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Abstract : With the recent commercialization of electric-hydrogen vehicles and the development of vehicle parts, noise

measurement of steering systems has become more important than engines or tires, which are the main causes of noise inside
vehicles. This study was developed to determine the cause of noise generation by attaching an IoT Module to the engine
room to measure vibration generated by the steering system of a driving vehicle.
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), Accelerometer(7 145 = 7)), MEMS(P] Al 1 7] 7] 7] A] 2~ ®l), Internet of things(AF= 21 E{ 1),

= A= ZIL"J]'TT_‘ Apek FFoll whel 0 ~ 400 Hz g % ©]
FE olFH, o HA ¥ Hol 1,400 Hz oJuje]t}.”
weha] 2 AGE 2 kHze] TR 5S S48 1
kHz ©]3}¢] XE& B3 &= Q) =2 A 7| 519 T

E AFd A EE ToT EE-2 MEMS(Micro Elctro
Mechanical Systems) 7} = A1& o] &3] 5 AAE
Gataf AdxdFelM Asates 7 Atk MEMS 7]—
L= A717F Aol 71A1A T2l F3s FA4 &L

£ B4l gA -2 5 Ak

R-EPSol| 4] ®A83}= 2 kHz °lWl9] W&& S437
B Aol 2FeFell A A8 =] = CAN(Controller Area Network)
AEE 7 A8t 2pFe] 2t mE xlse] Wst
£ dfetato] Aol §ol et gt gk Xl Foll 5
2 [oT EZNE Wi-FIE o] §3ate] Fu Balo=
2k Hlell = AR ARl Al 115 2 CAN Hlo| B 7} A
9 5= 9 2 akalolT).

7|0l 7HE R E Skl T U EHAE o] &8}
71A12] el E EUE R8s 73 Piezo 22 714
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Fig. 3 MEMS accelerometer
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Fig. 4 Edge device PCB circuit
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Fig. 7 Timing chart of accelerometer communication
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Fig. 9 Graphical user interface
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4.2 Control GUI 74

Control GUIE= 43 Hlo|lHE A7
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5 A (Fig. 99 1). o] % AA3stax} s dAA <]
222} TCP/IP PortE 2743} Client® A4S &3l
<& A 2FechFig. 99] 2). A FR|2H-E HoJHE
5=HEO. Tof| = A5 0 & Plot2 E 9 5 TimeSeries,

Spectrogram, FFT, CAN®] A 2.7} 3 & ¥ th(Fig. 99 3).
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Fig. 10 Attachment of accelerometers on shaker
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Table 1 Result of FFT comparison of accelerometer

A L T
r\‘ “ “‘\ ‘;“\w ‘r‘/ \E‘L )‘} \‘ ““‘ “\ | Frequency ADXL355 356A15 Error
é'\ EE ;‘ Tt 20 Hz 20 Hz 20 Hz 0.00 %
VY 100 Hz 101 Hz 100 Hz 1.00 %
o ‘ 500 Hz 503 Hz 500 Hz 0.60 %
s SEL " 5 1000 Hz 993 Hz 999 Hz 0.60 %
Table 13} 2-0] FFT2] ZA3}7} 1 % 2] 222 Ay a}e]
i 2 kHz W 2] 25l A iA1= Piezo 7H5 LA E th A8}
o L @201 o AREE T S-S glsksith

; 5.1.2 R-EPS L5 A| Piezo 7FSEA|9}F HIm HS
E || ‘M | | A BRI ’\ A R-EPSE A4 Wolx 753 MEMS 7HS:=A|
£ o=t — \ e -/ ST '/"'f/ﬁ

} x / \ ADXL3559} Piezo 74 =7] 4535-B(Bruel & KjaerA}, &l
nt=1)E Fig. 129} o] fARgE 91x] o) 242} F-2bste] 1]
1l 7153} th R-EPSE- 1.0 RPS(Rotation Per Second) &

- S ——— A a
i w = 103] 75 - 1.5 RPS= 103] = 4 - 0O 2 o] -
- ok XS SASAT
: Fig. 155 MEMS 7+5 579} Piezo 7H =715 1021
" , 4% A% delgE A Fue o] FFTS)
©100E Spectrogram © 2 L}ER A xfo]t) Avho] Piezo 7R
, - , P Ale]al, sheke] MEMS 7H:EAlE UERd 1 >Lo] ),
AL TR AL B Table 29} ko] 7 7HE LA} 52l & o] Afo] 2
NV TN AN . o
pRANANIBIRARINIRANAN) Lf‘*“#yr“rHL“r‘w‘H“ri#“r FFTOlA 2% Fo| A= Ach Spectrograme 7} 7}
A A at U
R R R RS T
e A L i
- "
() 500 Hz
EEEEERREE:
A UA A A
|

(d) 1000 Hz

(c) MEMS and piezo accelerometer 2,3

Fig. 11 Results of comparison verification using shaker Fig. 12 R-EPS accelerometer attachment
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Table 2 Direction of accelerometers =Ad= AL EX o2 et gnt dykE oz F3)
% Aol AR B 719 Pieso 7HEAE B Ha)
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: : : 7h ol Sl AE Al B 17} Bast) Ajerel
X - axis Z - axis Axial*
Orientation at - ; . Az Foll & AF-elA 7dst [oT & A3k 2=
location 1 y-axs X axis Tangential )& oﬂ }\—] C | GUIE o] _Q_;]_o:‘{ go] E1 2 A= E
Z - axis y - axis Radial ]T] o o]ntro ) = 9|50 ! E] ;o = 3
Al Al& L ] 35} i 3} 7o z
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T X - axis 2 axis Axial = 543 A% HolHE AXeIX Wi-FiE 3 Fig. 14
Orientation at [~ & il s} o] GUIE 94 4 0.2 Asl 21 lsart.
location 3
z - axis y - axis Radial*
(* Principal axis) 6 él_ uil _TI_ZEI‘
AT A A 28 549 Fa PE 23
S0 F52 )F o ehligleh 19 91309 B9 4A 3 REPSS] o)g WA U1 stetely] 919 T3
57 917} Geb tha Ajol7h Qlglonk, B 29l Aol Ale] % S4 WA Aksich, Fays)
FFT<} Spectrogram©] -A}8}31 th. = 2] Z F el 10T a5 -2t <8 A+
o 2 295E 185, 1 oA MEMS 71
52 22 3 £ 53 AY AS ARSI T <X FoRRE HolHE & -
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I
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7 438171 18+ Arduino Portenta H72 MCUZ A}
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T UA T 2] X Fell A Wi-Fig o] 83 74 &4l
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(e) Third sensor(First half)

(f) Third sensor(Second half)

Fig. 15 Result of r-eps verification experiment
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