Taking the Shake Out 

of Circuit Boards

Typical printed-circuit boards are thin, flexible plates that vibrate easily, often resulting in loose components, cracked solder joints, and broken leads.  Here’s how to make stiffer PCBs with inexpensive metal or plastic ribs.

Dave S. Steinberg
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Vibration in printed-circuit boards can be reduced either by increasing the board’s stiffness or by shifting its natural frequency out of the range of forcing vibrations in service.  Simple, inexpensive ribs are often the most practical way to do both.  Vibration is inversely proportional to the square of its natural frequency.  Thus, a PCB with a high natural frequency is more resistant to flexing and vibration than one with a lower natural frequency.   Usually, the higher the natural frequency, the longer the operational lifetime in a high-vibration environment.

The Symptoms of Too Much Vibration

[image: image1.png]Cracked connector

Loose
omponent

Detached

solder connection

Bosrd
deflection-|

=3\

cosotd Vspmass Laan
Crkaal et S s




A typical printed-circuit board is thin and flexible.  Thus, a board under dynamic load easily flexes and vibrates.  Vibration tests show that board reliability is reduced greatly when middle-of-the-board displacement exceeds 0.003 times the board’s width.  Here is the type of damage to expect when vibration displacement exceeds this safe amplitude.
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This article shows how to select a rib configuration that will raise the board’s natural frequency to a safe level.  First, the minimum safe natural frequency is calculated from the board’s size and weight.  This calculation is based on an equation derived from vibration tests and reliability studies.  Then an appropriate rib configuration is selected from a set of curves correlating PCB natural frequency with rib material, attachment method, and board size and weight.


Selecting a rib configuration by this method is less precise than designing a totally customized arrangement determined from basic vibration equations.  However, the method is less tedious and time-consuming, and is sufficiently accurate for most PCB designs.


First step is to determine the minimum safe natural frequency for the PCB from
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(1)

Then, a rib configuration can be selected from the frequency curves in this article, if the board’s size and weight are included in the curves.  For example, consider a 6 ( 9-in., 0.68-lb, 0.06-in. thick epoxy-fiberglass PCB subjected to a sinusoidal vibration of 5 g.  Due to height restrictions, components may be no higher than 0.2 in.  From Equation 1, the minimum safe natural frequency is


[image: image4.wmf]
The only curve for 6 ( 9-in. boards that satisfies the 194-Hz natural frequency requirement with ribs no higher than 0.2-in. has three 0.06-in.-wide steel ribs cemented to the board.


The curves also can be used to determine the natural frequency of a PCB with ribs already attached-even if the weight of the board does not match those on the curves.  If the physical size of the PCB is the same as one of the curve PCBs, except for a weight difference, then the natural frequency of the board can be determined from


[image: image5.wmf]


(2)


For example, consider a 4 ( 5-in. PCB that is 0.06-in. thick and weighs 0.45 lb with a 0.09-in. thick rib 0.4-in. high cemented across the board’s center.  The appropriate curve shows that this board would have a natural frequency of 330 Hz if the weight was 0.3 lb.  However, since the weight is 0.45 lb, the correct natural frequency from Equation 2 is
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The effectiveness of ribs is reducing vibration and increasing PCB life depends not only on rib configuration, but also on rib material and method of attachment.

Stiffening with Ribs
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Printed-circuit boards are most vulnerable to vibrational flexing when supported only by the edge guides of the assembly.  Ribs attached to the board stiffen it to resist this flexing.  Because the ribs must run the entire length of the board and components must be fitted between them, they are usually designed into a PCB originally rather than retrofitted onto existing boards.


Never notch the top of a rib to connect a jumper wire between two electronic components.  Top-notching not only reduces the rib’s stiffness, but also makes it vulnerable to cracking under strong vibrations.  Instead, the bottom of the rib should be notched for running jumper wires.  Extra bottom notches should also be included to accommodate additional jumpers that may be added during board repair.
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The best way to attach ribs to boards is by cementing, soldering, or wielding the ribs to the board.  However, when this is not possible, the ribs may be bolted, screwed, or riveted.


Vibration tests indicate that bolted ribs and screw-mounted ribs are only about 25% as effective as welded ribs, although the effectiveness may be as high as 50% for closely spaced bolts and as low as 10% for quarter-turned quick-connect fasteners.  Vibration tests on joints of this type indicate that they experience a substantial amount of relative motion during resonance.  This motion tends to reduce stiffness.  If a rib must be bolted or screw-mounted, the fastening devices should be as close as possible and should be tightened as much as possible without damaging the board.


Generally, metal ribs are more effective than plastic ribs for increasing natural frequency because of a higher modulus of elasticity.  Thus, strips of steel, copper, brass, and aluminum are most frequently used as ribs.  However, metal ribs must be insulated or notched to prevent direct contact with the circuit.  Non-metallic ribs such as nylon or epoxy fiberglass are not as effective in increasing natural frequency but are sometimes more convenient to use because they can touch circuit conductors without causing shot-circuits.

PCB Natural Frequencies

These curves show natural frequencies for typical 0.06-in. thick epoxy-fiberglass printed-circuit boards with ribs.  The load on each board is 0.0125 psi, which includes the combined weight of the board, ribs, and electronic components.  
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Board sizes are the three most commonly used – 4 ( 6 in., 6 ( 9 in., and 8 ( 12 in.  Curves are for 1, 2, and 3 ribs made of 0.06 and 0.09-in.-thick cemented epoxy fiberglass (plastic), 0.06-in-thick cemented steel, and 0.06-in.-thick bolted steel with heights of 0.2, 0.4, and 0.6 in.  Ribs are mounted evenly and parallel to the longest side of the board.  For a board identical to those shown, but having a weight difference, the natural frequency can be found from Equation 2.
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Nomenclature

b 
= PCB width (smallest side), in.

f 
= Natural frequency, Hz

I 
= Input force, g

W
= PCB weight, lb

Subscripts

a
= Actual PCB 

c
= PCB represented by curves

Ref: Vibration Analysis For Electronic Equip. 1st. ed. 1973, 2nd. ed. 1988, 3rd. ed. 2000 

By Dave S. Steinberg, published by John Wiley & Sons Inc. He is also the author of Cooling Techniques For Electronic Equipment and Preventing Thermal Cycling And Vibration Failures In Electronic Equipment, from the same publisher.
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