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Development of MEMS Accelerometer—based Smart Sensor
for Machine Condition Monitoring
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ABSTRACT

Many industrial operations require continuous or nearly—continuous operation of machines,
interruption of which can result in significant cost loss. The condition monitoring of these machines
has received considerable attentions in recent years. Rapid developments in semiconductor,
computing, and communication with a remote site have led to a new generation of sensor called
“smart” sensors which are capable of wireless communication with a remote site. The purpose of
this research is to develop a new type of smart sensor for on—line condition monitoring. This
system is addressed to detect conditions that may lead to equipment failure when it is running.
Moreover it will reduce condition monitoring expense using low cost MEMS accelerometer. This
system is capable for signal preprocessing task and analog to digital converter which is controlled
by CPU. This sensor communicates with a remote site PC using TCP/IP protocols. The developed
sensor executes performance tests for data acquisition accuracy estimations.
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Table 1 Specification of smart sensor elements

Table 2 Sensor module option

* Name : 1210-050,

* Company : Silicon design

» Frequency rage : 0~ 2000 Hz
+ Sensitivity : 80 mV/g

» Shock rage © 2000g

» Power : +5VDC, 8 mA

» Temperature : =55~ 125T

+ A/D Converter resolution :
CPU o Communication : UART
(ATmegal28) * Embedded : ISP, JTAG
* Memory : 4K EEPROM
* Clock : 16 MHz

MEMS
Accelerometer

10 bit

* Name : Wiport
» Company : Latronix
« Networking : 802.11b

» Communication Speed : 230400 bps
» Security : IEEE
802.11i-PSK,WPA-PSK, TKIP
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Gain Filter

0dB

10dB High pass filter : 2Hz
20 dB Low pass filter : 1600 Hz
30dB

Table 3 Definition of packet bit
(a) Base station

Start HeaderServer Sensor | Frequency Gain | End Ch@nge
bit 1D range line
$ |PkW| S 0~99| 0~6 (13 loxop| 0x0a

(b) Smart sensor

Start . |Sensor . Change
bit Header|Client D Gain | Data | END line
$ IPKW | C |0~99|10~30| [1024] |0X0D| 0x0A

2.2 QIHHO|~ 25

o] BEL ofgzays OXgud /)% ¥
A% 7)%5& AR ANREERE 2E5E of

o
21 ANEE fAY As= HEsty gAE As
2 FojA WLAN A2 PCE dlo|E]
. R ol B2 a-RY A
At m BAE 4 9= MZYz
g 7] 93l 24/\17P“}‘3} HEY UAERYE
7138k 71%E 7R Aok
AMEE2] Gain, HPFg Ao)57] Y8 AE ol
2 BE9 CPUMA 0~5VY &9 o2 AoF
&3, dolEE A3 slr] s duhg AHAA
NMEA(national marine educators association)
data sheetE& Zste] Fig. 33 o] Hjo]Xx 2|
o]} 2vlEAX Ale]o] sjFle] HIEE A3
t}. A/D WHFE dolEle 64714 FAlstE Al
A(RS232) BAOZ 115200bps =2 AAItS
2 dojHrt dsdrh

2.3 MH 25

AHRES dolH 83t} Delphi
dolz 2 HYon AntEMAA 64744
B g3 dloleE st 2048744 Hlojel2 o
E 5 dolg EAEER Ao 2 AgsiA "ok

A5

2.4 HO|E 2 B8
o] BEL dolg A7, Fud gaZgeld A



MEMS 7HSEA] 719e] 7| Al FElgAl S AntEAN AT

:nput

utpU
[Win oW
Lk

Fig. 5 LabVIEW DLL program code

o] 71%& 33}l Delphi o}l LabVIEWS
54 Zolundg(DLL) & AH-sle wEozch
o] HE2 Aol HEFH do|HE At © F3
T GgolA BojFm AZMIEE AFL F
71%s°] gith. Fig. 5% ©lo]ej#4 259 FFT
of 444 LabVIEW §% olB#z(DLL)E
87] 93 Tz gMo|r},

oéi“akE-l
ozrﬂér\rsa

3. &8 ¥ 38

3.1 OI2Z1 A BHAE

MEMS 74 EAZEE FH5E 7IE A3E F
A3 chip register)®} ¥ ZWlM(chip capacitor)E
o] 83l uFud™eElthigh pass filte)® AF
gl deflow pass filter)E 22} 7)1&4 3K} 3
dB o}#}olA 2Hz, 1600HzE ZE|E H& #QS
Aok AFFHE WEE 1V white ko]ZE ¢¥
ANZZ 3 1000 HHAsE F8sle d&

B & Fig. 63 2}

MEMS 7t&=EA9 7Hd AdE 943l Fig 73 2
< Ay FAE FASSIE oy va AS5E ¥
3, FurEe 126kHz, = 100mV/ge o
HEEABEK 4371)F 717 el AAjstz 300
Hz2 7HINE S 335tk AdE#2 A7tay

% Fu ~H9EZDE Fig 89 Blasted vehQ]
th WA AIZF AEE vlasti R dukdA e vl
ELAE gk ova NEog 23RS AT}

JeRA g MEMS 7HEEAME 25VE 7lFes
Az7F ehdt) ol MEMS7HEE AX 9] &30
DC 25VE 7HA7] wWigelt. aejx Fi4 A%
Bl A gt 7hEE g MEMS AlAe] zHzt
#EE st J3E vehd 23 0.85g, 0.89¢
FAFSHA LEltth. MEMS 7HEE A4 BIAE A]
a3 A2 dolE NEY ®rjd AEWE 1

H
B>
ojo
r=
of
ot
I
Yo
i

(a) High pass filter

16800Hz, -37dB

(b) Low pass filter

Fig. 6 Filter performance test of smart sensor

MEMS sensor General sensor

DAQ(Data Acquisition Device}

Amplifier

Fig. 7 Configuration for exciter test

ek

2H/A 188 A 8%, 2008/875



rhr
ol
Nin)
o

Conventional
accelerometer

T R e T )
Freqmng iy

(a) General accelerometer

I T e
Fragnes M7} o :

(b) MEMS accelerometer

Fig. 8 Exciter test results

3.2 XY BAE
AD WEIHAA AT 5 Y A
selaly) s wlol2 2o Mol A

e
e
G
[}
s

o
o
o
=
(0]
o0
[\l
o0
Yt
2,
32
f

VHE FU opdza UE
Aea, UAY ABE FAEY
ZERIERETES

B76/SmASXSSEI=EH/A 1848 A8 %, 2008

2

2
o
X

Fig. 9 Interrupt of analog digital conversion

Oscilloscope

Basg Station

| Function
Generator

%

Fig. 11 Time signal result of function generator



MEMS 71522 7]gke] 717%! FEZALS 2utE AN Ad

- WiPort Versi

i

1

0.5
Tie {sec)

'&}3 Fila S«Y-ej

(N N A R S
Bl A0

EE g L TP
#0s0 W0 S0 G0 MW
Freauency {He)

$PKY,S,99,4.3,

251 men x|

Connected to!

g AnE opdEa AZE Fig 119 2o} 10
Hz 342 £1vVe 371§ & Jehla glen,
Hloj AHo]JMoM & Fig. 129 #o] dxdz W
Be A39 A9 Faert geyr] A5 F
A3k A7) Fort AAlzkeg vepa gloh

4.8 8

7IAEN S B AEEAEoR ARREl7] H3
MEMS 7F&&=A 7]¥tel 2nlEAAME Adsigict
MEMS 71424 ASE FELAE o83y s
*2}(HPF, LPF, gain) BAIE 333tk <lel# o)
2 HEY studlo] dAS opdE oY W
Z2aPEe AR F FEEdch. 20EAA s
AE AAsta, F4 LANSA 7)uke] AAZL A
g diolEE wg 4 e WEHYA, A", Holy
A AZEHE AT

T3 AAZE 2vEANY AF @7 HEAY,
71 &7 BAAA, 715 483, F4 dojE A
Fok ?51:/\1« ] ;{1;{%8} §A17]Q}4

€ FYL Aot}

Fig. 12 Base station signal of function generator

=

(1) McLean, C. and Wolfe, D., 2002, “Intelligent
Wireless Condition-based Maintenance”,
June, p. 16.

(2) Ziani, M., Bennouna, M., Amamou, M. and
Barboucha, M., 2000, “The Smart Sensor Design in
Industrial 10th
Meditterranean Electrotechnical Conference, IEEE,
Vol. 1, pp. 115~118.

(3) Spencer Jr, B. F., Ruiz-Sandoval, M. E. and
Kurata, N., 2004, “Smart Sensing Technology:
Opportunities and Challenges”, Structural Control
and Health Monitoring, Vol. 11, pp. 349~368.

(4) Yazdi, N., Mason, A., Najafi, K. and Wise, K.
D., 1996, “A Smart Sensing Microsystem with a
Capacitive Sensor Interface”, Center for Integrated

Sensors,

Processes Apllications”,

Sensors and Circuits,

(5) Lynch, J. P., Partridge, A., Law, K. H., Kenny,
T. W, Kiremidjian, A. S. and Carryer, E., 2003,
“Design of Piezoresistive MEMS-based Accelero—

TLASUSSHA=EY/A 18 A8F, 20083/877



A 2
=3 9.4

meter for Integration with Wireless Sensing Unit for
Structural Monitoring”, Journal of Aerospace
Engineering, ASCE 0893-1321.

(6) Ng, S., Po, C., Guo, D., Dzulkifli, M., Hapipi,
B. M. and Hock, F. T. E, 2006, “MEMSWear-
Biomonitoring— Incorporating Sensors into Smart
Shirt for Wireless Sentinel Medical Detection and
Alarm”, Journal of Physics, Conference Series, Vol.
34, pp. 1068~1072.

(7) Corsi, C., 2007, “Smart Sensors”, Infrared
Physics & Technology, Vol. 49, pp. 192~197.

(8) Akyildiz, I. F., Su, W., Sankarasubramaniam,
Y. and Cayirci, E., 2002, “Wireless Sensor
Networks : a Aurvey”, Computer Networks, Vol. 38,
pp. 393~422.

(9) ISO 13373-1, 2002, “Condition Monitoring
and Diagnostics of Machines~ Vibration Condition
Monitoring— Part 1: General Procedures.

(10) Arms, S. W., Townsend, C. P., Churchill, D.

L., Hamel, M. J., Galbreath, J. H. and Mundell, S.
W., 2004, “Frequency Agile
Networks”, in: International Symposium on Smart
Structures & Materials/NDE for Health Monitoring
and Diagnostics, pp. 1~8.

(11) Ramamurthy, H., Prabhu, B. S. and Gadh, R,,

Wireless Sensor

2004, “Smart Sensor Platform for Industrial
Monitoring and Control”, Wireless Internet for the
Mobile Enterprise Consortium Los  Angeles,

California, USA.

(12) Townsend, C. P., Hamel, M. J. and Arms, S.
W., 2001, “Telemetered Sensors for Dynamic
Activity & Structural
International Symposium on Smart Structures &
Materials/NDE ~ for  Health  Monitoring  and
Diagnostics, in : Proceedings SPIE, Vol. 4334, pp.
228~233.

(13) Lee, D. H., 2002, “Vibration Accelerometer”,
Journal of KSNVE, Vol. 12, No. 4, pp. 225~236

Performance Monitoring”,

878/8t= 2SS = /A 188 A8 %, 20084



