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Accelerometer and Temperature Sensor
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Chih-Chun Cheng, Wen-Nan Cheng, Yu-Sheng Chiu, Wei-Jen Cheng
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Paving by the development and improvement of technologies, “manufacturing” in these days
requires more than automation. No matter equipment abnormal detection, component life cycle
prediction, or IIoT in machine tool manufacturing, sensors are crucial and play an indispensable
role. For understanding why and how abnormal vibrations are excited during the machine tools’
operation, accelerator is necessary to capture vibration signals for analysis; for realizing how
temperature variation influence the thermal deformation of machining tools, displacement and
temperature sensors are required for establishing the thermal displacement prediction model to
compensate the displacement error. This paper will introduce two generally used sensors mentioned
in the above applications-accelerators and temperature sensors, and the circumstance of how they
play their roles in machine tool state monitoring.
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(acceleration) FPEL BAGHETTEAL - HEFHEM R m/s” 8 g (ESIERE » 1 g=9.81 m/s%) -
RIS ?EEE;@/EJHTW@JEHE’JW@J%% Feftm sy T -

O 0 B A T AR R E R 4 - I EE U (piezoelectric) NI ~ A=
(capacitive) N AR AT - BREE FUNEF 2 DLE BB E 2 2 B Edpk - HEGHIFEH ~ &
WO~ FRIERE - SRR - B IE S ﬂf‘i@]i/ﬁj P FHIBR BRI AR 2 PE R S R 1
ERER - B ARG PCB ~ Kistler ~ Endeveo-- 5 » HE S AHE Se 8 2 /& Lis - Bl e
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AR RS 2 AR RiE S SR U & BB R ASE T AR BA R IER EE
PR R B Fr o AT FE SR (micro electro mechanical systems, MEMS) * 5 Al By ;A
setiiRAEtES - DIERFRR AT A EE ML - SR REN E RG2S - SRRV B a HE
&N THER S PUSEE IR - 2 5B ARG T - RERE S IRE R RERS 2= iR BEEE =0
S o A R F R EHE TR SR Z FER | AT+ RE R e w9 B T KT 2R (G sensor)
B 27 2 R IR P SRR 2 - - 55 - T I _EJRRER AR i e [ e A R B A U B AG o
o ARKERST 2 MEMS IR H & 8OERGHETTERIE - 140 ADI » STMicroelectronics
InvenSense--- 55+ FHEEHIE S EEEESETEISE -

B RAME AR Z it se b o TR FEAE T3 4.0 E T Y 2 S REST - BUNE:
B R AR B =0 RELERMERY 2015 SV G IR E o H e T E - DI
T8 R REE AQI RS ORISR IR o BT EEH Y5 - LI E N 2 B 2R
RTEEE . BEINEA - RBiE - TEENE--F - PR ERIINERFZE - 2 ERRE
Z MEMS NI R KSR - FE B E Rl Bl BB B 3 at » SRR R EGE - E Rl E R0H
FHETHE 5000 Hz » SR THEH H MEMS JIE#{Z 1600 Hz » HEHRAFFRIRGE 4000 Hz F27H 22
6000 Hz -

1. BEX IR A ERIE

EEY B M fEie (755  Jacques Curie) HIE 25 F7H) - f&iS (755 : Pierre Curie)
1 1880 EZEIHMRFENE (piezoelectricity)® » Ha 4= AR CU AT TRV BE B AT R - G40 &
(crystals) BXFHZS (ceramics) » & BRI IE TI BN IE Lo FF IR LI » &1 (electric charge)
ZREEE LLEREM R - HEERER - BREMEHEEER - FELIRE) ) 2 EERREM i
THNT - BN - Bl EATE - HREREM A fHERE R RE E EERE AR E - (RIBLH
FIA B E BORIES A A e - REE = s #R Bl e A b Bk e [ B P 3 3 T A R 2%

FREE AR T S22 7 B 25 R HY R B A R R <2 BRI E I - HpfiT 4R 2 BT LR
SEALIRENAIN o E IR M eREERE A FHEY) LR - FREIYIRTEGSZ 2 IRE) - [FIRF S (ERE RN
AR E E B (seismic mass) @ H B = AR ENFTZE £ 2 BRI AERS BR BB AU U FE e
WF o HESIREE R Z BHl% o [E 1 Fis R IEPE (integrated electronic piezoelectric) =Ry
AR - HAr 6 R Z B VL SR N R OR A (it - DUBISBIRE B A 52 2FEN T
(B EEERARES -

2. DNERFAE
DM SR < S S - RS RRIIYIRIREN R L - SE— P AT FEIMAE - A0
M3 E—PRHILE SRS A ECHT &S - kAT ARG RS AL S 1 R B R - A(AT Pl & s ek ]
el F R EHIREI T A - BURIRGE A E SRRl Fr L RN BR R I R 5 8 R A RVEEEE - DL
KT R RERSE AR AT R 15 A VA O T 3wl o DU T s IR el
HEE R LY
(1) BRI - DR R R Al A SR IR FE R NEAU R B 35 SR R R (E2 [FUR IT
AR - LA EE BRI BT AR - BEERAHRIEAGEE B mv/g B
TRE BRI AT R Z R 8UE -
(2) SR © — i AR AR Eh B R R 500 g - i = B RO Y i Bl I e
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Seismic mass

Piezoelectric material

Preload bolt

Amplifier : IEPE accels
need current excitation

1. IEPE #uik #L R AR 22 o

#Iks 50 g » FHLABRBEA A RAEHER 5 v AGRE - JIEEEER 10 mV/g 8 100
mV/g « R BRI AT DAFRT R 0.1 g/mV B 0.01g/mV » BRI T5H kR BER S A
B - HEERGUNMRE) (< 0.1 g) HURERETIBLES 5 /= R RN AR e 2K B2 1T o6 [
/N (HANERRE SR N IR B & o DAL I B T 0 [ S T RO By - B R e A IR BN Y
MR GEA - A e e R HIRR -

(3) FIFARER I « BRAVBOL R (Hertz, Hz) » FAMA] AR B R 15 IV RO iR BT
K&+ BIEE (period) HYEIEY - HARNNIEAR BB BUE RAE N FERE Ry E(E - RimEE
PRIEF L > SR BRUEAEAMF - BE RS RAERE TR 3 dB 8L 5% LIA
HISEER - {F R n] AR E] -

(4) BHTE - IEAR AR HDTRET 2 - A e = A R - B e BT
ol A RRF B =8 T B HRE - SR = s AR e S R I Y SRR 2 R T S B (B
o - =g A E RS - —RERBEE O HEE N =M rLET BT - MR
A B BRI IERE - AGETI -

(5) ECHIERE & - ERRHIYIRENRT - IR G DLzl 5 ARG R Rl - i e &
KN - S ERHY) L EEEHIREE - AU - &l R e —
gy - (s ECHlER SRR MY E BRI E6E - S g BRIV IREN R IE - BT
IERERIDATAS R o — MR - BOHleR B BLVNREFHIYIE & 10% DINERLE -

(6) EHIEREE - MK H W A A E IR (B IRE) - ARIMETF 2 R BRI G IR R =
1 BTE R SR AR RE o0 SRR E G IR AR DT Al - Rl AR R R IR
AR ACEA B A RRAREDIRERINER - PIA0TTEIE « Pk ey i e T3 E /o
o

3. MR i Re Al

FEMERCAHER E FH U IR TR R 1% - B T fE M fe R A st ok - —ims » =
TERRiE B RN A - PROA RS R MR R B R E R RIS - ISR BB IS s
DR B 7 A AT RE BlcBR A
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(1) BEUERIE « R ENEE AR E IR e EHEE) - a2t 159.2
Hz » 1 g-rms WYMEREIRENE - mIRERIAHAIIEA A &R EE RREHGR - 24 Al A EH MR E
UL IESR - RIFEA U AR o] 0I5 (IRRE N 2 B etk - BIRZEIMNHEZ 1 g
REhE - KA AR 180 FE 7= - ZREMIHALE 1| g BYLIFZ ERGNSE - /55
G H B AN -

(2) FRARIERE « SEFTURES (shaker) U3 BEARIRE) - DL —MHIGUREI S - =Ry 100
Hz » & AX/NAR] £ WEEE TS5 FlanhnEiz SEE R 5 ¢ - ARG RE)
KRANAEIGREE 1 ¢ /750 SRECERNEA T 2 IR R EL R = & - #E— P FHEHIER
PR -

(3) BRUEE + SEH IR ER S TAERNAR (white noise) » IR F & HIHRE) & DU SR {17 358
{4 (Fast Fourier transform, FFT) E{THEEATE - HICHFHEERER N2 3 dB (LB ZH

et - BVREETEL o [FRE - FTRS LRI SRR - — OB SR LA (A2 B
i -

(4) BRI SRR SE R R - EHIE R N ZIRENEGR - RHAEER » — ik
G SR RE R i AGETT BAL - M EETRE AT > ERCRAFPEIETR (ADC) A&
FeRHUR e 2B - R S R R 2 RERFOB (RN DS AR MERR - — e DAL 513 7
HTRES TR axEf THATC

=~ mERCH 2R

W R EEAL R 7 EEARN L — » HEHEAEEEMEE - R vkFE -~ BTBIE
BIOKHE---FES - HEMETIRE RS R » — R e E TR EEAYFHER -
UL IR (Celsius degree, °C) » FE IR (Fahrenheit degree, °F) 87 E- 3 (Kelvin, K) 3£
o AHEER AR F=1.9°C+32 > K=°"C+273.15 °

ARIDUE B FEBYRER A= REHEHIPIRIRE - G0 LR R S B - HIE2 AR
BEHBT AR Z 0 - SRR DI 2B EAOE N H iR B R o DL BB =X
SRAELT IR B B EBRGZ - 10 KRR - Hee A etrY i s B R R e
TEEVRER L E » BIa0 PR RIS R 4% - A%y 26—28 °C 2 - ARIE A mT BT E MY IR Ry
fa] 2 Al - EAATAEHEEENRE - SLFE R AR R = (E (PIANERREEDT) « DUEITR
RTEAK M EEENRE » MBS IRERRCIEE » B Ui R # 2 &
ZHECY

U5 R B T REL I 0 b B U B TR B Ml R A o 2 A R 5 1T 3 R e B AR
HEEV#IE - BE[HECE B LR E iR - KA FHECHZ R T 7K iR B B 55 I
FEETAN - BT RCH Es DR 2 - T3 bW AR RO 28 R $AE . (Pt) ~ Z4EH
(thermalcouple) * 15LFE BRI 25 A1 M P20 Omega ~ Kimo- -+ 55 » ZRATEE iy P B B LS pl A
A » BINYME R e n] PR A AHRA o 5 FERE M =CH 2 #E R P 38 AL MR RE RS
EHHEREEE - AR RS BBl T RMUE T BIR A SR LR & — 2 5 #7 -
A RGN SR ER BE R (0— 10V) BUEEVT (4—20 mA) ZFELLEHGE » FREf T8 i -

DUT &k s IR A R 2 T TG /g - & BVBCERE ~ BEIH IR A RIS - BV (R EEIR
=R RO R
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1. BABUEE

FUEERIE (thermistor) s — VR BOMITTLF - A0 2 Ffross » -7 PE (5 o 5 2 L P s (LA
B8 » R I 3 8 B B R R BB LA » BV S M e B e P A5 S e B
{8 - BVEEEIH . SR T R E M B ENRE AR E LG S0y - EAEEE TR -
i i FE P R YA 414 —90 °C — 130 °C » {EL AT EEHFIEE AP RIS » T HEHIVE A 500 °C—

YE

1100 °C Z =R EiE -

//

B 2. #sEm g .

g EE RH AR T A S DO B EE (B L 2 RERBE R &R 7 - BB — R E R R 2R
F » 78,25 NTC (negative temperature coefficient) ZVEEEIH 5 .23 By IEAHRERE - AT Ry
PTC (positive temperature coefficient) ZABIEEFH - Z[1[& 3 AR ©

NTC PTC

Resistence (Q)
Resistence (Q2)

Temperature ("C) Temperature ("C)

(a) (b)
B 3. A E AR (a) NTC 5 (b) PTC ©

PRI BNECEE P A BERH B R E PR IR SRR VERA 6% - G0 4 P LR b - K
FETSEER E > PTC g RE PH & ] H A TH P v o A Z R MR (R R (RS FR S B - A
EE R 5 NTC Z2VBEFLAEY PTC ZVEIEEIHIT S + TP SR o SRR GR - Bk
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G R EHIER Z e - MEPRDRE IR MERR R A S AGE Tl e & - (A HERE R R
¥ - JREES AR RS RIZE L 8 ER - BIANSES B PRI R -

NTC
200 ‘ T

150

100

Resistence (Q2)

50 |

-40 -20 0 20 40 60 80 100 120 140
Temperature (°C)

[ 4. NTC #8E g g n vt .

2. EEVRERCAIZE

& A AR PH AR AL 5 =R ENE 2 BORI s+ AR 2 R BE PH =X IR 2 BRI 88 (resistance
temperature detector, RTD) o DAZAEE[HA BLETTIE 53 » B Pt100 » Pt1000 ~ Cu50 £ Cul00--
% - BEIHENREEE 5 R o R EARIERAGR - HAR DL Pt100 AR EETZ o Pt100 By
—HREDASH (Pt) AT Ep B H AR RIS - B 100 EFRRIEREIS 0 °C FF - HEprE il
EEPEAE Ry 100 B (Q) » S HNEEEHEE T/ 200 °C—800 °C R - HEEFH LR &2 BAfR A&
TER=R, (1 +al) Hi RQ) BEHNAE T (°C) AT ESEHE » R, =100 (Q) @ o HIEHE

400

300

200

100

Resistence (QQ)

-100

-200 0 200 400 600 800
Temperature (°C)

5.RTD &y 4% -
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R - — AR 0.004 FF5T 5 Cus0 AMRREAS R RHT - HAERRI 0 °C Iy - HpTEH&EH
1Ry 50 Wt () » 77 HL Uk R S A HI R —50 °C—150 °C [ - [ 6 Bd5% | e ZAFERH Bd 2
R R I LB SR L - BB AT PR AR R = T BV T Y B
WK > A AR i PR B T Y A DL R o S P A HE T T I

5000 T
——PT 100
x = =PT 1000
4000 - .'_. """ NTC 1k | |
a
§ 3000
.‘OC_J‘
@ 2000 3
(0] . -
I ‘.‘ —————
1000 | e tm H T g
0 T Bl T N SSssssssgpgne
-50 0 50 100 150 200
Temperature (°C)
B 6. BT P A L o S B
k1AM E AT -

HH £
A ﬁ =
R FEEs B

= HEE (FH) {159 =
RRIERE & =
TEHE = i
IS AR & =

SHEH PRI TR R R - A ERIH PR A L iR ) - RIS USRI - Kt
TG AR R R e - R HN R R EAR L AT T A L B HRRE - Al iR~ =%
BAPURAIECS Y M 7 R — T SRR RE - & 8 RIERABEAH - K
FETCHE A 2L PH R FE B B 2 4 (Maxim MAX31865) FfT 32 T R I i)

AEMEENAERE" FifrE S B RHIE - HoR B E R (200 °C—1000
°C fothype) e e e > Ik T2 B FRETE - 2VEBHmRE R E S BATRER - a0
& 9 i - M Ein B e IR B - BB IR R R BB ES - 1T & i B R L
Bf - FEIERS e A EEE - RRBEVENE JH:EE%EEEI Seebeck FTEEIR » XA H 7R
[ (Seebeck effect) » H A A= Y — G Al s T /F i — I R R 2 L s i 7 o
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[T Tmmmmmmmmmmmsmmeees You must make these
connections

EX-{ Black EX-! Black
e —————— e I
Two-Wire RTD Configuration Three-Wire RTD Configuration
# = Connection to Terminal Block » = Connection to Terminal Block
(a) (b)

| |

! EX+|! Red

| s

: CH+{ Red

f lex < . # RTD

i CH-} Black >I

| ’ EX_! Black

Four-Wire RTD Configuration
» = Connection to Terminal Block

(c)
7. BB MR BHGHF K () 8K 5 (b) ZH/K 5 (o) map KD -

BE S EHNA LB B6R - DU S-S B R BRI - BIFS R 5 B (B
IRANEIMELZ MRS » 43 B> E~J~ K~ N>R~ S Bl T /\FEER] (Type)'® » HFg B iEne i aE
18 A% 2 A3l - BLA A F 2R BRI ACET IR 2 - T2 E DU T ¢

o [KIEEH : T type, —250 °C

o RS ¢ N type, 1200 °C

o FEHUE © E type, 68 uV/°C

o S5 1 K type, =200 °C— 1000 °C
o REMIE & S type

A L Frat » e (8 IRk 0 i FH A R AN [F) < B A L TR R - BB RSB LT IREE
Bl R EE SRR R TSRS IR RS2 2 - R E B E ISR
BHGR - BRI S B E A E S - B NIST 1TS-90 E\EE (8 ) Fr 2 1t 5 B 24 il
FERATREAM - DIERGAGENRE - AR EE RS EER °C BRI AR -
EREERMEE (TIER » “in MZREER - A ZEHESHEREE  WREEe5
— IR R R R SR B IR S T IR T - T2 RS BER{E Y -
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273 vire|DRC C
nﬁx31865ﬂ

AR

' -
“Nl‘lﬂ S !,n‘v.ljﬁz

"'5".___" H n' kk:j‘ﬂ

VIN 3VU3 _SDO CS

200000000

GND CLK sOI  RDY
(b)

B 8. =4 K PTI00 A BRI A% © (2) BAE 5 (b) REMEES ; (c) Aezpexn'? -

=i/ St/ B 8k i RIS TR
Tref
a ®
HELA

Tsense

9. & T4 R AR I o

BRI UE R 4% > BB BN BN R EE - BEUES - KIEEE
bR HE/AREIMEHEE BT - ﬁﬁ,ﬁ\i%%fﬁ\ HIEENE )N - B 552 AR ] ] 2 B
MERR T8 - AIRR TAﬁEﬂUﬁ%U%’ﬁpﬂiﬁiuﬂﬁ)ﬁE&ﬁZHa%a%% Blanrs e FER LE B A A e (24

bit ADC) ~ FHHRAEN + 50/60Hz {5 R %
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k2. T iman 1 o
ZEE R Y N et TE AR

Ll IRy i (conducting wire of positive (conducting wire of negative
(type of thermocouple) electrode) electrode)

H4-30% $# (Pt-30%Rh) F4:-6% $£ (Pt-6%Rh)
E $88% 54 (Ni-Cr alloy) #8845 (Ni-Cu alloy)
J 8 (Fe) #8874 4 (Ni-Cu alloy)
K $88% 5 < (Ni-Cr alloy) $88RE < (Ni-Al alloy)
N R8T &4 (Ni-Cr-Si alloy) — $EWEEE S (Ni-Si-Mg alloy)
R H<&-13% & (Pt-30%Rh) H< (PY)
S H4-10% $# =k
T 2] PREA G &

10 Ry AT 2VEE (B VR A S v] FE D 2 JRRE i - W i LS Bh R (E T RE - H
@ 10(a) B Maxim FFZE7E 2 MAX6675%) » Al ZVE B K type » B AKEE 2
FL L 5 18 10(b) BB MAX31856%% » Tl5EfH K, I, N, R, S, T, E, B /\FRIZHEENEE(H - [ fif
MW e - (EREE A MAX6675 £ 10 f5DALE -

(a) (b)
10. 2k BB BRI A ¢ (QMAX6675 5 (b)MAX31856 -

5.7 FEmEURE RURI SR
BUgREIE © BAEE PH B AR (B R BT R R R - R R R B R R L
A REEITER - EEELL B - AR H R E A I R R R ey - HAERRAT
o RV R S EIYI0: - BIANEAEEXTY ERYELD |
o BEIREHOE S - PIANTRAK ~ SRERERS
o MBS - BIANEEREE © S e A 22
o IR -
FEwz i U R RO &8 RN R - SR R TR 2RSS - HRE SR H P AR A
SREER PRGN IR IR o I AT 5 s B BE s BB BRG] - A1 11(a) K FLUKE 561
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BB SCAT SN 2 A R TR 5 T s B A HU e S0 — B 22 R IR A3 » R R B R
{# (thermal imager) » A& 11(b) » HAJE—DF R B = LR 2 BVEDR O AHRA A - (ES
EERE - EENREFTICEIALIMER R EE - 2B RIRSE - RIFEE AR e T -
HPra MRl EovEs - 2R T iEEHEMERENME - IR RS A B 2RI -
ARSIV A S PR ee s - @B 12 AR ER SIS < IR =00 B RGRES - 755
Melexis f) MLX90614“% Eil Panasonic Electronic Components [ AMG8833¢“7 -

(b)
11 E3AE KB E AR R © () B2HA%Y 5 (b) SLE A -

(a)
12. JE3/ KB R B % ¢ (a) BEARR 5 (b) 8 EARR® .

i SCRL A MBI ZR AR - FPR BRI R B R i oG R AGE Tl - HEfF Y& A —
TEFEEERNG - KA S ZFERE M E T . HENFFHYRREMEANE - GREAR S
R TBFEEERECII GRS - KRB S S R L - B0 (B 3 Rl = R Rl
RMAE—SLERTEEE T - JE Al R R R ER2 2 B R R A S B A [ -
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= RCAIZRFE RN T ERGIKREES A

TEMZERZETIFEE - fEEE A T - RS I - TEVE - HEEoAlE
MRS  WEREIRE  iREL--F > ARSI A R ECREEh S E T I TR - TEMGHE
RIFHGECET > AIReg i — 285l M p i TAERE i - BUandgiR - 5208 Foo i
s 55 - IS LIV E G E - HIsEUSTUR N B2 - DURGERR A
B iR AR E - SRR E TR BRI E R ACE R - BB EBHER - T
B b2 EE TG hEE R R M SR - ReeE R R - R g E B
B REE R  IRE) - AR FYEENEN - BRERCHSRE BRI - BRa] R g
HIBS G ECEARDL - PIANERIET - FBE & - ShRIRE) - [FIRF o] fE A T E ST HRRERE
Rl G - B HERRUAGETTRNRZEZHD -

P E B SRR < VR - HANLLETT AT - 282 53 RHIETRGEER
DR —WEB 2T - 1E 13 REoIREENERE - S EEHaE %  AeREE - 7
MrEESRE > DU il g/ i ERURR2ETAE R - (MR RIVEERY - 1 S IS h e i
FERDUAHBR e R - DUE R Baize FAE & FoaBir I (ER ke R BN, - IHIET R
AL FRETT N — 2 2R aEl 3R - AR RERF IR R DL - ERRIREIIER D - BRAT
fefefles DATESER - PIAEREERG R - Tl - RS EER. - F > AR
MR HIES - DR 2 B o R REAHRH 2 VLR > — M DU T 2 s A
TP TR R A

Human-machine
Data & y interface (HMI)
acpuisition

~ Frequency spectrum
Sensor N

) — | —
Signal
processing . e
Condition L
y monitorin e
g Machining &5
assessment
i 3 . - : [l
4 5 » Pre-processing — » Operational limits > System degradation d E
: » Stattal characerisios. 7 eSS AL H
- » Condition indicators # Operational status .

13. T B A%k AR B RAAZE -

TSRS TE AT (DMG MORI) 3T #FE TEMEE ERrRoR Z RS U e S - 2
Tyl 4.0 (Machine 4.0)*” » 0 14 A7 + DU 60 (DA 2 JEHI 35 5 B A A A R
& mEieEaEE - UHIIREY - SRR - ERERTUE RN F o A FER SRR Y
sEALRR - MAERE S Bt 2 ARGl e - BISEE Y B EAHE - FIARE) - &85
g RAEREEAR - MERHESREER e AR - DURERIE KR - gL
MEMEVE RS B - — R TEEEA L g f AR PT100 - 1 LEs R I R B4R 2
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0P AIYISNANT NILAVA

»DIVIC 80 FD
. und Driicke und mel-
in die Komponenten

i ne N k

Prototyp: Mehr als 60 Sensoremn
Duoblock zusatzlich in Ech

den die Ergebnisse an die Auswe:
integriert, um uber alle rele
sicher erfassbare Informatio:

ST Waryansangres

14. DMG MORI #) Machine 4.0 # A8 -

P o BNEE (B SRR RIS R S FE (B RS PT100 - (HIRFEIBTEE RS = » DB ZHERETE - W
A BB S S BB B LI & (50 PT100 » 1775 S R R A A A B L R -+
PRRBVEM - BIAERG R R ~ JNE -

SHRBIERLZ IR TS - QRS ] SR - A OUE ARy 5 E
FESR BB I T2 UIHIEE - SEEE AR R (£20 g) - K=« SRR T2 UEIFREE
BEERE /MR 2000 Hz » — % RS AR RN vl s A - AR B R A S 0 e R I - e i
MR ~ BEPR - SRR AR A R e i SRR (KR 2000 Hz) - KL AERRGH
TR SEEINEAR A SOEE AN A S 5 BANEE R A R IR AR R o R
DIERERL 2 PERE T - BRI R BRI S (KL 2000 Hz) 29k » HE#GERE . IREH55 - &
RN FEIR Y - e B B E (IR EL 2 BOHIZS - HRAJEERR - ISR ZE B0 RATPUHERR
REJT - DS B NEEZAE ST - BEARDAIISRETT T EBGIRABEDH - TERFER B L
FITe DRSS G AR - ARTEREXINERMS - ENFEHRERA - 22 iR &
RIERET » flAIMRER - BRTE-5F > [E8F DHE S - fla0 s T35 PCB
601A01°7 » HA[EHIEIE 50 g » AREE +3 dB) 0.27 2 10000 Hz » ] 58 FH 5 R & E A
-54 °C £ 121 °C--% » MERECLAEIMEAB A Tk » (RIMLTE S RRREE A s Sl
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Model number ®
del nur INDUSTRIAL ICP

Performance English Si
Sensitivity (£20%) 100 mV/g 10.2 mV/(m/s?)
Measurement range 150 g £490 m/s?
Frequency range (£3 dB) 16 to 600000 cpm 0.27 to 10000 Hz
Resonant frequency 960 kcpm 16 kHz
Broadband resolution (1 to 10000 Hz) 50 ug 491 ym/s?
Non-linearity 1% 1%
Transverse sensitivity <7% <7%
Environmental
Overload limit (shock) 5000 g pk 49050 m/s? pk
Temperature range -65 to + 250 °F —54 to +121°C
Enclosure rating IP68 IP68

[ 15. PCB 601A01 Anik #245C0 o

FELEZR AN ~ BB (RARERIT ~ LRI - BIEELRG) » BB (HsL Al UIHEE
W) ZFRHE N RE DI AR AR - PERERIAR B AIMERE SR RE o AR - E RS BRI B
A BGER MEMS SRR RIS - AR BEAIIEAN S - HARERSHEERE -
MENBGR 2R T - I EIE R T3 LRI - RIVEZABE - n] —8@E M -

BEEH

1. Please refer to the web site:
https://www.pcb.com/resources/product-literature/PCB TestMeasurementSensorsInstrumentationCatalog
2. A. Manbachi and R. S. Cobbold., Ultrasound, 19 (4), 187 (2011).
3. National instruments, " JIIEEH# (Accelerometer) = HHRFFE | | Please refer to the web site:
http://www.ni.com/zh-tw/innovations/white-papers/06/measuring-vibration-with-accelerometers.html
4. FEEEE TR, T EE: PR ASE P IIEAR | |, Please refer to the web site:
http://www.prowavegroup.com/edm_43.html
5.5V, EOHIZR BB CL(E R iR 3, b 2R E A H]L(1999).
6. oK, BillasHdin AR, #ribr: 2EEEE L E, (2001).
7. e B, JR s B R R, b EEEEE L], (2002).
8. National instruments, " 1 ECHIZS AL « S HIFEE  fEAEELRAS - FFEREE | |, Please refer to the web site:
http://www.ni.com/zh-tw/innovations/white-papers/06/overview-of-temperature-sensors.html
9. T E R EIRAF], NTC 2T &8 2a0{r TIERY (TAEREL), Please refer to the web site:
http://www.shin-hang.com.tw/index.php?do=product&id=64
10. ResearchMFG, " {5 FHE IR B (RBEEIH NTC 2R E% SR S lI#R S | | Please refer to the web site:
https://www.researchmfg.com/2017/05/ntc-circuit/
1. BEFEMHER, TNTC 2 EEHR PTC 2 EERH | |, Please refer to the web site:
https://kknews.cc/tech/yajqen.html
12 BURVREE R, TR E b - NTC RS Al /K R AR~ SR HRCES | | Please refer to the web site:
https://kknews.cc/zh-tw/news/a4mjvy6.html
13. Omega Engineering Inc, “What is the Difference Between a 2, 3, and 4 Wire RTD?”, Please refer to the web site:
https://www.omega.com/en-us/resources/rtd-2-3-4-wire-connections
14. National Instruments Corporation, “Connecting 2, 3, and 4 Wire RTDs to My Data Acquisition Card”, Please refer to the
web site: https://knowledge.ni.com/KnowledgeArticleDetails?id=kA00Z0000019LyiSAE&I=zh-TW
15. Lady ada, “Adafruit MAX31865 RTD PT100 or PT1000 Amplifier”, Please refer to the web site:
https://learn.adafruit.com/adafruit-max3 1865-rtd-pt100-amplifier/
16. Wikipedia, “Thermoelectric effect”, Please refer to the web site:
https://en.wikipedia.org/wiki/Thermoelectric_effect
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17. Gordon Lee, " ZAFE (B R A B B 51528 | | Please refer to the web site:
https://www.eettaiwan.com/news/article/20161222TA3 1-Thermocouples-Basic-principles-and-design-essentials

18. Wikipedia, “Thermocouple”, Please refer to the web site:
https://en.wikipedia.org/wiki/Thermocouple

19. 5BHE ~ R R, " SAEEXHEEEGEAETEESS ) |, Please refer to the web site:
www.phys.nthu.edu.tw/~gplab/file/thermocouple.pdf

20. Michelle Youn, " ZUEE {8 RS FEEGHH{ERYE IR | |, Please refer to the web site:
https://archive.eettaiwan.com/www.eettaiwan.com/ART 8800402899 617739 TA 3d99d5d9.HTM

21. Maxim Integrated, “MAX6675 datasheet”, Please refer to the web site:
https://datasheets.maximintegrated.com/en/ds/MAX6675.pdf

22.Maxim Integrated, “MAX31856 datasheet.”, Please refer to the web site:
https://datasheets.maximintegrated.com/en/ds/MAX31856.pdf

23, BB EIRAE], "HIAMREE EE IR | | Please refer to the web site:
http://www.radiantek.com.tw/products/tn-infrared-c.htm

24.FLUKE, “56x infrared thermometers users manual”, Please refer to the web site:
https://dam-assets.fluke.com/s3fs-public/56x  umeng0000.pdf

25. HAIHE B EBRAF], "PTI-RHI-01ALAMREEVESE | |, Please refer to the web site:
http://www.panrico.com.tw/cht/product.php?mode=show&pid=971

26. Melexis, “MLX90614 family datasheet single and dual zone infra red thermometer in TO-39”, Please refer to the web site:
https://www.melexis.com/-/media/files/documents/datasheets/mIx906 14-datasheet-melexis.pdf

27. Panasonic, “Infrared Array Sensor Grid-EYE (AMG88)”, Please refer to the web site:
https://industrial.panasonic.com/cdbs/www-data/pdf/ADI8000/ADIS8000C66.pdf

28. Dean Miller, “Adafruit AMG8833 8x8 Thermal Camera Sensor”, Please refer to the web site:
https://cdn-learn.adafruit.com/downloads/pdf/adafruit-amg8833-8x8-thermal-camera-sensor.pdf

29. DMG MORI, “Machine Tool 4.0 as a milestone on the road to digital transformation”, Please refer to the web site:
https://us.dmgmori.com/news-and-media/technical-press-news/news/emo2015-machine-tool-4-0-

30. Please refer to the web site:
https://www.pcb.com/products?m=601A01

=150

BEHEERNFEFTMMNIAERM T AR L  AABRIFEARERRITEZAAR -
Chih-Chun Cheng received his Ph.D. in Mechanical Engineering from North Carolina State University. He

is currently a professor in Department of Mechanical Engineering at National Chung Cheng University.

BXHLERBA LT ERERMITAERS > AR T EREMERETE R K 7 Q8 EHE
B o

Wen-Nan Cheng received his Ph.D. in Mechanical Engineering from National Chung Cheng University.
He is currently an associate researcher in Advanced Institute for Manufacturing with High-tech

Innovations at National Chung Cheng University.

SEEMEAER LB EREMMIT AN EL £ -
Yu-Sheng Chiu is currently a Ph.D. student in Department of Mechanical Engineering at National Chung
Cheng University.

MEEEEABRIFERZEMITEZEL  AABLFPERERET AR P OERBHE -
Wei-Jen Cheng received his M.S. in Mechanical Engineering from National Chung Cheng University.
He is currently a project assistant in Advanced Machine Tools Research Center at National Chung Cheng

University.
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