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Lamps for Speaker ProtetionSott Dorsey11Kludge Audio, Williamsburg, VirginiaCorrespondene should be addressed to Sott Dorsey (kludge�panix.om)ABSTRACTInandesent lamps have been used for over �fty years as loudspeaker protetion devies, but a large amountof misinformation about them exists. The author measures stati and dynami parameters of over thirtytypes of auto lamps, as well as tests some types for onsisteny between manufaturers and prodution. Theresults ontradit a lot of the ommon wisdom about using lamps for protetion and show serious linearityproblems even at low operating levels.1. FAILURE MODES OF LOUDSPEAKERSThere are two primary failure modes of overloadedloudspeakers. The �rst is the result of mehanialdamage in whih the voie oil itself is ejeted fromthe gap. This is most normally the result of a sharppulse of short duration and high amplitude.The seond failure mode is failure of the voie oilitself due to overheating. This is normally a slowerfailure, aused by large urrents in the oil over the

ourse of minutes or even hours. This most notablyours when there is power whih annot be dissi-pated as mehanial motion, normally either ultra-soni or DC ontent. [1℄A protetion devie designed to prevent the �rst fail-ure mode would need to have a short time of ation,and it would need also to have an abrupt knee, thatis to say it should have no e�et on the signal belowa ertain point and above that point it should imme-



DORSEY LAMPS FOR SPEAKER PROTECTIONdiately at to limit urrent into the load. A fuse is agood (though nonresettable and slow-ating) exam-ple of a devie with an abrupt nonlinear transitionpoint.A protetion devie designed to prevent the over-heating mode does not need to be as fast ating, butit requires an even sharper knee beause the amountof urrent involved is lower, and therefore loser tothe normal operating urrent of the devie. With-out a sharp knee, there will be audible ompressionartifats during normal operation.2. USING LAMPSLight bulbs have long been used as series elementsfor protetion of speakers. The #211 automotivelamp, originally intended for dome lights, showsup in a onsiderable number of ommerial designs,while others employ brake light bulbs and turn sig-nal bulbs. It is ommon wisdom that the ation ofthese devies is to present a low resistane to urrentuntil they heat up. As they heat up, they begin toglow and at the point where they begin to glow, theseries resistane begins to rise. The original intentof this paper was to measure a variety of lamps toprovide valid seletion riteria for di�erent speakersby determining at what point the hange in resis-tane ourred with lamps of various types. Unfor-tunately, in this testing, we failed to �nd any suhdisontinuity.Now, this seems reasonable, in that what we have isa system in whih the resistane is linearly propor-tional to the temperature and the amount of heatgoing into the system is equal to the input power(V 2=R). On the other side of the equation, we haveheat loss from the �lament whih is almost entirelyradiative and therefore proportional to the fourthpower of di�erene between ambient and �lamenttemperatures (by Stefan's Law of Radiation).3. STATIC OPERATIONTable 0.1 gives a hart of stati resistanes of var-ious automotive lamps measured at 72Æ F., as ourbaseline for old operation.Note that both Vendor P 97 lamps read very highold resistane (6.6 ohms and 66.5 ohms) before �rstillumination. Afterward, old resistane droppeddown to 2.5 ohms. We have no explanation for this

initially high resistane exept a possible surmise ofsome sort of poor ontat between the support wireand the �lament whih was improved on �rst heat-ing.Now, to determine when a given lamp begins tolimit, we drew stati I/V urves. Taking a benhsupply, we set it to a given voltage using a refereneFluke 87 meter, then used the same meter to mea-sure urrent into various lamps at that voltage level.Eah series of lamps was measured at eah voltagelevel in turn, with inrements of one volt, so they allstarted out old when eah measurement was made.The measurements themselves were taken at givenvoltages after the urrent stayed within a 1 mA in-rement for 5 seonds. Note that all lamps testedbegan to glow between 2V and 3V exept for the1683 whih is the only 24V lamp listed.
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DORSEY LAMPS FOR SPEAKER PROTECTION
Mfg No Origin Volt Candle Cold Sample Commentspower Res SizeVendor G 67 Hungary 2.8-2.9 2Vendor S 67 Taiwan 2.5-3.2 2Vendor G 89 USA 3.1-3.2 2Vendor P 89 Hungary 12 2.6 2 liense plateVendor S 89 Taiwan 6.9-8.6 2Vendor S 93 Taiwan 1.7 2 Under Hood/TrunkVendor G 97 Taiwan 2.5 2Vendor P 97 Hungary 2.5 2 Dome/trunkVendor S 97 Hungary 2.4-2.6 2Vendor S 105 Taiwan 2.6 2 Map/Overhead/TrunkVendor P 1003 Taiwan 1.6 2 Dome/trunkVendor W 1003 Mexio 13 15 1.5-1.6 2 Dome/trunkVendor S 1073 USA 1.2-1.3 2 Bak up/TurnVendor W 1073 Mexio 13 32 1.4-1.5 2Vendor W 1137 Mexio 0.8-0.9 2 Brake �lVendor W 1137 Mexio 2.7 2 Running �lVendor P 1141 Frane 1.2-1.3 2 Bak up lightVendor G 1141 Hungary 1.4 2Vendor S 1141LL USA 1.3 2 Bak up { long lifeUnknown 1141 China 1.4 1 Bak up lightVendor W 1141 Mexio 13 21 1.3-1.5 2 Bak up lightVendor G 1156 Hungary 1.0 2Vendor S 1156 Slovakia 1.3-1.4 2Vendor W 1156 Mexio 13 32 0.9-1.3 2Vendor W 1295 Mexio 12.5 50 1.2 2Vendor W 1683 China 28 32 2.6 2 Dual �lVendor W 3497 China 12 45 0.8-0.9 2Vendor G 211-2 Mexio 4.0-4.2 2 Long tubularVendor S 211-2 USA 1.6 2 Long tubular Blue DotVendor W 211-2 ? 13 12 ? 2 Long tubular Blue DotVendor S 212-2 USA 2.1 2 Long tubular Green DotVendor W 212-2 ? 14 6 ? 2 Long tubular Green DotTable 0.1: DC Charateristis of Automotive Lamps
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97, 67, 89, and 105 interior lamps

The �gures above show the atual measurement ofvarious lamps from di�erent manufaturers and ofdi�erent types. As you an see, the urves are fairlysmooth with no real knee, and the limiting e�etbegins well below the point at whih a glow is visibleby the naked eye.All of these urves were drawn manually with a on-siderable amount of time spent per measurementto eliminate any time-domain e�ets. They shouldtherefore be a diret indiation of the monotoni-ity of the lamps. Note that this last hart representsurves of several di�erent types of lamps intended forinterior lighting, whih have smaller �laments thanthe others tested.
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This �gure shows measurements of various 211and 212 lamps, again from di�erent manufaturers.Some of these lamps appear to show a knee on thelowest measurement. It is, however, a very slight oneand may well be a measurement error. Note that thelower trae here represents the 212 lamps, while theupper trae represents the 211 lamps.
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Here is another odd one. The lowest trae on thishart represents the 1683 lamps, the next one up the1003 and 93 lamps, and the top two groupings arethe 3498 and (topmost) 1295 lamps. The �rst setof measurements I did of the 1683 lamps showed asevere nonlinearity at low voltages but this does notseem to be repeatable at all.4. SPEED OF LIMITINGThe speed at whih the devie hanges resistanehas a lot to do with the mass of the �lament, in thatAES 115TH CONVENTION, NEW YORK, NY, USA, 2003 OCTOBER 10{134



DORSEY LAMPS FOR SPEAKER PROTECTIONthe rate of heating is inversely proportional to themass.In the ase of the �rst failure mode, we want a deviewhih limits as quikly as possible, and to that endwe applied stati 12V square waves to various lampsto draw I/T urves to see how rapid the onset ofation would be. We found a lear logarithmi urve,with instantaneous urrent It easily modelled as It =I0e�t=k + Istati where k is a spei� time onstantfor eah lamp type, I0 is the initial (surge) urrent,and Istati is the stati operating urrent.Using a hart reorder, we measured these numbersat turn on with a nominal 12V supply. Note that thestati operating urrents we measured an be om-pared with those in the stati measurements above,and the initial urrents an be ompared with theexpeted urrents from the stati resistanes in thestati parameters hart above, to �nd good orre-lation. Table 0.2 summarizes the derived time on-stants (measured to within 5 mS).As you an see from the hart, there is a onsiderablevariation in time onstant between di�erent lamps,probably mostly due to di�erent �lament masses.But even variations within the same type are a bithigher than we would like to see for a protetiondevie.4.1. How Dynami E�ets relate to protetionIn the ase of the diret overheating failure mode,it ould be argued that the mode of failure itselfwas aused by heating, and that a given waveformwould ause the same degree of heating in the lampas it would in the voie oil, and therefore this an beonsidered an e�etive protetion method in that theprotetive resistane would remain more or less pro-portional to the degree of heating in the oil, but ofourse in the real world the thermal time onstant onthe lamp is muh faster than that of the oil. So weannot laim that using the lamp as a slow ompres-sion devie is e�etive in reduing damage aused byvoie oil heating, unless a large safety margin is em-ployed. Adding that safety margin means that therewill be audible e�ets on short peaks due to the mis-math in times. Some information on the e�etivetime onstants involved in loudspeaker heating anbe derived from [2℄ and they are quite long.5. CONSISTENCYAutomotive lamps are generally not spei�ed as to

I/V urves, or as to time onstants. So, how onsis-tent are they from one unit to the next? Betweenmanufaturers? The rough measurements abovewould indiate that repeatability isn't very good.Some lamp types seem to be more onsistent thanothers but we have not had the opportunity to testa large number of any type.6. ARE ARTIFACTS AUDIBLE?We took a ommerial horn-loaded loudspeaker em-ploying a #211 lamp for protetion, and replaedthat lamp with a 2.0 ohm resistor, that being themeasured old resistane at 72Æ F. of the originallamp shipped with the speaker. We then took threesample reordings and played them bak with eitherthe resistor or the #211 lamp in series with the horn,with an average level of 85 dB measured A-weightedwith the slow setting on a GenRad meter.Three untrained listeners were used in a single-blindtesting methodology, all undergraduates from themusi program at a loal ollege. All three of themidenti�ed the resistive link as sounding better, inspite of the operating level of the speaker being wellbelow the point at whih any speaker protetion de-vie e�ets should our.This was not a partiularly well-onduted or arefullistening study, but the e�ets are so signi�ant evenat omparatively low levels that we don't think amore areful study is warranted.7. SO WHAT NOW?There are a number of ommerially available ther-mal devies, from thermistors to \resettable fuses"whih employ a number of di�erent tehnologies butwhih are intended to have positive temperature o-eÆients. Many of these are intended to have kneesin their I/V urve, and many of them have muhmore ontrolled time domain harateristis. Dothese have less audible e�et than lamps? This isworth future testing.This study was hampered severely by the lak of agood mathematial model for loudspeaker failure. Aliterature searh brought up only two mathematialmodels for estimation of heating e�ets [1,2℄, and nodata at all onneting this with real-world devies.There is no data at all on damage due to momentaryoverexursion.AES 115TH CONVENTION, NEW YORK, NY, USA, 2003 OCTOBER 10{135



DORSEY LAMPS FOR SPEAKER PROTECTIONMfg No Origin I0 mA Istati mA K mS CommentsVendor S 67 Taiwan 280 60 10Vendor P 89 Hungary 250 60 15Vendor S 89 Taiwan 230 55 5Vendor S 93 Taiwan 460 120 10Vendor S 105 Taiwan 320 100 15Vendor P 1003 Taiwan 400 100 10Vendor S 1141LL USA 500 150 20Vendor W 1141 Mexio 510 150 25Vendor S 1156 Slovakia 800 220 40Vendor G 211-2 Mexio 260 100 20 Blue dotVendor G 211-2 Mexio 370 100 20 Blue dotVendor S 211-2 USA 400 100 10 Blue dotVendor S 211-2 USA 460 100 15 Blue dotVendor W 211-2 ? 480 110 15 Blue dotVendor S 212-2 USA 400 80 15 Green dotVendor S 212-2 USA 320 80 25 Green dotVendor W 212-2 ? 320 80 10 Green dotVendor W 212-2 ? 320 80 10 Green dotTable 0.2: Dynami Charateristis of Automotive Lamps8. ACKNOWLEDGEMENTSMany thanks for Dik Piere, onsultant, and FredLallman of NASA Langley for their input and sug-gestions. Thanks to Auto Parts and Supply inWilliamsburg, Virginia for traking down some oddlamps.9. REFERENCES[1℄ Henriksen, C.A., \Heat-Transfer Mehanismsin Loudspeakers: Analysis, Measurement, andDesign", J. Audio Eng Soeity, vol. 35, no. 10,pp. 778-791 1987 Ot.[2℄ Klippel, W., \Nonlinear Modeling of the HeatTransfer in Loudspeakers," AES onvention pa-per 5733, Presented at the 114th onvention(2003).
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