The ART Array

(AudioRoundTable Group Build Line Array)

Design Goals:

The basic ART Array concept was conceived as a group build line array speaker project for the AudioRoundTable forum with the following design goals:

· Very affordable - Target cost to build is $350-$400 for the pair. This will require the use of a midwoofer array with a single point source tweeter at the center. This target price also requires that each enclosure can be built from a single 4X8 sheet of mdf or plywood.

· Easy to build - can be built by a person with no previous woodworking experience using a circular saw, a jigsaw and an electric drill. 

· Tube friendly - Eight ohm or higher nominal impedance, 94dB or greater sensitivity.

· Readily available drivers – Avoid “buyout” drivers.

· Reasonably sized - Not too much over 5' high with a reasonably narrow baffle. Line arrays can't be satellite speaker size, but no 7' monsters either.

· A ported enclosure whose bass extension will make a subwoofer optional or if possible, unnecessary.

Driver Selection:

We knew a 5.25” midwoofer would satisfy our size and bass extension requirements, so when Parts Express put their $14.70 #295-301 midwoofer on sale for $11 the midwoofer choice became a no-brainer. The tweeter selection was a bit more challenging because we needed at least 93dB sensitivity combined with the ability to cross over no higher than 2.5khz. Wayne and I have both used the Vifa DX25 previously, and its 650hz Fs, 93.5dB sensitivity, reasonable $27.75 price, and the fact that it’s a very good sounding tweeter made it our first choice. (A ribbon or a planar would have worked too, but it would have taken the price above the target). 

Enclosure Design:

A four cubic foot enclosure volume seemed about right for the eight midwoofers. I didn’t want the baffle to be wider than 10” for aesthetic reasons, so that limited the depth to 15” (13.5” internally) if each enclosure were to be built from one sheet of mdf. Simple arithmetic told me the enclosure had to be about 64” tall to achieve the interior volume target. I wanted the tweeter to be at ear level, so I located it about 35” up from the bottom of the enclosure. Then a target ¼” maximum distance between the drivers determined the CTC driver placement. I decided to divide the enclosure into two separate sub sections to minimize pipe resonances, and determined that a divider placed just below the tweeter would create equally sized sub-enclosures. All this resulted in an enclosure that’s 10”W, 15”D, and 64” H. WinISD indicated a 4” port for each section would be good, and a 49hz tuning frequency requires a 4-3/8” length. This results in an F3 in the mid 40’s, which just satisfies our no-subwoofer requirement. 

Enclosure construction and assembly:

Note: These instructions are very detailed. When you first read them your eyes may glaze over, but as you get into the actual assembly you will see they provide information that will be especially useful for a first time speaker enclosure builder.

1) Panel dimensions:

· Building the two 10”W, 15”D, 64”H enclosures requires two 4’X 8’ sheets of ¾” mdf or plywood. Have the yard crosscut the sheets at about 66” for easier transportation and handling.  This will leave you with two 5 ½ foot by 4 foot sheets and two 20 inch by 4 foot pieces. 

· Panel dimensions are 10X64 (F&B panels), 13.5X64 (side panels), and 8.5X13.5 (top, bottom, and braces). The side panels abut the front and back panels to produce a 10”W by 15”D enclosure.

· You will need four 10”X64” panels, four 13.5”X64” panels, plus fourteen 8.5”X 13.5” panels for the tops, bottoms, and internal braces.

· Each enclosure requires seven 8.5”X13.5” panels: One solid top, one solid bottom, one solid mid brace with only a ½” wire conduit hole, and four braces with the centers cut out (size of hole?). Each cutout brace also has a ½” wire conduit hole midway along the 13.5” side and about 1” from the side. 

· Note: If you prefer, you can build 11-1/4”W, 12-3/4”D, 64”H enclosures using four 16’ lengths of pre cut 12” mdf board (it’s really 11-1/4” wide). Of course, if you can only find the 8’by1’ version, you’ll have to purchase twice as many. Be sure to get the kind with flat ends and not the bullnose-end shelving material. Using the pre cut boards will be much easier if you don’t have access to a table saw. Have the yard cut each board into three pieces (two 66” pieces plus the remaining section) for easier transportation. You will trim these to the required 64” at home.

2) Construction details for each enclosure:

· Align the side panels to the top and bottom panels to form an open box.  Check alignment and then drill a 6/64” pilot hole in each corner.  When glue is applied they will slip and slid around and are difficult to both align and clamp at the same time.  The 5/64” holes will allow you to insert a #4 finishing nail through the side and into the top or bottom.  Using this for alignment, you can then clamp the pieces together.  It’s best to wipe away all the excess glue with a wet cloth before it dries. (Do not install the center divider and braces yet!)
· Note: if you don’t have enough clamps you can use screws instead of pilot nails to hold the panels in position while the glue is drying. Use 1-1/2” #4 flat head wood screws countersunk so their heads can be covered with wood putty in the final finishing stage. 
· Make the driver cutouts in the front panels in accordance with the enclosure drawing. The center of the drivers is not centered on the board so, be sure to make the front panels mirror images! 
· Note: The front baffle drawing provides all the information you will need - the position of the tweeter center point (29 ½” down from the top of the panel), the center-to-center spacing for the tweeter and its two adjacent woofers (5-1/4”) and the center-to-center spacing for the remaining woofers (6”). Everything else (braces, ports, speaker terminals) will be fit in relation to the driver cutouts.

· Lay each front panel face down over a couple of sawhorses and set the already completed side/top/bottom assemblies in place on it. This is your last chance to recheck the size of the front panel versus the side/top/bottom assemblies. Trim the front panel as necessary so it fits as closely as possible. After the front panel is trimmed, use the driver cutouts as a guide for positioning the center divider and the four cutout braces. Draw the correct positions (between drivers) for these pieces on the interior walls of both side panels. Then set each divider or brace in place, clamp, drill pilot nail or screw holes, remove and apply glue, and clamp in position with the pilot nails or screws. This gives you an almost completed enclosure with only the front and back panel left to attach.

· Glue the front panel to the already completed top/bottom/braces/sides assembly. Be sure the front panel is fixed in its proper position with pilot nails or screws, then apply a generous bead of glue to the perimeter of the side assembly, and clamp or screw the front panel the side assembly while the glue is drying.

· Set the back panel in place on the partially completed enclosure, check for size, and trim as necessary. Mark the locations for the ports and speaker terminals (between braces). Cut the port and speaker terminal holes. Replace the back panel on the enclosure, drill pilot nail or screw holes, remove and apply glue, and attach.

· Let the glue dry overnight.  No, really.

· Set the drivers in place for a test fit, adjust the cutouts as necessary, and mark the locations for the driver mounting screws. Drill pilot holes for the driver mounting screws. Do the same for the speaker terminal on the back panel.

· Congratulations, you have completed the enclosures! You can now smooth the rough spots where the panels meet and cover the pilot nail holes or screw heads with wood filler, or you can just proceed with the final stages of construction, enjoy the speakers for a while, then remove the drivers and other parts later to do the final finishing.

Final Assembly

· You will need a roll of 15” wide R-13 fiberglass home insulation from Home Depot. Don’t get the kind that’s all enclosed in plastic. It’s easier to handle in a home insulation situation but it doesn’t work as enclosure damping material.

· Cut sections about 20” long to fit along the back and one side of each section of the enclosure between the braces. The R-13 insulation is much thicker than needed, so carefully split each piece into two half-thickness pieces (it come apart very easily). Roll each piece up, slip it through a driver cutout, and wedge it in place covering the back and one side. It will fit nicely and stay in place without adhesives. Remember that there will be a port which will end up going through the insulation from the back. You will also need to mark and cut out a hole in the appropriate damping panels to accommodate each port.

· Insert each port into its cutout. If a port is a bit loose in its 4-1/8” cutout wrap a turn or two of black electrician’s tape around it until it fits snugly.

· Take a look at the wiring diagram before you begin to make the wiring harnesses.  These harnesses will include a positive lead to the top woofer in each section of the enclosure and a negative lead to the bottom woofer, with a .205” female disconnect at the driver ends. Each enclosure will also require six 12” pigtails with a .205” female disconnect on each end. You will also need to make up a two-conductor lead to the tweeter with .110 female disconnects at the driver end. The harnesses must be long enough to reach a foot outside the lowest driver cutout. They will be soldered to the crossover outside the box, after which it will be inserted through the driver hole and mounted to the back panel behind the lowest driver.

· Install all the drivers starting with the top one, attaching the quick disconnects as you go. Don’t over tighten the driver screws. Be careful to not dent the tweeter dome. It’s very fragile. Never set the enclosure down on its front panel.

· Set the enclosure upright, attach the leads to the speaker terminals, and install the terminals. Now you’re ready for some break-in time.  Play some of your favorite music at normal room filling volumes for about 25 hours before reaching any conclusions about the sound of your line arrays – they may sound thin and bass shy at first.

Crossover Design and Assembly

The parts list includes all the parts needed. I prefer to mount the crossover parts on a 4-1/2 X 6” piece of ¼” thick pegboard. The holes in the pegboard are handy for using wire ties to hold the parts in place. Use the crossover schematic as a guide for wiring the crossover parts. 

Parts List:

These parts are available from Parts Express as a package deal:

· Sixteen Dayton #295-301 woofers

· Two #264-578 Vifa DX25TG-05-04 tweeters

· Four #260-411 port tubes

· One 50’ roll #100-116 16ga speaker wire

· One pkg #081-435 #6 driver mounting screws

· Eight #260-770 rubber cabinet feet

· One pkg #095-282 female disconnects

· One pkg #095-286 female disconnects

· Two #260-304 bi-wire speaker terminals

· Two #255-424 1.2mH Jantzen 15 Gauge air core inductors

· Two #027-568 10uF Solen capacitors

· Two #004-16 Dayton non-inductive resistors

Note: I recommend you get the package deal from PE and build with these parts initially. You may substitute other brands or types of wire, speaker terminals, crossover parts, etc. later. Call Scott Placke at Parts Express and tell him you are an AudioRoundTable member and are building the ART arrays
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