
Nov. 14, 1950 P. H. BILHUBER 2,529,862 
DIAPHRAGM UNIT AND METHOD OF FABRICATING SAME 

Filed June 22, 1943 

Af SS 

A777//WAY 

    

    

  



Patented Nov. 14, 1950 2,529,862 

UNITED STATES PATENT OFFICE 
DIAPHRAGMUNT AND METHOD oF 

FABRICATING SAME 

Paul H. Bihuber, Douglas Manor, N. Y., assignor 
to Steinway & Sons, New York, N.Y., a corpora 
tion of New York 

Application June 22, 1943, serial No. 491,782 
(C. 84-192) 1 Claim. 

- 

This invention relates to vibrating diaphragm 
units for musical instruments such as piano 
Soundboards, violin sound boxes, reeds of wood 
Wind instruments and the like and relates more 
particularly to certain new and useful improve 5 
ments in vibrating diaphragm units of the nature 
aforesaid and in methods of fabricating such 
units. 

Objects and advantages of the invention will 
be set forth in part hereinafter and in part will 
be obvious herefrom, or may be learned by prac 
tice with the invention, the same being realized 
and attained by means of the processes, StepS, ar 
ticles and combinations pointed Out in the ap 
pended claims. - 
The invention consists in the novel steps, proc 

esses, combinations, articles and improvements 
herein ShoWin and or described. 
The accompanying drawing, referred to here 

in and constituting a part hereof, illustrates one 

O 

20 
embodiment of this invention and apparatus for 
carrying out the process of the invention and to 
gether with the description serves to explain the 
principles of the invention. 

Objects of this invention are to provide an 
improved diaphragm unit for pianos or other 
wood string or wood wind musical instruments 
and to provide an improved method of fabricat 
ing Such units; to provide an improved method of 
conditioning wood, particularly wood to be fabri 
cated into diaphragm units for musical instru 
ments, to render the same less hygroscopic; to 
provide a piano soundboard which is a more 
homogeneous structure, which is less hygroscopic 
and hence will be less subject to cracking, shrink 
ing, warping, buckling, swelling and such form 
of deterioration with changes in atmospheric 
conditions which impair the quick speaking prop 
erties of a Soundboard; which will have a lower 
density for a given modulus of elasticity and 
strength; which will have less inertia and so pos 
SeSS an improved tone and enable the instrument 
to "speak' more quickly; and, to provide a new 
and improved method for manufacturing piano 
soundboards and like diaphragm units which will 
effect material economies in materials, in manu 
facturing cost, in manufacturing time and equip 
nent and through the use of which soundboards 
having a more favorable ratio of elasticity to 
density can be produced from a given material : 
Stock without case-hardening or discoloration of 
the materia. 
Of the drawings: 
Figure 1 is a view in top plan of a piano Sound 

board Constituting a typical and illustrative em 
bodiment of this invention; 
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Figure 2 is a view in section taken along the 

line 2-2 of Figure 1 showing the soundboard 
with its bridge and ribs, applied to the frame of 
a piano; and, . . . . . . 

Figure 3 is a diagrammatic view of one form 
of high frequency electrostatic apparatus for use 
in the carrying out of the method of this inven 
tion. s 

In accordance with the invention, the wood 
from which the diaphragmunit is to be fashioned 
or fabricated, is conditioned by subjecting the 
wood to a short time, high temperature electro 
static baking operation. The operation serves to 
reduce the mass (density) of the wood appreci 
ably, to render the wood less hygroscopic thereby 
substantially preventing subsequent Swelling, 
Cracking, checking or Warping of the wood and 
enables the accomplishment of these results with 
out reducing the modulus of elasticity of the 
wood, or its strength (except for possibly a re 
duction in impact strength) and without ob 
jectionable discoloration or case-hardening of the 
material. . 

The wood to be processed is preferably in the 
form of strips or elements from one or more of 
which the diaphragm unit such as a piano sound 
board, a violin box, or a reed of a wood wind in 
strument is subsequently to be cut, fashioned, 
shaped or assembled, as the case may be. . 
In accordance with the invention and as ap 

plied to the fabrication of a piano soundboard, 
wood strips of a length, width and thickness pref 
erably in the range 2 to 9', 3’ to 8'' and 5/8” to 
14'', respectively, are placed between, and pref 
erably in contact with, the electrodes of high 
frequency electrostatic heating apparatus such, 
for example, as is shown in Figure 3. . 
The strips may be stacked or piled one upon 

the other, but preferably are arranged inside 
by-side relation so as to provide a single thickness 
of wood between each pair of electrodes. In such 
CaS twelve to twenty strips in each layer provide 
a convenient number although this may be va 
ried to suit the capacity of the apparatus depend 
ing upon the strip dimensions. 
The power Supplied to the electrodes should be 

Sufficient, having regard to the dielectric con 
Stant (e.g. 2.5 to 7.7) of the wood as a measure of 
its capacity to absorb power and be heated elec 
troStatically, to establish within a practically use 
ful time a temperature substantially uniformly 
internally of the wood, at which in addition to 
free moisture such constituents as oleo resins, e. 
g. rosin, pine oil, terpenes; acids, e.g. formic acid 
and acetic acid; and, particularly water-of-con 
stitution of the cellulose, will be driven off. * 
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A temperature in the range approximately 
375 F. to approximately 425 F. preferably about 
400° F., will, for most woods, be found suitable 
for effecting the removal of an optimum quantity 
of the constituents of the nature aforesaid. An 
ultra high frequency electrostatic field of about 
six to eight megacycles at an inner-electrode po 
tential of about 5000 to 6000 volts per inch of 
spacing Will in general be found suitable for the 
obtainment of the desired temperature. At this 
temperature, the quantity of constituentS driven 
off in the short time required, for example, 10 
to 30 minutes depending upon the wood, includ 
ing its free moisture content, and the rate of en 
ergy input, will be such as to achieve a reduction 
in density appreciably greater, that is to say, 
greater by from about 4% to 10%, than is possi 
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ble of obtainment by the customary relatively 
slow kiln drying operations (3 to 14 days) con 
ventionally employed in the preparation of wood 
for use in soundboards and normally serving to 
drive off only free moisture. . . . 
Through the application of the electrostatic 

baking operation with its relatively short time, 
internal heating of the wood, excessive surface 
heating is avoided and discoloration due to 
scorching, which generally accompanies convec 
tive heat baking, is prevented. In consequence, 
there is avoided the planing of the wood surface 
required to remove scorched areas usually caused 
by convective baking which planing is ordinarily 
followed by painting of the planed surface as 
with aluminum paint, to cover discolored areas. 
The added maSS of the aluminum coat Substan 
tially nullifies mass-reduction achieved by con 
vective baking. In addition, radial cracking from 
tangential stresses induced by the relatively rapid 
Surface drying and slower internal drying char 
acterizing the usual kiln drying operations is 
avoided, So that Stock loss is minimized with con 
comitant manufacturing economies. The com 
bination of air drying and the conditioning of 
the wood in accordance with this invention min 
imizes the stock losses consequent upon normal 
kiln drying operations. Moreover, wood which 
has been processed in accordance with this...in 
vention possesses the definite advantage that 
reabsorption of moisture is held to a low per 
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centage because the wood is less hydroscopic than , 
either unprocessed wood or kiln dried wood. . 
In order further to minimize any possibility 

of discoloring the wood surface by scorching dur 
ing, the electrostatic baking operation, it may be 
found desirable to accentuate the normal surface 
cooling action of the relatively cold electrodes 
by continuously circulating therein a cooling 
liquid to maintain them at a relatively low tem 
perature of, for example, 32° F. Or, the baking 
operation may be made intermittent in nature 
by interrupting the power input for short in 
tervals So as to establish a hot interior and a 
relatively cooler exterior of the Wood, a suitable 
temperature differential being, for example, in 
the order of 15° to 30° F., to prevent scorching. 
For example, the wood may be heated for 5 to 15 
minutes, the current interrupted for 2 to 10 min 
utes, with or without cooling of the electrodes, 
and heating resumed for another 5 to 15 minutes. 
The conditioned wood strips after removal from 

the electrostatic baking apparatus, are carefully 
graded so, as to select therefrom those having 
Substantially similar physical properties particu 
larly as regards equivalency of density and 
modulus of elasticity. These strips are assembled 
in Side-by-side relationship and adhesively 
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4. 
bonded together in accordance with practices 
well known in the art, to provide a soundboard 
blank of Suitable dimensions from which the 
piano Soundboard is cut and fashioned in a man 
ner known to those skilled in the art. 
The Soundboard may be sized with a suitable 

lacquer followed by varnishing, preferably with 
an elastic varnish, thus Sealing the wood against 
moisture absorption and at the same time im 
proving its appearance. 

Referring now more particularly to the accom 
panying drawings, there is depicted in Figure 1. 
a crown shaped piano Soundboard of the type 
disclosed in United States Patent No. 2,070,391 
granted February 9, 1937, having its greatest 
thickness at 2. The thickness decreases toward 
its rim portion and is Smallest at the rim por 
tion indicated by the curved dot-dash line 3. In 
termediate contour lines 4, 5 and 6 serve geo 
graphically to depict the crown shape of the 
Soundboard whose greatest thickness, at the point 
2, is at the geographical center of the soundboard. 

Bridges 7 and 8 are Secured to the upper con 
vex preferably parabolic surface 9 of the sound 
board with the larger bridge 7 of the two pref 
erably passing over substantially the geographic 
center. 
The lower concave surface fo of the sound 

board has secured thereto ribs which together 
with the bridges 7 and 8 serve to hold the sound 
board in its crown shape with the fibres of the 
upper convex surface 9 in tension and of the 
lower concave surface 8 in compression. 
The Soundboard is Supported as shown in a 

piano frame 2 on the shoulder 3, a shim, i4 
being provided between the soundboard and 
Shoulder between the points X and Y of Figure 1. 
So as to furnish equalized support with the re 
maining parts of shoulder 3 of the piano frame, 
not covered by shim f4. . is . . 
The soundboard f is cut from a blank 15, de 

picted in outline form in Figure 1, comprising 
an aSSembly of grated strips 6 each carefully 
Selected from stock electrostatically baked in the 
manner previously described so as to have sub 
stantial equivalency of physical properties, par 
ticularly as regards density and modulus of 
elasticity, and assembled in edge-joined relation 
ship. . Because of...this prior conditioning and 
careful selection, the soundboard t is a more 
homogeneous structure and hence provides 
quicker response in its diaphragm action in use 
So that the instrument "speaks' more quickly. 
The soundboard is highly resistant to swelling, 
Cracking, warping, checking, and such forms of 
deterioration from climatic conditions. 

In Figure 3 there is depicted in diagrammatic 
fashion a form of high frequency electrostatic 
apparatus for use in carrying out the method of 
this invention. As there shown, a press has 
its top and bottom relatively movable platens 8 
and 9 respectively connected as one electrode to 
One terminal of an electrical high frequency gen 
erator re. The other terminal of the generator is 
connected to a plate 2 forming the other elec 
trode. ... Wood strips are positioned between the 
plate 20 and the press platens in upper and lower 
layers 2A and 22 respectively, to be subjected to 
the high frequency field generated by the gen 
erator e in the manner and for the purpose-de 
Scribed. The electrodes 8, 9, and 20 may be 
hollow and provided with nozzles (not shown) 
for circulating cooling liquid in the electrodes. 

It will be understood that the discoloration or 
Scorching which Woods undergo in convection 
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baking operations is more pronounced with some 
Woods than with others. Spruce of the Sitka, 
Engelmann, Rumanian, Rubra, White or Black 
variety preferred for piano Soundboards discolors 
most easily, and hence may be operated on with 
advantage in accordance with this invention. 
Other conifers desirably employed for sound 
boards, Such for example, as Noble Fir, Western 
Hemlock, Redwood and Cypress are less difficult 
in this respect but are advantageously operated on 
in accordance With this invention. Pine whether 
of the White, Ponderosa or Sugar variety also dis 
Colors easily and may be operated on with similar 
advantages as may Yellow Poplar although the 
latter is not Subject to too ready discoloration. 
The invention in its broader aspects is not lim 

ited to the Specific steps, processes, combinations 
articles and improvements shown and described 
but departures may be made therefrom within 
the scope of the accompanying claims without 
departing from the principles of the invention 
and without Sacrificing its chief advantages. 
What I clain is: 
The method of conditioning wood to be fabri 

cated into a diaphragm unit for a musical instru- 2; 
ment Which comprises electroStatically baking the 
Wood in an ultra high-frequency electrostatic 
field of about six to eight megacycles for a time 
and at a temperature in the range approximately 
375 F. to approximately 425 F. so as to remove 30 

6 
oleo resins and at least Some of the Water of con 
stitution from the Wood While cooling at least a 
portion of the Wood Surface so as to maintain a 
termperature differential in the Order of 15° to 
30 F. between the inside and outside of the wood 
and thereby avoid discoloration of its surface. 

PAUL H. BILHUBER. 
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