keywords
Corporation, Palo Alto, California and by Tektronix, Inc., Wilsonville, Oregon. . . . o .
Other manufacturers may offer similar instruments. 8.1 bit error rate; electrical noise; reliability; resistance
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