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Forces on Archtop Guitars

by Frans Elferink

ranges from ultra-light, low-tension sets

(.009"—.046") up to the heavy, high-tension
acoustic big-band setup (.014"—.060"). String tension
deforms an archtop instrument in a number of ways,
Extreme deformation can destroy the instrument,
Common problems that are related to string tension are
collapsed tops, neck heels which are pulled out of the
body, and fingerboard extension “popup.”

String Tension. A number of factors influence string
tension including the density of the material(s) from
which the string is made. The lighter the material of the
string, the lower the string tension for a given frequency
and vibrating length, 1f a steel string was replaced with a
nylon string of the same diameter and tuned to the same
pitch, its tension would be a small fraction of that of the
original steel string. In real-world string sets, nylon
strings exert approximaiely half the tension of steel
strings, even though they are of considerably greater
diameter. The following equation can be used to
calculate string tension.

F I YHE CHOICE OF STRINGS among jazz players

T=4L2f2pA
Where:

the string tension, in newlons

the length of the string (scale), in meters

the fundamental frequency of the string, in L
the density of the string material, in ®G/m3
cross section of the string, in M2
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Consider a .012" string (A = 70 ¥10°9) tuned to E
(f = 3301:). The string is made of steel (p = 8900ka/m3).
For a scale (L) of (L65Mm [25.6”} we can calculate a string
tension (T) of 1158 (11.5kG, or 25.35 Ibs.). The total
string tension of all six strings in a typical set of nickel
wound steel strings will be in the range of 400~ (40ka,
or 88.19 Ibs.) for a. 009" set and 700 (70xkG, or 154.32
Ibs.) for a 013" set. These figures are for 65cm scales.
Do not put a .014" steel set on your Selmer Maccaferri

Figure 1. Downforce on guiter fop
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with a scale of 67cM. The resulting tension of 95k will
absolutely destroy the instrument.

Bridge Top Pressure and Breakover Angle. When
the total string tension is known, it is possible to
calculate the down pressure on the guitar top. Fig. 1is
a vector diagram which shows how string tension is
converted to down pressure on the guitar top. In this
type of diagram the length of each arrow is proportional
10 the force exerted in the direction of the arrow. Note
that the arrow from the bridge to the nut (string
tension) and the equally-long arrow from the bridge past
the tailpiece (opposing string tension) form two sides of
a parallelogram. As the breakover angle o increases, the
parallelogram becomes more square, which increases the
length of the arrow representing the downforce exerted
on the top at the bridge.

Fig. 1 makes clear that if we increase the breakover
angle, the force on the goitar top will also increase. The
downfloree on the top (F) can be calculated by using the
equation:

F = 2T sin(/2)

Given a guitar with a .009" string set, a breakover
angle (@) of 10°, and a scale of 62.8cm, the force on the
top at the hrldge will be 655 (6.5k0 or 14.3 [bs.). A
guitar with a 65cm scale, a 013" string set, and a
breakover angle of 17° will result in a top pressure of
240 (24K or 53 |bs.). As can be seen, the difference in
downforce on the top could be very high depending on
the strings, scale length, and adjustment of the
instrument. A thin top with thin braces and less
graduation is more likely to flex inward with increases in
breakover angle and/or string gauge. Be careful when
experimenting with changes in string gauge or breakover
angle on such instruments, as it is possible to increase
downforce on the bridge enough to collapse the top. An
archtop guitar with a collapsed top will show a little
reverse arch just under the bridge. The sound of a guitar
with a collapsed top is often loud but undefined in the
low notes and weak in the high notes.
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