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Abstract

This project presents a Hall Effect based machine vibration detection system
consisting of three permanent magnets. Two opposing poles magnets are fixed at the
topmost and bottommost part of the device; whilst the third magnet sits in the middle.
The middle magnet induces magnetic levitation force only when the machine is in its
iregular state. This force is proportional to the displacement of the middle magnet
relative to the two stationary magnets, indicating the state of the machineries. The
magnetic displacement data is then sent to a microcontroller, which alerts the user
via SMS of irregular vibration. Results show that the proposed system is capable of
detecting machinery vibrations of up to 25 Hz. Result show that if motor generate the

vibration this device can detect, So the result is proportional with the level of vibration.
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2.2 Unngmsaieead (Hall Effect)
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gﬁﬁ 2.4 (@) Lﬁanmsimlﬂ%ﬁ&?mmiaug]ﬂNé’ﬂlﬂﬁmaué’mwﬁmumﬂ durau
fudnasifinUszglaihuandunusnnduiy msfiussglihdsiatuiivouisaes vl
Waauwlwin Sen11 audlviheead (Hall Field) B, Tuwsiusnihunsiiisainveausuanaly
vaumuuy  aunulwiagyiliiausslwi Fe nsevihdudidneseu %‘a%ﬁﬂﬁétﬁnmaugn
wanluymaveuiuans Weussliihuasusswindndvuinwiiy Sinnseuszindouiluialy
matelneluiuy

gy WA luweusuTianuduiusiuauRedndusaliaime V fadl
V
Er=e (2.2)
d

ANUANNANENLARTUTISBAIIAINANANSgaaa (Hall Potential Difference 3s Hall
Voltage) Vy U AnuANAngeeadilauiniign Wawufuiueviainalsiesing wy
Fanou wazweosuiiun didniiluiongd  mwssdndeeadasiidnieandinin  (vawa

Forsanldindunisii (2.7) vsaaunish (2.8) Tuseusine) aanaunisi (2.1) e
V,=E,d (2.3)
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difinnsauiaiiusyqau dmmzUsyaiiuszquan firves Vy waw By azaseduduluguil 2.5 (n)
usiFes Fy uay Ee Stnady duandluguil 2.5 @) vilddszquangnudnluiiveusuean
dhulszaugnranluiivousudne uasanmdaves v, agmsstusunsdifinmeUsvaiivaeg

au 903U 2.5 (A) vaueiusutimdnuazusslihduwawiniy sesla



(-e)E, =(-e)V, B

E, =V,B (2.4)
PNAUNI (2.2) 92l
V,=V,Bd (2.5)
\flosnnsnsiiasniden Vg 8/
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P 4 o | 3 =4 1
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Y
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WLaNnTS7 (2.5) adluaunisi (2.4) auld

IBd
ave sl (2.7)
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Wine9n r:E ABAIIUNUIIDILHURIYIUI Aatiy
B
Ay e (2.8)
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aunsh (2.7) Feuldlusidu
V
B —”—?e—r (2.9)
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AMNFUNH (8) 1o Anutuvesaunwlmdniivuisluszuuedaloumaan (Tesla) unudie
frydnwal T mibeiduvesruiduvesauuualindniie 1nd (Gauss) unudedydnual G lne

1T = 10°G
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2.3 WISAanLaZduINLlLAan
2.3.1 widnuazauuusivan
| @ = o LYY I @
wivaniluansianunsogauasuaniues  lasaunsagananaisuimanlalaenis
willgndn lneunddl 2 7 fie Tanile wazdald
wilwanansviailleladlen (The Permanent Neodymium Maenet) 1Huusdmin
AMTUdANLAENEAINLS  Neodymium, Iron, Boron lagnanlvlassasnsveailelanznay
(Alloy) \Uuwuu Tetragonal Crystalline Afindsaunuuaivgn 1-1.4 T Coercivity 750-2000
Ka/m gamaiiivhlvigedeninuannsanisduwingn 310-400 walded Failrvonduunsy
1 !J ) IA A o 1 1
meﬁﬂ‘ngqmm 4A1-Br, Max 28 14,300-14,800 G uagillavianisiedeutdundmdnuyia
v Al 1A 19 v 5 1 -
ouiosudaziidl Gauss on Surface Wuidmisaldauldass agiiuszanm 14,000 G &

va a | =l 1 1 = - 2 " 8 =f 1 [
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¥ 2 = et & e =l = dJ U o 1 o o P
(Magnetic Field Vector) fidydnwalidu B Swundndeidn snnawdwandmin (Magnetic

o

Induction) Fadugunavasdusadnidi (Line of Induction ) fadunnwes Senivandil

L3

wian (Magnetic Flux ) Sdydnwall
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wanAeIfuduLsLivEnTinTInIU fie [3]
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wanewg 1) @ 81131 Phi, ¢ fis Magnetic Flux Msaiduuasuaiivan
A
auuuawan B Wulsinaneas Aawed B aslumufirussdulsaiwvan serolul fe

| v 1 a

n) Tunsaiitduusdmantudunsy Heved B eifefaaiuirveadunse

2) £ Fgnar Auvinudunandulivdn e Magnetic Flux Density

) Tunsaisuussdmdndudunse finvea B el q aviifisdudanuiduuss
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wilvanfigniuleedialynuudus
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aunnuslwmianse 9 luuinaiu onvssindeiusudugudilalagdumiaiuaySoninged
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2.4.1 SNYUZNITARIUNUUUNLL

nMsAnwINsAdukuu Tngiafnwasduingidzunseudueu Send1 Tag
wiain3s (Rigid Body)
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2.4.2 NanTEATaN AMUTATIYY 1AZAIUIUTAN
nsnszdndeyy (6) Aeyuningmuninlulivismn Swnedusidey
nsnszdndanidulFmnnees wminvaanmsaszdndaldannis Miewn
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2.4.4 Tuuudauidas (Moment of Inertia)
Tuwsirnuides () Wunnuidosvesingiiinmaedeuiivuuvy Suduaudides
Funsiwasuanmnisguesing dringilusudanudesunn fagaznaudh (6]
DOUNRNIR Ty, My, M,y T,

() o
agvnununyullussr R, R, R, ., R,
¢ o v
wymluuanudeevasszuUlaan

I=mR>+mR’+mR’ +...

=Y. mR* (2.14)
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2.4.5 va3n (Torque)
posnienuvuiowenuluwus  (meidndteuldvesnuaznidmzdouly

Tuwiue)
aunANIa m Arsgiuvasurisingdn 4 w1 81 R Snvaenilswauvising

I

A398giUIn o ABlinneinnIziseing

5UN 2.9 nsiiavesnvasinguia m

gaInITAMAAvR ST AMIY
1. M990 7 = W34 X S28EMSTANAINAMILL IR INAULLINSS
2. r=Ia i 1= mR’
vein Wultuunnees lngisiiiafenuiinvesausadsa vioawsamfidvamasn

21NN15 Cross Vector @Uauns %:ﬁxﬁ

t

tiinesnnsgviwadnguatedl  TunisAnamamasigvewesniinszviveing

rApanuananislananaviaduuin wiu svuanesnlufanianauduuiiniduuin g

lavasnlufianuduundnaduay WA AT INaTINVE RSN TIARTUAUTAg LN

%
Y as =

> =1, —r, uaganaunsfenaMnuazideuluiliiaed
Yr=Ia e I=YmR’ (2.15)

msaunlunsdiiingiinisvyuseulagudnalaiatasagudnatunainsdeunlain
WWnAne fvdnnisAtnafe avsiaaduan 2 Juneu teun [6]

1. msideunltans X F =ma

2, nsvsuldans rr=la

warleavaaes AUENRUS Wuiiegns a=a R
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2.4.6 UKATAAIVINIANTNNNTATDUTIUUNYY

JUM 2.10 NImeIuuaEAIaNIUdmMTUNMTIARBUNLU UMY

99U = 93N X TLYLNUTILHTOULNUNDIN

W =10 (2.16)

2.5 quimnsaianisdussiiiou
oyt iedosflainnisduasiitou  wuumom (Vibration ~ Meter) 1uiedasilafign
hanlilunissmegeumiuiinUnAveseiesins  lasefusuiamsduaziiiey  (Vibration
Amplitude) Russssunsauaiion wivsaduieiesdnsdurhauunivie
Raund ileazldnsisanuihseinundely Tneiesesiie Inmsduaziiiousuunnmwi(Vibration
Meter) vi3efivatg gauiiniuluie vioration  Meterifuiniosilpnliaine  wagazanda
wingAufiSudunssaguanmeiasing  wilsnsydugiteslfiatestioYavdatmawionds
DosduileaslaliiadosilelfadsiiusyAvsnm il
mstimufiieatuinasgiunsinnsduasiiiou 91fidu IS0 2373:1974, 15O
10816-1 %30 15O 10816-3 luiiiissdelngaasgiu 1O 10816-1 {lummsgiulunisuen
seRumNsuLTITumsAuazitou Tnefideulumsldrudedy e 77
a. Al 10 - 1000 Hz
b.  waundym Wiy mm/sec, rms (AULF))

c.  leumsadnsaealianusivanwan liteenin 120 seudauli

TRgAISEAUBY 1ISO 10816 Part 1 AYWERAINITI 2.4



mi'laﬁ 2.4 ﬁhmmgm ISO 10816-1, Mechanical vibration [7]
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RMS
Class |
Vibration Class | Class Il Class lll
Up to 15 kW
Velocity RMS
0.28
0.45 A
A
0.71 A
A
1.12
B
1.8
B
2.8
S B
4.5
i3 B
71
C
172
@
18 D
D
28 D
D
45

198211915571 1SO 10816-1 A¥FMUNLATAIANTANY A (Power, kW) ¥891A3039nT

Toeuvadu 4 Class

Class I @5 UASa99nsATNAES laitiin 15 kw

Class II: #115UA5099N5UUINNA

Class Ill: #vSuLATIINTVUIA YT

ol

=

o

a

UGS FIIELR

UFTULLUY

5

2/
as 1

15 kW 89 75 kW
Rigid difas laitiu 300 kw

Class Ill: & wmsuipsasdngvuInlugiguudunuu Soft 817 Gas Turbine, Turbo

s

Generator NANE4

laiviu 10MW Tee Criteria

A157197 2.5 SEAUANLLEETIY [7]

A wasdnsludialday

B wsesdnsisuiinsduaniiiou dwadoszozen

B indoadnsiimsduaziiousunss dudeslFavdwmadslunandudy
D \Sesdnsiinsduasitouunsann Anaudelugnidy




il

Asceleration

' ' Displacement

Ca

Fraquency

JUN 2.11  nemuamsmuduiussenintanheiansduaziiouiuaud [7]

Ui 2.11 Tuasusgiliumnudemeveaaisadnsdinisnnivinnsduasiiiou
Tumeauns, winzdmTuNISUTSENSEAUAKEENIERINNIMIFIU ISO 10816 1a43N
rudliiinatiuruansduaziiiow doumizsausilinsisgeuauinunfvendugndu

o £ A = a & A a = Y s 4 a
wazyaiedintinudemaintuniof nszanudeevesndvgnluuasyaiies Welsy
=l [ -7 s = -:i nl' ﬂil‘ d a6
oo azddnyyrantsduauiieunaluigadaygenii 500 ldsneanin

mansoasanulatoutgyi s insendn  Mausmenldfdetu - AMgldldusvioe

a1 enavliumsiunstesiuenuidemevemdugntuiiuld dmnsan 2.6

ANT199 2.6 ANLELWLS SevinignIsauAReuAUANUREINAMLEEINEYRY

LASB99NT [7]

i iansduagifion lseasa AUNAFTUAI
dewne
NgAMULE mmy/sec, rms YseluIEAUANS mMsideaunad
inch/sec, rms é!'uamﬁaum’m (Unbalance), n1s
UMTFIUISO L?T@dﬂufjﬂmﬁ
(Misaligment), N3
waAaDY
(Looseness)
NUIAIIULT G’s, peak ATINFDUANTWLUDS, | MSTIANIT9EDaL,
(10-10000 Hz) mm/sec’ N19YN9UTRIYA AMULESMIEAN
Wies anlu, AnuLdeny
NNLAYS
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ielelohk AUTEaIA AuNFAgILAIY mheinng
duaviitou \deivne duaviitou
niwdmsy gE (Envelope) ATINABUANINLUSY, | NUIANTSViaed,
ATINABULUT BDU (Bearing ANURRUNAvEIYR | AndENIEaIn
Darnage Unit) o fausaa antu, AULEeuie

U

=l s ' = ¢ !
Weomedaldguuss | anuied Tughe
\SUAUYBIAIY

\Aevne

AVUARIMALINFTTAKELNANI9NS IR BAWNNZ Al FIUNARILNUINITIANIT
duasinauazyMsIana LS Tufieniaiuy 3 wnufe wnukuIueu (Horizontal) Ay

Wuea (Vertical) wag wuankny (Axial) ﬁ&gﬂﬁ 2.12

H

' '
as

5UN 2,12 Mo 1eiiEn NI SEUASITIEUUSLIMLLSY
(H-Horizontal, V-Vertical, A- Axial) [7]
MaeusIsnUy  menvie - AnReudusieg - Jedluadisusunisldanuely
TWsunsu Excel TunisasidayadmsusuvPOD I v5e  G16an1sganswaiviausaiy

o o [ a 4 A d
doyaluguuvugutaga - dwiusu TP 9080 ~ Jagtiuniiasesiionaunsanouausiny

fa9nN15Lsbaauiu
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2.6 2437 Instrument Amplifier AD524

FUNCTIONAL BLOCK DIAGRAM

(¢) REFERENCE

g
2
2
U 2,13 299smelu AD524
Features CONNECTION DIAGRAMS
- Low noise : 0.3 pV p<p at 0.1 Hz PR P8
 INPUT [ 2] 7] OUTPUT NULL
to 10 Hz RO, [3] 4] OUTPUT NULL
wpUT RULL [4] AD524  [a] 6=10 ) syorTTO
- Low.nonlinearity: 0.003% (G = 1) INPUT NULL [} it Sonte) [ 2] 6= 100 }:ﬁ;ﬁ,ﬁ‘;
REFERENCE [ 3] 1] 6=1000 } GAIN
- High CMRR: 120 dB (G = 1000) Vs 7] [i0] sense
5 3] 5] outpur
- Low offset voltage: 50 Mv ‘ o
. ) +W, - —Vg
- Low offset voltage drift: 0.5 pv/°C ::P;{; H:}o;w 3
Y ) OFFSET NULL OFFSET NULL S
- Gain bandwidth product: 25 MHz
- Pin programmable gains of 1,10, 3Uﬂ7’i 2.18 wasalumadoude
B S 989AD524
- Input protection, power-
on/power-off - Available in tape and
- No external components required reel in accordance
- Internally compensated with EIA-481A
- MIL-STD-883B and chips available - Standard military
- leadless chip carrier available drawing also
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2.6.1 anwazlawsialy

AD524 gneenuuuindgmiudeyaiieinisanuiiemsage laeflen  Offset wes

Y

'
v o

wsaadeulwihian dnssumuredygrudeyalusyausi

AD524 fie Offset vaausnndoulniinwieen toonin 25 4V /°C wagen Offset vos
wsapdoulnitwnd doondn 05 wV /°C | A CMR (Common - Mode Rejection Ratio,
anIINSINANFY I InuAIw) Lﬁuﬂﬁuaw”aasmmﬁwmaauLLauﬂu,aﬂaﬁqm'iﬁﬁmﬁ’fyfgm
Tnuasufidaniianaduns wingauimneevwendiifyyadvunsiuduniduns
yaaudsnamadlignuengluduevinmiFegnidafidly  wnseudiBedn  CMRR g
whlnsdyaassuniuezgnidmnniusindy luiide 120 dB Wsasmenewindy 1000 &
tanfvesdynnegil 25kHZ ASnse1s 1000w dmsumsvhanluszuudoyadil
ANIEIZY dedlAnawinn vee Slew Rate (mmawnsalumslioninn eldlsiiuns
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2.8 Ultralow Offset Voltage Operational Amplifier OPQ7

PIN CONFIGURATION

Vos TRIM [ 1] | & | Vos TRIM

-IN[2] Vi

+IN ﬂl> (s JouTt

=l
NC = NO CONNECT

UMl 2.16 dudsznoures OPOT

i o 1 Voo 1}
M99 2.7 dunulaswtniusiag Port 989 OPO7

PIN
DESCRIPTION
NAME NO.
IN+ 3 Noninverting input
IN- 2 Inverting input
NC 5 Do not connect
External input offset
Offsetl 1
voltage adjustment
External input offset
Offset Z
voltaege adjustment
V+ 7 Positive supply
V- 4 Negative supply

28.1 anwaslngialy
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OPO7 HAussdurndfifian Offset sinBnviadedl High Open Loop Gain Ju IC il

o & v 3 [ ! @ o v =l o v
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dnsdaiirivasusuadaulniiseniasiinaenvestngumgiivindeuiuuzdl (0 fis 70

asrgadioa) nevisfinaiuni OP07 Sumunzauingidu High Gain Instrument

2.9 Arduino UNO R3
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Source AipdinsiUnLeTaYATIAY Hardware Uay Software ¢ uasn Arduino gnasnuuy
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wilildoline defuiamnsdwivgiudiufine aifldnudansosauas W
Wannsosaanifuedn wislusunsuseladndas [9]

AIBTRIUDA Arduino lumsiegunsaliaiusing 9 Aedldvuanunsasedsas
Bidnmselind  Mnnneusnudueuderduniion VO vasuedn  vieierwagainaiunse
idensiefiuuaimaiy (Arduino Shield) Uselanang 9 1 Arduino X Bee Shield, Arduino
Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield 1iu
AU LLEBUAUUBIAUUUBSA Arduino LLé’:}L%auiﬂ'mn'imﬁ’mmﬁalﬁt,aﬂLﬁaqmnafﬂiﬂ UNO R3

uheReM IR jUwuumdsiiugiu Lidutowdu Open Hardware aansavludegen

ﬁe:
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o e

NN4 Wisangn

1

De

JU# 2.17 lpssasheveinuesaigly

2.10 GSM SIM 900A Module

3Ul 2.18 UB3A GSM SIM 900A Module [11]
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Fixed Magnet

| Moving Magnet

e

Fixed Magnet

Hall Effect Sensor

o ! € as v} = o [ = o
UM 3.3 usaimdnnmelugunsaitanisduauiioukasdumanisiafa Hall Effect Sensor

nussiuaLlminUInahhevemesnUnsaimsinnsduaniiou.  duwaly
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s i t:J 1 [ m‘ = s a' o =1
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panuuulaeldnannisusauainan (Semi-final Design)
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fhatalusunsudld Vout lumsiinrginisduasiioulngldusasulniiteuliuewmedi 7

Than

je <Wipe.h>
e <Adafruit_GFX.h>

lude <Adafruit S5SD1306.h>
#define OLED RESET 4
Adafruit_SSD130€ display(OLED RESET);

e "SIMS00.h"

#include "sms.h”

LIBRUARY 98 OLED fifds #include

Tdlunsusgniamsvinau

SMSGSM sms;

int numdata;
boolean started = false;

n(20]:

LIBRUARY sim900 iifn:

#include MdlunsUsenian1svinauy

Serial.begin (9600);
display.begin(S5D1306_SWITCHCRPVCC, 0x3c):
display.drawPixel (127, 63, WHIIE):

v

Usznesuusidau

> - (%) o <

int LAUMILUTIIUIULAN
float Wiuneileuls 6 Funua
Boolean iunssng

char \ivdayadmilsde

//initialize I2C addr 0x3c
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{
int ox = 0; » Int tAuduusidudiay
int oy = 30;
for (x = 0; x <= 145; x++)
{
float a = 0;
for (r = 0; ¢ <= 20; r++) {
B.= AnhlogResd (Al »| Float iiunadeuls 6 wan
a += h;
} For léhugunisvienu
Serial.princ("a ");:
Serial.println(a/20); i
k = 0.0044 * (a / 20)7 /77 UUmIIIWvoltT HARIATIN
- * / . P oaa v ow
c= (0.1 * (a / 20)) + 46 ; J/udedlugraph a fo AWinladu analog
Serial.print("k :"): 4 “
= 1
k fa  Avkdawdu  volt

Serial.print(k):

Serial.printlp’ 97 :

Serial.prigf(JC :");
Serial.pxinfln(c):
display.drawLine (ox, oy, X, c, WHITE);

C fo Awlasduainansw

Serial.print  13lduansAiuuae

ADY
oX = X7
oy =/ci
disyliy DAy (e — — wanatunsw
avg += k;

}
display.clearDisplay{):

if ({avg/145)r< 0.799 {

MYLAAIAILTEAUAUTULTY

) 4

Serdad .pringdn (€12

N,

elgse [
display.clearDisplay():
gsm.readSMS (smsbuffer,
if (gsm.begin(2400)) |

started =/true;

}

160, n, 20);

nsduasiiion  (Aregmiinlaannis

Fuaniioudidnindy 25 wWedidus)

Serial.print alduanAuusanau

o v adgyd w P
else Lﬂumadmﬂmammﬂﬁﬂ‘ﬁ\iL\‘lau‘lﬂl

if (started) {
if (count75.>=0.86) {

if (sms.SendSMS("0884000822",

Serial.println("\nSMS=sent~0K");

}
if (count50 >= 0.85) {

if (sms.SendSMS("0894000822",

Serial.println(™\nSMS sent OK"):

}
if (count25 >= 0.82) {
if (sms.SendSMS("0894000822",

Serial.println("\nSMS sent CK"):

"geventyfive”))
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“twsntyEive™]) weoulvlunisyinau
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PNMsRAvreivite 145 aundesiziinditeuleidvualivield Teeifaulusegde

1 d o - 1 ‘J o -] o
Anvimanaaedlifey 4 Geulunisvinnde 1) n1svieluaniag No Load 2) msvine

aa a w < £ & a o da a
Iuamwﬂum‘immmqum‘ 25 LU@?L%UW‘UEN@?']NU'YJELUW@ 3) ﬂqﬁwq@qull,uaﬂ'l'lﬁﬁmllﬂ'ﬁ@ﬂ

s =l =

Trafiszer 50 WesiWudvasmueniluie 4) nsviavluanizisinsininofisses 75

9 9

L (2 ar &/ ‘d GJ = = 1 b3 174
waiidudvesmuemiluia Taedndreuled 2, 3 wie 4 azfinisds SMS Tuudaieudldau

3.2.2.3 3oudnena (OLED Display Module 0.96” 128x64)
JDUAAINGLUU OLED LCD @5U Arduino v1ae 128x64 wula
0.96" WWeumawuy IIC AvhGu W lnla 3.3V vTe 5V Toainauanwaneaiuldogsdnau

s o 1 = o o 2/
wazUsgndaln aansnananwninfindidugusing 4 weviiduwymuuuuiineanisle

UV 3.16 aeuansia OLED [10]

luga OLED fladenumeasdldann awnsawanswalawuudiden
(Monochrome) duu1a3an1n 0.96" Auasiden 128x64 Winwa Fviiadndlauwiaian wagld
wseiulides  +33v  widneefvnadnuituanzdmiuihlldiussuy Embedded
Systems fiisan1sdiunanssansfinvuaidn Inunsiie Juiu  aelulugaddy SSD1306
[ @ [ o 1o v as < 2 v v &
duimmvaumsviieu aunsadessiedulugalagldta SPI w3e 12C ddmamsuansdoniny

wsilloyadmivasnsiidnys (FONT) wiazidedidnwasiluwuy  Bitmap 1Aulily

mhoprnudwadlulasaaulnsaaes  wu  wubilunuisanusidmsulusunsuiiSenin
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Program  Memory (fuuuu Flash Memory) titeUssudanisléiuiily  SRAM  weq
lulpsaoulnsaiaes

nsvamsmbeauiineluves  SSD1306  738n3n  Graphic
Display Data RAM (GDDRAM) dwsurunn 128x64 finwa wiadu Column uay Page dail
siavun 128 podnl vineian (0 @1 127) wasiivioun 8 e vaneian (0 89 7) usazinans
Usznause 8 ussita Mdudall 8x8 = 64 Ussiia MsuaRsHATaNREnMTLRY furtDn (0 Y30
1) E‘W’WW%’ULm'asﬁﬂLﬁaaﬁlﬁ'ﬂ%auﬁa;&aaﬂwﬂ'wmmﬁ'\ GDDRAM

nsdemsdayaiuiu SsD1306 vildlaskuda SPI wie 12C Tasdea
dernds (Command) WervuaAsnslunisyhay fnwssazdualdan (Datasheet vas

¥ a

HHAR) LU A1ds Turn On/Off Display ﬁ'}éﬁ"uﬁaﬂgmmu Memory Address Mode &

=3

[ 1

MWUAAT Start Address wag End Address @3y Column uag Page w30 Msilgudayaas

Tu GDDRAM

3U#l 317 wadluga OLED tunsdilld 1£C [10]

o VCC Wumdwtunsedulnide +3.3v
e GND \Juv1 Ground

e SCL ¥urn 1/O dmdvdy
o SDA 10Ut I/0 dmiudty

fy1ed SCL (Serial Clock) @usU I°C

10 SDA-(Serial Data) @y 1°C
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3.3 YUADBUNIINI9UVDIsEUUTUNISATITANSAUES LDy

Vibration
[ ]

/ o \ Switching
Sensor

Circuit

1) Adjust magnetic force
- Ampliflier (AD524)
2) Adjust position of
- Ampliflier (op07)
objective that devided in
- Low-pass Filter

25 %, 50%, 75%

L% —¥

control)

Py '

3.3.1 $78a21089AN1SNNIUYBINGTTUUIANISAUazIiaY
Tunineay 1 Wudwiansduasiion 198151989n1395295UN15A 158 ouDDY
1 b7 1 AU =l 1 H’:" L
ulmdnfaunsinaa lasaiiinldann Hall Effect Sensor fwuleidu Volt nsfsA1ves
a A w g v @ o = & aal y ¥ 1
iAsoslainliunsaufvruiavaIn sduasiiou wuadu 2 335 laua
(73 1 1 ee' o Y = AJ nl' PR
1. YSuAmimnuwdsvaudivannsanany geazvihlmaanisiedeudilddesas awise
o q‘ 1 I @ 1
Mmlalaunsiiuwdmdniia-vine Ine
d L7 Aﬂl GIJ = ﬂ’:’ 1 YVl
- SNl sduasiiauuin fealEiAILLdIn

4 o da o dl v Y g va 2w
o LATBNYNINUNTAUFSLYIBUUDY Gl\‘lﬂﬂWMﬂ’J’mLL’NuaEI
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8/ '
s

2. luitvuinveinisduasiiouradnsnidnsinans Tnen1sannaTaniiuiely

q

Mumarnge geintanlldegludumisgudnaazvhivowesgaydy augaly

YRR

s

N1y ﬁ'lm'sﬁwmmﬁhimuuﬁwmtmﬁLﬁmﬁuﬂmmsm;wanaqﬁﬁmmm
A9 Futlamsinseudaleised

- s % NARUNLsENRA

- 150 % nmunsauna

4 o 1
- N75% IMNALAUIAURT

d o 1 o I o 1
JU% 3.19 Aunud No Load 31Jﬁ 3.20 ALYWUN 25% 2INATNAU

duna

JUA 3.21 suniis 50% IEUMNIANAS 3UT1 3.22 iunta 75% nsum

aulna

lumnaien 2 Wudwrenwsyiunuamivesdygyal Taedeisldidoyan Hall
Effect Sensor lude 1 uud widhgasasveredynn Wneisanunsadoniiazyfurunves
nsvenetoyalaniueaIns wlandusnsvenesiad 10, 100, 1000 wh Tngdrdnsvensunay
Beanunsansaunmsduaziiioudesqléd

Tumnaiay 3 WudwweinisUsyanana  nessiudeyannmeasuSuqaninees

fryeyrau 197g Arduino UNO R3 Fadoyadsgnuaniuuasuaninadmsunmsinaiuaninnis

e-

9 v a ;W @ -
duaviiouvesluWnves Moter uazdeyadndiu axgnaadluda GSM SIM 900A Module il
damsudaieurnuszuutarnuludildanudussivanunsweansduaziiiou

a | - | v o v v oA =
Twngiaen 4 Wudwrensudadieududennuludelldon Tasszudadiowde

L |

o = a " v = k74 & 2 1 d
iwsestionsiadulanungliaunrlivisesndu 3 szaufe
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o 5 i
- N25% AINAWNRUIFUAR
d o ]
- N50% NATLRUIAUA A
al g .
- NT75% VINALAUIAUNR
ci [ ] [l al = 1
Tuuneae? 5 L‘Uumwaﬁm‘iLLamwamuwaadﬂawLLamNa’lugiJLLUU‘UENﬂ'i']WN’m
98 OLED Display

Adjust
voltage

AD524 SMS SIM S00A

Power Supply

Arduino
Uno R3

sUT 3.23 nwludiud 29

3 m‘gﬂﬁ 3.18

Power Supply tiultdeliaeslusiesit + 15 v dwdu AD524 warselud
Adjust Voltage titaldusulidsslugainasmudonis Sansdddindoiunm + 5 v I
\d89 OPO7 wa Tuga SMS SIM 900A LleufiazifiuesunAIMETAYBs Ardlino UNO R3
Taunsnds SMS 1a



UNN 4

NaN13I VN

NANISNAABIILNAITAN 4 ANUTENDUAIY Vhall, Vout, Gauss Wag Current lag 1)
Vhall feen#iléan Hall Effect Tnensedauanssenuniiu Volt 2) Vout ilusansudeainsiin
JsnsUTumdyaasniausausudeen  Offset  ldnsdififasnisasenlsansavdenn
winadilsiduguiliiudGudunionisdne Zero vasgunsal 3) Gauss \udpudy
yosauLsivanf oo Tnauuindndie (Magnetic Meter SDL900) Aisumdaiieniu
Hall Effect Sensor lngagiiauduiusfuaiiinléain Hall Effect wie Vhall 4) Current 1y

A InnseualniuSnuuewmeslasazLandlmiiuuawasinishnszualulgauyinle

fsananuuanAussilnihAteulitunemesAiseRU 3v, dv, Sv, 6v, 7v way 8v

1. ndu A Renguiiiansanitosing Vhall lagasvaaosn sy 4 uuumeseinesiu 4
anwuzlaun 1) No Load, 2) 25% of Length, 3) 50% of Leneth Wag 4) 75% of
Length TngagRinrsanasunneisaussuliihiiteulifunemesisesuse

2. ngu B AenduiiRasaneteying Vout Ingaenaassnisygy 4 wuuvasawmadlu 4
anwaizlaun 1).No Load, 2) 25% of Length, 3) 50% of Length way 4) 75% of
Length Tagagiansmnanuuandwassssuliiriideulvituuemesisesusingg

3. ndu C AanguitRansandieving Gauss lnsavnaassniaviu 4 uutgeswaimesiy
4 dnwazlaun 1) No Load, 2) 25% of Length;, 3) 50% of Length iag 4) 75% of
Length Inevgfiansananuianarvasussfuluinddeulifuneinesisydusiieg

4. ngu C AonguitfiarsanAiawing Current TngaynARBSMITHLY 4 LUUTBILDIADS
Tu 4 anwzlaun 1) No Load, 2) 25% of Length, 3) 50% of Length way 4) 75%

a ] s al Vo xal L2 1
of Length lagaziiansanmauansitsedissulWinteulivusinesiseausng

SENSOR

DC MOTOR

s

= = W | a =i
UM 4.1 yansvinaes 5UT 4.2 fedunsiningiisze

50% of Length
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4.1 nguin A Msdudziiouvetanaslagdaunanisiuasunuasuad Vhall
M54 4.1 Aeaduiusseaing Vhally) sulseulvihdidelsfiunewmeslu 4 annignns
nauAalann 1) No Load, 2) 25% of Length, 3) 50% of Length Wag 4) 75%

of Length
Vhall(V)
Sample 25% of  50% of  75% of
No load

length length length
3V 2.29 2.29 2.31 231
4V 2.32 2.35 2.36 2.39
5V 2:33 2.36 2.42 2.44
6V 2.38 2.42 2.50 2.57
7V 2.48 2.55 2.66 2.70
8V 2.54 2BF S 7 2.86

1 o 3 1 [# = @t v
AnswaguuUases Vhall WuReAnavinanu1a1n Hall Effect Tnensalaeinlaan

YU WmA3eT 3 veq Hall Effect TaaAitlaiufimiaendu vott

i N0 | 0a0 e 25% Of [Enqth  selpees 50 % of lenght esillees 75% of length

Vhallv)
iV

3 E 5 6 7
Supply(V)

MNNsVAaeaAIesiNg Vhall fuuliudstumuussiuiihfideulstuuemedi 4
N1TVARDY UAAYBAD WA Vhall udazdmunndraiu Insveseninnaxdidantosluund
qmamﬁummzUzﬁﬁm‘aﬁmiwamﬁa 1) No Load, 2) 25% of Length, 3) 50% of Length Wag
4) 75% of Length ﬁmamﬂugﬂﬁ 4.3 wansliduidndnmafivusedulituuemesiaglaam

& 1 ar el - v A &
294 Vhall 41n9uUlguUnUila1aNninisauasnauuInyy
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4.2 nguil B mMduasiiieuvaduainesiaedunanisilasunlasuas Vout
M3197 4.2 Areuduiusszing Vout (v) funssdulihiisnelisuseweslu 4 anmgms
vuAslaun 1) No Load, 2) 25% of Length, 3) 50% of Length wag 4) 75%

of Length
Vout(V)
Sample 25% of  50% of  75% of
No load

length  length length
3V 0.73 0.73 0.74 0.74
4V 0.74 0575 0.75 0.76
5V 0.75 0.76 0.78 0.78
6V 0.76 0.78 0.80 0.82
v 0.79 0.82 0.85 0.86
8V 0.81 0.87 0.91 0.92

i 1ol o & i = ; =
A1 Vout Lﬂummmmmﬁauaxmau‘luwmwaa V-@4@n®14991a Vhall asananunsgg

faAn Offset a@sn15inlalag Vout Uwananduygrmunsunesdiluaivnumseiiasziina
=@ NG 030 empamm 25% Of length e 50% of lenght === 75% of length

0.9

3 4 5 6 7 8
Supply(V)

JUM 4.4 Anuduiugsewdng Vout nuwsssiulnihisngliiuuewes

' a v & & @ = ) o
MMM INAaRIANMNG Vout Suunlduindumuussiuindewliiuuewmesns 4
= 14 1 =l s =l :‘ 2/ ar 0'-/ A L3 2/
Msvaaes uagdinwdlduwudediu Vhall lnefinnufeidesiunisduasiiaunusinasas

dv J Yo s g
JuiilouamoslasulssnulniuInTy
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43 nguil C mduaziiteuvasuainaslnsdanansiudsundaues
GAVRPIIRHLPES
el 43 Aauduiussruinsmaunusdmdndunsdulwihiiselitunewedly 4
anzn1svinauAslain 1) No Load, 2) 25% of Length, 3) 50% of Length
waz 4) 75% of Length

Magnetic field(G)

Sample 25% of  50% of  75% of
No load

length length length
3V 895 899 902 905
4V 909 919 925 933
5V 915 928 952 958
6V 935 952 980 1005
rAY 965 1001 1041 1059
8V 1000 1065 112 1128

1 a 1 1 AQJ o ] AQ

ANALLTNAUNLLLAEN (Gauss) [ TuAPdalaansunieanfia Hall Effect Sensor
Taeldiasasilofnaumuaindn@e (Magnetic Meter SDL900) AR LA NMIMENTIA2W
v fw Aw v v d ] w ' ¥ et a
Wusiu Vhall iinlaidiessan Hall Effect dwidumsineauiuudimdnudrdeaswdu

wsanuluwvsa Vhall

Gauss(G) === No |oad wepe 25% of length
1150

1100 -
1050
1000

950

200

850

800

3 4 5 Supply(v) € 7 8

JUR 4.5 muduiusserinAtauuudman fu ussiulwihisglifuuenes

NNISNAABIANDYINA Aoauuudindnduwliuiniunuwssiulwihndeulviv
5 @ 1 =l L S Y R ' =
uamasa 4 msvaaes Tnerfianinunsied 4.3 duiiefuduiiAvesauuwingniinig

Fuugiu Vhall mumqufil 2.1 e vgud Hall Effect Sensor
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4.4 ngud D Mydudziiouvananailaedunanisiuasunlauaenssuad

NDLADI MY
MINT 4.4 Aanuduiussewinnssuaivameslifuuseliihiideldiusewes Tu 4
anmensiiauAslaun 1) No Load, 2) 25% of Length, 3) 50% of Length
oy 4) 75% of Length

Current(A)
Sample 25% of  50% of  75% of
No load

length length _ length

3V 0.027 0.034 0.040 0.046
4V 0.034 0.047 0.056 0.064
5V 0.043 0.057 0.081 0.085
6V 0.054 0.078 0.098 0115
v 0.060 0.093 il S 0.142
8V 0.083 0.119 0.148 0.165

| P & < i de vy a0 v &
ﬂ']“UENﬂ'ﬁgLLaWLLﬂﬂﬂlumqiq\?m 4.4 LﬂUﬂ']W'Jﬂlﬂ"ﬂﬂlﬂllaLmﬂﬁﬂﬂﬁi&ﬂ“u‘]ﬂﬂ’ﬁ?ﬂlaﬂu

wouy

Current(A) e NG [0a0  emspeme 25% Of l2ngth - gl 50% of lenght — sslll=75% of length
0.2

0.15

0.1

0.05

JUN 4.6 Anuduiusszmintansslanueinestd fuusesulniideliiurenes

i s & ' P Ve v o X ) &
"{]’mﬂ']'ﬁ"ylﬂﬁadﬂ'najmw‘mﬂ@ ﬂqﬂiﬁLLﬁﬂﬂJaLmaﬂ‘MJLLU'JI‘U@JLWN‘UUWWNLL?Q@UIwﬂWW

s n‘g I u’.}r =t o - P e.!(
ﬂ@U'LWﬂU?JE]Lmaivm 4 NTVAABN IﬂE]ﬂ’]'lfﬂ*ﬂﬂ'§3LLauuLLEW]Qﬂﬂﬂqin@LmaiLuaiUTawaﬂLW?J’UU

v a o ' w2 - = o & o Y A o v € o
uardsnumnenanuiae azdinsaanseualulsunintulunisnazdulvanusavinliuainesvinau
- P o - = o
natnaziinnsauaziiauuintuniuluaie

2
s

1 AD} } 2 o
4 4 nsneapauanslifliuii Vhall, Vout, Gauss wag Current #inleaiunsanly

wenszevvesingiineguuluinvauemesnszuansiunn 12v Jsladulunuinguszacd

1

Anal luuni 1
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4.5 anuduiusvesiinniunasnuazaud

vdmnldnanisveassiomuaudy  dnanisvaassitldunsesenlaedanmindedile
nariaiudsatestumenaviemsduanioussals  nglududazuanddiihiluguves
auALazneInTitinnnsduasteudienemasinisvienly 4 @anzie 1) No Load 2)
25% of Length, 3) 50% of Length way 4) 75% of Length TnensAunaAuasaETY
anunsavildmuannisi (4.9) Taeduls V AoAvsuseiuiidnglitunewmed, i Ao nszuad
wowmasldgldanmsnedi 4.4, m fie savasingiiinaguuluintintn 355 ¢ R Ao svogving

Nnaaudnansvasingnfiauluin

NNSANUIAINTL LALAYAIYBINBINUIRINAAUNUS

WAIUNINYU = Wl

P=wr=vi (4.1)
wla = vi o =~14mR2 (4.2)
12
wimRza = vi (4.3)
= a)-l— mR*a s =w'R (4.4)
12v
i= cuL mR*@*R (4.5)
12v
1:~—I-“ R’ L@ I (4.6)
12v
t:~l—~mR3(2ﬁf)3 4.7)
12v
Qnpy el (4.8)
mR’
12vi 1
=3 — (4.9)
S mR®  2n

N13V1A7 Torque NNAUENWUS

Tl i d=a’R (4.10)
t=IQ2nf)*R (4.12)

P o ' L3 | ey v =l Qs | A ] v
diahAe1ving Vhall yaariildainnisveasdluiiiauduanildainnisAuialaain

'
=

aun1sh (4.9) vililaanuduiudvosevineila Vhall wazanudnfinannisiuaziiou

2

VA INUULTIENNTanIwAmasnlasldmnudunusauauni1sn (4.12)
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A135197 4.5 ArNdNRUSIENIN Vhall, Torque, Frequency

VHALL(V) TORQUE  FREQUENCY(Hz)

(N-m10%)
2.29 3.16 4438
2.29 5.20 40.09
231 537 38.10
231 8.02 3592
2.32 8.25 3532
2.33 10.00 34.94
2.35 11.30 32.30
2.36 12.60 31.93
236 15.00 31.64
236 15.20 3047
238 16.10 29,05
2.42 21.20 28.44
242 25.80 26.82
2.42 27.10 26.16
2.48 28.90 25:72
2.50 35.90 25.12
2.55 36,10 23.34
2.55 42.00 22,01
2.57 54.90 21.88
2.66 60.70 20.62
2.70 63.10 19.04
2.72 88.20 18.48
2.84 89.10 16.75
2.89 119.00° 15.04

'
=1 o

othanaming Vhall yneilsanmsvassdluiisutudrfldannsdmnn
aun1s7 (4.9) asiilamnudimiusvanavimails vhall uazasiifiAnainnisduasitou
wdsnndunansnsansuamesiissldanuduiusaiansi 4.12)

Toganifldlumsedt 4.5 wnnmsdaisidsuesaud Ifnmasuaum

AUNT99 (4.9) wagABINasNlANIRNINNITAIUIUNLFNNITA (4.12)
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Vhall-Frequency

50
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5
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w
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o

w
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0
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N M M m S NN M M S i~ m M < M W o m M S 1 R ®
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Vhall

U 4.7 A1NALTUSTEUINe Vhall AU Frequency

€aNl

'

A o ¢ do wud =l & R = a

WiethAnemue (Vhall) - minlavavunainnisnnassuiiesaastesluauianssia

=i =t = v v W < = 1 = &,

wnaanazilsauisuaMUFIIUSIUAIND  Aaun1sn (4.9) -wudtAvasaudasly
o | o W & - v w & =i 1

9RTIEIUNNEURUANDWINA (Vhall) Lipsnnnanudunusauaunisi (4.9) lnganunsoaila

AIUANTNN 4.5 NaRIAINFUNLSSENINe Vhall kay anud

Vhall-Torque

1.40E-03
1.20E-03
1.00E-03
8.00E-04
6.00E-04
4.00E-04
2.00E-04
0.00E+00 ™=

TORQUE

dl o ! & AU v 3’ =l gj L = = olJ
Wetheewing (Vhall) #ialévismuaainnisveasindesnsudtadluaudenseiiy
- = = v u fw o v o sw < =
INVFARBZUTBUEUANMNENNUSAY Torque YINANANNUSAUAINAANEANNITY (4.12)
oA € a & ] = P-4 o [ < =
nuleAueVINAINLTUAIY9 Torque ARgdnsiiuumulumenanisnam 4.5 11p931n

Wumsauansmuduiussening Vhall fu Torque
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'
as =

A5199 4.6 AIANENNUGIEIIANDAUSE YRR TR NS HE AN

q

wspaulWidawa 3 09 8 Tan

Frequency(Hz)
Supply(v) 75% of
No load 25% of length | 50% of length

length

3 22.010 19.039 16.745 15.041

a4 26.160 23.344 20.618 18.482

3 30.474 26.816 25118 21.884

6 34.938 31.637 28.442 25.720

i 38.095 35.517 32.298 29.048

8 44.379 40.086 35916 31.929

Afanslunisn 4.6 lsuninuamsvnaetiatldnisFnanuaundsn (4.9) wuh
fimsanasresrnud  Wudndiurnduiussesyfining  winszevifeiulunisiningy

usamdaulnHasegnuItAIAnLRda N nTudsRNwssaulnAn iR uNe e

M19199 4.7 AIRINANAUGIENINANBNUTEEL TN INARINg N TeHLan I lngRnNTS

Wasuulaaduwesiudnussirasul Wil idaus 3 898 Thas

% Frequency
Supplylv) 75% of
No load 25% of length | 50% of length

length

3 100 86.50 76.08 68.34
a4 100 89.24 78.82 70.65
5 100 88.00 82.42 71.81
6 100 90.55 81.41 73.62
7 100 92,71 84.78 76.25
8 100 90.33 80.93 7195
AVG 100 89.55 80.74 72.10

P o 1 =

W9tAIALANAILINSIANIS N 4.6 teavuaunviinisiisusnsidiu legAnang

annzUnfinsa No Load 1u 100 Wasidusd wuiniinisanasvasanudiaadusnsidiunnaiy
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funsiiiuduvessseziaingquuluin Tnedidsdiainginangudnansunuinlvsiazdadien
N15aNa4YIANLALINTY e sanasraInuilamsuludnTautuaznuIdiniTanas

al v o ) A o v ¢
waglnairgaiuynusiadaulwideliiulewes
A13197 4.8 AAnuduiusseninanudiuszesiningisseenneg

wsapdaulvfae 3 89 8 Toad

Torque
Supply(v)
No load 25% of length | 50 of length 75 of length
3 3.82 5.58 7.47 9.57
i 540 8.39 N33 14.45
5 7.3 11.07 16.81 20.26
6 9.64 15.41 21.56 27.99
7 11.46 19.20 27.80 3571
8 13155 24.73 34.37 43.14

'
} B

ATTLEANSRUAI919 4.8 laNIneInNaNIsnAaRILaElnISAIURMANENNIST (4.12)

= s 1

wuiinssduremedn JJudnsiddentuiusseyifning uinszezidganulunisia

s

o o ' ' & = A (o v 2 e s
nonuiAnksuazeulwihagwuImeindAnnnTudiofuwssulniilitugewes

= 1

A15°99 4.9 AIALANRUGIEWINNDINAUTZILYINURATRON S BE 9 lAuAANTS

1
(7

Wasnwlanduesiguanissndaulndaasud 3 598 Taad

% Torgue
Supply(v)
No load 25% of length |~ 50 of length 75 of length
5 100 146 195 250
4 100 155 210 267
B 100 151 229 276
6 100 160 224 290
£ 100 168 243 212
8 100 159 221 200
AVG 100 156 220 279
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2 o 1 ¢ a o 1 = 3 a = a ] a !
LﬂJB‘I.J'WF]"IVIE]’ﬁﬂWﬂ'i‘l.é’lﬁu\lﬂﬁﬂﬂﬁl!ﬂqﬁqﬂ (4.8) MNUUANININITNLUBAITTAIU lnuAnI

I

fanrun@ise No Load Wi 100 wWasidud wuinilnsiiuduveanasnleadusnsidiu

Wendudunisiiuduresszesifninguuluin  lnedi8adningrieaingudnatsnninlush
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Specification mmqﬂn‘mi
1. Arduino UNO R3

. I3 ¢ da Y
Arduino Uno  R3  (luvesalulasaeulvsiaesnszna AVR Aifin1swmuiuuu Open
Source fiplinsiUnWeToyanIiY Hardware Wag Software #1 Ua$a Arduino gnesnuuy
inlldendlade  Afudamngdwiudiiumdny Mddldnudeusadauas Ruds

WAILIADYDANIAIUDTA UIBLUTHNSUABLABNAE

Specifications

Microcontroller: ATmega328

Operating Voltage: 5V

Input Voltage (recommended): 7-12V

Input Voltage (limits): 6-20V

Digital I/0 Pins: 14 (of which 6 provide PWM output)
Analog Input Pins: 6

DC Current per I/O Pin: 40 mA

DC Current for 3.3V Pin: 50 mA

Flash Memory: 32 KB of which 0.5 KB used by bootloader
SRAM: 2 KB (ATmega328)



2. Power Supply
husadelwliituasesininildsufegunanirinagiiu Module SIM 900A Tngiiuua

15 Thafnseuanss

E‘Uﬁ 2 Power supply 15V DC

Specifications
Complies with. RoHS Directive
AC Input Voltage Range: 85-264VAC
Input Frequency: 47-63Hz
Inrush Current: Cold Start, 2047115V, 40A/230V
Input LeakageCurrent: <0.7mA/230V
Line Regulation (Full Load); <+ 0.5%
Output Voltage Adj.Rangen+ 10%
Qutput Overload\Protection: 110-150%
Output Over Voltage Protection:115-150%
Withstand  Voltage: I/P-O/P:. 3.0KVAC/Lmin;—1/P-F/G:  1.5KVAC/1min; O/P-F/G:
0.5KVAC/1min
Rise Time: 50ms@full load (typical)
Hold Up Time: 20ms@full load (typical)
Operating temp.& humidity: -10°C to 50°C (14°F - 122°F), 20%-93%RH (non-condensing)
Storage temp.& humidity: -20°C to 85°C (-4°F - 185°F), 20%-93%RH (non-condensing)



3. GSM SIM 900A
=1 A ] as i o o a a o v [ <
LUUT&J@JBVIWEJ‘J’JQJHU Arduino WaUNNLTLALAINITOVI IWENLS0EITaAUNID

nsinnseantuluswnsules

SUA1 3 GSM SIM 900A

Specifications
Dual-Band 900/ 1800 MHz.
GPRS multi-slot class 10/8.
GPRS mobile station class B.
Compliant to GSM phase 2/2+ Class 4 (2°W @ 900 MHz) Class 1 (1. W @ 1800MHz)
Dimensions: 24x24x3mm.
Weight: 3.4¢.
Control via AT commands (GSM 07.07 ,07.05 and SIMCOM enhanced AT Commands)

SIM application toolkit.



4.SDL 900
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EXTECH

gﬂﬁ 4 Magnetic Meter SDL900

Specifications

Utilizes Hall effect sensor with ATC (Automatic Temperature Compensation)
Adjustable data sampling rate: 1 to 3600 seconds

Memory stores 99 readings manually

Datalogging feature records readings with date and time stamp on an SD card (included)
in Excel® format

N pole/S pole indicator

Zero button for DC measurement

Data Hold and Min/Max

Auto power off with disable

Complete with uniaxial magnetic probe sensor with protective cover, SD memory card,
Universal AC adaptor with multi-plugs (US, EU, UK, AUS), 6 AA batteries, and hard

carrying case



5. AD524
Tidmsuifiusnsvenevosdyyas Output 7l Tneannsavensldsaus 10, 100,

1000 wi Tneldsassogunsallaufisdu

Uil 5 AD524

Specifications

Low noise: 0.3 |

V p-p at 0.1 Hz to 10 Hz

Low nonlinearity: 0.003% (G =1)

High CMRR: 120 dB (G =-1000)

Low offset voltage: 50 UV

Low offset voltage drift: 0.5 HV/°C

Gain bandwidth product: 25 MHz

Pin programmable gains of 1, 10, 100, 1000

6. OPO7
ledmiulsuamesdialitanuaissuindunaunazihdygaluimseime

Micro Controller

sUit 6 OPO7



Specifications

Low VOS: 75 WV

maximum Low VOS drift: 1.3 JV/°C

maximum Ultrastable vs. time: 1.5 IV per month maximum
Low noise: 0.6 LV p-p maximum

Wide input voltage range: +14 V typical

Wide supply voltage range: +3 V to +18 V

125°C temperature-tested dice

7. Tugawsniainas LM2596S DC

LY X o v oo Qs L] ' [
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fipple WOHLUBIIMNFINYINANNAF Junszualang 4A

gﬂﬁl 7 Voltage Regulator Module

Specifications

Input voltage 4.5-35V

Output voltage 3-34V
Maximum output current 2.5A

Dimensions: 49(L) x 26(W) x 12(H)mm



8. Hall Effect Sensor A1301
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TAHANGelectronic

gﬂ‘ﬁ 8 Hall Effect Sensor

Specifications

Low-noise output

Fast power-on time

Ratiometric rail-to-rail output

4.5 to 6.0 V operation

Solid-state reliability

Factory-programmed at end-of-line for optimum performance

Robust ESD performance
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Allegro-

MicroSystems, LLC

A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensor ICs

FEATURES AND BENEFITS

» Low-noise output
+ Fast power-on time

+ Ratiometric rail-to-rail output

¢ 4.5t0 6.0 V operation
« Solid-state reliability

= Factory-programmed at end-of-line for optimum

performance
* Robust ESD performance

Packages:

3-Pin SOT23W (suffix LH)

\\

3-

Pin SIP (suffix UA)

DESCRIPTION

The A1301 and A1302 are continuous-time, ratiometric, linear
Hall-effect sensor ICs. They are optimized to accurately provide
a voltage output that is proportional to an applied magnetic
field. These devices have a quiescent output voltage that is
50% of the supply voltage. Two output sensitivity options
are provided: 2.5 mV/G typical for the A1301. and 1.3 mV/G
typical for the A1302.

The Hall-effect integrated circuit included in each device
includes a Hall circuit, a linear amplifier, and a CMOS Class A
output structure. Integrating the Hall circuit and the amplifier
on a single chip minimizes many of the problems normally
associated with low voltage level analog signals.

High precision in output levels is obtained by internal gain
and offset trim adjustments made at end-of-line during the
manufacturing process.

These features make the A1301 and A1302 ideal for use in
position sensing systems, for both linear target motion and
rotational target motion. They are well-suited for industrial
applications over extended temperature ranges, from —40°C
t0.125°C.

Two device package types are available: LH, a 3-pin SOT23W
type for surface mount, and UA, a 3-pin ultramini SIP for
through-hole mount. They are lead (Pb) free (suffix, —7) with

Not to scale \ 100% matte tin plated leadframes.
V+
T8 . = (=P s Fm s =gy & ~— & =]
vee | |
O # To all subcircuits |
| |
| |
| |
| |
| Bt vout
| |
I |
+ | !
;: II Gain Offset :
Cavpass | I
| Trim I
| Contro! |
| |
Lo o o e e v ) o e e e s e e e o - - — — -
GND

Functional Block Diagram

A1301-DS, Rev. 22

November 30, 2016
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Precision
Instrumentation Amplifier

AD524

FEATURES

Low noise: 0.3 pV p-p at 0.1 Hz to 10 Hz

Low nonlinearity: 0.003% (G = 1)

High CMRR: 120 dB (G = 1000)

Low offset voltage: 50 pV

Low offset voltage drift: 0.5 pV/°C

Gain bandwidth product: 25 MHz

Pin programmable gains of 1, 10, 100, 1000

Input protection, power-on/power-off

No external components required

Internally compensated

MIL-STD-883B and chips available

16-lead ceramic DIP and SOIC packages and 20-terminal
leadless chip carrier available

Available in tape and reel in accordance with EIA-481A
standard

Standard military drawing also available

GENERAL DESCRIPTION

The AD524 is a precision monolithic instrumentation amplifier
designed for data acquisition applications requiring high accu-
racy under worst-case operating conditions. An outstanding
combination of high linearity, high common-mode rejection,
low offset voltage drift, and low noise makes the AD524 suitable
for use in many data acquisition systems.

The AD524 has an output offset voltage drift of less than

25 uV/°C, input offset voltage drift of less than 0.5 uV/°C, CMR
above 90 dB at unity gain (120 dB at G = 1000), and maximum
nonlinearity of 0.003% at G = 1. In addition to the outstanding
de specifications, the AD524 also has a 25 kHz bandwidth

(G = 1000). To make it suitable for high speed data acquisition
systems, the AD524 has an output slew rate of 5 V/us and settles
in 15 ps to 0.01% for gains of 1 to 100.

As a complete amplifier, the AD524 does not require any exter-
nal components for fixed gains of 1, 10, 100 and 1000. For other
gain settings between 1 and 1000, only a single resistor is required.
The AD524 input is fully protected for both power-on and
power-off fault conditions.

The AD524 IC instrumentation amplifier is available in four
different versions of accuracy and operating temperature range.
The economical A grade, the low drift B grade, and lower drift,

Rev.F
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FUNCTIONAL BLOCK DIAGRAM

+INPUT (2)— PROTECTION }

Figure 1.

higher linearity C grade are specified from —25°C to +85°C.
The S grade guarantees performance to specification over the
extended temperature range —55°C to +125°C. The AD524 is
available in a 16-lead ceramic DIP, 16-lead SBDIP, 16-lead SOIC
wide packages, and 20-terminal leadless chip carrier.

PRODUCT HIGHLIGHTS

1. The AD524 has guaranteed low offset voltage, offset
voltage drift, and low noise for precision high gain
applications.

2. The AD524 is functionally complete with pin program-
mable gains of 1, 10, 100, and 1000, and single resistor
programmable for any gain.

3. Input and output offset nulling terminals are provided for
very high precision applications and to minimize offset
voltage changes in gain ranging applications.

4, The AD524 is input protected for both power-on and
power-off fault conditions.

5. The AD524 offers superior dynamic performance with a
gain bandwidth product of 25 MHg, full power response of
75 kHz and a settling time of 15 ps to 0.01% of a 20 V step
(G =100).

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.

Tel: 781.329.4700 www.analog.com
Fax:781.461.3113 ©2007 Analog Devices, Inc. All rights reserved.
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INSTRUMENTS LM2596
T SNVS124D -NOVEMBER 1999-REVISED MAY 2016
LM2596 SIMPLE SWITCHER™ Power Converter 150-kHz
3-A Step-Down Voltage Regulator
1 Features 3 Description
+ 3.3-V, 5-V, 12-V, and Adjustable Output Versions The LM2596 series of regulators are monolithic
. : . ) integrated circuits that provide all the active functions
Adjustable ye;j'mt' Output Voltgge Range: 1.2-V for a step-down (buck) switching regulator, capable of
to 37-V + 4% Maximum Over Line and Load driving a 3-A load with excellent line and load
Conditions regulation. These devices are available in fixed output
= Available in TO-220 and TO-263 Packages volta!ges of 3.3V, 5V, 12V, and an adjustable output
+ 3-A Output Load Current version.
» Input Voltage Range Up to 40 V Requiring a minimum number of external
+ Requires Only 4 External Components components, these regulators are simple to use and
) . . . include internal frequency compensation, and a fixed-
* Excellent Lllne and Load Regulation Specifications frequency oscillator.
i F|xed—Frequ§r?cy Syt The LM2596 series operates at a switching frequency
* TTL Shutdown Capability of 150 kHz, thus allowing smaller sized filter
* Low Power Standby Mode, |, Typically 80 pA components than what would be required with lower
+ High Efficiency frequency  switching regulators. Available in a
. i ; standard 7-pin TO-220 package with several different
Uses Readily Available Standard Inductors lead bend options, and a 7-pin TO-263 surface mount
*  Thermal Shutdown and Current-Limit Protection package.
* Create a Custom Design Using the LM2596 with - A\
the WEBENCH Power Designer Device Information
PART NUMBER PACKAGE BODY SIZE (NOM)
2 Applications dsed T0-220 (7) 14.986 mm x 10.16 mm
+ Simple High-Efficiency Step-Down (Buck) 10:263 (7). 10,10 mm * 8.89 mm

Regulator
On-Card Switching Regulators
Positive to Negative Converter

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application
Feedback
12V +Y,
IN 4
Unregulated LM52396 Output 5.py Regulated
DC Input v 2 Output

Gy :53 uH Coyy SR Load

Isaoﬂ 5 D1 Ino p

N/OFF GND 1N5824 &

(Fixed Output Voltage Versions)

Capyngm € 2016 Texas Instruments Incorporated

a

intellectual property matters and other important disclaimers.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,

PRODUCTION DATA.
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Ultralow Offset Voltage
Operational Amplifier

0P07

FEATURES

Low Vos: 75 pV maximum

Low Vos drift: 1.3 pV/°C maximum

Ultrastable vs. time: 1.5 pV per month maximum
Low noise: 0.6 pV p-p maximum

Wide input voltage range: £14 V typical

Wide supply voltage range: £3Vto 18V

125°C temperature-tested dice

APPLICATIONS

Wireless base station control circuits
Optical network control circuits
Instrumentation
Sensors and controls
Thermocouples
Resistor thermal detectors (RTDs)
Strain bridges
Shunt current measurements
Precision filters

GENERAL DESCRIPTION

The OP07 has very low input offset voltage (75 pV maximum for
OPO7E) that is obtained by trimming at the wafer stage. These
low offset voltages generally eliminate any need for external
nulling. The OP07 also features low input bias current (+4 nA for
the OPO7E) and high open-loop gain (200 V/mV for the OPO7E).
The low offset and high open-loop gain make the OP07
particularly useful for high gain instrumentation applications.

PIN CONFIGURATION

8 | Vos TRIM
v+

-IN ﬂl
+IN 3] | 6 JouT
v-[4] [ s ]ne

NC = NO CONNECT

Vos TRIM [ 1]

00316-001

Figure 1.

The wide input voltage range of £13 V minimum combined
with a high CMRR of 106 dB (OP07E) and high input
impedance provide high accuracy in the noninverting circuit
configuration. Excellent linearity and gain accuracy can be
maintained even at high closed-loop gains. Stability of offsets
and gain with time or variations in temperature is excellent, The
accuracy and stability of the OP07, even at high gain, combined
with the freedom from external nulling have made the OP07 an
industry standard for instrumentation applications.

The OP07 is available in two standard performance grades. The
OPO7E is specified for operation over the 0°C to 70°C range,
and the OP07C is specified over the —40°C to +85°C
temperature range.

The OPO07 is available in epoxy 8-lead PDIP and 8-lead narrow
SOIC packages. For CERDIP and TO-99 packages and standard
microcircuit drawing (SMD) versions, see the OP77.

V+O—gy 'y
7 GB RZA1 S $R28! l :
1 o topTionaL o 1 c1
@ ThucL) 9
R1A 3 ¢ R1B
e : 010}_,
. N
v a7 a8 a1 anz b
Il
Qs I——‘ Q3 Qe Q4 t I} ‘
NONINVERTING o_F3_ £ ; yaz T cz LI -
INPUT 3 }\01 RS
¥aQ21 KQ23 ¥ Q26
R4 ¥ Q22 XEaq24 Q15
INVERTING
P : 2 Q5
INPUT 9 |.§ Q4
s O Q ¥Yai3 @ R6
V-o £ & 0 * ¢ 5

1R2A AND R2B ARE ELECTRONICALLY ADJUSTED ON CHIP AT FACTORY FOR MINIMUM INPUT OFFSET VOLTAGE.

00316-002

Figure 2. Simplified Schematic
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60W Single Output Standard with approval

s CE€

AC input voltage ra
Input frequency

Infrush current ............cooooeviineee
3} e

Input leakage curre
Line regulation (full

Output voltage adjust range ...........
Output overload protection
Output over voltage protection .......
Withstand voltage ................cco......

nge .......
.............................. 47~63Hz

load)

+ Universal AC input / full range

* High reliability

+ Approvals: UL/ CUL/ CE

+ Protections: overload/ over voltage/
short circuit

+ 5 years limited warranty

« FB05 160 x 98 x 39(mm)

85~264VAC (120~370VDC)

cold start, 20A/115V, 40A/230V

< 1mA/ 230VAC

<+0.5%

+10%

105~150%, hiccup mode, auto recovery
115~150%, hiccup mode, auto recovery
I/P -O/P: 3.0K\VAC/1min

/P -FIG: 1.5KVAC/1min

Q/P-FIG: 0.5KVAC/1min

Rise time ........ccoocviiii v 50ms@full load (typical)
Hold up timed. #............. o 20ms@full load (typical)
Operating temperature ................... -20C~+50C

Safety standards
EMC standards

Cooling method

GB4943, UL60950, EN60950

............................... GB9254, EN55022 classB, EN55024

EN61000-3-2,3, EN61000-4-2,3,4,5 6,8, 11
convection

Pafking.«=. ... Goum... 2. 2 0.46kg/pcs, 36pcs/CTN
Model DC Output Load regul. R&N Efficiency
HF60W-SL-5 5V 12.0A 0.5% 80mV 78%
HF60W-SL-12 12V 5.0A 0.5% 120mV 82%
HF60W-SL-15 15V 4.0A 0.5% 120mV 82%
HF60W-SL-24 24V 2.5A 0.5% 150mV 81%
HFB60W-SL-48 48V 1.3A 0.5% 150mV 82%
* 3~48VDC output all available.
Drawing
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EXTECH

INSTRUMENTS

SDLO00 AC/DC Magnetic
Field Meter/Datalogger

EXTECH

Extech’s SDL900 ires and datalogs both AC and DC Magnetic
Field in Gauss and mT (milli Tesla) with a uniaxial Hall effect sensor
and built-in ATC. Internal memory stores up to 99 readings, while SD
memory card (included) allows continuous datalogging and readings
can easily be exported to an Excel® format for further analysis.

Applications:

- Electric transmission - Refrigerator - Industrial & research labs
equipment - Computer monitor - Transportation Systems

- Power line - Video/audio device - Elevators

- Microwave oven - Particle accelerators - Battery Power

- Air conditioner - MRI - Wind Power

Features

Utilizes Hall effect sensor with ATC (Automatic

Temperature Compensation)

« Adjustable data sampling rate: 1 to 3600 seconds

« Memory stores 99 readings manually

« Datalogging feature records readings with date and
time stamp on an SD card (included) in Excel® format

+ Data Hold and Min/Max

« Auto power off with disable

» Complete with uniaxial magnetic probe sensor with
protective cover, SD memory card, Universal AC
Adaptor with multi-plugs (US, EU, UK, AUS), 6 AA
batteries, and hard carrying case

» N pole/S pole indicator
« Zero button for DC measurement

Specifications Range Max Resolution Basic Accuracy
DC milli Tesla 300.00mT 0.01mT ; +(5% + 10d)
3000.0mT 0.1mT +(5% + 10d)
DC Gauss 3000.0G 0.1G +(5% + 10d)
30,000G 1G (5% + 10d)
AC milii Tesla 150.00mT 0.01mT £(5% + 20d)
1500.0mT 0.1mT +(5% + 20d)
AC Gauss 1500.0G 0.1G (5% + 20d)
15,000G 1G £(5% + 20d)
Number of Axis Uniaxial
AC Bandwidth 50Hz/60Hz
Sampling Rate 1 to 3600 seconds
Datalogging Datalog readings on SD card (included)
Dimensions/ Weight 7.1x2.9x1.9" (182x73x48mm)/ 10.70z (303g)
Ordering
SDL900............. AC/DC Magnetic Field Meter/Datalogger C E

UPC Code: 793950439012

Specifications subject to change without notice. Copyright © 2014-2016 FLIR Systems, Inc. All rights reserved including the right of repraduction in whole or in part in any form,
Rev. /30/16 www.extech.com



SIM900
The GSM/GPRS Module for M2M applications

SIM900
GSM/GPRS Module
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The SIM900 is a complete Quad-band GSM/GPRS solution in a
SMT module which can be embedded in the customer applications.

Featuring an industry-standard interface, the SIM900 delivers
GSM/GPRS 850/900/1800/1900MHz performance for voice, SMS,
Data, and Fax in a small form factor and with low power
consumption. With a tiny configuration of 24mm x 24mm x 3 mm,
SIM900 can fit almost all the space requirements in your M2M
application, especially for slim and compact demand of design.

e SIM900 is designed with a very powerful single-chip processor integrating
AMR926EJ-S core

e Quad - band GSM/GPRS module with a size of 24mmx24mmx3mm

e SMT type suit for customer application

e An embedded Powerful TCP/IP protocol stack

e Based upon mature and field-proven platform, backed up by our support

service, from definition to design and production



| /4 t L ATmega48A/PA/88A/PA/168A/PA/328/P

ATMEL 8-BIT MICROCONTROLLER WITH 4/8/16/32KBYTES
IN-SYSTEM PROGRAMMABLE FLASH

DATASHEET

Features

e High Performance, Low Power Atmel®AVR® 8-Bit Microcontroller Family

e Advanced RISC Architecture
— 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Upto 20 MIPS Throughput at 20MHz
—On-chip 2-cycle Multiplier

e High Endurance Non-volatile Memory Segments
—  4/8/16/32KBytes of In-System Self-Programmable Flash program memory
— 256/512/512/1KBytes EEPROM
—  512/1K/1K/2KBytes Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
— Data retention: 20 years at 85°C/100 years at 25°C'"
— Optional Boot Code Section with Independent Lock Bits

e |n-System Programming by On-chip Boot Program
e True Read-While-Write Operation

Programming Lock for Software Security

e Atmel® QTouch® library support
— Capacitive touch buttons, sliders and wheels
— QTouch and QMatrix® acquisition
— Up to 64 sense channels

!

e Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and
Capture Mode
— Real Time Counter with Separate Oscillator
— Six PWM Channels
— 8-channel 10-bit ADC in TQFP and QFN/MLF package
e Temperature Measurement
— B-channel 10-bit ADC in PDIP Package
e Temperature Measurement
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Byte-oriented 2-wire Serial Interface (Philips I1°C compatible)
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change

Atmel-8271J-AVR- ATmega-Datasheet_11/2015






