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GENERAL MOTORS ENGINEERING STANDARDS Materials and Processes - Electrical

DEVELOPMENTAL TESTS FOR LOW LEVEL SWITCHING
GM9605P

1 SCOPE. This standard describes developmental tests
for switches and relays used in low level (1 to 12 v; 0 to .25
ampere) and dry circuit (volts < 20 millivolt) systems. These

tests for the reasons outlined in Table 1. The tests listed
herein are to be performed during new product development
or may be used to evaluate one design proposal against
another.

tests shall not be used for sample submission or validation

TABLE 1: PURPOSE AND LIMITATIONS OF TESTS

TEST PURPOSE & LIMITATIONS
2. Contact The contact resistance measurcment limits the open circuit voltage to 20mV so that chemical films on the surface of
Resistance electrical contacts may be quantified. These films may be fractured by force or [ritted through by voltage potential in
S or 12 volt circuits. If a film is detected, one must estimate the affect of the film on the performance of the device.
3. Winding A relay is a variable inductor as the armature moves across the relay air gap and seats against the relay core. To
Inductance measure DC inductance the armature must be locked open or locked closed with non-magnetic material. Sample
disassembly is not permissible for sample submission tests if the parts are exposed to further testing and also difficult
with potted devices. In addition, winding inductance is a function of the design (280-320 mH, 75 ohm ISO) and will
not vary significantly during a production run considering the current controls on relay coils and magnetic material.
4. Contact Contact Bounce will vary from cycle to cycle making it difficult to quantify. Bounce characteristics may also change
Bounce with wear or durability cycles. The low level durability monitors specified by GM9103P: Procedure for Testing Relays
and GM9110P: Procedure for Testing Switches will latch an indicator lamp if bounce on any contact closure exceeds
1.0 millisecond.
5. Relay Relay response time is largely a function of the device design. The operate and release times of automotive relays
Response Time|(ISO) are approximately 15 and 10 milliseconds respectively. The operate and releasc times for a low power
dissipation, bifurcated contact, low level relay are approximately 2 and 0.6 milliseconds respectively. Solid State
Relays will switch even faster. The relay user can therefore control operate and release times by proper class
selection, especially considering the neced for extremely fast switching relays is limited.

6. Sealing Tests |Tests which determine the leak rate of environmental enclosurcs arc valuable as QC tools or as performance
measurements prior to Humidity, Salt Spray, Immersion, Autoclave, or Mixed Flowing Gas Tests. The correlation
between leak rate and passing an environmental exposure test must be established by the source prior to validation or
sampie submission tests.

7. Crosstalk &  |These four tests are appropriate for communication relays or switch contacts used in data transmission circuits. These

Insertion Loss |parameters may in some way distort the signal that is being transmitted. Thesc tests are extremely sensitive (high

8. Capacitance potential for error) and are very infrequently performed. It is more appropriate 10 make these tests available for

9. Contact Noise {development work considering industry capability and limited need.

10. Thermal EMF

11. Determination |This cvaluation is very useful in measuring the quantity of particulate (metal chips, weld spatter, dust, plastic, dried

of Cleanliness

flux, solder) contaminants in 8 device. However, this test requires specimen disassembly making it appropriate only
for in plant SPC especially with potted devices. The method presented provides a course evaluation simulating
Acrospace Recommended Practice (ARP) 598 which is performed in a clean room environment.

12. High Part fesponse to the high temperature storage test will be a function of contact nobility and design (force,
Temperature  |redundancy, or abrasion) to fracture oxide films. This test also evaluates rigidity of structural joints/members and
Storage materials of construction. Because the part is not "encrgized” during the test it may be a less severe test than the

thermocycle durability or load soak tests presently specified by GM9103P or GM9110P. Focusing on its ability to
assess contact resistance after long hot idle periods should be done during development whea the choice of design and
materials is wider.

13. Autoclave Better known as a sterilizer, the autoclave equipment is used to cvaluate plastic encapsulated electronic devices. It is
Accelerated infrequently used to evaluate switches or relays and no correlation to ficld usage is available for an automotive switch

Moisture Test

or relay.

14. Mechanical Mechanical Life for a typical relay may be 106.108 cycles with properly designed low level relays outperforming power
Life re(gys which inherently do more work (contact force x travel), This value is considerably well above requirements 5x
10° ‘max.) of conventional systems. Mechanical Lifc for a switch is always a predominant failure mode and is
evaluated by thermocycle life testing in GM9110P. Both GM9110P and GM9103P specify testing to three times life.
15. Mixed Flowing | This is an extremely valuable test for simulating contact films which may develop in the field due to Cly, NO,, and
Gas Test H,8S exposure. It is generally performed on coupons of material instead of complete samples. There is some industry
concern over repeatability and standards are only recently being developed.
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2 CONTACT RESISTANCE. This method specifies the
procedures to be used in the measurement of contact
resistance by the voltmeter-ammeter method. In low level
devices contact resistance is a measure of performance similar
to millivolt drop except the industry has standardized on the
reporting of milliohms measured under dry circuit conditions
which will not frit through contact films or cause asperity
melting.

2.1 Test Equipment. The circuit shown in Figure 1 shall be
used in the determination of contact resistance. Unless
otherwise noted, all measurements shall be made at terminals
intended for external connection. Voltage and resistor values
may be varied or a commercial dry circuit resistance meter
used provided the current is limited to 100 mA and open
circuit voltage is limited to 20 mV per ASTM BS539.
Voltmeter leads shall be connected independently of the
current leads in the measurement. The resistance of the
voltmeter shall be at least 100 times the resistance of the
measured contact set with an accuracy of * 1%. The
milliammeter shall have an accuracy of * 1%.

2.2 Procedure. Contact resistance measurement must be
performed before cycling the relay or switch mechanically or
under load. Care should be taken not to disturb the mating
contacts through abnormally rough handling or shock.

'

2.2.1 If the device has normally closed (N.C.) contacts,
measure the contact resistance before the relay/switch is
operated.

2.2.2 For N.C. switches, close switch (s) and adjust current
supply to 100 mA. Record the maximum reading of the
voltmeter and the minimum reading of the ammeter or the
dry circuit resistance indicated by the micro-ohmmeter from
0.5s to 2.5s after closing switch (s). Open switch (s).
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FIGURE 1: CONTACT RESISTANCE TEST

2.2.3 Reverse the polarity of the test power supply using
switch (s) and repeat measurement sequence. Report the
average contact resistance using the formula below, this
method eliminates the effects of thermal potentials and the
need to zero meters between readings:

R = (Elormd + Enum)/(lfonnni + Irerem)

2.2.4 For normally open contacts, energize the relay coil at
rated voltage or actuate switch at 110% maximum force,
temperature, pressure, etc. to actuate. Close switch (s) and
adjust current to 100 mA. Repeat test sequence for all
normally open contacts.

2.2.5 If any reading is out of specification limits repeat the
test sequence until three readings are obtained for each
contact set making sure to always open switch (s) before
opening or closing the contact under evaluation. Report the
average of the three readings on the test data sheet. Include
the first reading in the average.

2.3 Specification Values. Contact resistances should stay
below 100 milliohms throughout the life of the device unless
otherwise noted. Contact resistance should be specified at
23 C. NOTE: Elastomer dome switches which are part of
HVAC and entertainment circuits, etc, have different com-
puter interface design circuits and specification limits typical-
ly fall from 300 to 700 ohms in such circuits.

3 WINDING INDUCTANCE. This test method specifies
procedures for measurement of DC inductance at 23 C with
winding temperature not raised by the heating effects of the
coil current and with armature position defined. A nonmag-
netic spacer shall be placed between relay armature and core
to prevent the inductance from changing during measure-
ment. Due to this requirement, this test can only be
performed on parts not slated for other tests or parts at the
end of test.

3.1 Test Equipment. The relay coil shall be activated
through a bounce free contact from a power supply regulated
to within 5% of the specified rated voltage with oscilloscope
attached as shown in Figure 2. Mount the relay in it’s normal
operating position on a nonmagnetic plate with no immedi-
ately adjacent metal.

3.2 Procedure. Close the contacts to energize the relay coil
and capture the current waveform on a storage scope. By
measuring the time for the current to reach 63% of it’s final
value, the DC inductance is calculated as L=Rt. where

L is the inductance in Henries
R is the coil resistance in Ohms
t. is the time required to reach 63% of final value

4 CONTACT BOUNCE. Degradation due to bounce is
part of the durability test for high current devices. If a circuit
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FIGURE 2: DC INDUCTANCE TEST

has excessive bounce or developes excessive bounce contact
sticking, or excessive wear is prone to occur. For low level
switches and relays, contact bounce frequency or duration
may effect data circuits which are interrogating the output of
a sensor or contact set.

4.1 Contact bounce should be measured using a digitizing
oscilloscope. If a digitizing oscilloscope is not available a
storage oscilloscope may be used. The oscilloscope must meet
the following requirements.

Digitizing Oscilloscope

Minimum Sampling Time 25 nanoseconds/sample
Memory Size 100 samples minimum

Bandwidth DC to 40 MHz

Input Sensitivity SmV/Division

Storage Oscilloscope

Bandwidth DC to 40 MHz
Input Sensitivity 5mV/Division
Writing Speed 10 cM/uS

4.2 Mount the sample in it’s normal mounting position
while carrying it's application load. Where no application
load conditions are specified for this test a power supply with
a 20 mV open circuit voltage and load which limits current to
100 mA shall be used. (Figure 1)

4.3 Energize the relay coil at rated voltage or actuate the
switch at the maximum rated force and speed. Temperature
activated switches should be exposed to the minimum rated
temperature change per unit time.

4.4 Capture the voltage waveform across the switch or relay
terminals during and after transition on the storage oscillo-
scope. Test each contact set individually. Start the measure-
ment at 10 mS/Div and reduce the time scale to 1 microsec-
ond per division in increments.

4.5 Report the time duration from first contact make until
last contact make for separating or buft type contacts.
Exclude ringing of the test load after last contact make if
applicable. For wipe action switches, report the longest period
of contact intermittency after contact make, total bounce
time, and number of intermittencies (see Figure 3). Provide
photographs or recordings where possible.
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FIGURE 3: CONTACT BOUNCE TEST

4.6 Perform bounce characterization for all contact sets and
all directions of travel including from detent to detent and
across multiple detents for mechanical switches. For relays,
care shall be taken to also observe contact performance over
the time interval of relay armature rebound which generally
occurs well beyond the interval of contact closure and
bounce.

5 RELAY RESPONSE TIME. Lags occurring during
relay pull-in and drop-out may be important if the system in
which they operate is interrogating the contact condition and
coil condition.

5.1 Equipment. A storage or digitizing oscilloscope meeting
the requirements of Section 4.1 with dual trace capability
shall be used for determining relay operate time and relay
release time.

5.2 Relay operate time shall be the time in milliseconds from
the application of voltage to the coil until the normally open
contacts come to rest including contact bounce. Relays with
multiple normally open contacts shall be tested with each
contact wired together in series so that the time for all
contacts to come to a rest will be reported.

5.3 Relay release time shall be the time in milliseconds from
the removal of coil voltage until the last normally closed
contact comes to a rest including contact bounce.

5.4 The relay shall be mounted in it’s application mounting
position (default: terminals down) carrying it's application
load (default: Figure 1).

6 SEALING TESTS. This test method specifies proce-
dures for production or acceptance testing, and checking for
deterioration of the seal after environmental or other testing.

6.1 Tracer Gas (Helium or Argon). This test requires a
Helium mass-spectrometer type leak detector or equivaient
selective detection system. The maximum permissible leak
rate shall be 1.0x107 ATM. CC/SEC Helium unless
otherwise noted.

6.1.1 The device evacuation tube or vent hole shall be
connected to the evacuating system of the leak detector by gas
tight means. When this test 1s required on a sealed unit,
piercing a small hole in the cover is required to make a
connection to the vacuum system.
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