
oc
t/

no
v 

16

uptimemagazine.com

®

U
PTIM

E M
AG

A
ZIN

E 
 

 
 

 
 

 
                               O

CTO
BER/N

O
VEM

BER 2016

Releasing 
Asset Value 
Sustainably
An Analysis of ISO55000x

     for maintenance reliability and asset management professionals

http://uptimemagazine.com


Produced by
names you trust

888.575.1245 • 239.333.2500

crm@reliabilityweb.com • reliabilityweb.com

   The International Maintenance Conference

Hyatt Regency

Coconut Point Resort

Bonita Springs, Florida

first at IMC
See and hear it

The 31st International 
Maintenance Conference, is 

acknowledged as the leading 
maintenance, reliability 
and asset management 
conference in the world.

IMC is the conference  
that brings you 

presentations that you  
can’t find anywhere else!

http://reliability.9nl.com/Uptime_Oct_Nov_2016_IMC


46 oct/nov 16

Vib
vibration analysis | Asset Condition Management

I n the June/July 2016 Uptime article, “Condition Monitoring and MEMS 
Accelerometers: What You Need to Know,” several attributes of micro-
electromechanical system (MEMS) accelerometers were presented that 
make the technology compelling for condition monitoring applications. 
This article reviews data demonstrating the state of MEMS technology 
development and performance levels by comparing it to a commercially 

available piezoelectric (PZT) condition monitoring accelerometer.
Investment in MEMS process technology, coupled with design innova-

tions, have greatly improved MEMS performance, enough to make MEMS a 
viable option for a wider range of condition monitoring applications. Accel-
erometers with resonant frequencies up to 50 kHz and noise density levels 
down to 25µg/√Hz are now possible with specialized MEMS structures and 
process technology. Careful design of signal conditioning electronics fully 
exploits the low Brownian motion noise of these new accelerometers. 

Performance and Comparison Data 
In order to assess whether the newest MEMS accelerometer would be 

suitable in a condition monitoring application, measurements were taken 
side by side with a commercially available PZT-type condition monitoring 
accelerometer. To ensure both sensors had similar mass and were subject 
to the same stimulus, the MEMS sensor was adhered to the case of the PZT 
sensor. The single supply analog output of the MEMS accelerometer was in-
putted directly into the analog input channel of the same data logger as the 
PZT sensor. A data acquisition instrument (DAQ) was used as the acquisition 
system for these experiments. 

Motor Misalignment Simulation  
A real-world scenario, such as the one described in Vibration-based Con-

dition Monitoring,1 was recreated on a vibration tester in an effort to compare 
devices using a known stimulus. This example outlined the vibration levels 
for a gas turbine running at 5100 rpm (85 Hz) and a synchronous generator at 
3000 rpm (50 Hz) running misaligned. The scenario describes the frequencies 
and amplitudes that the vibration system was programmed to produce using 
the random vibration test mode. Table 1 lists the amplitude measurements 
at the frequencies of interest for both devices.  

Table 1 – Motor Misalignment Simulation Set Point 

Tone # Frequency Hz Level(s) g pk

  1  50.00 0.400

  2  85.00 0.400

  3 100.00 0.250

  4 170.00 0.250

by Ed Spence

Figure 1: The noise spectral density plot for a new,  
high frequency accelerometer
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Figure 2 shows resulting frequency spectrum measured for the 
MEMS accelerometer with 21 kHz resonant frequency and the PZT sensor 
with 25 kHz resonance. The root mean square (RMS) output of the MEMS 
accelerometer in the band from 1 Hz to 1 kHz is higher than the PZT acceler-
ometer by approximately 30 mg, or 1.7 percent.

Figure 2: Noise density spectrum for PZT accelerometer (top) and MEMS 
accelerometer (bottom); results are nearly identical up to 10 kHz, with a key 
difference in the low frequency response of the MEMS accelerometer

Unlike the PZT device, the MEMS device has a direct current (DC) re-
sponse, which is of interest for very low frequency machines, such as wind 
turbines (also enables a faster recovery from saturation). Since the frequency 
response of the vibration stimulus system rolled off at very low frequencies, 
the response for both devices were tested by “tapping” the test jig and cap-
turing the resulting responses. The recorded time domain measurement was 
then transformed to the frequency domain. The results are shown in Figure 3. 
Note that the MEMS accelerometer was able to record a response down to DC.

Conclusion
The MEMS performance with the analog output driving the DAQ directly 

achieves good results comparable to the PZT sensor. This suggests that MEMS 
accelerometers are good candidates for re-architected output channels of 

new condition monitoring products, in particular enabling entirely new con-
cepts based on semiconductor components that run on a single +5V power 
supply, such as wireless smart sensors.

On the surface, the first generation accelerometer appeared attractive 
for this application due to the high frequency resonance (22 kHz) and high full 
scale ranges (FSR) of ±70 g, ±250 g and ±500g. Unfortunately, the noise level 
is 4 mg/√Hz, unacceptably high for most condition monitoring applications. 
For the second generation device used in the comparison, noise is reduced 
two orders of magnitude from the first generation, while power is reduced to 
40 percent. Table 2 summarizes the performance comparison of both MEMS 
accelerometers, highlighting the improvements in performance.

Table 2 – Key Specifications Comparison of 1st and 2nd MEMS 
Accelerometer Generations for Condition Monitoring

1st Generation 
Accelerometer

2nd Generation  
Accelerometer

FSR ±70 g to ±500g ±50 g to ±100 g

F0 22kHz 21kHz

Supply Current 2.5mA 1.0mA

Self Test Yes Yes

Temp Range -40C to +125C -40C to +125C

Package 5 x 5 mm 8 pin LCC 5 x 5 mm 32 pin LFCSP

Noise Density 4mg / √Hz <30 µg / √Hz

The convergence of electronic signal conditioning expertise and the 
development of high resolution MEMS accelerometers have enabled perfor-
mance capable of serving condition monitoring applications. High frequency 
MEMS accelerometers with low levels of physical noise, coupled with high 
performance, low noise, highly stable signal processing design techniques, 
address the fundamental limitations that have previously kept MEMS from 
offering performance comparable to contemporary PZT-based condition 
monitoring sensors.
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Figure 3: A comparison of the response of both accelerometers when tapped
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