How 1o Brace a Speaker Calbinel—

Vibration Reduction in
Loudspeaker Enclosures

G. B. HOUCK*

Presenting the reasons for bracing a bass-reflex loudspeaker cabinet, and showing
how to do it with the assurance of improved performance when the job is completed.

that “Empty barrels make the loud-
est noise.” In this case he was re-
ferring obliquely to the common phe-
nomenon of uninformed vociferation, not
describing the performance of a loud-
speaker enclosure. G. A. Briggs, in the
second chapter of “Sound Reproduc-
tion,” was commenting on the latter
when he wrote: “The indications are
that the effect of cabinet resonance has
been underestimated in the past.” He
observed that the tone-quality of repro-
duced sound was greatly improved when
the loudspeaker cabinet was constructed
of materials having a high density. In a
paper presented before the IRE PGA!,
Frank McIntosh pointed out that
“boomy” sounds are caused by acoustic
radiation due to decaying vibration of
the panels in a poorly braced cabinet.
Briggs offers one solution to this
problem—make the panels massive and
they won't vibrate. The principle in-
volved is that of relative momenta. Con-
sider the effect of a moving mass of air
striking a panel. Referring to Fig. 1, ifa
unit volume of air having a mass M,
and an instantaneous maximum velocity
V' strikes a unit volume of panel having
a mass M., initially at rest, both masses
will have a resulting velocity . This
relationship may be written:

MV = M:O'= (M + M P (1)

Note that for the optimum condition,
I; approaching zero (panel does not
move) it is necessary to have the ratio
of M./, as large as possible. Sinece M.,

B ENJAMIN IFRANKLIN once observed
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BEFORE IMPACT AFTER IMPACT

TABLE 1
Physical Properties of Common Censtruction Materials

Material u:\:.'}sfl.s e ,bs'_"f,;.'._. Mz/My Vi/Va
Dry packed sand 105 | 8.75 114 10.7
Brick 125 3 31.2 406 20.2
Concrete 150 3 37.5 488 22.1
Plaster — 1 8.0 104 10.2
White Pine 26 s 1.9 247 4.9
White Oak 46 Vs 3.36 43.8 6.6
2-7s wood panels with 1” sand between 12:55 163.5 12.8

the mass of air is fixed at roughly 1/13
Ih. /eu. ft., M: remains the only variable.
By varying M-, it is possible to obtain
the ratios shown in Table I for several
different materials. It appears obvious
from a glance at this table that a small
improvement in /. (hence a reduction
in vibration) may be had only at the
expense of a large increase in weight,
For example, a panel made of concrete
would tend to vibrate (other things such
at the modulus of elasticity being equal)
1/4.5 times as much as one made of
wood, but would weigh 20 times as
much, Thus a typical bass reflex cabinet
weighing 50 pounds constructed of
wood, would weigh 1000 made of con-
crete—probably too much for the aver-
age living room floor to support. Even
if this were permissible, such an en-
closure would be virtually immovable
and would present the baffling (no pun
intended) problem mentioned in a recent
editorial.?

Fortunately for the cabinet designer
there is another solution to the problem
of reducing panel vibration. Instead of
relying on weight alone to accomplish
the desired results, he can make the
panels stiff, and join them rigidly to-
gether.

Stiffness of Panels

Several factors determine the stiffness
of a panel, The chief factor of course is
the geometry of the panel. In most cases
it is very difficult to analyze the be-
havior of a vibrating plate, especially
if one attempts to relate varions design
parameters to a resulting acoustic out-
put. It is entirely beyond the scope of
this discussion to examine these theoreti-
cal considerations in minute detail. Fur-

Fig. 1. Kinetic energy effect of Unit Volume
of air M,, impinging on Unit Area of panel, M:.
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thermore, it can be shown that a much
simpler method of analysis provides the
essential information necessary to make
very substantial improvements in cabi-
net construction,

I"or all practical purposes it is reason-
ably sufficient to consider a panel as
made up of an infinite number of small
beams arranged side by side as shown in
Fig. 2. Notice that in this type of analy-
sis, the beams are represented as ex-
tending across the shorter dimension
of the panel. Assuming the edges of the
panel are supported, it is logical to sup-
pose that the beam exhibiting the most
severe deflection when subject to a load,
will he one near the center of the panel
such as beam A. Now, without attempt-
ing to determine an exact coefficient for
the stiffness factor, it can be shown that
the maximum deflection of beam A is
dependent on a few easily determined
variables. Actually, since the beams are
integral parts of a homogeneous plate,
the deflection will be somewhat less than
that of a single unattached beam.

The equation for the deflection of a

rigidly supported, uniformly loaded
beam may be written as
= It
2=BIE1T 2)
= —
s e—UNIT BEAM
- e Pt ]

Fig. 2. Typical panel as used in the discussion.
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Fig. 3. Typical bass-retlex enclosure, with dimensions as used in the sample problem. All
stiffening beams are mounted so that their maximum cross-section dimension is perpendicular
to the plane of the panel.

in which Z equals the maximum deflec-
tion, i/ equals the load on the beam
(maximum instantaneous value), and [/
equals the moment of inertia of the
cross-section of the beam. If this equa-
tion is compared with that for a non-
rigidly supported beam, in which case

.EIH/ i (3)
384 E I

it will be observed that the deflection is
five times the magnitude of the former.
Of course in actual practice these ex-
tremes are almost never encountered;
no panel however loosely secured would
exhibit a yibration five times as severe
as one firmly attached to an immovable
support. Nevertheless, this simple com-
parison emphasizes the need for rigid
support of the panels,

The maximum deflection of such a
beam may also be reduced by decreasing
its length as far as is practicable. On the
other hand, little benefit is derived from
attempting to vary the value of ‘E; refer-
ence to appropriate tables reveals that
the modulus of elasticity of commonly
used lumber varies from about 1.00x
108 to 1.6 x 10°.

The moment of inertia of these beams
equals ba’/12, where b is the width of
the beam and d is its thickness. (See
Table I1) It is interesting to note here
that doubling the thickness of a panel
(and hence the thickness of a unit-width
beam) reduces the deflection by a factor
of eight; tripling the thickness reduces
deflection by a factor of 27; and so on.
Before demonstrating a typical solution
to a cabinet design problem, it will be
found helpful to mtroduce one further
beam equation into the discussion. In
the case where a panel contains an open-
ing (speaker mounting hole or reflex
port), the beams which have one termi-
nation at an opening are classified as
cantilevers. The deflection for this type
of beam is written as:

Z=

TABLE 2

Moment of Inertia about the Center of Gravity
for Commen Lumber Sizes (max. Value)

Nominal Dressed or Moment of
Size Finished Size Inertia
In. In. In.!

1 x1 Tax T .049
1%2 Y8 X 134 31
1 %3 Ve X 25k 1.32
2x3 158 % 254 2.45
1 x4 78 X 3% 3.44
2% 4 136 X 3% 6.45
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For convenience, the terms in the
equations which remain more-or-less
constant in any one design, are I# and
E, and they may be lumped mto one con-
stant, K. The equators are then re-
wrilten as:
Simple beam—no end supports

T

oo e LY

=384 ] )
Simple beam—fixed end supports

o e A

2=3501 ()
Cantilever

— B o

2= )

Figure 3 and the sample problem
show the suggested method of analysis

. —¥asep— 1 —| 1
T e — N
/// SRSz
/ 2 S 54'// —)
Fe
/ /
Th’ / 7 374"
I 7 PLYWOOD E‘;\:-
/|
i /) / \
15 2 Y
4
t} f} 1’2%—
\ e A /
N AR g

of supporting the panels is highly im-
portant. Since most panels are made of
plywood, it is necessary to insure that all
joints are constructed to achieve the
maximum possible rigidity. A simple
but effective method for accomplishing
this is to use corner posts to which the
panels are securely anchored. A few
typical joints of this tvpe are illustrated

- in Fig. 4. Tt will be found that such

methads also contribute to the over-all
appearance of the finished structure,

At first glance, the prospective builder
may be somewhat dismayed by the sug-
gestion that special tools are needed to
prepare the joints for assembly. This
type of work is best done using a joiner
or router, although the patient crafts-
man may use a plane with very good
results. In many instances the whole
problem can be greatly simplified by
having a local mill cut each piece to
size and prepare the joining surfaces
from drawings furnished by the de-
signer. The task, then, is merely one of
assembling the finished parts,

During this assembly operation it is
best to screw and glue all joints together
so that the (inished cabinet will be tight
and solid. The front panel of the en-
closure can also be permanently an-
chored if the loudspeaker is mounted as
shown in Fig. 5. It is fairly well recog-
nized that speaker performance is greatly
improved by mounting the speaker in
this manner, As illustrated, an alternate
method using two superimposed panels
obviates the necessity for special rout-
ing. In either case captive nuts attached
to the back of the panel receive the
speaker mounting bolts from the front.
Many loudspeaker manufacturers will,
upon request, supply suitable gaskets
for this type of mounting.

Conclusion

It has been the purpose of this dis-
cussion to analyze the problem of spuri-
ous acoustic output caunsed by excessive
panel vibrations in a loudspeaker en-
closnre, and to suggest an approach
which will result in a definite reduction
in the effect and a vast improvement in
the over-all performance. As might be

(Continued on page 51)

Fig. 4. Examples of cornerpost construction.

as applied to a typical cabinet. Cabinets
of different shapes will present stiffness
problems somewhat different from the
sample illustrated. In this case, the
analysis is used to determine the size,
shape, and number of braces required
to improve the performance of a cabinet
originally constructed without full con-
sideration of the factors just discussed.
Naturally the need for extensive bracing
is reduced if the enclosure is properly
designed from the start.

Coi.struction

There is more to the problem of de-
signing a rigid speaker cabinet than
mere choice of adequate panel thickness
and arrangement of bracing, however.
As was observed from the discussion of
the beam equations, above, the method
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12 178" DIA. (VARIES WITH
SPEAKER)

GASKET ¥
1 174" pEEp

« BREAX TO FIT SPEAKER
ES AS REQUIRED
- =
10 174" DIA. (VARIES WITH
[ SPEAKER)
ALTERNATE METHOD

== NS
—a—] e

GLUE WITH PRESSURE, USE SCREWS IF PRAGTIGAL

Fig. 5. Loudspeaker mounting details,
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VIBRATION REDUCTION

(from page 23)

expected, the vibrations dealt with are
those which occur at low frequencies.
The various equations do not take reso-
nance into account but explain the phe-
nomenon below resonance where dy-
namic and static deflections are nearly
the same. 1lf one remembers that the
natural resonant frequency of a solid
varies inversely with its weight and
directly with its stifiness, it is obvious
to conclude that constructing panels as
rigidly as possible helps to raise the
resonant frequency to a region where
damping is more easily accomplished
by the use of padding and sound absorb-
ing materials. This is easily demon-
strated with the test set unp illustrated
in Fig. 6. Connected in this manner, the
oscilloscope indicates the power factor
of the load. At resonance, the power
factor is unity and a straight line ap-
pears on the scope. Power factors at
non-resonant frequencies show up as
loops of various widths. If the oscillator
is adjusted until a panel resonance is de-
tected, it may be observed that the ap-
plication of hand pressure to the vibrat-
ing panel will cause the straight line to
open up into a loop, and by returning the
oscillator it will be found that the reso-
nant frequency occurs at a higher fre-

Aupio ®

OSGILLATOR ?._

o
o
1000

[
‘o

TO TEST SPEAKER

Fig. 6. Test circuit used for checking imped-
ance and resonant frequency of speaker in
enclosure.



quency. During this test, of course, one
must not pick an oscillator frequency
which corresponds with the natural
acoustical resonance of the cabinet. In
this case applying pressure to the panels
will have little effect.

SAMPLE PROBLEM

Consider the bass reflex cabinet shown
at (A) in Figyre 3. Assume that it is
constructed of 1-in. plywood (Zg-in.
dressed), and that all cormners are joined
in such 2 manner that the panels are rigidly
supported,

The top panel will exhibit the smallest
maximum deflections because it is the
smallest panel. The deflection of unit eam
1 is given by equation (6).

X gty
K!JJ’".P—S'S"I ‘I

In this case /, the moment of inertia, from
Table 11 is .049 and

K 13
384 % .049

Since unit beams chosen from the bottom
or sides would have identical dimensions,
the maximum deflection of these panels
would be the same as the top panel.

The maximum deflection of the front
panel is determined by considering unit
beam 2. In this case

K 2¢
384 X .049

The deflection of the back panel s similar.

Because of its shape, the area of the front
panel below the port (6% 26 in.) exhibits
a deflection which is characteristic of unit
heam 3, which is a cantilever. The deflec-
tion 15 given by

=117 K

Loz =

=936 K

Zmaz =

KT RS s
Z’"W—S—I—B‘/‘-.OJE_JJI K

In determining the bracing required to
reduce front and back panel vibration to a
value consistent with the top panel, con-
sider the load as the area defined by panel
“P" in (B). Its width is roughly 10 inches.
Since a unit beam has a width of 1 inch,
and the deflection is 936/117 or roughly
8 times as severe as for unit beam 1, the
required stiffness of the brace beam is
8x 10 or 80 times that of unit beam 2. IFrom
Table IT it may be seen that the best brace
would be a 1x4. The stiffness factor equals
3.49/.049, or 71, which is close enough to
the desired value, Actually it may be more
desirable to use a 23 as shown at (B)
with a stiffness factor of 245/.049, or 30, in
some instances where a brace 1x4 would
adversely affect the acoustics of the cabi-
net. Since such effects are generally not
serious near the back of the cabinet, it is
recommended that 2X 4’s be used. Here the
stifiness factor is 6.45/.049, or 132. If three
braces are used as shown at (C), each will
support approximately one fourth of the
total load. This makes the stiffness factor

equal to 8% 3—:& or 66 IL. If the above cal-

culations are applied successively to the
braced panel shown at (C), two deflections
are obtained.

Since both sub-panels and braces vibrate
in 1mmison, the final deflection is obtained hy
adding the two and the sum will be found
to equal 117 K,

Because of the short length of unit beam
3, sub-panel Q (A of Fig. 3) requires less
bracing than sub-panel P. Just to be on the
safe side however, a 2 X3 should be in-
stalled as shown,

The reader will note that all the braces
used add up to a total volume of 14 cu. ft.
which is about 1/12 of the cabinet volume,
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8

Protect your records that's “'sound' wdviece. Mai)

your cartridge, we repleca sty)l at cost of

dlamond only.

A. Diamond slngle styll for Astatie, Philes,

Magnavox, RCA, Shure & Webster carirldges
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$24.00
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RPX040, 041, 042, 046 ...... £12.00
Prices are prepald to your door®
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Record Collectors
Your I'ile of LIMx
Need NoL Be
Sensational Weenrd Cabinel
Grow Ax You Go'*

Each section holds 130 rec-

HI-FI POWER SUPPLY
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' constant voltage power

rogulate output
420 V/250 MA. D.C. fila-

ment; AC. 12,6 vel/6 amp
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QUALITY RECORD
CABINET

LIs play hest when
vertleal at res(. Comn-
pact, smartly styled,
gelected mahogany ve-
neer. Made by master
furniture  erafisman,
Divided in four sec-
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Handsome mahogany eablnet,
L 112" x WT*x D 7"

Model 781C .. ...... $44.75
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WORK WITH 711C HI-FI TUNER
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PORTABLE AUTOMATIC PHONOGRAPH
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“LYNNE"™ 800
HI-FI AMPLIFIER AND
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3 watls & 1%2% harmonic dis-
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G.E. A1400
S
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Dept. A-E 111 LIBERTY STREET, NEW

A must for hi-fi's who roll
their own, Combo holster,
aset. chrome vanadium
speed drill bits, 34~ elee-
trie drlll w/Jacobs chuek
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CLARKSTAN RV 201

magnetic pickup with sapphire
stylus: net price.....$15.00

Discover for yourself the truly exciting
difference a Clarkstan Magnetic Pickup
gives to your music enjoyment—a differ-
ence you can hear. If your ear is tuned
to the finest in sound, you'll want the
vivid, life-like reproduction obtainable
only with the Clarkstan RV 201 Variable
Reluctance Pickup—over 15,000 cycles
of low distortion, flat res?onse is yours,
Ask your hi-fi sound jobber to let you
hear this difference. Then you, too, will
join the growing thousands of discrimi-
nating music lovers who buy only the
best in pickups—the Clarkstan RV 201.

a sound investment...
Type—NMagnetic, variable reluctance
with removable stylus.

Armature —Stylus is armature; weight
31 mg (.031 g)

Response —Flat to over 15,000 ecps.
Stylus—Sapphire with standard .003”
radius ball point or .0012” as desired.
Styli are interchangeable and replace-
able. Other sizes available.

Needle Force—5 to 7 g for LP micro-
groove; as low as 9 g for standard records.
Output—0B60 mv at 1000 cps with lateral
displacement of .001".

Recommended Termination —High
impedance.

Electrical Characteristics — Inductance
350 mililenries at 1000 cps; ‘Q" 1.05;
DC Resistance 1450 chms.
Mounting — Standard holes %” between
centers, 3-48 screws.

Weight—30 grams.

SEE YOUR WI-FI SOUND JOBBER OR WRITE FACTORY

| Pacific Transducer Corp., Dept. E 123 |
11821 Wesl Pico Blvd, » Los Angeles 64, California |

[0 Send me f{ree literalure on the
Clarkstan RY 201 Magnelic Pickup.

NAME
ADDRESS
CITY.
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MAGNETIC

TRANSFER

(from page 20)

permanently magnetic condition. In-
creasing the number of lines of flux per
unit area of the magnetized turn allows
more lines of flux to be induced into the
unmagnetized turns for the same con-
tacting areas. Thus the initially unmag-
netized turns now have more lines of
flux to be cut by the coil of the play-
back head. This in turn subsequently
allows for a greater playback or transfer
output. The fact that the signal on the
originally unrecorded turns of wire ap-
pears as a series of bursts when viewed
on an oscilliscope screen probably ig de-
pendent upon the manner in which the
turns of wire lie against each other.
That is, this is probably an effect of
geometry.

The decrease in amplitude of the trans-

fer signal as the distance between the
magnetized and unmagnetized portions
of wire increased probably came about
from the fact that the actual magneti-
zation of one turn of wire by the next
was an inefficient process. That is, there
was always a magnetic loss and conse-
quently the actual transfer of magne-
tism became less and less the further
along the unrecorded wire one went.
This continued until no signal was left
on the wire.

The rise of the curves of transfer s,
increasing recording current was be-
lieved based on the fact that as the cur-
rent was raised, more lines of flux were
induced in the wire and consequently
into the unmagnetized turns and there-
fore, was the cause of increased trans-

3 TABLE 1
ransfer .
SA. 100G:cgel | Transtar LS
1 17 =25 47 H.=320
22 g5 70
g; 2 1:30 B, = 2500
% 212 2.00
:004 in. 3915 T 10.00
2 RS 30.00
315 + 9 50.00
3) e 80.00
2 20.5 3 47 H. = 260
30 -16 70
§£‘5 = 1.30 B. = 1900
; 5.00
004 in. 3) e 4 10.00
30 _15 30.00
285 96 50.00
27 - 20 85.00 (max)
3 12-17 sl 47 H. = 440
17 =05 70
315 =5 2.0 B. = 1080
004 in. 32 — 10 5.0
32 EVEs 10.00
3] a2 50.00
3D =18 85.00 (max)
4 18 =98 47 H. = 250
24 =55 70
315 <8 2.0 B, = 1480
.004 in. 32 =5 5.0
3) G 10
26 20 50.00
23 —98 85.00
5 18 SA55 47 H. =230
25 -2 70
. 1 2.0 B, = 2800
904 . 2 i e
other 315 0 10.0
source) 3l'5 _ 7 20'0
30 =5t 85.0
6 24 = 47 H, = 280
30.5 =12 70
32 + 8 2.0 B, = 2600
0036 in. 32 +10 - 5.0
s o 10.0
30 78 50.0
30 i 85.0
7 22 =25 47 H. =320
28 -20 70
315 £E 2.0 . =2300
0036 in. 32 5 5.0
31.5 0 10.0
30,5 <5 50
295 -20 85.0
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fer. The fact that the curve leveled off
and decreased was probably a self-de-
magnetization effect of the tiny magne-
tized magnets making up the wire. As
the recordmg current increased, the
magnetic fields of these small magnets
affected cach other, i.e., demagnetized
each other, to a greater and greater ex-
tent. This could account for the transfer
decrease observed.

The reason for the higher maximum
transfer value for .004-in. wire as com-
pared to .0036-in. wire of the same
remanence is believed to be based upon
the following explanation: The number
of lines of flux for a larger sized wire
is greater than for a wire of finer diam-
eter, both wires baving the same Br.
That is, transfer appears to be depend-
ent not on the number of Aux lines per
unit area but rather on the total number
of lines for the area involved. These

would increase as the area increased
even though the Br remained the same.

Conclusion

It was learned -that the remanence
and coersive force of a stainless steel
recording wire had a definite influence
upon the transfer characteristics of the
wire. Increasing remanence caused
liigher transfer values for a given re-
cording current. Increasing coersive
force necessitated higher recording cur-
rents in order to attain the maximum
transfer value of the wire. In addition,
it was noted that the maximum transfer
value attained was lower with wires of
hner diameter, indicating the direction
to be followed to reduce transfer.

The author wishes to thank the Wil-
bur B. Driver Co. for their kind per-
mission to publish this article.




