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CHUTIMA WATCHAPAN : SENSOR TESTING SET FOR TOOL WEAR MONITORING
WITH VIBRATION SIGNALS.  ADVISOR : ASST. PROF. DR. WARAKOM NERDNOI,
123 PP.

This research is a study of low cost accelerometer (ADXL) and testing to
compare with reference accelerometer (PCB). The testing vibration signals on beam
that was generated by a rotated unbalance mass which was drove by DC motor. The
rotating speed of motor was adjusted to 97, 120, 127, 134 and 159 Hz which was
measured by Tachometer (HIOKI 3403). The measured signals of ADXL was read with
sampling rate 10 kHz and 10000 data where the measured signals of PCB was read
with sampling rate 51.2 kHz. These vibration signals were collected and analyzed on
time-domain and frequency-domain with LabVIEW program that was developed by
AIE&T Laboratory. In these testing the ADXL and PCB were fixed on the same position
on vibrated beam and collected signal at the same time.

In these testing, the signal from ADXL can gave a right frequency of the
rotated unbalance mass, the errors were less than 3 % which were compare to PCB
and Tachometer. For the time-domain analyze of Mean and SD values, the results
shown the same trend between the ADXL and PCB signals. At the higher frequency
of unbalance mass rotating, there were good results since there were a strong

vibration signals that were effect from more centrifugal force at high rotating speed.
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2.1 MaNNITNUFIY
2.1.1 nalnnisanusa (Tool Wear Mechanism) [2]
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212 gﬂiﬁwa\‘iﬁmﬁﬂ (Tool Geometry) [3]
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1. Toughness LUuAMaINsavesfanazsundsnulasliifinnswanse

waniin Janfaglivilindnaisidnuasnansyning Anuudeuse (Strength) wazANuilen

(Ductility)
2. Hot Hardness iupnuanunsavesianiazdansanunddlildngamaiias
3. Wear Resistance L‘lJumma'm’1'imlENaamiumwmmumamma%
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fuogslstuegiutagiidenuild Sanfiteuianldvindada 1éun mdnndraisueu (Plain
Carbon and Low Alloy Steels) mammmmmm (High-Speed Steel, HSS) langwasl
laueat (Cast Cobalt Alloys) @usaslun (Cemented Carbides, Cermets) wshiing
(Ceramics) s (Synthetic Diamond) {usu ArAunduazanuudswesian ylasaig

nldvirfindauandluguil 2.7 laee Transverse Rupture Strength {uAnfild#iansan Toughness

VI IEN
Transverse Rupture Strength

Material Hardness Ib/in.? (MPa)
Plain carbon steel 60 HRC 750,000 (5200)
High-speed steel . 65 HRC 600,000 (4100
Cast cobalt alloy 65 HRC 325,000 (2250)
Cemented carbide (WC)

Low Co content 93 HRA, 1800 HK 200,000 (1400)

High Co content 90 HRA, 1700 HK 350,000 (2400)
Cermet (TiC) 2400 HK 250,000 (1700)
Alumina (Al,O3) 2100 HK 60.000 (400)
Cubic boron nitride 5000 HK 100,000 (700)
Polycrystalline diamond 6000 HK 150,000 {1000)
Natural diamond 8000 HK 215,000 {(1500)
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Ceramics
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Cast cobalt alloys

g « :
=
B
-;_-” 30

20 High-speed steels

Ptain carbon steels
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| I | | l | | -
200 400 600 800 1000 1200 1400

Temperature (°F)

A 1 1 [y a 1
E‘U‘Vl 2.8 ATAIMUUUIVDITAR TUANTNE)

JUT 2.9 wansdl n uag C vatianuliaieg Aldiuineienisldnuesie
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ARLAYANNITVDUNELADT LRBAIAINA1IIATNANIIENITHNAIH BR51N15UU (Feed) = 0.01

In/Rev (0.25 Mm/Rev) kaga1uanlunis@n (Depth of Cut) = 0.10 In (2.50 Mm)
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C

Tool Material n ft/min (m/min)
Plain carbon tool steel

Nonsteel cutting 0.1 200 (70)

Steel cutting 0.1 60 (20)
High-speed steel

Nonstee! cutting 0.125 350 (120)

Steel cutting 0.125 200 (70)
Cemented carbide

Nonsteel cutting 0.25 2700 {(900)

Steel cutting 0.25 1500 (500)
Cermet

Steel cutting 0.25 2000 (600)
Coated carbide

Steel cutiing 0.25 2200 (700)
Ceramic

Steel cutting 0.6 10000 (3000)

JUN 2.9 A1 n wae C vavianuilasiie Alddunneensldnuvedindnlagaunisveandiaes

Anausslunsdafimunzaudmiutaniilavihfindnutins1 wasdfiEuld
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wandluzuil 2.10

Year of Allowable Cutting Speed,

Tool Material Initial Use ft/min (m/min)*
Plain carbon tool steel 1800s

Nonsteel cutting -+ Below 30 (1

‘Steel cutting Below 15 (5)
High-speed steel 1900

Nonsteel cutting 75=200 (25—65)

Steel cutting 50—100 (17—-33)
Cast cobalt alloys 1915

Nonsteel cutting 150—600 (50—200)

Steel cutting 100—-300 (33—100)
Cemented carbides (WC)

Nonsteel cutting 1930 1000—2000 (330—-650)

Steel cutting 1940 300—900 (100—=300)
Cermets (TiC) 1950s

Steel cutting 500—-1200 (165—400)
Ceramics (Al;O3) 1955

Steel cutting® 1000—2000 (330—650)
Synthetic diamonds 1954, 1973

Nonsteel cutting 1200—-4000 {390—1300)
Cubic boron nitride 1969

Steel cutting 1500--2500 (500—800)
Coated carbides 1970

Steel cutting® 500—-1200 (165—400)

5‘U°I/I 2.10 ﬂ’W‘YJ']lILi’ﬂ‘Hﬂ'ﬁﬁm‘VlL‘VillWuﬁﬂJﬁ’miU'Jﬂ(ﬂm‘UVl’]iJﬂ@WEJUWG]’N"‘] wazd LQELII‘U
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wlazgdinsiaunsnwuuddulunteuldiuegraunsvatedu mdnnaiaiasage (High-

Speed  Steel) MswuTanluYIMEIY uNduKanvalanenaundauauTRNLAY

q

sudamsfinnsanlangine1vesiag luunihznanisauaudivostagilivhindnurssie
Xail
1. Plain Carbon And Low-Alloy Tool Steels
wanndafueu viemanndnitdunanveslangnandun i 1uag
vilausng Agnitannlivhiiednnouiaziinsianmanndianaiags wanndasueudiaz
Tdlunrsdnanunsavinlidinauudegsds 60 Rockwell € walullagiulirssdeuldly
gavinsanilesnnienldlifluanzmsdaiiinauieuge snulunuidannuslu
N15EAEY
2. High-Speed Steel (HSS)
winndmnuisigesiidmnauvodlavgnauinndwihliannsonmaiu
wdswesianliAngamgiiguilefisudumanndianiven Jsanansaldauinimnadings 1o
widnndanusigdinarsviausamnsanualu 2 Ussianlnglq Tngaatuminndewsiu
(AIS) Leun
1) fiafkausisany (Tungsten Type) 5831 WanNIAT (T-Grades)
2) wiaTinauluduity (Molybdenum Type) S8nn widninsasu (M-
Grades)
manndnsiainansisany axiivisamy W) ulangnaundnlusnsidiu
12-20% usnanislansnansue s Tasilon (Chromium, Cr)  Ussanas 4% wae
MuFEN(Vanadium, V) 1-2% manndmnuisigansad Mduiiinuagldfumnvionds
flo T1 Wamanndanumsiguin 18-4-1 axilansaansai18% W, 4% Cr uag 1% V
wanndnwilainaulududty sxiiisanunagluduitindudiunauvanly
§n91du 6% waz 5% mudiy Tauialavenaudug WuReatumsninnd dmuauanli
yoslavignauvdiasineg Mislumdnndranugauanslifiogui 2,11
wanndauiigevhlasidunanvesaniueu (O Usyanm 0.75 - 1.5%
Tumsmsdmanndnnusigeasiianuddguasdenldiuunnlulagiuuditsiinisldaun
uuud Tngazinziuiindnuioinieaflodafifisusedudouitu aeniang aenfiu viedin

v @ v Lo 1 2/ vl < =
AnduAl WaNINTUFIENUITARIUNTEUIUNITNNANUTBULITAIULTIF90 65 Rockwell C
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5udadlen Toughness  VirputnsaallaliguAUIanvlndY W wIInd Wsediuudasiud

[ [
dI Y o

dmiunsuulenuantivseinulssaninmlunisdnvesiagsiailvazuvinlalaenis

wwaauRImglmnleululesa (Titanium Nitride, Tin)

Alloying Element Functions in High Speed Steel

Tungsten Increases hot hardness
Improves abrasion resistance through formation of
hard carbides in HSS
Molybdenum Increases hot hardness
Improves abrasion resistance through formation of
hard carbides in HSS
Chromium Depth hardenability during heat treatment
Improves abrasion resistance through formation of
hard carbides in HSS
Corrosion resistance (minor effect)

Vanadium Combines with carbon for wear resistance
Retards grain growth for better toughness

Cobalt Increases hot hardness

Carbon Principal hardening element in steel
Provides available carbon to form carbides with other
alloying elements for wear resistance

U7 2.11 pasanRvedlanenauwingiieg Minlumdnndaanusias

3. Cast Cobalt Alloys
lavignaulaueay azUsznaulusig laveaniuszauna 40-50%, lasilys
Useanas 25-35%, Tisanuusyana 15-20% waglavisnaudug wn3esdlefnudedindaiiviiann
fanvdintasgnudaliisuinsfidesnisdenssuiunisvaeluusfisinslaldudasianns
Wesluliiisusisuazanuauniudenis Auaudilun1snunsdnuse (Wear Resistance)
wiligeninmdnndenuiigeudlaifivinduudenslud qaaudfses Toughness 2wgendn
Fuudasludualsifivinmanndianudigs dmaranuudsdumsiavluannzifian

Jaugs (Hot-hardness) vadlavenaulauaariazilAog seninalanmaes

v
v a A

dnafniivinannTanviiatiavinanziun1sinneu (Heavy Roughing Cuts)
fAnuSiganindadainainmanndianusigaazisnsinisteuaaninfiadafivinain

FLUUAAISIUALAZAIUITOLTFANIDNARTUIUNYINIANNTanswazelany sdnaafnway
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n3lie JagtuliadaiinainlavenaulaveaniaudAydeenidiadaiinainimanna
AMILSIGIRAZTIUAAISLUA
4. Cemented Carbides, Cermets And Coated Carbides

Cemented Carbides tHunguuasiagivihainvisamuanslus (Wo) Tngld
Lﬂﬁﬁﬂﬂﬂiﬁugﬂﬁaaiawzwq (Powder Metallurgy Technique) lnefilaveaiduianuszaiu
sudvenafidmnandu wu limudeuaslud (Tio) uwaz unumauaslud (Tao) Tugaausn
voensvidindnainduudansluddiunauvdnsduiianuasluduaglnuoaridsaninseld
Iumiﬁ’m%uqmmﬁﬂwdaLLazs‘??umuﬁlﬂﬁzﬂamstwmmia%’fmuﬁmmL%J@qum’jqﬁmé’mﬁ

ManuannaANEIgIsaglanenaulavean uanuiinisdnvsewuy Crater Wear indiu

v a o =

pgumaduiliegnslinuvesindadivinanduudansluflugausng deudrsduuarlsl
wansfunsintunuivhammdn mnduiintsdunvdnmauiivldnsinvseanas T
nsdlmudennslug (i) wezunumduanilus (Tao) Sedunaslmidanunsaldluns
Faviserintunuiiviainmanlase fuuduuiaslud Saansaudadu 2 Ussanlng
Tawn

1) insaildinTunuildltman (Non-Steel Cutting Grade) 19U
aafifley nouniod vewwnwuniliden wanvas ssldiunauvande vamuaisluduay
lauaad (WC-Co)

2) insaTldTuTuuiivihannivdn (Steel Cutting Grade) L9y wdnnan
A$UBUAN AuAad Vi plaveNaIngavANE U il unaLBnasegwAe lnidounslud
(Tic) waz WNUNIAUAIILUA (Tac)

anauTRvestuudesludisaonnsnasadia fu laun

1) 4AIAUNUKTITAFS (High Compressive Strength) WANAIAIINNY
W3aFeEEsUIUNaNs (Low-To-Moderate Tensile Strength)

2) ATNUTIg9 (High Hardness)

a1

3) armddlu maviendigamgiigeiangs (Higsh Hot Hardness)
a4) mmmwiamiﬁﬂmaqq (High Wear Resistance)

5) A1N15ANTeUge (High Thermal Conductivity)

6) Alugaavesdatafings (High Modulus of Elasticity)

7) 1 Toughness AINIUMENNEIAINSIE
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AUNANTDITUUARISLUATLTAIIUNAINNATBTIAINITORUINGUATY

U195 ANSI 13807 SEUUINIAT (C-Grade System) §UM 2.12 WAAITEUUNTATYBITLLIUG

Aslun NsUszynAlda Auauds wasdiunay

Nonsteel-cutting
grades: Steel-cutting
Al, Cu, brass, grades "
Ti, cast iron %
A : cs {L o
o C1 Roughing o
c w P =
;—2 é c2 General purpose C6 % %
n =] ke,
Sl 21| c3 Finishing c7||S |8
@ '2 & 7]
L] [=
4  Precision finishin C8 2
= v C g o
P_
Generally no Contain e
TiC, TaC TiC, TaC

Abrasive wear resistance

e 2

Crater wear resistance

-
-

JUN 2.12 M33ALUINGUANIATTIUIINTEUUNSATVRITIUAATS L UA

Cermets udunauvaawsiinduwazlanzunsuiin lnedwudansluaieidu
Fanuiandslungy Cermets uidnuaizlanizyes Cermets Aoazildunanvostmiiion
aslud (Tio) ununmdumislud (Tao)  waglwideuanslululesd (Ticn)  AdldniAauas
Tududtudutaguszaiu wanedumsiatunuiiviian wlnné auauiad wagwdnudedi
anudigauardnsnisteusidsasinlifnvestumubeulaseslisndusesdinmissely

Coated Carbides ifufwudnsludfideuioune é’aeﬁa@ﬁwwiamsﬁﬂma
i imdeuaislud nnidenlulasd waz/vse egiifleneanlun (AL0,) AURIYEY
nsiadiouazuanneglutae 0.0001 - 0.0005 @1 (2.5-13 um) iilesnnuinnisiadoud
puniuluagilianiuszuazuanie Sadafvhaintagsinddeuldtuiumuiiviian

wiannaewazmanndilunszuiunisndsuaznszuaunisiataeldauiags luszuends
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finswaudanlildauivlansuenngunanlalaenisindeumedand1suiaiu u
lasfleum1slun (Cro) wesladeululasd (Zm) wazinys (Diamond) Favsiegnaignisly
Nuvaadindnla

5. Ceramics

! v A

widnd.luianildiunaundnfie safiloneanled (Al,0,) Nfinsu

9

azdununn Tudsuin 99% tneuszuna wazenadoanlunviindus nauegaeiantiaeity
woslauusanlen (Zirconium Oxide) w3lndgnuanlaunszUIUNITNABATUTUTIAIINGAY
wazaaumgilgelaelideddianuszanu (Sintering Process) dadnilviainigsiiindagldala

Adenlunisndunanrasuazimannaianiiusigs neanizlunisndsasidendeasli

v '
a =

Avduuiinunn wilivingededsdunisianeiuiiesainiien Toushness 61 wonani
ﬁﬂéf@ﬁﬁéfmmammaqﬁLﬁamaaﬂlﬁﬁﬁﬂgff[fé’faéWQLLWiuawaiuaﬂu%’mazLﬁam (Abrasive) LUu
nsdeszlu

6. Synthetic Diamonds and Cubic Boron Nitride

Synthetic Diamonds #3einysdauAs18 uUsIANTanaaneimia1an

o aa

13 (Diamond) Wutludanniinuwiefian aann133nA1ANRdsnUI s aziinAuLd

a a

wnnivisanuansluduazeglifleusenlyduseann 3-4 v Wesinanuwialuguauds

dnAnyUsznisnilsvediadaninvinlimesiuniduianfigniansanidiunldau nszuiunis

Y

' £
v a o [ & =

wAniindiniianmesdauaziildlaenssuiunsnadatugumasisiinsuaz Sonuind
Anusulazgamgigiagliifediianuszau dmunslduvesdindaiivianimysazien
Tlunsiatunuililaniniianudiguarlflunsdeituoudldldlanzidu Tiues
nand (Fiberelass) uaznsills dndunuiivhanmanlddesfonlifuiiedasietiiesanay
WaufAsemaaiiszrinamaniuesuaulumngs

Cubic Boron Nitride (CBN)  1Juianiifinauudesedassnainings

a

nsrvLMIHanITilauiuAslinsneganUiukaranvgias IneUnAdinlglunisideu

Y Y

A a o ao = ¢ s dl o aaa o 3 a a o Y}
NUN@@@WWW‘UWﬂ‘UL@Ju@]ﬂWﬂU@ LaELUe9a1n CBN "UﬁllW]']UﬂﬂiEJ']ﬂ‘ULMaﬂLLaSUﬂLﬂaL‘WNBUﬂ‘U

wirs vinlmdundeuldlunisinduanunvinannmdnnaiwazlaneuauiniia Janniaosasil

q

51N satunstnldnudludesiiadsfuyuiie
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2.1.0 USenNUBIN1SanNNsauLLaAnag [5]

ﬂ']iﬂ']iﬁﬂﬁﬁ’e]‘ljuﬁﬂﬂaﬂaﬂll']ﬁﬂLLUI\‘i’eJ’eJﬂLidJ‘L! 4 UsZLANATUAaNBUE VD

Fuvafinnsinvse faguil 2.13

Flank wear
bandwidth (FW)

Notch wear

Nose radius wear

JUN 2.13 msdnvseveslulinnds

1. msdnusevuRvau (Flank Wear) iinannmsdnguasiiaulusifuvey
ANFRvRIlinUIIM Flank Face waziavwinlaainaugswessesdnusevse Flank Wear

Band Width WiatAnn1sanusauuRIMauLINTUAILIAAALTINNINTSYIUINTU fagun 2.14

SUN 2.14 msdnnseuuimvauy
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2. M3ANNTBUURIAIY (Carter Wear) LAnannstndivisenssunnvaey
langfiuiiin Rake Face waziingaumgiiiawlaneauin Jufnanvasunguriososdn

Aalndeiuausin fagui 2.15

UM 2.15 M3ENYITBULRIAY

3. NsanusaNUateiinnga (Nose Wear) LHun1s@nnsendatsilandaiy

v
v v I

FuaunmaediniReu F9gaINanuANYBITUIIY AIFUN 2.16

29um Thickmess

5UN 2.16 mydnnsenuaredanas
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4. n3AnnIoaN YT (Nose Wear) Ainnsanusoilumaudnausiid

\in Flank Wear L11a991n0an159n@31n09 LN 9931971

2.1.5 famnuaiuiunisinnseuuausageduiinndmiumnasgiu 1SO [6]
1. MIWULLURYBINISENTIBULRIAU (Flank Wear)
105571 150 ladinsiuaunvaInIsdnuseuuRiviau (Flank Wear) e
TnsinvunavesnisanvrsauuRvay (Flank Wear) Wululunuimiaientu lnewavesnis

dnnseuuiiaviay (Flank Wear) wandluguil 2.17

The important dimensions
are those in zone B, -
I.e. Ve, Vo, and the

dimension Kr shown on the A
cross-section b

SUN 2.17 1WAUeIN3annIonuInsgILaIna (1So) [7]
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mﬂgﬂﬁ 2.17 1193371 1SO lawusunvesnisdnuseuuiavau (Flank Wear
Zone) aanlu 3 1um Ao 1wm A 1wa B wazus C lnaivualy B Wusserteudnlunisdn
Boutuany

1) e A L?]umeﬁaQUuﬂaﬁaué’ﬂuiuqmammﬁm UINTFIU SO 3685:1993
(B) lemualiiion A fldwindu 1Tu 4 9ee B (dle B fe svaztlourudn) fefuandlugy
7 2.17

2) wwn B [uwedleguuiimautuieaiuen A wazivn B Aduediler
JenI9UR A fulwn C 104 1SO 3685:1993 (B) luildmmunyeninsweuveuian B uwave
fualiitasnfaoswsuien B Tusgiutainisuauien A fuin C dsfinandlusud 2.17

3) 1wa C Wuaileguuimvaultuiioaiuiun A uazium B 1un C azague
YULNFATBIANAALAZLUR C ADERARTULYM B 11M§IU 1SO 3685:1993 (E) finualilan C i

Frnirawiiuialivaietin (Nose) denuandlugui 2.17

2.1.6_918904IANAY (Tool Life) [8]

o1eila Ao Wleflndnidenaniw dnsiAsudaundalninnaunuuazduii
Mdovioindosiiewiu orguenidunaiannsaldauls uasfuiisessuiulnoyluudi
o1gmsldauvesluiin (Tool Life) finnudnyegnsBereduyunisnan msinengnislday
yodlufinfusiiutuorganiuarilufiadisdulnl sunseisfanailuiaidevanmaulsl
anunsavhnisdatanglvldfnuiidesnts deluine1aavnsingd1naiasen viefisusdn
wsnle navetegnistdnuindunaivesnisldnuaie Asaivesnisdnlangasse
uonaInayinergnisldauvedlufinlumisonaiuds fieraiaduniiedus wu s1uau
Usnmsuesdaninu (Work Material) fignéinsentueuludinasduanin sy
1. nauainsvidaengvesluila (Tool Life Criterion) @a0MMN151an@1e s
luflands (Tool Life Criterion) asnsafiarsantanidu 3 Ussanluwgq
1) inainsnunengnisidauveslulialasdaiosilulialunan (Tool
Life Criteria Base on Tool) #sildud msfiarsananmvedlufielnsenafiedlufinduanm
\ilo
n. ANl (Cutting Edge) Newewiosn
U, YUINVBINTANNTBUURINAU (Flank Wear) TugitAuly s 1SO &

Vb Max > 0.6 fadlums #3s Vb Average > 0.3 Jadiums
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A. TUIAVDINTANNTOUURIANY (Crater Wear) AntAulunaslugiiuly
wanaiuly
a. ﬂmimaﬁgﬂmsﬁﬂmavuﬂwau (Flank Wear) wagn1s@nusauuin
Ay (Crater Wear) Usznautinnagny
9. Usunasvisethuiinveaileansitdneonanluiissidsnniivly
2. Tullauaninadasse
2) inaginavunetgnsleuveduinlaefafoionturudundn (Tool
Life Criteria Base on Work Piece) Wu@uin
n. m'msu?uszsuaaﬁuﬁamaﬁumuﬁmqﬂLﬁulﬂ wseneuiulundn
WAL EURAI I ULUUUY
%. Gummaa%ua’auﬁwémaaﬂmﬁmmmlﬂgﬂéfaqmmﬁmmm LU LA
Nose Wear fafiazy] fand gunduas mMlvsunulaty wielsliagname
3) inasinsvanegnslinuvedluiinlaeBaiiondndus
n. wswisen1astumsdnlaneirasauiuly
9. @eafiinainnsnas sandiund Senfely Wy msldiadssanud
QQ/G%W Acoustic Emission Signals
A. nsduaziiiou lunisdalans Tneaussduaziiiou Weswinns
NSYUNNUBEindaTLIL
Tusgminenszuunismsnasivasiinanenalnfinasensifiunisdnuseves

Angde awgusEIaanlunMsiiauarsuInves Flank Wear o [9] Aegu 2.18
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A ;—-Break-in period

/ | Failure
<—KH# Steady-state wear region ——»-¢— region

. Final
| failure

__Accelerating
Uniform wear rate

wear rate

Tool flank wear (FW)

Rapid initiai wear

Y

Time of cutting (min)
JUN 2.18 AnudNiusIEnIeen1sidureliniazauInnisannsewuy Flank Wear

Fsazutsenniiu 3 929 $rsusnile Break-n-Period  urieilizusdunsdn
wssuasiuiuegesng Yatarldnanfissaifud Wewdhdusiiaes Steady-State Wear
Region LHutsiiAndnsnisdnuseatnansii insudanaléinvnsdidnunsdudunsedid
Arutunsil uazdasgaTiede Failure Region  LHuthafidnsnSuiuiiaiu awingamal

geuLazUIEABNIIINUYBIATozanad ondsnsiiliuldraluavdwmalvdinunnvinle
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(1)7 (@) Tool life criterion given as flank wear level (@)

0.020 in.

Tool flank wear (FW)

(r=5 | T=12 | o | IT:41 .
10 20 30 40
E Time of cutting {min)

JUT 2.19 8vEnaveIn S WinrrInNISANUTERUY Flank Wear

MstinALslunsin dnsinsdeu wazanuanlunisdntuasnanenis

'
a

Wingnsn1sdnuse teeaniznisiinauslunsnvsiidvsnauniandagui 2.19 wang
fedvsnavesnsiiuauslunmsdndniteuluruinues Flank Wear 91 0.5 mm 93wy
WU 3 (V=100 m/min) 9gdia1gnistdauunniigalomeuiuidun 1 (V=160 m/min) wag

Gudt 2 (V=130 m/min)

2.1.7 n15asi9geunsanvisavesdiandauuseandu 2 35 [10]

1. M3nsvdeulngn1emse (Direct Method) WuNsnTIR@RUIMIANISANYTE
lngdnansesdnvesdinnddlaenss n1sleislaeudinmazdaennuasinleinegs dliaunse

o dl d‘ L o 4 ! dl 1 a 1 o ! L dl
TnvadeAse9dnsihula wenailaaziinanuuauginii GNE‘U‘VI 2.20
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S
29um Thickness

d‘ o 1 =
E‘U‘VI 2.20 AROUNNIIATIVFAOUTUIANITANNTD AUV AT

2. N1595719aUlAeN19991 (Indirect Method) Wun13inn1sanusalaenis
TANITNALADINFUNUSAUNNTANUTOVOITANEI LTU AIIUNBIVVDINNUY Ay Iaunis
Fuasiou YUIATDILTS ANMULTNYRNFSY WudunsIERsmalausatnladieniusnis

=X a ! v

AATIZIAUT9EINWELTUTDU Tue1uITedateulis Tnanisaanuinnin Inleelveuaes

#1199 L1 Sound Sensor, Accelerometer, Dynamometer s LLﬁ?LﬁUﬁnyﬁgﬁmuﬁLﬂmﬁma

41' = a =
BV UINNITENNIBDUBINANE

2.1.8 mMsduaziitew (Vibration)

n1sduaziiou Ao N15LARBUNYRIING AU PNEANAALUTILIAMTIVEY

= o A - & a X A A o @ =
nsnReunlidnIsiniauiseunaugauuaziinduluwuunsadeunndulundunvsey
Junsunads (Oscillation) seUgAANAANRTL FI9E1LTU NSHNTFIVDIGNANWIRNMTENIS

WARUNYaINauInanAnefiuaUTududy ds1au1sauRaiunTsIAd s uikuuduludnwME

Y

Pgng leisaznugusuuvesnisiadeuiluiianeiisnsiuluediuszes nseanusaly

Y

NNSARBUTNIVOIINGUILY TOUMUMUITNG Rz iuaN B FULUUIRNZTBIN AT

a

wouduldl 115U 221 uansdnwazvesnsduazifion TunsAnwinisiinsiesinig
fuaznfiouvensesinsiusidusiduiiegsoadlatuguuazesdusenausiiey Wy Taw
1380 (Wave Form %30 Time Domain) Tauaansd (Spectrum Domain) A373E (Frequency)
weundgn (Amplitude) waznsuUasyiSesodnasa (Fast Fourier Transform) Jusiu B3

psAvsznaunlalananuntuazilulrlunisesuienisindeunuuuduludnuaz g
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,\_ AWAWA
TV

m

JUN 2.21 anwarveInIsau

2.1.9 NguAmMAATILdynI

N153A5e9IN ST uarLiiow ﬁauﬁuﬂ'giﬁmmm%’ﬂﬁlgﬂqueuaaﬂiww
wanInaTeIn sEuazTiow Jadnluidilannumnenayanulunnvesnsanuds nasfiagsi
nmsiesifandululdonndiuin nsuaninaresnisduaiioufiaginulinseed [12] 39
Usznoumenswlawuan (Time Domain Plot) aswaLUnnsu (Spectrum Plot) nsw
wualtiy (Trend Plot) uenannINkanskauddadinsdmesfidfyvesnisduasiiiou 3
Usgnoudieaud (Frequency) UIATRINTTE LA OU (Amplitude) sjuiwa (Phase) Fadu

N5 0MBIVANYRINTISAUESTIoU Wintslun1TIATITINSdudasL iUy

2.1.10 dnwoadzdayayin [13]

[ a a ¥ 1Y = 1 ) 1% [y =
ﬁEyJZyJ’]ﬂJ‘VILﬂEJ’J‘U’ENﬂUﬂ’]iﬁ@ﬁWi‘Vl’NbLWﬂ’]@’]ﬁ]LL‘U\‘I’E]E]ﬂL‘Uu 3 UUNIYNU AD

(%

Hfyey10deuUIa0n (Analog Signal) dfyey1aunamea (Digital Signal) wazdeygy1adsuniu (Noise)
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v(t)
\/ v/ \/ f
n) dyyIueULaDn
V(1)
I
) Aoy uAInoa
v(t)
= t
A) Ty IUIUNIY
SUN 2.22 fegrevasdayao
1. deya1adaunaen (Analog Signal)
Sy alssnnildudygrananunsaidiaus (Represent) Usunamig
neawduliinmaess (Real Quantity) namfe dyqra Analog Wudygundlszau
(Levels) vosnnuduidululs iWudiwauetiug aaongisariiiansun seaudygiud

< o CZN 3 = C%

Waguluain a1 A lunan B agiu wazrasuaaua1vesseaulludiuetiug sedni

[

nila Tunsadinenans L3anunsama1veseyiusyosieituvesdy g anisuiuaalanng

g q

ARR8AYN (A, B) drysyradaunaen (Analog Signal) iinsAu annsauUssnuneents iy
aosusztan loun Simple Signal laz Composite Signal st
1.1 dgyey1adeeinedng (Simple Signal)
dyayrnuegnsine (Simple  Signal)  Bndeniladendn Sine Wave

o

Ioundyanunausassuielameilaidulszian Sinusoidal kagldannsouvsteseanidu

[
[ [ o

Handunidienitluld Simple Signal #3@ Sinusoidal  Signal  UudyaagAUYagIY
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AuSUNSERAITLUU Analog ianwalgldulAsmeiiies NHNSEAIAIEAIUNAIASA T (IR0

'
=

Vieenau s ganmaw) fagunt 2.23

Amplitude

A
Six periods in 1 s —— Frequency = 6 Hz

ls

AWAWAWAWA
\/\/\/\/\/\/“”“

Perlod =1/6s

A
Y

/I rLd |1nr!-

= o = a = Y

SUN 2.23 dayayad Sinusoidal Fedlpnsn 6 Hz  uansmsilaeuasessyaudayaal (Amplitude)

Wigununa (Time) Tugiaian 1 3uad
AU IURIT Uw 2.28 @unsaasuielameaunis
s(t) = Asin(2nft + 0) (2.1)

Tnedi

s(t) Ao avuduvesdyain o van tlag lutisiifiansan

A Ao AnuNgegnvesdynnl (Peak Amplitude) dR3INIRANAANS
yonRAL

f fe mwdvesdwno (f\i’ﬂmu%ﬁauﬂﬂiLUﬁﬂuﬁuaﬂgﬂLLUUﬁa’?mﬁ)
Feduiudiduarunduvesanunan T Gudl) nande f

@ o Phase vde duvtadam o asudut = 0 vesdngn

(RGAGANED)
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Y (Phase)

Phase waddtynyie Ao fuvtiaday @ (adian) o 9aFudu (a1 t =
0) w3 Aensideuvesduyan luknunan a auusn Wewwn 0 () = wt + @
Fetu 1enautau 0 (t) oondu aes da dud wt uar @ Fadudunisdaduiladdy
9991981 (t) uaziumansdl w3e Phase wosdayayios vien1sinves Phase 1A Rad

[

V30 Degree nefl 21 rad = 360° Degree mﬂgﬂ‘ﬁ 224 a. b. uag c. AvFUAyY I

Y
'
=

Sinusoidal wHlsAny 717 Phase @ew WU 0 90 waz 180 B9 ANEU
dlornanudifednsnisiudeuutas (vesdnyminy) Weuduna et
i uLN AN vz e iR anTIRNE Igsastoluid
- nswasuuladlussegnandu aneds mmﬁqﬂ (High Frequency)
- mswasuwlasluszezinaien wneds anuds Low Frequency)
- dryaadiifinisidsuudas anudfiadu 0 (DC - Direct Current)

- Fyaadnisasunlasiuiviule anaddanduetiugd (nfinity)

Amplitude Amplitude Amplitude

iD [
‘ U Ti;w U Tlme _J t ) 'l“i:ne
—

1/4 cycle 1/2 cycle
a.0 b. 90 c. 180

gﬂﬁ 2.24 &qyey1ad Sinusoidal Fafadoulu 0 90 way 180 o9AT ANLAIRY

]

dmTugumaven1sduaiiow ABANULANAINYDIAWAUNTUEIUNIDINGT
= ) P = A= B~ 1Y) Y a a4 & 4 dAa ) =~ a & & ¢
finsduastiiourunile Walsuiuyndnedwmseudiuniinisauasiiiousndunils Ussleyd
= Y = ° a ¢ = a4 o [

Sesuavesnsduasieuausalldlunsimseianude e veunsasinsle wu
Tapnmmsesuannuvasna Jgmnisaiuaaeu Jymanudsssuniveaaieadns usu
wazdaunsathlulssendldlunisandamnisduasiieulnenisiinaenmluinseddns

VUBNAEY
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WIAYDINTSAUazTiay (Amplitude) [14]

N137192UanH992AUANNTURIIUY Ao fan1suaniduruInreInisdu
= 1% O oA oA & A o Y a ' < o a
deiiou D1vuInveINsFulALiNTuNIAlBsunuAMIzUNALaRsILATBsInSs LT Ty

Fawnveansduaziiownldlulegiuwasdunfeuldiuinniaaied 3 wuu Ao

'
= =

1. 11399AN303z8EN1TAROUN (Displacement) WUNBAITEYE N1TLAGOUT

q

YosingvisetanNInaunandeunludyangsaauiindounludaniiingn (Peak to Peak)

'
1 [

&g & o = =i s =
‘ZNL‘U‘L!ﬂ’ﬁ%EJS‘VINVN‘W@JGW]’W]QLﬂﬁ@u‘ﬂﬁﬂﬂﬁ;@gﬂﬁﬂlﬂﬁjﬂﬂmqﬁjﬂiuLLG]@SiE]U“UENﬂﬂiLﬂaE]u‘Vl‘U@\‘i

(%
(v o

U dl
AWNUUE) AIFUNITN 2.2

9

y(t) = Ymax Sin(wt + Q))

V() =2
y() = [V()dt (2.2)

< . = < = A o % [
2. AU (Velocity) nungfmuiIvesInIsedeurnaulunaunivesing

q

1 =

nnaziinnusulugudidloiniiouiogNynaanwaziian wazdainusigeantuvaed

A A = ! o N d' Aa LY Y ® v
LASDUNINTUIAGANAR YIATNIIVINNIDITYZNIILATBUNUAIINENNUTNAUAINNLIINETNNTT e

Vinax = Ymax®

V(t) = Viygr cos(wt + @)
V(t) = Vmaxew sin(wt + @ + %)
V() = Vgwcos(wt+ @) (2.3)

3. AI13L39 (Acceleration)  nunefiednsInIsiUAsuRUaIAIUEIELIAg

o d‘ I dl

lurugdnginisunnaulunduun ngasilargaaileagluduvisgaauaziunieniig

9

Wiasuge feaun1s 2.4
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Amax = Ymax®W
a(t) = —apmg, Sin(wt + 0)
a(t) = VYmaxr®?sin(wt + @ + )

a(t) = —Ymaew?sin(wt + @) (2.0)

Tauunal waglamuaaud (Time and Frequency Domains)

Sinusoidal Signal niaUsznauseautd 3 Ussnis Leun
- Amplitude
- Frequency

- Phase

Asiaued i InafsRNunIN WiewSeuileuseninedaa o
aansavile 2 38 laun

1. nMswansuabulauuian (Time Domain Plot) unisuansnisiden
wlaswes e (A) dWeutunan (¢) Tnefidmsuenud (F) wae wia (0) duflwusiay

Lifinsuansegnednau udaunsadals degui 2.25

Amplitude A=5 f—4 o=

5
A s() =5sin (2rd r+ 0)

NN\ [
vy I e =

Amplitude

=10 /=8 ¢=0
A

5(() =10 sin (2n8¢+ 0)

ANAAAARAT. .
VVVVVVVVAT

JUN 2.25 Mswananalulaiuiial Sinusoidal Signal MTLeNNAIALALANNAAITULANINT

10

wWaguwUasauu (Amplitude) U8sdgye1aisd@oaisuiuia (Time)



519 laLLIULIAN

ns1MlaLuIaT FAJUNTINALAAIAIUFTUNUSTLNINNAIVUIANITHUY

aziilouiu Laaﬂ,@aLLﬂuuau%L’ﬂuLmumamm ﬁauimmuéfa%Lﬂummmﬁummiﬁuamﬁau

JUN 2.26 uansnslawunaivseneulumeanuddouiuaiuaud

VLT

Amplitude

1381

JUN 2.26 nllaunafivseneaulumernuddouiunaiuadud

2. MsuananalulamunIug (Frequency-domain Plots) Junisuansaing

v W

UIUSTENINOUNGYA warANNDvesdyIM FegUR 2.27

P
>

Time 8 Frequency

A signal with frequency 8

16 F ueq;ency

- »|
1

A signal with frequency 16

JUN 2.27 nsuaasalulawunan  (d1e) Wsudunisuanawalulawuaaud (¥1) ves

Sinusoidal Signal 7idALAANNAY
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Lﬁaﬂmsmmmmumﬂugﬂﬁ 2.27 Agiuinsansaasuleauan Ry
Amplitude wagFrequency wosdgyayIad lu Frequency-Domain Plot A2eLyi4nss (Spike)
iBd 1wt Fanseduninnisuansae Time-Domain  Plot maqé@mwmﬁamgaﬁu Faidu
fyey1ad Frequency-Domain Plots datusngdmsulyaduiy Analog Signal siingATy

]

A28 (Frequency)

A (Frequency) dyanainisduasifionuunslaummvesnnualuiion
fio SuruseureInsduaniieuseminena wasyisefifesldasduseusewit (CPM) uay
vensddiduseuseiunitvievhedsnd (H) anuitesdudedefiddyundavidunis
Uevendamasinuaramuenaiesdng [15] Fwadulssleviosnunnsanisiaseas
Ugynvsonudeenige

1.2 degyyrsuras (Composite Signal)

dyayaunan (Composite  Signal) dyaulsetan Simple  Signal
Lﬁawﬁqé’@ﬁgm L‘f]umsLﬂﬁauLLUaQizﬁuwé’aqwuiugULLUU%’]G] i ?i@l@immsﬂusmﬂ%mm
Imasliifismesonisioasioya duiumingeanisld Sine Wave Tunisioans sufiusios
finsuTuussnadnuazvesdyain taud seduanugs (4) wa( 9) ezl (w)
agnslnegrmiavionangetisUsenouiiu

msdeansdoyaiiuszneusiensUS LR Ui YL (Characteristics)
Yosdyana AYnasidainisaielouding1s nelinin duanaeialndsenindyyin
Nel (Composite Signal) Fausznoudng Simple Signal va eI aflsnsiUaeuutas
@mé’ﬂwmzé’uﬁuéﬁummﬁlsuaqé’cyzgm Fofusnaunnuive Composite Signal FLUsHu

gAY AUNAINVANEVRINGUANAN BaELENTIY

FINaIARIY
lun1sdeans dyayrau Composite azasRIUAING (WU @gtndyIM %39
91N17) FIFINa13EINY (Transmission Medium) wiazUseinnaziinaaudfuanaiaiuly

AaaURvaIINAe dURuSTUAIIND NEA1IABAINANETY ey Lilesuls

' ¥ '
= P v v o d

AUD WAZ AANDUNID NN AMUDDUNMAD At duanunsulanUatesIusSUTaIFINaa

A7}

p1ablauysal wu Wedsdygruniudmasudigiinas Radnuiuenvaslilasudyaiun

Y

willoufiusiun1anlel fegud 2.28
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Input signal Oulpul signal

] '
= a ¥

JUN 2.28 LWiAnUeInuieuyesdyaIaiian Uiy (Output  Signal) A1ndyayrauiiide

Auds (Input Signal)

A21UNIN9YBLLAUAIND (Bandwidth)
ANUAINNVBILAUANND (Bandwidth) AaRdave9AIuD Fesnatseauli

Hululd AnalaainuasiiaseniaudgEn uageian dedlssdundanuanneuadliiv

NN N30INTEUTY AIdUNSN 2.7

0.5- Afn(f) = A(Z)ut(f) = A%n(f) 2.7)

LY

d‘ = o/ dl y o U
e Ay wae AgyePoszaudygaiii Input wag Output AINEaIAU

ﬁQLLaﬂﬁu'gUﬁ 2.29

i

JUN 2.29 nsmAnudveswauaudiausadmuiinaalle degluyas 1000 Hz s

U

Amplitude
A

50

10 00 Freqﬁency

Bandwidth = 5000 - 1000 = 4000 Hz

5000 Hz #39AnduANNNINUDILAUANND GeiiaunIviniy 4000 Hz



34

26

2. dyey1aufdnea (Digital Signal)

) -

[y aglj [ o o o a
aauUssianilidudygaunivingdmiuiiaus Ysunaduguuuuves

[ v 4 A LY v

i Id 1Y Aa 3 J A o o v Id
fyanwad (Symbols) 1pa1nUUaEY1UNNTEAUYDIAIULUNTUAIAINIIUIUIING (WU

[ g
LYY 1

o d‘ LY U, d‘ ‘1! =®f o v 6 o d! ! Ql‘ a
QWU?UVIUUVL@) IG]EJ'V]‘J%ﬂUﬁiyiyﬂmﬂ'WiUQf\]gﬂmqEJﬂﬂE“IQJJﬁﬂT‘JﬂNYJﬁUQ AADAYILIATNNINTEUN

!
Y] =

a1 A lunan B aziinisidsunlasuesseaudygruilideiios (Abrupt) $21I19

v a o

nuainAniu visednteniislunedinenans wilianusomAveseyiusvesilanduves

28 2°

aanfisuiunanlanng aeaenis (A, B) laenaly Avesdmaiadnagd 2 A1 wield

Wi deydnual 0 way 1 B3eNdyInfIneatudn dyaimargiuass (Binary Signal)

Yaunniadlunisasn sy

a Yy a

N1308NkULsEUUNTTARaTToyalun U un dndndudesdinisiiel v

' ¥
1 a A I 4

é’mi%%amaa%ayjaﬁdw%ﬁm Pon71 ANAIUIULA N9TLH9991NTTUVAINIUA U

/e

1w £

Inevilua1aiivaunnsawngg (Transmission Impairments) Milnasadyyndoya ey
NANITERLAENANIUTENINNTTAaYS way AnTsAsuLUaaIUdyaImna1uuaIN
Auds Fairlddniswlanunuigvesdeyananain Jaunnsedsenaiatunsadwunle

samaluil

N15aaNeL (Attenuation)

N13AAMEY ABNTTENLEENANUYDIFY QI (3 Simple Waz Composite
Signals)  aeluminansdssing suilesunain enuduniu (wu Tuguvesniudew) dee1a
wilelaeldgunsaivenadymio (Amplifier) 1391 UITUULATBUIBLTYNIY Repeater
ﬁ'ﬂgﬂﬁ 230 Attenuation %39 Gain (BUAAIINNITANYIOU 1TD NITNIUFYYIURINAIAV)
Talgann anuuduivsseninsdygralatenis (P,) dazsunis (Py) (unile dB)

FIAUNITN 2.8

Attenuation = 10 X log,,(P, / P;) (2.8)
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Original Altenuated Amplified

L — - =
Point 1 Transmission medium  pgint 2

Amplifier
Point 3

SUN 2.30 naudveswauaEdanusadsiuiina19lule deeglugag 1000 Hz &9

Y

5000 Hz #5AnuA1IuNINU0IaUAIINE B95ANA9WINTU 4000 Hz

auAnLie (Distortion)

AuRniey ﬁamsﬁé’ag@wmmﬁ'augﬂé’m frifatwaniziv Composite
Signal  Wintiy msgduanausaraudindeuilulusinaisdieannuissneiy vhlrluds
susulindoud Syainumsiazainud gﬂamwaumﬂuﬁaﬂmqﬁwé“m']ﬁﬁmﬁu Fafunasay

o Ay o o= ! v | @ P
VDIFYUEUNATUI VIR NAINIINATUEN WQEU‘W 2.31

Wl Transmission QUDU
medium
Sy — iy e a ey — O
Point 2 AR

Point 1
Composite signal AARAA v Composite signal
sent Components, Components, received
in phase out of phase

UM 2.31 N15AnALNe Ul UAINA199 UL EaINI9INAIIUAIN AN UYBIAND AR

Y

29AUsENOU

3. deyyradsuniu (Noise)

[ [y

dgausuniu Aedyyiulifsussasadelundudyyiaeniansly
fnan wiseeanlavaneUsznnasme Uil
- Thermal Noise LAnAINAMTEULUUANT84 Electron  lusinans &9

neluAnda 1l (Electron indeuiiiinnseualnin) lusuniudyanuauadu
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- Induced Noise LAn9IAASWieaiusimanlniiaingunsalanguen
wuasodldlniieingg (Eunwivdnndeud danszudli)

- Cross Talk fedyanasuniusiaunieni (nduced Noise) suluu
wils FuAnnanetidyandinfos (hseualiiihady wieniliAnauuwivin wae

aunukianmdentnlmannsewalni)

[y

- Impulse Noise (feayrusununiiszauasunn Tugngnatdus) dniin

Y

yndeunnsaduaaliihiasaslndifes uazdani Wusiv

'
=

S o a o = 1 | I a A d v
UDAITINU Qll{]ﬁ] YU YIUNARBDNIIFIVIIET I@ULQW'W%@EJ'NEJ\TWLﬂf‘J?GUQQ

e

IVt wazsnanasil

Propagation Time Aananiifeyalilunsiadounanganilsldsdnqanils
fmnaldnsasdausewing sverfitnaisiunie Distance) wazAMUE eIy
(Speed)

Wavelength ﬁaﬂmﬁmﬁamﬁwm fyaunnifieAaudiniuiinans Faduius
fuaud (f) wazAMANURYBIAINAN anueadudutadenilsididauin Tunns
Arsevinisdeansielontatuas (Fiber Optic)
wonanMsuwusdyg ey 3 wuu Minanuaidsenaniieendu 2

[y

WU Ae deyragnanu wagldgnau vsdygiunidnea wazdygiueuiasn Sd@iunse

[ e

Y &

N2 AlAULUU 1A way bigIA1U NanAe

1. dyeyreunAu (Periodic  Signal)  AedeyeyIiigukuy (Pattern) wils

'
N o w

melutanm vide a1y (Period) 77 (aunsniald) Insguuuuenanausingdn eau
g fu paenvaefifinnsan LLazﬁsmmsaumugUmeﬁm%’ja YDIFYYIUFINAIIN TBU
(Cycle)

”mzymiusgwmu (Non-periodic %38 Aperiodic Signal) lgin fyﬁgﬁm%\‘iﬁ
ﬂ’]iL‘UaEJULLUaQV]I?,Jﬂ’W’]iﬂi“Uﬁ‘ULLUU‘VILL‘L!‘L!’EJ‘L! masvmaumﬁﬂsmg%wmé’ yayraulel

maammwwmim

AUNIUYS85LATNTIATIENRYYINT18AIY

1. oUnsuYi3es (Fourier  Series)  n1sdisuanasukuunduns oy
anasuvesdyafiinnuiiiiesanieinseliies 2-3 auiwingu waluauduasa

doyaausingg Asilduusenauresdygiamanganud Jaunsaldeulvied luguverasiy



37

YR YEIULUUT I UVA8AIND MSENTVINUYRLNAwRslA SENNAUINTDY FyaIwuY

(%

FUUNAEe) ANUDTUNUFYYINTEI1 BuNTUISES (Fourier Series) Weulavaty JUwUUAS

- dUNTUNS BTV 1

v(t) = Ay + X2, A, cos (2””t)+zn 1 By sin (2

0

) @9

Ao Huradeves v(t) lean

) f T7{/22 (t)dt (2.10)

U525 An waz By, loan

A, —f 77270 os( )dt B, f 72 V(@) si (Zn:t) dt  (2.11)

- ATUYSEIIULULN 2

v(t) = Cy + Ym=q C,, COS (Znnt ) (2.12)

IS % v 6w
C,, sPudunuenu Ag, Ay, By auaunns

C, =+ A% + B2

@, =tan" 152 (2.13)
Ap

s

AuNINYSuTVIT Y IUTIEAIU 819UBILAIIUTENBUAIBNATINESUBT]
] [ 1 o a Q‘ 1 5
NYBIRINAUSN fy = p dulsz@ns C, \5unin Spectral Amplitudes  tHuvuInves
0

asrUsznavanmsu C, cos(2mnfyt — @,) a Al nfyfuandugui 2.32 gy

dunssluwuafiinnuenminturuinresesrusznevalUnasy & Aalensueiiniug wiu
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= s

laddyarasigauiiunumeaynsuyisesaziiaaniznanudvanwazaiuisasuetn

iy
Ca
| |‘ I
0 fo 2fo 3f0 40 nfo
(M) alnaiudu@en
7 |
| [ | | I | L ] f

-nfo 4fo-3fo-2fo So 0 fo 2fo 3fo 4o nfo
gﬂﬁ 2.32 \duanasuvesdygusneniu (n) aunasunuien (V) aunasuassniu

dmsusluuureseunsuisesimuzdmiunisaealsiune sUkuULeN
Tiuuea Weulanail

- QUNTUNSS UL 3

v(t) = N _ o Cpe/2™ot n=...—-2-1012.. (214

1 _
C, == [ v(t)e J2mmhot ¢ (2.15)
To TO
ArduUseand Cpludruiudesdouatuisatdeoulordu C, =
|C,, |€/ 49 nihndanisnssneduaamuiuiadamvasusisauiildnwasdaguil 2.33

Aefimunianlu Ty anuguesiadidu 4 uwaslinnuniwesiadidu T



39

v(t)
A
! £l ! g
To 202 To
JUN 2.33 wuiuiaddmisusieniu
91nauN13 2.15 e Cy, laeadl
L To/2 —j2mnfyt L rT/2 4 —j2nnfyt
== v(t)e /oMot dt = — Ae™ oot dt
(o f—To/Z © To f-f/z
= — A (e—jrmfo‘r _e+j1'mf0‘r)
—j2nnfyTy
A (sinmnfyT
Cy = = (k) (2.16)
To Tl"nfo
v Sin(TEX) 1 « = = a fu vy &
Handulugy wuusunlusesnIsdeansalinmsteuilandulinad
. sin(mx
sinc(x) = (%) (2.17)
X
Tanwaugaegun 2.34  uasiile cn Tuaunis 2.6 WWeulusy sinc

Hendulassaunisn 2.18

. — ?sin c(nf,yt) (2.18)
0
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sinec x
1.0
N N\ N~
-5 A4 -3 -2 -1 0 1 2 3 4 b
SUTl 2.30 ety sin(mx)
v
'C"’f”"”:,-‘__ Afot
) ‘/Aﬁ; T|sincf T
------ .||_1II | IIr ATt At /
0 4
T T T T T
arg|Cu(fo)|

W 180°
L Jf D
| f

|
SEEEE L

——

JUN 2.35 avnasuvesdaauuiniadavasy (n) vue (2) wia

WeurlUWeuaiunasuazls vuinvesaiunnsy Avwuines C,ee |C,|

Y

[ 3K U [ d‘ o) T
Wuilsdduves [ uaz arg(nfy) uwnu adnasuma danandusun 2.10 1Wunsdl T = :0

sgiiuhaaatRvid AyvesaUnmiuvosdyufidneniy fissil

1. QJ)QJ}']@Uﬁﬂi%‘\ﬂﬁ@@ﬂ%%@%‘Vlﬂ'ﬂllﬂ‘lflL‘IJTJ"NU'J‘LJLVHG\Tﬁ?ﬂ@ﬂﬂ?ﬂuaﬂé’ﬂ

1 A 1% A s a d' =) ! a £y ) o/ o/
fO = T_ ﬂ@ﬂ’i%ﬂaUﬂ')EJﬂ’ﬁiJﬂﬂLﬂugﬂ’iﬁ\lﬁ]uﬂ“ﬂ@ﬂﬂ?"lﬁ\lﬂfo NIDNANBNUINULFUFLUNATU
0

ageguinsiudusyezviniu f
Y
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2in=0 ¢ ¢(0) = T—lof v(t)dt feruaderes v(t) Judu
UsNouveIdtyay N IzLanss (o AuA =0) wieidunin DC Component

301 v(t) Jueass agle C_,, = Gy,

msnszaedymeenidusynsuyiies adunasiuvesdiuuszneud
Audeneg Adusnsuednuesanud fo fina Welidudmautulnenssuddseneu
finnudeineg andegndlugd 235 WenlvieglugUannis 2.12 Teefid C,, = c, uaz

@, = argc, awld

v(t) = % + %cos wot + %cos 2wyt + %cos Bwot+...(2.19)

Waimdmusznauaudisensueliny 3 Asdlianizan ¢(0), c(1), c(2)
waz c(3) vl v(t) Tanvaedsgui 236 () wazlleiufsasueini 7 ald
Aagun 2.36 ()

Sum through
(n) third harmonic
4_/ /\
AT DC + fundamental o)
’ \/ ~
/ N by
/ \ N
/ \ \
/ \ \
=Tz 0 /2 V \-/ ]L N\
_~Sum through
(1) 4 L seven harmonic JANA)
\/ \V
14 ]
2
~ / = — — P J ] \ =
\V4 g s T~ \J j_ V /]
-T2 0 T )
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PINMInudye s v(t) meounsunitesniinisnsngmandiinfelile

v [

NIZWNBLIUDY 00 TuADNITUTENIUAIUEY V(L) METIUIUmNBUATINR Az lALAn

o a

AMULANAYDFUFY T lAaInNIsUSEINA U UR ey 1auase wagiiinaulafionsi

o

AUTEUUAAEINIIANT 9 lUUNNTIUAZENITUNTIT U ITENT9A VR YR 10URT 138N

v
el 1

U5n9n15alilin Gibb's phenomenon fegul 2.39
2. Parseval's Power Theorem lunguiiinanisnismmduadslasn

o L2 U o dl
NAUINVDINTEANFDIVDNIAN Cpy PNEUNITN 2.20

P = ¥re—oCnln = Tn=—wlcnl? (2.20)
HUAD AMIIVAUNASUYDIFYYIa FzaIITANIAIANRavesd Il
AMNAUNATUVDIFY YU

a 6

W8S

kY

N51LANDSULAZN1T AT Rd R U8Ry

1%
o % Y A

1. dyarandinuuazitesnsudnesy Tumdetaglana iyl

A

[ (%
o w [ @ o

Wusreaudadiardrinlugisaamile odagrunldiduseauiindsuiovmediia alu
p1udnsANdsuulameaUnasusiailiasnmlaanmsvimlisesnsudne sudyy i

PN IMTI8AUIEINE TR UM SIMaLREY LadmSudanunliidusie

= @ < [ Aa o < v ¢ 1 A A 1 o o
AU Bednaziludgyaaiianwasilu sad (pulse) namAeliAtamzlugiwiadidn n1s

miidaadefensmituivesnswl [v(t)]? wamnsmeaiunan T fdldndng o mu

Y

FUNS7 2.21

< v(t) >= limp_g, %fm v(t)dt (2.21)

-T/2

I Ay v Y ¢ a ¢ o a1 = v
Afilaazitngaud lunsiasendygranliidusieaiuisasldnism

o

o

PRI ULNY LB Te1UAIH

E=[" lv@®)|?dt (2.22)
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=3 1

ANNAUNITILAUITSNWULLBULALINUNITUINE LA LE LUADINTAE

[N A

munan Ty dmdsunladaidiia e 0 < E < oo wd v(t)  azfemlaindu

[ 1Y

dryey1auna 991U (Nonperiodic Energy Signal) daygyiaunisianluginanaidndanouniinay

I (% (% I al (% a a6 s I3 2

Dudyaamdsn Wuleulvvesdygranssmnisesnsudnesula
WiSesnsudiesuduniswasuilsituniaia v(t)  Tiduiladdunis

anudeuldidu V(F) fanuduiusiseunisi 2.23
V() =Flv®)] = [ v(t)e /> tdt (2.23)

nsduiilnsanasnatisavililanendundeidowmiuiands f fsadunig
w1 v(t) nauAuanle lagn1syinisesvsiudnlosunau (inverse Fourier Transform) WWeu

Iondussannisn 2.24

v(t) = FV(H] = [ V(e dt (2.24)
fsanaunsi 2.14 fuaunis 2.24 awdiuin V(F)  lunsdidyarndily
Huseeasdieuldiv  c(nfy) lunsdlfygasienu axdu V(f) Reannsuves
Suanadiifuseauves v(t) avsinstudl V() Wuilsitudededuvasd c(nfy) 1:d
Aanizaudlineies Tudedygraildiduseavesdanasuiu aunnfy
wuusiaiies (Continuous Spectrum) wnuitandu Line Spectrum FounnenaBnusznamils
Yosdyaaseauiudyyiadilidusieau Aelunsdifivsmaindululueandnsaan
dyanaseaulinisuandiulsznouudazanud (eunsuyizes) luvasidyana laidu
A uliBnBuiingn BunesayiFeimmudesy) auautBfiddyves V(f) 3 Uszns
)
1LV (f) Wuilsddudsdou |V ()| Jduannsusuin waz arg V(f)
Wuaunasua

2.9 f = 0 V(f) whituiuinavaaves v(t) flosan

v(0) = [ v(t)dt (2.25)
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Tunsdlvesdyarusemua c(0) Wurtaduvesdeyyia

3,01 v(t) Wua1a3s

V(=f) =V=*()

e e

VDI =1VHOI argV(=f) = argV(f) (2.26)

a & o 1 J . = Y @ [ X a Y I =
BYANIATULUURI hermitain LW@I“VIL‘VIU‘U@L%UGU‘L! NWIANTEUIRIDYINNTEUUDN

Ly

adamdey ansalvudydnvallnunadadsulansaunisi 2.27

Lt < T/Z} (2.27)

Q= {0 It| > 1/2

'
1

< v e a = 1 1 o = v ¢ =
WUNRFAVAUUIUINNRUINUILYINING T LASYIANINANNATDYNYN 0 1B

Y

Idayan v(t) Wuiaddvaen ddonuayls

t
v(t) = AT] (—) (2.28)
3 ﬂwmzﬁmamﬂugﬂﬁ 237

v(t)
A

1
b |
o ™

= o o o t
JUN 2.37 dyayrauiadamaen A [ (;)
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leunuan v(t) Tuaunis 2.23 14
V() =Flv@®)] = [ v(t)e 2™t dt (2.30)

V(f) nlouandlugun 241 9 f = 03sla V(f) = At Aeiuilansl
v & = = = LY = 3 1 1 o £
YBINAATNULRY LW HULTBUAUTUN 2.35 A8LiIUALLANATENINaUnATILUULHY

[

(Line Spectra) fu atUnasunuumeiiles (Continuous Spectrum) d@uiidAgesaiunasulu

~ PO i 1 4 P o S a4
JUN 2.38 avagludnnund |f| < - \esandanyes V(f) fiweenluagaininad

I 1 & 1 1 L2 % U Y Y U
aglutnatining A1 = Fududivenmuninvesawnasu (Spectrum Width) 1 6161 T an
T
A189AIUNTINNANNAITINTUAR AN TNz ve gRanlunend Uil aadninadu

Ao A1 T WuTuazyinlranasuLavas

V(N
AT
'__..--""_‘\_' f
- -3 -2 - a i 2 3 e
T T T T T 7 z 1
argV(f)
1805~ I 2 3 4
- I
4 3 2 1 0 -
T T T T -180°T |_I t_l_

g‘d‘ﬁ' 2.38 awnnsuvesiaddmasy V(f) = Atsinc fr

2. Rayleigh's Energy Theorem Wadefiuuunlanandfis nguluninaaves
WG 3a (Parseval's Power Theorem) #9na1ian1smnasussdy e alaanuasiuniasees
YadduUsENaUAazANNATaaUNASY TwiueuREIRUNg B UNNEILYR BSLEENE13T1

[ av 1o [ 14 U [ g =
azquumluL‘Uu'ﬁ']amummiamwaqmulmmﬂamﬂmmaqaigzynmuu Iﬁ]ﬁlﬁuﬂ'ﬁ‘ﬂ 2.31
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(ee]
] 2
E=[__IV(HI*df (2.31)
o A o w o ts' a a ~
TufonssuAitiasaesasdadnasunnainud Iaen15duiinse) e
fsanudasdiuine [V (F)? Wudwdsnluianuiibng df 3aseninduaan

RULUUALUNASUNS1U (Energy Spectral Density)

2.1.11 anesuuesdeyaia

1. anvazannsuvesdy I Rsandygrnsliuugetanuiibied

FaTouduileiduveananld feaunisi 2.9
v(t) = Acos(wyt + 0) (2.32)

loefl A Duruiavesdyain wo Wumuiidau waz @ umwaves

Feysyaw faunanslugy 2.35 anwagvesdnauilannsassuielasierive 3 A1Renand

V(1)

_\—AAcosgﬁ /@Y T=2 7w 74\
NS\

JUN 2.39 dyayraugusuugnen

ununsuansdygraludnvuzuUsaunal ansauanslasnslgiaees

o

910 v(t) Dudiuaswesilesiduonluiudea fweunsi 2.30

v(t) = Acos(wpt + @) = AR[e/(@ot+0)] (2.33)
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FeanunsouandlusUinaaslacsgy 2.36 n

Im

A ) fo 0 fo !
Y/’ wy g Ic?

0 fo
(n) ()

JUN 2.40 MsunuaesvesdyginUnuuge

EWIUoLAvRIdY Y MERYATUVIITUIN ANIND WAZIE WBNIINNITUNL

v Y

'
[ a

e raumsiamesiaidionanansdayyialunnuanudle AU 2.40 (@) Wunsileu

A7} U

[
o =l

= = o & I N a a a
AFINYBIVUIANINAIIUD LAZLWENIUAIUD AUAIAU L‘Viuvlfﬂ'l']ﬁmﬁnmullLWEJ\W"I'J']&I?IL@EJ'J

A7)

a a IS

nyMuansvUIRRANNAT IduTuansRRginIId fornudifedvuin A dunsm
wanlaiuald La”uLLamLWaﬁ%aQﬁ fo Hvum @ nsuanshudnuariiseniinisuans
WuaUnasuveddygad (Line Spectrum) laedlnann1silauns

A f @9 winfu ;)—7;’

- yuwlainandyaalagedifieuiueny x - andsuandyaiamien
wWasulidudaaa T lnensldnnudusius sin ot = cos(wt — 90°)

-Wawaauuinianednduavfdsulaenisldarudunus

— Acoswt = Acos(wt £ 180°)
- yulaldmiigaam

NAITUIAIDE N

w(t) = 8 —10cos(100xt — 30°)
+6 sin 1507 + 8 cos(2007t + 45°) (2.34)

Wasuaasiidudyaanudgud wesdsuseiidulanetagla
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w(t) = 8cos2m0t + 10 cos(2m50t)
+ 6 cos(2m75t — 90°) + 8 cos(2w100t + 45°) (2.35)

Ipannesudawandhugy 2.37 Fallduusenevegfiaaud 0 50 75 uag 100 Hz

Juum 8, 10 6 Way 8 MUY MIUAINY

Amplitude
£ I

Wi

/\; ‘n?f\/\ /\,\/\/ 0 0 75 100

U ‘i; Phase s (1)
=20 - 4
I

i so0 | 100 4

()

SUN 2.41 fegensunudaaunienaes

wenannshimlaefunudyanalugluuunlananliudideaunuladn

WUU LAgRaTIINENNT 2.33
_ A jdjot 4 A _—jo,—jwt
Acos(wt + Q) = SelPel +-e e (2.36)

wiuiulaesifduuszneuiivalufismauinuazavaumetuseninnss
Bauivihiudledeuduauneduvesdynu wildulsenevvesmnuivinuazauiay
fo fouay —f, fwandluzud 238 Senmsunudyanauuuiih annduaesdiu (Two-
Sided Line Spectrum) szmLmﬂmamﬂﬂ'mﬁusmal,ﬂﬂmﬂugﬂm 2.39 fduaunasuduiien

wagdmIuauns 2.32 Weweuainasuaglanuguin 2.43
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Amplitude
Imaginary axis
s A2 A2
™ fo | |
A2 - - p 7
-fo Jo
L K (ont+ ) e Phose «-,
wi+(ﬁ".__..._,."':;cos((oot+qé) - fo I p
g I '
SUTl 2.42 (n) peURNAALERS (1) WuAnASUABIF Y
4 8
F .
i | | i |
N I 7
-100 -75 =50 0 50 7J 100
150 ¢ 150

4 4
' 75 75 i

50 | 100 o so | 1w

-90 -90

SUN 2.43 arnniuaeimurasdyynun 2.37

1 a o w a [ 14 3 [y 1 N
2. Anadskaziaedevesdyyia 19 v(t) Judygiales Atafeves
Fyaaazon deussaunisi 2.21 Gandeafiunlansimainnar —T /2 fs T /2 wisaae

nan T fdnlng oo Aenamisuauaandudyaasieavazidunisadslunisany

&

_ 1 (34T, _ 1
<v(t) >= o ftl v(t)dt = TO fTo v(t)dt (2.37)
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Junudlansmlsewinanan £ Taq auds t; + Teold v(t)  Duuseeiu

2
] v o = o o al v v ve(t P v
anasanANLAuyuimisid i llvlufduniuandy P(t) = % Weli R =1

= 2 I A o =% A & o w s ¢ Yo o a4 <
NBAINUAESHIN ‘Vﬁ@ﬂa']’JEJﬂUEJVTUQﬂaL‘UUﬂ"laﬂuaﬁﬂaaiasﬁf\]%iﬂﬂanLQaEJL“LJ‘U

— 2] —— 1L 2
P =< |v(t)?| >= T—OfTO lv(t)|%dt (2.38)

e

[ ! a

Amas P dagilumaswazsifuviniate dygra v(t) faunsamean P

(%
a

Wuaz 0 < P < oo dyauilasfeonuindu dyurauriidssigaiu (Periodic  Power

A7)

a

Signal) #aegsnsmAdedsvesdygIasienu v(t) = Acos( w0t + @) azla
1 a o Y «
ALRAENRNTUY
1 T, A?
P = T—fOOAzcosz(th +@)dt =— (2.39)
0
algmnuduiusluannsh 2.37 unuan v(t) luaunis 2.39 Aawsadou
awnasueonuly Sunanesunladdn awnasunidaade (Average Power Spectrum)
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Weliiunmdaauiannuduiusvesnisulasdyginainnsnlamuan lugdyaiauy

TALIUANUD PITUNISUDILUY 3 17 Fa1usanazesurelmilannurunelaetasdnLau
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JUN 2.44 uansanuduiusvesnisauasiieuvulamunaiu nwuaud Insluwnuueui

1 "DSL‘ldJULLﬂ‘L!"U’eNL’Ja’]LLaSLLu’JLLﬂuu’SUﬁ 2 FIRIRNAULAUN 1%L‘i‘ﬁJuLmummmmﬁ



51

/- Amplitude

S Amplitude

~

d' v v 6 o I (Y c{'
E‘U‘VI 2.404 ANUFUNUSVDINTAUFLTIDUUUIALILLIAAULALUAIILE

2.1.12_auazldenilldianinaeini1uauuee (Resolution in the Spectrum)
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a & = ' ) v 4 av vy
F’]'J']llagL'E]Hﬂiuﬂi']WLLﬂ@QNauuﬁﬂﬁsUu@q UANTUIULEY  (Line) Vl‘lﬁllﬂ'ﬁ

mnunlilunsunsnainteulelunisindniisdi@luegfunuaIunsavewaIosintue fae

Y
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aillunsasanldanuazidealunisuaninangatunagdesldszoziianlunisiniiuy

Uiy JUN 2.45 LanenuazideniiliianinaveInunuLae
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Y Vi

JUN 2.45 anuazBeailiuaninavesnuuuae
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2.1.13 MeNSIATUIANISAUdLLIayY [17]

TuSeswssmsduazifiouldinazdunsvdn mnuil ieauLse dygia
5 dy I A ¢ = a g 1 J IS d'
e 3 wuuiavegluguvesaduled GeaslineAruinuazAtaulnediAwysiudsuniunan
A1915UN1TUONVUIAVDINITAUASLNOUILUBNAN WL N1TAUALLTDULUUTIN (Overall
Vibration) #lgvinluuszneusae

1. AEBngean (Peak) eUBNAITEAUEIEATRINITAUALITaudsLuLlY
MNTAUIDs (aud) lnglularddisdnuusnsduasiiiouiuuegedu Fealdmunagld
Tan1TduaziouilAn1AN19ATENATULIIAIEUY LTU N1TLAIZLHNEMIAIAINLDSIIUYA
Yo4ing (Bump Test) 1usiu

2. AYongIanieeangianaunseiiy (Peak to Peak) tuANIwIANTTAY

N Ao dl' 6 o ° 4{' 6

avliieuininanganvesnaulelivanmanvesnauled

3. A1 RMS (Root Mean Square) tuAvesruinnisauasiitouilaain
nsihandalalulamunan (Time Domain) MAnTulugIIUias H8nfddes aavinn1s

A =i o =
IRAUAFBAAIULAZODATINNEHDIDDNUT AIFUNITN 2.37

X,me = /% Jy x2(8) dt (2.40)

' ¥
Y = Y

ANNFNTUSVDIVWINF YR IUNTAUALLIDUNA 3 WUUFUN 2.46 LAAIATTY

N o

duusvemiiedygamsduaviiou deldlunsdldyarunsduaziieuduwuusisuedin

o

sulglvaspudlanunguivesliSes (Fourier)

Peak - Peak Peak

JUN 2.46 anuduiusvewihedyaunmsduasiiiou
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2.1.14 _msnsizvidayaiad [18]
U d‘ U = v 1 1 v QIJ =
Fyerafitufinanmringngg wu wtansduaziiou lulasiiu wesly
(% a I £ [ (% =~ o :.Jl [ a Y
Aua 1Wudu azegluguvesdyginuulamuna dalunuasluwouninvesdyginuay
I ) o A =3 Y = =
wnuuowduandednvusvesdygamiulaasduegivaninuazoulelunisndanig

[

Uszinanadygrudvaeds iWunsusulssdaaialifdu uviaisenadunisdndiuves
dyaunfianvuziuesnud kagu1ise1vstdumsingimmisime sz auiiio
Judunuvesdeyaniedyyinesnun dyaiunisduasiiioudadudyarauulawuan
[ Aa Ry | ~ Y = a = a ¢ o =

Wundeuldiuwnsnauiionsinaaunisauastiiouvadliangs nsaTzidygiainais
wadansinszrivulamunadndunsivseilegldamsimesveais Wy fgegn
Are ALDBsuLNIRsg Y AR wazA1rNlas Wuludiumadianisinsziuulamy

anudagldinaiianisulaaises udu

1. NFATIZNUULAIULIAN

fayruinsaaialaanniitanieg asdudyuianvulauuig fe
Feyynauiuandeglusuvesuoundgnvesdnyauniisuslainuiaivestoya dyaimuy
Tawunatagilendureaal Ae x(t) laef t s nailaq lunusedund [Wudu

wisfiwesnlsulddmsvitaendyaiavulamunailaun Aede

'
o

SINAGIHBURRY A1g9an AMIan A1LTAULNINTEIN AUSUTIN AR AAules
waze Crest factor WWudu lnefisvazidendsaludl
! = — < ! a [ A a X ! ) =
ARy (Mean,X) LudAadevesdyqraiiindulugisiainias 4

AIMIINKNAUINVBITDYALAT VN IAMEIUIUTDLATIIVILA
X = ;Zi=1 Xi (2.41)

44' - ° 1% &
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X; P8 Uayadau i
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TnevnludyaadnanduuinuasduaudisiSouiisuiusiunisaunass

A
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lianadefianUszanaslugud anadslunsdiazmunalaenismeaduysalvodyyio
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A191NM&9d09 Root Mean Square (RMS) JuAisinvesadonasiy

founaiinlalumunaniiinulugimileg

N
2oy X0

RMS = (2.42)

ALONNAYRENER YaRAENEnURsRgIM (Peak wio Max) \Junisuen

Y Y 1 Y 9

L% s

AsEAUganvesdyaulesUuIINSTAUAUS

Y

Peak = max(|x(t)]) (2.43)

AKOUNAARNER ViserngavesdaaIa (Min) \Junisuenmiszausiign

Y 9

Y} o Y ¢
vosdgyaaiilsauuluanssaueud

Min = min(|x(t)]) (2.44)

a

A Peak to Peak 1unisuenmvuavesdgaiaiinldaingagaaaniaiu

UINAUIAAFANNAUAY

Vop = max(x(f)) — min(x(t)) (2.45)
ﬁ%ﬁimwummgm (Standard  Deviation,d) fie AMn1snszaesa Jadu

(%
g

AYNUUA

¥

ANMIAAINNATINYNARIAD DA 19D TR AAAL A AUTDYALRAELAINITAIYIINIY
Y
U

o= |-YVN [x; — x) (2.46)
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ANALLUSUTIU (Variance) Ao ANN15152978 i duAladsveinasiy

i%
v

Mauavastayasauuenmasaes
1 —
Var = EZ’ivq[xi —x)? (2.47)

AR (Skewness) Ao dnwazvasdulAwaINITwINLIoYa Nllagly

sUanuInsianwarvesulAdulumtaganiifmaausunitlaadlunisuan (Positively

'
o

Skewness) uagndulAsdulunstoyaiiidssenda Waaunisau (Negatively Skewness)

1 gy x;—x]°
Skewness = — E [‘—] (2.48)

A1AULAY (Kurtosis)  AaanunyvaddulAIradnIskaniaInufdfgla
G ‘ﬂy é’l v A A
vsIRgAL LA YzALlel 3 UssinnAe
1. Wevasasunniinunfsendn Leptokurtic
2. lasUunanaiiendt Mesokurtic

3. lewtlasninunfisunan Platykurtic

. 1 N Xi—X .
Kurtosis = — E [— -3 (2.49)
N i=1 o

Crest Factor fodnsIdILLaNNAYAgednAiaTUluY MY MTAEA

RMS vesdqyaasanansassydsiiisuiinanudemevesudiugunsal 1w wu3d

Peak
RMS

Crest Factor = (2.50)

ANEINUYRIFYI (Signal  Energy, E) fip MInInasiunasqedves

x(t) saeaiaian T

L fOTx(t)2 df (2.51)
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WUATZAFYYIUUUIAIUIAIAILATNITIHNITAIG AINa1IT19AU

A11150 103190 UANILIATRIININATINAINAAUYAAMNTIUAIEY WIF LRGN

1%
a =

funndn 1 viledusgiunaredadeidu siavesdyyruniuin anududeuvesdyyiu

[ v Y

AN I AUTUYDUTDILATIAS19UBUATDIANT WUAY TIUNATINISITLADS

T o
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=

A199) atenaldivungauaglgvinuigan s veaIesing

2.1.15 A53As1EAuulauaInLg

6

n1sulasulises (Fourier  Transforms) Wuiasesiiedmsunisiiasie
awnasuvesilenduiinudeioaniuaud n1suuaslisesveqnaauae n1suengnaiu

I 41' salal a1 o A
'E]%ELUﬂr]WNaTJlIGU'E]\‘]Qﬂﬂau‘l"ﬁumﬂﬂfﬂﬂﬂmqﬂ‘] PNANNIIN 2.52

N-1

.nk
_ _ —2mile
x(£) = x(t) = x(k) = x, = X,, = Z X(k)e 2™~ (252
k=0
dyaruvulamunnudflaainnisedasdyaialanunandulaiwu
ANUDlAgANNITYRINTSWUASYS Meaunish 2.52 wazansnsaulasnduunlviineglusuves

Tawuanle Aeaun1si 2.53

N-1 .kn

x(t) = f_oooox(f)eizm dt > X, = z X,e’™ v (2.53)

n=0

9Naun1sN 2.52 waz 2.53 f Aeanudlumbedsnd (Hz) Uuuuves
nsuasdyaranauain x(f) wndu x(t) 958031 Inverse Fourier Transform wagan
& al IS L [ LY 3
auMIisaRsAnNfdn x (t) Amuvesdyaranduetiug
nsulasisesagne33ni53 (Fast Fourier Transform, FFT) Ais 38n15uuas
o = I 4 I dl 1 < = ad a ¢ 1
aunedlulaunailveglulawuaiiuiegiuia 1lewinisnisudasyisesuuuly
oA . . v ° = v o °
MoLiles (Discrete  Fourier Transform) ldianlunisdAwiniuin fe AaeinnIsuINd UL
Wedouriavan N asawazadniudadournanun N AS5iuuaIneaiin1smuiaiaviie
N? asssiudsmsudamizesisalaimuainnisulasidesuuulisedios walinmsfuom
Wies N logy N asa vy lagivnannsasguin 2.47 winnnsvinauees Fast Fourier

Transform
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Wave from 113817910

e Almlyzel lashumai FFT ninozldou
nfwes aglugluas - = y
MMIUINANUTVRI Complex o il tnuang
complex wavefrom 2
wavefrom oghuzivoandy

' Al dagl

suAnTERuEz T

'g‘dﬁ 2.47 #anANSYIN9UYe9 Fast Fourier Transform

2.1.16 n1suwdasalnady (Spectrum)

n1siuasaunmsu (Spectrum) vedasnisiinaeswtiesaunasu (Power
spectrum) iilenansgaiuiiinduluaiunn sy Seddnvuzwiioufuadnniy Alduansgaidy
Fuaradinatululawuia nsuszanadyyiaiisenida n1saasefigudasy
(Cepstrum analysis) ilasannduaalamuninuivdesudniuazuansdnuagainuduaiu
yawanduaiauulaunud nssenauUnasufidszezvinsanudivintu RPM azUsng du
vendnyuiifiinudvintu 1/RPM  uilamuanud msdnssieddnia  agldnng

a ¢ =

ATIENYAUAUANAT TN Azl LounFaf1LarEaARyIMITINILLIN UBNIINT

3

7 IS = !

dygravzduauanufunnImilsyadiudasynlviiszoranudnuaneeiy  aedunis

e

4

Ansginavanudiuulasmanuidadiaugeiniazidenannn msldnsinses
wdnsuanansatisussndanatuazananuegeindanandisi wdnduiiyngoniingai
syegingsueinuazLauANRF Ui aUdn Uit 2 wuuldun nneseudnsu uas
wudnsudetouldussdusznouina e fufuasniiiuuenndgaudazaiiuily
anniu

AUNIVBRNNBTAUNASY LEAIRSENNITA 2.54

Cp(m) = I {log Fr ()} (2.54)

AUN15VDNIUANSULTITIU  WARNIAIAUNISA 2.55

Cc(1) = I Hlog F(f)} (2.55)
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do  F (f) feo mefanaiu

f(f) o aunedudsdouvdonsudan|ises
1

R fAa nswlaslisesdoundy

F(f) =3{f(©} = A(f) - &0 (256)

2.1.17 2995U5u@ls wagauiuu (Zero Span) [19]

199505 udlsuazanwduasasusuanmdyaia Aldlunisuuasdag
yosdyramssundsllidutisusundesnisnismnzunmsidnu Jelalaidunisvene
YUIALNEIDEINALINTTUTUAI VB399 59U UTUAMANTAY091935H 2 BgNsIeiuABNITUSY

g5 wazn1susuawlu

wnalaad)
A

» Funwa(ad)

JUN 2.48 mansUTuANglsve9asalsan iy
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M3UsuARls Afen1sn1sUsugadawnuULLIRITEINIINANENTUS T2

LA IANALAL BUNRYRINTT TauUY AagUN 2.48

N .
> Oupnlloan)

SUN 2.49 wamsuUTuAanUuveeeasglsany

[ @A [y | [y Iy Y4 1 '3
N1IUIVALUU NABNITUITUAIAINTUTDINTINADINFUNUTTZUINUDIANE/

BunneasTlsanUu IneA1vesgadnunusnsiuldlaiudeundaiagui 2.49

-9v
200K0

10KQ 50K0

Rcomp

SUN 2.50 1935U5UalsuazaLUY

LY

295USUTLs uavawUuIgua 2.50 wiasauwdinfeesdusicnend Miunseiu

a e 6 & ~ o s o d'
29939 UDIANLLDNUUULDY Iﬂﬂ'ﬁﬂﬁ]imamﬂqﬁLL?Q@UL@WWWW@QaNﬂqi‘W 2.57

X V.. (2.57)
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INNANIINAADY gﬂﬁ 4.1 Hun1siaszidelauuainudvesdygiaain
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AN 4.1 ATILASIEILULALIULIANAANUANSEUASIDUY 32.2 Hz

Mean RMS SD Var Skew Kurt Crest
PCB 0.19 0.34 0.27 0.07 -0.94 5.19 3.01
ADXL 0.05 0.22 0.20 0.04 -0.18 5.40 4.59

Error (%)| 73.68 35.29 2593 42.86 80.85 4.05 52.49

AN5197 4.2 ATILATIZAULAIULIANNANUDNISEUAZLIBY 53.2 Hz

Mean RMS SD Var Skew Kurt Crest
PCB 0.25 0.37 0.24 0.06 -1.04 6.83 2.84
ADXL -0.03 0.23 0.22 0.04 0.02 3.79 4.33

Error (%)| 112.0 37.84 8.33 33.33 101.92 44.51 52.46

A15997 4.3 ANASIZAUIAIULIANNAUDNTEUALLIAN T73.7 Hz

Mean RMS SD Var Skew Kurt Crest

PCB 0.11 0.26 0.23 0.05 0.01 3.26 3.80
ADXL 0.04 0.24 0.21 0.04 -0.02 4.28 a.14
Error (%)| 63.0 o 8.7 20.0 300.0 31.3 8.95
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Factor (Qmswﬁ 4.3)
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A5 1fiaefRugIUNINaan 2 f fe Auads wor AndeuuuinsguaTousnLEY
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::4' <, a ¢ v = 1y}
NNANTITNAABY JUN 4.18  WWumsiasievimelamuaiudvesdyyiiein
a3 ADXL imnudvesnisduasiion 9540 pm (159 Hz)  audiuAinudwdnagi
159.64 Hz drudyaaunliannduwessnsds (PCB) 9z1innsn1sduisuusaziinn1sesy

Yosdyayad JvhlaiflisausiiuAweuduges ADXL

PN 4.4 ATleTzRlulamunaIANaNTAUdzLoW 5820 rpm (97 Hz)

PCB ADXL
Error (%)
Mean SD Mean SD
Mean 0.1885 0.0063 0.2167 0.0386 14.9447
SD 0.2456 0.0116 0.2545 0.0224 3.6211

M9 4.5 Aneszilulamunaiinnudnisdugaziiiou 7200 rpm (120 Hz)

PCB ADXL
Error (%)
Mean SD Mean SD
Mean 0.2213 0.0120 0.2674 0.0294 20.7948
SD 0.2781 0.0143 0.3115 0.0224 12.0466

M1597 4.6 ATATIERlulamUaiANdNSEUdELTIou 7620 rom (127 Hz)

PCB ADXL
Error (%)
Mean SD Mean SD
Mean 0.2337 0.0397 0.2967 0.0058 26.9562
SD 0.2489 0.0132 0.3439 0.0098 38.1702

MITNT 4.7 AATIzslulauaaunITdudzIou 8040 rpm (134 Hz)

PCB ADXL
Error (%)
Mean SD Mean SD
Mean 0.2545 0.00397 0.2967 0.0058 26.9562
SD 0.2489 0.0132 0.3439 0.0098 38.1702




M5N7 4.8 ATlaTzRlulamuainINdNITEUdzLTIoU 9540 rpm (159 Hz)
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PCB ADXL
Error (%)
Mean SD Mean SD
Mean - - 0.3922 0.4467 -
SD - - 0.0274 0.0235 -

mﬂgﬂﬁ 4.9-4.16 Azdiulginefudseneg fiduinuaza Amplitude vedusias
ANE NMsIAsIeAuATiauE find1 100 Hz  Areududnialdlndideaty (a
ety < 1%) Aanudsesinlaliingsiu fiudigandn 100 Hz (7200 rpm (120 Hz), 7620
rpm (127 Hz) wag 8040 rpm (134 Hz)) Apnudvaninldlndifiestu Gasefu < 1%)

ANANUDTBMALI NALALAWNIN 91 2, 4, 5, 6, 7 WiNUBIAINANAN

Average of Mean

0.40
0.35
0.30
= 0.25 ‘*//‘
5
= 0.20
g
£ 015
0.10
0.05

0.00
90 95

100 105 110

AN TuNITUNY (Hz)

115 120 125 130 135 140

—@®—PCB Mean —@—ADXL Mean

SUN 4.19 NSINALRALUEY Mean 9NNANITILASIEILULAMIUNIAINANUIVDINITEUALLDU

Y

5820 rpm (97 Hz), 7200 rpm (120 Hz), 7620 rpm (127 Hz) wag 8040 rpm (134 Hz)
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Average of SD

= 030 \/
S 0.25

90 95 100 105 110 115 120 125 130 135 140
<
AU TUNTUNY (Hz)

—@—PCB Mean —@—ADXL Mean

JUT 4.20 ns1vlladeves SD MnuamTaTeilulamunanauivesnIsduagiiiow 5820

rom (97 Hz), 7200 rpm (120 Hz), 7620 rpm (127 Hz) uwag 8040 rpm (134 Hz)

MNe3aT 4.4-4.7 ThirAnedeves Mean 1 SD ananansias1zsilulatuue
fiaudvesnisduagifion 5820 rpm (97 Hz), 7200 rpm (120 Hz), 7620 rpm (127 Hz) waw
8040 rpm (134 Hz) avinsnennsin ¢ lansgud 4.19-4.20

91N3UA 4.19 Ms¥nfie PCB Wwaz ADXL A1 Average  91nMN591AABY 3 ads
2l Mean  Aiflunliiunfeafuiufe Anmislunismusin @seziRauseduasifious)
f1 Mean flagsn wazardengetuidoaulunmanyuiutu anduldiisuu Ty
ﬁﬂmqﬁgﬂé}’aq ANgLeeA1 Amplitude

23U 4.20 A1 SD 9nNIMnaes 3 afsiinuisingt 100 Hz aglsianunsniald
A5IAY WA NAgandn 100 Hz szduunldiuferfusneiidn Amplitude agiiuledndien
wnlthlulufirmaiigndes

Pnnsneaediirnuiveanisduaziiiou 5820 rpm (97 Hz), 7200 rpm (120 Hz),
7620 rpm (127 Hz), 8040 rpm (134 Hz) tay 9540 rpm (159 Hz) 15198MNN15EUSUNANIS
yaapvinduges PCB wariduwes ADXL lHlunmsmanosidduualiululufiansiignses
Tngvimstudunanismaaesdnassiegunsaiinanudisoutesuawmes (HIOK  3403)

f9915199 4.9
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M15°97 4.9 wan1sBudunaniseassnlamuaudieaUnalinausIseUveILDINes

(HIOKI 3403) fimnuiinsduagifion 5820 rpm (97 Hz), 7200 rpm (120 Hz), 7620 rpm

(127 Hz), 8040 rpm (134 Hz) kag 9540 rpm (159 Hz)

PCB HIOKI Error % ADXL HIOKI Error %

5820 rpm
97.99 97 1.01 97.68 97 0.69

(97 Hz)

7200 rpm
120.93 118 242 120.79 118 2.30

(120 Hz)

7620 rpm
127.76 128 0.18 127.59 128 0.32

(127 Hz)

8040 rpm
134.92 133 1.42 134.62 133 1.20

(134 Hz)

9540 rpm
- - - 159.64 159 0.40

(159 Hz)

INAITNNUINTULLDS PCB Wawfigunu HIOKI 3403 daianuianainingnaiu

< 3% d@uduees ADXLIawsuiu HIOKI 3403 fA1anuRanaininaieiy < 3% Auiy

MaTLduees PCB uaziues ADXL Aildlunismaassifidwuiliuldluiamnsiignies
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High Performance
Wide Bandwidth Accelerometer

ADXL001

FEATURES

High Performance Accelerometer
+70g, £250g And +500g Wideband Ranges Available
22kHz Resonant Frequency Structure
High Linearity (0.2% of Full-scale)
Low-Noise (4 mg/./Hz )
Sensitive Axis in the Plane of the Chip
Frequency Response Down To DC
Full Differential Signal Processing
High Resistance to EMI/RFI
Complete Electromechanical Self-test
Output Ratiometric to Supply
Velocity Preservation During Acceleration Input Overload
Low-Power Consumption (2.5mA typ)
Smm LCC Hermetic Ceramic Package

APPLICATIONS

Vibration Monitoring

Shock Detection

Sports Diagnostic Equipment
Medical Instrumentation
Industrial Monitoring

GENERAL DESCRIPTION

The ADXLO001 is a major advance over previous generations of
accelerometers - providing high performance and wide
bandwidth. This part is ideal for industrial, medical, and
military applications where wide bandwidth, small size, low
power, and robust performance are essential.

Utilizing our proprietary 5th Generation iMEMs process
enables the ADXL001 to provide the desired dynamic range that
extends from +/-70g to +/-500g in combination with 22kHz of
bandwidth. The accelerometer output channel passes through a
wide bandwidth differential to single ended converter, which
allows access to the full mechanical performance of the sensor.

The part can operate on voltage supplies from 3.3V to 5V.

The ADXLO001 also has a Self-Test (ST) pin that can be asserted
to verify the full electromechanical signal chain for the
accelerometer channel.

FUNCTIONAL BLOCK DIAGRAM

Vs
o
7
il ADXL0O1
TIMNG
GENERATOR
;; DIFFERENTIAL Output
SENSOR plifi HO Xour
SELF-TEST
&
SELF-TEST gcom

Figure 1. Functional Block Diagram

The ADXLO001 is available in industry standard 8 pin LCC and
is rated to work over the extended industrial temperature range
(-40 to +125C).

400 L
3504

3004
250
2004
15.0 4
10.0 4
5.04
0.0
504
=10.0

Response (d8)

1 10 100 1000 10000 100000
Frequency (Hz)

Figure 2. Sensor Frequency Response

This information applies to an ongumg development. Its characteristics and specifications are subject to change without notice.

Analog Devices &5 no reg. g future mai
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ADXLOO1

SPECIFICATIONS

Table 1. ADXL001 Specifications
(@Ta=-40"Cto +125°C, Vs = 3.3V + 5% DC, Acceleration = 0g; unless otherwise noted)

709 2509 5009
Conditions Min | Typ | Max Min Typ | Max Min Typ | Max Units
SENSOR
Nonlinearity 02 |2 0.2 2 0.2 2 %
Alignment error Die in package 1 1 1 degree
Package resonance 130 130 130 kHz
Cross-axis sensitivity | Includes 2% 2% 2% %
pkg. Alignment
Resonant frequency 22 22 22 kHz
Quality factor 25 25 25
SENSITIVITY Ratiometric(1) 1 1 1 %
Full scale range lout<=+/-100pA | -70 70 -250 250 -500 500 g
Sensitivity Vs=3.3V, 100Hz 16.0 4.30 2.15 mV/g
Sensitivity Vs=5V, 100Hz 24.2 6.5 3.26 mV/g
OFFSET Ratiometric(1)
Zero-g output Vs=3.3V 1.35 165 | 1.95 TBD 1.65 | TBD TBD 1.65 | TBD v
Zero-g output Vout-Vs/2 -90.9 90.9 mV/V
Noise
Noise 10Hz-400Hz 100 100 100 mg rms
Noise density 10Hz-400Hz 4 4 4 mg/rt Hz
Frequency Response
-3dB frequency 22 22 22 kHz
-3dB frequency drift 2 2 2 %
Self Test
DeltaV Vs=3.3V 400 TBD TBD mV
Delta V (cubic vs. Vs) 10 TBD TBD mV/VA3
Logic input high Vs=3.3V 21 2 241 v
Logic input low Vs=3.3V 0.66 0.66 0.66 v
Input resistance To Ground 30 50 30 50 30 50 kO
Output Amplifier
Output swing lout=+/-100pA | 0.2 Vs-0.2 | 0.2 Vs-02 | 0.2 Vs-02 | V
Capacitive load 1000 1000 1000 pF
PSRR/CFSR DC-1MHz 0.5 0.5 0.5 Vv
Power Supply (Vs)
Functional Range 3.135 6 3135 6 3.135 6 \'
Isupply 25 5 25 5 25 5 mA
Turn-on time TBD TBD TBD ms
This i applies to an ongoing Its characteristics and specifications are subject to change without notice.

Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. Patents pending.

Rev. PrA | Page 3 of 10
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ADXL00T

CRITICAL ZONE
To | — - — - — | = T TOTp
RAMP-UP
[
o T Tomax it
E 1
- Y
g [Towm
g |7
YL I W A
PREHEAT RAMP-DOWN
thEak
TIME (1)

Figure 3. Recommended Soldering Profile

Table 2. Recommended Soldering Profile

[

Profile Feature

5n63/Pb37

Pb-Free

Average Ramp Rate (T.to Te)
Preheat
Minimum Temperature (Tswn)
Maximum Temperature (Tsmax)
Time (Tsmm to Tsmax), ts
Tomax to Te
Ramp-Up Rate
Time Maintained Above Liquidous (t)
Liquidous Temperature (Ty)
Time (tJ)
Peak Temperature (Tg)

Time Within 5°C of Actual Peak Temperature (tr)

Ramp-Down Rate
Time 25°C to Peak Temperature (teeax)

3°C/s maximum

100°C
150°C
60 sec to 120 sec

3°C/s

183°C

60 sec to 150 sec
240°C + 0°C/-5°C
10 sec to 30 sec
6°C/s maximum

6 minute maximum

3°C/s maximum

150°C
200°C
60 sec to 150 sec

3°C/s

217°C

60 sec to 150 sec
260°C + 0°C/-5°C
20 sec to 40 sec
6°C/s maximum

8 minute maximum

Its characteristics and are subject to change without notice.

This information applies to an ongoing

Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. Patents pending.

Rev.PrA | Page 4 of 10
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ADXLOD1

ABSOLUTE MAXIMUM RATINGS

Table 3. Absolute Maximum Ratings

Parameter” Rating ESD CAUTION

Accel - ESD (electrostatic discharge) sensitive device.
cce era.tmn 1000 g Charged devices and circuit boards can discharge

(Any Axis, Unpowered and Powered) ‘ without detection. Although this product features

Supply Voltage Vs 03 to 7.0V patented or proprietary protection circuitry, damage

PPy e - v M may occur on devices subjected to high energy ESD.

Output Short Circuit Duration Indefinite Therefore, proper ESD precautions should be taken to

(Vout, to Ground) avoid performance degradation or loss of functionality.

Storage Temperature -65°C to 150°C

Soldering Temperature Range 245°C

(Soldering 10 sec)

Operating Temperature Range -55°Cto 125°C

*Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

Drops onto hard surfaces can cause shocks of greater than
4000 g and can exceed the absolute maximum rating of the
device. Exercise care during handling to avoid damage.

This information applies to an ongoing development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. Patents pending.

Rev. PrA | Page 5 of 10
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ADXL0O1

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

Vooz
Le]
ONC [7]) 2\
ONC L2 o Scaie) £ *ouT
com[3] [5] oNe
ol
ST

DNC = DO NOT CONNECT
Figure 4. Pin Configuration

Table 4. Pin Function Descriptions

Pin No. | Mnemonic | Description

1 DNC Do Not Connect

2 DNC Do Not Connect

3 COM Common

4 ST Self Test Control (Logic Input)

5 DNC Do Not Connect

6 Xour X Axis Acceleration Output

7 Voo 3.135 V to 6 V (Should Be Connected Physically To Vip:)
8 Vo 3.135V to 6 V (Should Be Connected Physically To Voo)

This information applies to an ongoing development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. Patents pending.

Rewv. PrA | Page 6 of 10
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ADXLOD1

THEORY OF OPERATION

DESIGN PRINCIPLES

The ADXL001 accelerometer provides a fully differential sensor
structure and circuit path for excellent resistance to EMI/RFI
interference.

This latest generation SOIMEMS device takes advantage of
mechanically coupled but electrically isolated differential
sensing cells. This improves sensor performance and size as a
single proof mass generates the fully differential signal. The

MECHANICAL SENSOR

The ADXL001 is built using the Analog Devices, Inc., SOIMEMS
sensor process. The sensor device is micromachined in-plane
in the SOI device layer. Trench isolation is used to electrically
isolate, but mechanically couple, the differential sensing ele-
ments. Single-crystal silicon springs suspend the structure over
the handle wafer and provide resistance against acceleration forces.

ANCHOR/

sensor signal conditioning also uses electrical feedback with
zero-force feedback for improved accuracy and stability. This - MOVABLE
force-feedback cancels out the electrostatic forces contributed CAPACITORS
by the sensor circuitry. UNI
z SENSING
Figure 5 is a simplified view of one of the differential sensor cell g EEL
blocks. Each sensor block includes several differential capacitor i
unit cells. Each cell is composed of fixed plates attached to the 8
device layer and movable plates attached to the sensor frame. <
Displacement of the sensor frame changes the differential
capacitance. On-chip circuitry measures the capacitive change.
g
]
Figure 5. Simplified View of Sensor Under Acceleration
This applies to an i P Its characteristics and specifications are subject to change without notice.
Analog Devices no obligati g g future manufacturing unless otherwise agreed to in writing. Patents pending.

Rev. PrA | Page 7 of 10
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ADXLOO1

APPLICATIONS

APPLICATION CIRCUIT

Figure 6 shows the standard application circuit for the

ADXL001. Note that Voo and Vop: should always be connected.

The output is shown connected to a 1000 pF output capacitor
for improved EMI performance and can be connected directly
to the ADC input of a microcontroller. See the ADC
specifications for proper antialiasing filtering, based on the
user’s sample rate.

NC = NO CONNECT

oamecn

Figure 6. Application Circuit

SELF-TEST

The fixed fingers in the forcing cells are normally kept at the
same potential as that of the movable frame. When the user
activates the digital self-test input, the ADXL001 changes the
voltage on the fixed fingers in these forcing cells on one side of
the moving plate. This potential creates an attractive electro-
static force, causing the sensor to move towards those fixed
fingers. The entire signal channel is active, so the sensor
displacement causes a change in Xout. The ADXLO001 self-test
function verifies proper operation of the sensor, interface
electronics, and accelerometer channel electronics.

The ST pin should never be exposed to voltages greater than
Vs + 0.3 V. If this cannot be guaranteed due to the system
design (for instance, if there are multiple supply voltages), then
alow Ve clamping diode between ST and Vs is recommended.

devel.

This inf ion applies to an

ACCELERATION SENSITIVE AXIS

The ADXL001 is an X-Axis acceleration and vibration-sensing
device. It produces a positive-going output voltage for vibration
toward its Pin 8 marking.

PIN 8

i

Figure 7. Xour Increases with Acceleration in the +X-Axis Direction

96-002

OPERATING VOLTAGES OTHER THAN 5V
The ADXLO01 is specified at Vs =3.3 V and Vs = 5 V. Note that
some performance parameters change as the voltage is varied.

In particular, the Xout output exhibits ratiometric offset and
sensitivity with supply. The output sensitivity (or scale factor)
scales proportionally to the supply voltage. At Vs = 3.3 V, output
sensitivity is typically 16 mV/g. At Vs =5V, sensitivity is
nominally 24.2 mV/g. Xout zero g bias is nominally equal to
VS/2 at all supply voltages.

Self-test response in g is roughly proportional to the square of
the supply voltage. However, when one factors ratiometricity of
sensitivity in with supply voltage, the self-test response in
voltage is roughly proportional to the cube of the supply
voltage. For example, the self-test response for the ADXL001-70
at Vs = 5V is approximately 1.4 V. At Vs = 3.3 V, the response is
approximately 400 mV.

Its characteristics and specifications are subject to change without notice.

Analog Devices assumes no obligation regarding future manufacturing unless otherwise agreed to in writing. Patents pending.

Rev.PrA|Page 8of 10
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LAYOUT, GROUNDING, AND BYPASSING CONSIDERATIONS

CLOCK FREQUENCY SUPPLY RESPONSE

In any clocked system, power supply noise near the clock
frequency may have consequences at other frequencies. An
internal clock typically controls the sensor excitation and the
signal demodulator for micromachined accelerometers.

If the power supply contains high frequency spikes, they may be
demodulated and interpreted as acceleration signals. A signal
appears at the difference between the noise frequency and the
demodulator frequency. If the power supply noise is 100 Hz
away from the demodulator clock, there will be an output term
at 100 Hz. If the power supply clock is at exactly the same
frequency as the accelerometer clock, the term will appear as
an offset. If the difference frequency is outside the signal
bandwidth, the output filter attenuates it. However, both the
power supply clock and the accelerometer clock may vary with
time or temperature, which can cause the interference signal to
appear in the output filter bandwidth.

ADXLO001 addresses this issue in two ways, First, the high clock
frequency, 125 kHz for the output stage, eases the task of
choosing a power supply clock frequency such that the
difference between it and the accelerometer clock remains well
outside the filter bandwidth. Second, ADXL001 has a fully
differential signal path, including a pair of electrically isolated,
mechanically coupled sensors. The differential sensors
eliminate most of the power supply noise before it reaches the
demodulator. Good high frequency supply bypassing, such as a
ceramic capacitor close to the supply pins, also minimizes the
amount of interference.

Clock frequency supply response (CFSR) is the ratio of the
response at the output to the noise on the power supply near the
accelerometer clock frequency or its harmonics. A CFSR of 0.5
means that the signal at the output is half the amplitude of the
supply noise. This is analogous to power supply rejection ratio
(PSRR), except that the stimulus and the response are at
different frequencies.

This. applies toan

POWER SUPPLY DECOUPLING

For most applications, a single 0.1 pF capacitor, Cnc, adequately
decouples the accelerometer from noise on the power supply.
However, in some cases, particularly where noise is present at
the 1 MHz internal clock frequency (or any harmonic thereof),
noise on the supply can cause interference on the ADXLO001
output. If additional decoupling is needed, a 50 Q2 (or smaller)
resistor or ferrite bead can be inserted in the supply line.
Additionally, a larger bulk bypass capacitor (in the 1 pF to

4.7 uF range) can be added in parallel to Cpc.

ELECTROMAGNETIC INTERFERENCE

The ADXLO001 can be used in areas and applications with
high amounts of EMI or with components susceptible to EMI
emissions. The fully differential circuitry of the ADXL001 is
designed to be robust to such interference. For improved EMI
performance, especially in automotive applications, a 1000 pF
output capacitor is recommended on the Xouroutput.

Its characteristics and specifications are subject to change without notice.

Analog Devices assumes no nbllgalmn reg ardlng future manufacturing unless otherwise agreed to in writing. Patents pending.
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OUTLINE DIMENSIONS

ORDERING GUIDE
Table 5. Ordering Guide

8-Terminal Ceramic Leadless Chip Carrier [LCC]
(E-8)
Dimensions shown in millimeters

Figure 8. Package Dimensions

Model Branding Package Gee Range Temperature Range
ADXL001-70 TBD LCC-8 +70g -40°C to 125°C
ADXL001-250 TBD LCC-8 +250g -40°C to 125°C
ADXL001-500 TBD LCC-8 +500g -40°C to 125°C

©2008 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
PRO7510-0-5/08(PrA)

ANALOG
DEVICES

www.analog.com

This information applies to an ongoing development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacturing unless etherwise agreed to in writing. Patents pending.

Rev. PrA | Page 10 of 10
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TACHO HIiTESTER 3403, 3404
Field measuring instruments m

dlgltal ~
‘eter!covers u\to 100'000r/min

? "* m \

range up through 100,000 r/min.
Choose from two models to match your needs:
the basic 3403 and the multi-functional 3404.

@ www.hioki. com)

|SO 9001 13014001 Wwwvmu ‘new products, smvironm a—.‘m r—
JMEO216 JOA-E-90091 othat information am avalasls on our wabsl

Digital tachometers offering high resolution and covering a wide c €
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High-precision, high-resolution
Maximum 0.01 r/min resolution

Measurement range xote: Conmact adapter may be used for roatons up to 20,000 pmin.

NORMAL, MIN and MAX modes (MIN and MAX modes only on the 3404)

and high = 1 dgt. precision make SLOW samping (3403 and 3404) FAST sampling (3404 onty)
the tachometer effective for precise Fonge
300010 19999 00005999 =1 dst. 12000 1o 199 90 =40 d
measurements. mnoumm::g:: xna::lmn mﬂmmﬂnz_‘ﬂ@
i - 20001 19999 2000t09999 =1dst = 1000.0 to 1999.0 =40 dgt
Inter_nal micro computer for . el I e e
multi-functional performance 0000199 | 20099 =ldkr | 1000010 19950 =404t
(3404 only) T 1°°Wb=__1m”£ =2 dat 20000 1 55500 200 agt.
o 0 5 2000 w0 19990 2000109990 =20
MIN, MAX-Holds minimum and 0500001599 | 0500009999 =1zt ° R Do e
maximum r/min, r/s values. 1000010 1.0999 =2 dst vs | 00wIHH0 | 0009950 =20 ds:
TOTAL-Provides total rotation counts 0 | 0w 10959 22 tor 0000 Ny
. © 2de 000016000 | 2000109990 =20d
from 0 to 500,000 for real-time e H® | RRnH® i | “ 10000 1 16000 240 ds
rotation count measurement. e gﬂ‘"ﬁ:‘;” j‘c' Note: Display will read 0.0 below 120 vmin or 2 /s
= 0w y o =
PERIOD-Accurately measure rotation 1000010 16000 g::. TOTALM (3404 only) - 0 10499995 S-diit display.
pulses from 600 s to 2.000 seconds. ‘ot Display will ead 0.0 below 30 i ox 0.5 5. wnwd--dfarlwmom\um over)
(3404 only) 600 us 10 2.000 5 - =1 dat. for
¢¢p&qlay =2 dgt. for 4 112 - digit display.
Analog output (3404 only)
Stable analog signal output from low ; ) - )
to high speeds provides clear recording Specifications Selection guide
by merely connecting your existing :
Moasurement mothod mm
reoordet(hﬂ;mtsamphngmo@ecan | v 10D 12 s 5 diis wit e —‘
be set to slow or fast to meet different Tase digk Sed o — —
application needs. amd igher). | |Sampiing rate 051020 se¢ | SLOW mode 0550 20sec
Tm:;ﬂ"m FAST modk 01 1505
FAST/SLOW -
Double performance from one vimin, vs (] marks mode select o
tachometer (MAX, MIN. TOTAL, PERIOD, %xmmt,
By using the optional 9213 contact Moda | ftotal count |
adapter the 3403 and 3404 become D = °
contact-type tachometers, while (period
the peripheral ning can be used in
e . |Analog cutput - [*]
applications like measurement of Auto-range functs 0 )
conveyer line speed (period). |Datahold 8] =)
5 9
’ " AC &) 5]
Simple reflector detection R Reecsve vape| Relectve sape 9211 |
check 9211 (1 sheco| L D
Carrying case Omwdm
LED and buzzer signals confirm that B i mase (et TR x 2% Wi e
the light pulses reflected from the tape (17°H % 244"W x 1 50°D)
on the rotating body are being picked Approx. 260z (92 02)
up. Signals can be tumed on and off
freely.
r/min < tfs Optional accessories
Switch units even during measurement. Reflective tape 9211 (10 sheets) Output cord 9094 (1.5 m)
(30 pieces per sheet, each sheet 12 » 12 mm)
Auto-ranging function covers 3 ==
from 30 to 100,000 r/min. 3 == e
& G Matal contact tip | Rubber contact tip] Peripheral ring
Tripod mounting socket
AC and DC power supplies
may be used. 9213 dimensions: 70 » 62W = 39Dmm (Not including contact tip)
HIOKI {Shanghai) Sales & Trading Co., Ltd. :
H I 0 K I 1608 'é\usmrgrg.'m;smgmr&. 24 Husi Hai Zhong DISTRIBUTED BY
Foad, Shanghai, PRChina POSTCOCE: 200021
+86-21- 1- / FAX +856-21-6301-
HIOK! E.E. CORPORATION fmat moahandcoomen o oo
Beijing Office :
HEAD OFFICE : A-2602 Frestown, 58 Dong San Huan Nan Rosd
81 Koizumi, Ueda, Nagano, 386-1192, Japan  Bojing. PAChine POSTCODE: 100022
TEL +81-268-28-0562/ FAX +81-268-28-0568 TEL +86-10-5657-4080/4081 FAX +85-10-56857-4060
E-mai: os-com@hioki.co.jp EMMMmcn
HIOKI USA CORPORATION :
6 Corporate Drive, Cranbury, NJ 08512 USA mmmmm
TEL +1-600-400-0100 / FAX +1-809-100-0108 15} 386 70, 983000 a5 FAX +86.20. 38307670
E-mail: hioki@hiokiusa.com Exmai:info-grahiok.comcn
All information correct as of Dec_ 2. 2009. All specifications are subject to change without notice. 3403E3-9ZB  Printed in Japan
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o

Low-Cost, Bus-Powered Multifunction DAQ for USB

ni.com

12- or 14-Bit, Up to 48 kS/s, 8 Analog Inputs

J

aang

= 8 analog inputs at 12 or 14 bits, up to 48 kS/s.
= 2 analog outputs at 12 bits, software-timed

= 12 TTL/CMOS digital VO lines

= One 32-bit, 5 MHZ counter

Overview

« Digital triggering
= Bus-powered
« 1-year warranty

With recent bandwidth improvements and new innovations from National instruments, USB has evolved into a core bus of choice for measurement applications. The NI USB-6008
and USB-6009 are low-cost DAQ devices with easy screw connectivity and a small form factor. With plug-and-play USB connectivity, these devices are simple enough for quick

measurements but versatile enough for more

Requirements and Compatibility

08 Infermation

= MacOS X

» Windows 2000/XP

= Windows 7

= Windows CE

= Windows Mobile

= Windows Vista 32-bit
= Windows Vista 64-bit

Comparison Tables

Input
Product Analog Inputs Resolution
8 single-ended/d
USB-6008 differential 12
8 single-ended/d
UsSB-6009 differential 14

Max Sampling Rate

PP 5

Driver Information

* NI-DAQmX
* NI-DAQmXx Base

Analog

(kS/s) Outputs

Software Compatibility

= ANSI C/IC++

» LabVIEW

= LabWindows/CVI1

« Measurement Studio
= SignalExpress

= Visual Basic NET

= Visual C#
Output Output Rate  Digital IO
Resolution (Hz) Lines
12 150 12
12 150 12

Back to Top

Back to Top

32-Bit
e Tar Triggering

Digital
Digital

Back to Top



Application and Technology

The USB-6008 and USB-6009 are ideal for applications where a low-cost, small form factor and simplicity are essential. Examples include the following

« Data logging—quick and easy envi or voltage data logging
= Academic lab use—student ownership of data isition hardware for lab-based courses (Academic pricing avallable. Visit the academic product page
for details.)

» OEM applications as /O for embedded systems
Recommended Software

National Instruments measurement services software, built around NI-DAQmx driver software, includes intuitive application programming interfaces, configuration tools, VO
assistants, and other 1o0ls designed 1o reduce system setup, configuration, and development time. National Instruments recommends using the latest version of NI-DAQmx driver
software for application development in NI LabVIEW, SignalExpress, LabWindows™/CVI, and Measurement Studio software. To obtain the latest version of NI-DAQmx, visit
ni_comy: Suppl)fﬂﬂ ag/versions

NI measurement services software speeds up your development with features including the following:

= A guide o create fast and accurate s with no pre using the DAQ Assistant

= Automatic code generation to create your application in LabVIEW

= LabWindows/CVI; SignalExpress. and C#, Visual Studio .NET, ANSI C/C++, or Visual Basic using Measurement Studio
- Multithreaded streaming technology for 1,000 times performance improvements

= Automatic timing, triggening, and synchronization routing to make advanced applications easy

= More than 3,000 free softiware downioads at ni com/zone to jump-start your project

= Software configuration of all digital 'O features without hardware swilchesjumpers

« Single programming interface for analog input, analog output, digital VO, and counters on hunﬂ'eds 'of muitifunction DAQ hardware devices; M Series devices are compatible
with the following versions (or later) of NI application software—LabVIEW, LabWindows/CVI, or b Studio 7.x; and 2x

Every National Instruments DAQ device includes a copy of SignalExpress LE dala-logging software, o you can quickly acquire, analyze, and present data without programming.
The NI-DAQmx Base driver software is provided for use with Linux, Mac OS X, Windows Mobile, and Windows CE OSs.

R ded A ies

The USB-6008 and USB-6009 have removable screw terminals for easy signal connectivity. For extra fiexibility when handling multiple wiring configurations, NI offers the
USB-600x Connectivity Kit, which includes two extra sets of screw terminals, exira labels, and a screwdriver. In addition, the USB-600x Prototyping Kit provides space for adding
more circuilry to the inputs of the USB-6008 or USB-6009.

NIUSB DAQ for OEMs

Shorten your time to market by integrating world-class National Instruments OEM measurement products into your embedded system design. Board-only versions of NI USB DAQ
devices are available for OEM applications, with competitive quantity pricing and available software customization. The NI OEM Elite Program offers free 30-day trial kits for
qualified customers. Visit ni com/oem for more information

Information for Student Ownership

To t and jon theory courses with practical experiments, Mi has developed the USB-6008 and USB-6009 student kits, which include
the LabVIEW Student Eumon and a ready-to-run data logger application. These kits are exciusively for students, giving them a powerful, low-cost, hands-on leamning tool. Visit
ni.com/academic for more details.

Information for OEM Customers

For information on special configurations and pricing, call (800) 813-3693 (United States only) or visit ni com/oem. Go fo the Ordering Informalion section for part numbers.

Back to Top
Ordering Information
For a complete list of accessories, visit the product page on ni.com.
Part Part
Number Number
NI USB-6009
NI USB-8003 with NI-DAGmx software, LabVIEW SignalExpress LE, and a USB cable. 779026-01  No accessories required.

NI USB-8008 Student Kit with NI-DAQmx software, LabVIEW SignalExpress LE, and a USE cable. Includes 779321-22  No accessories required.
LabVIEW Student Edition.

NI USB-6009 OEM (no enclosure) 193132-01  No accessories required.
Prototyping Kit

NI USB-800x Prototyping Kit 778511-01  No accessories required.
NI USB-6008

NI USB-6008 with NI-DAQmx software, LabVIEW SignalExpress LE, and a USB cable. 779051-01  No accessories required.
NI USB-6008 OEM (no enclosure) 193132-:02  No accessories required.

NI USB-8008 Student Kit with NI-DAQmX software, LabVIEW SignalExpress LE, and a USB cable. Includes 77932022  No accessories required.
LabVIEW Student Edition.

Connectivity Kit
NI USE-600% Connectivity Kit 779371-01  No accessories required

2T
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Software Recommendations

NI LabVIEW Full Development . ryiy integrated graphical system design
software

SignalExpress for Windows

116

= Quickly configure projects without

System for Windows programming

= Support for a wide range of measurement = Control over 400 PC-based and stand-alone
hardware, /0, and buses instruments

= Custom, event-driven user interfaces for = Log data from more than 250 data acquisition
measurement and control devices

= Extensive signal processing, analysis, and = Perform basic signal processing, analysis,
math functionality and file VO

= Advanced compiler to ensure = Scale your application with automatic
high-performance execution and code LabVIEW code generation

optimization
= Includes SSP for professional technical

support, online fraining, and software
upgrades

NI LabWindows ™/CVI for
Windows

=« Real-ime advanced 2D graphs and charts

« Complete hardware compatibility with 1v1,
VISA, DAQ, GPIB, and serial

processing stafistics, and curve fitting

* Analysis fools for array manipulation, signal

NI Measurement Studio
stlndard Edition

= Create custom reports or easily export data
fo LabVIEW, DIAdem or Microsoft Excel

« Customizable graphs and charts for WPF,
Windows Forms, and ASP.NET Web Forms
= Ul design
- Analysis libraries for basic signal generation
= Hardware integration support with data

\
- Simplified cross-platform communication with acquisition and instrument control libraries
network variables ] = Project setup wizards to speed up
= Measurement Studio .NET tools (included in
LabWindows/CVI Full only) = Support for Microsoft Visual Studio NET
+ The mark LabWindows is used under a | 2012/2010/2008
license from Microsoft Corporation. ‘

Back to Top

Support and Services

¥ Prog!

NI system are to make it even easier for you to own an NI system. These programs include configuration and deployment services for your NI PXI,
CompactRIO, or Compact FieldPoint system. The NI Basic System Assurance Program provides a simple integration test and ensures that your system is delivered completely
assembled in one box. When you configure your system with the NI Standard System Assurance Program, you can select from available NI system driver sets and application

envir to create ‘Your system armives fully assembled and tested in one box with your software preinstalled.
‘When you order your system with the standard program, you also receive system-specific abill of an test report, a recommended
1ce plan, and freq y asked Finally, the reduces the total cost of owning an NI system by providing three years of warranty

coverage and calibration service. Use the online product advisors at ni_.com/advisor to find a system assurance program to meet your needs.

Technical Support

Get to your 1 ions using the ing National Ir resources.
= Support - Visit ni.com/support to access the NI KnowledgeBase, example programs, and tutorials or to contact our applications engineers who are located in NI sales
offices around the world and speak the local language.
- Discussion Forums - Visit forums.ni.com for a diverse set of discussion boards on topics you care about.

= Online Community - Visit community.ni.com to find, contribute, or on - content with users like you.
Repair

While you may never need your hardware repaired, NI understands that unexpected events may lead to necessary repairs. NI offers repair services performed by highly trained
technicians who quickly return your device with the guarantee that it will perform to factory specifications. For more information, visit ni.comy/repair.

Training and Certifications
The NI training and certification program delivers the fastest, most certain route to increased proficiency and productivity using NI software and hardware. Training builds the skills
to more efficiently develop robust, maintainable applications, while certification validates your knowledge and ability.
= Classroom training in cities ide - the most p hands-on fraining taught by engineers.
= On-site training at your facility - an excellent option to train multiple employees al the same time.
= Online instructor-led training - lower-cost, remole training if classroom or on-site courses are not possible
= Course kits - lowest-cosl, seif-paced training that you can use as reference guides.
= Training memberships and raining credits - to buy now and schedule training later.
Visit ni. ] for more i

Extended Warranty

3/7 WWW.ni.com
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NI offers options for the product y to meet the I
change, the exiended warranty is flexible in length and easily renewed, Fol

NI that your req may

OEM

NI offers design-in consulting and product integration assistance if yo
ccustomers, visit ni.com/oem.

cations. For information about special pricing and services for OEM

Alliance

‘Our Professional Services Team is comprised of NI applications
700 independent consultants and integrators. Services range fr

dwide National Instruments Alliance Partner program of more than
ation. Visit ni.com/alliance.

Back to Top

Detailed Specifications
FThe following specifications are typical at 25 °C, unle:
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+5 'V output (200 mA maximum) +5 V typical, +4.85 V minimum
+2.5 V output (1 mA maximum)

+2.5V accuracy
Reference temperature drift




senmentd A

The NI USB-6008/6009 device is intended for indoor use only.
Operating temperature

({IEC 60068-2-1 and IEC 60068-2-2) 0tos5°C
Operating humidity
(IEC B0068-2-56) 5 to 95% RH, noncondensing
Maximum altitude 2,000 m (at 25 *C ambient temperature)
Storage temperature
(IEC 60068-2-1 and IEC 60068-2-2) - -401085*C
Storage humidity
(IEC 60068-2-56) 5 10 0% RH, noncondensing
Pollution Degree (IEC 60664) 2
o
This product is to meet the requi s of the q of EMC for electri for , control, and laboratory use:
= EN 61326 EMC requ Minimum

= EN 55011 Emissions; Group 1, Class A
« CE, C-Tick, ICES, and FCC Part 15 Emissions; Class A

&} note For EMC compliance. operate this device with doubie-shielded cables.

This product meets the q of Directives, as amended for CE marking, as follows:
» 2006/95/EC, Low-Voltage Directive (safety)

= 2004/108/EC; Electromagnetic Compatibiiity Directive (EMC)

Note Refer to the Deciaration of Conformity (DoC) for this product for any additional reguiatory compliance information, To obtain the DoC for this product, visit
ni.com/certification, search by module number or product line, and click the appropriate link in the Certification column.

'"m- WA Wt

National Instruments is committed to inan p manner. NI ing certain
from our pi is ldmh'b:lhe but also to NI customers.
For additional environmental information, refer to the NI and the Web page at ni This page the regulations and directives
‘with which NI complies, as well as other not in this
Waste Electrical and Electronic Equipment (WEEE)
E [EU Customers At the end of their life cycle, all products must be sent to a WEEE recycling center. For more about WEEE centers and National

Instruments WEEE initiatives, visit ni.com/environment/weee htm.

BT ERFRSREHERDE (PE ROHS)

1610} -wnﬁ- National Instrurnents ¥ #1376 i | BUM LS 257 S BRI (ROHS).
FF National Instruments +|: [l RoHS #1R% {1, % ¥3 ni.com/environment /rohs_china.
(For information about China RoHS compliance, go to ni . com/environment/rohe_china,)
1 system dependent.
2 420V means that JAl+ — (Al-)] 2 20 V. However, Al+ and Al— must both be within £10 V of GND.
# System noise measured at maximum sample rate.
4 Input voltages may not exceed the working voltage range.

Back to Top

©2013 National Instruments. All rights reserved. CompactRIO, CVI, FieldPoint, LabVIEW, Measurement Studio, National Instruments, NI, ni.com, NHDAQ, and are of National

The mark LabWindows is used under a license from Microsoft Ci tion. Windows is a of Microsoft C: tion in the United States and other countries. Other product and company names
listed or trade names of their i A National Alliance Partner is a business entity independent from National Instruments and has no agency, partnership, or
Joint-venture relationship with National Instruments.

My Profile | RSS | Privacy | Legal | Contact NI @ 2014 National Instruments Corporation. All rights reserved.
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Model Number Revision: G
o TRIAXIAL ICP® ACCELEROMETER

—_— —
Performance ENGLISH Ell OPTIONAL VERSIONS
Sensitivity( 20 %) 5 mVig 0.51 mV/{m/s?) Optional versions have identical specifications and accessories as listed for the standard model
Measurement Range +1000 g pk #9810 mis? pk except where noted below. More than one option may be ust
Frequency Range( 5 %)y or z axis) 2 to 8000 Hz 2 to 8000 Hz
Frequency Range( 5 %){x axis) 2 to 5000 Hz 2 to 5000 Hz HT - High temperature, extends normal operation temperatures.
Frequency Range(+1 dB)(x axis) z8kHz z8kHz Temperature Range(Cperating) 65 to +325°F 54 1o +163°C
Resonant Frequency z 50 kHz =50 kHz
Broadband Resclution(1 to 10,000 Hz) 0.003 g rms 0.03 mis? rms. U} W - Water Resistant Cable
Non-Linearity 1% £1% (31 Electrical Connector Sealed Integral Gable Sealed Integral Cable
Transverse Sensitivity =5% 5%
Environmental
COverload Limit(Shock) + 10,000 g pk + 68,100 m/s? pk
Temperature Range{Operating) 65 to +250 °F 54t +121°C [2
Temperature Response See Graph See Graph 112)
Electrical
Excitation Voltage 1816 30 VDC 1810 30 VDC
Constant Current Excitation 21020 mA 2t020 mA
Cutput Impedance =200 Ohm < 200 Ohm
Output Bias Voltage 710 12VDC 710 12VDC NOTES:
Discharge Time Constant 02410 1.0 sec 02410 1.0 sec [1) Typical,
Settling Time(within 10% of bias) <3 sec <3 sec [2] 250 F to 325° F data valid with HT option only.
Spectral Noise(1 Hz) 1200 pgiiHz 11,772 (pmisec?) \Hz [ [3] Zero-based, least-squares, straight line method,
Spectral Noise(10 Hz) 300 pgiNHZ 2943 (umisec?) Hz U] [4] See PCB Declaration of Conformance PS023 for details,
Spectral Noise(100 Hz) 100 pgivHz 981 (pmisec) Hz m
Spectral Noise(1 kHz) 30 pghiHz 294 (pm/secd) Hz m
Physical
Sensing Element Ceramic Ceramic
Sensing Geometry Shear Shear
Housing Material Titanium Titanium
Sealing Hermetic Hermetic
Size (Height x Length x Width) 025inx025inx0.25in 6.35 mm x .35 mm x 6.35 mm
Weight(without cable) 004 0z 1.0 gm m
Electrical Connector Integral Cable Integral Cable
Electrical Connection Pasition Side Side
Cable Length 51 15m
Cable Type 034 4-cond Shielded 034 4-cond Shielded
Mounting Adhesive Adhesive

RSNy DIvIin vs Temperure SUPPLIED ACCESSORIES:

g 20 Model 034G05 4-cond_ shielded eable, 5 ft (1 5M), 4-pin plug te (3) BNG plugs (1)

§ Maodel 080A109 Petro Wax (1)

10 — Model 080A90 Quick Bonding Gel (1)
c € E o —— Model ACS-1T NIST traceable triaxial amplitude response, 10 Hz to upper 5% frequency. (1)
<10
# Z T
§ 100 -50 0 S0 100 150 200 250 300 350 [Entered: AP Engineer JJB iSales: WDC Approved: JJB Spec Number
&
Temparature (°F) Date: 11/8/2013  [Date: 11/8/2013  |Date: 11/8/2013 _ [Date: 11/8/2013 21822

Al ions are af room unless cified. 6-684
¥ he st of constant arodUct mprcvexsei,we reserve the soht s change specifcations wilhowl nofce H‘Emm 5 :::";;g;w socs
16PPis a registered trademark of PGB Group, Inc. 3425 Walden Avenus L NY 14043 E-Mail: iﬂfo@cb com




	001 ปกสารนิพนธ์ภาษาไทย
	002 ปกสารนิพนธ์ภาษาอังกฤษ
	003 ใบหน้าอนุมัติสารนิพนธ์
	004 บทคัดย่อสารนิพนธ์ภาษาไทย
	005 บทคัดย่อสารนิพนธ์ภาษาอังกฤษ
	006 กิตติกรรมประกาศ
	007 สารบัญ
	008 สารบัญตาราง
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