Honeywell

MICRO SWITCH General Technical Bulletin No. 13

LOW ENERGY SWITCHING



General Technical Bulletin #13 - Low Energy Switching

 of Contents

Page
INTRODUCTION.....cco it 3
LOW ENERGY SWITCHING.......ccco e, 3
MECHANICAL PERFORMANCE.......cooii e 4
Plunger Movement CharaCterigtiCS.........uivvvieereiie e 4
Plunger Force vs. Plunger POSIEION...........ccoieeiieeie e 5
CircUit TEMINOIOGY......eeiveeiieeiie et s ere e 5
ELECTRICAL PERFORMANCE.........ccco e, 6
INSUIEON RESSANCE. ......oieeeeeeieceeeiie et 6
DIEECHIC STONGLNL....ceeieeieceeeee e 6
SIWITCH RESSIANCE. ....eceee ettt nne e 6
CONtaCt RESSBNCE ......eeiveeiecee ettt ste e st ae e e nreenneas 7
0= o S 1S = = SRS 7
Measurement of SWItCh RESSANCE.........ccevviiiiiecee e 7
Switch Resstance in APPHCAIION.........ooeeieriiniesee e 8
Role of Contamination in Switch ReSSance..........cccevveieveeienieceeseee 9
Common ContaCt MaEalS ........cooveeerierieesie s 10
Common Contact CONfIQUIBLIONS. ...........ererierierieriese s 11
SIVITCN LITE .. b 12
GENERAL APPLICATION GUIDELINES........ccoiiiieeeeee e 13
Storage, Ingdlation, and MaintenanCe............cccevveeieeiecsee e 13
1975 o o SRR 14
ENVITONMENE. ... 15
SUMMARY et e e e e e e e e e e e e erra 15

2 Honeywell Sensing and Control



General Technical Bulletin #13 - Low Energy Switching

INTRODUCTION
In today’ s age of low energy control, electromechanica switches are more frequently
interfacing directly with computers and other low energy driven hardware. Switching low
energy loads presents a unique challenge as compared to switching higher energy loads and at
times requires an dterndtive switch design.

The purpose of this bulletin isto provide generd information about mechanica and dectrica
performance of eectromechanica switches, dong with gpplication guiddinesfor using
electromechanica switchesin low energy gpplications.

LOW ENERGY SWITCHING
Low energy switching can be described as using a switch to control any component(s) of a
circuit where the load that the contacts will switch will not cause an arc to form between the
contacts. Common names for these types of circuits are thermocouple load, dry circuit, logic
levd, etc.

The primary concern in the area of low energy switching is contact contamination. Since low
energy loads do not arc or burn the contact surface, they aso do not arc or burn off the
contaminants that may reside on the contact surface. These contaminants may cause erratic
switch resstance and can stop current flow. Pay specid attention to the General Application
Guiddinesif the switch isto be used in alow energy application.

For application help: call 1-800-537-6945 Honeywell Sensing and Control 3
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MECHANICAL PERFORMANCE

Plunger Movement Characteristics of a Basic Switch
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Free Postion: Switch plunger is fully released and common contact is againgt normdly
closed contact.

Pretravel: Digtance from free position to operating point.

Operating Point: Common contact transfers from normally closed contact to normally open
contact.

Overtravel: Digtance plunger travels past operating point.

Full Overtravel Point: Point a which further plunger depresson is prevented by switch
mechanism.

Release Point: Common contact transfers from normally open contact to normally closed
contact.

Differential Travel: Distance between operating point and release point.

Operating Force: Force required to depress switch plunger to operating point.

Full Overtravel Force: Force required to depress switch plunger to full overtravel point.
Release force: Force required to allow the plunger to return to release point.

The movement of the switch plunger from the free position through the release point is
considered one cycle of switch operation.

4 For application help: call 1-800-537-6945 Honeywell Sensing and Control
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Plunger Forcevs. Plunger Position
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For data on a specific switch type, contact
the- MICRO SWITCH Application Center at
1-800-537-6945.
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ELECTRICAL PERFORMANCE

Insulation Resistance Applied voltage divided by the current isthe dectrica resstance of the
inaulaion. For new switches a commonly used voltages, insulation resstance usudly exceeds
100,000 megohms between non-connected terminas and between terminds and switch housing.
The voltage does put an dectrical stress on the materia but does not damage it unless the potentia
exceeds the didectric strength of the switch.

Didectric Strength Didectric srength is the highest eectricd potentid that an insulaing materid
can withstand without breaking down, i.e., didectric breakdown. New switches usudly have
dielectric strength of over 1000 volts with leakage current less than 500 microamps. When the
voltage exceeds the didectric srength, the insulating materid is permanently damaged.

Insulation Resistance and Dielectric Strength
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Switch Resistance  Switch Resganceis the total resstance of the conducting path between the wiring
terminals of the switch.

Sources of Switch Resistance
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Typical Pattern of Switch Resistance versus Plunger Position at 6 Volts DC, 0.1 Ampere
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Contact Resistance: The resistance between apair of closed contacts.

L oad Resistance: Load resstance affects contact resstance in the following way; if the circuit voltage
exceeds the softening or mdting voltage of the contact materid, the materid softens or melts due to
I°R heating. See table below for softening and melting voltage of silver and gold.

Approximate Approximate
Material Softening Voltage Melting Voltage
Silver .09 Volt .37 Volt
Gold .08 Volt .43 Volt

If the meta at the contact interface softens or melts, the cross-sectiona area of the conducting path
between the contacts will depend upon the current. The Size of this cross-sectional area determines
contact resstance. The higher the current, the greater the cross-sectional area of the bridge and the
lower itsresstance. If the softening voltage is not reached, the contact resistance is independent of
current.

M easur ement of

Switch Resistance: Switch resstance should be measured by voltage drop using the same voltage and
current asin the circuit in which the switch isto be used. This can be accomplished by connecting the
switch in aseries circuit congsting of a power supply of the specified voltage, a varidble resstor and
ammeter.

For application help: call 1-800-537-6945 Honeywell Sensing and Control 7
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Connections for Measurement of Switch Resistance

TEST
SWITCH

ADJUSTABLE POWER SUPPLY OF

AMMETER RESISTOR SPECIFIED VOLTAGE

SWITCH RESISTANCE = E/

VOLTMETER

Switch Resistance

in Application: In the application of sngp-acting switches, if the source voltageis at least .5 volts, contact
materid dmost aways softens, or mdts dightly, at the interface, and switch resistance becomes a
function of current. Thisleadsto the following practical consequences.

1. Inlow current circuits, switch resistance tends to be reatively high. However, low current circuits
usudly have high resstance |oad components. The resstance of the switch usudly is such asmal
part of the tota resistance of the circuit that switch resstance is not a problem.

2. High current circuits usudly have low-resistance load components. In high current circuits
however, switch resistance tends to be low. Again, the resistanceis such asmal part of the tota
resstance of the circuit that switch resstance is not a problem.

At source voltages of 0.5 volt or greater, the resstance of a switch during its life will rarely exceed
1% of theload resstance. If source voltage isless than 0.5 volt, switch resistance may or may not
be a function of current, depending upon the amount of the source voltage that appears across the
contacts.

In generd, the maximum alowable switch resstance of a pecific gpplication can be defined as
follows. For DC circuits, the maximum alowable switch resistance equds the line voltage divided by
the minimum alowable current, minus the load resstance. For AC circuits, the maximum adlowable
switch resistance equds the line voltage divided by minimum alowable current, multiplied by the
power factor and minus the load resistance.

8 For application help: call 1-800-537-6945 Honeywell Sensing and Control



General Technical Bulletin #13 - Low Energy Switching

For example, condder a switch in serieswith arday coil:

24 VVDC, 5000 ohm coil, operate .004 amp, release .0025 amp.

Without the switch in the circuit, 1=.0048

With the switch in circuit, coil will operate at 1=.004. Switch resstance will do no harm if it does
not reduce the .0048 amp to less than .004 amp

Totd resstance that will dlow .004 amp flow = R = V/I = 24 volts.004 amp = 6000 ohms
Therefore, maximum alowable switch resstance = 6000 ohms - 5000 ohms or 1000 ohms

Role of

Contamination in

Switch Resistance:
There are two generd classfications for switch contaminants, particles and films. Particles can be
crushed solids that enter the switch during application or assembly. Particles deposit on the contact
surface, are crushed between the contacts and can become embedded in the contact materia due to
contact force. Particles can cause erratic contact during wipe and roll of contacts and, if large or
extensve enough, can stop current flow.

FiIms are the second type of switch contaminant, which can be broken into two parts, organic and
inorganic. Inorganic films, such as slver oxides or Slver sulfides, do not typicaly cause switch
resistance problems at the contacts. Silver oxide is conductive, so it does not represent a problem.
Silver aulfide films are brittle and are punctured mechanicaly due to contact force and wiping action.

There are severd types of contaminants that can create organic films and cause resistance problems.
The most common are flux, organic vapors, and silicones. Hux enters the switch cavity by vapor or is
carried into the switch cavity by a cleaning solvent. Fux will increase switch resstance and can stop
current flow. To avoid flux contamination: avoid use of activated flux; use flux sparingly; use flux core
solder; do not alow liquid flux or flux vapor to enter the switch; use a soldering temperature of
approximately 550° F (288° C); and, do not use solvents on or near switches - they carry flux resdue
and other contaminants into the switch. 1t is not necessary to remove flux residue from terminds.

Organic materials, especially organic vapors, can decompose in the arc or IR hesting of the materia

at the interface between the closed contacts. Carbonaceous deposits can build up over time on the
contact surface and increase the switch resistance.

For application help: call 1-800-537-6945 Honeywell Sensing and Control 9
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Sliconisan inorganic dement found in many materids. Sliconeis an organic materid commonly
found in ails, greases, mold release, cleaning sprays, and potting materid. Silica (SO,), commonly
referred to as glass, is transformed from silicone in the presence of eectrical energy. Silicones enter
the switch as vapor and over time, based on load, rate of actuation, and amount of silicone present,
transform into slica. These silica deposits can raise switch resstance and stop current flow. Every
precaution should be taken in the gpplication to prevent silicone from coming in contact with the inner
switch cavity.

Common Contact

Materials:
Finesilver. 1.6 ohms/cm, low cog, if kept clean, there is no lower load limit.
24 karat gold. 2.36 ohm/cm, high cog, limited to use in gpplications with little or no arc energy
because of its ductility.
Gold Alloys. Different properties depending on the dloy.
Gold clad over silver. If theloadislow energy, it is carried through gold. If the load is arcing, it
burns away the gold and is carried through silver contacts. However, aswitch that has seen an
arcing load should not be used for alow energy load.
Silver Cadmium Oxide. Designed for usein power loads, not recommended for usein loads
lessthan .5 amp and/or 12 valts.

The following graph can be used as ageneral guide for the selection of contact materia. The graph
indicates 1% choice, 2™ choice, etc. for each current range. Note, the current represented on the X
axisis Seady-gtate. Inrush currents from motor loads and lamp loads can be 6 to 10 times steady
dtate current.

General Guideto the Sdection of Contact Material
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Common Contact
Configurations:
Smooth contact. Common contact configuration

J |. Serrated contact. The top surface of the contact can be serrated to

Smooth Contact provide a series of pesks and valeys. When the switch is operated the
raised areas (peaks) tend to scruff or scrape over the mating contact
surface. This saf-deaning discourage buildups of films or particulate foreign
meaterid on the raised areas. Even when the minute particles are not totdly
removed, they tend to drop into the valleys where they are lesslikely to
contaminate the contact interface. Serrated contacts have been effectivein
improving eectrica continuity in gpplications ranging from power duty loads
to low current requirements.

1

Serrated Contact

Bifurcated contacts. The most effective system developed to date.
Bifurcated contacts offer some of the same benefits as described for
m serrated contacts in addition to providing parale redundancy.
Redundancy can dso be provided by connecting two or more switchesin
— pardld and actuating them a the same time.
Bifurcated Contacts
NOTE: Not al contact configurations are available on al switch types.
For more information regarding the avallability of different contact
configurations on specific switch types, contact the HONEY WELL
Application Center at 1-800-537-6945.

For application help: call 1-800-537-6945 Honeywell Sensing and Control 11
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Switch Life Mechanicd life. Thelife of aswitch with no dectrical load present.
Electricd life Thelife of a switch when switching an eectricd load.

The following graph demondrates the life of switch at different ectrica loads. Switch life depends on
such criteria as eectrica load, environment, switch mechanism, and other factors particular to the
gpplication. Aséectrica load increases, switch life decreases. Below 1 amp, the eectricd life
gpproaches the mechanicd life of the switch. For available test data, contact the HONEY WELL
Application Center a 1-800-537-6945.

LOAD

LIFE

12 For application help: call 1-800-537-6945 Honeywell Sensing and Control
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GENERAL APPLICATION GUIDELINES

Storage, Installation,

and Maintenance
Store switch in a clean, reasonably dry environment that does not exceed the rated temperature of
the switch.

Ingdl the switch carefully:

Do nat drill, sand or otherwise modify the switch.

Do not overtighten mounting screws. Review packing sheet ingtructions carefully.

If mounting the switch with an adhesive, use extreme care to avoid contaminating the switch
interior.

Avoid the use of slicone materids to prevent silicone from coming in contact with the interior
of the switch. If thisis not possible, in low energy gpplications, use a seded switch.

When soldering leads to terminas, use non-activated flux core solder and a soldering
temperature of about 550° F (288° C).

Do not use solvents on switches.

Do not use commercial contact cleaners on sngp-action switches.

Do not paint over switch after ingdlation.

Do not connect opposite polarity between normaly open and closed terminds. When thisis
done, and when the arc persigts after the contacts are fully apart, a short circuit is established
through the arc and hence through the switch.

Chemicals used during maintenance cleaning can degrade switch materias. If the switch cannot
be easily removed prior to cleaning and the types of chemicas used for cleaning are known,
contact the HONEYWELL Application Center at 1-800- 537-6945 for fluid compatibility
data.

For application help: call 1-800-537-6945 Honeywell Sensing and Control 13
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Design

For advice regarding the choice of a switch for a specific gpplication, contact the HONEY WEL L
Application Center at 1-800-537-6945.

If low priceisan important factor, silver contacts may help reach the objective.

All snap acting eectromechanica switches have contact bounce. When the contact closes it
bounces, causing the switch to open and close for a period of microseconds before staying
closed. If contact bounce will be a problem, the circuit must be buffered. The circuit can be
buffered with additiona dectronic circuitry or with software.

If the load is below mdting voltage, gold or gold dloys can be used for an added measure of
safety.

Actuate the switch as closdly as possble to the extremes of its plunger travel without gpplying
excess force that might damage the switch. For force data, contact theHONEY WELL
Application Center, 1-800-537-6945.

Decide, basad on accurate technical information, whether a switch resistance specification is
needed and whether its additiona cost isjudtified. If S0, on the basis of end use, specify: the
voltage, current, plunger position, sequence of actuation, and measurement, and maximum
dlowable switch resstance.

When to give switch resistance specid attention:

When the switch controls a circuit a less than 0.5 volts.

When severd switches must be connected in series.

When aswitch islikdly to be exposed to contaminating particles or fumes.

When an occasiond switch closure with the switch resistance exceeding 1% of the load
resstance will have negative consequences.

Design the circuit so the switch sees voltage well above the softening voltage of the contact
materid, e.g., 0.08 valt for gold, 0.09 volt for Slver.

Design low voltage circuits with aminimum number of switchesin series

Design the switch circuit to be asinsengtive to norma variations of switch resistance as possible.

14 For application help: call 1-800-537-6945 Honeywell Sensing and Control
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If additiona assurance of low and stable resistance is desired, use bifurcated contacts or connect two
or more switchesin pardle and actuate them at the sametime.

Customers should test the switch under conditions smulating end use to verify that it performs as
required in the application.

Environment
Protect unsealed switches from contamination by particles and fumes.

Switches can be sedled to help prevent contamination from entering them. Some common levels
of seding are: dust resstant, drip-proof, water resstant, resilient, and hermetic. In generd, the
more critica the gpplication and the harsher the environment, the more stringent the sedl
requirements.

If the switch is unseded and alow energy load isinvolved, athorough understanding of the
environment is required to choose the correct contact materia and configuration. Contact the
HONEYWELL Application Center at 1-800-537-6945, for help in choosing the proper
materia

If the environment of an unsedled switch contains a Significant amount of sulfides (such as decaying
organic matter, cardboard, or vulcanized rubber) and moisture, gold or gold- plated contacts can
help.

If an dien film contaminant (such as paint spray or oil mist) can reach the contacts, gold won't
help. Use aseded switch.

SUMMARY
Contact materia, contact configuration, and the degree of environmental protection are important
condderations when low energy switching isrequired. They must be considered, dong with other
gpplication variables, to determine the proper switch for the gpplication. The most religble and cost-
effective solution to any switch gpplication results from a partnership between the user and
Honeywell’s Sensing and Control Divison.

For further technicd information and assstance in determining your total switching requirements,
contact HONEYWELL.:

1-800-537-6945 USA

1-800-737-3360 Canada

1-815-235-6847 International

FAX

1-815-235-6545 USA

INTERNET

http://www.sensing.honeywell.com

info@micro.honeywell.com

For application help: call 1-800-537-6945 Honeywell - MICRO SWITCH Sensing and Control 15
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