Subject: Finished Pi 4 with photos
Posted by Psychoacoustic on Wed, 24 Jun 2009 00:56:52 GMT

View Forum Message <> Reply to Message

'Pi4'- JBL 4507 cabs with 2226H drivers. Cabs are tuned to 40Hz with all four ports open. DIY Pi4
crossover.

In my (wisdom?!) | decided on a couple of alterations, and would welcome comments as to
whether they may be detrimental to the original design parameters.

Pre-assembly parts

1. Modified JBL waveguide (part #338800-001) on B&C DE250 drivers were used in place of
Eminence H290 waveguides. H290 is 90deg X 40deg and JBL is 90deg X 50deg- there was
some concern as to whether nodes/crossover design would be affected.

Thread-on section removed. Driver bolted to flanges.

2. Also, the waveguide was moved closer to the woofer than in the original Pi4 baffle cutout plans.
Reading suggests that close is a good thing- but for the current project it is a deviation from the
original Pi4 design.

3. Finally, after reading much discussion on flush mounting, a 15mm MDF 'over-baffle' layer was
added. This brings the front edge of the waveguide forward (VC alignment issues?) and adds and
extra 90mm to the length of the ports. No problem in removing 15mm from each port tube, if
necessary.

Please note waveguide center to woofer centre distance.

Still too soon to decide whether the finished version is better (or not) than pre-assembly test
versions with driver/guide just squatting on top of cabinet (which was exceptionally good).
Can definitely conclude though that the $20 Pyle PLXR2 sub crossover (

http://www.audioroundtable.com/Semiconductor/messages/359.html ) project is a very positive
addition.

NOW we got us some REAL boogie!

File Attachnents

1) downl oaded 18298 ti nes

2) : downl oaded 18547 ti nes
3) , downl oaded 17683 tines
4) , downl oaded 17705 tines
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Subject: Re: Finished Pi 4 with photos
Posted by Wayne Parham on Wed, 24 Jun 2009 16:46:12 GMT

View Forum Message <> Reply to Message

Excellent, interesting project.

| like the implementation. That's the horn some of the folks at AK use in their "Econowaves". |
would probably have used that horn if | were looking. From the measurements, I'd say it was
basically equivalent to the horns | use.

derivatives. They're the same basic speaker. Same crossover, same design approach. So |
definitely give the thumbs up.

The only thing that concerns me is what you mentioned about the position of the lobes and nulls.
That is affected by crossover phase (set by crossover values and topology), acoustic phase (set
by electro-mechanico-acoustic rolloff of drivers), directivity (set by horn flare and/or size of direct
radiators) and position of the drivers on the baffle (vertical, horizontal and depth/distance). This
means that the changes you have made most likely moved the positions of the lobes and nulls,
and while you can guestimate them by looking, you can't know for sure without measurements.

The horizontal performance is set by the size of the woofer, the pattern of the horn and the
crossover frequency. Since the size of the woofer and the directivity of the tweeter are constants,
the only thing you need to set is the crossover frequency.

Your horn provides uniform directivity of 90° above about 1kHz. The woofer directivity collapses

of course, radiator diameter isn't advertised diameter, it is approximately where the surround
meets the cone, maybe half way into the surround or so. This is what sets the crossover point,
because you want to match the horizontal directivity of the horn to the woofer's pattern at
crossover. By doing this, you avoid response ripple at wide off-axis angles, ensuring uniform
power response and spectral balance throughout the room.

You actually have a fair amount of wiggle room where horizontals are concerned because
movement along the horizontal doesn't change the delta distance between the woofer and the

point, which is where directivity is approximately 90°. The horizontal lobes are fairly far apart,
and aren't due to woofer/tweeter interaction like the verticals are, they're due to path length
distances across the woofer, itself.

The verticals aren't so easy. This is where crossover phase and baffle spacing are most
important. When | was first designing loudspeakers, | didn't have good measurement equipment
so my calculations were probably better than my measurements. What | had at my disposal were
Radio Shack SPL meters, microphones and oscilloscopes. | found early on, in the 1970's and
1980's, that | really had little visibility, so | tried to calculate everything. It was very tedious math,
and even though | was dilligent, | couldn't get the accuracy | have now from a PC measurement
system.

In the past, | would spend all day calculating a series of phase angles at various frequencies and
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positions, calcualting first the crossover phase and then relating that to physical distances to find
the lines where | expected the null angles to be. This was all outlined in the original first couple of
drafts of my "Speaker Crossover" document, but | later took those pages out, the ones dealing
with phase angles and manual calculations. It was long, tedius and boring, and these days, just
doesn't make sense anymore. Take the time you'd spend to calculate one set of vectors, use that
same time to work your regular day job and apply the money towards a good measurement
system.

It's absolutely trivially easy, in comparison, to take measurements at various points in front of the
loudspeaker, to find where the nulls are. Of course, you have to be in the ballpark to start with,
but there's a wealth of information here, on this website, to help find a good starting point. | see

close and may not need to be changed at all.

You may find that you have to move the horn forward or backward a bit, to fine tune the position of
the forward lobe. Or if you want the horn to be baffle mounted (as | see you do), then you might
choose instead to modify crossover values a little bit, if needed to fine tune the position of the
forward lobe and vertical nulls.

Sometimes just slightly modifying the value of a crossover component or two will do it, other times
you will have to modify the slope of the core splitter filter (by adding or removing a reactive
component). Even orders tend to form symmetrical lobes, but electro-mechanico-acoustic rolloff
adds to the acoustic slope, so you may end up with odd orders electrically. Or you may have an
asymmetrical filter, with different slopes on the drivers. More than likely, you'll have what appears
to be a different crossover points for each driver, by textbook values, because acoustic summing
comes into play.

My advise is to spend an afternoon or two measuring your speakers. Lay one of them on its back
and use a boom to position the microphone over it. Take a measurement with the mic in one
position and then move it to take another. Do this enough times you have a grid of measurements
to see what the loudspeaker's pattern looks like. If its response is clean through a wide forward
lobe of 40° or so (20° or more up and 20° or more down) then you're doing fine. That vertical

arc is tall enough to be useful, and will ensure that the speaker sounds good at various heights at
virtually all listening distances in your room, even fairly close up. If the pattern isn't right - if a null
is too close to the forward axis - modify the crossover and take measurements again. Repeat this
process until you are satisfied with your speaker's performance.

Subject: Re: Finished Pi 4 with photos
Posted by Psychoacoustic on Thu, 25 Jun 2009 00:17:24 GMT

View Forum Message <> Reply to Message

Wayne, appreciate the time for such an informative reply. Have completed a couple of Econowave
projects and it was your posts on that thread which brought me to Pi speakers.

Subjective impressions and arbitrary opinions won't help much to make decisions about a
speaker's performance- that much | understand. But | know for certain that | was really pleased
with all aspects of the this project's 'trial' version, with horn just sitting of top of the cab driven by
the Pi 4 crossover. Although I've not spent a great deal of time auditioning the finished project, |
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don't have that previous confidence about it.

Regarding measurement- | appreciate your advice, and know this is the only reliable method.
Purchasing measurement equipment, a laptop computer and learning to use the gear and
interpret/apply results is a journey I'm not ready to begin just yet. | was hoping to avoid that by
building a tried and proven design. Dammit! Shouldn't have messed with a working formula!
Aside from the cabinet volume (5cu ft) there are two differences between the original Pi 4 and the
derivative | posted. They concern, as you described, the spacing of the vertical nulls, i.e. tweeter
to woofer distance and distance to listener. Looking at the Pi 4 baffle cutout plans, the distance
from top of woofer cutout to bottom of waveguide cutout is approximately 1.5"- is that correct? In
the speakers | made that distance is approx 1/2", though comparing photos of Pi 4 from your site
and those above, they look quite similar. Can (e.g.) half an inch make an audible difference? The
other difference is that the flush-mounted waveguide is 15mm forward (of the woofer). If
necessary, it wouldn't be too hard to alter the finished speakers to exactly replicate those distance
measurement aspects of the Pi 4 design.

Also, the additional 15mm baffle layer has extended the total port length by 6¢cm. To return ports
to original length (40Hz tuning), would | need to cut 15mm off of the end of each of the four ports
or could I cut 60mm from the end of one port? I'm guessing that the additional port length has
changed the voicing of the speakers somewhat.

So what I'm thinking of doing is firstly returning the speakers to their previous 'trial' state and
reassessing. It's easily done and reversible; waveguide and driver back on top of inverted cabinet
and cut a cover plate to seal the waveguide cutout in the baffle.

Subject: Re: Finished Pi 4 with photos
Posted by Wayne Parham on Thu, 25 Jun 2009 01:04:38 GMT

View Forum Message <> Reply to Message

As | said earlier (or tried to say, but may have been too wordy) the basic setup looks very close to
me, so | would expect results to be good. | would further expect you'll be in the ballpark with
respect to the position of the forward lobe and nulls. The thing is, even though the horns look
similar in appearance, size, basic shape and polar response - they're not the same, so there is
some question how their subtle differences might change things, specifically in the critical
crossover region.

The lower end of the passband is where crossover is done, and that's where a horn or waveguide
is most compromised. The differences between similar horns/waveguides are manifested mostly
in this region. Directivity and acoustic phase are shifting in the lower end of the passband, and
those things contribute pretty heavily to the on and off-axis summing between adjacent
subsystems.Basically what I'm saying is it could be a drop-in replacement, or it could be some
small changes are in order.

Subject: Re: Finished Pi 4 with photos
Posted by Psychoacoustic on Thu, 25 Jun 2009 02:27:27 GMT

View Forum Message <> Reply to Message

The H290 horns are on backorder from P.E. Will be interesting to compare when they arrive.
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Thanks again for the input.

Subject: Re: Finished Pi 4 with photos
Posted by Psychoacoustic on Fri, 26 Jun 2009 10:33:46 GMT

View Forum Message <> Reply to Message

Here's the bass cabinet in the test phase, with the JBL waveguide and DE250 perched on top
driven by Pi 4 crossover.

Suprisingly, very good sound despite the distance between drivers. When finishing the cabs | may
have inadvertently introduced some funky anomolies. Will attempt to address those, restore
former vibe and report back. Credits to Wayne for support.

File Attachnents

1) , downl oaded 18539 tines

Subject: (Now they're REALLY) Finished Pi 4 with photos
Posted by Psychoacoustic on Wed, 01 Jul 2009 23:44:18 GMT

View Forum Message <> Reply to Message

One of my Dad's favourites was "If it ain't broke, don't fix it". Too true. The JBL waveguide on
DE250, in general, sounded very good. But after having identified and rectified the anomaly that
was nagging at me, (vocals were too pronounced, or 'shouty') and rectifing this problem, | wouldn't
say that it was an automatic alternative for the H290 without modifications to the standard
crossover. It was an interesting, educational experience which | presume demonstrated the
concern that was raised about the '... position of the forward lobe and null(points)'. Comparing the
dimensions of the JBL and Eminence H290 horns, there appears to be a significant difference in
length (throat to front edge).

On the first audition, it was clear that the sonic difference between the horns was not subtle. The
H290 was smooth, balanced and very easy to listen to at all volume levels. Detail and imaging
were really outstanding- three dimensional. Anecdotally, listening to a fairly lackluster pressing of
the Beatles 1968-1970 (blue album) revealed subtle nuances for the first time and breathed new
life into the album.

Still have some postion experimentation to do regarding tilt and height. Will consider trying some
rigid fibreglass sound absorption on the ceiling just forward of the speakers.

Below is a photo of the (grubby) project with H290 fitted.

File Attachnents
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1) , downl oaded 16746 tines

Subject: Re: (Now they're REALLY) Finished Pi 4 with photos
Posted by Wayne Parham on Thu, 02 Jul 2009 05:22:58 GMT

View Forum Message <> Reply to Message

Very nice.

This kind of highlights how different horns behave. The length is probably the biggest difference
where the crossover is concerned, but there are also probably some directivity differences as well.
| expect the horizontal to be pretty similar, but the verticals may be less so. All in all, there is
probably some crossover optimization in order to use the PT-F95HF as a substitute for the H290.
My personal opinions of various design philosophies

Subject: Re: (Now they're REALLY) Finished Pi 4 with photos
Posted by Russellc on Fri, 10 Jul 2009 17:20:27 GMT

View Forum Message <> Reply to Message

| know this message is getting a little old, but | remember you | believe from the Econowave
thread. | have a very similar project,

the same JBL 4507 cabs, | did have JBL 2225H in there which is very similar to the 2226H, but
have changed to the 2235H driver, and thats why you see one port plugged. I'm not sure |
understood one of your posts, lhope you didnt alter the length of the tubes inside the 4507 cab. |
would restore that if so. The cab can be easily tuned differently by plugging various ports with
plumber's test plugs ( 3 inch). All 4 open is 40 hz, one closed is 34 hz or so. This is the same
tuning, box volume as the JBL 4430 monitor, one of the reasons | installed the JBL 2235H as it is
the same driver thats in the 4430 as well. with 2 ports closed you are right on about 30 hz, and
the response is fairly flat. | sometimes use this tuning with thw 2235H driver as well, just a little
tighter. With 3 closed, you're at the same tuning, box volume, ( and same driver if using the
2235H ) as the JBL B 380 subwoofer, | think that was 22-25 hz, cant remember now.

Likely your largest difference from the 4PI is something you mentioned in one of your last posts,
The difference in length between the H290 and driver ( JBL in the pic) compared to the JBL wave
guide and pictured, the Selenium driver. The compression driver shown on the 4507 boxes is the
B&C DE 250.

JBL tackled a similar problem with the 4430 monitor by putting a one inch spacer on the faceplate
behind the 2433 horn, which moved it forward one inch in relation to the front of the woofer.
Others, like Altec with the A7, made up for the problem by reversing the phase of the HF horn,
bringing it closer in phase.

The other difference, is the crossover. They are similar, especially the compensation, but the rest
is different, and the 4P1 was worked to work on those parts, the JBL wave guide has the E'wave
crossover worked out for it. Both would be close for the other, but they arent tweaked as well as
their intended application. | also ran into questions, as | also have the H290 and various
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compression driver, and | tried them in various combinations with the E'wave crossover.
Remeber, the E'wave project is just a high fregency unit, waveguide+ compression driver and
crossover with compensation. The Low frequency is just a standard 2nd order crossover at 1600
hz or so. Itis to be adjusted to your particular choice of woofer. | found with both the 2225H and
the 2235H that this standard circuit sounded "OK" but wasnt quite right by a long way. Since |
was using the same box size, box tuning and woofer as the JBL 4430 it was suggested to me to
use the bass portion of this crossover. | built it as well as the same zobel circuit, combining that
with the standard E'wave filter and compensation. Looking at the several projects some members
did who have advanced measuring facility produced nice LF circuit foor their particular woofers.
Many used the JBL LE 14 A 14 inch woofer, and | noticed the crossover point was pulled down to
900 hz from the standard 1600. The JBL 4430 is said to cross around 1,000, so | figured this
would work, and work it has. Doesnt sound bad with the H290 either, oddly and despite the
length differences, they seem to both sound fine. One combination | tried on a lark was putting an
Altec 802 8G on the H290. A very enjoyable combination! Vintage Altec sound and rock solid
imaging from the semi constant directivity supplied by a modern horn/waveguide! Glad to see you
got it to sound the way you wanted, lots of lessons along the way.

A question concerning your mounting the horn/waveguide in the face plate of the 4507, you have
it very close to the woofer which can be a good thing, but it seems like | remember a brace about
there going from front to back? Its been a while since | looked inside my boxes, my HF in still
perched on top.

Russellc

File Attachnents

1) I M5 2140.] pg, downl oaded 16560 ti nes
2) | MG 2141.jpg, downl oaded 16637 ti nes
3) I M5 2142.)pg, downl oaded 16580 ti nes

Subject: Re: (Now they're REALLY) Finished Pi 4 with photos
Posted by Wayne Parham on Sat, 11 Jul 2009 15:24:54 GMT

View Forum Message <> Reply to Message

| think you probably noticed, but it doesn't hurt to mention in this thread to be sure. | did a little
tutorial on how to setup the crossover and what to watch for in the thread below:

Crossover optimization for DI-matched two-way speakersl find that some woofers and
horns/drivers can be interchanged using the same crossover, but many can't. The crossover
usually has to be optimized for the drivers and horns used.

I'm not talking about whether or not a driver needs mass-rolloff compensation or some kind of
notch filters or voicing. Most DIYers would sort of intuitively know those kinds of things need to be
looked at when designing the crossover or changing drivers. What some might not think about is
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the off-axis response, and how the position of the forward lobe and the off-axis nulls are set.

Some drivers can be interchanged and the verticals stay pretty much the same, but some can't.
This isn't just true of the tweeter horn (and to a lesser extent, its compression driver), although
that's the most obvious situation. It is also true of the woofer. Different woofers have different
upper response curves and rolloff slopes. That changes the acoustic phase (adding to the
electrical phase of the crossover) which has a major impact on summing and off-axis
performance.

Subject: Re: (Now they're REALLY) Finished Pi 4 with photos
Posted by Psychoacoustic on Mon, 13 Jul 2009 06:22:21 GMT

View Forum Message <> Reply to Message

Russellc wrote on Fri, 10 July 2009 12:20...1 remember you | believe from the Econowave thread.
| have a very similar project...
Russell, it was partly your E/W 4507 project that motivated me for this Pi derivative. Thanks.

Russellc wrote on Fri, 10 July 2009 12:20... didnt alter the length of the tubes inside the 4507 cab.
| would restore that if so.
You understood correctly sir, and | did return the length to original.

Russellc wrote on Fri, 10 July 2009 12:20 one closed is 34 hz or so... 2 ports closed you are right
on about 30 hz, and the response is fairly flat.

Great- | was looking for those frequencies. I've been enjoying the tuning with four ports open as
per Wayne's recommendation. | most certainly will experiment with closing ports once I'm
accustomed to these new speakers.

Russellc wrote on Fri, 10 July 2009 12:20 The difference in length between the H290 and driver (
JBL in the pic) compared to the JBL wave guide...

Yes, | feel that the JBL on the Selenium may have been better than the result obtained by
mounting on the B&C driver.

Russellc wrote on Fri, 10 July 2009 12:20Reme(m)ber, the E'wave project is just a high fregency
unit, waveguide+ compression driver and crossover with compensation. The Low frequency is
just a standard 2nd order crossover at 1600 hz or so.

You know, | got these 4507s and was busting to test them to ensure | didn't get ripped off. | ran a
lead from the woofer to the Kegger-designed KPM-100 crossover (intended for HPM-100 E/W)
and the JBL/Selenium combo. Didn't expect much... damned if it didn't sound GOOD!

Learned a lot from conducting the B&C/JBL horn experiment; actually witnessing the results rather
than trying to digest acoustic theory made a huge difference to this beginner. Appreciate your
thoughts on it, too.

Russellc wrote on Fri, 10 July 2009 12:20...very close to the woofer which can be a good thing,
but it seems like | remember a brace about there going from front to back Yes Russell, you have a
top memory. There is (was) a brace there which | removed to fit the horn as close as possible.
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Two braces were cut, both totalling more than the original in size. They were mounted in the

centre of the triangle formed by port, woofer and horn. In the last photo above a depression in the
baffle can be seen where a screw is located.
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