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By Mark Rumreich

How to build the biggest box
from any rectangle of MDF.

hen it comes to subwoof- !
ers, it’s usually true that big-
ger boxes mean deeper bass.

When a friend asked me to
build a powered sub for his garage, I

wondered what was the biggest box I : |
could make from a half-sheet of MDF & &
(medium-density fiberboard). I was
able to come up with a design that used
every square inch of the half-sheet, ex-
cept for the sawdust.

Even more surprising, I found that :
it’s possible to design a box from any
size rectangle of wood that uses every
square inch of material and gives the
largest possible box (Fig. 1).

THE DE s I G N PR 0 c EDURE : type-a cutting pattern type-b cutting pattern type-c cutting pattern

Figure 2 shows the three types of cut- x1 x1 x1 x1 X
ting patterns I will consider. Which
cutting pattern is best depends on the
length-to-width ratio of the rectangle
of wood you're starting with. In gen- : | v y1 1 v
eral, the type-A cutting pattern is best !
for near-square panels, the type-C
cutting pattern is best for long and v2 Y ¥l
thin panels, and the type-B pattern is ¥
best for in-between panels. You can !
choose to use a sub-optimum cutting y2
pattern if you prefer the finished box
dimensions that it provides, but at the y2
price of reduced box volume. This will
become clearer with some examples. | —
For each of the three cutting pat-
terns, x represents the short dimen-
sion and y represents the long dimen- FIGURE 2: Three cutting patterns.
sion of the original panel. The values
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Subwoofer Design Toolbox enclosure design tool.

olume is in cubic feet for dimensions in inches,

100 percent efficiency value is referenced to a perfect
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cube with zero thickness panels and zero kerf.
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1 panel ype-a cutting pattern type-b cutting pattern e-c cutting pattern

2 3 ¥ thick  kerf box1 box? box3 x1 y1 y2 wvola effa | box1 box2 box3 xi yi y2 wvolb effb

3 [4600 4800 075 0125 26,44 2394 1266 2394 1266 2244 347 796 | 4950 2394 0688 2394 0688 2244 039 89

4 \ \ \ \ \ \ I

H Notes: type-a cutting pattern type-b cutting pattern type-c cutting pattern

B Dimension v should akways be greater or equal to

7 dimensian x. X1 x1 x1 x1 x

g

9 Box dimensions are listed in optimum order for the
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FIGURE 3: Spreadsheet view for 48” x 48” panel.

x1, y1, and y2 represent finished di- :

mensions of the six cut pieces used to
construct the box.

Determining these values is com-
plicated by needing to consider the
thickness of the wood, and also the

kerf of the saw blade (the material lost

to the cut width, i.e., the sawdust).
The formulas would have been much
simpler with zero thickness panels
and zero kerf]

I've produced an Excel spreadsheet :
to perform the calculations. You can !

download it at www.mfr-eng.com/
box_panels.xls.

Figure 3 shows the spreadsheet. For
this example, I entered the half-sheet

dimensions of 48” x 48”, with a thick- !

ness of %” and a ¥8” kerf. To use the
spreadsheet, enter your own values in
the first four columns, and the spread-
sheet will calculate the rest. If you're

interested in the actual formulas, you

can see them by clicking on the ap-

propriate boxes in the spreadsheet.
The spreadsheet calculates the

length-to-width ratio (in this case 1.00).

This number provides guidance for the :

best cutting pattern type. The spread-

sheet also calculates the following values

for each of the three cutting patterns.
Referring to the spreadsheet in Fig.

3, the type-A cutting pattern provides

a box volume of 3.47ft3 and a volume
efficiency of 79.6%. The type-B and
type-C cutting patterns show negative

values for volume, which means that
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- Negative volume values result for a
cutting pattern when the calculated !

they aren’t useful for this square panel.

dimensions of any of the sides drops
near or below zero. This happens with
the type-C cutting pattern when the
length-to-width ratio is too low, and
there isn't enough residual length to
support the y1 dimensions, given that

the y2 dimension is approximately :

- WHICH CUTTING

equal to x.

Looking at the values for x1, y1,
and y2 for the type-A cutting pattern,
you can see that the value of x1 is V16"
less than half the width x of the origi-
nal panel. That makes perfect sense

- because I specified that the kerf is ¥8”.

If you add up the two y1 values plus
y2, you see that you are %” less than :

the original panel length y. This also
makes sense because you have two ¥8”
kerfs to accommodate.
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Figure 4 shows how the pieces fit
together to form the box. This view is
from the Subwoofer Design Toolbox
software. You don’t need the Toolbox
software to make use of the spread-
sheet, but it makes it easier to envi-
sion how the box is constructed. To
learn more about the Subwoofer De-
sign Toolbox, visit www.mfr-eng.com.

PATTERN TO USE

Which cutting pattern to use for the
half-sheet example was clear—only
type-A provided a useful result. For
larger length-to-width ratios of wood,
the other cutting patterns may be bet-
ter. Figure 5 shows the spreadsheet
results for a range of length-to-width
ratios from one to eight. The x and y
values in the spreadsheet were chosen
to provide a uniform panel area of

ax
All dimensions are shown in inches
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FIGURE 4: How the pieces fit together to form the box.
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i panel type-a cutting pattern type-h cutting pattern type-c cutting pattern

2 X y thick  kerf | ratio | box1 box? box3 x1 yi y2 wvola effa| box1 box2 box3 x1 yi y2 volb effb | box1 box2 box3 X yl y2 volc effc
| 3 (3394 3394 075 0125 P00 1641 | 1691 | 914 | 1651 | 914 [ 1541 | 1.15 SEEN) 35.44 1691 083 1691 088 1641 019 123 | 3544 3394 789 3394 78I 3244 555 3887
| 4 | 3035 | 37.95 | 0.75 | 0.125 [B4250) 16.62 | 15.12 | 12.04 | 1512 | 12.04 | 1362 | 1.25 [NGWSH| 31.86 1512 | 340 1512 340 1362 046 296 | 3186 3036 -510 3036 -510 2886 -334 -217.3
| 6 | 2771 | 41.67 | 0.756 | 0125 [SIGEN] 15.29 | 13.79 | 14.61 | 1379 | 14.51 | 1229 | 1.25 [NOEN| 29.21 | 1379 | 6549 13.79 | 649 1220 079 @ 611 [2021 2771 287 2771 267 2621 -184 1183
| 6 | 2400 48.00 | 075 | 0.125 [F200N) 13.44 | 11.94 | 1866 | 11.94 | 18.66 | 10.44 | 1.24 [SSUSN| 25.50 | 1184 | 887  11.94 887 1044 107 694 |2550 2400 055 2400 059 250 -028 -184
| 7 | 2147 5366 075 0125 2800 1217 | 1067 | 2212 1067 | 2212 | 917 | 117 S@SEN| 22.97 1067 1161 1067 1161 917 1.15 SF480 2257 2147 328 2147 328 19597 044 266

B | 1960 5879 075 0125 | 300 | 11.24 | 974 | 2515 974 | 2615 824 | 110 | 713 | 2110 974 1394 974 1384 824 1.6 BF68 | 21.10 1960 6549 1960 549 1810 082 5632
(9 (1514 6350 | 075 0125 | 380 | 1051 | 901 | 27&7 | 501 | 2787 | 75 103 | 67.0 | 1964 801 1589 901 1583 751 114 D742 1964 1814 740 1814 740 1664 103 BES
| 10| 1697 67.88 | 075 0125 | 400 | 292 | 842 | 3035 842 (3035 692 097 | 632 |18.47 B42 1785 842 1785 692 1.1 N22)| 1847 1697 908 1697 908 1547 115 NiAE
I 1600 7200 075 0125 4580 | 944 | 794 3266 | 794 3266 B44 | 092 | 598 | 1750 794 18954 784 1954 644 108 693 | 1750 1600 1059 1600 1058 1450 122 BFES
1121518 | 76.89 076 0125 P00 9.03 | 753 | 3481 753 3481 | 603 | 067 568 |16.68 7.63 2111 753 2111 603  1.04 674 | 1668 1518 11598 1518 11598 1366 126 NELE
| 13| 1447 | 79.60 | 0.75 | 0125 [B680N 867 | 717 | 3684 | 717 | 3884 | 567 | 083 | 541 | 1597 | 747 | 2258 7.17 2258 567  1.00 B51 | 1587 1447 1326 1447 1326 1257 128 NESH
| 14| 1386 8314 075 0126 ['BOO| 837 | 667 | 3876 BO7 | 3876 637 | 079 | 516 | 1636 B.B7 | 23597 BE7 2397 637 087 628 | 1536 1386 1445 1306 1445 1236 128 SESS
| 15| 1283 | 89.80 | 0.76 | 0125 [WFBON| 7685 | 6.35 | 4235 B35 | 4235 485 | 073 | 473 | 1433 | 635 | 26653 B35 2653 485 050 586 | 1433 1283 1663 1283 1663 1133 127 NE2E

16 1200 9600 075 0125 | 8O0 ) 744 | 594 4565 504 4565 444 067 | 437 | 13680 594 2887 594 2687 444 084 548 [ 1350 1200 1859 1200 18558 1050 125 F&l0

FIGURE 5: Spreadsheet view for a range of length-to-width ratios.

8.0ft3, to provide a level playing field
for this comparison.

The highest efficiency values are
highlighted in the chart. As the
length-to-width ratio of the panel in-
creases, the best cutting pattern (from
the standpoint of highest box vol-
ume) shifts from type-A to type-B to
type-C. To help decide what’s the best
cutting pattern to use, here are a few
rules of thumb to consider:

e For length-to-width ratios below :
2.5, the type-A cutting pattern
produces the highest box vol-
umes.

For length-to-width ratios of 2.5
to 4.0, the type-B cutting pattern
produces the highest box vol-
umes.

For length-to-width ratios above
4.0, the type-C cutting pattern
produces the highest box vol-
umes.

For subwoofers (in which the sound
wavelengths are much longer than

Table 1 spreadsheet calculated values

VALUE MEANING

box1 Outside dimensions of the finished box.

box2 The dimensions are listed in the optimum

box3 order for the Subwoofer Design Toolbox
enclosure design tool.

x1 Finished dimensions of the six cut pieces

y1 used to construct the box.

y2

vol Internal volume of the finished box.
In cubic feet for dimensions in inches.
(Change 123 to 108 in the volume formulas
if you prefer metric units of mm and liters.)

eff Volume efficiency (percent). Indicator of
how much box volume you're getting for
the amount of wood. The 100% efficiency
value is referenced to a perfect cube hav-
ing the same amount of wood, with zero
thickness panels and zero kerf.

. any panel dimension), the shape of :

the box has little importance from

a performance standpoint—all that
© matters is box volume. But you may

prefer the dimensions of one of the
sub-optimum cutting patterns for ap-
pearance or for a better fit in your
chosen location.

For full-range designs, the box
shape is important, and the shape that
maximizes volume (a perfect cube) is
not at all desirable from an internal
resonance standpoint. For full-range
designs, the alternate cutting patterns
may provide a superior compromise
between volume and shape.

A FEW TIPS

Check the actual dimensions of the

- wood panel before using the spread-

sheet. The panel may be slightly
smaller or thinner than the nomi-
nal dimensions. If the edges of the

panel are banged up or not square, g
. give yourself some margin by specify-
¢ ing a slightly smaller panel size in the

spreadsheet.
One of the advantages of these

three cutting patterns is that many
¢ of the dimensions are shared among
. multiple pieces. This allows you to
¢ set up the fence of your tablesaw to

perform the same ripping operation
multiple times without moving the

. fence. This saves time and provides

better-fitting sides, because small er-
rors are common to multiple pieces
and often cancel out.

When building a pair of boxes from
a large panel, you have two ways to

. cut the panel in half before using the

spreadsheet to design the cutting pat-

- tern for each box. This gives you more

to provide two 4Y8 X 48 panels or
- two 2’ x 8 panels. The first method
would favor a type-A cutting pattern,
and the second would favor a type-B
or type-C cutting pattern.

Bracing is important in subwoof-
. er boxes to reduce unwanted panel
- vibrations. You can often cut brac-
ing strips from scraps of MDF or
other materials on hand. If you
need to cut braces from the large
¢ rectangular panel that you're start-
. ing with, cut them off the side that
leaves you with the best residual rec-
tangle for the box design. aX

options to choose from. For example,
you could cut a 4" x 8’ sheet of MDF
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