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Abstract

This thesis is intended to enhance the performance of unbalance measuring
machine for a car seat ventilation fan. This machine is supposed to be used as a
prototype machine for the Delta Electronics (Thailand) Public Company Limited. The
enhanced feature of this machine is the motor speed control where the target speed
is set at 3,900 rounds per minute. The angular speed signal was measured by
tachometer and processed by using LabVIEW program. In the experiment, there were
three motor speed control methods, namely, direct current control, PWM control and
Fuzzy logic control. Later, the control results were justified by comparing the
percentage error and standard deviation. From the experimental results, it was found
that the direct current method yielded the highest percentage error and standard
deviation. These values were decreased when the PWM control was adopted.
Meanwhile, the fuzzy logic control method gave the same percentage error as in PWM

method. Moreover, the standard deviation was the lowest for the fuzzy logic control.
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37 n3luansraueIAAsI5OUT 3900 rpm (Direct)

38 N3 MluARIADNUATIALEITOUN 3900 (PN (PWM) i

39 NI MLARIAINATIATITITOUT 3900 rpm (Fuzzy)

40 N3 uERIALATIAINEITEUT 4300 rom (Direct)

41 nsmluaniruaveInngITeud 4300 rpm (PWM) ..

42 nsmikanIrNETenIIIEITauRl 4300 rpm (Fuzzy)
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80
84
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88
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2.3 afvuALaTAIIINAAIN
2.3.1 n13uSusuna (Balancing)

nyvaeulnenInsTarenaYesinguiu (Rotor) wagidnduliusuudludielviila
Tanulaiaunanning videnmsduaziiiouveuss vuadugndu (Bearing) finuifiaenndos

fumnsalruinslregneludadriafissy (SO 1940-1) [1]

2.3.2 mm‘lu‘auqa (Unbalance)

1%
I a

anniilogluinguyu (Rotor) Weduseduasiiounionisindouninduiundu

Y

anUu (Bearing) Sudunamnannusasies (IS0 1940-1) [1]

2.3.3 aralliiaugaudu (Initial Unbalance)

anuldaunavennluuundegluingvuu(Rotonnaufiagyinnisusuauna (1SO

1940-1) [1]

2.4 vauiiineades
2.4.1 Uwuuvasnuliauna

anulyaunaaiunsanensenliidu 3 gduvu [5] anuldaunaaineaians
(StaticUnbalance) auliaunaAuida (Couple Unbalance) wag aduliaunananians

(DynamicUnbalance)

2.4.1.1 anuliaunedadneA1ans (Static Unbalance)
wngfeusingnsalnisausugadgugnatwIavesing vy (Rotor) Lagau
F11AAILANTAUA LU LA A I8N UNT DANIAT ATLAU LA BINTUUUIA UG NAIINIR
v A [ v [ [y [y = .
Auvanelagdy fie n1sviliunuingryu (Rotor) YunuiukuILNuYeInaUgnUu (Bearing)

AnliaunaatngmansaulsonTIvintalagludeayuinguyu (Rotor)

Static or Single Plane Unbalance

)

Residual Mass Imbalance

AnsofRQtsboﬂ

JUN 2.1 anuldaunaatinemans



[

Inefa1inguyu (Rotor) HUUIAYRLAUNIUANINANNINNTIAULEIIVBUNAINS DUN UL

9
=

W1 7 89 10 Wi agldmsudlvauldaunaluguuuuves anuldaunaaiinerans

2.4.1.2 anwliisugadula (Couple Unbalance)

nngiennuliaunaiiiaingusu (Rotor) didurrugudnarafigufivauinvasna,
viseuNuUMIUTeENdn 7 84 10 i1 (senszuen) [5]

Heavy spot 7(.

Shaft axis -ﬁz e T I i g o ot

— Principal
axis

— Heavy

spot

~ ~Principal
axis

U7 2.2 anulidaunafuila (Couple Unbalance)

2.4.1.3 anuliauganadans (Dynamic Unbalance)
anuliaunanamanifanmsnuturesisauliaunauuadneemeans wagaalsl

aunadula Snfsdadusunuudnlngvesenniliauga lunsfadinulsiaugauuy

wamanitosialuvneiingmy Roton) vauluanuslisms mnduldiifiuvieanina

aslunsaesszuoUveTingvyu (Rotor) ielinanuauna

Rosidual Mass imbalance
.

CETTRER:

a — /[ = _w )AJ-.zs of Rotation

Residual Mass Imbalance

'gﬂﬁ 2.3 anuldaunanaenans (Dynamic Unbalance)

2.4.2 darmunvasiiiaiisvasaanulisuna (Specification of Balance Tolerances)
ANUINTFIU ISO 1940-1 [1]

2.4.2.1 NINAMNINVBIAMUAUASA G (Balance Quality Grades G)



[
(Y

gnisTuliieey g mnsiaussinnueInuANANNEaNRaTiFe s TE M UL AT SULUY
YouA30sdng ga1anadl 2.1 s mANaLga G lefunisesnuuuliaenndesiuruin
199 e 0 wanslumheliafdmnsiedunil (mm/s) nvuiawiiv 6.3 Sadunsdeiund,
LNIAAMNMNANINALARTIQNOBNUUY AD G 6.3 WazAIYDs € (Fafide U, /m)34N19

feANEIEeanlugun 2.1

2.4.2.2 arwlisuganunaananansagausuld (Permissible Residual Unbalance)
u,., unsarmualdlaensideninnnuAMIYBIANLENAA G AsluANNITANNNST

Aoluil

U, =1ooo@ (2.1)

D

Y

U Ao Avdalavuesmliiaunansdiafiasnsasensuld, oSuigluvtieniy
Haawwms (¢-mm)

e, 0 A9 AlavIBNNIARMNINIBIANALRaTIADN, auneluesiiadiung
AU (mm/s)

m  fie AMEBavIEInvedIadngvEY (Rotor) lunilsilansy (ke)

Q - fie avduavvesnnu s udauvesrusaliuinms, ssunglumheisfouse
Junit - (rad/s), iWle Q ~ /10 Wag n Asarnadaliuinisluniieseuse

119 (RPM)



Balance quality | Magnitude

Machinery types: General examples grade eper - 12
G mm/s
Crankshaft drives for large siow marine diesel engines (piston speed below G 4000 4 000
9 mvs), inherently unbalanced
Crankshaft drives for large siow marine diesel engines (piston speed below G 1600 1600
9 mJs), inherently balanced
Crankshaft drives, inherently unbalanced, elastically mounted G630 630
Crankshaft drives, inherently unbalanced, rigidly mounted G 250 250
Complete reciprocating engines for cars, trucks and locomotives G 100 100
Cars: wheels, wheel rims, wheel sets, drive shafts G40 40
Crankshaft drives, inherently balanced, elastically mounted
Agricultural machinery G16 16
Crankshaft drives, inherently balanced, rigidly mounted
Crushing machines
Drive shafts (cardan shafts, propeller shafts)
Alrcraft gas turbines G63 63

Centrifuges (separators, decanters)

Electric motors and generators (of at ieast 80 mm shaft height), of maximum rated
speeds up to 950 r/min

Electric motors of shaft heights smaller than 80 mm

Fans

Gears

Machinery, general

Machine-tools

Paper machines

Process plant machines

Pumps

Turbo-chargers

Water turbines

G25 25

Computer drives

Electric motors and generators (of at least 80 mm shaft height), of maximum rated
speeds above 950 rimin

Gas turbines and steam turbines

Machine-tool drives

Textile machines

Audio and video drives G1 1
Grinding machine drives

Goa 04

Gyroscopes
Spindies and drives of high-precision systems

NOTE 1 Typically completely assemblad rotors are classified here, Depending on the particular application. the next higher or lower
grade may be used instead. For components, see Clause 8.

NOTE 2 Al tems are rolating if not otherwse mentionad (reciprocating) o self-evident (@ 9, crankshai drives)
NOTE3  For limitations due 10 set-up conditions (balancing machine, tooling), see Noles 4 andSinS 2

NOTE4  For some addonal information on the chosen balance quality grade, see Figure 2 It contains generally used areas
(service speed and balance quaity grade G), based on comman expenence

NOTES  Crankshaft drives may inchude crankshafl, fiywheel, clutch, vibration damper, rotating portion of connecting rod. Inherently
unbalanced crankshaft drives theoretically cannot be balanced, inherently balanced crankshaft drives theoretically can be balanced

NOTE 6 For some machines, specific International Standards stating balance tolerances may exist (see Bibllography)

a o o o [ o [ A ) [ < <
R399 2.1 AUUZUIEINIUNIAAMATNENARE1I VIR UYL (Rotor) MLUUINGUUINIS [4]




100 000

£ 50 000

20 000

10 000

S 000

2 000

1000

Permissible residual specific unbalance, e,,. g'-mm/kg

100 N < »
50 NGNS 8, N

Z

T

A1 RN e \

/

s Lanel
7
s
&
7
Y 4
v

0,02 14

0,01 ARCES oo 28 0 6 0 O § e 2 i I8 R ¥ 3 NG
20 S0 100 200 S00 1000 2000 5000 I 20 000 100 000
10 000 50 000 200 000

Service speed n, r/min

PN 1 = al' 1 & <
E‘U‘Vl 2.4 ﬂ’J']iJlllﬁiJQaﬂﬂL‘Viﬁ@LQWW%W@QUUWUﬁWU%@QLﬂiﬂﬂmﬂ’]Wﬂ’J']ﬂJﬁllﬁ]‘ﬁLLﬂSﬂ’J']ﬂJLS'J (4]




2.4.2.3 nsnszareanuliaunanunded a1usnseniuldludeszuruidnile
(Allocation of Permissible Residual Unbalance to Tolerance Planes) [6]

D lunstlvesmsudlyssuiuifen u grlduvisszuny dalunsddugldannd
szuuRitaileuuUaBIsEINY

2) lunsdlvesmsudleaesszuny enliauganandefiannsasenivld U, gn
nsgENTzETINgAgUEnatana U sTuURAResunssty mugUT 2.5 way U
7l 2.6 espuiitadiofesrunundugniu (Bearing) A way B nanlddsaunisiwieluil
U xLg

er,A =
P L

U er x L
per,B = i L g (23)

U (2.2)

U

o Ao anulilaunanvdenausageusulalundugnUu (Bearing) svu1u A

A

per,

e D Auibiauganadenaunsngensuldlundugniiu (Bearing) szunu B
= i & P v vy ¢

o Poanuldauganande (571) Aanmisaseniula (lussuwugudnanana)

U
U
U
L,  fe svugangngudnansnaludndugniu (Bearing) szuiu A
L

los}

A seEzaNInAudnaialugmdugniu (Bearing) seunu B

L fe anundamdugnilu (Bearing)

r~
~
1

[

JUN 2.5 Fmgusu (Rotor) Nilgudnatsnasgluduviiliaunngs
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d M

U 2.6 Fnguuu (Rotor) suueanilaugnaraiaeglusumisigaiuly

2.5 gunsaldiasnzyidaya Data Acquisition (DAQ)

gUnsaidias1evideya Data Acquisition (DAQ) [7] vinsutanud 3viaidu

]
aa v A

Y] = 2 ¢ & o A ¢ ' v~ & 'z
el @ snanduwesiludygrundvanreuiaweasaiuisasule aduileidu
wanveITEULUTeYa DAQ Us¥naunieiduieasaninuisnisin DAQ uasyamsiuisuu

a 2% a a o o a g v a ¢
ADUNILADT LUBLUTYUNYUNUTEUUNITIALUULAN F3UU DAQ VII%ﬂ@ﬂJW?L@@ﬁQ%@Jﬂ"I?

UszalananazA @113l un 158 oum 0 UBIABLN MBS LU REINNTTUN BNNTIAT &

UseAnSan Savie wazAuALNnTY
9 9

Sensor DAQ Device Computer

Signal Analog-to-Digital Driver Application
Conditioning Converter Software Software

JUN 2.7 unudansestaya

i NI Engineers Guide to Digitization

nsldgunsaliiasiziiveya Data Acquisition (DAQ) 3MnUT¥M National instruments
(NI) BruAdgyayraimdliiudathludulilumiheanusuurenfiumesifiovnsiasei
wazuansHadatueg fuingUsrasdlunsdoulusunsy ssuviinsgideyauunoufinneias
ﬁﬁauﬂszﬂauazﬁﬁ’mﬁwﬁ’uﬁadaumaqwdﬂé’m@mmﬂL%Wd@%, d1usN3aT N1IUSU

anwdeysyna (Signal Conditioning), dugunsaliiaseiveys, wavgeniuisuupeuimes
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Fya ez inonadudyaiueundon (+10 Tad wie 4-20 Dadueud) serdudygim
aa v o < % | Y ¢ ) ) .

Adan A ueTLavazgnaoate lulugunsalnisusuanindyyias (Signal
Conditioning) dsagyimtinlunsusulsdyaralvmuivaunaunazinnigsninuis DAQ

1 Y v = I3 a < 4 |4’5’ | Y o v I a =54
wuddygradeuiaaniiulufagdeswelilugdunseddyagrandrunngiiulindes

[

anneudaliidnandudu uiidygraisnvusmnzauuainlddndudesninisusu

A

an1ndsyey ey (Signal Conditioning) anldd@msuaunsal DAQ wuuNugIuvzaIu1sadn

deyayraussaulninoglugag +10 1aad (Volts) windudiagnsauisdazgniindsuuidnd

TasaswarlkaNNALATUNLY UMIETENAKITEINSUNAIUITZUULTY LabVIEW

2.5.1 gunsal NI DAQ

gunsal NI'DAQ [7] Useinnnaneilendund sinidnfindnegdszuuldun surden

aa v

Input, puden Output, A3aNa Input / Output, ag Counter Input / Output (Q‘Uﬂiiﬁmﬂ

Juenatiluasuynuthnvuegiuniseentuy) lngazaiusadenuaeuiinneslivalugems

Y

Y a

FapaziuvazivandawdeuansrenulUldisidantd

2.5.2 Compact DAQ

3U7 2.8 Compact DAQ

s http://www.ni.com/product-documentation/9939/en/

Data Acquisition LUURBNUNNAZIIAIINAINNITOLAYEANEUGINIWUUDUTINTIZAY

aunsaideniuganisusuanindayaias (Signal Conditioning) leivianguuunuAILABINTT

o a o =

NAssMTindygamseasndyanuUseiminuliswasAtesdyyiaudasagidasylunis
Fonldlugaiifiuinndt 50 wuukazanusadenviaesadon (Slot) deulugaldauuy 1,
4 waz 8 @den (Slot) TIUAMENIT ourafuRsNMesT Tl Ao naLUY gunsal NI
DAQ MnFunnuuUILldaeniuslasniaes (Driver) 931 NI DAQmx Fsanunsanaassii

gunsaluuulanliuinismaassfing
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2.6 13aMN15AING (Digitization Timing)

'
aa v A

gunsaldiAsiesideya Data Acquisition (DAQ) aelndunauslaseas1efdiai
PANNANY FININUALF91T 198 aumaliH1uI9UsEANA VIS aLnas T A Wil 05U
doygaiinumasiadidoniugauaituunndaiulunuanudesnisveseundindu DAQ

= 1

YDIAMTINAIANUVUILUUYBIUBULLE, RTINTIAUFYUARAZNTTRMUULNETENI1

[y

wyLLUanegAnfiuuuaUnsal

2.6.1 Digitization Timing Architectures

maLLUaaé’zyiyﬂmau’]ﬁaﬂiﬁLﬂuﬁ?ﬁﬁaﬂgumuqmimEJImqai”Nﬁ’ugmmmmaiu
gUns0l DAQ uvasnanilsvseviarounasorasyyilledeesgnulasnewdeniduiiia
wazludninlaastuuuAogunsal DAQ WUy Simultaneous kag Multiplexed Sampling
Architecture [7]

gUnsal DAQ Thldaziivesdmiu aurden Input Snnuvaedouiielvianunsnin
funaewiden ldvane q demdeududsluniinisesnuuuaniaunisvie Architecture aud
GRNEGINERIERN!

1) Multiplexed Sampling Architecture

Multiplexed Sampling Architecture @an15la Multiplexer (MUX) tua192eTuns

]

a co q' 1 v ¢ o = & a « o ‘:1' 3
antdyaniiastondnunlugunsaivensdan Jadunisaietuuundulvanfsimsiuin

v

nouagbufa ADC A9

CH ) s §
CH1
CH2

CH3 Multiplexed Sampling

Single ADC

s

CH x

;J‘Uﬁ 2.9 Multiplexed Sampling Architecture

i NI Engineers Guide to Digitization

v = L3 dyd = Y dl :) 1 4 = (2 = < %
ﬁUaﬂsUBQQUﬂimLLUUUﬂE]NGIUVLUVIG]']ﬂ'J’]LWﬁ’]%GLSU ADC LWEIRILA-INAINUITOIA

€

vany 9 geslaluasnufeliudiuteidedie dns1n1sgudyyias (Sampling rate)

'
a

sanfianunsaldlnagdesgnysmeiiuiudesildfiiegiugy dnsdudiegsdynyean

e faN}

(Maximum Sampling rate) vasgunsaifio 100,000 f10819/3U9 uaIsFeINITinnsounu
dudeansdlfignsnisdudyaiad (Sampling rate) asmadelldlagegaiiieaiasag 10,000
f19819/3U Wy TordednUszni1sAanisiia Phase Shift Error [7] 1999107501319

Junsindayanamenisawnudygiaadt ADC Tiazdeslilidudyanuniouiuass 9 Javi
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Idganaieuldunazdedimanatnndoussnludsazifudamauniniulunsafdy gyl

o

' '
o I

AnudgegunsalnldIsmsduuuuil Asldlanudyaanvaluusazdeddiifinnuduiussieniy

- /\/\/ Shiaund 0 /\/\/

' |

Channal 1 r\/\/ Channel 1 :
| 1 1

Channel 2 r\/\/ Channel 2| !
| : l
Channal 3 r\/\/ Channel 3 , !
|
|

!
1
A

0

:

JUT 2.10 n13daldayayres

Y

17 NI Engineers Guide to Digitization

Haranldnisdudyginuuy Multiplexed dvedlnenaaednluiiunasdayianieiu

Y1 ¥ ¥

] oo =~ Y | \ = v
uLiulaiidmsnmsaknusigifiunnazaunuandessnluiivosgavied edddiiaily 15

a

Lulpsiufdyaravetanyinueiasviieulundias 270 aem) uvaenledeldnisduiuy

Y]

simultaneous Aiunuaglifinsideuveanadlunnazapsdmyaiu

o

2) Simultaneous Sampling Architecture
| g
CH1 —r"-"" Simultaneous Sampling
h J .’ ﬂ Multiple ADCs

CHx ———p;—«

gﬂ‘ﬁ 2.11 Simultaneous Sampling Architecture

Fa NI Engineers Guide to Digitization

(% '
aa v A

Sn1sfiavdiane ADC Usedneglunsasyosdyaraieliaiunsalddnsinisay

g7
1 [ 1 E%4

Fuanalaegafunuazdianunsadudyaulaniouiueg1aurasaiiosnwnuduiusig

o

wlavasdyaalunsiazdes Faazmuneiunseruteyanialuudazaasiiaiudfysenis

o |

ATEAdYYIN LU A1TIATIERLIEBILAYANTUAELTIOU, N1SILATIZULIILASEALUY

o

6 o

lauiindlulaseasne, msiesiginaabiii Falulassnuidladenlduuy Simultaneous

Sampling Architecture
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2.7 deygyraunalniila (Signal)

TyaamnalniiAednuugvesdygianazidiginiededn [7] insizdnuusves

g

' (%
= [ v

[ £ ! < A v I a o J N <3 v
zyr:yﬁmmqumema’mLﬂummzm%umzwﬂﬁfﬂumimwa AVINIVUA LLasa%n

a

szuuiudeyafivaneyliaunsafazifivdygyraneonunaniulad

Y

3y
doyayrad (Transducer)

o

Ihsendndusonvasundediofivdyyamdesulasdyain (Transducer) agndlaagng
viks AsihliAndedfaesgunsaldnilugjazanain namswdsuudasmesteya
nainaziduiuusiingAfaslunsiauwuynguuuy lidindesnsigiausaunu
Tafiay madsuwlamwesUSasiulufunadnesils mstadeuudadiinsiuse T
mstaviialafiouearlifissmednsiameiusay fnerlavindy wissdesdindud
Asasuwlacegnslstne fuuluaduaiaisenitdyminnseuanss (Direct Current)
Turnunuesunisialdlamnstsiiinssuansaissesauned waninefsuSuudy o
fdsuutastnnnidenvasuwadlunuian

nanvziianudAglumseenuuugunialiinsigsideya DAQ (Data Acquisition) 8¢l

Y

aosUsEnsfie 150BINTNITUI Bnsnsdudyaadoua Judurnvenitreuiamesfes
nsinvssasunedlaluriaanis wazusensnanssiandudeinsiuindetnusuiu

] v v ~ ] | A A o v Ao
Wy lduan indnawvdesnuiladienizditeyaninlaluuseaans

2.7.1 nsuusUsEINdsyyI

o

ansanenUssavdygralaaudnwagvesiulailu 2 wuu (7] Ae

o

1) deyeyrumania (Digital Signal)

A

[ <

2) deyaynauauiasn (Analog Signal)

A

[

dmsulsiainatuniudsingnisalsssuriRasludyainulsunn audenuny

o

[ Y (% 1
|

U a LY aa v o £ 9 < [ al & v =2 % v 6%
Veduddarundiatiulngunnuaissdudypiaiiyudaiity wavdnlduseloviluny
AIUANMEADLTILAES

Tnsunfllodygiuniuoonaindanlasdygias (Transducer) 1kad dygyiaiazl

[ Ag7) A7}

(%

anwassudganalnihuadinsdudyameuiden (Analog Signal) o nsagtu3unamiy

g rouamesiieUssuiana 1513l udedddaunsaliianin A/C (Analog to Digital

Y]

Converter) Wodgyaandng ADC agldsunisdsuanuarlnludyaunitasiniusds
Y

aunsalireuiIwesilayavesdygntiueeninla JeyandAynUuqegludygyinduf

i 5UTN, Usinay, anudidusu

fnazuuaUszvesdyaaiy udrdyaaniuuiludygandguuiuunuisau

v v '

LY N 1 < a a
hagdnLua EJULLiJaQIUG]’]?,JL’Jﬁ'W BEJ’]Q‘Liﬂ A1 lunITNAITUNS BINTIIAAYUIULINAT U

[

dyaa 2 Ussianae
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1) deyeureuAdiia (Digital Signal) wuseenidu 2 vila Ae

T

- ON-OFF Signal %39 TTL (Transistor to Transistor Logic)

- Pulse Train Signal

ON

TTL
OFF

Pulse Train j | [ L

Y

2.12 dgyeyradfanawuy TTL (Transistor to Transistor Logic) kay Pulse Train Signal

=b.

U

EaNl

dwsulUn-Undyayra dnazludyaruiideyaniduaniay (State) 1vueilll

o

e aninvuvse ifidygio

o

aaeunaen (Analog Signal) aunsauvsuengeseenilu 3 ¥ila Ao

o

QanIzkansy (DC Signal) dyeaiiiudeulasoenegig

[

-8

o

2) &
tU

- Fygunszuaasu (AC Signal) dygrauiildsunlategresimsudsuiuian

(Time Domain)

~Tauesdgiana1ud (Frequency Domain Signal) dayayiuitudsunlasoei

a5 dunisiiarsandyagiadu Ianudladniussgegdyayiaeuideniis 3 vile

Y

wandlugusialudl
OC 0 = abC/As ’F—-—hﬁ_{@d_ﬂ— | Level
[slow) at
Analog Signal Time Domain ADCIDAG |t [ =~ | shape
(ias) L
Frequeney Domain  —ADC (fast) |14 A L.‘_ .| Freq. Content
Analysis
JUT 2.13 dygyraueundentis 3 wila
2.7.2 drysyreumania (Digital Signal)
frugyraudeguunuiazidsundadluadnatn Weusional Audnvueid1Ayves

e unsvuansen Ae Usinamieruinvesdygailavugiu esmindygianseuanse
Wasuwlasluagadng anuudugilunisindsddguinnindnsnsiuteya dnvuzaes
Fyaaunseuansetidnlaaingunsainsianienatuiugiu Wy gamgil anudy 9ns1nns

Inaluvieund 1udu
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2.7.3 daysyrauaundsn (Analog Signal)

anwazvesdgyaMewaen (AC Signal) fidAgyRfazdwiuunvesdyaauay

n1sasuulasruinvesdygiaiisunoal Tunisinusununazuaninavesdyainlu

oo

é’ﬂwmzﬂimﬁﬂL%ﬂﬂﬁmmwmﬁdWQQIugﬂmaq waveformlun1sindgaaourasn (AC Signal)
mﬁ‘hLﬁuﬂzé’aﬁm%’auﬂaﬁiaLﬁaaﬁ’uLﬁaazmeummsuaaé’fgzg’]miuwiazLam N5InAEADINTZYN
vesafadieliifivaneroninidoyailuuusnramnsldesagndauddedldinauiuly
memwmhjﬁm%’wmﬂﬂuﬂauﬁamaiﬂ&quaﬁ%mi@%’ayjamé’n‘f@aam’;m ANWUEYI

DAQ MwngaunuIuUsELnni

2.8 Tauvasdyuaad (Frequency Domain Signals)

)=

<@ v Ao v A [ v & a o [ X
aundenyniuiuuteyandidgyegludeyatufesyls dmsudyarulszaniddud
ANULANANINT QeI donaTenIN1INTIvITludya i Talnesuduilden1undl

a v % ! da a i o I3 a o
ﬂ'J']llﬂLV]’]I@UWQ‘U??@@EJ@?EJLLﬁgLLma&fﬂ?’]ﬂJﬂﬂJﬂiﬂqﬂﬂwfﬂﬂ LLGﬂu%ﬁQJ}QJﬂm@uqa@ﬂUﬂ@W'ﬂﬂLi’]

Y

rlvimnuddgiugunsswesdygasnnninnudnussyedy

Y

- High Bandwidths da1f@e19988R31E9
- Accurate Sample Clock anunsaguspgdugaeniea g
- Triggering t3udu0g 1B IAINLIUEN

--Analysis Function Lﬂﬁlausﬁauuaiu Time Domain Iﬁagﬂu Frequency Domain

2.9 wuasdyyIunIelnila

v

(Y 1w

doyauniebiirdvainuate sUkuUT wnaan i dnen1au13Ine 18 T Yy 1eun3 0
e’As! (.
d

< & < (7 = a Q{' v A ]
b ULYBD IV UIULNA U ALLUUAILAAINIUTUIUNIIAEATINNLIIVEINADAINULTILAY

E]QJI v
duaaeundenazdesgnudasidifuuseiuliiideaunsalnisusuanin

;%

AULS AR
Heyy1ad (Signal Conditioning) ﬁauﬁ%gﬂdmmé’wqﬂmaﬁ DAQ, latisnagisenuunasniiiia
Foyeyeu [7] Usstanusedulniininduanusedndssmansasadu Jadumuvuaounas
”ﬁgapmﬁw%mﬁ%gﬂi’@é’wqﬂﬂ'mi DAQ Fautseenduaewiin MHun unasdyaiauuude

n3179 (Grounded Source) wagluulifansnnselwuuasy (Floating Source)

L7

2.10 n1susuanwdsyeya (Signal Conditioning)

v v

LY

AsUSUaN INF I AeaUnNsaldsuNvinrNUSUdunalviunzaunaunisin

L Ag7) ] A7}

[ v v
3 Y

aaeaunsal DAQ [7] wielilananisiniiiigemsaazUaanisuintuneiisnenaasnaneas
o & - o ¢ o & P o 1o &)y v
wlasdyaadunemseltgunsaldiiaguilinuning uieadnuuiugundun la s

gunsainsUsuanmdyaa dvainvatesueuuliaeniawuuinnsuenan DAQ, kaghuu
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Audutuifeaiuiu DAQ wavwsavwuuAduenauyinvesdygrmiiog19909n15U5U

GGV

1. nMsvenedayaias (Amplification) fensvenedyaaddnaululiduunalngtu
inlvigunsal DAQ awmiai’mmim?{auuﬂawaﬁmmﬂmié’amé‘ammn%u%uﬁzgfgmmﬂ
wesludwiesdeazegluszduiiadlan

2. M3nsgdu (Excitation) Fonsdnglunseduiesnifumesunuiaulnansad
ﬁi”]Li‘f’JuéfaQﬁmsdeLiwﬁ’ulﬂL?:mmsﬂ%’uamwé’cgﬁgm (Signal Conditioning) 9g¥1n1531¢
Indedlluguiuunasruafivangay

3, 299503049 (Configuration) Fenssesasuynuiinlinsudsiduisasuuuuindds
lgiunsinegnadu amswna (Strain Gauge)

4. nsnsesdeyaas (Filtering) Aenisnsesdeyaaluguaudflidosniseanidudi
fynaiisdeanstianudmuslussuuiidygrasunsuniuiigezuudindoinainga
Tdinsesdaunanuden (Low-Pass Filter) Lﬁaﬁmﬁzyzymiumusi'mm’m?{qaaaﬂ'w‘%af[,u

NIEUIUMTAUAYYIS AN FanBeRILYTYIEUBsdtyInd (Anti-Aliasing Filter) ie

Y

Anda s lisesnissueentunnssuuielidyniadiaunimaay

5. 713uen (Isolation) Asnrsusnstniwesszuuindyyuassdiusanainiu
Y o aa a = a v o Y
Wanuvasniylunstiiaalnsiu@eusuinlng s lussuvuazdsannsanndeym

Seansnnguinanbilunewsulaanae

2.11 YumaunsulasdgrmaInaundenilufiva

Tugunsal DAQ MalUariiesdmsuindmarnowidenioniiges Analog Input &

v o [d

srindyayalugie + 10 1aad o (wduwsgu) msthdyanaeudeninunegluiddudu

< aa o

JunszuumsiunIsinAInemava (@9

Y] 1 a

WoTUUUAKUURTVIRIAR B UgUTal sy s

[

a o o w a ! [ = oo 1o A S 1
1AUIUIING) LIRYULUUAIDUIADN (‘(NM‘\]']‘H']MIM"UWﬂ@) 1agAsEUIUNSUITUABUUNIDES

1%
[ v

MsrasnsuieltiluuTuudsaaunsallunishsdoyayrousiail

L Ag7]

2.12 nsgudeyeyrne (Sampling)

Lﬁmmﬂﬂauﬁ’gma%%LﬁuLLaziJizmamaSi’J’ayjaiugULLUUﬁ%ﬁawimuﬂizmumiu%q

o < v Qq;d'lel =

I a a g ) oA v & a
Lﬂuﬂ'ﬁmaauawzymamaamnLUuLauﬂﬁWfﬂaLuaﬂwﬂmﬁLﬂua;mawauuamwaw UNBDLUDY

o

' '
¥ a U = = £

Wwismsdndyaamieiiseniinisdqudyaamesnsnianesd dygrasuidenduat

L Ag7} o

edyaungnngy

—
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Samgled ¢ f

B
_

Sarspivd w1 2/

C

—
Sampled st 463

gﬂﬁ 2.14 fape TS nsgudaynaiusiazaad
i1 https://psychology.stackexchange.com/questions/18237/what-happens-

atsampling-rates-lower-or-higher-that-the-nyquist-rate

[y <

sxdunnleindminiandsdudyganiaganlaannmsduissnuiniuinniunazds

A}

a £

< Y a ¥ Y & [ 1 O o/ S o '
Lﬂ‘Uﬂ’J’]ﬂJﬁ%L@S@]‘U@\‘]LaUﬂi’]WImﬂaLﬂENG]‘UQ‘UUiﬂﬂGUUQ’J’]MLi'ﬂuﬂ’liqmﬁmiyﬂmuLiEJﬂﬂ’J']

'
U =< a 1

v 1 ) % 1 1 a = P a s < v |
gnIN1sdud ey alinuieidulnfieg19oTund (Sample/s) n3o1dind (Hz) Alaus

o

v

2 & N Y o 1Al 1 I Y @ ' | 1
ANUSHIAEiivedineg Sample Cock vesaunsalinazaisadulisigegaminlususnig

£ Y 1 J dl
o

] < a @Y a o & o v P~ ! o & A
quisyasmsarusunnnuluililddmindunsvasiinduuaemhsanuwasiun

Audayaisanunsanmunsnsnisgudyaraluniswladyananmunzaulaodaeany

nannsuasdyeyrnnisending el Nyquist [7]

2.12.1 wqwﬁ Nyquist

| [

nanlidgaaaziaagndusisninusiedntosaeninvesanudgeganioglu

Fyaauiielianunsagedoyamaitunaiinludnvazadundualindoutudyaiu

fuatule
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fs/f=2.6

fo/f=2.0

time —

SU# 2.15 i Nyquist

[

2 EnIIN13dudyeynd (Sampling Rate) ﬁaaqwi’mam’sm?{qaqmmﬁzyimm
woills1envlddeyamanuivesdyanadignaeusiayliiauisaiiunsasideaveagunse
suaaﬂi'}Wlﬁﬁgwmstwzazfu‘lummﬁﬁﬁmmﬂ%’é’mwmsejmﬁmiym (Sarnpling Rate) 7
Uszaal 5 wihde 10 wiwesnnudgeanvesdynuiielilagunssesnsmifigndesunn
ﬁasﬁu?faiuLf-ﬁ'aai’mmmhja:uQaluﬂ%q;zywﬁwuéaﬁ’uﬁylm%’é’mwmifcjué’fgigm (Sampling
Rate) 102,400 $129813/31L17 ﬂiﬂjﬁLiﬂﬁgﬂgﬁliﬁﬂﬁé‘imé{/@mﬁm (Sampling Rate) F1nnily
¥ Nyquist Avuald iy fusidadu 11 1859 eedenudanluanduatuieayen

NFNMANSaRUUTITENITRANA ALK

o W\W

Aliased Signal Due 1o Undersamgpling

;;uﬁ' 2.16 Snsnisgudayaal (Sampling rate) Aifaeiinly
i https://blogs.umass.edu/Techbytes/2018/04/20/a-mathematical-analysis-of-

sample-ratesand-audio-quality/

mﬁqmimwé’ﬂwmmaqé’@mmﬁ'mazﬁm’auﬁhz@ﬂﬁwé’mqmaeﬁuﬁmmm
(Sampling Rate) ietlostuliliAndeRanaradrudsvuiudyyaiisdosnislunsdild
anunsaidesld wu szuuﬁﬁé’zgzgmsumumm?{qaLi’mmiaLﬁaﬂ’[,%ﬂfﬁﬂ%%amwa‘f’zgzgm
i;uﬁ'ﬁ(?hﬂiaqLﬁaﬂsaqmewwmmﬁiuﬁw171"@12”1ﬂdqﬂéawﬁamaaé’miﬂmi?fmé’zyfgm

(Sampling Rate)
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[

dmsudyaraunsliaulaanudvielufinnudiudygyinguugl, seauveamar,

o

Wniln, wazdeyganne 9 Aldladnsdsusdategesinsibisldsnsnsdudyain

AR}

(Sampling Rate) AuANWINNEaNEUS1019aUlataYanNTWTIvS 0N NAUTUINTRB199Y

nﬂwﬁqmﬁﬁLLé”;LLm'mméfaqmi

2.13 sTUUNUDY

a

WWuszuusmursufinmesiniaulagadefledasinianaulae L. A. Zadeh Tud a.a.

1965 Fadunanuineinusseauusayyten fefasdindunssneieduuiugiuaudy

e

&

(%
Y

93911 yadsuulanuisasndueielaildfiamsasiionuuiueuminiy udiivaredmans
wnmsaifiAntuegliiiauasliniueu (uncertain) o1aiiuAsinguiaie (fuzzy)
MNLUIMNARYDS Zadeh 1A BaAUANltuineuldTnnsussnuAai ouly
Uszgnaldluiune q snineaudulio leidnideldfnfunguiasuiusuifndiuaum
lfla@ignlansiuluienisaeufiames dauwdinfiediosnszunaueainauasiuuaUseinea
ousnAldlsunluussyndldednsaeddusiadiu q uivssmagyudariuguiivosmans
Fruidléifudyndniisfigemnenisd Taeldunludsegndldluedoddluiimnnune W

LA3DIUTURINIA WTRENAN YilavNtTy wazdY 9 Bnunay

2.13.1 lasednguszaminieunuune®
ludaoInuazlasaisuszanifisasinsiiidefuagdordefiunnsinetu Hedaeinildod

TuSemnsivgnaiBanssny lassadwwessyuuilsdanansaitalalsidesnanmnsafianuli

Tugu If-Then GeaenndasiumssngmuAnvesuys wasuonanbuiledasindsaeluns

Andulafinquiasefiseulinisdnduladunuud Wldiiansegnifiesassaniug unazidu

Ansvesrugnusenn Fadumnnsaiiinadulusssuy Aot

2.13.2 wulfAaug g UNYTaadN

nssnEuUUNed(fuzzy logic) \Wuaseatlenvrglunisindulaneluldanuluuiueu

vostayalapgaulvilaugaveguls ldvdnmnnanadenisdeuiuuisanufnidudounes

uywd HedaodIndanvuzfifieiuniingsnzkuuaiana (Boolean logic) luuwiAaiiinsse

veeludIuveInILITI(partial true) lngA1AINNATI 0L lUYI95ENI19939 (completely
a1 a o ]

true) ULVIa (completely false) @runssnmansifuazdianduaseiuiaviity Laneanw

7218
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Completely True Completely True

Partial True

Completely False

I Completely False

Yyawaoin l3Fanin
JUT 2.17 assnzuuuasedia (Yauasdn) Auassnswuuiled (He@asdn)

2.13.3 N

HaTiam (Fuzzy Set) \Juwafiflvouaiisusey el fednazaseunguing v
wanuvatu leefadionsoulridainnuduanifnuaasnszniig 0 wag 1 Tulanwiandu
WJuasaaeldleinnigieawuvadumingy asiiwawuuiledae fedwnazivauunkuuied

Taileaundasiuniiu

2.13.4 NeUVDINYILIH
) ¥ [~4 a 1 a [ v & o
Avuels X Wuaeliang dedwn A a1uisawansanwuzianiziaainianduning
I~ a
WUFANITN

#,(x): X —>[0,1] (2.9)

A a H i I3 a o =
We u, annsananuiluavesauiluaun@nainusesinusenau x Tuilsdion Ad

[ ! ! ! « * a 9 = a < 1o v
niuwsag (91131 “x Wuandnues X7) fetiwe a1mnsadsuduenvesaainu (tuples)

A={(x, 1, (x))|x e X} (2.5)

o A anens Nedies, AK) nuefeauBnuedisn (set membership), 4, MR

Herdunuduaundn (membership function) i, (x) UNATILNUAIY A(X) BuBTLONAN

(% v 6

1WNS (universe) M58UsEVINS

671 X = (g, %0,Xa,0.., %0} W10 war A luiledinlu X saluriiaden (discrete)

[

wazdnin deynsal (notation) vosile@ian Weulmdy

'5:{#’3()(1) +uA(X2) +...+ﬂ5(xﬂ)}={zn:ﬂé(xo} (2.6)
X, X, X, a2 X
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Wowad u,(x)/%,i=12,...nnursdsaranuduan®n u, (x) 109 X Tuien A

WazLATRImINNg “+” vunegnagieu (union)

)7
|

0.9
08 |
0.7
0.6 }
0.5 |
04 ¢
03 }
0.2 ¢
0.1 ¢

0 lescescesseccees:

0

ol

] s

illlE

8 9 10 x

r—2—8 3% 526

U7 2.18 lardupuiuanidnvensnileduuuign A

denanduims X WWusellias (continuous) deynsal (notation) aesiladiaon A 1Teu

Tondu

)7,
1
0.9
0.8
0.7

06 |

0.5
0.4
0.3
0.2
0.1
0

A= J'M]

2]

(2.7)

g | 2.3 & 5 :6 7 89 10 X

JUT 2.19 fleiduanuduaundnveaeniladuuusieiios A
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mqwﬁﬁ%%lfmaﬂmmLLﬁ’ﬂzgﬁgﬁamﬁ’mawmLLUU%&L@MWT Tnuiadignaoulidan
wiofn3vesnnuduaun@in (desree of membership) FauanIrIeAIfEAYIEWIN O uaz 1
wialsududndnwal [0, 1], Tne 0 vaneds Lilduaundnluen 1 vuneds Wuanndnluem
wazAnsEndne 0 fu 1 duaundnuisainluen msmgud mliiananusiudeulunis
Wasuanduiiueniwaleyluenvesaundnds 1 Taedilsdduanidn (membership
function) uilaftudaiiey (mapping function) Fmglulawule 4 Tiiduaianuduaundn
Tuiledion auduaundnamsuiiedion darwiusvauanuduaundnduedud Aean
sorflosludasstausd 0 d 1 FenseunguAsimuaaIEnLUTaty waswaLuUatunSolsAn]

18 (crisp set) AANUANIUAIANNIT

(x)=1 XA 28)
S\l 0,xgA '

= & ) a a v & a <, ! &
We A ulanuuatuunislwauuunity x Wuanndnluegs g, 1uninnudu

aundnluwanay i, (X) Wuilaiduaanduaudnluen A

2.13.5 nrsanfiunisneilo@ien
nasedunIsvesi 9diead Auau A ounvwalagyialy n1sandunis
(operation) M@ Union Intersection tag Complement

1. giflew (Union) vesiledium agiilu OR operation luauns waz UN 2.20

Haos (X) N /JA(X) V Hy (X)

= max (s, (X), 445 (X)) (2.9)
7,
N L 4UB
4 \B
0 >\

JUN 2.20 giilouvesile@ion Auas B

2. Buwesiondu (Intersection) vesiladiun 2zilu AND operation Tuaunis wazju
7l 2.21
Mg (X) = 2, (X) A 115(X)
= min(zz, (X), 125 (X)) (2.10)



0

24

'S
S
oS

B

-

>

U7 2.21 Intersection Yasil@ion Auaz B

3. ARUNALLUGA (Complement) va3ila@ian

1z (X) =1~ 41, ()

> X

2.13.6 N9 (fuzzy rules) [8]

U7l 2.22 Complement 2a3fledin A

a 44' o ) a a 1 ala v ‘:4' ]
'JLVIEJ']ﬂqﬁLﬂHQﬂUW%sﬁa@ﬁ]ﬂmﬁnu’JUN’]ﬂ LL@V‘UH@JLL@%ﬂ’]iUiSQﬂGﬂﬂNWUM’]ﬂV]?!@LMuf\]%

Lo noile@uuuni-weas (fuzzy if-then rule) sivagranisiinglunisuennguassun 2.18 Tu

a

U 2.19 uanauTnilsuiuy (pattem space) Nsdnngueieng il

U U



-
>

high
0
0

low

»

low high

JUN 2.23 fhegred3giisuuuunisdnngunieng iy

(%
=]

NgUN 2.23 annsolisudungluzulssloanviladsl
v 1% a IS Bl v 174 [ !
ngte 1: 1 x; A1 low Uag x, He1 low Wl Taya (x;, x,) 1Wungu C,

=

Nt 2: 6 x; fiAn low 4 x, JAn high uda Toya (x;, x,) Wungu C,

a1 ¥ 4

nfife 3: 61 x; TAn high wae x, fd1 low uda Teya (x, xp) Wungu G,

nqte 4: &1 x; A high waw x, fie high ud Jaya (x,, ) Wungu ¢,

25

e x; Wusuusarenlulidn 1, x, Wusuusarwlulian 2, low uay high Wunad

1w (linguistic terms), Gata (x;, x,) ugdiuvesingiiesnisdangy waz C;, C,, C; waw

9 9

C, Junquioya 1, 2, 3 wag 4
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2.13.7 1a59a319iugIuYaIn1sUszaanauuune@aain

1A59a5aNUFINUINTTUSTINARARUUTY FeUsenaunisdiunddy ¢ duu
Aatl fannwit 2.24
ettt e e
H 1
- 1
L}
: Knowledge '
: 1
¢ i
1
: Rule base | Database :
| i
' 1
H i
H 1
Crisp | -

:> _FllZZiﬁCatj_. H Inference H Defuzzifica :‘,:>

I
| Fuzzy Fuzzy ;
' 1

U 2.24 Tassaseiiugnuvesnsuszaianaluuiied

druiutasnsdunaildivaswiunisBunawuusiulsiled (Fuzzification) wielu
sUsuuailednsasoninduiaulsniw (Linguistic Variable)

§mmm§ (Knowledge base) LﬂuﬁﬁuﬁﬂvﬂLﬁUS’JU?’J&J%@HﬁI‘HﬂﬁﬂQUﬂ@J‘Ui%ﬂEJ‘U 2
diume g1ung (Rule base) LLazgmsﬁaaﬂa (Database)

| ° ax vy [V

31ung (Rule base) druyaamsfwuaisnmsniuad Felaandiaeavglugliuures
ﬁqﬂ%’au”al,mmgsuaqmm (Linguistic rule)

g1udeya (Database) \unsdawmisudunanduieiagldlunisimuangnis
AIUAY WAZNTIANSTayaveensInaanTHed

LASOIBUNIUVEENIFAAIIY (Inference Engine) Wudiuimminfinsisdoudeiianss

dl a = % v
wazng Waldlunisinnuvveng wileunalnawsumvaunsidanuslunisuilatgym
SIUYINITANUATENITUDINITAANLNBY ANRBU

drufiudasnisiensnalieglugrsiimunzan (Defuzzification) Lun1sminisudas

Toyafiogluguuuuile@lnluafasunansennisniuausyuy
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2.13.8 YunauN1sUsENIaNaLUUNGTaaIN

Tumnpun1sUsTINaNaLUUTRTaeInfiguuuunananudy 4 drurswansdaguil 2.25

Input Output

il 1T

Membershi
. 2 y Inference >Fuzziﬁcation | Defuzzification

Function

& = & 3
Yuaaun 1 Yuanun 2

5U# 2.25 Junounisuszananawuuiledasin

Jupeuil 1 1unrsudasnisdunauuumiteideudunsdunawuuiudsiled tay

£%
= LY [ 1

avasiiantuarunduandn neluandudesfidnuausifendu JuduandnyuEIaLAaY

9

a o

n158una (Input) wagaudAgenIsioine (Output) Ntaulalaeiliduasiidnuasdu

msrvuanTeiadey el duile@nsdunn digun 2.26

Input
Membership

Crisp. Membership | Fuzzy
Input Vanable Iy | Input

JUN 2.26 Jumeuil 1 Yasnisussinanaluuiiedaain

Junaul 2 Wunsasisanuduiusszninanmsdunaiaiuafinerdesiuednnd
9IABMENNITVBINIINNMRALHE 9193zAT 1NN UTaYA N1sAIANIIalaInn1sindulaves
& A = I = N o [ v
UYwY 138A1INN1INARBY taelleudung)n1sAiuANsEuy Jeasianyuzeglusluuu o
(If) waz (And) #3e (On) Fadunwiandyy wingiuuauUszaanasINAY Won1smdndul

Msngay Aagun 2.27
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Rules
Fuzzy, Inference nezy
Input Input

JUN 2.27 Junouil 2 vasmsussinanakuuiivdasin

Tupauil 3 Wunmsmilediedne lnenisuingnisaiuauias sty Tutupeuil 2 w1

Ussanananuileddune Tegldisnismeadinemans iewaflaussiiana fsgui 2.28

Rules
Fuzzy gl Fuzzy
Input Fuzzification Output

JUN 2.28 Tumeuit 3 vesmsuszananaluuiiadasin

aa o & ! = o . aa Aa a a v
Fmsinluainguiae (Fuzzification) Wnsndealdlunsinuniveuaidenty
Max-Min method Wag Max-Dot method

Tunoui 4 \utunaugavneviseduneunisauwinnaila® lngaudeuiludiondns
T unitdeiednmnuguil 2.29 wagsnedsvneedinmans i 38n15mgaguddas (Central

of Gravity) WeuAflsanlglunisindulaenuaussutluaniunisaiuue

Mathematic
Process

\/

Fuzzy | > Defuzzification > Crisp

JUN 2.29 Tumauil 4 veensuszananakuuiledasin
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FBmsvihailed@liluAund (Defuzzification) 33n1siidumesianisidondnggn
W3 0aUMImMANaINYATE 9 lwauiesanied Jadunisldaiganvesaiseaunisdu

am%nmnmsﬂswmmm bUU LLﬁSL?ﬂ@ﬂﬂiS‘W}L‘WENEULL‘U‘ULaEJ’J

2.13.9 msmqﬂguﬂ‘nmwmﬁﬁ (defuzzification centroid method)

a' Y & 1 ' ¢ a a ¥ Y  aa 4
E"LJ‘Vl 2.30 QBLL?{G‘N&LWLWU'J'] mmewmax‘lmsmﬂ%ﬁzﬂ,%ummmﬁm@ﬂ@uﬂﬂmwaﬂ

&

Hedazidunismanaudnarsvesiunddlaunainnisdumeisun lnemneureinsifledin

u e fia Z Fadhimuald C Bwerdnm Z 1dan aunisseluil

Wandunsiuaundn

A

A\ 4

Y4

JUN 2.30 wanansafegadurigisn1sInduinan ety

e ) udy

- (2.11)
J e () -du

Avuelyl ¢ fo Lnesne
M PR ENTNYRDNANENITNEVN LIRS

Z A9 Aileennnsaded ATy
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2.13.10 ANMUANNUSHYT (Fuzzy Relation)
- Naqmm%ﬁ%u (Cartesian Product)
Muuald Ay, .., A, Wuile@wsluenandusims U, .., U,
o7 Uy, . Uy € Uy, o U, HAAMAISTLTEUYDI Ay, .., A, A Hadigaluianamn

v v [

S U x...xU,, Sileaddunisiduaundnaad

HA X.x 1A (U, .U, ) = MINCuA (U,), . 1A (U)}

f79819 0N A, =1{(1,0.2), (2,0.5), (3,1.0), (4,0.6)}
A, =1{(4,0.1), (5,0.4), (6,1.9), (7,0.3)}

HAAMANSTLTEY 209 A XA, MlARN
g uA x..x wA (U0 U) = MINQRA (), - 1A, (U)}
108 Uy, Up WNUANTNUDLGA A kaE A, AIUAIGU
FAINFUN 2.25 UananImIALduiugas A x A, @alunismAianuduiusealy
vad o v cal = o Y & a ' ' i
sUltBAmwnlnglinanuasiideu fasiuguessvivanuluaudnyng lagluudaze

& ] o Aa Y & o
f\]gLaaﬂI%Lﬂwqgﬂ'}WﬁJﬂ’]u@ULUU@WW@U

A1XA2= Al
A, 4 5 6 7
Ay
|
£ 1 0.1 0.2 0.2 0.2
| ‘¥~ 0.1 0.4 0.5 0.3
3 0.1 0.4 0.9 0.3
4 0.1 0.4 0.6 0.3

JUN 2.31 anudaniusiled
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2.14 Pulse Width Modulation (PWM)
PWM fie dyanamdaiifidnanudaed uianuniavesdyaanudsundastd PWM

Junalleivinldaunsasunsedeudeyaiuvewdaniisdyyiunines laediniuaunis

'
a

aiedyeunIneadzasudygraniudmaueenunegun 2.32 dyyiufiasiiesnunay

g7 g 7]

dauniusenanada (High) nute (Low) §U

LOReH— Generic PWM Pulse

YT ) —
Oms 20ms

U7 2.32 dyayraudia (High) wazdn (Low)

€aN

Walgurisia gy audai v Ndyy1aeenNYIMAIRIIaNT19a1an

ANUNIYRHYE Il (Pulse width) Faadnundnvesdyaaiuanseiuaiansouanideya

RS

wuveufenlineguil 2.33

Pulse Width Modulation

pulse width 50% duty CyC].e
Sv |
Ov
pulse width 75% duty cycle
Sv ] ]
Ov L L L L I—-
pulse width 100% duty cycle
fo———a £"
Sv .‘
Ov :

gﬂ‘ﬁ 2.33 &auas PWM flusiaz % Duty Cycle

Teguit 2.33 Tukwinnu X azuansdeszesiaanluniu (Period) F3A1AIUNI19w83
fyanaagldifunilsnu WewSsufisuauninwesdyauiuavaglailosidudvesiog

laiAa (%Duty cycle) #38ms1a@71U8IUAT U TULLILAN Y AZWAAITILBUNE YA

(Amplitude) voIA1d QI
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Welidyaulnszuansaade (mean d.c. voltage supply) ¥sefiRe Asa319AI

A

AadndnnaInnsiviausnedngdgs Aafevesniuddnanydeseanin A

T T
Vie=V, =V—E —ypy- & (2.12)
Ton+ToFF T

AIENN1T FranunsaUTUiavIaanAUiAnAldauANLaImasIINNITILVS 0an

%Duty cycle MUudeyayrauAnalog irugunsaifildaunuauR1dng

2.15 wqwﬁ H-Bridge Switching

nannsvessaTtuazUsenoulufimguniaiaing 4 #1 dwiuniuauueLnes
n3zUAn3s (DC-Motor) tulnan (Load) veisas dsgunsaiaindazldueamindiuam 4 f &
U 29 Tumahauaansamuaumsihauvestsinesle 4 v fe

1) Inunvyudase (Free Run stop) fa nisdsliiueammdaria 4 & fe3U7 2.34 (0)
vilvueimesliifl waimefazvgaluioudevunusados

2) Tnuaviuludneti (Forward Drive) Ae msddliuoaina RY1 AU RY4 viau 2
1 fasuil 2.34 (v) sl nszualwlvadadanewesfienann Al B fufiensauudly
WD DI WAL

3) uavyugoundy (Reward Drive) fie nsddlifuoaimia RY2 /U RY3 shaiuud 2
i agudl 2.30 (a) silidnssualiinadhdanemesfanisn 8 10 A \dufiansauuils
UDWDTYUYIUANUIRNN

a) Wiiavegavsu (Fast Stop 38 Brake) fin Msdsliuoainin RY2 fu RY4 %3e RY1
fu RY3 yharuglaguiladios 2 dafegudl 2.30 (9 ludnwasdilitmomeidaeasiulu
yauzdiueined Mdmyusi8used esunadny uesuiuLRes dnauLLsmanvzdnTua
wilgwilidaunnuindniad uluiansiuiunsmureswnainrueruaed vl

LNUNDIND TN AV UDE195IALE7
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+1fV +112V
RY L RY f} RY3
(115 =" Bl -

Ao E‘“'""'/';-\-\--p----.:
RI2, @ RY4 @ RY2 ¢ RY4
(7 - A A .

GND &N

() ()

RY1 ‘ RY3 ‘g RY1 ® RY3 o
LIy o o AL L
)2 I =4

Ae+—f M }—4B A$‘"‘"’l¥£)“—“‘3
RY2 RY4 RY2 RY4
- B . ]
\ % ’T L4/ T< _____ i
GND GND
(@) )

JUT 2.34 LARI9A5AIVANNBLABTILUU H-Bridge Driver

mnueaavinuusnuileluaniasinainlu 2 ag19fe vowashinyudul

o v
a 6 o v v (Y (%

anasasvinligunsaladadite dedulunsfeulusunsuauausiadina 4 ¢ Sndudesdnig

4

Josfunademeiitinainnsvinuiianaintiaig uwaziliotnnisauausIna i1l

[

ansaUsuanuswewaweslalunismuaumnuimemesnszuanss aslddyaraiad
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WUy PWM n1sUsua1snsInsuene (Gain) wiemnudiagldnisusumamlaida (Duty cycle)

= 2 9 v N v
L‘W@ﬂ']'UF’]@Jﬂ'J']NLﬁ'ﬂﬁmqﬂwiauaﬁ

BLOCK DIAGRAM

oum our2 +Vg woone  OUTd ouTs
2 3 N 3 14
+"st 9 [ v \
o

Ing

1
Int
O S
L

l(r; P 10 In3
EnA 6 n EnB
O— -0

) s
SENSE A il _L ¢—Osenses
Rsa -[lﬂsa

SUT 2.35 f9En12993 H-Bridge

2.16 Wsunsusudayauasuaninanisduaziion

LabVIEW

U7 2.36 TUsunsa LabVIEW

TUsunsusuteyauazuannanisduasifiouldlusunsy LabVEw Fadulusunsuys
WauLoNNALAT U (Development Environment) ﬂﬁﬂLU‘ﬁ;uLLuaguﬁﬂzLﬁUVIﬁ (National
Instruments) Wioldlunnsasesyuun1sin, nadou, wazAruAulaglin1ssulysnTuAaY
AwlAngUnm (Graphical Programming) kagilnisseangadif1vayanaieiun1sanuauRs

Mdlaleiny Fagainuiazuinsauduyailandunisadinaansuagimnssutuioguuy
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dmiun1sieseilseanans, uaskanstayasiufruainnsasing o lunisldausiudu
gsaursuazeniuaiug 1afvils Labview deeandmanmundsudda.g. 1986 grunluld
suegunirsrndlugramnisuuarmsideideanisszuusalufilunsiauaznisauny
o ulugMaMNTIUNITHAR, BIUBUA, NITNIVITUAZDINIALIL, WA, N158 AT,
iwsestlounngluauianiesdnsiidudouiiansgrandonsiouna dagiuuenan LabviIEw
%Qﬂlﬁmuwﬂamﬁ’;L@@%ﬁ?ﬁlﬂLﬁamiﬁqé’mmmw%muquLﬂ%qﬁa’i’mﬁaLLmﬁmmLu%’u
wuaduangiund venedamnuaiunsavesknannasy LabVIEW tianunsavinnisesniuule
WiszuURausdwasseanLUUTeNsLS, Msfualuaudinsisdanauasnisingeas
s lusdaunsianuuiuland, Soalmi Ingldunannoda LabVIEW Wissundanedaufionds
vilsfanansavhaudesealdiuiiilonariiisdesnisdeannsyhauduiduuiulmdly

Wussawrsiuuilsdndudu

2.16.1 MsWUlUSUNIULUURHUAINNSEUETaLA (Data Flow Programming)
audilananuiudsin LabvIEw iWulusunsuildguaan wiedgdnvalumunisideu
v Y] = a o o Y Ay 2 a v a
AN YsLaulUswAsUUNRNA F990m1ausnNABNISANANURANANNAIUNITALNARA
wiaRunRnoonly Tounnp1ednUsen1snieandinvesnisilisulisunsuuuudnunisdioy
9 ) v A @A =~ P ad & = D) o =
memilden fie n1slsumenvItilunslisulagldndnnisvesununimnssuadeyad
dasudsdeyait1dlusunsy 1s1vsdesimuaiianialnavestayainaelundiula diunis
Uszllunanazmuialugrulauae wazaslinaninandals §98nuuen1eUnN1IanI o
v =g a o a Y] < X =~ o v
LHUANNTELaYayalAsila nwzmilauiuNISURUAIWUG BN (Block Diagrams) Fevinlv
Agulusunsuanunsabiauaulanunsiedsuniuasivdsuuuastayalalaglidesandn
sULUUAId g een 193310 LabVIEW T dnvasnisifouwuu snuniwuden (Block
. =~ a | P v I i d' o £ o
Diagrams) 93fnsdiulngdaiunuaeeguad Judunisirenazieanudilanazinly
Waunlgmnoluls wagd19mnis9le 0T unauUNIS e ULUSHATUIINBUN AL TUTUSLASY 157
A59zARUT o U 991U (Flow Chart) Tia$adunau nd1a1nms12@0uU69974 (Flow Chart)
SoUSauka1519UN T sUlUSNTY P9 IRETANNASAINLINT Y DIMINNTSLYBUR99TU

(Flow Chart) ¥84 LabVIEW Afensideulusunsuiiuies

2.16.2 wtinda (Front Panels) uag uwun1wuden (Block Diagrams)
psfUsEneuiiugIutes LabVIEW aesdnfediufadetulusunsuvdenthia (Front
Panels) wazdruiifiTouazdosimunansauveddusunsy
- wihila (Front Panels) fie daufifldazldndefulusinsy Tuvagiisils Vi vhay
oefiuntilniazdonhauieging Welidliviedmunuannsolidoyadiglsunsy

A v Yo Y & v X o
LLagLﬂaﬂagalﬂsUﬂqiﬂigﬂjaNaLLa'Jﬂ"USLLa@Q@@ﬂNW‘W'N‘VIUTﬂ@ (Front Panels) 4 Al9UURAIN
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ﬁ]%L‘U’?EJ‘UﬁJUIUiLLﬂilJEf’lL%‘\]EU@INLLaZMﬁI'}ﬂWﬁyﬁﬁS Graphic User Interface (GUI) U034
LabVIEW e

- WHUNMUADN (Block Diagrams) @11nsaas1eninda (Front Panels) talmduly
pudeInsveas ilddsisanuinindmiu LabVIEW uidsiazgsernuinnin Ao s

Aunliaseinge) THTunaunialinIzuIuNITVRINITAATIZRANE AINTILTIRDINIT

2.16.3 TWsunsugy (Loop)
- n1s@auldn (Code) Wiin1svingnsoaruguidudsiisnduluununnlusunsy

\fieeannnisUsyudana uedndnluasdewiludnvuzdiamiu LabVIEW quAenseud

WidasNNaeusaulAnIugl (While Loop)

!

False Code

Cundton

sU#t 2.37 m3diguldanuu While Loop

- deviunaunadenisidmi oulvvesguarrinasainsulanas wsntuuaad of
ngANIet et anlAn Lt (While Loop) agdassunisnsinaunaggnugnnisasng
1Anug1 (While Loop) vinlalneidanain Functions Palette : Programming » Structures »
While Loop aantilliiinaseutdunseudivdeuauaunifenis

a ¥ o [y o/ A 1 4 PR = & o & v

- For Loop #ilidmiun)ssuguiniueuindesnsiuniannase lnais1dnduazees
58UI1UIUATY (N) ves For Loop tifeu fartuazsulanliladqu teration aginiloufy
While Loop Aelinailuduavuaniduauguiisuluudilaesuivanguddenalaly For

Loop tdulussludmsanudl



37

!
N =20
+
i=0
= i1 Code
Code m '

JUN 2.38 M3ifgulanuuu For Loop

wiiulsdnldnly For Loop Menanazligniuasdn N dawdueud uaz For Loop
wddeuladisavinduiiazauld Aedesunsu N afeuwdwiadu For Loop Seanunsa i
Feulumsauliuiieusiu While Loop TéEndhelneniseinuaiiivey vesFor Loop wdaiden
Conditional Terminaliais1ans13aaz st For Loop Aiiteulanisauld dasBsnguuuuil
71 Conditional For Loop $aiuselevvanunsaldnaunu While Loop talunaiensdl way

Hrglueansld mireanusd a3u n1siheuves Conditional For Loop tulwadunsale

¥
v A

JU

N=20 E
l Code
i=0 |
- - - Condition
=R | )
o
False

§

True

5U# 2.39 m3disulAauuu Conditional For Loop

n1sdrd-eenanguiiludndmiefidesvianudile guidu Structure @

anunsauesli 1Uu Node Tngjdunilsianuisaiilasia Input waz Output, n1silesanedily

Tugunieeenangy sviuindugadvdsuduiufiveuvedgy gauuuilisendt Tunnel 39
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v

wandliiuinfide ideyaidn wie dileyasan vo3gu uagnunannis Dataflow, gy

Y Y

¥ v

(Node) agllaunsaiulaauninaglasudeyaiiiasunazquazdedoyasnunain Output

Y

I '
v = o

Tunnel lafsaifloguaunsvinauudimiitu Jamannstiddguinluniseensuulisunsud

o 1 [

AoallaNsuUnNaUNAIlUNITTUY

Input
JTunnel 4 Output
\‘ number (0 to1) |Tunnel
@ p s 2 of terations

| 3> i)
n— o &)

gﬂﬁ 2.40 uams Input Tunnel Wag Output Tunnel Y84 Loop

2.16.4 las9d319uuuLAE (Case structures)
[~ % o A o 2 ) 1 ~ Al o =
WulATIa519M1599 NGl LabVIEW ¥9uanukfagnstifis nvindisaaay
ANUAR2E Boolean ABATINSBLAY Fanazuiiaununislyal &9 “if-then-else” 89
AMweeNRIaesNag W wiesramvumdudiay 0,1, 2, 3, ... Iagda1 Input WiNAU 2 9y
ViNlW LabVIEW Aagyhmudenivuail 2 871 Input 117U 5 LabVIEW Aagyimudanivuad

5 Wusu

False

Toue

¥ Boole.
LYE) h

gﬂﬁ 2.41 Case structure

§180 U7 L5166 terminal WU Boolean dNwazYad case A¢LTU 2 NSl A9

o w 1

FALSE waz TRUE watnudwiaiavdeid1lig Selector Terminal lassasnatuagiinsdliansan
19910 0 99 215-1 N3l FIRUUUVDY structure zikouvan nsalndunsaile Tunisasis

TAs9as1auuuLAd (Case structures) AS SN 15192 1ANnsaiN 10U Boolean A® FALSE wag

TRUE Wil usl case axasududuauiuiiiisseaisdnauain Numeric Control wing

Selector Terminal Tumausniisiasislassasianuuma (Case structures) MdudavsTumn

Tmisiusnasiinsailidaniies 2 nsalAe NSM 0 kagnsdl 1 L5180 ANMS DaAINUIUNTEY
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Talaensld Pop-up menu voslaseas19uddon Add Case Before %38 Add Case After
TAssas9uuULAa (Case structures) @ansadilavay Sub-diagram WALSIAEENNIA

3 v o & a3 =] LY Y o v v w 14 A d' ! aa
N@QL‘VMI@L‘WENﬂiQﬁSﬂiﬁlJWl’]uu L‘Vill’e)‘Nﬂ‘Uﬂ'ﬁ’l’]ﬂlWle‘Iﬂ’ﬁUVlUﬂUl’l mimzmaau@ﬂimau
e‘d‘ o 1

Tsnandnauwnignasdeiions ovnileveuauautuvedlassasiawuung (Case

structures) #iee1aldA1& Show Case 911 Pop-up menu

2.16.5 1A396519MU81AU (Sequence Structure)

nM3vinures 1Assasauuasu (Sequence Structure) aviluludnuagivunli
Tusunsuvhaufiagduaindu o, duil 1 so lﬂﬁ]uﬂizﬁq%'juqmﬁw delusunsuieuduneuy
anTheiatauda TogaTeaseanivanlaseads fumeuusiazdunou LabvIEW aziFendmisy

(Frame) dnwurvedlasiasianuuaniu (Sequence Structure) wanslugusialy

oo o s e He e e i

E‘U‘ﬁ 2.42 Frame

N1989191ATIATIILUUAIA U (Sequence Structure) 9¥@5 19910 Structures Sub
palette ¥89 Function Palette wazlounulaTiasluuAa (Case Structures) AotWsuag
UsingWiitunios 1 msuwindu 1sdesnaundiignasuunseuuuredlasiaduileadugds
Finanddunsudunioatangld Pop-up menu fivauiunlasead1audal4d@as Show Frame
wonanfinstiiunseansuazldmds Add Frame After, Add Frame Before 210 Pop-up
menu lun1sdatayavedlaseaiiauuuansu (Sequence Structure) 8angalguan 1519y
dvooniilsulafld wavglusdfidstoyasenaglfiameimsutug Wity lalydamfumlsudy
Foviliunnsnsanlunsdlvesnisldlassairauvuiag (Case Structures) agndlsfmudoyaas
dseenainlassaiefivoliolusunsuvinnsUssiiugamisuauasunds 151azldlassairauuy
dfuiiiomuauafutuntsyinnuues Node Bedayavousazimsulaiiatoetu vililuus
azisuazdanvnzadody Block Diagram fikeneenuifnmin egndlsfnuisiaiunsa
dsrinudeyadnuszninansaldlngld Terminal #3809 Sequence Local dsazidunisein
wazAoyalusynitamsy Tunsaziiiy Sequence Local fis1arldainnislden € Add
Sequence Local n&ld Pop-up Menu 1<lA539a519uuU&1#U (Sequence Structure) iile
;s1denld Sequence Local afausn Terminal agUsngiiudivasudindeaisfiuandlugy
selud sanansadanmiiudnuazaes Sequence Local Terminal dlowssieans terminal

dnhfiuuvasdeyafiagdsinganestu d1sseaisain Control 11g Terminal dtaeuduin
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131903015194 Terminal Wuiduiiivdoyaidnglassasrniatenlildlunsudu gnasey

nanaugnasiiviadimnsey wenwdlonntusivziiuinnsusienntuaziadugnesy

al

duandlifiuiideyaiiar il lumsmaduld ondulussureundumsuiifinisdsdoya
dnlassaanszonzdilussnaniuazdliidoyadudiglassatne Fedslianunsni
Toyaluldld wardnvarazusnguiudmdsuiusnglidaau egrdudinisinuves
1AT9A5 19U UUAIAU (Sequence Structure) 9x191UANNTY 0 ﬁaumﬂﬁ’ju%v‘iwialﬂﬁaw

ﬁ]uﬂizﬁﬂ%LWiuqmﬁ’lsﬁﬂﬁlzaam}’m Structure 19U

2.16.6 fauUslanaa (Local Variable) wag Aaudsinavaa (Global Variable)
Local Variable wa¥ Global Variable d1w§uly LabVIEW faziliulsis 2 Uszinni

[

ogée Mrumenvardandrlasndunsideulusunsuludnuaeiidu Data Flow agta
Wumndean1suaninali U Indicator Aanilasifezdesroaeid i Indicator u us
109970 Terminalwas Indicator uslaziaazdl Input 1 Terminal Suldifiossaufioaviny
Forugmmsdiosnisi Indicator Yuuamarniildannisdssanamanatsds weilutuann
AimuelagUniudisiliansnsarinld viasegraduisiimunai Control Andaudids
dngmsvinuuediusunsade Vi vhanluisidasnisuiuaives Control dulndnlusifinu
an1v1ed VI i andasaiedisnfnwanteunthilfiesueninsilianinsaienls wee
Tnaundtslianunsaseansilig Control wedmunenls Hymmaadanansousloldmn
15714 Local %139 Global Variable

- Local Variable 91glilsnaninsamvunaIves Object Ui Front Panel 21n9asn4q
U Block Diagram w4 VI winlunsdifisaldanusonioldsainisazseanadniu Terminal
U9 Object ﬁ?u

- Global Variable Tuntane e nsel Global Variable 9gvi1 s1uAd18U Local Variable
Wfigaust Global Variable lailéig1dnnisvinsuegiiesnelu vi wils Wintusansaden
999 Global Variable Usgwingd VI nanegamdsvinuegwions fuld

agslsfimuilosainnisimnmdile Global Variable agrsuviasaduidesenuay
nshlUldluenudussdlenmaiananaldiomalailasunsnunumsdeu Vi iessuuan

28719R
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2.17 d%utﬁmmummﬁs'\u (standard deviation)

[

AndELUNInsgIU (7] vesiuusdy X dnmsdenuly dedl

o=\ [E((X-EX)) = JE(X)?—(E(X))’ = War(X) (2.13)

e EX) nungdam1aanaieuad X (Dudnainunuiendwesuivail) wag Var(X)

vnefernunlsUsnves X uaflildddmudsdunndmasfiandouvumnsgiu dmand
mavanglsifogaiwdelsiden degradu Andsavunasgiuvesiiudsduaneldnisuan
waslad (Cauchy distribution) aglaifieny w1z EX) Aludenuguiy drdauusgu X
ﬁugmagﬁuummsﬁaga%qam%ﬂLﬂuﬁwu’;uﬁ]‘%qLLasﬁmmm%LﬂuMﬁu Fetfuandeonuu
wmsguanInsnildnngasiiael SuduusndesiummaAaioves X derey

ANRAYTYULNUABTIDLIUAGNATI (Summation) Aail

N DY
BB L& e (2.14)
N5 N

[

e N s Tiunuaunnvasenteya nUUIEunsarmwuAndgLuunsgulnan

o= AN (=X (2.15)
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unil 3
A5N15AUUNTIVY

3.1 uni
lunsaifiunuiseaniseeniuukasiauaIesinnuliaunainauseuieaiuse
v & sa v a 4 a % I o “ v =
WMBInEUASIANIINNITIRT R dealinusiseulunismyuvesinaulilaniud
Aoeni1sim eldluniseensuunauigunsai v lauinsgiunazlunisuinimn a9
Alanmsinuuaniuulspediiunesiuns@enlusunsy LABVIEW 9 ntuazddayaly

Saduuszuiananaly

3.2 JumuAIANTUIIY

TunsdidusmuassuduiusinsfinundnnsimusasgUnsaivesiedosiaanulsl
aunavinayszUIEnaseuiasnsusAnumguinisdudesminanuliaunavosasiuly
famslldnuldese Tnefdunsumsdduenu il

1) Anwmdnmavhaunazeunsalveaniosiaarmliaunainanszuieninuieu
ABsnsus

2) Anwinsduaeiiouiiinannanslilaunavesinaxuuas sswuy

3) AnwnanuAdenifedes

4) AnwinsemuauasIsoUluN TRy UYeIeInes

5) panuULLAETLIASeT IR laun AL T U BA NS e uA N S0 B

6) eanuuumsuteyanasn1srunu ngld NI LabVIEW Tunisiiudeya

7) naaeulsavinAallaunainaussuIeAUToUNDTnEUA

8) ilUlgasslumsanamnssu

4
3.3 gUNIUNIINAADY
3.3.1 1A3a9InANENaYRsWRaNiNTnsuddIuaUnsalfngn
LATDIINAINANARYDINAANN I8 UAF U UNTUANTADDNLUULATATUIAN

aun1sauliaunaliaenndesiulusunsumnaniuudusuazidadsiiuiinisienures
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o

winaudadud1fguii ol auasaInsIas 2 1un1svIuL i o ugnsIn1Te Taedl

o

v

osfUsznaudall

1) ndugniiu (Bearing) Msassumarliifissnssiauunsnfiuazurauny fvhiivdnlu
nsfuthmiindeanusudeaunieananuda (Friction) Ssevinansvu

2) §1usedALABS (Stator Base) nandanimdnnanliadu (Stainless Steel) ¥
wihfidadaawmines (Stator) islslunsiuideusinauszuisanudeuluiifssasud

3) gIUAMGULLDTTAAIULIT (Accelerometer Base) Y9 nTan uAlad (Bakelite)
anwaziluuiunsanszuendurugudnats 70 fadwesiduiaquiwazinnumuiuiug 9
Annnisldaudeuuaganusuiudurenssawief udaudesdu vhuthiisesdu

s a = v & o v 3 v a ° v o o
i’]u5a@aLmLm@i (Stator Base) G]@EJ@@?EJU@@GYJE&LLQﬂLLUULLaSUQWWQLQJU LASNINUINTDITU

—

fuiwoiinauidy (Accelerometer) 23 lunannud suazunuuaulngnILNZ3IUIA 2
laduuns

4) sstloafumsduasifiau (Antivibration Rubber) enstlasfun1sduasiiiourual
maaumInsauaziteulyiiinamuds (Stiffness) 19819

5) wdnuriesassugunsal (Circular Posts Rod ) landnvinanndanindndinsy
Tnssa1avhaly (Steel For General Structure) ihuduiisessugunsaifiadrstuiiiolalunis
Snrwilsiaunainauuazifeudefiudiugiu Taosudadunduamiuasdndubuindead
Wgwuin 6 Tadiuns

6) d2ugu (Base) vina1nianivanndnliads (Stainless Steel) wun 2 fadlunsiile
mmwﬁqLmaaﬂLtfuumﬂﬂWiﬁwﬁaﬁqﬁuﬁﬁwmmaawﬁ’mm’?@mmlm’amaa Taansunnan
LU AR 81AT B98N TNAUUUSALLTAT T nsvieusessuulUsunsuneufianes
(Computer Numerical Control) LLazL%ami”JugﬂﬂémLﬁai%ﬂumnﬁ%wlﬂLLazﬁméf&ﬁm%

Uniinanuazduvengndulusuinasaly

v ' o
(4 A U (4 v

7) ¥1USuseau (Adjustable Foot) unsalfild@nfileUsuseseauaINgs w3e

= [ =

YSuasszauauaIndesvanassaieligunsalivatulissavainudediivangauniy

1
o

1ATRIATEAUN
8) VMITUG RS IAAIEITOU i P Andndueesianusidainiugiulag
n15A1SAIUINA YA (Tap) wazdnnletendude auisausudunuslaioldiagesain

WU INANLSITOUNSITUAILIUIE 999N S I L usinaN sz U188 INIA
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Bearing ]

Stator Base

Accelerometer Base

Antivibration Rubber

Circular Posts Rod ]

Car Seat Ventilation Fan

e

( Banana Jack

IEESIENC S
R

e

(]

<

o

w

o

e

ol
L

Acquisition Module

System

Leveling Mount ]

&
N

JUN 3.2 wuudnaeaasesinanulilaung

[ Circular Posts Rod
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[ Car Seat Ventilation Fan

‘\[ Antivibration Rubber J

a o 1 a o @ (5 |
EU‘V] 3.3 ALLNRUINITAAF Y ULYDIINAINULIN

Accelerometer

3.3.2 gUnsnituindauRaausEUBanmAluA B s0eus

1) gunsaignelyl (Power Supply) $u MCP M10-QD305 2x30V/5A tugunsaifiang
nasiuuy Dual Linear Adjustable Power Lﬂuqﬂﬂsajﬁﬁmmmﬁmqa, Fessunaus,
usuednmvensEuaannsaUiulded e losuazuswiunsilaznszuaaInsauUaslag
gnluglfle 9elierdng uwuunszuanssannsaUsudasylaaesemanudedng 0-30
1aad (Volts) wagnszia 0-5 woud

2) ammas (Stator) Tolun1sduwed asunnaut1unaInnsehalniieliiduwau

(% '
Y a o

wiwanifessluinaulasamaesovdudruiivgaiegdunvinbily dewadunisduazifiou

Y

' M A = 1 v ¢ < v o dl' al [ Y a '
mﬂmmlmm;amaaw "ZNG]']QQ’]ﬂﬂ’WiISUNEJLG]aiLUUGI’J“UULﬂﬁ@um%%mﬂ‘mm@ﬂﬁ’mtu duna

AINUBLHBIANY

3.3.3 miLﬁaﬂqUnSﬂﬁLﬂi'}zﬁ?’faQa National Instruments Data Acquisition Device

o o !

gunsalinszviveya DAQ dmiudiunudyaanisduagiiiou (Vibration) it

v v

UdgaaidseeninaniueesinAuLse (Accelerometer) wagyimtinniaensyualiii

§ @ L2

dmTuld egUnsallduiwas Uselan IEPE (Integrated Electronics Piezo-Electric) 1neld

[

gunsalleseiveya dygunisduasiiioy cDAQ-9232 9INU¥M National Instruments
- AnuansalunsguiIegdyaIueasan (Maximum Sample Rate) o 3117u3A
Aaee13 geganianunsanvualduunsndyarandiandueesiu 1 Juad dd1 102,400

A9819/AUNi/Yodeygad (S/s/ch)
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- YU TIRUF Y ULEUE AN D1 (Analog Input Voltage Range) As dayaynu
a @ I 1 (v} =1 ] [~ & [ ] 'S
dunpuouzdenilutiussiulninasan ey Tiad eglutigsan +30 Taad (Volts)

- YSuunsewalni1dusuid vaidulwas IEPE (IEPE Excitation) Ao U5
nseuaindnsuiaes IEPE Wuwesvusduiladuwaud weldanglituidueasinainusa

- grausanulninddulanuiduiees IEPE (IEPE Compliance Voltage Range) fio

Y29mum 198N S LN Tula AU Wuwes IEPE Auiadldannaunis 102,400 §19819/

NN/ vosdney10d(S/s/ch)

1) Armnuanunsaludnsinsdudyaasiiga (Minimum Sample Rate)

- 191500910075 wusinareanduyle 913 10° angadudiduienay agldvianun
36 199 91N 360°

~ < U7 e [ Al [ I
- asnanauiseulruInisvesnisyaveninaunldlunisin iy 3900 sou/
=) & a [4

U9 %50 65 LEIND

- 1nnged) Nyquist yilbndeslddnuiumsdudygins 5-10 whEveasadenld 10
W) nmsiatu 1 5eu
AU @NNTINNTUIAYRIBRTIN AN IMAIER tnan
BRI THUAYIUAERN = 36 x 65 x 10 = 23,400 F0E19/AUW/Fosdeyuns (S/s/ch)
ﬁwmaaﬂﬁlﬁaﬂwqﬂﬂﬁﬂj National Instruments Data Acquisition Device ‘g"u NI cDAQ-9232
anunsoideunaduesle 3 desdyiu Alvwinmsgudieadygnegan/Josdyyio
(Maximum Sample Rate/Channel) 102,400 fFoens/Aunil/desdmeyn (S/s/ch) ioudu

A A o w o ¢ v 19 a

N3 8TNINNAAINAINITALUNTINVDIUNTANINABINTIEAINGLLBEALUN1TVARBININ
YU

2) draussauliinidniulafuiduiwes IEPE (IEPE Compliance Voltage Range)
Awlnilagilovasgunsal DAQ

VIEPE = (0.67x Vcommon-mode) + Vbias + Vfull-scale (3.1)
wansnsAwanluiiden 3.3.4 ludiuvesdulgeiniuLsg)
ca L83 o [y 1 1 LY [ (3 = Y o
gunsaliasisiteya DAQ dwmiudiunudsdygaussiulroudenomdnninig

adedyarauussiuliirludduganivauueines weaiiadyyin PWM(Pulse Width

Modulation) @adudyaunianunsaldmugueiuiitewasl lneasyinnusuiumuges



47

Tam1u5950U(Tachometer Sensor) Lile feedback saUN1sMYUVBA stator laeldaunsal

AnTwideya dyqrmuusiiueuiden cDAQ-9269 91nU3EW National Instruments

Y

- Anwanunsalunisdusiieg iy an (Maximum Sample Rate) A 9117130
A79819 geaniiarunsanvualavunswdyaialu 1 Junfifian 100,000 daee19/3u19/

Yoadgyey1ad (S/s/ch)

a

- ansaedygaussiuliiiueuzden (Analog Output Voltage) Tutasgegn

9

+10 13ad (Volts) seuruuua lnganunsassuyukuaiuiuiedeussiulagan 40 Tad

(Volts)

U7 3.4 gUnsaliirsgvidena NI cDAQ-9232 Uag Ni cDAQ-9269

fian http://www.ni.com/en-th/shop/select/compactdag-modules-

category#facet:&productBeginindex:0&orderBy:&pageView:grid&pageSize:&

3.3.4 msdenldiduvesinaanuLss
< XY | a [ 1 | =l I 5%
Wi sinAusdlululnung (I0TUneAILee g Wse m/s2 ) Iuwesin
AIALIILUU Ceramic Shear 100 Hadlaas/Mn8a11uL5e (MV/g ) 37U 2 daRnnsly
& A o ] Y] - Py A a v Y]
LUILNUUBULaTLAUALRUIAIAIIL s lUANNduaTioulnadifuUs A e Teeiu

[

UL asInANLLT IR T

‘gﬂﬁ 3.5 Ceramic Shear ICP® Accelerometer, 100 fadlas/wieauiss (mv/g ) 210

PCB Piezotronics, Inc

‘17‘llll’] http://www.pcb.com/Products.aspx?m=352C33


http://www.ni.com/en-th/shop/select/compactdaq-modules-category#facet:&productBeginIndex:0&orderBy:&pageView:grid&pageSize:&
http://www.ni.com/en-th/shop/select/compactdaq-modules-category#facet:&productBeginIndex:0&orderBy:&pageView:grid&pageSize:&
http://www.pcb.com/Products.aspx?m=352C33
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1) nsfuruyansa w19 19 Tuld Ui uiwes IEPE wSe VIEPE (EPE

Compliance Voltage Range) Tun1514u DAQ a@msaaiuladlaann aun1sluadoves

National Instruments lagAnvad Vcommon-mode , Vbias , Vfull-scale 10uaA1IA1unv94
Wuees (seylilunanuan)
VIEPE = 0.67 Vcommon-mode+Vbias + Vfull-scale (3.2)
VIEPE-Max = (+50 x 100) + 12 13a6l (Volts)
= 17 Taas (Volts)
VIEPE-Min = (-50 x 100) + 8 13a6l (Volts)
= 3 1has (Volts)

g4t VIEPE = 3 - 17 Taad (Volts)

VuNeLne d1vsU NI cDAQ-9232 \Wuwaiidan VIEPE aguta 0-22 Thad (Volts)
farius senansaldouiuduees [EPE 34 Ceramic Shear ICP® Accelerometer, 100 dad
Tiad/niwa11uLse (mv/g )aan PCB Piezotronics, Inc 161

2) drsvunavesAImLsegsan onlden + 50 lumisemnuss (g) iletdunisiile
uInveIILssidEnsaTale Tneiirnuuinresnims s seaetnutalaldifiy 1 g us

= YA o A o o o = o & v v > | i &
LUEN?\]']ﬂl}\\p'ﬂEJlW]iWEﬂﬂi"\]']ﬂ@"\NﬁﬂLUUG]E)\TIGUL%ULGUE]TUU’]@ + 50 Iu‘wu’lﬂﬂ'}qllﬁ\i (g) U

3.3.5 n1saanldidulgesInanuEisau
a [ I [~ 6 o @ [ I3 1y
n3esinausiseutiugunsaldmsunisinauslum sy uvesinauseuy
oA dusaunauilae i gueasInAINNEIToULUY 1ATDITAAININLEITOU LU
L3 (Optical Laser Type Tachometer) Anfuuinsususunialaogaruuuinauds
RSz inf U0 199U LRRaNiaUsuAaSIsaul e nunislTIuaS e s Raw
vaugyinsinaanuliauga

Y a a v U < (5 <
ALUITVLNIVDINU LULDDTINAIULIITEU (Tachometer Sensor)

C LNUANEID819N50 1T e InA1uLSITaU

4 s

| s

Iy bl ¢‘ O:§
__Q —— - =

3.6 3N1sAa U TRANLLSI5OU

EaN
.
=



49

- Aausuliifsaduwes (Excitation Voltage) Aoanuaulninnaeliduses
d5uvineu vue 12-24 Taas (Volts)
- wsaiulnlifiednmgaan (Control Output Voltage Max) deyayautandnamiiu

wsssulnifmnseanasan v 40 13ad (Volts)

gﬂﬁ 3.7 LV-S41 Optical Laser Type Tachometer

i https://www.keyence.com/products/sensor/laser/lv-s/models/lv-s41/index.jsp

239588dy1 (Amplifier) Keyence LV-11SAP ainsaiusaasdiannsaindi
PrgiinvLIAnTamawesdyy M IndugesinausIseu (Tachometer Sensor) AIUAN

Teyaueenm i sUs I amleudyanuduny ualvwinlvani

= 1

Melfawdndsyraussiulniieidnnasgn aviarasanegi 40 1aas (Volts) wei

Y 9 Y

1% (%
= 1 Y]

YL SR UTIUAsYanuaTueg fuussulniianelviiuinsveedyyiu daugnaaes

Y

Feusuusedulnihdneliey Nvuialdiiu 30 Taad (Volts) iiieligunsaiinauiiiseu

mmaﬂ%&mﬁ’uqﬂmaﬁ National Instruments Data Acquisition Device


https://www.keyence.com/products/sensor/laser/lv-s/models/lv-s41/index.jsp
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3.3.6 msidenltlugatunainas
Tugatuneimesiiuiarsiivszneudelednieduiiingnime woifn (integrated
circuit) lagldndnnis H-Bridge lun1smuauseulasiian1avewaines dwmiuluga L298N
ansalddusewesle 2 dauuuuendasy Suwseiulndunest 7-35 1aad 9nenseiaadan 2
weny wavidnnanglnluss 5 Taad
dwsuldan lunsauaudilugadesnsdygin 3 egameiu Usenaumy
108 PWM Tun1smiuauseum vy uessanes

uATRea high Tun1smuANTiANIIMYUYDILBLNES

2 2 2

0uRTnea low TunsaIuRuiFn SV UYe LB S

sU7 3.9 Tugadusieines L 298N

3.3.7 wisndlnasvasgunsnl

noANIIUN AR UTIYBNATRY IR ldatna NN WVBIiRaLEINTa T Ul
v =i l a g 1 =~ v @ ° = % 1 av oy
MEENN1SA (2.5) kazAmn3iinesineg Naenasesiuiuuinasunsosinauliaunails
31neenkuy tulusunsy SOLIDWORKS Tagn1simiundanuaziininilaainnisdeadly
Tsunsunasaniug Amnsiiwesluaunisi (2.11) inagunsalivilessiudusiuinauuas
luudanueysnirdumidanasauiRvewaalunANwIn d1usreraInganyun
AAUDINYNATTEZIINYAMLLTRFUIDS AN TULLNAAETZEEAINANYLEININAT
ANNgeveainaumanMsinsselulusunsuldnuaidu InefAluuudaudosnyudn

L 1%

AudaInuna (Jo) aglaun

ntulusingd SOLIDWORKS aMun1ARUIn fatualuiiudnI1uilog v uyes
SEUUALWINAY

J=Jo+ MH? (3.3)

e J = 124662.7737 N3u-Taduns?
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k1 li T%’/——*_’ F

NS
gﬂﬁ 3.10 luea 3 Thlay 2 ARa1nlusunsy SOLIDWORKS

REROE FlUs | A1BannsIdwes | nie
1nagUnsalimilosnsiudusmina M | 0.16379 Alansu
Tuwudanudes J 0.0001246627 Alansu-luns?
ALl swesenstlosiunsduasiiiou .

Kq 19360 UIRUW/LUAT
Tuwuiueu
APuudsvesenstesiunisduasdiou Tunuas ke | 88000 UIAU/LUAT
33837\]1ﬂﬁ;wyuﬁwm@uémwmma H 0.01196 bAT
srovannyuiaduesanusslunuas 11002964 WA
33837\11m;mmguﬁqﬁ!qﬂmqmmqumﬁmau ho 0.02196 bUAT

IS g

Msmunnsdenld sastlosiunsduasiiion (Antivibration Rubber) f4os7inly
1399999UA %’aai’wﬁ’mﬁuaqqmﬂizaqﬁﬁmmamﬁauﬂwqﬂéfdwEJLLaﬂéTmmgmmuqmmwmiu
wazdodrtmuvanvanglumadenldannagaamngsy fdusiadensstiestuns
Fuazifiou(Antivibration Rubber) anumnzanluguswazinAAnuulwetensleiy

Msauaziouk) @usvenatesiunisduaziiiau (Antivibration Rubber) iinluiiaiaiud

ISP 1 (% i

5550978 HAweiuanudlduveiRaunlaanALEIToU
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nsAuansdentdaesersteatunisduasiiiou (Antivibration Rubber) 8
misumi 14 BGONA 20200 snun1aEwan n 1eg aglaan k2 windu 88000 Hafu/wns uagen
Sasnauanuudaszaning k 2 siek 1 wihiu 0.22 feiy 9¢ld

ki = 88000(0.22) = 19360 135U/1UAT
k2 = 88000 WFU/LUMT
dleldarmnuudweseanstosfunisduasifiou (k) dmsuensdosiunsduasifiou
(Antivibration Rubber) iiiansiagauanudsssusndlviiassiuanudldnuvesinaud
IFanau§aseud sianviadu (¢ = 308.117 wiiew/3und Tngazmurunulusensy

[

MATLAB s1dA1ANUIN A axlé’ﬁwmmﬁﬁﬁswmamﬁ
W,,; = 336.7672 L5LA8U/AUN
W,,; = 883.1801 LSLAU/AUT

WS1ERE U UIIAIUNT0ENT 0IA UAISA UL BY (Antivibration Rubber) & %18

Misumi 51 BGONA 20200 16

3.4 FnwheuvasiAiasinauliisugaiaaussuisaLdauin Ul

1) Ususgsuinfesinaruildaugainaussuisanudouinasosuddinusussdulae
Tsudniiolidwmasenuliaung

2) Woldnugunsnilaemsliagunsaid ol (Power Supply) 318 luiinszuanssld
Jeamaesi TS aUannE18 (Banana Jack) Gernniniaseuinauiiduindeulaoanmesuls

Aunssiunusdndduludagun 3.11

4200

n-= 27542V, +898.71

(RPM), n

4000

3800

mIuEIsoU

3600

3400

3200
8.5 9 9.5 10 10.5 11 115 12 12.5

wsarulnin (Volt), v

JUT 3.11 namlanuduiusseniussiulnihvasanusisey
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[ <

wunsasiidnuas dudadussrinussulnihiiviuanuasngniuamsy

50U mmmuamlﬁﬁqgﬂﬁ 3.11
n=275.42V + 898.71 (3.4)
Toedl VAo ussiulwihfiunasdnel Thad (Volts)

n fie ANUSITBY SauRBUT (RPM)

3) Wuos AR (Accelerometer Sensor) Wa 2 fa¥arussnitnauLazas
A1lugeaunsalTiasvvideya National Instruments Data Acquisition Device Vibration
Modulelnensid esosaedasatidud (BNC Connector) {udasie “zy,wﬂmmm?ﬁmq (RF)
wuunil Wamsudenmeananidasuulanendea

4) 19 uLEes TnAI11L57350U (Tachometer Sensor) Taa11us15aulasdsanluds

gunsaliAsIsviveya National Instruments Data Acquisition 1ngn13iaxsiowuueas NPN

Data Acqusition Section

BNC
Gennectot 2 50¢. M35C65
Accelerometer ! {Ch.1)

PCR Piezotronics; iny

Fixture
Accelerometer. 2 (Chi2)

Fan Stator

L V/-1184

Tachometer (Ch.0)
ModfieshBNC Cophector

Q‘I o d‘ o 1
E‘U“Vl 3.12 LLﬁ@Qﬂ’]Wi’JNﬂ’]iVIN’]‘NGUENLﬂi@\‘i’)@ﬂ’ﬂﬂl&lﬁmﬂa
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3.5 N1309NLUUNITNINUVDIYBNIILITI T
Annasdlaeanuuuuarideulanvedlusunsulunisldauvesgunsalios lagly

gawviwas LabVIEW Tunisasnsszuunisinauvesgunsal awnsassuielasendu 5 dau

1éun nmsunsvinuestsunsy, Tusunsugiuen, Tusunsumaisen, Tusunsutufine

LL@S?i’JTJﬂ’]Sﬂ’JUﬂiJﬂ’J’]ﬂJL%’]i’e)‘U

| i BB
i
35 03 035 DAIIGAS 65 SSTINs ads 07 OF

JUN 3.13 wisndlusunsaven

3.5.1 AWMU LUsUNTH
Tudrutinaafeninsswyuuaveslusunsuyisnua Inedvnslusunsuenualusunsy
farn wag WUsunsuduiindn ussgegnielu wusddunsvhousendugesdiduiienisde
lassasawuuansiu (Sequent Structure) Tnawuadu 2 dau a5urganunisyianulad
o L o d‘
AAUNITYINTUT 1
- FuAulUsunsunan
' ' . . Ao : P Y Y
- 91UAN Setting File MUYBI “Binary Sensor Setting %ﬂgﬂﬁiﬂﬂiﬁﬂ?ﬂiuiﬂil,l,ﬂiu

- AuAeulaann Setting File wulilusiuusiuu Global wag Local Variable augisu

APUNITYINGIUN 2

Ao |

- fUs Local Variable deiasliingiduwasusiazdy nsswseuniauinny

- Wsunsuselildnady weidendsiasyiausiolulagldlassasiawuy Event Structure
1 13 v J

wlaganidu 3 wnnsallaun

1. neu Start : Wsknsuazsunsihauludiu Wswnsusiuen
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2. netal Setting : TsunsuawiFihaulugan Setting

3. AUy Break : LUSUNIURYANITVINUNIVUA

Seunisvinanud AAUNTISYINUT 2
1

Taseadne

Frdanvanisal

SuAIRPNIN

oo i munmIRe

LR TGN

My

U 3.14 unu (Flow Chart) MMsIun5v19uvedlusunsuman

3.5.2 Tuganad
Tudnlusunsunsasanilidonnuagmnungldlunisufsuudasasiseisngg
osunedRuNs vhanlgded
- gld'nady “Setting” nwilUsiATUMAN

£
=

- mhanalusunsumsaaagnidadu

'
I a )

- S¥UUBIUAIRIN Setting File Nilegiiy tiatourn Default Tifunisnavadluga
\elugaszlaludessusune 0 lunngass

- JldunsonARIAIReINITALABINIS

- ynnadu “Accept” TUsuNINazase Setting File ndunuldiiy Afininue
= ! < (g .
Funivsazgninuliluguwuuresianys Global Variable

- MndunihdnalusisnunisasAnzgnlauazndueenuinninlusunsunanuinng
Yy “Cancel” dwlusunsunmsianvzanUauaz liiinstuiineilvgdlag

- {ldnadu “Setting” 9 nutlusunsumean

- el sunsuMsAaAg AT
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a

- S¥UUBUAR7N Setting File Nilegifiu waloudn Default Tiuntriavesduga

Y

'
a1

wialugaaylalideasudunen 0 Tunngase

- gldnunsenat AsenfeINITALABINTT

Qe

-ynnadu “Accept” TUswnIuazasne Setting File Tusiunuludiiia A1finivun
AU
Tnsivzgninuliluguuuureswiuuls Global Variable

- ntunthadUssnunsRsrazgnUauaznduae NIt lusLATUMAN

- mnnady “Cancel” dwlusunsunismaanazgnUauazliiinistuiinetinalag

AUNINNU
\
) - Tahuiinana
£ ) Tantinsing
Tusunsunissaan
@suniun'\sé’qn"’nﬁ'la‘m)
P 6 _ tuninAtsteaslu
it ﬂ'lﬂﬂ’m'l; ;w.nsu : iy Accept e
b — Cancel Global Variable
. o i
Tsunsueusl flap Accept
aqn Setting File Tsunsuase
ANRY Ludgen‘mn T Sarary | Setting File lus
HAIONAT AIUUARIAT < fon~
4 o unuireasy
AfDINIs

U7 3.15 wrurla (Flow Chart) n19%191u98slugan1snss

JUT 3.16 wienslunanisesen



57

3.5.3 lugaduiing

druvadlugatuiinarfediuildlunisifivatoyaainnisin laeesuielain 1 seu
0INTInazlaAYINAUTIUILYeY Sample to Read MBEN9LU 11NYIIN1563AT Sample to
Read Wwiniu 102,400 Tun1sianissaufazldmouiavan 102,400 AnduiedIfulagay
=3 1Al 3 = & L3 v =® =
wiualaluguuuuvediilduuana tdm dadulndannistuiinvedusunsy LabVIEW &3

anunsalabraulaneluswnsy Microsoft Excel wiuLfgniu

JUN 3.17 misdlusinsuduiing

[

s uITaRUNISYNINYaslUsHNsulaeadl

r.q' 1 1 o 1 1 [~ i1 1 ] 1 d' v 3 =1 1
- 3alUSHATUBIUAMINNISAIUAIINTULLRS AzaINuA Tl UsLASUTUTINAN
- APUBUAUTINISMIUATR NG AT IUIUTDUVBINITIALINDY

- TUswnsuduiinan SuAflasuinlunmAasseuaunasa unmuus

o '
I Y =

~Phamiauansuls Weuaslid tdm

a

- Indyaadunanwinlusunsunan wWasududiden nunetaasadunssuiuns



58

ulla/tn

& : [
TWsunsuiuiingn

Case Structure :
True i

hl)
Case Structure :
False

A

v - ' -
Tsunsiuiing Tsunsuiuiingn U“_’”””"“*’.}“‘Mﬂ Tunmnfuinda
- o - ny
1laivinanu DRRGIN Anmuadel’
dauguAfisyauaruaniua /l/ i
¥ d v
- 5 daullsunsugn Amusiele Waunnugiralid Wsunsuiaiadu
mMuuafauneu LA e Sie i é
o UANTIN U ADUMINULUNN NN
[

SUT 3.18 Ui (Flow Chart) msvhauveslugatudindn
3.5.4 lugaduen
dlugavirnufediudivindlunssuianduses iean 3 Sumed Wudaud
wALazLAnmavan e uld eardayafundueesTnammswasiduisesin

mmﬁ’;%’agaﬁﬁﬁmm AR 138 e 1udy Snvtadind1ndesetayans 1l ludidu

Y

(% '
1 Y] =

TWsunsuduiinalaeyldaunsadimuaseulunisemeiladn Iie1ud Manuei seuves
Sample to Read 8n¥13geanansaimuATINILY0I8ATINITANFI (Sample Rate) uay
TV Sample to Read landiuauilsly 1 sou adurganumsinauveslusunsy
Tomadl
& 1 I a o o 1 =3 o‘g.Jl % [ 3 6 1
- WelugaguAnSurinuasTuAN@ULe NG laln [WuwesinAuise 1 (Ch.l),
WuesInANMLse 2 (Ch.2) wag WulwasTnauLs (Ch.o)
- dyyraunia 3 azgnueneantilaed dygaanduresinanussazinludiui
N5DIRYRY
- dyayufuanniia 3 azgnueneanluuanwatiuaidiuay uaznsiviiiauanivy
P98
- dyraunis 3 19 Tone Measurements Tun1sinaia1ud wag Tauda 910y
LAASKNAA AV IUNLNDD
1 dl @ LY < 1 a6 4 v I 1 <
- AP INEULRTTAANSITEU ANNUIE LFIND (Hz) ey luniiennusa
SaURBUIN (RPM)

(%
&Y

- nudyaraisuegnaseliiudilusunsutuiinaniianuatadidsely



59

e

usRmn ey
Fuoe #ine
i win

ung Jaina
#uTone
Measurement

dourtiuiingn
o Start

URAIND WAAIND .
wua Ny
e wnaninse
[

waz Fauininy Tone
Measurement

wonfyanneenidu
3 Channels
oo ' g i

ingrser il
Spectral f

Measurements
L 1 Tatasnafhunum i

Trunsuswiniinnnu

v

Aarrinn
Tachometer
(Ch.0)

JUN 3.19 UHuR4 (Flow Chart) mM3vitauvedlugasuan

1 <
3.5.5 #3UN1IAIUANAINNITATOU
) = & \ o v v A D
daunismuauaNuiseulludiunlimuausauntsuyuresamnesiing lagld
n39rgliiuy PWM arngunsaldiasgideyaludslugatuines uadedinisusuusaiulg
sannlugameslusunsuuayteeniudsamines saunlemsauauiuuiedasdniieln
sRUNTSVYUALT Ierldanu1san I MunsouN 1SN Y asaLnes LAk Ui 1aen1s1d e
gaugdmunIsvinalasail
- dsdganaunssnulninludasnes
- eanmasvau tachometer N TINTEY
- WWsunsu feedback tammnauluiiveyinnisAiuim
- TUsunsuyihnsUSeuliig ulommAiudunaLiteAuIm error
IS v oA ' ' [
- UNMIUIUBUNATDITLUUIUNIIAT error AzLUU 0

- lasounsnyuvesame A



60

Motor

Supplier

Motor Drive
(L298N)

DAC (NI 9269)

Rules

Defuzzifer Fuzzifier

- —

U7 3.20 Udienlaezunsu (BlockDiagram) YeddIuN1sARUANAIINEITOU

ADC (N19232) — Tachometer

Graph  Graph2 ' Recorder |
- ]
file path Start RPM cDAQIMod1/ai0 (Detected Frequency) n
el O
SETPOINT  Speed
- —
0 0
Error Change in Error

0 jo
Duty Cycle Output Value
BT =% {

millisecond multiple

go
7:00:05.000
1/1/1904)

Plot 0 - I

Amplitude

SUN 3.21 mihedilusunsualunusey



[

osunensldnuveslusunsuldsed
- qu ¥adie file path anunsaidenldlndilednnadesneufinmnes
- el start iledansnglludannes WnasiGuvs
- 1en set point AiFesnsloiinauvsL o ArandIseuty
- gansagAusaeuld s Wite speed wagainnsavl RPM

- N3 amplitude KANILBUNGINVDS tachometer

61



62

uni 4

ASN1sNnaRaZNaans

4.1 umi
iuumﬁﬂza%ma‘i%’msmaawaqLﬂ?}'aai’mmmlﬁauﬂaﬁ'@aamzmamm%aua'au

puUnsalazdlanesiszuunsiamunmandine afesnin uay 1osmss iiloazdstoyals

TUsunsuauwinlaegegndes wazeSuieIfeanuuu Fuzzy logic N1UN193LATIERAN

Simulink a83lUsunsy MATLAB eunmidunssnzaruauluszuuais

4.2 ﬂ"liaaﬂLL‘UULLaxﬁﬂaQQNaﬂlaﬂigUUﬂ?UﬂﬁJ
<
4.2.1 NM3PDNLUUTTUUAIUANAIINGD
SuAUAEEONLUY Fuzzy logic Iay Toolbox Tulusinsu MATLAB lnaazlaoonun
Julnd AIs Tunisesnuuudesiinisinnue Membership Function 2898 unakasLa1fing
MR99INUNALINTTAT9 Rule base Vuian vuAHaaNSvReladAN1TYNNIUL F9azgnAIuAY

1m8 Error (E1), Change in Error (A2) Wa¥ Output 138031 Multi-input Single-output

4. Membership Function Editor: FuzzyNeww — | >

File' Edit View

A . nint pninfs 181
FIS Variables ) Sl OV, MembarShip fuhGrlobinigees ‘

P2 1\ S\

ERROR «  control

changingerror

L1 i

LP ZE LN HN

500 100 1500 200! 250 3000 350
input variable "ERROR"

Current Variable Current Membership Function (click on MF to select)
Name ERROR Name
S STpat Type trimf
Params
Range [0 5000]
Display Range [0 5000] | Help Close ] |

Selected variable "ERROR" |

JUT 4.1 Hleidupnuiuaundnvesdunnadyaiuninuianain ERROR



File Edit View

Membership Function Editor: FuzzyNeww = O >

FIS Variables

Membership function plots ™ "'~ | 383
HN LN ZE LP HP

63

JUT 4.2 litunnuiluann@nvesdunndnsinsilisunlaivesmdyainnnuinnais

Chang in Error

File Edit  View
-~

&

rror

] Membership Function Editor: FuzzyNeww c A\ x
7 N n-un% WE3I
= Ve
w
2Ly,
DOO 500 2! 4 5000
g -

[0 5000]

[0 5000]

U7 4.3 flnduanuiluaindnveaddng



64

4.2.2 31U Rule ¥89 Fuzzy logic
Tuguil 4.4 Flenismvuanguesited Inensnedeuluniunisns 4.1 wdiedug 2 input

U 1 output viaviua 25 Feuleidululy

E/CE HN LN ZE LP HP
HP ZE LP HP HP HP
LP LN ZE LP HP HP
ZE HN LN ZE LP HP
LN HN HN LN ZE LP
HN HN HN HN LN ZE

=
M3 4.1 LEPINHNITAIUAN

N Rule Editor: FuzzyNeww - O >

JUT 4.4 M9 1aN198NLUUNYNITAIUAL



65

ERROR = 25eth changngerors 0 conol 24108

. AN | | | | |
T\ ] | | [ A |
AN | l | L ]
. AN | | | N |
. AN | l | | |
. AN | 1 3 ] T |
(AN | ‘ | L I
no| N | [ . | I ]
0| . | ] V4 | | |
0 [ | | | | Y |
" . | \ 4, | | |
g | N\ | N ]
v T [ PO L |
i w. N L 4 J | PLC
/] < | 1 AN | | AN |
of [ jl/' | \ e, | | AN |
4/ o 1 . | aN
2 | L e P [ PSS | L | T
nf | [ 1 Py l AN | A AN |
al | , AN - ’\JL | L AN |
18 r o X, | (AN OON TT ] I > |

JUN 4.5 ARTEIHAENERUNALAZLE IR

4.2.3 TUswnsd MATLAB/Simulink wagnaans
LAAINATNE VBITLUUT 91889 bUNTEUIUN1SH Transfer function ¥09U8LADS

nszuansaRzgniliiiann1sneuauesUedsEULTIQNATEAUMIEY Step function

92 1 0\ 1 S
Step X 0.002s” + 0.05s + 0.625
‘ Fuzzy Logic s Transfer Fen Scope
E Controller

Derivative

JUN 4.6 M3@8952UUMIUANAINIUTUNTH Simulink



66

5000

4000

3000

JUN 4.7 nsminisneuauesantusinsu Simulink

9INFUT 4.7 KARINATNGVBINITNOUAUBIVDISTULUAIUAL 1B Ul y ADAIIUGT

a 1 I 1 = A a 1 I a ]
TOUNNUIGTUTOUABUIN RSN X ADLNIANNLIELUUIUIN

- Output responses YaNAIAIUAN

* ¥ Peak Finder

» Settings
¥ Peaks

- Value[~] Time[~]

fil 4.057e+03 0.232

gﬂﬁ 4.8 Peak time 18958UU

19@1&4 Peak Finder ¥inl#n31UAY Peak time 99452 UUN 0.232 Fu191 ol A173L52

59U 4057 SoUABUN



67

* ¥ Bilevel Measurements

> Settings

> Transitions

¥ Overshoots / Undershoots
0.521 %
3.646 %
0.570 %

+ Preshoot
+ Overshoot
+ Undershoot

E‘Uﬁ 4.9 Overshoot 9895 UU

To@d 9 Bilevel Measurements 1% nS1UA 1 Preshoot, Overshoot, Wa e

Undershoot 9935zuUlng Overshoot @1 3.646 1askiud 31nan1UgaAIRIva9TEuU

4.3 711353719 Control logic Tulusunsu LabVIEW

4.3.1 N1599ANNIS

Start Button
Accelerometer Signal
Filter Off/On
fTrue ~}f Accelerometer 1 (g)
T 7 =TS o rorccadponl |

»

12' !

Ef

ered §\5n§|:'

Filter
e L

Accelerometer 2 (g)
S |

Accelerometer P1

e

and 2 Graph

»

Filtered Signal ¥|

" |

ATCEETOTTeteT
Frequency (Hz)

Phase

] Accelerometer 1
Acceterometer 2 Phase Difference
| Frequency (Hz) o
[ — ] | Accelerometer | oo [
Tone = j Accelerometer 1 e
W | Measurements Phase /10 @ § -
Filter3 v Signals POBL | o
_Signal Frequency o 1;-

Accelerometer 2
i Dha

==
] Acceléf® Differencs
Phase
w:uf"
\_Fgﬂgjw
ey
E Analog 1D Wfm Tachosdeter Phase
NChan NSamp T F ool oo
Tachometer \Waveform Graph
1 i{) = Tachometer FrequencyGeaph
~ Tach ; =1
achometer == —
Tone Fan Speed (RPM)
Measurements v L - ~
b error in (no erro! Spectral E Waveform Chart
Times To Collect L Signals Measurements
op »#Times To Collect P S— Frequency f oo
Frequency i
"rl Phase Het

U7 4.10 while loop titeldlunsinnania



68

9In3UT 4.8 fim while loop tiieldlunisinninuss nsiiuanusidae Tachometer

T¥nstudyaaignnsemedds Filter Brand Pass 10-80 Hz itaan Noise Mvilin15iu

AU I AL sunazduaud a0sd eyl 20V Aagand 9 Tachometer Tone

Measurement tieunind1inAuss Tneranusinzgniiuliludings k2 veeide Local

(%

. 1 8 A o 2 [y 1
variable A1AsItzgninlglunisaiedygaaunusialy

4.3.2 NFIATITATYYIUAIVAN

- ANIAT Error

Error
False ¥
#.ngul ,P'E:
o =T\ AEor]
file path i ‘ =4 Output Yalue Boolean2
| i
| i~ \SETPOINT ! ﬂ. = :-
> [

I:‘-Eﬁ A V o (True ~p

F s ] \ &
=E
5 yy g VAWILE AV .\
]+ 4
| ‘
A
LI':‘ yam L | E— VO s D: Change in Error! - — —
X | P L . Fa
|
(7
fuzzy
!E Duty Cycle
@ &
¢z

m b

millisec

ond multiple

i)

gﬂﬁ 4.11 While loop siensfianae Duty cycle luns Feedback
eanusildunagle

Error = w — Setpoint

Error Ao ApuAanaInszninausIlutaqiuiu Setpoint

w Ae AusIdagtu (RPM)

Setpoint Ao US1nauAn7iFaIn1snruni (F8an1350U 3900 RPM setpoint = 3900)

- ANUIadA Change in Error



69

Change in Error
_ Error(while loop n) — Error(while loop (n — 1))

millisecond multiplex1000

Change in Error = 8n51n15iUasuulas Error siaduit (RPM/s)

NAUA&S Shift register 11 Error Tu While loop U230u (n) ausae Error Ty While

loop (n-1) wssevandildlusie 1 While loop

4.3.3 n19599nLUU Fuzzy logic control
N1799NLUUALUIAY input Error hag Change in error 41N U Rule ponuu

Output tednauluamuaufiszuy

Variables  Rules  Test System

Input variables Input variable membership functions NM
/- Lo B ) :
I_ ALl £ }
Change in Error . 1 'f A | | NP
i 0.8
2 =0 /1 : =
- a ', PP
(oot .06 L
7 N i
i £ 04 4 =
g A
i 0.2 .
v | \‘
| | - 0 | | | |
-200 150 30 100 130 200

Range

U7l 4.12 Fuzzy logic TunsAuans Input (1)

Call

Varisbles  Rules | Test System

Input variables Input variable membership functions

. — NM
Error | + 1 NP
NS
J | = 0.8- 7z
. EL 0.6- PP
& PM
£ 04+
w
=
0.2+
g
0' ] | | 1
300 250 200 150 -100 - 100 150 EO'D 250 300

Range

gﬂﬁ 4.13 Fuzzy logic Tun1sAuiad Input (2)

DI

DI



70

Output variables Output variable membership functions AM
Al 1- .
= 08 e
%] £os- o
] DM
£ 04-
s
0.2-
Y 0- | 1 1 1 [ | 1 i I | | i
6 -5 4 -3 2 1 0 1 2 3 4 5 6
Range
gﬂ‘ﬁ 4.14 Fuzzy logic Tun1seuiad Output
E/EC PM PP 7 NP NM
NM ZE DP DP DM DM
NP AP ZE DP DP DM
Z7 AP AP ZE DP DP
PP AM AP ZaE AR DP
PM AM AM AP AP ZE

A9 4.2 MIMAUAANUELIUS Input (1,2) kag Output

PNANTNA 4.2 ABR1197 AUUAATUFUAUS KUY Multi input single output 14

Rule Tumsnaiamnunadudunus aiugyU 4.15 uag Defuzzification A3835 Centroid

919899 N3U7 4.16

Variables Rules' Test System

Rules
19. IF 'Error' 1S "PP' AND ‘Change in Error' IS 'NP* THEN 'Output' IS 'ZE' A +
20. IF "Error" IS 'PP* AND 'Change in Error’ IS 'NP' THEN 'Output' IS 'ZE'
21.IF 'Error’ IS 'PM’ AND ‘Change in Error’ IS 'PM’ THEN 'Qutput’ IS "AM’ X
22.IF 'Error' IS 'PM" AND ‘Change in Error” 1S ‘PP’ THEN 'Output’ IS 'AM
23, IF "Error' IS 'PM' AND 'Change in Error’ IS 'ZZ' THEN 'Output’ IS ‘AP’ 1
24, |F "Error' IS 'PM" AND ‘Change in Ermror’ IS 'NP* THEN Outpuf IS AP

25. IF 'Error' IS 'PM' AND ‘Change i S ‘NM* g 1S ZE' 1

Defuzzification method

Antecedents Center of Area v Consequents
IF THEN
+ Error v = |v |PM v Output v| = |ZE v +
x Change in Error ~ = |v | [NM ~ X

JUN 4.15 ni169n1598nLUUNYATUAL

I



Method

Center of Area
Assessment (CoA) Center of § Center of
Criteria and enter of Sums Maximum

(CoS) (CoM)

Modified Center of Area

(mCoA)
Linguistic Best Compromise Best Compromise Best Compromise
Characteristic
Fit with Implausible with varying Implausible with varying Good
Intuition membership function shapes and membership function shapes and

strong overlapping membership  strong overlapping membership

functions functions
Continuity Yes Yes Yes
Computational Very High Medium Low
Effort
Application Closed-Loop Control, Decision  Closed-Loop Control, Decision ~ Closed-Loop
Field Support, Data Analysis Support, Data Analysis Control, Decision

Support, Data
[Analysis

71

Mean of
Maximum
(MoM)

Most Plausible
Result

Good

No
Very Low

Pattern
Recognition,
Decision
Support, Data
Analysis

sUN 4.16 919999711 National Instrument 92835015 Defuzzification wuu Centroid

U
Variables | Rules ~ Test System
Input variable(s) Input value(s) Qutput variable(s) Output value(s) Input/Qutput relationship
— - o e o Y e
Cr N T o] qupet . /] [, 1[]
Change in Error |6 B
Plot Variables
Input variable 1 Qutput variable
x axis | Error = ™ zaxis |Qutput [¥}
3 TIED 6
-200 =100 0 100 200 oo
Input variable2 i
yaxis |Changein Error ~ 0.
' Number of input 1 samples Number of input 2 samples
b ‘ v {20 2 k
-300 -200 -100 ©. 100 200 300 & = L
Weight Invoked Rule ~
0.060000 12. IF "Emrer' 1S 'ZZ' AND 'Change in Error' IS "PP' THEN 'Output’ IS AP’
0.260000 13. IF "Error* 1S 'ZZ" AND 'Change in Error' 1S 'ZZ' THEN 'Output’ 1S "ZE"
0.060000 17. IF "Error’ 1S 'PP* AND "Change in Error' IS "PP* THEN "Output’ IS "AP"
0.740000 18.IF 'Frreor’ IS 'PP* AN 'Chanae in Frear' IS 77" THEN "Outnut’ IS '7F y
< — >

SUN 4.17 91809AUdunusYes Input way Output

U

INFUN 4.17 Livenaaau Input kag Output ¥4 Fuzzy logic NE319UY Landeanin

\Ju 579 Contour w84 Input error uay Change in error



72

4.3.4 nsArauraniioniAn Duty cycle
INATBBNLUY Logic Iugﬂﬁ' 4.9 frerds Shift register nadnsvasAn duty cycle
gnAanadluglannis
F(x) =xy +Xy_1 + Xy_p e
F(x) = duty cycle (%) (2.22)
xy = e output 7 fuzzy logic éwnmesnuilu while loop
N = swa while loop fivnsusiavan

Wialaen Duty cycle uaa9eyiiMsdsli While loop dwsutloudnyaimnivau Tugd
N - < ¢ o v 2 ¢ o o &
7 4.16 wiakilunna330308tnes YA INTN AIUSIVBNBLABTILYN TnBNATlnY

Tachometer wieldlumsuiloainuisslu While loop ey

¥
¥
= @
I : ' N
' DAQ Assistant
| d data
| Simulate Signal
——1 Amphtude
a— yOycleds
3
b error infho errol
L W SR edlenc
R AYAY,
N Y .
» J5e
b - Reset Signal
Eror out L4 pwim
S0 -
[ e
" = — " _

gﬂﬁ 4.18 While loop L‘ﬁ@fﬁﬂ%@y Motor drive L298N



73

4.4 Nan1INNaaY
4.4.1 MswSeuliisuainusiseunnay

WmsTarnu§iseunaaufinauseuwindu 3500, 3900 way 4300 rpm uFag
AuEisouasinsiuiu 3 ads Tnsusazadaariannuiseuidunan 30 Jund Lﬁaﬁﬂﬁaga
WS suTEusENINNslY fuzzy logic control Tun1saauauiunisaelnlaenss

Tifuinaw vsenisld PWM wnaueuaziueeisls

3500/1

3530
3525
3520 |

3515
—@— Direct

3510
—0—PWM

3505 —@—Fuzzy

3500

3495

Mo S PELETTIY U7 &

JUT 4,19 n3mluansruduiugse nanann1uisaseuii 3500 rpm Auvian ASaf 1

3500/2
3530
3525
3520
3515

—@— Direct

3510
—&—PWM

3505
—@— Fuzzy
3500
3495

3490
0 5 10 15 20 25 30 35

JUT 4.20 ns1muanInuduiusszninenusaseul 3500 rpm funian AN 2



74

3500/3
3535

3530
3525
3520

3515 —@— Direct
3510 —@— PWM

3505 —@— Fuzzy
3500
3495 —

3490 e B
0 5 10 15 20 25 30 35

| 3500/4
3535 VL e Y ol VAR ALY e VAR W ey
l 3530 ;
3525
3520
3515
’ 3510
3505
| 3500
3495

3490

U7 4.22 nsmluansrnuduiiugseninennungiseuil 3500 rpm fulaan Asail 4



3500/5
3530
3525
3520
3515

—@— Direct

3510
—&—PWM

3505 —@— Fuzzy

3500

3495

3490 — —
0 5 10 15 20 25 30 35

JUT 4.23 nsmluansruduiiugseninaninuisaseuil 3500 rpm fuvian A 5

I
3910
I 3905
3900 !
3895 —@— Direct
’ 3890 . —0—PWM
—@®— Fuzzy

| 3885

3880

JUT 4.24 nsmluansrnuduiugseninannusaseui 3900 rpm Auvian ASaf 1



76

3900/2

3910
3905

3900

—@— Direct

3895
—&—PWM

3890 —@— Fuzzy

3885
] ]
| | | !

3880 = e =
0 5 10 15 20 25 30 35

JUT 4.25 nsmluansruduiusseninendnisaseuit 3900 rpm Auan ASIA 2

3910

I 3900

3890
—@— Direct

3880
—0—PWM
3870 —@= Fuzzy

3860

3850

JUT 4.26 nsmluansruduiugseninannu3aseuil 3900 rpm Auvian ASaf 3



77

3900/4

3910
3900

3890

—@— Direct

3880
—&—PWM

3870 —@— Fuzzy

3860
] ]
| | | !

3850 = e =
0 5 10 15 20 25 30 35

JUT 4.27 nsmluansruduiusseninendnaisaseuit 3900 rpm Auian ASad 4

3900/5

I
3910 )77 Rk’ W SC N NN VAR ------:--———-
I 3905 | :
3900 !
3895 —@— Direct
’ 3890 . —0—PWM
—@®— Fuzzy

| 3885

3880

3875

U7 4.28 nsmluansranuduiugseninannuiaseui 3900 rpm Auvian ASaf 5



4300/1

4312
4310
4308
4306
4304 —@— Direct
4302 —0—PWM
4300 —0—Fuzzy

4298
4296
4294

JUT 4.29 nsmluansruduiiugseninaninuisaseuit 4300 rpm fuvian Asad 1

Pl
QU

4300/2

4315 L e MY ol WA AR W e V) R S e NS
! ! !
4310
4305 —@®— Direct
—0—PWM
4300
=@ Fuzzy

4295

4290

U7 4.30 nTvluansanuduiusseninessaud 4300 rpm fuian A 2

78



79

4300/3
4308
4306

4304
4302 —@— Direct
—0— PWM
—@— Fuzzy

4300

4298

4296

4294

JUT 4.31 nsmluansruduiiugsenineninuisaseuit 4300 rpm fuvian Asad 3

| 4300/4
4310
I 4308
4306
4304
4302
l 4300
4298
| 4296

4294 e
0 5 10 15 20 25 30 35

JUT 4.32 nsmluansranuduiiugseninennungiseuil 4300 rpm fulaan Asa 4



80

4300/5

4308
4306
4304
4302
4300
4298
4296
4294
4292
4290

—@— Direct
—0—PWM
—@— Fuzzy

JUT 4.33 nsmluansnuduiiugseninaninuisaseuit 4300 rpm fuvian ASad 5
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<
ALY

79U

ANANNLLSITOULRAY

ANPNUAAIALAABY (%)

Direct

PWM

Fuzzy

Direct

PWM

Fuzzy

3500

3513.474

3500.166

3500.028

0.384979

0.004744

0.000795

3521.763

3500.570

3499.981

0.621794

0.016273

0.000538

3527.639

3500.256

3500.028

0.789699

0.007300

0.000808

3524.634

3500.335

3500.117

0.703833

0.009576

0.003334

ee O Eny W N

3520.393

3500.930

3499.994

0.582643

0.026585

0.000160

3521.581

3500.451

3500.030

0.616590

0.012896

0.001127

3900

—_

3892.683

3900.599

3899.453

0.187616

0.015359

0.014030

3891.025

3900.524

3899.926

0.230121

0.013443

0.001905

3870.635

3899.681

3900.341

0.752940

0.008174

0.008749

3883.453

3899.629

3899.218

0.424271

0.009526

0.020059

eg 1 EaN (SN} N

3881.950

3900.168

3899.498

0.462810

0.004308

0.012882

3883.949

3900.120

3899.687

0.411552

0.010162

0.011525

4300

—_

4304.193

4299.770

4299.962

0.097516

0.005340

0.000888

4304.730

4300.237

4298.311

0.109996

0.005513

0.039281

4300.205

4300.682

4300.024

0.004771

0.015860

0.000564

4301.112

4301.467

4300.270

0.025860

0.034106

0.006286

ee U B [N} N

4299.726

4301.117

4301.070

0.006367

0.025969

0.024888

4301.993

4300.655

4299.928

0.048902

0.017358

0.014382

z-:l' =l = [ A o ! d'
A9199 4.3 LEAINISUIHUNYUAIMULIITOULRRYNUAIAIIUARIALAR DU

Al & [T a =
A1NATITNAADNNUINNAINULIITDU 3500 rom ﬂf]{LsU Direct thamIUAaIRLARDUNN

ISP

fignslanvindu 0.616590% sesassnaziiu PWM deraansiaainadeuviniu 0.012896%

LazA1ALARIARRBUTRETIAAAD Fuzzy AU 0.001127%

a @ v a a a a | @
NA113L5958U 3900 rpm 15k Direct LARAIILAAIALAR BUUINVIFAUAILNINY

0.411552% 50983119z du Fuzzy faa11umnaInnd euvinfu 0.011525% wagA1ad

AATRLATOUTRETIgARD PWM HIA1viniu 0.010162%

a < £ . a a a a1 Y
NA113L5950U 4300 rpm n151Y Direct LAAAINUARIALAR BUNINNFALAILNINUY

0.048902% S09a3anaztu PWM SA1AaMuAaALAE 0 UYINTU 0.017358% wagA1AIny

AANALATOUTRENEAAD Fuzzy UANIINAU 0.014382%
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NINARBIT M Fuzzy way PWM A5 aseulad sdanuaiesiazlndifgsan
AUSITEUNABINITUINNTT Direct FeaziiulaindnuAaIALAAaUNINTIdAIINAIAIIULT)

S9UNABINNG

4.4.2 Aurundudssuuninsgiy
TuN3AMEIU T L UNNINTTINALAIUIMLIBATIIAOUNITNTLANLVRITBLA Uag

vanferAuLaNd1avestayaveyaiinisnsratenvizeteeiiedle

A2

o ———, D> (% —X)

"\]’]ﬂ%ﬂ@i ﬂ']'LJL‘UENLUUNW@?gWU%@QﬂQNG\?@SN SD.= —1
n_

AILS7 ¥ 4 dauLﬁmwummgm
ATIN
39U Direct PWM Fuzzy
1 5.005783 | 3.081238 | 0.513090
2 3.618728 | 3.468263 | 0.846749
) 1.941911 | 2.731611 | 0.565950
3500
4 2.683674 | 3.350398 | 0.765641
5 2.681203 | 2984061 | 0.548914
La?ﬂlﬂfl’jﬂ‘wmm 5.809552 | 3.104035 | 0.654304
1 4.560679 | 4.294943 | 2.165658
2 3.864411 | 3.818660 | 1.896637
3 5707208 | 3.590647 | 3.241572
3900
4 7.750799 | 3.277805 | 2.450966
5 2.482627 | 3.437091 | 2.578612
Lagaﬁgﬂwmm 9.389868 | 3.673569 | 2.506331
1 2461219 | 2.461723 | 0.980253
2 3.071227 | 3.159259 | 2.218808
3 2.922989 | 3.574144 | 2.346358
4300
a4 2.774250 | 2981509 | 2.392164
5 3.799144 | 3.369913 | 2.548741
La’g‘aﬂzﬂ%mm 3.647200 | 3.149162 | 2.325873

= = =~ i ~
H15190 4.4 LLﬁW\TﬂWiL‘UiEJ‘ULVlEJ‘Uﬂ']a'JULUFNLUUN'WﬁE']U
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21T 99zUlEITALE59U 3500 rpm Direct axfin1snszatveatoyanun
faadlrdrudeauunnsgiusiiiy 3.18626 sesasnazidu PWM fdrmudosuusnnsgiu
WinU 3.104035 wazaavnefe Fuzzy aviinisnszanedeyavesiign lnefidduidouuy
1195FIUNNAY 0.654304

firnmi5iseu 3900 rpm Yeyaiifinsnszanefunndigade Direct fadudsauy

WRIFIIAY 9.389868 sosasunazilu PWM Herdrudesuunnnsgiuwiniu 3.673569

wazdoyaniinisnseanefiteeiane Fuzzy WnediAdiuleduuansgIuminny 2.506331

Y

a )

cs' & o v { = . SN
NAIULIITRU 4300 rom ﬂ?iﬂizﬁ)ﬂamwawamawmﬂwEj(ﬂﬂa Direct 4A1@3U

Y
{eauun1nsgIuiafu 3.647200 sesasunazidy PWM davdrudsauunnasgiumiafu
3.149162 wazanvneNiin1snszateiitesianns Fuzzy Failadnidesuuannsgiuyiniu
2.325873
Inenseuiieuny 3 wuulivilvanuisaldriade iesnldlunisauiumian
d' ~ ! ! | ::{' A o v
AnuAaadaulaly 4.3.1 1esnuiazA1vesd I dsuuunInTEIL e AMIY 2

wliiiAuAnade (F199natifiuasnsiaszvideyaluanideves as.any usu)

4.4.3 N3UENIANRGEVIIRINSITIUTMUALALN1INTZEVDITaNALAAZAINGITOU
MN151R88AITITEUTIINNATEIUAREATSITOU UasnIN13NTeeToyavadws
avAU 50U TUNTIMUYIL WlBRARIAINAYBIAZAIISITOUIINTBYATI VIR 150

A%a (1 AS9/1 Jud)
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3404 3496 3493 3500 3502 3504

3506
AaEIsoU (rpm)

gﬂ‘ﬁ 4.35 n3luansAuivesanuiEIseud 3500 rpm (PWM)

Mean 3522
StDey 5310
M 150

Mean 3500
StDev 3104
M 150
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Mean 3500
StDew 08543
| 150

Mean 3334
StDey 9390
M 150

38625 3870.0 38775 38850 38925

30000
AaEIsoU (rpm)

gih?'i 4.37 nyluansAuivesanuEIseud 3900 pm (Direct)



86

Mean 3900
StDey 34674
M 150

Mean 3900
StDey 2,506
M 150

3804 3396 3893 3900 3002

3004 3906
=
AR A2 (rpm)

gﬂ‘ﬁ 4.39 n3wluansradvesAEITeuT 3900 pm (Fuzzy)
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Mean 4302
StDey 3647
M 150

Mean 43N
StDey 3149
M 150

4204 4206 4203 4300 4302

4304 4306 4308
=
AR A2 (rpm)

gﬂ‘ﬁ 4.41 nywluansAuivesaINuEIseud 4300 rpm (PWM)
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35 Mean 4300
StDev 2326
H 150

30+

25

104

4292 4204 4205 4203 A300 4302 4304 4306

fsiEIsan (rpm)

gﬂﬁ 4.42 N WLARIANATIARIIEITBUT 4300 rpm (Fuzzy)

finmL3259U 3500 rpm A1AIMEITEURAEYES Direct 9x0gil 3522 rpm JANdIw
\Weaatuuansgiu 5.810 uandviifuiinimisiseuedsnnniefidesnis 22 rpm s
N3£32189037 1AL NEANAIT PWM fienaraisaseuiade 3500 rom fA1dud s
1M5FIU 3.104 UARIIIAINEITOUIRABANATIRDINS WA aTnsnszaneYeateyangtng
AANISIseUIRABYDY Fuzzy 8871 3500 rpm Jerdudeauusnnsgiu 0.6543 uanslviiiu

1 < = M v < | Ay = v 1
’Nﬂ’]’lﬂLi’)iE)‘ULﬂaﬂmﬂmu‘lﬂﬁﬂmﬂﬂﬂﬁl’a\‘iﬂﬂi ILAZUNIINTZIIYVRAAUDYUN

1A113L5959U 3900 rpm AR5 ITEURAB VRS Direct 90e#l 3884 rpm HAndu

Y

'
oA

\eauumasgiu 9.390 uansitmmsniaseuiadetioanind1fifions 16 rpm Insnszane
yostoyaun PWM Jrnrmiiiseutads 3900 rpm flrdmudosuuannsgiu 3.674 uang
Tiiuimnusisevadedulunmeiidesns daumsnszaevesteyaddegiradnies
AAIEITeuRAed Fuzzy 16 3900 pm Wulumuaiideanis dednidetuuannsgiu
2.506 Fadunisnszaevesteyativensulfideiouiuadnudonvuinnsguves Direct

ey PWM
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P399 4300 rpm AIRILLEITEURAETEY Direct %aq’ﬁ 4302 rpm HAau
Deosuunsgiu 3.647 wandliiiuinanudaseundsuinnitAiifesns 2 rom fnng
nszEvRtoyaDgNRANmT ANAMLIITEURABYRT PWM 16 4301 rpm flFrdaudsauy
LMSU 3.149 uanIIIANIEITEUIRABINNNINATIFBIeY 1 rpm Tnsnszanevesteyast
WoALAIT ANANLLSITBUIRABYDS Fuzzy Bg#l 4300 1Hulumuenfidesnis ddwuidosauy

WA53U 2.326 Judunisnszarevesteyafiseusulmdadisuiuadiuissuuninsgiu

U84 Direct ttag PWM
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uni 5

A3UNANITNAABILASUBLEUDLUY

5.1 Ui
WelananismaasNiuuTeuisuAuTzniNen1sRenss, PWM way Fuzzy logic

control yN1INAaRRENIIUTIAURANEIANARYuT gna1 LT Tuund sudlaymin

Nefunardaiauanuslunsiaunyanaasdlueuan

5.2 @3unan1ivnay

1. anansofnsadiuaIuaneIIEaTey wardnsedevaneliliGeuson

2. Tumswauad asfarnullaunawnanszuisaufouldd snous Tiiaay
anunsavauluanasireuiiiafiesianninfusts 3 Aanmsasou (3500, 3900, 4300) Tasnis
sensalfInuARIALAR DY 0.616590%, 0.411552%, 0.48902% Mud1sU uarnsldied
Ta3nAeulnsafianmiuaainiadeu 0.001127%, 0.011525%, 0.014382% audey

3. anunsaeenuwuulisunsumuausauldnuldenyssan

5.3 Ugy1a1nnsAnen

1. m3fnwagldaulusunsy LabviEw sndudesldszosnamiaieseuiuasld
sulumsvhlusianlunssd

2. @onunisal COVID-19 Turaamaidoui 2

3. M3tsgueaulawinlildanunsaiinisgunsalld wagnisussanuuyilaaiuin

5.4 YDLAUBLUY

£%

1. psmuauanImwnaetlunmaassiissmeinauiimtnuiazdwayinliie

ANMUNULUSADANNLINAOUVUZYINNTIALAINE
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Circular Posts
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[ For this penduct, Ldim can be configured in 0.1men ncrements by specifying LKC Alteration

“MMNEMTW —Type *c02-063%

]
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Antivibration Rubber Mounts

Woks «p ¥ space or nEalation. For types wih sioliod chids aven cackr b Install. see PAG2

Tapped and Threaded Studs / Tapped Stud, Plate Mount
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[ d Studs

WTapped Stud, Plate Mount
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* Mass Properties =

%

toprub.SLDASM

i Options...

| Override Mass Properties.. | | Recalculate |

[ Include hidden bodies/components

[[] sShow weld bead mass

Report coordinate values relative to: | - default - v

Mass properties of toprub
Configuration: Default
Coordinate system: -- default -~

Mass = 163.79 grams
Volume = 63667,11 cubic millimeters
Surface area = 53790.10 square millimeters

Center of mass: [ millimeters )
X=0.01
¥=11.56
Z=-082

Prinupal axes of inertia and principal moments of inertia; (grams *.square n
Taken at the center of mass.

Ix =[1.60, 0:00, 0.00) Px = 62105.48

ly = [0.00, -0.04, -1.00} = Py= 6447840

Iz = (0.00, 1.00, -0.04) Pz=101233.99

JMoments of inertia: ( grams * square miltimeters )
Taken at the center of mass and aligned with the output coordinate system.

box =:62105.52 ba= 1533 Lz =-9.08
Lyx = 15.33 Lyy = 101166.59 Llyz=1572.42
[z =-9.08 Lzy = 1572.42 L2z = 64545.76

Moments of inertia: ( grams * square millimeters )
Taken at the output coordinate system.

ot = 85658.45 Iy =27.23 Ixz = -9.89
lyx = 27.23 lyy = 101277.55 lyz = -40.33
lzx = -9.89 lzy = 40.33 lzz = 87987.74
< >

. Help . prnt. | Copyto Clipboard
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DATASHEET

NI 9232

3 Al, +30 V, 24 Bit, 102.4 kS/s/ch Simultaneous

*  Screw-terminal or BNC
connectivity

*  Software-selectable AC/DC
coupling

*  Software-selectable IEPE signal

) conditioning (0 mA or 4 mA)

2~ . Smart TEDS sensor

compatibility

L * 60 VDC, CAT I, channel-to-
‘ earth isolation

The NI 9232 is a 3-channel C Series dynamic signal acquisition module for making industrial
measurements from integrated electronic piezoelectric (IEPE) and non-IEPE sensors with
NI CompactDAQ or NI CompactRIO systems.

r" ‘.‘-"
- 4
i Kit Contents :l 25 3 :
: « NI 9232 Getting Started Guide
]
- Er———T
4 & 1

Required
» EMI suppression ferrite (782802-01) (for screw terminal)

’ = - e

! Accessories h *
Recommended

A + NI'9971 Backshell Kit (for screw terminal)

NATIONAL
’VINST RUMENTS

100
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C SERIES DYNAMIC SIGNAL ACQUISITION MODULE COMPARISON

Product | Signal Sampl Input Molse at Isolation
e 9 Channels B o Maximum Connectivity S
Name Ranges Rate Configurations Continuous
Sample Rate
51.2 |EPE with 9-Position 60 VDC
NIEEES | 2 2 KS/slch  AC Coupling S0WVIms  pouB LEMO  Ch-Ch
|IEPE with Soiow
12.8 AC Coupling, 5 60 VDC
192308 B8 07V d kS/s/ch  AC Coupling, 10eiyime TerBrnlgal. Ch-Earth
DC Coupling
|EPE with Screw
102.4 AC Coupling, : 60 VDC
NI9232 =30V 3 KSlsich ~ ACCoupling. 201 MVrms Lyl Ch-Earth
DC Coupling 2
|IEPE with
51.2 AC Coupling,
NI 9234 5V 4 KS/s/ch AC Coupling, 50 pVrms BNC None
DC Coupling
3 Vrms 102.4 AC Coupling, -
NI 9251 (+4.243 V) 2 KS/s/ch DC Coupling 9.2 uVrms mini XLR None
o — e ™ NNV o - — A . %

NI C Series Overview

NI provides more than 100 C Series modules for measurement, control, and communication
applications. C Series modules can connect to any sensor or bus and allow for high-accuracy
measurements that meet the demands of advanced data acquisition and control applications.

*  Measurement-specific signal conditioning that connects to an array of sensors and signals
»  Isolation options such as bank-to-bank, channel-to-channel, and channel-to-earth ground

* =40 °C to 70 °C temperature range to meet a variety of application and environmental
needs

*  Hot-swappable

The majority of C Series modules are supported in both CompactRIO and CompactDAQ
platforms and you can move modules from one platform to the other with no modification.
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CompactRIO

CompactRIO combines an open-embedded architecture
with small size, extreme ruggedness, and C Series
modules in a platform powered by the NI LabVIEW
reconfigurable I/O (RIO) architecture. Each system
contains an FPGA for custom timing, triggering, and
processing with a wide array of available modular I/O to
meet any embedded application requirement.

CompactDAQ

CompactDAQ is a portable, rugged data acquisition platform
that integrates connectivity, data acquisition, and signal
conditioning into modular 1/O for directly interfacing to any
sensor or signal. Using CompactDAQ with LabVIEW, you
can easily customize how you acquire, analyze, visualize,
and manage your measurement data.

Software

LabVIEW Professional Development System for Windows

»  Use advanced software tools for large project development
*  Generate code automatically using DAQ Assistant and Instrument
I/O Assistant
=l '+ Use advanced measurement analysis and digital signal processing
*  Take advantage of open connectivity with DLLs, ActiveX,
and .NET objects
*  Build DLLs, executables, and MSI installers

NI LabVIEW FPGA Module
»  Design FPGA applications for NI RIO hardware

E--a 1 *  Program with the same graphical environment used for desktop and
Vot real-time applications
i.. «  Execute control algorithms with loop rates up to 300 MHz
» Implement custom timing and triggering logic, digital protocols, and
DSP algorithms

»  Incorporate existing HDL code and third-party IP including Xilinx IP
generator functions

*  Purchase as part of the LabVIEW Embedded Control and Monitoring
Suite

NI 9232 Datasheet | © National Instruments | 3



Circuitry

NI LabVIEW Real-Time Module

Design deterministic real-time applications with LabVIEW
graphical programming

Download to dedicated NI or third-party hardware for reliable
execution and a wide selection of I/O

Take advantage of built-in PID control, signal processing, and
analysis functions

Automatically take advantage of multicore CPUs or set
processor affinity manually

Take advantage of real-time OS, development and debugging
support, and board support

Purchase individually or as part of a LabVIEW suite

The NI 9232 analog input channels are referenced to an isolated ground through a 50 Q
resistor. Each channel is protected from overvoltages. The input signal on each channel is
buffered, conditioned, and then sampled by an isolated 24-bit Delta-Sigma ADC. You can
configure each channel in software for AC or DC coupling. For channels set to AC coupling,
you can turn the IEPE excitation current on or off. Refer to the software help for information
about configuring channels on the N1 9232.

Figure 1. Input Circuitry for One Channel

@
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The NI 9232 also has TEDS circuitry. For more information about TEDS, visit ni.com/info
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and enter the Info Code rdteds.

Filtering

The NI 9232 uses a combination of analog and digital filtering to provide an accurate
representation of in-band signals while rejecting out-of-band signals. The filters discriminate

4 | nicom | NI9232 Datasheet

103



between signals based on the frequency range, or bandwidth, of the signal. The three important
bandwidths to consider are the passband, the stopband, and the alias-free bandwidth.

The NI 9232 represents signals within the passband, as quantified primarily by passband ripple
and phase nonlinearity. All signals that appear in the alias-free bandwidth are either unaliased
signals or signals that have been filtered by at least the amount of the stopband rejection.

Passband

The signals within the passband have frequency-dependent gain or attenuation. The small
amount of variation in gain with respect to frequency is called the passband flatness. The
digital filters of the NI 9232 adjust the frequency range of the passband to match the data rate.
Therefore, the amount of gain or attenuation at a given frequency depends on the data rate.

Figure 2. Typical Passband Flatness
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Stopband

The filter significantly attenuates all signals above the stopband frequency. The primary goal
of'the filter is to prevent aliasing. Therefore, the stopband frequency scales precisely with the
data rate. The stopband rejection is the minimum amount of attenuation applied by the filter to
all signals with frequencies within the stopband.

Alias-Free Bandwidth

Any signal that appears in the alias-free bandwidth of the NI 9232 is not an aliased artifact of
signals at a higher frequency. The alias-free bandwidth is defined by the ability of the filter to
reject frequencies above the stopband frequency, and it is equal to the data rate minus the
stopband frequency.

Data Rates

The frequency of a master timebase (f),) controls the data rate (f;) of the NI 9232.

NI 9232 Datasheet | © National Instruments | 5
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Internal Master Timebase

The NI 9232 includes an internal master timebase with a frequency of 13.1072 MHz. When
using the internal master timebase, the result is data rates of 102.4 kS/s, 51.2 kS/s, 34.13 kS/s,
25.6 kS/s, and so on down to 0.98 kS/s, depending on the decimation rate and the value of the
clock divider. However, the data rate must remain within the appropriate data rate range.

The following equation provides the available data rates of the NI 9232:

fm
fS—mexn

where
f; 1s the data rate
far 18 the master timebase
m 1is the decimation rate
n is the clock divider from 1 to 26

There are multiple combinations of clock divider and decimation rate that yield the same data
rate. The software always picks the highest decimation rate for the selected data rate.

Data Rates with the Internal Master Timebase

The following table lists the available data rates with the internal master timebase.

Table 1. Available Data Rates with the Internal Master Timebase

.[ fs (kS/s) Decimation Rate Clock Divider
i 102.40 64 1
| 51.20 128 1
34.13 64 3
| 25.60 256 1
l 20.48 64 5
17.07 128 3
14.63 64 7
12.80 256 2
11.38 64 9

6 | nicom | NI9232 Datasheet

105



Table 1. Available Data Rates with the Internal Master Timebase (Continued)

fs (kS/s) Decimation Rate Clock Divider
10.24 128 5
9.31 64 11
8.53 256 3
7.88 64 13
7.31 128 7
6.83 64 15
6.40 256 4
6.02 64 17
5.69 128 9
5.39 64 19
5:12 256 5
f 4.88 64 21
| 4.65 128 11
4.45 64 23
4.27 256 6
4.10 64 P5
3.94 128 13
3.66 256 7
3.41 128 15
3.20 256 8
3.01 128 17
2.84 256 9
2.69 128 19
2.56 256 10
2.44 128 21
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Table 1. Available Data Rates with the Internal Master Timebase (Continued)

fs (kS/s) Decimation Rate Clock Divider
2:33 256 11
2.23 128 23
2.13 256 12
2.05 128 25
1.97 256 13
1.83 256 14
1.71 256 15
1.60 256 16
1.51 256 17
1.42 256 18
1.35 256 19
1.28 256 20
1.22 256 21
1.16 256 22
Tl 256 03
1.07 256 24
1.02 256 25
0.98 256 26

External Master Timebase

The NI 9232 also can accept an external master timebase or export its own master timebase.
To synchronize the data rate of an NI 9232 with other modules that use master timebases to
control sampling, all of the modules must share a single master timebase source. When using
an external timebase with a frequency other than 13.1072 MHz, the NI 9232 has a different set
of data rates. Refer to the software help for information about configuring the master timebase

source for the NI 9232.

\é Note The NI 9151 R Series Expansion chassis does not support sharing timebases

between modules.
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107



108

NI 9232 Specifications

The following specifications are typical for the range -40 °C to 70 °C unless otherwise noted.

A Caution Do not operate the NI 9232 in a manner not specified in this document.
Product misuse can result in a hazard. You can compromise the safety protection
built into the product if the product is damaged in any way. If the product is
damaged, return it to NI for repair.

Input Characteristics

Number of channels 3 analog input channels
ADC resolution 24 bits
Type of ADC Delta-Sigma (with analog prefiltering)
Sampling mode Simultaneous
Type of TEDS supported IEEE 1451.4 TEDS Class I
TEDS capacitive drive 3000 pF
Internal master timebase ( f};)

Frequency 13.1072 MHz

Accuracy +100 ppm
Data rate range ( f;) using internal master timebase

Minimum 0.985 kS/s

Maximum 102.4 kS/s
Data rate range ( f) using external master timebase

Minimum 0.977 kS/s

Maximum 102.73 kS/s

WiiHgues 3-Dala Hefe A b\ | |

fm
2Xmxn
Input coupling AC/DC (software-selectable)
AC cutoff frequency
-3dB 0.1 Hz
-0.1 dB 0.87 Hz maximum
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Figure 4. AC Cutoff Frequency Response

- | |

0.0

_0-5 /
1.0 /

Gain (dB)
|
(5]

0.1 1.0 10.0
Frequency (Hz)

DC voltage input range

Minimum +30.87 V

Typical 3305V

Maximum 132413V
AC voltage full-scale range!

Minimum +30.87 Vpk

Typical +31.5 Vpk

Maximum +32.13 Vpk

Channel-to-channel common-mode voltage  +1 V maximum
range (Al- to Al-)

IEPE excitation current (software-selectable on/off)

Minimum 4 mA

Typical 4.25 mA
IEPE excitation noise 100 nArms
IEPE compliance voltage 22 V minimum

If you are using an IEPE sensor, use the following equation to make sure your configuration

meets the IEPE compliance voltage range.

Figure 5. IEPE Compliance Voltage Range

(0'67 & Vcommon-mode o7 Vbias Ex Vfull-scale)

' The DC + AC voltage must be below the overvoltage protection of the NI 9232.
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where
Vommon-mode 18 the channel-to-channel common-mode voltage across two or more
channels
Vyias 1S the bias voltage of the IEPE sensor
Viullscale 18 the full-scale voltage of the IEPE sensor

\@ Note This equation must resolve to 0 V to 22 V.

IEPE fault detection?

Short circuit VAI<ISV
Open loop VAI>24V
Overvoltage protection +45 V for a low impedance source connected

between any two terminals

Input delay
64x decimation 30/f; + 3.0 us
128x decimation 29/f; +3.0 us
256x decimation 28/f; +3.0 us
Table 2. Accuracy
Percent of
Reading (Gain Percent of Range?®
Measurement Conditions Error) (Offset Error)*
Calibrated Maximum (-40 °C to 70 °C) +0.60% +0.23%
Typical (23 °C, £5 °C) +0.10% +0.023%
Uncalibrated® | Maximum (-40 °C to 70 °C) +1.50% +0.59%
Typical (23 °C, £5 °C) +0.40% +0.12%
Stability
Gain drift +25 ppm/°C
Offset drift (DC coupled) +320 pV/°C
2 Refer to the software help for information on reading the TEPE fault detection status.
3 Range equals 31.5V
4 DC coupled
5

Uncalibrated accuracy refers to the accuracy achieved when acquiring data in raw or unscaled
modes and in which calibration constants that are stored in the module are not applied to the data.
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Table 3. Gain Matching (Calibrated)

20 Hz to 40.96 kHz
Frequency Band Typical Maximum
Channel-to-channel 25 mdB 120 mdB

Table 4. Phase Matching (Maximum)

Frequency Band

20 Hz to 40.96 kHz

Channel-to-channel

(0.022°/kHz x f;)) +

0.045°

Module-to-module

(0.022°/kHz % fiy,) + 0.045° + (360° x fi, /fyr)

Passband frequency

0.4 -1

Table 5. Flatness (Peak-to-Peak)

Frequency Band 20 Hz to 20.48 kHz 20 hz to 40.96 kHz
Typical 70 mdB 75 mdB
Maximum 75 mdB® 100 mdB”

Table 6. Phase Nonlinearity (Maximum)

Frequency Band 20 Hz to 20.48 kHz 20 Hz to 40.96 kHz
AC Coupled 0.31° 0.31°
DC Coupled 0.025° 0.19°
Stopband
Frequency D575
Rejection 120 dB
Alias-free bandwidth 04 -1

Oversample rate

6

64 - f., 128+ £, and 256 - f,

For conformal coated version, the maximum flatness for 20 Hz to 20.48 kHz is 76 mdB.

7 For conformal coated version, the maximum flatness for 20 Hz to 40.96 kHz is 102 mdB.
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Rejection at oversample rate’

£,=10.24kS/s

95dB at 1.311 MHz

fs=102.4kS/s 120 dB at 6.554 MHz
Crosstalk ( fi, = 1 kHz) -125dB
CMRR
Channel-to-channel ( f;, < 1 kHz) 56 dB
Channel-to-earth ( f;, = 60 Hz) 107 dB
SFDR (f;, = 1 kHz, -60 dBFS)
f=102.4KkS/s 120 dBFS
fs=512kS/s 123 dBFS
fs=25.6kS/s 126 dBFS
Table 7. Input Noise
Data Rate 102.4 kS/s 51.2 kS/s 25.6 kS/s
AC coupled 251 pVrms 171 pVrms 127 pVrms
DC coupled 223 uVrms 150 pVrms 112 pVrms
Table 8. Dynamic range ( f, = 1 kHz, -60 dBFS)
Data Rate 102.4 kS/s 51.2 kS/s 25.6 kS/s
AC coupled 99 dBFS 102 dBFS 105 dBFS
DC coupled 100 dBFS 103 dBFS 106 dBFS
Input impedance
Differential 324 kQ

Al- to isolated ground

50Q

8 Rejection of analog prefilter at oversample rate.

NI 9232 Datasheet | © National Instruments | 13
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Table 9. Total Harmonic Distortion (THD)

Input Amplitude 1 kHz 10 kHz
-10.5424 dBFS -95 dB -85 dB
-20 dBFS -95 dB -85 dB

Intermodulation distortion (-10.5424 dBFS)
DIN 250 Hz/8 kHz 4:1 amplitude ratio  -80 dB
CCIF 11 kHz/12 kHz 1:1 amplitude ratio -100 dB

Power Requirements

Power consumption from chassis
Active mode 1 W maximum
Sleep mode 25 pW maximum

Thermal dissipation (at 70 °C)

Active mode 1 W maximum
Active mode (BNC variant) 1.5 W maximum
Sleep mode 25 pW maximum

Physical Characteristics

If you need to clean the module, wipe it with a dry towel.

@ Tip For two-dimensional drawings and three-dimensional models of the C Series
module and connectors, visit zi.com/dimensions and search by module number.

Screw-terminal wiring

Gauge 0.05 mm? to 1.5 mm? (30 AWG to 14 AWG)
copper conductor wire

Wire strip length 6 mm (0.24 in.) of insulation stripped from the
end

Temperature rating 90 °C minimum

Torque for screw terminals 022N mto0.25N -m(1.951b - in. to
2211b-in.)

Wires per screw terminal One wire per screw terminal; two wires per

screw terminal using a 2-wire ferrule

Ferrules 0.25 mm? to 1.5 mm?
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Connector securement

Securement type Screw flanges provided
Torque for screw flanges 02N-m(1.801b - in.)
Weight

NI 9232 with screw terminal 142 g (5.0 0z)

NI 9232 with BNC 159 g (5.6 0z)

Safety Voltages

Connect only voltages that are within the following limits.

Isolation
Channel-to-channel None
Channel-to-earth ground
Continuous 60 VDC, Measurement Category |

Withstand 1,000 Vrms, verified by a 5 s dielectric
withstand test

Measurement Category I is for measurements performed on circuits not directly connected to
the electrical distribution system referred to as MAINS voltage. MAINS is a hazardous live
electrical supply system that powers equipment. This category is for measurements of voltages
from specially protected secondary circuits. Such voltage measurements include signal levels,
special equipment, limited-energy parts of equipment, circuits powered by regulated low-
voltage sources, and electronics.

iz Caution Do not connect the NI 9232 to signals or use for measurements within
Measurement Categories II, I1I, or I'V.

\@ Note Measurement Categories CAT I and CAT O are equivalent. These test and
measurement circuits are not intended for direct connection to the MAINS building
installations of Measurement Categories CAT II, CAT II1, or CAT IV.

Hazardous Locations

U.S. (UL) Class 1, Division 2, Groups A, B, C, D, T4;
Class I, Zone 2, AEx nA 1IC T4
Canada (C-UL) Class I, Division 2, Groups A, B, C, D, T4;

Class I, Zone 2, Ex nA 11C T4
Europe (ATEX) and International (IECEX) Ex nA 1IC T4 Gce

NI 9232 Datasheet | © National Instruments | 15
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Safety and Hazardous Locations Standards

This product is designed to meet the requirements of the following electrical equipment safety
standards for measurement, control, and laboratory use:

IEC 61010-1, EN 61010-1

UL 61010-1, CSA 61010-1

EN 60079-0:2012, EN 60079-15:2010
IEC 60079-0: Ed 6, IEC 60079-15; Ed 4
UL 60079-0; Ed 6, UL 60079-15; Ed 4
CSA 60079-0:2011, CSA 60079-15:2012

@ Note For UL and other safety certifications, refer to the product label or the Online

Product Certification section.

Electromagnetic Compatibility

This product meets the requirements of the following EMC standards for electrical equipment

for measurement, control, and laboratory use:

EN 61326-1 (IEC 61326-1): Class A emissions; Industrial immunity
EN 55011 (CISPR 11): Group 1, Class A emissions

EN 55022 (CISPR 22): Class A emissions

EN 55024 (CISPR 24): Immunity

AS/NZS CISPR 11: Group 1, Class A emissions

AS/NZS CISPR 22: Class A emissions

FCC 47 CFR Part 15B: Class A emissions

ICES-001: Class A emissions

\@ Note In the United States (per FCC 47 CFR), Class A equipment is intended for

i )

use in commercial, light-industrial, and heavy-industrial locations. In Europe,
Canada, Australia and New Zealand (per CISPR 11) Class A equipment is intended
for use only in heavy-industrial locations.

Note Group 1 equipment (per CISPR 11) is any industrial, scientific, or medical
equipment that does not intentionally generate radio frequency energy for the
treatment of material or inspection/analysis purposes.

Note For EMC declarations and certifications, and additional information, refer to
the Online Product Certification section.
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CE Compliance C €

This product meets the essential requirements of applicable European Directives, as follows:
«  2014/35/EU; Low-Voltage Directive (safety)

*  2014/30/EU; Electromagnetic Compatibility Directive (EMC)

*  2014/34/EU; Potentially Explosive Atmospheres (ATEX)

Online Product Certification

Refer to the product Declaration of Conformity (DoC) for additional regulatory compliance
information. To obtain product certifications and the DoC for this product, visit ni.com/
certification, search by model number or product line, and click the appropriate link in the
Certification column.

Shock and Vibration

To meet these specifications, you must panel mount the system.

Operating vibration

Random (TEC 60068-2-64) 5 gms» 10 Hz to 500 Hz
Sinusoidal (IEC 60068-2-6) 5 g 10 Hz to 500 Hz
Operating shock (IEC 60068-2-27) 30 g, 11 ms half sine; 50 g, 3 ms half sine;

18 shocks at 6 orientations

Environmental

Refer to the manual for the chassis you are using for more information about meeting these
specifications.

Operating temperature -40 °C to 70 °C

(IEC 60068-2-1, IEC 60068-2-2)

Storage temperature -40 °C to 85 °C

(IEC 60068-2-1, IEC 60068-2-2)

Ingress protection P40

Operating humidity (IEC 60068-2-78) 10% RH to 90% RH, noncondensing
Storage humidity (IEC 60068-2-78) 5% RH to 95% RH, noncondensing
Pollution Degree 2

Maximum altitude 5,000 m

Indoor use only.

NI 9232 Datasheet | © National Instruments | 17
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Environmental Management

NI is committed to designing and manufacturing products in an environmentally responsible
manner. NI recognizes that eliminating certain hazardous substances from our products is
beneficial to the environment and to NI customers.

For additional environmental information, refer to the Minimize Our Environmental Impact
web page at ni.com/environment. This page contains the environmental regulations and
directives with which NI complies, as well as other environmental information not included in
this document.

Waste Electrical and Electronic Equipment (WEEE)

" EU Customers At the end of the product life cycle, all NI products must be
- disposed of according to local laws and regulations. For more information about
how to recycle NI products in your region, visit ni.com/environment/weee.

B EE~misHITHIEE/E (PE RoHS)

@@ thEZ A National Instruments 75 A H1 ] B (5 5L b oy B A Ao PR S e A 54
Jii$64> (RoHS) . 7% National Instruments H1[E RoHS & (5 H, iH &3
ni.com/environment/rohs china. (Forinformation about China RoHS

compliance, go to ni. com/environment/rohs_china.)

Calibration

You can obtain the calibration certificate and information about calibration services for the
NI 9232 at ni.com/calibration.

Calibration interval 1 year

Refer to the NI Trademarks and Logo Guidelines at ni . com/trademarks for information on NI trademarks. Other product and
company names mentioned herein are trademarks or trade names of their respective companies. For patents covering NI
products/technology, refer to the appropriate location: Help»Patents in your software, the patents. txt file on your media, or the
National Instruments Patent Notice at ni . com/patents. You can find information about end-user license agreements (EULAs)
and third-party legal notices in the readme file for your NI product. Refer to the Export Compliance Information at ni . com/
legal/export-compliance forthe NI global trade compliance policy and how to obtain relevant HTS codes, ECCNs, and other
import/export data. NI MAKES NO EXPRESS OR IMPLIED WARRANTIES AS TO THE ACCURACY OF THE INFORMATION
CONTAINED HEREIN AND SHALL NOT BE LIABLE FOR ANY ERRORS. U.S. Government Customers: The data contained in
this manual was developed at private expense and is subject to the applicable limited rights and restricted data rights as set forth
in FAR 52.227-14, DFAR 252.227-7014, and DFAR 252.227-7015.

© 2015 National Instruments. All rights reserved.
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DATASHEET

NI 9269

4 AO, +10 V, +40 V Stacked, 16 Bit, 100 kS/s/ch Simultaneous

*  Screw-terminal connectivity

e 250 Vrms, CAT II, channel-to-channel
isolation

INI9269

4 10V 16-Bit Anslog Outpet
Cnto-Earth and Ch fo-Ch solated *
~40'CSTas T

The NI 9269 is a four-channel, 100 kS/s per channel, channel-to-channel isolated module for
any NI CompactRIO and NI CompactDAQ chassis. Similar to the NI 9263 module, the NI
9269 adds channel-to-channel isolation for increased safety, improved signal quality, and the
ability to stack channels to output up to 40 V. NI CompactDAQ support has been added as of
NI-DAQmx Version 9.1 Channel-to-channel isolation is commonly needed for applications
that have multiple electrical systems, such as automotive test, or industrial applications that are
subjected to increased noise and often contain multiple ground planes.

NATIONAL
INSTRUMENTS
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C SERIES ANALOG OUTPUT MODULE COMPARISON

Product | Module Signal Sample

N g Bwnpes Channels Rate Isolation Resolution Connectivity
NI 9260 Vg:;%‘: 3vrms 2 51.2KS/slch None 24-Bit BNC, mini XLR
Voltage 5 Screw-Terminal,
NI 9263 Output 10V 4 100 kS/s/ch 250 Vrms Ch-Earth 16-Bit Spring-Terminal
Voltage 250 Vrms Ch-Earth (Spring) - Spring-Terminal,
Hlzced ) B il =10 & 25KSfsleh  “g5 ype Ch-Earth (DSUB) deBr 37-Pin DSUB
Current 0mAto 250 Vrms Ch-Earth, s ;
NI 9265 Output 20 mA 4 100 kS/s/ch Vsup-Earth, COM-Earth 16-Bit Screw-Terminal
Voltage 250 Vrms Ch-Ch = 3
NI 9269 Output =10V 4 100 kS/s/ch 250 Vrms Ch-Earth 16-Bit Screw-Terminal
n @
-

v Kit Contents N 9259
| nl ! « NI 9269 Getting Started Guide

r— & 4

I Accessories + N1 9971 backshell kit

NI provides more than 100 C Series modules for measurement, control, and communication
applications. C Series modules can connect to any sensor or bus and allow for high-accuracy
measurements that meet the demands of advanced data acquisition and control applications.

*  Measurement-specific signal conditioning that connects to an array of sensors and signals
«  Isolation options such as bank-to-bank, channel-to-channel, and channel-to-earth ground

*  -40 °Cto 70 °C temperature range to meet a variety of application and environmental
needs

*  Hot-swappable
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The majority of C Series modules are supported in both CompactRIO and CompactDAQ
platforms and you can move modules from one platform to the other with no modification.

CompactRIO

CompactRIO combines an open-embedded architecture
with small size, extreme ruggedness, and C Series
modules in a platform powered by the NI LabVIEW
reconfigurable I/O (RIO) architecture. Each system
contains an FPGA for custom timing, triggering, and
processing with a wide array of available modular I/O to
meet any embedded application requirement.

CompactDAQ

CompactDAQ is a portable, rugged data acquisition platform
that integrates connectivity, data acquisition, and signal
conditioning into modular /O for directly interfacing to any
sensor or signal. Using CompactDAQ with LabVIEW, you
can easily customize how you acquire, analyze, visualize,
and manage your measurement data. -\

Software

LabVIEW Professional Development System for Windows

»  Use advanced software tools for large project development
*  Generate code automatically using DAQ Assistant and Instrument
1/0 Assistant
*  Use advanced measurement analysis and digital signal processing
»  Take advantage of open connectivity with DLLs, ActiveX,
and .NET objects
*  Build DLLs, executables, and MSI installers

NI 9269 Datasheet | © National Instruments | 3
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NI LabVIEW FPGA Module
e *  Design FPGA applications for NI RIO hardware
Bk *  Program with the same graphical environment used for desktop and
Ela real-time applications
E! »  Execute control algorithms with loop rates up to 300 MHz
‘ *  Implement custom timing and triggering logic, digital protocols, and
DSP algorithms

*  Incorporate existing HDL code and third-party IP including Xilinx IP
generator functions

*  Purchase as part of the LabVIEW Embedded Control and Monitoring
Suite

NI LabVIEW Real-Time Module

*  Design deterministic real-time applications with LabVIEW
graphical programming
2 .-+ Download to dedicated NI or third-party hardware for reliable
— execution and a wide selection of /O
.7+ Take advantage of built-in PID control, signal processing, and
analysis functions
*  Automatically take advantage of multicore CPUs or set
processor affinity manually
*  Take advantage of real-time OS, development and debugging
support, and board support
*  Purchase individually or as part of a LabVIEW suite

Circuitry

e e e e L L R T ety o 5 e = il

1
1 AOO
Isolated Overyoltage/ ek
DAC Amp>> - 1-8hort-Circuit| | x50.
Protection ¢
e
e
1
|
1
O

Channel-to-Channel Isolation

Overvoltage/ o
Short-Circuit| 1 E
Protection -(PAOS
1
[}

Isolated >
AC

U
>
3
©

o e Pl - A - S e

The analog output channels are floating with respect to earth ground and each other. Each
channel has a digital-to-analog converter (DAC) that produces a voltage signal. Each channel
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provides an independent signal path, enabling you to update all four channels simultaneously.
Each channel also has overvoltage and short-circuit protection.

NI 9269 Specifications

The following specifications are typical for the range -40 °C to 70 °C unless otherwise noted.
All voltages are relative to the AO- signal on each channel unless otherwise noted.

A Caution Do not operate the NI 9269 in a manner not specified in this document.
Product misuse can result in a hazard. You can compromise the safety protection
built into the product if the product is damaged in any way. If the product is

damaged, return it to NI for repair.

Output Characteristics

Number of channels
DAC resolution
Type of DAC
Power-on output state
Startup voltage!
Power-down output state?
Output voltage range?
Nominal
Minimum
Typical
Maximum

Current drive

Output impedance

Gl RS

4 analog output channels
16 bits

R-2R

High impedance

oV

High impedance

10V

+[0.38 V
+10.47 V
+10.56 V

+20 mA all channels maximum;
+10 mA per channel typical

100 mQ

When the output stage powers on, a glitch occurs for 5 s peaking at -900 mV.
When the module powers down, a glitch occurs for 20 ps peaking at -600 mV.
Refer to the device Getting Started Guide on ni.com/manuals for information about the stacked

nominal output voltage range and current drive.

4 Range equals 10.47 V

NI 9269 Datasheet | © National Instruments | 5
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Table 1. Accuracy

Measurement Conditions Percent of Reading Percent of Range*
(Gain Error) (Offset Error)
Calibrated Maximum (-40 °C to 70 °C) | 0.17% 0.15%
Typical (25 °C, £5 °C) 0.05% 0.01%
Uncalibrated’ | Maximum (-40 °C to 70 °C) | 0.44% 0.37%
Typical (25 °C, £5 °C) 0.14% 0.05%
Stability
Gain drift 5 ppm/°C
Offset drift 80 pv/°C
Protection
Overvoltage +30 V
Short-circuit Indefinitely

Table 2. Update Time

Number of Channels | Update Time for NI cRIO-9151 R Update Time for All Other
Series Expansion Chassis Chassis
1 3.5 ps minimum 3 ps minimum
Z 6.5 {s minimum S ps minimum
3 9.3 s minimum 7.5 ps minimum
4 12.3 ps minimum 9.7 us minimum
Noise 300 pVims
Slew rate 7 V/ps
Crosstalk
Channel-to-channel 100 dB
Common-mode voltage 120 dB

3 Uncalibrated accuracy refers to the accuracy achieved when acquiring in raw or unscaled modes
where the calibration constants stored in the module are not applied to the data.

6 | ni.com | NI9269 Datasheet
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Settling time
100 pF load, to 1 LSB
Full-scale step
1 V step
0.1 V step
1 kQ || 100 pF load, to 4 LSB
Full-scale step
Capacity drive
Monotonicity
DNL
INL (best fit)

Power Requirements

Power consumption from chassis
Active mode
Sleep mode

Thermal dissipation (at 70 °C)
Active mode

Sleep mode

Physical Characteristics

20 ps
10 ps
10 ps

20 ps

1,500 pF maximum
16 bits

=] LSB maximum

+2 [.SBs maximum

1 W maximum

120 pW maximum

1.4 W maximum

77 mW maximum

If you need to clean the module, wipe it with a dry towel.

@ Tip For two-dimensional drawings and three-dimensional models of the C Series
module and connectors, visit ni.com/dimensions and search by module number.

Screw-terminal wiring

Gauge

Wire strip length

Temperature rating

Torque for screw terminals

0.05 mm? to 1.5 mm? (30 AWG to 14 AWG)
copper conductor wire

6 mm (0.24 in.) of insulation stripped from the
end

90 °C minimum

022N -mto 0.25N - m(1.951b - in. to
2211b-in.)

NI 9269 Datasheet | © National Instruments | 7
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Wires per screw terminal

Ferrules
Connector securement
Securement type
Torque for screw flanges
Weight

Safety Voltages

Channel-to-channel
Continuous

Withstand

Channel-to-earth ground
Continuous
Withstand

126

One wire per screw terminal; two wires per
screw terminal using a 2-wire ferrule

0.25 mm? to 1.5 mm?

Screw flanges provided
02N -m(1.801b - in.)
156 g (5.5 0z)

250 Vrms, Measurement Category II

1,390 Vrms, verified by a 5 s dielectric
withstand test

250 Vrms, Measurement Category 11

2,300 Vrms, verified by a 5 s dielectric
withstand test

Division 2/Zone 2 hazardous locations 60 VDC, Measurement Category |
applications (Channel-to-channel and

channel-to-earth ground)

Measurement Category I is for measurements performed on circuits not directly connected to
the electrical distribution system referred to as MAINS voltage. MAINS is a hazardous live
electrical supply system that powers equipment. This category is for measurements of voltages
from specially protected secondary circuits. Such voltage measurements include signal levels,
special equipment, limited-energy parts of equipment, circuits powered by regulated low-
voltage sources, and electronics.

ﬁ Caution Do not connect the NI 9269 to signals or use for measurements within
Measurement Categories II, III, or I'V.

\é Note Measurement Categories CAT I and CAT O are equivalent. These test and
measurement circuits are not intended for direct connection to the MAINS building
installations of Measurement Categories CAT II, CAT III, or CAT IV.

Measurement Category II is for measurements performed on circuits directly connected to the
electrical distribution system. This category refers to local-level electrical distribution, such as
that provided by a standard wall outlet, for example, 115V for U.S. or 230 V for Europe.

ﬁ Caution Do not connect the NI 9269 to signals or use for measurements within
Measurement Categories I or IV.

8 | ni.com | NI9269 Datasheet
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Hazardous Locations

U.S. (UL) Class I, Division 2, Groups A, B, C, D, T4;
Class I, Zone 2, AEx nA IIC T4
Canada (C-UL) Class I, Division 2, Groups A, B, C, D, T4;

Class I, Zone 2, Ex nA IIC T4
Europe (ATEX) and International (IECEx) Ex nA IIC T4 Gc

Safety and Hazardous Locations Standards

This product is designed to meet the requirements of the following electrical equipment safety
standards for measurement, control, and laboratory use:

+  IEC61010-1, EN 61010-1

UL 61010-1, CSA 61010-1

« EN60079-0:2012, EN 60079-15:2010

« IEC 60079-0: Ed 6, IEC 60079-15; Ed 4

» UL 60079-0; Ed 5, UL 60079-15; Ed 3

*  CSA 60079-0:2011, CSA 60079-15:2012

\é Note For UL and other safety certifications, refer to the product label or the Online
Product Certification section.

Electromagnetic Compatibility

This product meets the requirements of the following EMC standards for sensitive electrical

equipment for measurement, control, and laboratory use:

* EN 61326 (IEC 61326): Class A emissions; Industrial immunity

+ ENS55011 (CISPR 11): Group 1, Class A emissions

»  AS/NZS CISPR 11: Group 1, Class A emissions

* FCC 47 CFR Part 15B: Class A emissions

» ICES-001: Class A emissions

\é Note For the standards applied to assess the EMC of this product, refer to the
Online Product Certification section.

CE Compliance C €

This product meets the essential requirements of applicable European Directives, as follows:
*  2014/35/EU; Low-Voltage Directive (safety)

*  2014/30/EU; Electromagnetic Compatibility Directive (EMC)

*  94/9/EC; Potentially Explosive Atmospheres (ATEX)

NI 9269 Datasheet | © National Instruments | 9
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Online Product Certification

Refer to the product Declaration of Conformity (DoC) for additional regulatory compliance
information. To obtain product certifications and the DoC for this product, visit ni.com/
certification, search by model number or product line, and click the appropriate link in the
Certification column.

Shock and Vibration

To meet these specifications, you must panel mount the system.

Operating vibration

Random (IEC 60068-2-64) 5 8ms> 10 Hz to 500 Hz
Sinusoidal (IEC 60068-2-6) 5 g, 10 Hz to 500 Hz
Operating shock (IEC 60068-2-27) 30 g, 11 ms half sine; 50 g, 3 ms half sine;

18 shocks at 6 orientations

Environmental

Refer to the manual for the chassis you are using for more information about meeting these
specifications.

Operating temperature -40 °C to 70 °C

(IEC 60068-2-1, IEC 60068-2-2)

Storage temperature -40 °C to 85 °C

(IEC 60068-2-1, TEC 60068-2-2)

Ingress protection 1P40

Operating humidity (IEC 60068-2-78) 10% RH to 90% RH, noncondensing
Storage humidity (IEC 60068-2-78) 5% RH to 95% RH, noncondensing
Pollution Degree 2

Maximum altitude 2,000 m

Indoor use only.

Environmental Management

NI is committed to designing and manufacturing products in an environmentally responsible
manner. NI recognizes that eliminating certain hazardous substances from our products is
beneficial to the environment and to NI customers.

For additional environmental information, refer to the Minimize Our Environmental Impact
web page at ni.com/environment. This page contains the environmental regulations and
directives with which NI complies, as well as other environmental information not included in
this document.

10 | ni.com | NI 9269 Datasheet



Waste Electrical and Electronic Equipment (WEEE)

"] EU Customers At the end of the product life cycle, all NI products must be
= disposed of according to local laws and regulations. For more information about
how to recycle NI products in your region, visit ni.com/environment/weee.

BFEEFRSRITHERME (FE RoHS)

@@ hEZA National Instruments 75 & F B HE 145 57 i o PR il 4 5 20 54
Fit64 (RoHS) . %T National Instruments 7 [E RoHS &H#itE(S B, 18 5%
ni.com/environment/rohs china. (For information about China RoHS

compliance, go to ni .com/environment/rohs china.)

Calibration

You can obtain the calibration certificate and information about calibration services for the
NI 9269 at ni.com/calibration.

Calibration interval 1

Refer to the NI Trademarks and Logo Guidelines at ni .com/trademarks for information on NI trademarks. Other product and
company names mentioned herein are trademarks or trade names of their respective companies. For patents covering NI

products/technology, refer to the appropriate location: Help»Patents in your software, the patents. txt file on your media, or the

National Instruments Patent Notice at ni.com/patents. You can find information about end-user license agreements (EULAs)
and third-party legal notices in the readme file for your NI product. Refer to the Export Compliance Information at ni . com/

legal/export-compliance for the NI global trade compliance policy and how to obtain relevant HTS codes, ECCNs, and other

import/export data. Nl MAKES NO EXPRESS OR IMPLIED WARRANTIES AS TO THE ACCURACY OF THE INFORMATION
CONTAINED HEREIN AND SHALL NOT BE LIABLE FOR ANY ERRORS. U.S. Government Customers: The data contained in

this manual was developed at private expense and is subject to the applicable limited rights and restricted data rights as set forth

in FAR 52.227-14, DFAR 252.227-7014, and DFAR 252.227-7015.

© 2016 National Instruments. All rights reserved.
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AMANUIN .
PCB Piezotronics, Inc. Model: 352C65
ICP® accel., 100 mV/g, 0.5 to 10k L%im‘g, 5-44 side conn. x50g
Data Sheet
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ICP® is a registered trademark of PCB Group, Inc.

Model Number @ Revision: L
352C65 ICP~ ACCELEROMETER COETEST
aaes
Performance ENGLISH st OPTIONAL VERSIONS
i (10 %) 100 mV/ig 10.2 mV/(m/s?) Optional versions have identical specifications and accessories as listed for the standard model
Measurement Range 450 g pk 491 m/s? pk except where noted below. More than one option may be used.
Frequency Range (25 %) 0.5 to 10000 Hz 0.5 to 10000 Hz
Rarge (#10 %) 0.3 to 12000 Hz 0.3 to 12000 Hz A - Adhesive Mount 6]
cy Raue (£3dB) 0.2 to 20000 Hz 0.2 to 20000 Hz Supplied Accessory : Model 080A90 Quick Bonding Gel (1) replaces Model 080A15
Resonant Frequency 235 kHz 235 kHz
Phase Response (+5°) (at 70° F [21° C]) 210 6000 Hz 2 10 6000 Hz HT - High temperalure, extends normal operation temperatures
Broadband Resolution (1 to 10000 Hz) 0.00016 g rms 0.0015 m/s? rms [1] | Frequency Range (5 %) S5Hz 5Hz
Non-Linearity 1% A% @] F Range (10 %) 3Hz 3Hz
Transverse Sensitivity <5% <5% 4] v (3dB) 2Hz 2Hz
Environmental Temperature Range (Operating) -65 to +250 °F -54 o +121°C
Overload Limit (Shock) +5000 g pk +49050 m/s? pk Discharge Time Constant 0.08 to 0.24 sec 0.08 t0 0.24 sec
Temperature Range (Operating) -65 to +200 °F -54 10 +93 °C 2 Broadband Resolution (1 to 10000 Hz) 0.0002 g rms 0.002 m/s? rms
Temperature Response See Graph See Graph Spectral Noise (1 Hz) 75 pg/vHz 736 (um/s?)NHz
Base Strain Sensitivity <0.005 g/pe <0.05 (m/s?)/pe 1 Spectrat vaise (10 Hz) 25 ug/NHz 245 (um/s?yVHz
Electrical 5 ug/VHz 49 (um/s?)NHz
Excitation Voltage 18 to 30 VDC 1810 30 VDC 1.5 pg/iNHz 14.7 (nm/s?)NHz
Constant Current Excitation 210 20 mA 21020 mA
Output Impedance <300 ohms <300 ohms J - Ground Isolated
Output Bias Voitage 8t012VDC 8o 12VDC Frequency Range (5 %) 8 kHz 8 kHz
Discharge Time Constant 081024 sec 081024 sec g y Range (10 %) 10 kHz 10 kHz
Settling Time (within 10% of bias) <10 sec <10 sec Fi y Range (3dB) 16 kHz 16 kHz
Spectral Noise (1 Hz) 60 ug/NHz 588 (um/s?)/vHz (1] | Resonant Frequency 230 kHz 230 kHz
(10 Hz) 16 ug/NHz 157 (um/s?YVHz (1] | Electrical Isolation (Base) >108 ohms >10° ohms
vise (100 Hz) 5 ng/NHz 49 (um/s?)NHz U] Size (Hex x Height) 0.37inx 0.55 in 9.5 mmx 14.0 mm
i 1se (1kHz) 1.5 ngiNHz 14.7 (um/s?)NHz {11 | weight 010z 28gm
Physical
Sensing Element Ceramic Ceramic M - Metric Mount
Sensing Geometry Shear Shear Mounting Thread M3 x 0.50 Male M3 x 050 Male
Housing Material Titanium Titanium Supplied Accessory : Model MO80A15 Adhesive Mounting Base (1) Model 080A15
Sealing Welded Hermetic Welded Hermetic
Size (Hex x Height) 0.31inx0.42in 79 mmx 10.7 mm W - Water Resistant Cable
Weight 0.070 oz 20gm (1] Electrical Connector Sealed Integral Cable  Sealed Integral Cable
Electrical Connector 5-44 Coaxial 5-44 Coaxial Electrical Connection Position Side Side
Electrical Connection Position Side Side
Mounting Thread 5-40 Male 5-40 Male
Mounting Torque 810 12in-Ib 9010 136 N-cm NOTES:
1 ao P 1 200 nsta dBic wWMT opiosbck
= i T °F to 250°F data valid wil option onl
® Typioal 4° vyleqe G T“ Zero-based, least-squares, straight fine :&3&9
£ [4] Transverse sensitivity is typically <= 3%.
Hm 20 [5] See PCB Declaration of Conformance PS023 for details.
s 10 ) - —— (6] M g stud , adhesive mounting base not required
S g e W
Z A0t |
5] b4 & X
® 5 -70 -30 10 S0 90 130 170 210 250 | Model 080A15 Adhesive Mounting Base (1)
Model ACS-1 NIST traceable frequency response (10 Hz to upper 5% point)
Temperature (°F)
All ifications are at room temp, unless otherwise specified.
In the interest of constant product improvement, we reserve the right to change specifications without notice. m:.m.may Engineer: gv. Sales: IO )nnBS&\W‘ Spec Number:

o«.@\\\NN\DNu Date: __T..._o.w Dale: QCN( Date: \\\h.u\u- 8339

CPCB PIFZ0TRONICS

VIBRATION DVISICN

2428 Wialdan Avnniun Nanas: KV 140472

Phone: 716-684-0001

Fax: 716-685-3886

E-Mail: vibration@pcb.com
s
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LV-11SA/11SAP

03.9, 5-core x Brown/Blue: 0.34 mm?

Black/White/Pink: 0.18 mm?
| | Cable length: 2m
N s RS
|

107
(Maximum i
when the
cover is
opened)

8 min.

When the mounting bracket
(included with LV-11SA(P)) is attached:

Lo aIJ 277}

) l

38 tT—j

Spot facing: 6, d=2.7

2x(44x34)
Spot facing: o7 d=4

uiim Addud (Inouaud) 9198 02-369-2777  hitps://www keyence.co.th/ 2018/11/22 Page:2/2
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Data Sheet KEYENCE

LV-841

Sensor head, Spot Reflective, Small

Ce

| SPECIFICATIONS

Model Lv-841

Type Small

FDA (CDRH) Part 1040.10 Class 1 Laser Product

IEC 60825-1 |

Light source | Visible red semiconductor laser, Wavelength: 655 nm

Detecting MEGA 600 mm S

Ml ULTRA 500 mm Ty, N
I'super T 400 mm e
TURBO S SN\ Neoggn/ 7 7 7 T
FINE B NN NWkoih /7 7 7 o Ty N
lhsp NN s ey . A%

Environmental resistance Ambient temperature— |« | 1010 +50.°C (No freezing) T A%

Material 7y 4 " case 3 — | Glass reinforced plastic [ N\
osn— QF " NJg~ lrvcamnaed )~ W) —_ [} W\

y & LLeﬂS COEY BeW S~ 7/ ] Ivtirbo!ne»neilasgl‘c PN F . P a B
Weight /L approxitog 7 ey A %

KEYENCE INDIA 1-800-103-0090  https:/www.keyence.co.in/ 2018/05/09 Page:1/2
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Data Sheet KEYENCE

| Dimensions
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