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ABSTRACT

A wireless data logging system connected with accelerometer was developed for measuring vi-

bration in harsh environment where conventional

vibration equipment could not be used, e.g., on

deck of the battleship, surface of the submarine or airplane, etc. To minimize wired connections, the

module used a battery to supply power, and the data was recorded by the module itself on the SD

card. Data logging was carried out through Arduino. Because the voltage levels of the accelerometers

were different,

the internal circuits were adjusted by changing the voltage levels through level

shifting. Data logging was optimized using the hardware interrupt and double buffering to maintain a

constant sampling rate during data logging and to

prevent loss of data. The vibration data obtained

through the manufactured module was compared with data measured by LMS test to confirm the

validity of the signal. It was also confirmed that the module measurement data was normal even

during long-time measurements.
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2.1 St=90l F2 7[5

(h) s 54 AA

Z%E A%E ICP 1% 71:%41(352 A/24 NC, PCB
piezotronics)E &3l A3t ICP 7H&EEAE AL
&17] 9814 datasheetell 719 W99 AL} A
AFE swdigolor spH, o] wf vy =7} 7pd
AgAs Agated, AA7t S48k THERe] whet
ZEEE Agel zfol7t wASA Ak o]E F3
8= Ao 23 E 94 37]9 DC bias®t AF
AT E Y= AC AR §HA E9H) o] o
TollA AAE EEAY A, A 18V ~30V,

AAF 2mA~20mAS TH3H 8V~12VE DC
biasE 2 +5Ve] AC A5 FIT0.

(2) ADC(analog-to-digital converter) 2 B8 27
719 DAQE 34 Al PCo dAAH, 2EE
PCo| AXH s 2oz Hddsle 48 7
gttt o]k pCetel AZAS AA] 3l Hlol
HE 7|53t A3t ds s ez 83}
a5 AA A 7}

ol

bit ADC7F U Ee] glo] 0V ~5Ve] 255 10 bit
T vRrolA 4 WS S 9o, 16 MHzO] A
FYFE 2= Arduinot™ A3 sampling ratel
St ADCOIA] 218 5V oolufe] ks 0~1023
o] WeE EH3H, o]& Arduino & Micro-SD7}
T X5 serial peripheral interface (SPI) 41
&3l SD7k=ol 71=5hA k. ADCE SAstaLat
ke e 7R Ar71E st A" oP
amp 3ZE T AY 25 E SHH ") o
BES 9 SA4staAt e Tk
o] gHolmR nyquist frequencyd LT3}
sampling periodE T BlZ 2Jsle] 1000 HzZ H]
olElE 7]53th

LU

N

AANE AR & JESE
F3 Azkeit} 7FEEEA, OP amp, Arduino % Al
3ol A Fgol Bast, o] 5 OP amp(LM741)

|—> AA size Alkaline Battery (6, 24V)

Lithium Battery (+6V) Power supply cable

Fig. 1 Battery pack configuration
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o] &H] AHo] 28mAR®, 77} AL 3V YF
AR Addge] 7bFsst A& ielste] OP amp?
AY FoYS B2t T334 Arduinos} 7HEE
A AL TFS 1.5V AA &2l AAAE E3)
247y 6V, 24Ve HAUE THEM, OP ampt
CR3032 & AAE B3] t6 Ve WY& FF3
ok 3 OP ampol &538k= CR3032004 25V
s

\ o
™, 7EEEAS] AU OP ampe Hde 779
ground®l] HIxF7} YA FeF groundE &3t
Stk e E] 4 £33 sh=9)o]= 170x80x40 mm

9 715 zte=th

level shifting 3] 29| offset WYL= FHI
[¢)

2.2 32 74
(1) ;g;qa _Tr_:l QE
ICP 7}F&X A= 2 mA ~20 mA ] BHFE T30

o}Oké}ﬂ wjiel, e HelA Faats 24 Ve A
A 7HEEA TEEhd HHFE QI8 THEEAE
&4 7Fse] v Erh olE WAE] fE &
e d9s AdRE d%EA TEE 2e0t 9
t}. o]Z 98] AY dFEolHLM317)E AH3t]
AAF 322 LAY, 7HEEA0 5.6mA2] A
AFE FHs

(2) Level shifting 3=

AN EFYate, AE AAA @2 4w
T 12+5V9 DC BiasE ¥ st A¢e 7HAH,
o] Arduino ADC B¢ (0V ~5V)} 91| ol A
o HYE wHE davt Q) o] & 13 level shift-
ing 325 FAst THERAY =9 ASE
Arduino ADC H¢| W2 93t} Level shifting 3]
2% capacitorg F3 £ 2359 DC biasE AA
3] 0VE FAHCE e 5V AC AERHS A
g3t} o] & OP ampE F3 2.5V biasE e, W&
o] ZHad sz WEste] ADCe| A4gt} Fig. 2
o RS T3 voltage regulator’} FH3HE AAF
Ao AFEE AloslaL, capacitorS Au ACAZ

W ke A NEE R, Ry, Bte B9 ES 2
A,
2.3 Hlolel ate wxlsh| s S/W TA

Arduino= 1000 Hz2] 9743t sampling rates =
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Power Supply and level shifting
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1 1
1 leroms 1
1 1
: Supply voltage :
H 24y R R |
1 _I Voltage I[ AAA 1
1 Regulator v N X A\ AAd 1
1 1
1 R 1
: Offset voltage 3 :
H 25v |
1 x| 1
1 1 1
1 1
1 jpp— 1
1 —_ 1
1 > 1
1 Ry 1
1 3 1
1 Rs | et
1 1
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1 1 O O

1 & 1

1 + 1 . SD card
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ADC and data logging

Fig. 2 Module circular

Power supply unit

Level shifting
unit

Arduino

Switch

8D card
module

BNC connector
(Accelerometer)

Fig. 3 Module configuration
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(2) Double buffering
o8& bufferol]l #7434, buffer’l 715 2 o
buffer A4S sHde] 7|5k WA wolE7L =
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Time (s)
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Fig. 6 Data comparison with LMS Test Lab
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Fig.7 Test setup for sine wave comparison
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Table 1 Correlation coefficient of sine signals

50 Hz 100 Hz 150 Hz 200 Hz
4V 0.9949 0.9932 0.9720 0.8931
7V 0.9936 0.9840 0.9852 0.9237
10V 0.9607 0.9509 0.9913 0.9595
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Fig. 9 Signal characteristics for magnification
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Fig. 8 Sine signal comparison with LMS Test Lab
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