Avoiding Vibration in Odd-Shaped

Printed-Circuit Boards

If a printed-circuit board vibrates at its resonant frequency, components and connections can shake loose.  You can find the resonant frequencies of common rectangular boards in a reference book.  But there’s little information on odd-shaped boards.  Here’s help.
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When a printed-circuit board (PCB) vibrates-especially at its resonant frequency-connectors work loose, component leads snap, and the board may even crack.  All these conditions, of course, mean control-circuit malfunction.  The first step toward avoiding destructive resonant vibration is determining the frequency at which the board resonates.


Traditionally, PCBs mostly have been rectangular and supported around the edges either continuously or at several points.  Resonant frequencies for these designs are readily found in available technical literature.  However, growing use of electronics in unusual new applications is bringing new challenges to packaging design.  Cylindrical housings may require a circular PCB; others may need triangular or hexagonal-shaped PCBs.  For these shapes there is very little data available to help determine natural frequency.  Although computers can be used to calculate natural frequencies, time and expertise are required to create a workable computer program-if a computer is available.


Resonant frequencies for common types of PCBs have been calculated and tabulated here for easy reference.  The frequencies are for 0.10-in. thick epoxy fiberglass PCBs with a 24 sq-in. area and 0.208-lb/in.3 density.  PCB shapes are rectangles, hexagons, triangles, and circles, with sixteen different support arrangements for each shape.


Each particular shape and support arrangement has a unique set of resonant frequencies.  The first resonant is called the natural frequency, and is likely to have the greatest amplitude.  The second and third resonances are higher harmonics and, although likely to be less intense in amplitude, may still be damaging.


To find the resonant frequency of a PCB that matches the dimensions, material and support arrangement of one of the tabulated PCBs, simply look up the resonant frequency listed.  However, some calculation is required for boards with parameters that don’t fit the tables.  In this case, the natural frequency of a PCB can be approximated with a simple conversion if it is similar to one already shown.  The resonant frequencies of two similar PCBs are proportional according to the following equation.
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In this equation, the subscripts 1 and 2 designate the parameters for the known and specimen PCBs, respectively; 

f = natural frequency (Hz),

a = length (in.),

b = width (in.),

h = thickness (in.),

( = density (lb/in.3),

( = Poisson’s ratio (dimensionless), and

E = modulus of elasticity (lb/in.2).

If you know the material of the PCB, you can find constants (, (, and E in an appropriate reference book. 


The accuracy of the approximation depends on many variables, the most important of which is the support arrangement.  The support method must be identical for the unknown and known PCBs.  Closeness of the other parameters also has a direct affect on accuracy.  The closer the PCBs are in size, shape, and material, the better the approximation will be.  Even though it isn’t  as accurate as a computer, the approximation will still be good enough for most purposes.


The frequency equation and the resonant frequencies tabulated are not only good for calculating natural frequencies of PCBs, but are valid for any type of flat plate on which components are mounted.  The term “PCB” is used very loosely here to mean any flat plate holding electronic components that might vibrate.


Redesign should be considered for any PCB that can be subjected to vibration frequencies near resonance.  The same is true for the first and second harmonics as well as the natural frequency.  Harmonic vibrations may be less intense, but they can still be damaging if allowed to exist for any sustained period.


You may have to modify the mechanism causing the vibration, the PCB, or the support arrangement.  The latter is usually the easiest to change, since it merely requires changing the location of some screws or clamps.  Or you may consider some sort of damping between the PCB and the vibrating mechanism.


Another trick is to re-orient the PCB so that its plane is parallel to the direction of motion.  This way, the PCB experiences minimum vibration.  Most vibration exists when the PCB is mounted with its plane perpendicular to the direction of motion.
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How to Use The Equation

To find the natural frequency of a working PCB similar but not identical to one already calculated, substitute physical-property values of both PCBs into the frequency equation and solve for f2.  Natural frequencies of two similar PCBs are proportional according to a constant derived from their unique physical properties.


Calculating the natural frequency in this manner is not as exact as a computer, but it’s an approximation good enough for most applications.  Accuracy depends, of course, on many factors.  But generally, you get the best approximations if the support arrangements are almost identical.  It’s also helpful if the size, shape, and material of the two PCBs are almost the same.  The closer these characteristics are, the better.


Here are two examples of how to use the frequency equation and information from known PCBs to find the natural frequency of the specimen board.
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Similar Rectangles

The geometry and support arrangement of this PCB are similar to the Case 8 rectangle for which the natural frequency f1 is 217.88 Hz.  Values for physical parameters are length 

a1 = 6.0 in., width b1 = 4.0 in., modulus of elasticity E1 = 2.0 ( 106 lb/in.2, thickness 

h1 = 0.10 in., density (1 = 0.208 lb/in.3, and Poisson’s ratio (1 = 0.12.  The values for the rectangular aluminum specimen board are length a2 = 10.0 in., width b2 = 6.0 in., modulus of elasticity E2 = 10.5 ( 106 lb/in.2, thickness h2 = 0.150 in., density (2= 0.180 lb/in.3, and Poisson’s ratio (2 = 0.30.  Substituting these values into the frequency equation obtains the approximate natural frequency f2 of the specimen board.
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The exact frequency of the specimen board as determined by a computer is 336.65 Hz.  This means the approximation method shown here is off by only 0.46%.

Similar Triangles

The geometry and support arrangement of this PCB is similar to the Case 9 triangle for which the natural frequency f1 is 39.31 Hz.  Physical parameters of the known PCB are length a1 = 7.44 in., width b1 = 6.45 in., modulus of elasticity E1 = 2.0 ( 106 lb/in.2, thickness h1 = 0.10 in., density (1 = 0.208 lb/in.3, and Poisson’s ratio (1 = 0.12.  The values for the steel triangular board are length a2 = 74.4 in., width b2 = 64.5 in., modulus of elasticity E2 = 30.0 ( 106 lb/in.2, thickness h2 = 1.0 in., density (2= 0.283 lb/in.3, and Poisson’s ratio (2 = 0.30.  Substituting these values into the equation obtains the natural frequency of the steel triangle.
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In this case the error is only 0.3% because the shapes of both plates are exactly the same.  (The specimen board is exactly ten times larger than the known PCB.)

Resonant Frequencies of Commonly Used PCBs

These PCB shapes and support arrangements are the most commonly used in the electronics industry.  Resonant frequencies given are valid for any type of flat plate on which components are mounted.  The natural frequency is the first resonant frequency.  The second and third resonant frequencies are higher harmonics.  Frequencies listed are for a 0.10-in. thick epoxy fiberglass plate with a 24-sq in. area and a 0.208-lb/in.3 density.  If your specimen PCB is not identical to one shown below, then use the conversion equation to find the natural frequency.
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Dave S. Steinberg is also the author of Cooling Techniques For Electronic Equipment and Preventing Thermal Cycling And Vibration Failures In Electronic Equipment, published by John Wiley & Sons.
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