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ABSTRACT: The printed circuit board (PCB) which forms the basic support structure of all electronic equipment will 
be subjected to moderate to severe vibration environments during manufacture, transportation, handling and actual use. 
The severe vibration environment will subject the PCBs to high input acceleration levels and displacements leading to 
failure of lead wires and solder joints of electronic packages, loosening of PCB fastening screws, cracking of PCB itself 
and finally malfunctioning of electronic equipment. To reduce the failure rate and enhance the reliability of electronic 
equipment, it is necessary to minimize the displacement of PCB; stresses and strains induced in solder joints and the 
lead wires of critical electronic components mounted on it. The dynamic response of the PCB assembly also depends 
on the material used for supporting the PCB structure. In the present work, the dynamic responses are experimentally 
determined by mounting the PCB assembly on plastic spacers and rubber spacers. From the experimental results it was 
found that, the rubber spacers reduced the PCB displacement, peak response acceleration and transmissibility ratio by 
28% compared to the responses when the PCB was mounted on plastic spacers. In addition, rubber spacers improved 
the damping ratio by 32% while the fundamental frequency remained same for both cases. The fatigue life of the lead 
wires of the electronic package was estimated. Finite element simulation was also done to validate the experimental 
results.    
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I. INTRODUCTION 

 
Sinusoidal vibrations can induce very high acceleration G levels in lightly damped structures, when the natural 
frequency is excited. Transmissibility Q values can be greatly magnified, resulting in very high displacements, forces, 
accelerations, and stresses, which often result in electrical malfunctions and failures. High displacements often result in 
impacting between adjacent structural members such as circuit boards, resulting in cracked components, cracked solder 
joints, broken electrical lead wires and broken connector pins. High forces can produce high stresses in load carrying 
elements such as screws, rivets, and ribs, which may become loose or may fracture. High accelerations can cause relays 
to chatter, crystal oscillators to malfunction, and potentiometers to lose their calibration accuracy [12]. High stresses 
typically result in very rapid fatigue failures in various electronic elements from aluminium housings to cables and 
harnesses. 
 
The severe vibration environment will lead to failure of component leads wires and solder joints, cracking of PCB, and 
finally malfunctioning of the electronic equipment [12]. Eugene D.V [4] described various methods available for 
reducing the PCB resonant amplitudes and one of the method proposed by him is, the use of rubber pads to reduce 
resonance amplification. Andy Perkins et.al, [2008] in their paper addressed the prediction of solder joint fatigue life of 
ceramic column grid array (CCGA) package under sinusoidal loading. Pitarresi [9] addresses the basic modelling issues 
regarding the mechanical shock and random vibration response of a typical computer motherboard. Pitarresi, et al., [8] 
studied the response of personal computer motherboards subjected to mechanical shock loads. Du Pingan et al., [3] in 
their paper, the finite element modelling issues regarding the modal analysis of motherboard was addressed.  Yang Q.J 
et al., [15] have discussed the about the reliability of PBGA solder joints subjected to vibration loading. The failures at 
the connectors’ level between the PCB and the electronic package can be attributed to vibration or fatigue resulting 
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from dynamic loads [2]. Hence, the dynamic behaviour of PCBs is becoming an important issue in determining the 
reliability of electronic equipment used in applications such as military and aerospace.  
 

II. RELATION OF DISPLACEMENT TO FREQUENCY AND ACCELERATION G LEVEL 
 

Dynamic displacements that are developed during vibration conditions are often very important since they can be used 
to determine the dynamic stresses, which are needed for the calculation of the expected fatigue life of the critical 
electronic structural members [12]. Dynamic displacements are very difficult to observe and to measure. Acceleration 
levels are easy to obtain with the use of small accelerometers, and frequencies are easy to obtain directly from the 
electrodynamic shakers performing the vibration. Therefore, if there is an easy way to obtain accurate dynamic 
displacements, it would reduce the amount of work required to calculate the expected fatigue life of critical electronic 
members.  
The single amplitude displacement Yo in meters at the centre of the PCB when subjected to harmonic excitation may be 
estimated using the following equation. 
 
଴ܻ = ଽ.଼ଵீ೚ೠ೟

ସగమ௙మ
                                                                                                                               (1) 

Where, Gout is output peak acceleration measured at the centre of the PCB, and f is the resonant frequency of the PCB 
assembly. Alternately, Equation (1) can be written in the following form. 
 
 ଴ܻ = ଽ.଼ଵீ೔೙ொ

ସగమ௙మ
, where Q = (Gout/Gin) is the transmissibility ratio                                               (2) 

 
From above equations, it can be seen that, reducing the Gout or Q (Gin being constant during sine sweep test) will reduce 
displacement of the PCB, provided the resonant frequency f is maintained same or increased. Hence, this work aims at 
reducing Gout by using alternative spacer material for mounting the PCB while the natural frequency maintained at 
same magnitude.       
 

III. EXPERIMENTAL PROCEDURE 
 

The experimental setup for conducting the sine-sweep test is as shown in Fig 1. The experimental setup mainly consists 
of an electrodynamic shaker (DEV-001, 50 kg-f, 12 mm peak-to-peak displacement) for exciting the PCB assembly at 
constant input acceleration. An aluminium fixture (300 mm x 300 mm x 8 mm) bolted onto the shaker head for 
mounting the printed circuit board (PCB) made of glass-epoxy material (240 mm x 200 mm x 1.5 mm). Two 
accelerometers (B&K 4513-001 and B&K 4517) one for controlling and monitoring the input acceleration level (Gin) 
and the other for monitoring the output acceleration (Gout), will be interfaced with a four channel signal conditioner. 
The first accelerometer placed on the base plate (fixture) will control and monitor the input acceleration level during 
the test period and the second accelerometer placed near the component will measure the output response. 
Electrodynamic shaker is excited at constant input acceleration using sinusoidal vibration controller software. The PCB 
assembly was mounted on the fixture using four fastening screws and plastic spacers placed at the corner of the PCB. 
The electronic package used for the test is a through-hole mounted 16 pin dual in-line package (DIP-53C539H, 8 pins x 
2 rows) mounted at the centre of PCB is as shown in Fig 2. A failure detecting circuit for detecting the failure of 
component lead wires or solder joints during the test is shown in Fig 3.  In case, any of the lead wire or solder joint fails, 
the LED provided on the circuit will go off.  
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Fig 1 Experimental setup and PCB mounted on plastic spacer 

 
 

IV. SINE SWEEP TEST WITH PCB ASSEMBLY MOUNTED ON PLASTIC SPACER 
 

The logarithmic sine-sweep at the rate of one octave per minute was programmed using sinusoidal vibration control 
software. Sine sweep tests were conducted on the PCB assembly by mounting it on four plastic spacers (encircled in 
Fig 1) placed at the corner of the PCB in the frequency range 20-500 Hz at a constant input acceleration of 1G. The 
displacement values at predominant natural frequencies were measured using a pen type digital vibrometer (Fig 4) 
while holding the sweep (software facilitates this feature). The frequency response of the PCB assembly when mounted 
on plastic spacers is as shown in Fig 5. The natural frequencies of the PCB assembly obtained from the logarithmic sine 
sweep test at 1G input acceleration level are as tabulated in Table 1. Similarly, the output acceleration levels and 
displacement values at resonant frequencies are as tabulated in Table 2 and Table 3 respectively. From Fig 5 it is seen 
that, the first resonant frequency of PCB assembly is 46 Hz and single-amplitude displacement of 2.93 mm with peak 
acceleration of 25G. Second prominent resonant frequency is at 210 Hz with peak acceleration of 70G. From the data it 
is clear that, the first resonant frequency of 46 Hz is dangerous, which leads to maximum PCB deflection inducing 
maximum stresses in component lead wires. This will lead to reduced fatigue life and early failure of electronic 
packages.  

Table 1 PCB assembly resonant frequencies (Hz) 
 

Mode number 1 2 3 4 5 6 7 8 9 
Plastic spacer 46 60 105 140 210 240 340 398 460 
Rubber spacer 46 60 105 140 210 240 350 410 460 

 
From above table it can be seen that, upto mode 6 the resonant frequencies for the PCB mounted on plastic and rubber 
spacers are same. After that, for higher modes there is minimum difference. 
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Table 2 PCB assembly acceleration values (Peak -G) 

 
Mode number 1 2 3 4 5 6 7 8 9 
Plastic spacer 25 6 4 4.5 70 7 2.5 7 18 

Rubber spacer 18  
(28)* 

5.5  
(8.3) 

3  
(25) 1.5 (66.7) 50 (28.6) 4  

(42.8) 
3  

(-20) 2.5 (64.3) 12 (33.3) 

* Figures within bracket indicate percentage of variation 
From Table 2 it is seen that, there is significant reduction in peak acceleration levels when PCB is mounted on rubber 
spacers. If peak acceleration levels are minimum then, PCB suffers minimum damage and life of components mounted 
on it is extended. 

Table 3 PCB assembly displacement values (peak-single amplitude in mm) 
Mode number 1 2 3 4 5 6 7 8 9 

Plastic spacer 2.93 0.41 0.09 0.06 0.39 0.03 0.01 0.01 0.02 

Rubber spacer 2.11 (28)* 0.38 (7.3) 0.07 (25) 0.02 
(66.7) 

0.28 
(28.6) 

0.02 
(42.9) 0.01 (0.0) 0.00 (100) 0.01 (50) 

* Figures within bracket indicate percentage of variation 
Table 3 shows the comparison of displacement level of PCB when mounted on plastic and rubber spacers. From table it 
is observed that, when PCB is mounted on rubber spacers, the displacement magnitudes are less. This again leads to 
prolonged life of electronic components. 
 

V.  SINE SWEEP TEST WITH PCB ASSEMBLY MOUNTED ON RUBBER SPACER 
 

In an attempt to reduce the output acceleration, displacement and the transmissibility ratio, and enhance the fatigue life 
of electronic packages, the rubber spacers (Fig 6) were used for mounting the PCB assembly. All the fastening screws 
were tightened uniformly torque of 1.7   N-m using a torque wrench. The sine sweep test at an input acceleration level 
of 1G was conducted when the PCB assembly was mounted on rubber spacers. The response of PCB assembly 
mounted on rubber spacer is as shown in Fig 7. The natural frequencies, output acceleration levels, and displacement 
values are as tabulated in Tables 1, 2, and 3 respectively. 
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VI. COMPARISON OF PCB RESPONSES 
 

From Table 1 it is observed that, the fundamental frequency and higher mode resonant frequencies are almost same for 
both the mounting conditions. From Fig 7 it is observed that fourth mode frequency (140 Hz) is not prominent. A 
reduction of 28% in peak response acceleration (Table 2) and single amplitude displacement (Table 3) at the first 
frequency are noticed when the PCB assembly is mounted on rubber spacer. The peak acceleration (output) levels for 
the two types of mounting spacers are as shown in Fig 8. Figure 9 shows the comparison of peak single amplitude 
displacement values for the two types of mounting spacers.      
 

 
 

Fig 8 Comparison of response acceleration for plastic and rubber spacers  
 

Similarly, Fig 10 shows the comparison of transmissibility ratios (Q) for the plastic and rubber spacer mounted PCB 
assembly. From the figure, it is seen that there is a reduction of about 28% in the transmissibility ratio at first frequency 
(46 Hz) and 210 Hz.  
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VII. CONCLUSIONS 
 

Sine sweep tests were conducted on PCB assembly when mounted on plastic spacers and rubber spacers. The 
displacement, peak acceleration level and transmissibility ratio of the PCB assembly were reduced by about 28% when 
rubber spacers were used. Thus, the displacement of the PCB and the stresses induced in the lead wires can be reduced 
by mounting PCB assembly on rubber spacers and also the fatigue life can be improved to a great extent.  
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Fig 9 Comparison of displacement for plastic and    
         rubber spacer  
 

Fig 10 Comparison of transmissibility ratio   
            for plastic and rubber spacer  
 


