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J~(UU~WOHJ) 

Fullowlng C\ Congn'llIi1onnl Humdnte I to devel(lp new lind Improved tedmHllle!l, IiYS(tlmH, 

lind I,ltjHlj)Jn~nl to /llrc/lgtl!tl/1 IlIw pIJl'o!'\:eflwIlI lind cdmlulll jlJljlic~~1 Ihe Nlltlmwl Jnfjflt!l(~ nl' 
Lnw Iln/'urct\ll1elll lind Criminal JlIlitlce (NILH(,J) hilI! eHtllhlllilwd Ow raw Hllforcrm~~nl 
Slilndan}ti LClhorlltory (CBS") 1\1 the NnUon(tl nur~lIu of f1t.rmdnrdli, CHIlL'II f\lnctiolJ hi to 
C{)ll{luct l'eflCllrch Ihut will C\IiHifli law I!nfort:l~mellt lind cl'imitml jlIHlke ugencit!/i in tim fli"l'c,,;ti()f) 
lind P/'04~lH't~men( of qUllllty equipment.. 

In 1~/lpOlllJtl 10 pl'loritit;H t:lltuhliHIlcd hy NU,HCJt L!tSL iii (1) Mlhje(~tlng exjf!!ing \:',{Iulp' 
m~nI 10 Inhomtllry tt!l~tlng lind evnhmlioH Iwd (2) l:mlCluc.:tlng mlJenrch ICIIdillg to (hd t!cVt+ 
opmell/. of' nevel'lll llerl~\H of documenla, Im:/udillg nlHimwl volllTHIH'Y equIpment IllrwdurJli, 
Ukel' snideJlnell, IifIH(~·of"fhc·lII't HUlWYH IInu ollit"I' reJJOrlH, 

Thill documenl, NTJ..HCJ-S'Tl),,,0301 ,(JO, /I1aBIU'I/(: Swilr/U!S for "urnltll' Alarm Sy,~'It'II1J, 
hI n I!\w enforcemt>nl cqllifJm~l1t Iltllndurd developed by LHSL And uppmved fwd /lm!lcd 11y 
NH fECJ, Additlonnl R(fm{!uf{lfl !\ll well 011 other docllmentll will he It:mued unde,' the U!SL 
pl'Ogl'llnl in fhe HI'ellR of 'protective t~qulpmen(., cOllununlcnliol1f! equipment, Ilecnrity RYHlemli, 
well j)o 1111 , emergency equlpmelJt. illvelHi81ltlve ilidfi, vehlclell, [tIH} clothing. 

'fhill equipment IJtnndnrd ir; H technicp.I document, e<Jnfliutrl1g of performance lind other 
reqllil'ementll together with A description of (~lit met/wdll. P.quipment which elHl meet the;}e 
I'eq\li/'(.~mentll Iii of ,.upeJ'io!' cp/ulHy lind ill ~Illite(f /0 the needH ()f Jaw enforcement flgencics, J111r~ 
chfllling 111~(mts GllJ1 lllle the lmij. methodll deflcl'lhecl in this fl!flIldrmJ to determine firfilJlfuHI 
whethGt' a pnrHmllm' equipment: Hem rnee!H the requimmcrHti of the Iiflmd1ll'tl, or fhey I1my haV(~ 
the telitll conducted on theIr hehnlf hy n qua/Wed testing lahoratory, l.nw enforcement. personnel 
mtty 111110 ref(wence this p.tllndnl'd ill pUl'c/)nllc docllmentll nnd require (hat Any equipment. 
oil'ered for purc/Jlllle meet itll requlrementH rmd 1IwL thlll compHnnce be either (jlmrrmtt!ed hy 
the vendor 01' nUc8ted to hy an Indepelldent; (esting laboynto/,y. 

The neceRfml'ily teclmicill nature 01' thIs NJLHCJ ::;tnndnrd, and iff! IipecinI focul) WI 11 
proc.mement nld. mnke it of limited use to thcme who fleck gemmd guidtlllCe concernIng mftg­
netic switcheR for burglar I\IImnu. The NILBCr Guideline Series is deuigned to fill that need. 
We plan to ililme guidelines to thill all well nil other law enforcement equipment au soon as 
pOlls/ble. within the constraints of AVitl/able funding and the oV!:raH Nn".r~C] progt'jim. 

'fhc guideline documelltll /:0 be Issued nre highly readable and tutorial in naWre in 
contl'ast to the standards, which arc hIghly tcchnicul, and intended for laboratory Use by tech· 
nical personnel. The guidelines will provide, in lloJ1~technical language, information for 
Purchasing Agentll and other interested perllon/> concerning the capablHHes of equipment cur~ 
tently available, They may thelllleIect equipment appmpriate to the performat1C9 required by 
that agency. Recommendations for the development of pMlicular guidelinclJ Ilhould be sent 
to Ull. A list of the documents already completea under the Law Enforcement Standards Pro~ 
gram will' b(~ found on the inside back cover of thiJj document. 

l Section 402(b) of the OmnTbu8 Crime Control and Safe Streets Act of 1968/ as lime/Wed. 
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NILBCT Standards are subjected to continuing review. Technical comments 8md recom­
mended revisions are invited from all interested parties. Suggestions should be addressed to 
the Program Manager for Standards, National Institute of Law Enforcement and Criminal 
Justice, Law Enforcement Assistance AdministratioJ), U.S. Department of Justice, Washing­
ton, D.C. 20530. 

VI 

Gerald M. Capla", Director, 
National Institute of Law Enforcement 

and Criminal Justice 
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NILECJ STANDARD 
for 

NILECJ-sro.0301.00 

JMAGNETIC SWITCHES FOR BURGLAR ALARM 
SYSTEMS 

1, PURPOSE AND SCOPE 

This standard establishes performance criteria for magnetically-actuated electrical 
switches intended for use in protective intrusion alarm circuits to monitor the position of 
doors, windows, etc. These devices cause the initiation of an signal to a police panel, cen­
tral station, or local audible alarm device. ~ncluded are requirements and test methods for 
performance, electrical properties and materials. The pelfonnance characteristics ad­
dressed are those that affect the reliability of the device with emphasis on those charac­
teristics which affect its false alarm susceptibility. This standard does not provide per­
formance criteria for the ability of these devices to resist attempts to defeat them through 
physical or surreptitious attack. 

2. CtASSit:!CATION 

Switches covered by this standarQ are classified into four types based on their in­
tended operating environment a'ad tamper resistance features. Switches with one or both 
of the following tamper resistance features are cla:~sified as types 111 or IV: a tamper 
switch, or a fixed resistor for eh~ctrical balancing. When submitting switches for testing, 
the manufacturer shall specify the switch type. 

2.1 Type I 

Switches intended for indoor use only, and having neither of the specified tamper 
resistance features. 

2.2 Type II 

Switches intended for outdoor use, and having neither of the specific tamper re~ 
sistance features. 

2.3 Type III 

Switches intended for indoor use only, and having cne or both of the specified tamper 
resistance features. 
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2.4 Type IV 

Switches intended for outdoor use, and having one or both of the specified tamper re­
sistance features. 

3. DEFINITIONS 

3.1 Alarm State of Switch 

The switch state which causes the control box in the secure mode to signal an alarm 
(compare with secure state of switch). 

3.2 DeactuaHon Distance 

The distance between the magnet's normal position and the magnet's position at 
which the switch first changes to its alarm state. The second position is determined by 
moving the magnet away from the switch. 

3.3 Electrically~Balanced Switch Circuit 

A switch circuit that will go to the alarm state on sensing an increase or decrease in 
the current through the circuit. This change in current may result from a change in the re­
sistance of the switch or connecting wiring or the addition of an external voltage source to 
the circuit. 

3.4 Magnetically~Balanced Switch 

A magnetic switch that will go to the alarm state on sensing a magnetic field larger or 
smaller than that which maintains the switch in its secure state. 

3.5 Normal Position of Magnet 

The magnet's position when mounted symmetrically opposite the switch on a flush 
door or window and with the separation recommended by the manufacturer. 

3.6 . Parallel and Perpendicu~or Motion 

Movement of the switch along a path parallel to an imaginary line passing through the 
poles of the magnet is called parallel motion and movement of the switch along a path per­
pendicular to this line is called perpendicular motion. 

3.7 Secure Mode of Alarm System 

Alarm system operation mode during which opening of the protected port causes an 
alarm. . 

3.8 Secure State of Switch 

The switch state which does not cause the control box in the secure mode to signal an 
alarm (compare with alarm state of switch). 

3.9 Simple Magnetic Switch 

A magnetic switch which is not magnetically balanced. 
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3.10 Switch Terminals 

The points at which a switch is connected to the switch circuit. If a switch has in­
tegral cables, the switch terminals are the wires at the end of the cable away from the 
switch. 

3.11 Tamper Switch 

A switch which monitors the position of the switch assembly cover. I t signals an 
alarm if the cover is removed. 

4. REQUIREMENTS 

4.1 Acceptance Criteria 

The switch meets. the reqUirements of this standard if none of the switch specimens 
fail any of the require,d tests or only one switch fails one test and the spare switch (see par. 
5.3) is substituted in the test sequence and passes the failed test and all remaining tests. 

4.2 Common Requirements 

All switches shall meet the requirements of this section. 

4.2.1 Switch Specifications 

The following information items shall be among those supplied to the user by the 
manufacturer or distributor. 

(a) Switch current range- both upper and lower limits 

(b) Switch voltage range- both upper and lower limits 

(c) Allowable switch/magnet motions- parallel, perpendicular, or both 

(d) Mi.nimum mounting distance from magnetic material for surface mounted switch 
or whether or not a recess mounted switch will operate correctly in steel doors 

(e) Switch mounting location - on floor or not on floor 

(0 Nominal closed resistance if greater than 0.5 ohms 

(g) Nominal open resistance if less than 1 GO kilohms 

(h) Nominal resistance of other states, ifany 

(i) Switch-to-magnet mounting separation- either a range or nominal separation 

G) Classification (see sec. 2) 

(k) Tamper resistance features for types III and IV 

(I) Type of material for all components necessary to show compliance with paragraph 
4.2.2 

4.2.2 Material and Configuration 

The material, parts, and components of the product shall conform to the requirements 
of Underwriters' Laboratories, Inc. (UL) UL 634-second edition, Connectors and 
Switches for Use with Burglar Alarm Systems, sections 3 through 12 []]. 
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4.2.3 Deactuation Distance 

Surface mounted switches shall meet the Geactuation distance requiJ'ements while 
mounted on both nonmagnetic material (par. 4.2.3,1) and magnetic material (par. 4.2.3.2}. 
Recess mounted switches shall meet these r'equirements while mounted in both nonmag­
netic and magnetic matcrial (pars 4.2.3.1 and 4.2.3.2) unlcss thc switch instructions speci­
fy it cannot be mounted in stcel doors, in which case only the nonmagnetic rcquirements 
apply. 

4.2.3.1 Nonmagnetic Motorials 

The switch-to-magnct deactuation distancc of each switch specimcn when m(:asl1rcd 
in accordance with paragraph 5.5.2 shnll be within thc limits givcn in table I. The switch 
and magnct shall mcct these requirements for both pcrpendicular motion, as cain result 
whcn mounted on a dool' and paraliel motion, as can result when mounted on a window 
(see par. 5.5.2), unless the switch's installation instructions specify only ont- type of mo­
tior) is allowed, in which case only those requirements apply (see pal'. 4.2.). 

TABl.E 1. - Deaclllaliol/ distal/a limits 
-

Deactuution distance 

Switch type Minimum Maximum 
1--

centimeters (inch) centimetem (inch) - - - ~ 

Simple ................................................................... 2.0 (O.79) 5.0 (1.97) 
Magnetically·balanced ...................... , ....................... 1.3 (0.5 t) 5.0 (1.97) 

4.2.3.2 Magnetic Material 

While mounted on a test steel door or window, the switch-to-magnet dc.actuation 
distance of each switch specimen measured in accordance with pnragn:ph 5.5.2 shall be 
within the limits given in table I. The switch nnd magnet sh~1I meet those requirements for 
both perpendiculat' and parallel motion, unless the switch's Installation instructions speci­
fy only one type of motion is allowed, in which case only those requirements apply (se~ 
par. 4.2.1). 

4.2.4 Endurance 

4.2.4.1 Normal Current 

Each switch specimen tested for endUrance at normal current in accordance with 
pnragraph 5.5.3.1 shall complete a minimum of 100,000 operations with no failures. The 
test currents (or current) used are dependent upon the manufacturer's specified current 
range (par. 4.2.1). The switch specimens shall be tested at each "current region" (first 
column of table 2) which overlaps the manufacturer's specified current range. If the manU­
facturer specifies only one current as opposed to a range of currents. then that current 
shall be used. The open circuit voltage shall be 6 volts dc, unless the manufacturer speci­
fies a single voltage or a voltage range not including 6 volts, in which case the single volt­
age or the minimum voltage specified shall be used. The failure criteria listed in table 2 are 
dependent upon the initial open and closed resistances (Rio and Rlr) of the switch meas­
ured at the switch terminals prior t~) t~'l\ test. 

4.2.4.2 High Current 

Each switch specimen tested for endurance at high current in accordance with para­
graph 5.5.3.2 shall complete a minimum of 50 operations with no failures. The current or 
power used depends on the initial closed resistance of the switch. Table 3 gives the test 
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conditions. The failure criteria to be used are listed in the first row in table 2 for currents 
greater than 10 milliamperes. 

TABLE 2. - Endurance test contad requirements 

Failure criteria - resislance 0" volti\l~e limits -Switch current Test current Closed Closed Open Open Rating region 
(R,c';; 0.45 !l) (Rio> 0.45 n) (Rlo< 1 10 Knl (Rio"" 1 1 0 K!l) 

Upper limit> 10 rnA ............. Upper limit ..... >0.5 n > t.l x R,o or > lol X RIo or < 100 Kn 
<0.9 X R,c <0.9x R'd 

I rnA to 10 rnA .................... lOrnA ............ > 5 mv > 1.1 X R,c or > 1.1 X Rio or < 100 Kn 
< 0.9 X R,c < 0.9 XR,. 

Lower limit < 1 mA .............. Lower limit ...... >1 mv > /,1 X R,o or > 1.1 X RIo or <4.8 V 
< 0.9X RIC < 0.9 X Rio 

\ -

TABLE 3.-High current endurance fest conditions 

Closed resistance Closed contact Power dissipated Open contact 
Test current by switch Source voltage 

Rt ... 8 n 500 mA •• f ••• •• •• ~· 130 V DC 
Rr>8 n • ~ ., ., ...... t 2 watts 130 V DC 

4.2.5 Temperature 

Type I and In switch specimens tested for temperature sensitivity in accordance with 
paragraph 5.5.4 shall operate properly without readjustment when subjccted to tempera­
tures varying between 65°C (149 OF) and - 18 °C (- 0.4 OF) in accordance with para­
graphs 5.5.4.1 and 5.5.4.2. Type II and IV switch specimens shall meet the temperature 
requirements of paragraph 4.3.5, 

4.2.6 Hydrogen Sulfide 

The switch specimens tested for hydrogen sulfide corrosion sensitivity in accordance 
with paragraph 5.5.4 shall meet the contact resistance reqUirements of paragraph 4.2.4.1 
after being exposed for 10 days to a corrosive atmosphere in accordance with paragraph 
5.5.4.3. The switches shall show no visual evidence of corrosion on any electrical or 
operating parts. 

4.2.7 Sulfur Dioxide and Cdrbon Dioxide 

The switch specimens tested for sulfur dioxide and carbon dioxide corrosion sen­
sitivity in accordance with paragraph 5.5.4 shall meet the contact resistance requirements 
of paragraph 4.2.4.1 after being exposed for 10 days to a corrosive atmosphere in ac­
cordance with paragraph 5.5.4.4. The switches shall show no visual evidence of corrosion 
on any electrical or operating parts. 

4.2.8 Shock 

The switch specimens tested for shock sensitivity in accordance with paragraph 5.5.4 
shall meet the contact resistance requirements of paragraph 4.2.4.1 after being subjected 
to 18 shock pulses in accordance with paragraph 5.5.4.5. 
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------------------------------~~-------------------------------------,~.>----------------~----------------------~~~. 1 
4.2,9 Dielectric: Strength 

The switch specimens tested Cll!' dielectric str~i1gth in uccor{\nncc with pnl'llgruph 
5.5.5 simI! withstund II 60 hertz telll voltage between ~he switch circuit lind the metallic 
mounting hurCnce 1'01' a minimum of I minute WWlOIlt hl'cHkdown. Breakdown is defined us 
any current in eXCCliS of 1 milliampere RMS. The leHI voltage shnll he the Hllproprintc volt· 
uge giVen in Il\bk~ 4. As indicated by the lest. schedule. table 6, this test shull be performed 
ufter the hydrogen Illlilide lind sllOck lelils fOl' int/oo/' switches but dlll'ing the nlin lest fur 
olltdoor switches. 

TABln 4. ,- /)jetee/ric s/reIlM,h tesf I'ollll,l/e,\ 

Vultnge !'lIHog Test vollnge (RMS)* 

50 V 01' l!lSS ....................... "", ......... "." ......... , ... "" .. , ...... " .. 500 V. 
Ahove 'i(l V."."" .. " ........ " .............. , ......................... ,., ...... lOOO V plus twj~e rnled VOlt\lge, 

'10M) Hz essc:ntinlly sinllsoidn!. 

4,~. 1 0 Vibration 

The switch specimens tested for vibration sensitivity shall give no fnlse contact clo· 
slIres OJ' openings when tested in accordance with pUt'lIgraph 5.5.6. 

4.3 Outdoor Switches 

Type II nnd type JV switches intended for lise outdoors shall meet ulllhe require­
ments afthis sectioll. 

4.3.1 Configuration 

Tht switch shall hnve a wHtertight cover over tIll electricnl termiml\s and wuterproof 
insulation on till exposed electrical conductors. 

4.3,2 Roir, 

The switch specimens tested for rain sensitivity shall not admit wmer t.o any electrical 
or operating parts when subjected for I hOllr to a simulated beating rain applied to Ihe top 
MU sides in accordance with paragl'aph 5.6.2. Arter the exposllre the swHch specimens 
shall still meet the dielectric strength requirement of paragraph 4.2.9. The switch 
specimens shall show no visual evidence of water in the men of any electrical or operating 
purts of the switch. 

4.3,3 Dus' 

The Rwitch l>pecimens tested for dust sensitivity sha\l show no visual evidence of dust 
in the area of any electric!'l or operating parts when subjected for I hour to [~ dusty at~ 
mosphel'e in nccordllnce with parHgl'~\ph 5.6.3. 

4.3.4 Salt SprQy Corrosion 

The switch specimens tested for snit spray sensitivity shull meet the contact re­
sistnnce requirements of paragraph 4.2.4.1 anel' being exposed to ~\ salt sprny for 48 hours 
in accorctance with paragraph 5.6.4. The switch specimens shall show no visual evidence 
of corrosion on nny electrical 01' oPcl'llting parts. 

4.3,5 Temperature 

The switch specimens tested for temperature sensitivity shall operate properly 
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without readjustment when subjected to temperntures vlI1'ying between 65 DC (149 OF) nnd 
- 35 tiC (- 31°F) in t\cconlHJlCe with rmragruphs 5.5.4.1 Hnd 5.6.5. 

4.4 Tamper Resistance Fe.atures 

Switches hnving eHher of fhe tamper reHisWnce features delicribed in lhis section nnd 
thus dasRif1ed liS type II I OJ' IV shall meet the requirements of the applicable pa)'llgmpIHs) 
below. 

4.4. t lf amper Switch 

The switch specimens tesled foJ' tamper switch operation shall riot trigger an alarm 
until the (iOVer hilS moved Ilt Jellsl 1.5 millimeters (0.06 in) lflllccordunce wHh paragraph 
5.7.1. Th~' switch shull trigger nn alarm before the cover has moved fl.O millimeters 
(0.24 in). 

4.4.2 Elel:",h:al·Salcmee 

The switch specimens with inle/'l1nl I'csistofli tested for electrically-balanced opera­
tion fihnll mc\et the following I'equirement; over the specified temperature I'Ilnge [- 1 R qc 
(- 0.4 QF) to f>S DC (149 QF) for type J rr switches and - 35 IJ(' (- 31 IJF) to 65°(' (14')'F) 
fol' lype IV switches] the resistance variation measured Ht the switch termil1uls shllll he 
less than 10 percent of the muximum resistance meHsured when melu~ufed in ncconJance 
with paragraph 5.7.2. 

4.5 Floor Switches 

S witches intended for floor mounting shall meet the requirements of this section. 

4.5.1 Rough Ufo;(lge and Immersion 

The floor switch specimens su~jected to the rough usage test (par, 5.B.I) followed by 
the immersion test (par. 5.8.3) shAll, while still immen;ed in t.he SHIt water, meet the Open 
resistance criteria given in tahle 2. 

4.5.2 Impact and ImmersIon 

The 110M switch specimens subjected t.o the impact test (par. 5.8.2) followed by the 
immersion test (par. 5.8.3) shall, while still immersed in the salt water, meet the open re~ 
sistance criteria given in table 2. 

5. 1-=5T METHODS 

5.1 Sampling 

A sample of eithel' 8 or to switch specimens shall be selected at random for test, de­
pending on the number of switches to be tested for endurance. The number shall be eight 
if the switch is to be tested M one or two currents, and ten if the switch is to be tested at 
three currents. 

5.2 Ambient Conditions 

Unless otherwise specified, all the tests shall be performed at laboratory ambient con~ 
ditions. These £ha]/ be maintained at 23 ± J 0 °C (73 ± 18 OF) temperature and from 20 1.0 
80 percent relative humidity. 
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5.3 Test Schedule 

The switches shall be randomly assigned numbers from 1 to 8 or 10. Tbis is used to 
a~sign the switches to test groups according to table 5. The three test currents to be 
used in the endurance tests are also designated in table 5 as "a," "b," and "c." Switches 
designated "an are tested at the single current or the lowest current. Switches designated 
"b" are tested at the higher current if tests are made at two currents and the middle current 
if tests are made at three currents. Switches designated "c" are tested at the highest cur­
rent if tests are made at three currents. Table 6 gives the sequence oftests for each group. 

TABLE 5. - Switch group assignment alld elldurance test current assignmenf 

Switch Number ........ ,............................................................ 1 2 3 4 5 6 7 8 9 
Group Number... ............... ...... ............... ........................ ...... 4 3 3 3 2 2 2 I 
Endurance test for: 

one current. ..................................................................... .. a a a a 
two currents .......................................... " .......................... . a b a b 
three currents ....................................... _ ............................ . a b c a b 

TABLE 6. - Test schedule 

Sample group number 
Test 

(Number of switches) 
Req. 
para. 

Test 
para. I 2 3 4 

(I or 3) (3) (3) .{l) 

to 

c 

(spare) 

Common Tests (AU Switches): 
Material and Configuration ..................................... 4.2.2 5.5.1 I 
Deactuation Distance ............. , .............................. 4.2.3 5.5,2 2 2 2 
Endurance ......................................................... ,. 4.2.4 5.5.3 

Normal Current ................................................ 4.2.4.1 5.5.3.1 3 3 
High Current ................................................... 4.2.4.2 5.5.3.2 4 4 

High Temperature ................................................ 4.2.5 5.5.4.1 3 
Low Temperature-indoor ..................................... 4.2.5 5.5.4.2 4 
Hydrogen Sulfide ............ '" ......... , ........................ 4.2.6 5.5.4.3 5 
Sulfur Dioxide and Carbon Dioxide ......................... 4.2.7 5.5.4.4 5 
Shock .. , ....•....•. , .. , ............................................... 4.2.8 5.5.4.5 6 
Dielectric Strength ....................................... , ........ 4.2.9 5.5.5 9 
Vibration .............................................. , ............. 4.2.10 5.5.6 6 

Outdoor Tests (Types II and IV): 
Configuration ....................................................... 4.3.1 5.6.1 7 7 
Rain ................................. " ................................ 4.3.2 5.6.2 8 
Dust ...................................................... : ............ 4.3.3 5.6.3 10 
Salt Spray Corrosion ............................................. 4.3.4 5.6.4 8 
Low Temperature-outdoor ................................... 4.3.5 5.6.5 4 

Tamper Resistance Features (Types III & IV): 
Tamper Switch ..................................................... 4.4.1 5.7.1 9 
Electrical Balance ................................................. 4.4.2 5.7.2 10 

Floor Switch Tests: 
Rough Usage and Immersion .................................. 4.5.t 5.8.1 11 

5.8.3 
Impact and Immersion ......................................... 4.5.2 5.8.2 12 

I .s.8.3 
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The numbers under each group give the order in which the tests are to be run. For exam~ 
pie, the switches in group 1 shall be first examined for compliance with the matelial and 
configuration requirements, then tested for deactuation distance, normal current en­
durance, and finally, high current endurance. Group 4 is the spare switch to be used if 
another switch fails a test. 

5.4 Test Equipment 

5.4.1 The dc power supply outputs shall have a voltage which varies less than 1 percent 
from full load to no load and has less than 0.1 percent or 0.5 millivolts rippie, whichever is 
less. 

5.4.2 The ac power supply outputs shall have an RMS voltage which varies less than 1 
percent from full load to no load and has less than 1 percent distortion from a sinewave. 

5.4.3 Voltmeters shall have an impedance at least 100 times that of the circuit to be mea~ 
sured and shall be capable of measuring 1 millivolt to 60 volts dc and J volt to 1500 volts 
ac with an accuracy as defined in ASTM Recommended Practice E 177 [2] of at least ± 3 
oercent (LE%). 

5.4.4 Ammeters shall have a voltage drop less than 200 millivolts on full scale readings 
and shall be capable of measuring 1 microampere to 1 ampere dc and 1 milliampere to I 
ampere ac with an accuracy as defined in ASTM Recommended Practice E 177 [2] of at 
least ± 3 percent (LE%). 

5.4.5 Voltage level detectors (voltage comparators) shall be capable of indicating when 
a sensed voltage crosses a threshold voltage with a resolution better than ± 5 millivolts. 
The threshold voltage shall be adjustable from zero to the open circuit voltage. Each de­
tector shall include a counter. The open detector shall count the number of times the 
sensed voltage rises above its thi-eshold voltage. The closure detector shall count the 
number of times the sensed voltage drops below its threshold voltage. The -input im­
pedance of each detector shall be at least 10 times the impedance of the sensed voltage 

. source but not less than 1 megohm. These detectors shall be insensitive to voltage changes 
lasting 1 millisecond or less. 

5.4.6 The switch actuator shall either move magnets past the switch or simulate a mag~ 
net moving past the switch. The switch actuator shall meet the timing requirements of 
paragraph 5.5.3.1. Some means shall be provided to register the number of times the 
switch actuator has operated during a test. 

5.4.7 The test window and test door shall have a means to indicate the door and window 
movement to an accuracy of± 1.0 millimeter (± 0.04 in). The door shall be sturdy enough 
to prevent twisting and other unwanted motions of the magnet. The door shall be 85 to 95 
centimeters (33.5 to 37.4 in) wide and constructed of nonmagnetic material. The magnet~ 
to-switch clearance shall be maintained to an accuracy of± 1.0 millimeter (±0.04 in) on 
both test fixtures (see par. 5.5.2). 

5.4.8 The dust chamber shall meet the requirements ofMIL-STD-202D [3] dated April 
14, 1969, method 110, test condition B, except that temperature control of25 ±5 °C (77 ± 
9 OF) shall be considered adequate. 

5A.9 The contact~break indicator shall be used to positively indicate when the switch 
contact is broken. The input impedance of each indicator shall be at least 10 times the im­
pedance of the sensed voltage source but not less than 1 megohm. The indicator shall be 
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sensitive to aU voltage changes lasting I millisecond or more. Once a break in contact has 
been registered (as shown, for example, by a signal light) the indicator design shall be such 
as to require manual resetting, even if the switch contact is closed again. A suitable circuit 
for such an indicator is shown in figure 8~8 of Engineers! Relay Handbook [4]. The in~ 
dicator may be designed so as to serve as the source of test current for the switch. In this 
case it shall meet the requireme,nts of paragraph 5.4.t. . 

5.4.10 The electrodynamic vibration exciter shall be capable of producing a sinusoidal 
acceleration over the frequent:y range of 5 hertz to 500 hertz with wave shape distortion 
not to exceed 5 percent. The vibration exciter shall have a force output of 22 newtons (5 
-pound-force approximately) or greater. 

5.4.11 The electrodynamic vibration exciter shall either be equipped with a built-in 
monitoring accelerometer, or a suitabl(' monitoring accelerometer shall be mounted on the 
vibrating table top in close proximity to the switch being tested. The monitoring ac­
celerometer system shall contain a suitable signal conditioner and output indicator to per­
mit measurement of the amplitude of the test vibrational acceleration with an accuracy as 
detlned in ASTM Recommended Practice E 177 [2J of at least± 5 percent (LE%). 

5.5 Common Tests 

5.5.1 Material and Configuration 

The switch shall be examined to determine that it conforms to sections 3 through 12 
of the Underwriters' Laboratory Standnrd UL 634, Connectors and Switches for Use 
with Burglar Alarm Systems [IJ. 

5.5.2 Deac:tuation Distance 

The method of measuring the deactuation distance depends on the alignment relation­
ship of the switch and magnet in their normal secure position. Using a line through the 
poles of the magnet as the axis of the magnet, the switch rilaY be on~axis or off-axis. Figure 
1 shows some examples of possible alignments. In the following procedures and figures 

ON- AXIS SWITCHES 

-t)N----Sr -~-~- -HN- - --st- -

OFF - AXIS SWITCHES 

-eN----S}-

)1 
FIGURE 1. Examples oj'on-lIxis and off-axis magnetic switches. 
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the off-axis switch will be shown as a surface-mounted switch and the on-axis switch will 
be shown as a recess-mounted switch. For an on-axis sllIface-!Uolmted switch or an off­
axis recess-mounted switch, the mountings will differ from the figure bul all measurements 
will be made as described in the procedures. 

5.5.2.1 Nonmagnetic: Material- Off-Axis Switch 

Conformance with the perpendicular motion requirements for off-axis switches shall 
be determined by mounting the devices on a test door (see par. 5.4.7) 5.0± 0.5 centimeters 
(2.0 ± 0.2 in) from the dool' edge opposite the hinge (see fig. 2). The switch-to-magnet 
separation shall be measured at the point of closest approach (8 in fig. 2.b) and shall be the 
separation specified by the manufacturer. No magnetic material shall be located within 25 
centimeters (9.8 in) of the devices. The door movement shall be measured at the edge op­
pOsite the hinge (A in fig. 2.a). The deactuation distance shall be determined by swinging 
the door open thus moving the magnet away from the switch. 

Conformance with the parallel motion requirements for off-axis switches shall be 
determined by mounting the devices on a test window. The switch~to-magnel s'eparation 
shall be measured at the point of closest approach (B in fig. 3.a) and ~hall be the separation 

B 

Scm 

b 

FIGURE 2. Test door for sl/rface-mO/ll/ted off-axis magl/elic s;vitclr Oil 1l0illl/(lglleric lIlaferial. 

MAGNET 

MAGNET 

a b 

FIGURE 3. Test window for sllrface-mounted off-axis switch on nonmagnetic material. 
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specified by the manufacturer. No magnetic materia! shall be located within 25 centime­
ters (9.8 in) of the devices. The window movement shall be measured for both right and 
left movements. Both measurements shall meet the requirements (see C and D in fig. 3.b). 
Thc deactuation distances shall be determined by moving the mal,;net away from the 
switch to the left and right. 

5.5.2.2 Nonmagnetic Material- On-Axis Switch 

Conformance with the perpendicular motion requirements for on-axis switches shhll 
be dctermined by mounting the devices in two blocks of nonmagnetic material mounted on 
the test door (par. 5.4.7). One block shall be fastened to the door and the other on the 
frame adjacent to the first (see fig. 4). The devices shall be mounted in the blocks 5.0 ± 0.5 

MAGNET 

SWITCH B 

5cm 

b 
flOUIlE 4. Test door for reC('SS-lilOllnted oIl-axis magnetic switch OIl nonmagnetic materitll. 

MAGNET MAGNET 

SWITCH 
SWITCH 

FIGURE 5. Test window for recess-mounted Oil-axis maglletie switch 011 /lol/maglletie trlaterial. 

centimeters (2.0 ± 0.2 in) from the door edge opposite the hinge. The switch-to-magnet 
separation shall be measured at the point of closest approach (B in fig. 4.b) and shall be the 
separation specified by the manufacturer. No magnetic material shall be located within 25 
centimeters (9.8 in) of the devices. The door movement shall be measured at the edge op­
posite the hinge (A in fig. 4.a). The deactuation distance shall be determined by swinging 
the door open thus moving the magnet away from the switch. 
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Conformance with the parallel motion requirements for on-axis switches shall be 
determined by mounting the devices in two blocks of'nonmagnetic material mounted on 
the test window (par. 5.4.7). One block shall be fastened to the moving part ("window") 
and the other adjacent on the frame (see fig. 5). The devices shall be mounted such that 
when the "window" is in the extreme left position, the switch and magnet touch. The win­
dow movement shall be measured as the separation of the switch and magnet (8 in fig. 
5.a). The deactuation distance shall be determined by moving the "window" to the right 
away from the switch. 

5.5.~.3 Magnetic: Materjal- Off-Axis Switch 

Conformance with the perpendicular motion requirements for off-axis switches shall 
be determined by measurements made on a test steel door (par. 5.4.7). Two 25-centimeter 
by 25~centimeter by 0,6-centimeter (9.8-in by 9.8-in by 0.24-in) steel plates, which have a 
relative permeability greater than 100,* shall be used to simulate the steel door. One shall 
be mounted in the corner of the door and the other adjacent on the frame (see fig. 6). With 
the door closed, the plates shall be separated by less than 0.25 centimeter (0.1 in). The 
mounting separation from switch to plate (F in fig. 6) shall be measured at the point of 
closest approach. The mounting bracket or separators shall be made of nonmagnetic 
material. The door movement shall be measured at the edge opposite the hinge (A in fig. 
6.a). The deactuation distance shall be determined by swinging the door open thus moving 
the magnet away from the switch. 

Conformance with the parallel motion requirements for off-axis switches shall be 
determined by measurements made on a test steel window. Two 25-centimeter by 25-cen­
timeter by O.6-centimeter (9.S-in by 9.8-in by 0.24-in) steel plates, which have a relative 
permeability greater than 100, shall be used to simulate the steel window. One shall be 
mounted on the window and the other on the frame (see tig. 7) with 0.25 centimeter (0.1 in) 
clearance. The mounting separation from switch to plate shall be measured at the point of 
closest approach (F in fig. 7). The mounting bracket or separat.ors shall be made of nOI1-
magnetic material. The window movement shall be measured for both right and left move­
ments. Both measurements shall. meet the requirements. The deactuation distances shall 
be determined by moving the magnet away from the switch to the left and right. 

STEEL 
PLATES 

a 

8 

5cm 

FIGURE 6. Test door for sur:{tlce-moullted offaxis magnetic switch all magnetic material. 

"'Carbon steels such as AISI CLOIO-IOZO are acceptable. 
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STEEL 
PLATES 

a 

FIGURE 7. Test window for surface-mOlillled off-axis magnetic switch on magnetic material. 

5.5.2.4 Magnetic Material- On-Axi:s Switch 

Conformance with the perpendicular motion requirements for on-axis switches shall 
be determined by mounting the devices in two 25-centimeter by 25-centimeter by 3.8-cen­
timeter (9.8~in by 9.8-in by l.S-in) blocks of nonmagnetic material clad on both sides with 
0.3 ± 0.05 centimeter (0.12 ± 0.02 in) steel plates with a relative permeability greater than 
100 and mounted on the test door (par. SA. 7). One block shan be fastened to the door and 
the other on the frame adjacent to the first (see fig. 8). The devices shall be mounted in the 
blocks 5 centimeters (2 in) from the door edge opposite the hinge. The switch-to~magnetic 
separation shall be measured at the point of closest approach (B in fig. 8. b) and shall be the 
separation specified by the manufacturer, if this is specified, otherwise, less than 0.25 cen­
timeter (D.! in). The door movement shall be measured at the edge opposite the hinge (A 
in fig. B.a). The deactuation distance shall be determined by swinging the door open thus 
moving the magnet away from the switch. 

STEEL 

5cm' 

SWITCH 

b 

FIGURE 8. Test door for recess-mounted on-axis magnetic switch on magnetic material. 
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Conformance with the parallel motion requirements for on-axis switches shall be 
determined by mounting the devices in two 25-centimeter by 25-centimeter by 3.8-cen­
timeter (9.B-in by 9.8-in by l.S-in) blocks of nonmagnetic: material clad on both sides with 
0.3 ±O.OS centimeters (0.12 in ±0.02 in) steel plates with a relative permeability greater 
than 100 and mounted on the test window (par. 5 04.7). One block shall be fastened to the 
moving part ("window") and the other adjacent on the frame (see fig. 9). The devicc:s 
shall be mounted such that when the "window" is in the extreme left position, the switch 
and magnet touch. The deactuation distance shall be determined by moving the "window" 
to the right away from the switch. 

5.5.3 Endurance Tests 

5.5.3.1 Normal Current Test 

Cycle the switch on and off with the switch actuator (see par. 504.6) while switching 
the normal test current. The on-off cycle time shall be greater than 0.8 seconds during 
which the switch shall be closed for at least 0.3 seconds and open for at least 0.3 seconds. 
If the switch has more than one set of contacts, each set shall be tested. All contacts in a 
switch assembly shall be tested simultaneously. The open and closed resistances of each 
set of contacts shall be checked prior to the endurance testing and after the following 
number of operations: 5,000; 10,000; 25,000; 50,000; 75,000; 100,000. Each check shall 
consist of five open resistance measurements, and five closed resistance measurements, 
during five successive switch operation cycles. The resistance measurements shall be 
made at the test current and test voltage using the circuit shown and formulas given in 
figure 10. V s and A shall be used to determine the closed contact resistance, Re, and the 
open resistance, RD. Also, during each cycle of the endurance test, the switch contacts 
shall be monitored by open and closure detectors (see par. 504.5). The threshold voltage 
for these detectors shall be set to within 5 millivolts of the levels given in table 7. The 
switch will have .failed the test if either the open detector counter or closure detector 
counter does not agree with the actuator counter. 

STEEL PLATES 

\ 

MAGNET 

SWITCH--H-tlHl--.. 

FIGURE 9. Test window for recess-mounted on-axis magnetic switch 011 magnetic material. 
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VOLTAGE 
SOURCE 

SWITCH ;------------
\ 

\ J 
..... --------' 

FIGURE 10. Circuit for making contact resistance measurements. A is an ammeter with readings Ie with 
the switch closed and 10 with the switch open. V, is the switch voltmeter with ft'adings V 110 with the switch 
open lind V se with the switch closed. V p is the source voltmeter with readings V po wilh the switch open and 
V pc with the switch closed. ReI is the cllrrent limiting resistor. The sWitch·c1osed contact resistance, Rei 

. . b R V,< d I . It' R" b R V",,-Rcl 
IS gll'en y e=- an tie swlfc I-open con act reSistance, 0' IS given Y 0 

Ie 10 

5.5.3.2 High Cunent Test 

Cycle the switch on and off with the switch actuator 50 times while switching the high 
test current. The on-off cycle time shall be greater than 0.8 seconds during which the 
switch shall be closed for at least 0.3 seconds and open for at least 0.3 seconds. If the 
switch assembly has more than one set of contacts, each set shall be tested. The open and 
closed resistance of each set of contacts shall be checked prior to and after the test. Each 
check shall consist of five open resistance measurements and five closed resistance mea­
surements during five successive switch operation cycles. The measurements shall be 
made with a 6 ± 0.3 volt dc source voltage and 10 ± 0.5 milliamperes test current using the 
circuit shown and the formulas given in figure 10, During each cycle of this test, the switch 
contacts shall be monitored by an open detector and a closure detector (see par. 5.4.5). 
The threshold voltage for these detectors shall be set to within 5 millivolts of the levels 
given in table 7. The switch will have failed the test if either the open or closure detector 
counters do not agree with the actuator counter. 

TABLE 7. - Switch contact failure criteria 

Threshold for voltage level detectors 
Test current (l e) 

Closure detectors Open detectors 

(RIc";;; 0.4S !1) 
Over 10 mA ............................. (IexO.4S !1)+lS mV 
10 rnA .............................. "..... 20 mV 
Under I rnA............................. IS mV 
High Current ............................ (IcX0.45 !1)+IS mV 

V", RoXV"" 
Ro-Rc+(V.,jlel 

(RIc >0.45 m 
leX Re+15 mV 
leX Re+15 mV 
leX Re+ IS mV 
lcXRe+15 mV 

(RID < 110 Kill 
V .. -IOO mV 
Vso-I00 mV 
V",-IOO mV 
V .. -IOO mV 

Where: le=test current in closed position, Re=switch-closed resistance 
Ro=switch-open resistance, V 1'0 = open circuit source voltage 
V 50= voltage across the optm switch, RIC = initial switch-closed resistance 
Rio = initial switch-open resistance 
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(RIo"'" 110 Kill 
V",-IOOmV 
V .. - 100 mV 
V .. -IOO mV 
V.,,-lOO mV 

5.5.4 Environmental Tests 

The ability of the switches to operate properly in severe !'nvironments shall be 
checked with the following procedures. Prior to each test the opell ,md closed resistances 
shall be measured for five successive operation cycles, then the switch shall be cycled 25 
times and the resistances again measured fOr five successive operation cycles. Each 
measurement shall be performed with the equipment, lIsing the procedures and the 
requirements described in paragraph 5.5.3.1. These measurements sha1l be repeated 
during the environmental test, if called for, with the switch in the environmental chamber 
and immediately following the test at laboratory ambient conditions. 

5,5,4,1 High Temperature Test 

The switch shall be placed in a test chamber and the temperature raised to 65 ± 2 DC 
(149 ± 3:6 OF). This temperature shall be maintained for 4 hours. Before the test, during 
the final hour of the test, and after the test at laboratory ambient conditions, the switch 
shall be tested for proper operation as described in paragraph 5.5.4. 

5.5.4.2 low Temperoture Test-Indoor Switch 

The switch shall be placed in a low temperature test chamber and the temperature 
Iowered to - 18 ± 2 °C (- 004 ± 3.6 OF). This temperature shall be maintained for 4 hours. 
Before the test, during the final hour of the test, and after the test at laboratory ambient 
conditions, the switch shall be tested for proper operation as described in paragraph 5.5.4. 

5.5.4.3 Hydrogen Sulfide Test 

The switch shall be exposed for 10 days at laboratory ambient temperature to an at­
mosphere containing 0,5 to 1.5 percent hydrogen sulfide by volume in air saturated with 
water vapor. The air in the chamber shall be circulated and care taken to assure that the 
switches do not touch each other aI1d that condensate does not drip onto them. Before and 
after the exp.osure the switch shall be wiped dry, then checked for proper operation as 
described in paragraph 5.5.4. Following this the switch shall be disassembled and in­
spected for corrosion. 

5.5.4.4 Sulfur Dioxide and Carbon Dioxide Test 

The switch shall be exposed for 10 days at laboratory ambient temperature to an at­
mospherecontaining 0.5 to 1.5 percent sulfur dioxide and 0.5 to 1.5 percent carbon dioxide 
by volume in air saturated with water vapor. The air in the chamber shall be circulated and 
care taken to assure that the switches do not touch each other and that condensate does 
not drip onto them. Before and after the exposure the switch shall be wiped dry, then 
checked for proper operation as described in paragraph 5.5.4. Following this the switch 
shall be disassembled and inspected for corrosion. 

5,5.4.5 Shoek Test 

Use MIL-STO-202D [3] dated April 14, 1969, method 213A, test condition G. A 
sawtooth shock pulse with peak value of 490 meters per second squared (50.0 g,l) and 11 
milliseconds duration shall be used three times in each direction along each of the three 
mutually perpendicular axes of the switch (total of 18 shocks). Following the test the 
switch shall be tested for proper operation as described in paragraph 5.5.4. 

5.S.5 Dielel:tric: Strength Test 

Mount the switch on a metallic surface and apply the appropriate voltage. The voltage 
shall be increased gradually from 0 at a rate not to exceed 100 volts RMS per second. A 
series resistor shall be used to limit a breakdown current to approximately 100 milliam­
peres RMS when full voltage has been applied. The voltage and current shall be monitored 
and the test stopped if the current ever exceeds 1 milliampere RMS. For indoor switches 
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this tcst shall be pelforl11ed after the shock test, but for olltdoor switches, it shull be per­
forllled I1S purt ofthe min test (pilI'. 5.6.:n, 

5.5.6 Vibration Tost 

The switch shall be mounted on n vibrution exciter (pili'. 5.4.1 Q) so the direction or He­
ccle:lltiofl is perpendicular to the Illounting pi nne, Two slow linenl' sweeps (approximately 
3 minutes eHeh) shall be mnde from 5 hertz to 500 hertz. with an nmplitude of 0.25;l: 0.03 
centimeter peak to peak ft'om 5 to 17 hertz and) 4.7:±: 1.0 meters pel' second squl\J'ed (l.5 
.;1;: 0.1 SI,) penk to peak from J 1 to 500 hertz. (see fig. J I). One sweep shall he made with the 
switch actuated and the other sweep shall be made with the switch dCUCtllHted. During 
both sweeps the contllcts shall be monitored with II contact-brenk indicatol' (pnr. 5.4.9). 

2.5xlO-1 . 
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Fltll'lUl I'. Vibration test ll/llplitmJt' 1't'rSII:; !rt:l/llt'tlcy. 

5.6 Outdoor Tests 

5.6.1 Configuratlon 

The switch shall be ex.umined to determine that all electrical terminals arc under 11 

wutertight covel' and exposed electtical conductors have waterproof insulation. 

S.6.2 Rain Test 

The s\\'ltch shaH be placed in the ruin test chamber. The procedUres given in Un~ 
derwritc:s' L~borotorie .. s Standard ULl023. Household Burglar-Alarm System Units [5] 
pamgrapns 20.1 und 20.2 shall be used. Following exposure the dielectric strength test 
shall be penonned in accordance with parugruph 5.5.5. Following that test the switch shall 
be wiped dry, then disassembled and inspected for water penetr'.ltion. 
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5.6,3 Oust Test . 
The switch :-;!lnll be placed in the dUst chamber (sec put'. 5.4.S) nnd tested according to 

M I L·STO-2020 [3], dated April 14, 1969, method 110, test condition B, except the du­
ration shall hI! nt lenst I hout', not the 6 hOlit'S called for in method ItO. Following, the test, 
the switch shall be wiped clean and disassembled and inspected for dust penetration. 

5.6.4 Salt Spray Corrosion Test 

The switCh shnll be subjected to snit spray in accoJ'llnnce with M 11.·STJ)·202D I)]. 
dnted April 14, 1969, method to I C. test condition B. A 5 percent snit solution shall be 
used, the chnmber tell1})ernture shall be 35 ± 2 0

(, (95:1: 3.6 '.,..<') and the exposure shall be 
1'0), 4S hours. Befo)'e ami nner the exposure the switch shall be tested for pl'opel' operation 
as described in paragraph 5.5.4. Following this the switch shall be disassembled and in­
spected i'ot' con·osiol1. 

5.6,5 low Temperature Test-Outdoor Switch 

The switch shall be placed in a test chamber nnd the temperaturc lowered to 35 
I 2 "C ( ··3 I I; 3.6 "I.;'). This tcmperature shall he /llnintnincd for 4 hours. nefore the t.est, 
during the fina hOlll' of the test, and lifter the test, t.he switch shall be tested 1'01' propel' 
operation :t'J described in paragraph :U.4. 

5.7 Tamper Resistance Tests 

5.7.1 Tamper Switch Test 

The cover on a switch with a hinged covel' shall be swung open until the tamper 
switch tirst actuates. The movement of the covel' opposite the hinge shall be measured. 
The covel' on a switch with 11 nonhinged cover shall be lifted uniformly on all sides until the 
tamper switch first operates. The cover movemcnt shall be measured on foul' sides to 
show it was lifted uniformly. 

5.7.2 Electrically-Balanced Test 

The switch shall be placed in n test chamber and the tempernlUrc lowered to the lIp~ 
propriatc temperature l"- 35 ~~. 2 "(' (..:.. 3 I:! 3.6 01.<') for type II and I V switches 01' H' 18 
± 2°(, (_ 0.4 ± 3.6 <'F) for type I and III switches]. The temperature of the switch shall be 
monitored with a thel'mocouple 01' similar device. The resistance of each state of the 
switch shall be menslll·ed. Then the temperature of the switch shall be raised to 0 ± 2 Q(' 

(32 ± 3.6 OF), then to 25:±: 2 D(' (77 ± 3.6 "F), and finally 65 ± 2 0(' (149 ± 3.6 OF). At each 
remperature It measurement of the resistance of each state ofthe switch shall be made. 

5.8 Floor Switch Tests 

5.S.1 Rough Usage Test 

The switch shall be mounted as recommended by the manufacturer. If the recom~ 
mended mounting method requires the switch to be epoxied, grouted or similarly per­
manently sealed into a concrete floor, the switch shall be mounted into a concrete slab 
such that later the slab can be immersed into a salt-water solution for the immersion test 
(5.8.3), One wheel of a two-wheel hand truck with solid rubber tires, loaded to provide a 
total force of 900 newtons (200 pounds-force approximately), shall be rolled over the 
switch 1200 times. The hand truck shall have smooth 3.5- to 5.0~cell1till1eter (1.4- to 
2.0-in) wi.de solid rubber tires. Following this test the immersion test (5,8,3) shall be 
performed. 
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5.8.2 Impact Test 

The switch shall be mounted on a concrete floor as recommended by the manufac~ 
turer. If the recommended mounting method requires the switch to be epoxied or grouted 
or similarly permanently sealed into a concrete floor, the switch shall be mounted into a 
concrete slab such that later the slab can be immersed into a salt-water solution for the im­
mersion test (5.8.3). Then a steel sphere with a diameter of 5 D±O.2 centimeter (2.0± 
0.1 in) and a mass ofO.54±O.02 kilograms (1.18±O.041b) all be dropped from a height 
above the switch of 1.29 ± 0.0 I meters (51.0 ± 0.5 in) onto the switch once. 

5.8.3 Immersion Test 

The switch shall be completely immersed in a 20 percent (by weight) salt-water solu­
tion at laboratory ambient conditions for 24 hours. While the switch is still in the salt­
water solution. the switch shall be tested for water leaks by measuring its open contact re­
sistance as described in paragraph 5.5.4. 

Appendix A - REFERENCES 

[I] Underwriters' Laboratory Standard U L 634. second edition, September 8, 1972, "Connectors and 
Switches for Use with Burglar Alarm Systems," Underwriters' Laboratories, Inc., 333 Pfingsten Road, 
l'iol'lhbrook, III. 60062. 

[2] ASTM Recommended Practice E \77. American Society for Testing and Materials, 1916 Race Street, 
Fhiladelphia, Pa. 19103. 

[3) MfL-STD-202D, dated April 14, 1969. Naval Publications and Forms Center, 5801 Tabor Avenue. 
Philadelphia, Pa. 19120. 

(4) Engineers' Relay Handbook, second edition, (Hayden Book Co., Inc., New York, N. Y., (969), 
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