
Subject: Art Array Improved Crossover
Posted by FredT on Mon, 09 Feb 2009 16:23:38 GMT
View Forum Message <> Reply to Message

Over on the Parts Express Tech Talk forum Pete Schumacher has developed an improved
crossover for the Art Array. This new crossover solves some problems of the original crossover
that are discussed in the thread. Page down for the new crossover schematic.
 Improved Art Array Crossover 

Subject: Re: Art Array Improved Crossover
Posted by Wayne Parham on Mon, 09 Feb 2009 19:03:22 GMT
View Forum Message <> Reply to Message

Thanks for the link, Fred.A few thoughts:The measurements that were made weren't close mic'ed,
they were done at two meters, if I recall.  I would have preferred a little more distance, but I was
working in an area where I couldn't really throw the power at them so I wanted to be sure and be
above the noise floor.  I chose a power/distance that seemed to be the best compromise.Also,
perhaps more importantly, the measurements weren't done with the speakers on their sides. 
They were measured outdoors, standing upright with the microphone on axis with the tweeter. 
See the thread about ART Array measurements.ART Array Test ResultsI think you might be
thinking about the fact that I did lay them on their sides and measure them to get a comparison, to
see the effects of ground reflecton mitigation from the array.  I never published that dataset, but I
am certain I commented about it, probably privately in an E-mail.  I often comment on how vertical
arrays smooth floor bounce, much in the same way that multi-subs smooth room modes.The Vifa
tweeter does benefit from a damping resistor, but I don't see a huge peak in acoustic output near
its resonance.  It works very well with a simple first-order filter and small amount of resistor
damping.  Of course, reducing excursion in turn reduces IMD.  Then again, there are advantages
offered by first-order filters too.

Subject: Re: Art Array Improved Crossover
Posted by FredT on Mon, 09 Feb 2009 19:54:50 GMT
View Forum Message <> Reply to Message

I would love to hear the Art Arrays with the revised crossover, but the last pair I had was sold to
the person who posted the question that started the thread. Pete hasn't heard them either, and his
revisions were modeled in a crossover design program. I'm interested in hearing the current
owner's reaction. His is the original pair that you tested, and the crossovers are externally
mounted, so it will be easy for him to do an A/B comparison.
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Subject: Re: Art Array Improved Crossover
Posted by Wayne Parham on Mon, 09 Feb 2009 20:38:31 GMT
View Forum Message <> Reply to Message

I do all my initial designs by modeling, and I encourage others to do that too.  I don't believe any
optimizaton was done on the ART Arrays, so maybe it's time.  But I think the only way to find an
improvement is with real measurements.  Your design is past the point of most DIY modeling
efforts.Sophisticated models would be required to get past where you are, or better yet, obtaining
real data from measurements of actual samples.  One suggestion is to use the Smith & Larson
WTPro measurement system, which fuses Spice modeling and acoustic measurements into an
extremely powerful development tool.  That's what I use for development work, and I use LMS for
measuring finished products.Again, the main thing I would focus on is the hump at 700Hz.  That
may be reduced a little bit.  But really, the response chart for the stock speaker is pretty good.  At
no point does the amplitude response vary more than +/-5dB in the passband.  Average (3rd
octave smoothed) response is within +/- 3dB from 40Hz to 25kHz.  That's not bad at all, so I don't
expect huge improvements from a crossover update.  Only subtle improvements could be made,
at best.If the curve had been made for publication by a marketing department, they would have
set the scale so it didn't show the peaks and valleys so well.  It would have also been smoothed to
1/3 octave resolution.  That's what people are used to seeing, and your speaker by comparison
would have looked very good.  I didn't post the chart that way, because I like seeing the detail. 
Trouble is, that makes it seem worse than it is I suppose.If the chart had been "bad" I would have
suggested some changes when you first presented the speakers to me for measurement.  Not
only was it "not bad" but I think it was pretty good, especially for an entry-level DIY speaker using
relatively inexpensive parts.The tweeter is fine with the first-order HP filter.  I have literally

tweeter circuit is exactly the same as what you've used in the ART Array.  Perhaps a different
slope might be employed for phase/summing, but then again, measurements showed first/first
summed better than second/first.  From that, I'm guessing this speaker probably responds best to
symmetrical or nearly symmetrical slopes.The woofer circuit might be modified a smidge, maybe
changing the LP filter, inserting a notch filter or modifying the Zobel.  That might help reduce the
700Hz hump.  On the other hand, the speaker with first-order LP filter measured better than the
second-order, with less attenuation on the top end, not more.  That tells me probably you want
these particular midwoofers to run up just about as high as they can, just shaving any breakup
modes from the top.  In the end, you may find that this issue is specific to the woofer chosen, and
that anything you do to correct its rise at 700Hz changes the response elsewhere, perhaps doing
more harm than it does good.Can your ART Array be improved, probably.  Does it need to be? 
That's harder to say.  Average response from 40Hz to 25kHz within +/- 3dB is pretty good, in my
opinion.  But if optimizations are found that bring it even flatter, say to within +/-1.5dB, that's even
better.  I'm interested to see, so please let us know how things progress.  If there is a genuine
improvement found, we'd like to post it in the Projects directory with the original plans and
schematics.

Subject: Re: Art Array Crossover - Further Evaluation
Posted by Wayne Parham on Sun, 15 Feb 2009 05:26:37 GMT
View Forum Message <> Reply to Message
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Fred Thompson linked to a thread on another forum, where there has been discussion about his
ART Array design and some proposed changes to it.
ART.com line array, at the Parts Express "Tech Talk" forumI spent some time making responses
over on that thread, but found a little too much vitriol over there for my tastes.  That's one of the
reasons I rarely post in forums outside of ART.  So I'll post here instead.

The original response chart posted for the ART Arrays was an unsmoothed chart, scaled to show
detail very clearly.  This kind of chart is very unflattering, and if people aren't used to seeing charts
like this, they can easily misinterpret the data.  It does look rough, but any speaker you measure
at that high resolution will look somewhat rough.  So I've dusted off the old datasets of the ART
Arrays and reposted them in two other ways, one that is scaled 10dB/division and another that is
10dB/division and smoothed to 1/3rd octave resolution.  This is the way most are accustomed to
seeing the data, since most marketing materials and published response charts are done this
way.

ART Array Response, 1/3rd Octave

I said in the PE thread that the 1/3rd octave chart was within +/-3dB from 40Hz - 25kHz and that's
not completely accurate.  I was shooting from the hip when saying that.  The actual figures are
closer to 55Hz - 25kHz, +/-3dB.  Still a very good response chart.

The unsmoothed response chart is shown below.  When shown in higher resolution, some detail
becomes clear that shows small valleys in the passband that dip below -3dB from the average
level.  The hump at 700Hz can be seen to rise above +3dB also.  This is not unusual, many
speakers have these kinds of features that show up in response in an unsmoothed chart.

One thing that is different between this chart and the original one posted a couple years ago is
that it is scaled to 10dB per division rather than 5dB per division.  Scaling makes a visible
difference in that peaks and valleys don't seem so large.

ART Array Response

I measured the ART Arrays a couple years ago, and looked at them in several ways.  I did not
publish all of the data I captured, not even close, but I did get a pretty good understanding of what
they are capable of.   One of the things I noticed was that they were fairly insensitive to
placement, that changes in boundary conditions didn't change the response much.  Another thing
I noticed was as long as you were more than a few feet back, response was pretty uniform with
the microphone within about 30° from being straightforward from the tweeter.  I didn't get out the
protractor to measure polars, but I did notice that the boom could be moved around quite a bit and
still get fundamentally the same chart.

This was with the crossover having symmetrical slopes for woofer and tweeter.  I also measured a
crossover having different slopes for woofer and tweeter, and it did not sum properly in any plane. 
The woofer array and tweeter are all mounted on the same baffle, so this makes sense.  In a way,
the tweeter becomes a part of the array in the overlap band.
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I would expect that crossovers with higher order filters on the tweeter might work OK at very close
distances straight on axis with the tweeter.  If the measurement microphone is very close to the
loudspeaker and straight on axis with the tweeter, then it is further from the woofer array.  The
added delay from a higher-order HP filter on the tweeter would make summing right in this special
case where the listener is abnormally close to the tweeter.  However, at normal listening
distances, the listener will be approximately the same distance from the tweeter as the woofer
array, certainly to the inner woofers.  That's why crossovers with symmetrical slope provide the
best summing.

The original response curve I posted was unsmoothed and the plot is scaled to show a lot of
detail.

ART Array Response

It is possible that the 700Hz hump could be reduced with a notch filter or an overdamped LP filter
on the woofers.  However, the hump is immediately below the crossover frequency, which makes
it difficult to use an overdamped LP filter without reducing the effective crossover frequency.  An
overdamped filter will make the woofers rolloff too soon.

A crossover can be easily developed with an overdamped low-pass circuit or lower crossover
frequency.  The problem is, that makes it necessary to lower the HP frequency for the tweeter too.
 If the slope of the tweeter is made higher, it will reduce stop-band energy, so a balance may be
made between crossover frequency and slope.  It might be possible to find a set of values that
satisfies all these conditions, but it is a non-trivial problem because there are competing priorities.

In the final analysis, I think the simple first-order crossover is one of the better choices for this
loudspeaker, if not the best choice.  I would not have guessed that when I first looked at the
speaker.  I would have guessed a higher-order crossover would have been better.  But the
first-order crossover is simple, the measurements look good and it sounds good too.

Subject: Re: Art Array Crossover - Further Evaluation
Posted by Wayne Parham on Mon, 16 Feb 2009 23:00:32 GMT
View Forum Message <> Reply to Message

More on the subject in the Array Speakers forum:
Baffle step and collapsing directivity

Subject: Hmmmmm
Posted by Shane on Sat, 07 Mar 2009 01:36:47 GMT
View Forum Message <> Reply to Message
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Well I posted on the PE forum with a few simple questions.  Mainly if the new xover would affect
the sensitivity of the speakers.  Pete responded that it won't.  I won't get into arguements about
xover design because I have no idea how they work.  His xover design may be the cat's meow,
who knows till it's in the speakers.I'm happy with the 1st order xover I have now, but if someone is
willing to buy me parts I'll build one of Pete's designs and we'll just see what it sounds like I don't
care how many sims you run and on what software.  Just because something sims out, or even
measures great, doesn't mean it will sound good.  Look at SET amps.  They tend to measure
crappy compared to SS or PP.  But a great many of them sound very nice.  If it doesn't sound
good in the end then it's just junk to me.

Subject: Re: Hmmmmm
Posted by Wayne Parham on Tue, 10 Mar 2009 22:44:12 GMT
View Forum Message <> Reply to Message

Passive equalization works by attenuating certain portions of the response curve.  So it will reduce
output in certain areas.  Pete wanted to reduce the octave around 700Hz by a couple decibels,
but nowhere else.  I don't see any harm in doing that.  So all in all, the average sensitivity would
be pretty much unchanged.

The issue for me is whether or not it merits doing.  The performance of the speaker with first-order
crossover is good, in my opinion.  I'm not sure I would want passive equalization in the crossover. 
If I were going to consider it, I would definitely want to measure polars, not just equalize the
on-axis curve flat.  Whether modeling or measuring, if you focus only on what happens on-axis,
you're overlooking the bigger picture which is the total energy put into the room.

The sound in the room is a reverberent field, and the spectral balance is set by the power
response, not the on-axis response.  The kinds of circuits that taylor on-axis response almost
always do that at the expense of power response, because of the collapsing directivity inherent in
all loudspeakers not designed specifically for constant directivity.
Baffle step and collapsing directivityI think it's interesting to look at these two design philosophies. 
I know smart guys that design each way.  Some guys use BSC regularly, and compensate for
on-axis response.  Others prefer to design the system for flat power response, which generally
uses a different compensation scheme.  Neither is more right than the other, in my opinion, but
one embraces the reverberent field and the other tends to ignore it.

Subject: Re: Art Array Improved Crossover
Posted by AudioFred on Fri, 10 Jul 2009 11:43:32 GMT
View Forum Message <> Reply to Message

I thought this topic had run its course, but curiosity got the best of me and I completed another
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pair of Art Arrays last week. I also built both the original first order crossover and Pete's higher
order version, which are mounted externally for easy comparison. I've auditioned the speakers
with both crossovers, and they sound different, but at this point neither emerges as the clear
winner. I've ordered some extra binding posts and bananna plugs to permit quick change-out of
the crossovers, and next week after these have arrived (and the speakers have had some break
in time with both crossovers) I'll do some comparisons with both the Krell and a low power SET
tube amp, and will post my observations.

Subject: Re: Art Array Improved Crossover
Posted by Shane on Sat, 11 Jul 2009 01:38:24 GMT
View Forum Message <> Reply to Message

AudioFred wrote on Fri, 10 July 2009 06:43I thought this topic had run its course, but curiosity got
the best of me and I completed another pair of Art Arrays last week. I also built both the original
first order crossover and Pete's higher order version, which are mounted externally for easy
comparison. I've auditioned the speakers with both crossovers, and they sound different, but at
this point neither emerges as the clear winner. I've ordered some extra binding posts and
bananna plugs to permit quick change-out of the crossovers, and next week after these have
arrived (and the speakers have had some break in time with both crossovers) I'll do some
comparisons with both the Krell and a low power SET tube amp, and will post my observations.

Thanks Fred.  I'll be looking forward to your observations.  I for one prefer the first order so far.

Subject: Re: Art Array Improved Crossover
Posted by AudioFred on Tue, 14 Jul 2009 01:05:23 GMT
View Forum Message <> Reply to Message

The most interesting thing I've found when comparing these two crossovers is that they measure
within one dB of each other at each of the Stereophile Test CD 1/3 octave warble tone
frequencies. They also don't sound very different except that I believe I'm hearing less distortion
with the high order crossover when playing classical organ music loud.

Subject: Re: Art Array Improved Crossover
Posted by AudioFred on Wed, 15 Jul 2009 20:42:26 GMT
View Forum Message <> Reply to Message

After comparing many different types of recordings at different volume levels using both the Krell
solid state amp and the Bottlehed Paramour 3.5 watt/ch SET tube amps I've decided to keep the
higher order crossover in these speakers. The differences aren't great, but I do hear more treble
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detail with Pete's crossover, especially listening to clearly recorded jazz recordings. Also, after
listening to the high order crossover for a while, when I switch to the first order the sound seems a
bit "shouty" in comparison - much like listening to a good quality two way speaker then switching
to a single driver Fostex speaker.

The speakers sound noticably better at very high volume levels when driven by the Krell solid
state amp. The SET amp doesn't seem to prefer one over the other, and it will play equally loud
with either. One downside of the high order crossover is that it becomes cost-prohibitive to
upgrade the tweeter series caps because of their high values.

Subject: Re: Art Array Improved Crossover
Posted by AudioFred on Sun, 19 Jul 2009 14:02:01 GMT
View Forum Message <> Reply to Message

I pulled the speakers apart last week to finish the enclosures, and in the process of reassembling
them I used Belden 12ga 5000 series cable instead of the original Wal Mart auto dept 16ga zip
cord. I consider myself a "cable agnostic", and sometimes I believe my rich audiophile friends who
spend thousands on a piece of wire should have an intervention with a therapist, a financial
advisor, or both. 

In this case the Belden cable made a clearly audible improvement in the treble resolution and a
corresponding decrease in the fatigue factor. At 68 cents/ft from Blue Jean Cable, using this wire
is a no-brainer for the internal wiring of diy speakers, especially line arrays that use long lengths.

With the Belden cable used as internal wire and as the speaker cables I hear an audible
improvement with with the higher order crossover using both the high power Krell SS amp and the
Bottlehed Paramour 2A3 SET amps.

http://fredt300b.smugmug.com/gallery/132721_wacsQ#595276572_kM2i2

Subject: Re: Art Array Improved Crossover
Posted by Wayne Parham on Thu, 23 Jul 2009 15:32:54 GMT
View Forum Message <> Reply to Message

Somehow I missed these posts earlier.  I'm glad you got around to building that crossover.  I'd like
to hear it someday, maybe measure it too.  Judging by the speakers you've built, I think you and I
have the same taste in voicing.

My guess is your room is a little more lively than mine though, because you tend to like a sort of
BBC-dip-curve and I like it flatter.  We both like full, powerful bass, not over-represented but
definitely not weak.  Perhaps the new voicing gives you more of that.

To me, what you had done already with the first-order sounded and measured very nice.

So what's with the cables?  They're 12guage thick, so that's plenty for long runs.  What were the
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old cables, 14 guage or 16 guage?  What did you have in there length-wise, about 10 feet?  20
feet? 

Subject: Re: Art Array Improved Crossover
Posted by AudioFred on Thu, 23 Jul 2009 18:48:00 GMT
View Forum Message <> Reply to Message

The difference with the cables isn't due to the size. I've replaced Wal Mart 12ga with Belden 12ga
before, and the differenct is immediately apparent. The Art Arrays use about 20 ft per speaker,
plus the run from the amp to the speakers is another 8 ft.

Subject: Re: Art Array Improved Crossover
Posted by Wayne Parham on Thu, 23 Jul 2009 19:50:41 GMT
View Forum Message <> Reply to Message

So what do you think is responsible for the difference in cables?  Different copper (maybe purity),
different numbers/sizes of strands, or maybe winding pattern?  Different insulators?  How do they
compare visually?

Subject: Re: Art Array Improved Crossover
Posted by Shane on Thu, 23 Jul 2009 21:32:11 GMT
View Forum Message <> Reply to Message

I know when I went from Monster Cable to the Walmart Royal cable there was a night and day
difference.  Same between the wally world and the stuff the PE sent with the array kits.

Subject: Re: Art Array Improved Crossover
Posted by AudioFred on Fri, 24 Jul 2009 13:12:34 GMT
View Forum Message <> Reply to Message

Wayne Parham wrote on Thu, 23 July 2009 14:50So what do you think is responsible for the
difference in cables?  Different copper (maybe purity), different numbers/sizes of strands, or
maybe winding pattern?  Different insulators?  How do they compare visually?

I don't know. The Belden is quite a bit stiffer, with fewer conductors. Otherwise I have no idea why
it sounds better, but it does by a large margin. I have found in general that Belden cable sounds
as good as many higher priced "audiophile" cables, the only differene being the lack of snake oil
in the Belden.

Here's a link to the product data sheet:
http://www.farnell.com/datasheets/80632.pdf
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