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1 . INTRODUCTION

This paper arises from a loudspeaker test programme currently underway for Sound a
Communication Systems Intematlonal magazine, entitled Speakercheck 2000. It Is
based on an earlier and essentially similar magazine project which appeared In the UK.
USA and German language editions of lniematlonal Musician & Recording World
between 1977 and 1983. The project was sparked oil by the highly fancltul and otten
misleading product specifications which accompanied many loudspeaker devices oi the
19705 and the high failure rate experienced by users - partly due to the product being
Inconectly specified and partly dueto lack oi knowledge on the part of both loudspeaker
system manufacturers and end users. _ l

Loudspeaker components were subjected to laboratory testing at the GEO-Hirst
Research ahecholc chamber lacllliy In Wembley. Only three of the basic performance
parameters were tested - ilrstty to verily the rated impedance and-tree air resonant '
irequency, secondly to provide a 1wI1m amplitude response curve recorded at a
realistically fast pen speed and realistically slow paper speed In order to show the warts
and facilitate an honest sensitivity rating. and finally to drive the test specimen at Its full
rated HMS power, measuring distortion components and providing a subjective
asse9sment Its power handling capabilities. Horn loaded devices were also subjected
to full vertical and horizontal polar response testing. The products-tested Included

. 250mm, 300mm. 380mm and 460mm l3 cone drivers. large and small format
compression drivers. horns. acoustic lenses and Integrated HF assemblies. Something
In excess at 300 devices were tested and published. as a result of which. many
manuiacturers revised their technical specifications in order to redress the various
criticisms being levied.

Speakercheck 2000 revisits the same stamping ground 20 years on (If U840. Meatloaf
et ai can do It. so can we!) except that testing is now carded out at the BT Research &
Development Centre at Martiesham Heath near Ipswich. I am Indebted to my good
triend Robin Cross 01 that establishment tor his work In setting up the test programme
initially and valued assistance since. mm the advent at Ben Duncan's LSVC-01 voice
.coil thermometer. we are now able to measure dynamic thennai behaviour and thereby
study the high power perfbnnance in much more detail than previously possible.

What we are finding Is that every device so far tested does not have a linear wlnlsPLout
characteristic. yet wlih only one exception. manuiacturers do not provide - and the IEC-
268 standard does not call for. a high power specification.
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The test results to date show that any lull power SPL calculation derived from the
1wlim sensitivity data will be anything up to 5dB high with the result that the audio
system will not meet the design statement in terms oi SPL, or that all the built-in
headroom will be used up In meeting the intended designtarget.

 

The closest test called ior by iE0268-5 ls to measure the acoustic power output and
then to calculate the conversion elticiency by reierence to theelectricai Input power at
an unspeciiied power level and at an unspeciiled lrequency (range). Apart trorn the tact
that no loudspeaker manuiacturer (to my knowledge) publishesthis lnlorrnatlon. it will
not enable power compression to be calculated. and most users would in any event be
unable to convert acoustic power (in walls) to SPL. The AESIANSI $4.26 standard
however doescall tor voice temperature measurements (which again are rarely. if ever.
published) but makes no relerence to power compression.

2. LOUDSPEAKER BEHAVIOUR

A typical. socalled “high elliclency‘ or "high sensitile professional loudspeaker ls in
tact unlikely to be more than 5% e'tiiclenti it tollows that 95% oi the input power is being
dlverted elsewhere. In tact. It is either being used to-heat up the voice coil. which Is then
dissipated by the magnet structure or chassis. or else it is. being consumed In
generating unwanted harmonic distortion components.

The primary iactor which detennlnes the maximum power handling capability cl a
loudspeaker Is the voice coil temperature. This is because most adhesives used to hold
a modern day voice coil together will break down above about 233°C. The
Speakercheck 2000 power handling test involves the use of a dedicated voice coil
thermometer In which temperature is measured as a iunctlon of change in the DC
resistance oi the voice coil material. Essentially. the voice coil becomes one leg oi a DC
bridge, which Is iirst balanced. and any Dc oilset nulled. tor each individual voice coil
tested. The bridge ls calibrated to record temperature as a iunctlon oi change in
resistance. In 10% Increments between 30% and 120%. where 100% = 233°C.

With the bridge balanced we that drive the test specimen at half its lull rated pdwer. then
at lull rated power. and ii the results suggest that It will take another 3dB. we perform
another test at twice tuII rated power. all the time monitoring the dynamic voice coil
temperature. As a mle-ot-thumb. we find that doubling or halving the input power will
result In a 20% - 30% change. In voice coil temperature whilst the test specimen ls within
its realistic power handling capability. Once this is exceeded. the voice coil becomes
detached irom its tamer and heats up solast that it Is diliicult to abort the test before the
copper or aluminium wire has iused. Typically. a reputable proiesslonai loudspeaker
will operate at between 170°C (representing 70% oi the theoretical maximum) and
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233°C (100%). so where we Iind a product which achieves less than 170°C at tuil rated
power. and provided it Is not showing excessive distortion and does not seem over-
stressed, we will run the +3dB power test. Some products can take It. some don't. so we
are standing by with the abort button and a tire extinguisher during this test. The rated
tuii power test ls however canted out Irrespective of the halt-power pertomtance. since
that represents the manutacturers‘ product description.

TYPICAL THEFIIIML CHARACTERISTICS

Fig.1 shows the cold and not Impedance curve at a typical 300mm general purpose
loudspeaker housed in a sum closed box enclosure. The lower curvels taken betore
any power has been applied, the upper Is alter thermal conditioning with a band limited
pink noise signal at full power (In this case 200w HMS I 170°C) tor appraidmately 10
minutes. There is minimal dllterence between the cold and-hot conditions. ' .

:I—
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Frequency .
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   It can be seen that the thermal behaviour is closely related to the Impedance
characteristics. At very low trequencles - le. the'reglon beiore the resonant peak. the
impedance Is dependent upon coil motion - Ie. the coil is moving relatively slowly and
the altematlng stimulus Is changing slowly. and so the coil relies on displacement in
order to cut sutllcient lines oi magnetic torce to generate the back emf. Over this
segment the Impedance Is only an ohm or so above the DC resistance and Is usually
hovering around the rated Impedance value. It can be seen that the- voice coil
temperature rises guite rapidly to about 130/140°C. As resonance is approached. this
process is accelerated and the Impedance Increases to typically something between
300 and 1000 depending 'upon the strength oi the magnetic field - with the result that
the power drawnby the voice coil diminishes sharply and the coil cools - usually to
around 100°C. After resonance thelmpedance plummets towards Its minimum value
due to the decreasing piston displacement. This results in maximum current Iiow. hence
maximum power Is consumed and so 'the voice coil temperature rises rapidly and,
allowing tor hysteresis ettects. settles at full power temperature.

   
  

      

  
  
     

 

   

  

  

  

    
  

  

   

 

   

   

   

‘lhls is the (danger point. The minimum Impedance ~Is usually about 80/70% at the rated
impedance. but In some cases It can be as low as 50%. Since the output power at
modern ampilliers is directly proportional to load impedance. it is easy to see that a
given loudspeaker may very well be subjected to anything up to twice its tuil rated
power over this segment ot the impedance curve - and this Is why so many high-power
midrange and musical Instrument drivers melt at the hands or inexpertenced users. Yet
very Iew loudspeaker manuiacturers publish the minimum impedance value and very
Iew users actually understand what is happening when matching loudspeaker and
amplifier combinations. .

The ilnal segment of the Impedance curve Is the reactivecomponent where the back
emi is increased due to Increasing trequency rather than displacement. so the
current/power are reduced and the heat generated tails away in proportion. The decay
characteristics however are not linear, again due to hysteresis arising from the retained
heat train the minimum impedance segment.

_
.
4
-
_
_
.
_
‘
_
_
_
_
_
‘
-
_
—
_
.

Our experience to date Is that most serious loudspeaker products intended tor the
professional market. will handle their lull rated power and stay within the 233°C!100%
thermal limits Quite a let» have some In hand. with full power temperatures In the range
oi 150° .- 200‘0. Only about 30% ot samples are deemed suitable tor the Mice lull
power test and a surprisinglyhlgh proportion survive it. We have tound the Ben Duncan
stc-or voice coil thermometer entirely consistent. enabling us to comment with some
coniidence on the power handling capability at a given driver and to predict with a talr
degree at accuracy which deviceswill blow and which will survive.
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POWER COMPRESSION

  
   

   

   
   

   

   
   

 

    

  

  

   
  

  

   

. Most system specltlers assume a loudspeaker to be a linear device.and use the
following simple calculation to arrive' at the room SPL for a given power input:-

SPL = L1+ 10|0910P

where P = input power '
L1 = 1w reterence sensitivity

Our testing for the Speakercheck 2000 project has shown conclusively that a
loudspeakerls not linear. and this can cause all sorts ot-system design and bidding
ditticultles In a commercial environment. Yet at the start of the protect only one
manuiacturer cited power compression on their specification sheet - and then only for a
limited range at drivers. .Havlng highlighted this issue in the review articles. other
manulacturers are starting to publish this data as new products are introduced and
others are known to have it in the pipeline. The measurement method we have adopted
- for speed as much as anything else. Is to accurately measure the 1wl1 m SPL at 1Id-lz,
measure the full rated power SPL at 1kHz and perform the toiicwlng simple calculation:-

_ Power compression: (L1 ‘+ 10log1oP,)- L2 _

where P, = rated maximum input power
L1 = 1w relerence sensitivity

L2 = measured lull power SPL

Results to date show that the very best devices produce at least 1dB power
compression. the worst are in excess ot 5dB and we are having to accept 3113 as the
norm. That means it is the norm tor hall the input power to be lritiered away as power
compression and that in the worst cases, up to 75% is being wasted.

Fig.2 shows the results at a special measurement undertaken to enable this behaviour
to be analysed in more detail. it plots power compression against input power at 400Hz
and Zki-iz - but must not be taken at tace value without reading the loilowlng notes

The test specimen was'a typical. professional. bass/inld driver which is rated at 200W
continuous and was tested'at 400w with no thermal dittlculties. It was selected tor
'iurther study partly because of its high power handling capability and thermal stability.
and partly because oi its high power compression 0! 4dB at lull rated power. it is the
same device used tor the hot/cold Impedance measurement shown at Fig. 1 as already
discussed.
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Pro. 300mm Bass/Mid. 200w L/s - Power Compression Characteristics
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In order to protect the unit incrn damage due to out-ot-band low frequency energy a
32Hz Fa high-pass tllter was used. Spot trequencles or 20on and 2kHz Were selected
because the former is in the 2,...“ region where displacement Is the primary back eml !

' generator whilst the latter is part way up the reactive part of the Impedance plot. The i
inset table shows the power compression results as recording during the normal power I
test whilst the lower plots on the graph show the results at 200Hz and 2kHz at 3dB -
increments lrcrn 1 watt to 512 watts'The ditterenoes are due to the tact that our standard
signal generation equlpment comprises an incremental step generator and that each
lrequency step Is applied tor a very short time period - so short that we were unable to
hung the voice coil up to its normal working temperature. At 1kHz however the set-up 1
tone Is generated continuously. This clearly shows that power compression Is directly
related to temperature. -
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This conclusion is continued by the (MB crest tactor pink noise test. which again was
applied continuously. but because ot the peaks and troughs In pink noise. the voice coil
temperature did not Itse above 170°C even at 512W. whilst at 1 kHz sine wave It
reached 148° at 200w and 212° at 400w. 2nd and 3rd harmonic distortions also
generally increase at higher input power levels but these are typically between 20:13
and 40dB below the tundamemm and are not theretore significant I make no claim that
these tests are exhaustive or that they provide a complete picture at what is happening.
but at least the problem has been ilagged up andthe primary contributor Identified.

THE MEANS FOR CONTROLLING POWER COMPRESSION

Since power comprasslon is clearly related to temperature. it follows that reducing
voice coil temperature might provide an answer. This could either be achieved by more.
ettective thermal conduction away trom the voice coil or by upgrading the call so that it
does not get so hot in the tirst place. Volt Loudspeakers have had a go ‘at addressing
this Issue with their inside-out loudspeaker chassis - which is claimed to reduce power
compression'by 2dBalthough no speoltlc test data ls provided In support or this
statement. .

mman .1 a a n. OttastOwned Directly
m3Mann's; Hang“ to Pets Place tor 'i’helmal' -‘

Transient cooling by& HeatDladpator Cone em

Ferrite Fling Magnet
Pole Piece
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This particular model has a 75mm voice coil and is rated at 400W. In this Instance the

manufacturers have chosen to utilise the lhennal advantages oi the new chassis design

to uprate the power handling oi the voice coil and to reduce its diameter. According to

our test results the voice coil reached 254' at 400W (le. it Is working at the very top oi its

sale working range with nothing to spare) yet power compression was only 2.8dB. At

200W It was much happier. at 170°C and Just 1.8dB compression. This design

approach clearly addresses the problem. but as a personal comment. I would rather see

It marketed as a consenlatively rated 200W driver with low power compression, than

being pushed to Its limits. '

CONCLUSIONS

- You can't adeqUately test a loudspeaker without monllonng Its dynamic voice

coil temperature. .

-. Don‘t hook up to an amplifier until you've checked the minimum Impedance

value. ' . '

- When working out.your_hld Ior that next Job. allow at least edit! In your

calculations Ior power compression effects - even II the voice coil runs cool.

Add 5dB it it runs hot.

- Watch this spacel We haven’t finished yet.
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