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Abstract

Nowadays railway signaling systems have less signal alarm than railroad
crossings in Thailand because of the installation costs so can't install every point. It
caused a lot of accidents and damages around railroad crossing zane, therefore this
project designed alarm signaling system using an acceleration sensor proposed for
checking the arrival of train and sending light alarms. The signal transmission system
consists of a microcontroller that acquires railway acceleration signal, wireless mobile
telecommunications that sends signal to a receiver for alarming, and two acceleration
sensors attached to the rail sleeper that measure railway acceleration. From education,
Acceleration signal from the train can create detection criteria for sure. The

experimental show a precisely result and it can compare with current system.
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= - e o ' £ =l ' = o/ =l =i
Weulusunsuieauaugunsalinhueels lassieaziBeavoswise q sifsgud 2.5 i

Digital Ground
Digital 170 Pins (213)
B

Seria) Out (TX)
Serial In (RX)

Analog Reference Pin

Reset Button

In-Circuit
Serial Programmer

ATmega328
Microcontroller

External Power Supply

Reset Pin
3.3 Volt Power Pin
5 Volt Power Pint

Analog In
Pins (0-5)

. '
=

JUN 2.5 dnwaueiiluves Arduino Uno

(fin - https://www.robomart.com/arduine-uno-online-india)

(1) RESET Wudnyayrad Input Logic Reset va4 MCU i Logic Low avils MCU aglu
anmeiudn e Logic Hish aevinlsl McuU agluansihaumuunf Tnedyau RESETH

s

dazgnaruAnan 2 unas Asanaing RESET n1eluvesn wazaindyyim DTR vad

oo

FT232RL fdin13tden Enable Jumper 984 Auto Reset 910 DTR 14

(2) +3.3 1uundssnelvauin +3.3 VAlda1na995 Regulate n18luvos

| o & A v o o i 7]
ATmega328P aunsadnenseualaasan 50 mA Fufledpanisiumasine +3.3 v luldew
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\Duunasdrelifugunsaiang qdessziinseiauioimnisienszuavedduandodlnaniinisms

NSPLANINNI 50 MA 819vild ATmega328P (demuls

(3) +VIN Julw DC Ai¥uanarn Jack VIN(External Supply) usEIun15 Rectifier uaz

Filter 1T DC wé? fvuiaussnuadsnuvuiausssunteuliiuussanie Jack Vin

(4) +5V Hugnseuvasinglnvasuasasenluldnu dananunasiuia 2 unas fe
31nwasn USB uazain External Supply Fsddeunasangliuasnain External Supply s
M9 Jack VIN wnasd1e +5 V dagaain Switching Regulate (LM2575-5V) @1u130318

=t

nszudaldgeanta 1 A wadldiuasdieainwein USB unasidag +5 V dagunainwesa USB
TnenslagaziiNaduuu Poly au1a 500 mA Aedasiunisasnseuaiu tetesiuainy
devneasnain USB lngazatenszudlaaanliitiu 500 mA Jusgivgaantilunisdig

nIzLavoINesn USB wagnis Configure iy FT232RL #7g

(5) AO-A5 (Huadeyeyia Analog Input wuu ADC flauinnlnnaziden 10 On il 16

U1 @IsuLsWueNaendumLe 0-5 VDC

a

(6) DO-D13 1 Jun&rysyreu Digital Input/Output Luy TTL ilvisnua 13 Pin @150
Tvimindudunvvsesinmensatsimnaintusunsd Inefiursnansnsadsuaiii

Tduduilsnduiimeang uiminlaon

(6:1) 00-D1 gravlildvimihidiunadndoasaynsu RS232 (UARTO) Tng
Ievinnsideusediu USB Bridee as FT232RL iialdaninanlifuvese wasdaunsald

vinaesinredioansiudstoyasenitsvesaduaauiinees PC1fie
(6.2) D3, D5, D6 uay D9-D11 &g Tusunsumtiidu Pwm 1¢
(6.3) D14 @wsalusunsumtiidu TX1 dmsu datayaves UARTL
(6.4) D15 anunselusunsumtiiidu RX1 dmsu Sudeyalviiu UARTL 1¢1

(7) AREF \Yudyey1ns Analog Reference a1nnneueniidesnistoulwiu MCU Fa
MNUNALEY ATMEGA1280 anunsalusunsulidenldussiugnedainaislulseguan Tae

aunsosdendu 1.1 V use 2.56 V usa AVCC (+5V) Taslisniudestlounssiudredean
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MeuanliiuUasndn WAHIABINITHIIAUDIIBMNTAULANAI9INTNE1INILERAWNTE

8/

Jaudunssduseadeninniauanaiiunienn AREF ditnluieslasening 0-5 v

A1914 2.3 dN11EN15NIIUVDY Arduino Uno

Microcontroller

ATmega328

Voltage supply (recommend)

=12V

Digital pin 1/0 14 91 (6 599U IENALUY PWM)
Input analog pin 6 U1
current perpin1/0 40 mA
3v3 current supply 50 mA

Flash Memory

32 KB (ATmega328)

SRAM

2 KB (ATmega328)

EEPROM

1 KB (ATmega328)

Clock Speed

16 MHz
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2.6 UseAnvaaiasnans[i]

as

s X a =l u‘j 1 s a’ v 4 A=I
WI509NINITLUINNISNRaD TN 7 U Alauans?in1sef 2.4 wazlunipauan

2
&/ a at =

veiau ellsdeyaiisadnsyni Iisumiveyrsiziainmitenuy nmssalnuvstszmelne

Y

way as.s5u1 Qienini Imnslugdhetnana masalwuisUszmnelne

A5 2.4 USeLnna9iiisnang

U NINAIDENS ANWULIANE

yiasadng : snansawalnin

WHULAYTH ;4401 - 4420

\A3896UH : Pielstick 16PAGV185VG yunn
214 7000 §7. 8 du 1n3eseudiAen
fdsduledou - 2,400 wseih @ 1,500 soU
ALSTHOM AOUNY

(ADD) AALTIGEA 1 100 N/

A159M21989 : Co-Co

dansinmase = 77.50 fiu (leqenia) uay
3UN 2.6 M2309n3 Alsthom (ADD) 82.50 11 (VUEVNULAL)

(1< https://th.wikipedia.org/wiki/ S MoneLNR - 1375 ¢4

sodnsaaliiluusenealneg) Lsciconde: ol nins

YUAIOANT : SansAwalni

NULAUSTH : 4201-4230

\F38985 : Pielstick 16PAGV185VG 4u7a
7000 §%. 8 gu 1A3BsBUALAL?

ALSTHOM frdaduiAdeu : 2,400 wseh 7 1,500 50U

(AHK)

AUY

: AUEIEER : 100 NaL/.
AHK vt

(AHK)
(#lu7 : https://th.wikipedia.org/wiki/

SUT 2.7 asadng Alsthom

N159M31980 : Co-Co

sodnsawalnilulsznalne)
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NINFIDY4

AnNWZIaNIY

gﬂﬁ 2.7 1509035 Alsthom (AHK)
(7is : https://th.wikipedia.org/wiki/

sodnsaalwilulsznalne)

WINRUNAITH ; 77.50 AU (Weanls) / 82.50
AU (VUEVINUUI)
UIUUNNALNAT ¢ 13.75 AU

JEHULLNAT : 1.65 LURS

THN

5Uil 2.8 3Ui $a3ndng THN

(ﬁm . https://th.wikipedia.org/s6

Aas19)

GEA
(CM22-7i)

¥
=l

JUN 2.9 Wsndns GEA (CM22-Ti)

]
=

(Y11 : https://th.wikipedia.org/wiki/

sadnsaalwihluuszwalne)

UAINANT : S09NTADATI

HueEUTH : 1101-1140

\A3D98UA : Cummins N855-R2
Adsiuinden.: 235 wswih 7 2,100 seude
U771

A5agean : 100 Alawns/dalu
193488 1A-2

din®ase ; 33.500 fu (hwitihsaian)
35.302 fu (hminwaizyiui)
thuidnnawan - 12 #y

TEUEINDY : 2.10°1Ung

¥inTNINT : sodnsAalni

NUYIaYI0 : 4523-4560

AR08UA - Cummins KTA-50L 4U1ARTI
5000%%. 10 gu i 2 \n3as8ud
M&sumdou - 2 x 1,250 usash 7 1,800
FOUNDUNN

AIEIEIER 100 N/,

N159A71980 : Co-Co

taningse : 80.60 sy (99A1la) WAL 86.50
I (VouzYINUUIW)

dminnawman : 14.42 fu

wyBLNan : 1.80 LUNS
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U NINAIDYS

ANWaELaNY

HITACHI
(HD)

31]17'1' 2.10%7%99n7 Hitachi (HID)
(ﬁm : https:/th.wikipedia.org/wiki/an

Ansdma Wi ludlszmalne)

wiinT0dnT : sndnshwali
WNUBLEYSH : 4501-4522

\ATB98UA : Cummins KTTA-50L 2u1aA37
98000 ¥%. 12 gqu 1 2 \nTaseud
fdaduiadieu : 2 x 1430 uswh 71 1,800
JOUFBUTYI

ATTTgaER : 100 - 120 na./val,
N159M11988 1 Co-Co

vwingase - 8450 fu (Hleaenil) uas
90.00 AU (VULVIWUIL)

shviinnaLa - 15.00

YLD © 1.85 Lung

GEK
(UM12C)

U 2.11 ¥50905 GEK (UM12C)

U

(i ; http:/ /www.geocities.ws/railst

hai/train01.htm)

BUAINANT  sadnTAwalwin

wHBLEUIH - 4001-4050

\A3DI8US : Cummins KT38-L YUINAIINT
3,800 %%. 12.qu il 2 A3 DAEU
fdtuindeu . 660 1w X 2 1Adea =
1320 w399 50U 1,985 SoUsOU
AANEIEaER - 103 nas/vn. wignrimualif
95 nu./v4.

N159AI1980 : Wuuae Co-Co

dingnse : 70.178 &y (dleqenil) /
75.00 AU (VeugvinuuIw)

dminneunan : 12,5 fu

SEzNAT @ 1.911 wns (wanusn)

SeEYLNaN : 1.803 RS (LWauad)
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U DINAIDENS

ANWULLANY

CSR
Qishuyan
U20
(SDA3)

£

snansawaliilulssmelne)

gﬂﬁ 212 ¥170ans Quishuyan (SDA3)

T vk b

(#an - https://th.wikipedia.org/wiki/

¥iinsadng : sadnsAwalnii
WBLEYSa : 5101 - 5120

\A30384 : Caterpillar C175 ACERT
w5991 : 3,800 w39

ASIgege : 110 Alawms/dala
N159A71980 : Co-Co

dmingse : 120 du
dminnaiwan - 20 du

SYELIWNET : 1.80 LURT

NKF

P ke & SN 3
UM 2.13 5adns NKF

flasna)

(fian : https://th.wikipedia.org/56

YUNININT - ININTALFAT

mo@uIn ; 1201-1264

{3881 : Cumimins N855-R2
Mdstuipaey - 235 useh 7 2,100 soUse
Ui

ali5raean : 100 Alawms/dala
N15AINNNEL ; 1A-2

thmingnse - 33.500 fu (wdhsoan)
35.322 fu (thanvaeyhaui)
droninnaman : 12 fu

Frasiwan ; 2.10 tng
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2.6.1 ANWALNISININADVDINITAING

[ £2d @ L7 & s s L7 U a’l’
nsInaesrssy uiauniaimsnysasalull
¥ ’5 L7 [ Q. o 1
sasvdminagszuludiaveudunuman wu 1, 2, 3, ...
ApMady mﬁluﬁné’ﬂmmm‘i’lmwwm WU A, B, C, ...

flaldn “o” wneds astuiuswmestudasy

LATDIVINY - M UATdeuLLENiuRg

LASDIVUNE + MUY wiasuAsaguulasifieady [5] wazdnuaensininaeniny

as

Tusalwlumisnen 2.2 fidail

o =l

(1) WUU Co~ Co uuefie Wsadnsd 2 uas wazlu 1 wagasdl 3 wan lnudanidsil

LDLABSTUBDATELENTU- 3 WA

(2) LUV Bo — Bo uungdle & 2 wad wasle 1 uasazd 2 1na1 aaniaediuainasvu
DATTULNAU 2 1WA

= =

(3) WUy 1A-2 uinede 1 2 uas lnawasusndudasutanidn 1 wan dadu 1 wan

waz wasasatudosutmtnnsaaswan tulaanuinyginas

2.7 nyuiitldlunisasaadusalu [1]

2

Tudutlagdnauonguiildvinlimsuisisnisuazinaeilunisasiadusalu Tnee
nanadlauguLges Kisler SN8692C501EPE accelerometer Tunsaavusalwdygnmanus

FaazausasusUssinnvessalle 2 vlinfe WsadnsAwase waziisadnsAwalii &9

s

EENGEED

2.7.1 deygrnuANUsTinaIniaTaanshassazftwalni

Han1InasIilaaInnisin Kisler SN8692C50 IEPE accelerometer Lu¥iin1s3a

84
Qs 1

Foyruanusaninsall lnedessgunsaldenanliivinalivueu Swanisveassasi
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15

10

Acceleration (G)
o w

&

-10

-15 V& ~ ~ — - N

Time (s)

d s 1 d‘ = ar s =l
JUN 2.14 daAusaiiinInmsadnsAleasi

:J Qs e] a a § A
1NFUN 2.19 Wudymuiinaainsaliuuiu 281 (AFRMN-NUUNTYR) sBULIAN B8.55

u. o a@nnilnsyaeuingn sndnsiease 3u NKF

15|

10

w

Acceleration (G)
o

w

-10

-15

Time (s)

2.15 dyanmnuisavasisadnsiwaln

€N
=
=b.
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< 9 < a a
MNFUN 4.2 Wudyarafiinansalwyuiu 383 (NTIVN-2LLAIUNTT) TOULIAN

18.04 u. & @nnilwszaona) Wisadnsfwaluin Ju ALSTHOM Fsanunsadinsizin

drulsznausng 9 lagadl

2.7.1.1 mamduuglagans

Mg lagasuy awnsaldlagnisiienswdyginuniusies
s [ ] @ ] ' s =] 2 o o & [
mnanwmazszlny wuenluadiuse q ussiunmladniauiedu lneszwiaduvuiy

¥1304n3 (Locomotive) uagvuanglasars (Carriage) Fanan1svaassilviansmvassodiva

@

57 (5Uf 2.21) uaznsmsafizalnii (Uil 2.22) il

15
S afr 2" carriage ) card
; 1% carriage S 3% carrlage
Locomotive i
10
5
g
§
£ oo
v
E
g
L4
5
-10
15
0 1 2 3 4 5 6 7
Time (s)

Ui 2.16 msansigidnlsznaunneg nnsdyIniniTduasiouvessanivas

Call

%m‘mwm&fﬁ'}msﬁ’ﬂLLUaamﬁmﬂﬂswﬂugﬂﬁ 24n



i5 ‘ gth

\ 5th
1% carriage ond 3

6th

10 iLocomotive

Acceleration (G)
(o] w

'
v

-10

-15 I

Time (s)

JUN 2.17 M3Amsigdiulsznouaieg aannsandyaainisduasiiouressodiea v

:!! $ 2 o ot qﬂ
Fansidila mmﬁﬂmLLUaammnﬂswﬂugUw 2.20

3
a

MU 221 gunsavenlain solWAwiivianun 4 § lnguszneume suiui

INTAATN 1 § UagUuIudlags 3 6

2
s

war Ui 2.22 aunsauenlidn salwAudfiviown 7 ¢ Tnedseneusas vuiwhsn

Insdiwalui 1 ¢ WavvLUGlALaNT 6.6

2.7.1.2 N154eNUSLnNUINISAINS
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L3 1 o/ o/ u A ] lﬂ! ql o
nNnIdYg I un s sreisadnslui te i Tudlelivinnisueieg

wzludIuresiisadns avaninsausnlasnduisadnsstale F9inan1snnaesail
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10

Acceleration (G)
o

-10

Time (s)

d s ot e
JUN 2.18 dnumLvesinninAaINe

< v o < i =
913U 2.23 Buns1ildvinmsvenensamainguil 219 Turasiaanit 0 fs 2.21

P | i Ao W a P ) al o I aa
U9 Baavegludiurad Locomoative w3a23509n5 #992nUn nswfidnwausdunsnasl a

U

D

[

yagaandunauiulada deailsuanddugun 2.23 Sadudnvaznisiniiedauuy Bo - Bo u3e
1A - 2 uaganuuzmIimNaauszaviignwuly 950905 GEK (UM120) uaz wasadnsata

TNAINEIAY

10

~

Acceleration (G)
N

-10
0 0.2 0.4 0.6 0.8 1 1.2 14

Time (s)

JUT 2.19 dnvaishisadnsiali
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= M v oo ol | =\
NFUN 2.24 Lflun'i'lelmmmwmaﬂﬂwmngw 2.20 Tuya9a79 0 09 0.131
a o ot | . A w ] = ' o o N a
W1 Feagagluduves Locomotive Wiawasadns deaznwuin nswiidnuusilunsmag 6
AU s al F 23 dl : s L7 v
Jageafdunaulide mﬁlﬂuamﬂ,ugﬂw 2.24 Fududnuaizni1saneaniiuu Co - Co uay

anwarmMsImaeysziamilgnuuly Wsadnsusziandalnin

' o
2.7.1.3 MIMEIUVNAIUDNDUAUD

as

A o w | oav v )
Wiohdeyadygramiuiselanainmsiiutoyavessaliusazauiumn

wlasdtyayredlvioglugy Fast Fourier Transform (FFT) avilanwalgdadl

0.75 ¢

0.50

Acceleration (G)

025

‘\"rr\ﬁwh i

525 1050
Frequency (Hz)

E: o s 1 o s =
JUN 2.20 waannsuUaaR R FFT 99005 Wdey gyan1uisatdisadnsaieasna

D-

[ ]

9N3UN 2.25 waanannamdygiunnnusaesiisadnstiense (3UA 2.19) 9

iimaIndureanaIusn 2nnml Time plot Wun1ssameueundgavean 4 Anudiihiadu

a

5 o o = 4 1 = ot L2
Turwetuinsiniu ilillueundqadigandn FRT warlusazimoriiludyg i FRT Jums

v

a i al o Vel a o 1 .
LLEIﬂLET]LL@&IWE@WH@ﬂiuuﬁ]ﬁ%ﬂﬂﬁuﬂaaﬂuﬂ WWIWJJLLE]&JWﬁQP’IW]ﬂ?TﬂiWW time pLO’C
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0.75 r -----------------------------------------

050 Fmmmm e

Acceleration (G)

0:25 f==r=r=- 5»—1 ——————————————————————————

-y
| I-l."'hé Hs.ﬁa,fmk*ﬁnw"\,.-\

0 525 1050
Frequency (Hz)

‘LJ 2.21 NavINNSLUa& el FFT NN WA YIUANLTIVDITAINS AR LT

Lt )

UM 2.26 Junsanl FET 1nLLUaammﬂnﬁWamfymﬂmstmmsmn‘mwa’lﬂﬁw

(3U 2.20)

= ' al - [
%Wﬂuuma 1maﬂ'lu'5‘u"uaq FET 3¢d@10150lMUEIUAIUNYDIIIVINTEVIINUT Y

salnladmiau %‘awuiﬂﬁhummmmLLiaﬁﬂixﬁﬂﬁ’m']dimlmsag"luﬂhq 194 1000 Hz

2.7.1.4 AISWISLULENAIVDINITAINT

\WWBATITHDUATINADUAINLIUE V09N N EYItUAULT 9V 50 dnT §
Sududesrnamssssmarmananuiiiinlduarssegiandild feifeg1an1sauinLay

MSATNUATEELAN & VOIAITOINTNY 2 Useinneail

(1) MITUNTLYLNAIVDINITNTINIALYATI

MImszzmantesisndnsiwasaiu mislnennitersvesnaissuing
waNvesndnsdaansamldmnns iy ananse uwarldmnuivessalwungm v
Wildszoamaniiduanldonnsw wasiluiFouiivufusvesade (U 2.27) fsenfiums

o

Budunnswidyarunnuseuiinnugndes



23

SIGNAL LIGHT> -~ DESTINATION BOARD /- STATIC VENTILATOR, - DOOR. !NDIC&IQ!G LIGHT: - COOR SWITCH - ~= RADIATOR »

s " = g ,
~ R T A 1A
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2 i i 7
o 'L_u._&;ov_,.{ car numBeR — e e — 00
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! " : |
“ 210m 1250 m :
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vaninueilun1idada 12a1MAIANLTNIe 4 TUAYanNaeIuaNIaINAIAIINLT VN
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(2) NISUITLELINAIVDINQSANTA LA bR

@t ot =l 5 o
nsmszzwaIveIiTndnsaalvihiy mlaleanisiiessesiian
sEnIawaIvesssadnsteausamisannsdyruause wagldanuiivessalvun
an vibildszezimariidalasinnsw wasilliSsuiisuiuszazasagui 2.28) Jez

unistududinsmidyaannusaiuiinnugndes



24

o —
)

= AT - - ™ | g :

SN | 818
rue :
EXTIE Y ok i > -
g1s 15 %50 W A ! N\ o LY [33)
y 20 fimiibed | f
i ! IOU10 BETWEEN _PYOT_CHNTERS : Moraaie .
| : <. J2330 TOTAL WHEEL 913¢ ; m..j §
H ) 16158 : =
; i A ! ' £
€ 165 m g
(s,) (S,

sUR 2.23 Luvndauunsdiuresinsndns ALSTHOM

u

#u1 wuuntausalwnuaashunianun @)

N1IMISEEEINANUBsiITn TN ALa Wi Tin s findredusoMeasie vialdlaenisun

Lnaltlundazts Ineszudadu 2 9924 As

t, An szezlaldseriunanfenuasdunusn lngfindninaalunisinfe a1

! ] PR = a ] = 5 P
ATAIULIIVUNA 4g s[.u‘-qG]EJE]WV]'MUQ%Uﬂﬂk’]ﬁ"lﬂﬂ’]ﬂ’}?ﬂﬁ\?‘ﬂﬂ"lﬂ 4g anmﬂuqmaammam

t, A9 588213015 ENINIUNAIFAVIBYBIUATUINUAZINAIUINYBILATNADY Tngl
@ ) =i ' - o a0 ]
VENNUNIUNTITINAD LI8TNAIA1ISITNIA 4 TUAReaAa1NanaIIATIAIADILLTITWIN
dg Bnasilugnaanid

2/
s

Tudiegen t, way t, Jhidamsewissey S, waz S, anmsAwanla

=€

2.7.2 i lunisiiausyIaInIa
NKANTTNARBWIN W aILITavanSNwuEnIanNIenIwYaesalWla Wy suIudevas
soln Usenneaeiisadng mnusinldlunisiiunig ﬁwuaucﬁlmaﬁ LLaxL’Jmﬁl‘?ﬂuLLﬁasqm

vusall vilanunsoadanaeilunisseuldlagldnswluguin 2.29 uasgui 2.30 Aadl

U



10
a—5
g
8
8 0.
2
[
-
5
=10 ¢
0 0.5 1 1.5 2 25
Time (s)
A =5 L 1 =l
gﬂ’ﬂ 2.24 Lﬂm“ﬁh\lﬂ']'imﬂuﬂiyiyﬂm‘ﬂ'l"mL?ﬂ“ﬂ@ﬂ'ﬁﬂﬂlﬁfﬁi?ﬂ
10 I
¢ |
a
% 2
£
g,
<

10 2 9 S\ Q) ) LA A A N7
0 0.2 0.4 0.6 038 1 ' /A

Time (s)
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t, Way t, fie srusaiildssninanandildnanliludedn 2.7.1.4
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mn%’a;&a’lnﬁlﬁﬂénm WUILULYDS MEMS accelerometer flagtunldaiuass

v A wad oA o al i v oA a i =
HUYINNTITINNUINNIN 4g LEZADINEIUAIIUARBUAUDININNIT 1000 Hz 94

ADINANFUUAAD

snildnuouzil An ADXL345 MEMS accelerometer wagliiUSeuiiisunnaudd

WU ULYDSNIS

MU |EPE accelerometer Ju 8692C50 Iaeadl

A1914 2.5 nswSeuiisunanURves Accelerometer

Temperature operating (°C)

Specification 8692C50 ADXL345
Measurement Range (G) 80 16
Bandwidth (Hz) 5000 3200
Operating voltage (V) 20 - 30 2.0-3.6
Supply current (mA) 2 - 207 0.145
9 =65 -40 - 105
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Arduino . Arduino
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Train motion Train motion
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3.2.1 gunsnlvasnadednyeyias didell

a
ADXL345 __.I 5.2 l
==

2 + — | Solar Panel
, L]
1 A A Solar Charger 51
solar  battery load
+ - + -
UC15
ATmega328 23 2 5
microcontroller 7D 8
attery
GND vcC [T
GND  VCC
{ L\ P8 =~ )
‘ Voltage Regulator
4 = | 171 T
= i + ¥ 4 +
Voltage Regulator

JUN 3.7 n1sAeesvodsdya

(1) 3G Module (UC15-T) $insyinauii 5 Vde LLasmmﬁMmﬁdﬁ@gaﬁ 850/2100

MHz
(2) Atmega328 microcontroller ¥3a Arduino Uno finrsvhend 5 vdc

(3) ADXL345 MEMS accelerometer ﬁmiﬁﬂmuﬁ 5 Vdc lay 0.35 mA

(4) Voltage regulator Ag MudanNANAndINLUAWeIdaUnsndidnnsetinddu

(5) szuuIelnileeldlaaaad (Solar Cell) Usznausie

(5.1) SOLAR CHARGER fu LSO512R fmisvhaiufl 12 Vdc uay 5 A
(5.2) SOLAR PANEL MONO-CRYSTALLINE nsvhanuil 12 Vdc uag 20 Watt

(5.3) SAB Sealed Lead Acid Battery fins¥iauii 12 Vdc uaz 7.6 AH
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3.2.2 N1SLEINVUIAVDILUALADT

(1) YunnvesnUmnaIFadianuussulninlugae 5 - 12 v

(2) munveansuaildlununinesnensELas I IMUAY8INRS Fedunnnivie
WU 135.35 mA

(3) wumaas3idenld fe Aiflun 7.6 Ah ¥eud 12 Vde wumnassiunenns
drsedln 36 alus (eslaifinnsvrsmannleangad) wszditraaildouiunpesiug 14
Flusrodu duismelunisldeudoty feszuulvdneadamnsowinls 20 Sadsadalus
wagldlWluidssgunsal 2.84 Yadsadalas Inglwimadaazinlunsnuunmess 17.16 Tadde

134 U lIaNITARUMSDTS 5.2 TalUd (UaELUaLADT S bl lnHN)
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3.3.1 gunsalvasfasudyan

7.2
7
3 /\
ADXL345 >
7.1
+ — | Solar Panel
5 i + Solar Charger 5
+ solar  battery load
+ - + -
Siren
UC‘IS\\ _
ATmega328 T2 = =
microcontroller Battery AWV
’ Relay
GND VCC KL\
R ) W ‘
GND ' vCC ] 4
+ + |
Voltage Regulator
6 A\ M) Y | W
+
Voltage Regulator

FUN 3.9 nMsrevasUBIRIT UV

(1) 3G Module (UG15-T) T 3viaiuil 5 Vdc wasanuilunisdstosad 850/2100

MHz

(2) Atmega328 microcontroller #3® Arduino Uno finrsviend 5 vdc

(3) ADXL345 MEMS accelerometer 4ms¥i41udi 5 Vdc wag 0.35 mA

(4) Relay Module finvaufl 5V uay 10 A

(5) Iwiiteudindes (Siren Alarm) Ju LTE-1104 DC12 V n1svinaudl 12 vde wae

10 Watt

= a ' s q' ! a o gl
(6) Voltage regulator fia Muuasnnussdndanuunnesgounsaldidnnseiinddu

(7) szvunglnilaellaawad (solar Cel) Usznause
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(7.1) SOLAR CHARGER §u LS0512R finsviauil 12 Vde uae 5 A
(7.2) SOLAR PANEL MONO-CRYSTALLINE ¥141ufl 12 Vdc wag 20 Watt

(7.3) SAB Sealed Lead Acid Battery finsyneuil 12 Vdc uaz 7.6 AH

3.1.2 M9 E0NUUIAVDILUALADS

(1) Yursvauusmaidasinmiuusulnitludas 5 - 12 v

(2) vnpvesnszualdlunusiaesAensEIEs IR MUAYE9995 FeiiAunnndiuie
Wi1Au 135.35 mA

(3) wusmasifiiaenld fo Ailvuan 7.6 Ah $herudl 12 Vde wunmaisniunainnis
drseslnl 36 4alus (eglifinnsvasmoinleaiizad) msizsndianaildnuwunmessus 14
Falusiotu Fafisanolunstd ey Sssuuleandadannsarsnle 20 Snddadalu
uadldlwluidesgunsal 2:84 Yadaedalus Tnglimdessnhlussmuniness 17.16 Tadse

Falus avduarldnaimsauunneds 5.2 42109 @aziuniness v
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3.4.1 Flow chart kanan15vi19uvasndedayayiad

start

—7—

Input value form accelerometer
Sensor -

I

Calculate value to accelerometer in g unit

status 3

7}
<" acceleration > 4?}
o

NG

status = 3 and ‘\“‘«\

\\Ecc:feraﬁon > 4:9’/“

Reset time to zaroc

NO o e
,..-"’“’;ccoleration < AG-\‘>

e fortl> S0ms o B
~~~~~~~~~~ /,--/ X, acceleration < 4G =
S o0 i . for 13> 4000ms.

yes f N -

e, NI/ -~ & yeas
status = 1

NO 5 :\\“‘“\Nﬁ

2 t status = 1 \Y

*_———___{\“xmaCCeleraum > 3G \ ot
. /

=
Pty

yes

Reset time to zero m..mm.(f
NO [

e

o
"

,,,,, ““acceleration < 4G

T fortl > 270ms >
g S

B

Call to Receiver

35U 3.10 Flow chart uaninsvitauvessadedyey e
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A1B3UNNITIINUUBY Flow chart Yassiddedeyeyia
Tnodtan 1 - 6 filduandlugudl 3.10 aziinisedunesi
(1) SuAmanuugas ADXL345
(2) wlasdniiléiann ADXL345 Tfegluming g
(3) Buduireudsule Taedledranuiseruiauinndt de seuvaziiusingy
fasteluil
(3.1) lomAnussvuatosndt 4g szuvaziuldu t, wazd t, fewannd
90 ms JEUUILEIAT status = 1
(3.2) dleAarmusauInuInn dg Tusegudnensiu t, sguvavdsA t, = 0
wazazsuduiu t, nidnesailonmseaunatiosnit de wavexiliuduiiuiFes q qundinae
a1 t, H1nN1°90 ms
(@) SuFwiawdouled 2 ngdisAnusewunaunnndn de uash status = 1 530U
wduvhanugeluil
(a.1) \iloArusisunatosniy e sEuuasBuy t, wastn ¢, flanunnan
270 ms S¥UUIZAIAT status = 2
(@:2) WloArpaievunadinnin de Tusendaanasiiu t ssuuasgdeen t, = 0
wazazsuduty t, TvdSnasuilonuisennatesnia 4g LazasiulduilviGos 9 WA
W8 t, iNINnI1.270 ms
(5) lovhaTunsuiis 2 Feuly wasdl status = 2 ssuvasvihmsinsludeiudyn
(6) ilevihnsnsludsisudnianda seuuaseenn status = 3
(6.1) asruviaeANIIIwIataY dg syUUIMITuna d1iaiiee
91 4000 ms sEuUasTNISENsUTUnaTll
(6.2) \ilosrUUIRBAATISIRWINTBENTT dg SzuLazYNSTULET §11787
1NN 4000 ms SV IVl 30 Fundl wazvinslaszuuiieUaszuy
yanews : 3TULIEYhnaAuAIANLS A IiaTsiTeyalan Y 19iiingg
nsEfuFIBAIS IV LIRTiIINnT dg Wity Feazsildszuuiinnszeildesasinlid
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3.4.2 Flow chart wandn1s¥iauaediasudyayiu

—7/ Input data fom detector /3:/

Teceive fom detector

Alarming

k.

| Input value form accelerometer Reset fime M2 Bo
§ Sensor

NC

Y

“aceeleration < 4G
_fort1> 270ms

Calculate value to accelerometer in g unit

YES
NO - status 2
\"*‘*—\.
b 4
Reset time to zero stop Alarming
¥
NO e
/ Delay 1min
acceleration < 4G
fort1 > 90ms
h 4

status =1

- \“\.\\
NO //status =1 YES
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5U# 3.11 Flow chart kamin159191uvai2 Sudnygo
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A193UNEN15WN91UVB9 Flow chart va9fa5udgyauia
9In3UR 3.11 qranansaesuensvheeeduswasuldd
(1) vinmsiudeyadyansnou fidsnansdedaye
(2) levihnsdudyaanfiounds svuvtzddiluideddndsiad Wolilwdouvheu
(3) dlelifiewihvuauioasisaliudwguiges ADXL345
(3) wasAnitldann ADXL345 Tegluming g
(@) Sudurreuieuly Tnadleainnusiauiauinnia dg szuvasduvinau
Fasteluil
(4.1) iloArmuissvuntiasnin dg sxUURsBNU t wazdn t, SAwanndd
90 ms F¥UUALAIAT status = 1
(4.2) iommaisavuInEInNI 4¢ Tuseninen1stiu t; SyUvILEIA t, = 0
wazazisusuily £, Inslinasadienusanatasndn g wavavduduilubes q sundnes
\98A1 t, WINNI1°90 ms
(5) Baswhoudeulait 2 nedlorrasasunnnndt de wazll status = 1 szuy
wduvhaudaselui
(5.1) dlafraannsanunntiosndd de svUuaiBuiiu t, wasi t, SA1nnngi
270 ms FEUUAZAIAT status = 2
(5.2) WaAATTuE TwInLINNT 4g TuszwINeaM s t, SYULATEIA t, = 0
wazazsuduly £ baldnnduilsnudannatosndt do uazanfuduiliides 9 suninay
199A1 t, AINATT 270 ms
(6) loviauasusia 2 douly waedl status = 2 SPUUEVIMNISUYANITABY
(7) iilevimanganiniauuda sruasiunaesndatunan 1 unil itesesusnd

1o

AauNnAIE e 0
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e o
3.5 dayagunsalinld
& o 1 - 1 . a1 o al
(1) gUnIaInAILLIIUUR IEPE accelerometer Ju Kisler SN8692C50 H434n1530%
< [ v oo i ) <4 =l o 1 o e
+80 ¢ MNUDABUAUBY 1 — 5000 Hz viwhtiaAn1sduasiiioufinsiniuadug dhandy

MEDUWIBU MEMS accelerometer (ADX345) ﬁﬂgﬂﬁ 3.12

é o I =
gﬂ‘w 3.12 Qﬂﬂ‘stﬂmmmﬁwuﬂ IEPE accelerometer

(i - https://www.kistler.com/th/en/products/components/accelerometer-sensors)

(2) DEWEsoft43A anansavinnuvilaseil Data acquisition, processing, analyzing
and storage software (ugunsalfivimisudeyaain IEPE accelerometer uaztudinnall

lunouiunes daguil 3.13

ANAL0eqg

DIGITAL INFUT

]

@ @ @ﬁ © @ ‘

SU#l 3.13 DEWESoftd3A

(i - http://www.dewesoft.com/products/dewe-43)

(3) gunsaianaas151AIgNTTA MEMS accelerometer u GY-291 ADXL345 i

Ionandimsigsiannnisld IEPE accelerometer §ailinan1sinil £8 g aduiinevanes 1 -



41

as

) | ° v o I o &
1600 Hz wssaulniaglugig -0.3vV - +3.9v vhmihiaAmsduazitouvessissaly uazay

o = dl} < z o - o A
gunsniviiniludnddlunisviiauase dsgui 3.14

@ S00 n: t:z
o
@ son N

@ scL

d s 1 =
g‘Uw 3.14 QUﬂ‘iEﬁ’;ﬂﬁ’ﬂM‘N‘UUﬂ MEMS accelerometer

GRE http://hebbycomponents.com/sensors/431-gy-291-adx|345-triple-axis-

accelerometer)

[

(4) Arduino Uno 438 Atmega328 microcontroller @i Sudyyiailanaun 0-5 V

. o Y] o o o o
(Analog input) i1lRaInTTnTuAyIMABanaIn MEMS accelerometer 1# waziizly
Ussuranalunisiiaunisuiaedsala LLasﬁ'mfiwﬁLﬁu@usfna'mnﬁﬁ'mwuaasswLﬁau §14

U 3.15

sU#l 3.15 Arduino Uno

(i : http://www.thaieasyelec.com/products/development-boards/arduino/official-

boards-made-in-italy/arduino-uno-r3-detail.html)
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(5) 3G Module (UC15-T) viwiinfisuds fyaulianeszeglnavesgunningiadn

far e s Pa
solvuazgUnsalfudya Aegud 3.16

5Uf 3.16 Unsal 36 Module (UC15-T)
(fu - www.thaieasyelec.com/products/wireless-modules/gsm-3¢/3g-module-ucl5-t-

detail.html)

1 o o v oA o We & o Y=
(6) Relay Modute Wugunsaiiivmiiii Waaind lufiousald Sunszualsgeda 10
A ltanulanalaiinseianss uaz nszudady SUlsusEaU 5 V A599n-Arduino board &
LED uansan1ugn1sninuvesiiad sonkuulilesiuisasmumuauesnanmuidslay

nsldnisdesnuiieua (Optocoupten) lunniasiad fagud 3.17
a ' QXYW AXS Z e

5Ud1 3.17 Relay Modu

YU

(fin - www.arduitronies.com/product/493/5v-1-channel-relay-low-level-trigger-relay-

le
module-led)

(7) Ihoudmdes fu LTE-1104 Wugunsalivimiisunszualvidmnuananaiu

bvyuiieu fimsvheuit 12 Vde uay 10 Watt faguil 3.18
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STl 3.18 Iviifoudindos fu LTE-1104
(ﬁm . https://th.aliexpress.com/store/product/LTE-1104-DC-AC12V-380V-Rotary-
Warning-Lamp-Alarm-Indicator-Firemen-Police-Industrial-Emergency-Strobe-

Light/415744_32617574026.html)

3.6 A57N1INAaY
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Anwrdnuardnaianisduasiiiouvessisolnlyeg Usmsening saninsaey
na1-antannsg Lﬁaﬂﬁagammﬁ{lﬂﬁmiwﬁ aSunslunadeudyyaiiinen
solvindusazsd W dlunsdonwusveamuised Aestiluldiuess Tnoudnwiviinis
Andaszuuudatdousnlwoguiim yudeuvatanitumaluladnszaoundnidnnmumms
annsvds Inevinsvnastusalvianensusen Wensnoenannsivw Taeidansssil

(1) 14 MEMS accelerometer (ADX345) luRassusiaarliimuou Wosna1nas
Fuaziiiounassns (iilednwidnumenisduasiiiouvessrssaliyiagu) Tns MEMS
accelerometer finsaauliisun1siniu IEPE accelerometer lagldipn RMS

(2) vhwanisnaaesitliaan 9o (1) teenuuuszuuasaiusol

(3) ¥hin1searnli MEMS accelerometer Wiviausaufufu Arduino Uno 1

(4) 19 MEMS accelerometer was Arduino-Uno Tufasausinalivusuiitensiady

msunvessal lasiinsdSsuiiisunsldnudsgui 3.19
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: Sensing device

. Acquisition data device

[

JUN 3.19 mawsguilsunmslanu

flaa91ngUnsal DEWESOfta3A e IEPE accelerometer fis1almiadslslmaneiu
mshlUAndausnsesale Snisdsasldundsdrelnszuaady Sallmnudiennlunism
wnasaeli gviin1smnaesdelald MEMS accelerometer way Arduino Uno 1Jugunsal
vaunaunu Ingld MEMS accelerometer nuii IEPE accelerometer @aviuti1 iy
iwulwes iansduariiiounessie dayld Arduino Uno viantiiiuny DEWESOfta3A Favi

v o e &

wihiduisudygunnouses
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Tudruvesuniazfunisnanismahssuudygraiousaluyiinimeassiiom
1 1 n:l' 2/ o dvi o 1 ni £ o =f a L3 ] k74
AR qilannisnssvinvessaliiewimflauyiimsfneiasied uwasianyssenald
lngiinsaeuilsuiwuigefiionnuwiudwesoya Insiausisinanuiiuazanuisaves

salvluazldagunanisvaassfildainnisifeunsuivessal desdeluil

4.1 N1SEIUMIBUYRILYULLDS

PNNIsAnwIAIANLLITLARI NI N sU3 ey rinusnsesaduTaluiien1sin

=l [y | 1

nsduarifiauessne wdunawiulandnisinaiarrussvessaliaindnsae Kisler

SN8692C50 IEPE accelerometer WaaY AaduwIsd1iouiaas Kisler SN8692C50 IEPE
accelerometer \umansdslunisasuieualunisinauise 1WaanAsieuwwasainan

fismge Fellteidinnenagsinkazn1sinn vinlvinedld ADXL325 MEMS accelerometer

2
& et =

& o & v o a ] " ¢ R
A NUUABININITEBULNYU TSI LT UL YD Td D96 T Iﬂﬂﬂqw\hﬂﬂiﬂaUIWTaLaai Arduino

1 i)g: L s d’ " 1
Uno ghuldiududayadszan 12 bit illMegszwing 0 - 4096 (W3ai3endn A/D value)

Tneiusesulisii 0= 5 v

4.1.1 NMITUIENNITAIULINVDY MEMS accelerometer

'
1 as =l

ludiuvestiona MEMS accelerometer Wuansodsdyggrandusenulnilulugas

oo

]
=

1.7 - 3.6 V w3a A/D valte 7l 1392 — 3194 uaziltnanisind -8~ 8e Insflansszidunves
n19YnuAeil
(1) fhansTngeania 8g 7 A/D value 71 3194 (3.6 V)

(2) H¥1MTInagafe -8g i A/D value 71 1392 (1.7 V)

(3) A1 A/D value 7 2252 (2,25 V) fimigawunn Og

(4) §1 Nonlinearity +0.2 Tug4v84 -8 - 8¢ (ToYAINAANLIN N)

NTeN (1) - (4) Ainanud19eu Feanunsaussunanduaunisdunsalayiale

@

a1unsaas1ans1lidunsalanadl



46

A/D and Acceration

=
o

8 y = 0.0089x - 20.228 o
6 | R? =0.9993
g |
e 2
=)
g © %
g 22
o
< -4
-6
-8 ']
10 = —
0 500 1000 1500 2000 2500 3000 3500
A/D value

= o W ' = '
UM 4.1 N9 MUERIAUANNUGTEVIN MEMS acceleration (g) Waga1 A/D value

U

13U 4.1 egldaunisilimaniuigaaan MEMS acceteromater |ail
MEMS acceleration = 0.0089 * (A/D value) = 20.228 , A/D value € ( 1392, 3194 )

P - & ' 1A 73 .
g7 MEMS acceleration (g) fi flima1uieiie1ulAain MEMS acceleration way
A/D value A A191914LAIIANISTUILDN. MEMS accelerometer lUd oy

lulnsnoulvsaaesiiarsuailan1umg Serial port

4.1.2 wansaa UMY MEMS Wwag IEPE accelerometer

nTdedl 4.1.1 ansavaunsiildwimausaainAl A/D value ¢ usiilosann
lains1u91 MEMS accelerometer finaaaudugnanntiseiiieda faduiddinisaeuiiou
MEMS accelerometer #2t IEPE accelerometer laeldan RMS lunisaauifieu %'Iﬂwaﬂ’l‘i
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f13749 4.1 wan1sd@auieu MEMS accelerometer ¢t IEPE accelerometer

MEMS accelerationl,,s (€) | MEMS acceleration2, (¢) IEPE acceleration, (g)
0.0016 0.0034 0.002
0.0636 0.0598 0.075
0.1256 0.1278 0.152
0.1786 A et 0.212
0.2583 0.2492 0.307
0.2594 0.2585 0.432
0.4234 0.4198 0.495
0.4252 0.4232 0.503
0.6538 0.6612 0.67
0.6865 0.6762 0.697

MEMS accelerationl, . (g)

0.8\
OINNTs, W vl .
2 06 | W™y e P Y Aar@A b A
£ ..
& 04 R
e T — et
5 2 o.
s o e
@ @
g 0 e
w 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
(a1
L
y=1.1452x MEMS accelerometer ms (g)
R*=0.9375

U 4.2 uanenuAUNUS2I19AT IEPE acceleration,, (¢) M3aA1AMLTsRAnTUAT

wazA1 MEMS acceleration? m (g)
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F191n3U7 4.2 sldaunsilémananuisenin MEMS accelerometer 1¢isil

IEPE accelerometer,,, = 1.1425 * (MEMS acceleration,,)

Taeen IEPE accelerometer,, Ap AaABLUU RMS #3nl8an IEPE accelerometer
MEMS acceleration,, fi8 Aadswuu RMS figuldain MEMS accelerometer
saduhlildannsinamamiusin A/D value n§aanvihnisasuifisuiu
IEPE accelerometer 9
Acceleration = 1.1425 * (MEMS acceleration)
= 1.1425 *(0.0089 * (A/D value) — 20.228)
w30
Acceleration = 0.01016 * (A/D value) - 7.3694 , A/D value € (1392 , 3194 )

A i = 1 1 A = cgfl =) 1
lne# Acceleration fig ATAMMLSITANTUDIY Tumiae ¢
way A/D value Ao Arne1ulaarnnisUuLe1 MEMS accelerometer U afu

Tulaspeulnsaiaasiayoruailan1ume Serial port
FauuLilouIA1 A/D value 1 1392 wag 3194 UnuAUANNITTNALAEWUIT 811750

TAmnnseingai -5.99¢ wagenaeand 5.86g Fuamnsa inldiiutians Tnddwuesle
eyld (+8)

MEMS acceleration2,,,. (8)

038 :
oo =115 “o
- G6 RZ = 0.9“3.1‘3_‘-.-.11.
— ® .m»"""
8 i -:.‘ft"}”.’
(«5] I
-
g 02 TS
b NTHE I
=+ 0 @&
Q 0 0.1 0.2 03 0.4 0.5 0.6 0.7
©
o MEMS accelerometer rms (g)
wl

JUN 4.3 uannuduiuSszwingd IEPE acceleration,y (g) MS0ANAINLLITLAATUTS

wazA1 MEMS acceleration2, (g)
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Fangun 4.3 azleaunisnlimaininusanin MEMS accelerometer Lanail
IEPE accelerometer,,, = 1.1425 * (MEMS acceleration,ms)

TmaA IEPE accelerometer,ms AD ALRABWUU RMS M3alnann IEPE accelerometer
MEMS acceleration, s A® ALRALLUU RMS fioulaain MEMS accelerometer

AUVl lAauNITAUINAIAIIULTIRINAT A/D value NaI31nNyinnIsaauLieunu

IEPE accelerometer fAa

Acceleration = 1.1425 * (MEMS acceleration)
= 1.1425 * (0.0089 * (A/D.value) — 20.228)
VER!
Acceleration = 0.01016 * (A/D value) — 7.3694 , A/D value € ( 1392 , 3194 )

Taefl Acceleration o Aaussiiinduase Tuniae ¢

wae A/D value Ao Aafiaauldainan 5o MEMS accelerometer ludafy
lulpsreulnsaiaesiazerueildEuvg Serial port

sothuiiouan A/D value 7t 1392 uay 3194 wuatlugumstrsduagnudt aunse
TAIALsUUIRAAIEAT -5.99¢ WagAngeanit 5.86g FaausnialdAutianisind

suaslassuly (28)

4.2 deyeyrunnaiaiiiaainsalil sendnsaantiaransels-dantdnszaaunan
Tuideil WunanisupassnlaaInnisun GY-291-ADXL345 MEMS accelerometer
T siadygrmanussainsaln Ty GY-291 ADXL345 MEMS accelerometer TUnsia

PBavsnauldvueu Teaauldswnsuliaiunsavinaiudu Arduino tawazil baud rate 7

' '
= 1 1 =

115200 %3ail Acquisition rate 71 1963 Hz Tun1siAudeya Fegrua1fivitnisinain serial

Y

port WeABININIIUTdyIuANsTessaliiidnyuz odels Fwanisvaassazd

Anwazawe Ul
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Acceleration (G)
o

Time (s)
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Jun 4.4 anarLIEIRaInsalnuuIun280

a} o d’ = a2
INFUN 4.4 Wudyaraitininsalweuiu 280(8 7Y UTEWMFA-NTUNN) TOULIAT
-l 3 w  a i Aoy
11.09 w. ad @nafinszaesing salndnsiaasas su THN/NKF 9139Mem313157 19.44 m/s
(mauswessalnannasliieuiess GY-291 ADXL345 MEMS accelerometer @alduana

WBasweglumeasian n)

26 1% ¢ RS
15

10 ¢

Acceleration (G)
o

04—

|
|
B E : = — e
0 1 2 3 4 5 6 7 8 9
Time (s)
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o o a a )
nguT 4.5 Dudgaraiifinansalnauiu 284 (Trungninaie-ngaunn) seunan
- v a v -l 1 Alﬁ‘
17.09 u. 2 annilwsgasuind Msodnsaiwalw Ju ALSTHOM 7emeAasa 15.83 m/s
(mausvessalnaInnsltiwules GY-291 ADXL345 MEMS accelerometer @9l@uans

Bansmeglunianuan )

v 73 = £ 24 1 d' A Va
VNG mn’uasﬁlamqﬁmﬂumawauﬂamuwua Pl viluniseanuuy

szuunsavusallagldnnsinnisduaziiou

4.3 N153AT1EN ARSI luN1IATI9 U IN
AINHANTISNAABIVIN I AIRISaUBNaN¥aENIIn18 A WYassalnld Ty Aruln
| v =) | ° 1

AMLsanas1slagsaly (o) Amsivessalv wazhaanldlutsazgauusal vinlwaunse
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Acceleration (G)

-10 + r S AL f LA S N —

Time (s)

5UN 4.7 inaeilunisifiendynnnninsavessofaa o annsalilvuiun 284

PINHATBINITUARDY rFLnaldaImsTiRaTIndy Qe usaiinansala
sevinvanidatansede-aoninsyaauindl Aialasvuigns GY-291 ADXL345 MEMS
accelerometer 1nds1zmiema A dunIRsIaT sl 2z dunaiuldidaune
anuseiinansalWluusazauuiidvuiemaiswuniu de Saluuinau el w

T4lun1seanuuussuuasIRTUIO LN

4.4 Arpnuissiialdlunsdasingn

Tneluvhdeil ldRarsananuisdunisasadusalviitoldlunmswunasilunismadu
salwlnefinnsan 3 wausn esnliinsiszuunsiedusalwionsiaouAiniuss
YueRBNALAY dg laganuisagrunsuresluvesgunsalfindwasulanmise 4.2, 4.3

(UszanauA1mIuL sl usnuiuLdal)
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A1519 4.2 AIPNULNAEIA R84 (Detector)

53

JaUNEY | U Uszan wal(g) Wwan2(e) wan3(g)
6:59 275 Awaluin 10 8 15
7:37 388 Algalw 9 7 12
8:09 285 Alalwi 8 11 7
8:54 281 filalwiin 11 10 8
11:06 367 ALBATN % 8 9
13:00 389 ALTATI 9 11 5
13:45 279 ﬁ&aaiqa 6 7 10
16:15 gr7 MUaTIe 10 X 8
17:42 391 fgalyii 8 6 7
18:38 371 ftgalnii 10 8 9
19:21 383 Aal i 10 8 7

A1514 4.3 Arrn s eTiaa Sudtuann (Receiver)

J9ULNAY | YU Uszinm 1Wa1(e) WWan2(g) Wan3(g)
6:59 275 Ala il 9 6 9
7:37 388 Aa i 8 7 10
8:09 285 Algalui 8 10 8
8:54 281 Aaluiin 10 8 8
11:06 367 ALIATN 5 8 7
13:00 389 ALATN 9 9 7
13:45 279 ALYaTNe 6 7 7
16:15 577 ALIATN 9 ¥ 8
17:42 391 ALl 8 5 7
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Suda (Receiver)(#o)
TRULIAN YUIU Usgtnn wwanl(e) wai2(g) | wan3(e)
18:38 371 Aalii 8 8 7
19:21 383 Aa i 10 8 8

a5ty anunseagulairsalinneuinimanusenaluidasivaniu dg fsldu
sruuUnsTuansanssTuanustluwsiasnald wasihalduldlunisuszananaiiie

fs19vUsa b

4.5 359aAuI2vsIal

gvinsvaaeslaldmsmeiindaessalnlaensliivuies Accelerometer Sensor
anssnsluuvteusessnssalal Failsspziag 600 was (1000mueu) Mndudeulusunsy
T rurofiaesfaIuIsaLanIRaTsILsIinssidonu ey Tndlouigesagiiusnagds
Fuaaundaail 2 amnsetundas e sleninsofuamaivasselnadeuld
wunewg N sneasslunsdedyaandiagsruy Module 3G 1 Uuduau 10 s vl
nswliinssuu Module 3G i Relay Tunsdsdyanmuszana 6 3uait dedniusoddna 6

A a [ ) < a a =
TUIMN V]Lﬂﬂ‘il’]ﬂiBUUﬁQﬁEquyqﬂJiUii‘i‘UU 3G Module tWallTARIAITULIIURREIINFUNTT

ATUANY

V= o)
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S AD SYaTNIY

T A natanhifsuisuAnausa iy fasuwes

600 m

Accelerometer Sensor

Accelerometer Sensor
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4.6 Han1sNAanlaaInnIstiaunIsuIvassaln
Tnnafivieyavessalndnsussivdwasasiualiiiviomn 11 avau ldeya
a - a =2 = v o | - = o oas J v v o
ANUkagszezamInlwisnisanfeudunsudliisuseu ladsl @indeya Tuil 23

n3N41AU 2560)

A1519 4.4 wanerusisall waznalunsidausolw

FAULIAN VI Ussan La(sec) A5 Am/s)
06:59 275 falvsin 40 17.64
07:37 388 Falwiin 42 16.67
08:09 285 Alalni 33 22.22
08:54 281 Alaluin il 17.64
11:06 367 ALgas19 34 21.42
13:00 389 AT 32 23.07
13:45 279 ALasIa 39 18.18
16:15 277 AATI 33 22.22
17:42 391 gl 36 20.00
18:38 371 Aaliila 32 23.07
19:21 383 Alalwi 34 21.42

ndayantninuanisnaaes wwdunalaiiiaiteeigafe 32 I a0

s

gurusafidinnusuedsiininign dslafiarsanguarinviusenissuivesaulunisssiate

setusruuilifsanunsaldldludiousedsalniiaang R

4.7 ailglukAazaulIu
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narsalwiiy | nandilWSudiou | vaifisalnds vafilieudiu
YUIU Usglnm Detector (s) (s) Receiver (s) (s)
275 | Aialwi 0 17 40 50
388 | Aalin 0 17 42 52
A1519 4.5 wansnaiildlusolluusazatau (o)
nafisalikioy | nafilwEudeu | wadfisalwds el oudu
U | Ussan Detector () (s) Receiver (s) (s)
285 | fwalwn 0 17 33 43
281 | fwalwih 0 17 40 50
367 QICEEAN 0 7 34 44
389 Awas 0 17 32 42
279 | Awasne 0 17 39 49
277 | fLwass 0 17 33 43
391 | el 0 17 36 46
371 | Awalwih 0 17 32 42
383 | maalndh 0 17 34 a4

ndeyatiasiy amsaniarmvililituieundsainsalukiugn Detector W

WA 17 U9 Tauuus 6 Jurfiinaainnas Delay 799 3G Module Laza1nn15AA1504N

TrEENIarALLIgegavassalinuda i auaalunisuiufsusalialsivnan

ALY 11 Jud FudunaiiannsadulasnovauadlalunissyTasaln

warneIasUioyaannmisng 4.5 ladrsaliauiu 389 Ussaniwasnuasuuiu 371

Usziandgalil 1dnardesfianlunisis duainmaiiilwisuseusudwiaiiisalads

Receiver L‘l‘jUL’JaW 15 Ju9 wazsalwwuiu 275 UszavagalWiiuazouiu 281 Uszian

Aalwi Tdnanunfigalun1sds duainaniiliizufiousufis Receiver Wuian 23 Jundl
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UNN 5

undasy

ynmsAnwdeyaisvun saudianisesnuuu @519 uagnadeusyuu dygaliiou
solnlagldnsnsratanisduasiiiou vinlildnanisveasaiissnenasihuiinseiuasagy

Wunadwslesasaldd

5.1 d@yunanisnaasy

ssuudnanaliisusallagldnsasaianmsduasiienaessesal annsavieiy
15930 Feagvharumnderivunsieg il

(1) ansaldiadosinAnunsaaiaign ju ADXL345 MEMS accelerometer 11l43n
AaMssvaslimueuLaransamaunisuivessaluls Ineldinusilunsagiadusalvmsld
vueuiimsduazfousheauissvuaiiunndt de 1aan t Fadunarssniauwansnuas
waTaesvetLaiuInilanmanndt 90 ms uazaan t, taduarsevinanangavnoveauas
LINUAWARSNYBIRATTARTlA1IANTY 270 ms

(2) szuviteuasaiuly Tnsiietisalvindoufiiugunsalasiatasalul gunsel
ri“faﬂ&in%ﬁmﬁﬁaﬁ’mwzymmﬁqﬂﬂﬁfﬂ%'ué’mzyﬂcuLLa:m“']m':?Lﬁ@ué’aaé’mmﬂmwﬁ@mﬁﬂmq
PruuinavennanTiumalula BN 38U a IIANINITAIANTEUY

(3) anuasaldsruvdsduanumefSudsdyanuinsdwilunsdsdyaralSangld
Taglidinszasng

(8) szuuIReuansFoudug M ina NS duasiieuessalwivindy Tnei
sUuuulamzm Faflmuusdudilunswenuezdsauiinsgieossuuld

(5) syuudygradiiieusalilneldnisnsaiansduasiiou ausavianula
aaeaaraliesiaiy ewwnilunadmdsnuduszuu Solar Cell uazifiululilddae

Battery
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L.anauUAvas ADXL325 MEMS accelerometer

ANALOG
DEVICES

60

3-Axis, +2 g/+4 g/+8 g/+16 g
Digital Accelerometer

ADXL3435

FEATURES

Ultralow power: as low as 23 pA in measurement mode and
0.1 pA in standby mode at Vs = 2.5V (typical)

Power consum ption scales automatically with bandwidth

User-selectable resolution
Fixed 10-bit resolution
Full resolution, where resolution increases with g range,

up to 13-bit resolution at 16 g (maintaining 4 mg/LSB
scale factor in all granges)

Embedded memory managementsystem with FIFO
technology minimizes host processor load

Single tap/double tap detection

Activity/inactivity monitoring

Free-fall detection

Supply voltage range: 2.0 Vto 3.6 V

1/0 voltage range: 1.7V to Vs

SPI (3- and 4-wire) and I°C digital interfaces

Flexible interrupt modes mappable to either interrupt pin

Measurement ranges selectable via serial command

Bandwidth selectable via serial command

Wide temperature range (—40°C to +85°C)

10,000 g shock survival

Pb free/RoHS compliant

Small and thin: 3 mm x 5 mm % 1 mm LGA package

APPLICATIONS

Handsets

Medical instrumentation
Gaming and painting devices
Industrial instrumentation
Personal navigation devices
Hard disk drive (HDD) protection

GENERAL DESCRIPTION

The ADXL345 is a small, thin, ultralow power, 3-axis accelerometer
with high resolution (13-bit) measurement at up to 16 g. Digil.ll
output data is formatted as 16-bit twos complement and is acces-
sible through either a SPI (3- or 4-wire) or I’C digital interface.

The ADXL345 is well suited for mobile device applications. It
measures the static aceeleration of gravity in tilt-sensing appli-
cations, as well as dynamic acceleration resulting from motion
or shack. Its high resolution (3.9 mg/LSB) enables measurement

of inclination changes less than 1,0°.

Several special sensing functions are provided. Activity and
imactivity sensing detect the presence or lack of motion by
comparing the acceleration on any axis with user-set thresholds.
Tap sensing detects single and double taps in any direction. Free-
fall sensing detects if the device is falling. These functions can
be mapped individually to either of two interrupt output pins.

An integrated memory management system with a 32-level first in,
first out (FIFO) buffer can be used to store data to minimize host
processor activity and lower overall system power consumption.

Low power modes enable intelligent motion-based power
management with threshold sensing and active acceleration
measurement.at extre mely low power dissipation.

The ADXL345 is supplied in a small; thin, 3 mm x 5 mm x 1 mm,
14-lead, plastic package.

FUNCTIONAL BLOCK DIAGRAM
Vs Veowo
ADXL345 POWER
MANAG EM ENT|
' T
L— ] SENSE ADC H e o
» ™| eLecTromcs DIGITAL [ | INTERRUPT
3axas || FILTER LOGIC T2
SENSOR L
SDA/SDISOIO
uLbm. SERIAL 1O SOOALT
ADDRESS
SCL/SCLK _
O o A
GND cs t
Figure 1.
Rev.E Document Feedback
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ADXL345

Data

G .
Ohant
Sheet

SPECIFICATIONS

Ta=25C, Vi = 2.5V, Vouro = 1.8 V, acceleration = 0 g, Cs = 10 yF tantalum, Cyo = 0.1 uF, output data rate (ODR) = 800 Hz, unless
otherwise noted. All minimum and maximum specifications are guaranteed, Typical specifications are not guaranteed.

Table 1.
Parameter Test Conditions Min Typ’ Max | Unit
SENSOR INPUT Each axis
Measurement Range User selectable 42, +4, 18, 16 q
Nonlinearity Percentage of full scale +0.5 %
Inter-Axis Alignment Error +0.1 Degrees
Cross-Axis Sensitivity? *1 %
OUTPUT RESOLUTION Each axis
All g Ranges 10-bit resolution 10 Bits
+2 g Range Full resolution 10 Bits
+4 g Range Full resolution 1 Bits
+8 g Range Full resolution 12 Bits
+16 g Range Full resolution 13 Bits
SENSITIVITY Each axis
Sensitivity at Xour, Your, Zon All g-ranges, full resolution 230 256 282 LSB/g
42 g, 10-bit resolution 230 256 282 LSB/g
+4 g, 10-bit resolution 115 128 141 | LSBig
+8 g, 10-bit resolution 57 64 " LSB/g
+16¢, 10-bit resolution 29 32 35 LSB/g
Sensitivity Deviation from Ideal All g-ranges +1.0 %
Scale Factor at Xour, Your, Zown All g=ranges, full resolution 35 3.9 43 mg/LS8
+2 g, 10-bit resolution 35 3.9 43 mg/L5B
#4 g, 10-bitresolution rai 7.8 87 mg/ASB
+8 g, 10-bit resolution 14.1 15,6 17.5 mg/LSB
+16 g, 10-bit resolution 286 1.2 34,5 mg/LSB
Sensitivity Change Due to Temperature 10,01 %/°C
0 g OFFSET Each axis
0 g Qutput for Xour, Yaur ~150 0 #150 | mg
0 g Output for Zeur =250 0 +250 | mg
0 g Output Deviation from Ideal, Xour, Your *35 mg
0 g Output Deviation from Ideal, Zour +40 mg
0 g Offset vs, Temperature for X-, Y-Axes 04 mg/°C
0 g Offset vs. Temperature for Z-Axis +1.2 mg/°C
NOISE
%=, Y-Axes ODR =100 Hz for 42 g, 10-bit resolution or 0.75 LSB rms
all g-ranges, full resolution
Z-Axis ODR = 100 Hz for £2 g, 10-bit resplution or T LSBrms
all g-ranges, full resolution
OUTPUT DATA RATE AND BANDWIDTH User selectable
Qutput Data Rate (ODR)*** 0.1 3200 | Hz
SELF-TEST®
Output Change in X-Axis 0.20 210 g
Qutput Change in Y-Axis -2.10 ~-020 | g
Output Change in Z-Axis 0.30 340 g
POWER SUPPLY
Operating Voltage Range (Vs) 20 25 36 v
Interface Voltage Range {Voo o) 1.7 1.8 Vs v
Supply Current ODR = 100Hz 140 HA
ODR < 10 Hz 30 pA
Standby Mode Leakage Current 0.1 HA
Turn-On and Wake-Up Time’ ODR = 3200 Hz 1.4 ms
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Data Sheet ADXL345

Parameter Test Conditions Min Typ! Max | Unit
TEMPERATURE

Operating Temperature Range ~40 +85 "
WEIGHT

Device Weight 30 mg

i The typical specifications shown are for at least 68% of the population of parts and are based on the worst case of mean 21 g, except for 0 g output and sensitivity,
which represents the target value, For 0 ¢ offset and sensitivity, the deviation from the ideal describes the worst case of mean 1 o,

# Cross-axis sensitivity is defined as coupling between any two axes.

¥ Bandwidth is the ~3 dB frequency and is half the output datarate, bandwidth = ODR/2.

4 The cutput format for the 3200 Hz and 1600 Hz ODRs Is different than the output format for the remaining ODRs. This difference is described in the Data Formatting of
Upper Data Rates section.

* Qutput data rates below 6.25 Hz exhibit additional offset shiftwith increased temperature, depending onselected output data rate. Referto the Offset Performance at
Lowest Data Rates section for details.

% Salf-test change is defined as the output{g) when the SELF_TEST bit= 1 (inthe DATA_LFORMAT register, Address 0x31) minus the output (g) when the SELF_YEST bit=
0.Due to device filtering, the output reaches its final value after 4 % twhen enabling or disabling self-test, where 1= 1/(data rate), The part must be in normal power
operation (LOW_POWER bit = 0in the BW_RATE register, Addrass 0x2C) for self-test to operate correctly.

? Turn-on and wake-up times are determined by the user-defined bandwidth. At a 100 Hz data rate, the turn-on and wake-up times are each approximately 11.1 ms. For
other data rates, the turn-on and wake-up times are each approximately v+ 1.14n milliseconds, where 1= 1/(data rate),




ADXL345

AXES OF ACCELERATION SENSITIVITY

Az

Figure 57. Axes of Acceleration Sensitivity (Corresponding Output Voltage Increases When Accelerated Alang the Sensitive Axis)
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Figure 58. Output Respanse vs. Orientation 10 Gravity
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2. AruaNURAYe Kisler SN8692C50 IEPE accelerometer

Acceleration - ATP

KISTLER

fpe BGE2CS ... BEH2CH0, BEH2CE5M1 ... BERCS0M1,

P2

8692C SERIES, TRIAXIAL PiezoBEAM * ACCELEROMETERS

Desgned for maasuing sruciural response N mOearaipicalons
he 86RC senas of Viawal acceenypeiorgmaeasure woraton in
firee, mulaly papendcula axes (X, yand 2}, simytansoudly The
sensors faature high senstvity and.a low Impedance yOraga ot

ntagr & fou-pn connedtar, are desgned kr smpided and versatle
nstalidion. The Ungus, bull-n magnet facitaes quick mounting ;.
Aghgsve may be used Mo moe permanen! Inslalldions. As an
GOEO e Mi verson (S avalanie with 10-32 mounting thread in

pul These RgMweight accelromilers reduce mime 'oadng on |/ plate OLINg inlema magnetwite he M9 version 4 a'alable wih
hin-walied struciures Thasanes o aceelenmateteach Wi an /gofor goded caps foras icertidcion The 8892C seres fealures
Continue d
* Low impedance, voltage moda
* Unique integral mounting magnet
* Low cost, lightweight triaxial design
* High accuracy and stability
¢ Choice ol ranges and sensitivities
* Excallant thermal stebility
* Conforming to CE
Technical Data Units 8692C5 8632C 10 B692C50
BEI2C M1 B692C 10M1 ,92C50M1
Acceleraion Range g +5 10 £50
Acceleration Limit Uok +3 +16 A0
Threshold nom Oms 120 20 1000
Sensitivity £5% @3 g, & 100H: g 1000 500 100
Resonant Frequengy mountad, nam kHz 9 22 22
Frequency Responss + 5% Hr 1L 000 1 oL 000 1. 8000
Phase Shift, < 5° " 42000 4. 2000 4 4000
Amplitude Non-linearity g U =1 1 £1
Time Constant nom s 1 1 1
Transverse Sensitivity % 1 <1 <1
Long Term Stability % +! £1 £1
Environmental
Base Strain Sensitivity @ 250 ue alur <. 001 <0001 <0001
Shock Limit (0 2ms puse wiath) Dok L00 10000 10000
Temperature Coefficient of Sensitivity %/°F 0w +0 04 «004
%X 004 +0 08 +08
Temperature Range Operafing (4mA supgdy curment) ¥ 32 . 1@ az2. 149 32 . 149
> (v 65 0..65 0 65
Storage f 10.. 200 10... 200 10.. 200
by 2.9 2 .94 2. M
Output
Bias nom Voo 11
Impadance Q <500
Voltage %!l scae v £5
Current mA 2
Source
Voltage voC 20 .30
Constant Current mA 2.2
Impedance min kQ 100

1g= 980865 m/s’, 1inch =254 mm, 1 gam = (.03527 02, 1 btn = 0 1129 Nm
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a wide Faguency meponie wilh cestandng thema stabiiy nd  Technical Data Unit 86392,
phass tesponse, They am consyrudted o Rard, anoszed alumnm il
and seaed K wihstand a wida range of envionmental concitons  Construction:
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Iypars o Fom e wioe range of Kiaver Prezovonlh Do supply
couplers, The low i o8 votage cupt @ows forthe uss of Housing mawal Al) harg mnodized
iow-0081 Cible and o¥ees immmunity 1o aledtrcal noiss. Sealinghousing coanecior  typa apoxy
Connestor hpe 4pin Micmtach
Equivaters
Ground Tsolation min. MO 10
Welght Qrams 18
Magnetic Holding Force nom i 2.7
Ordering Information far 8892 N 122
Mounting Torque M1 varson ibbin (Nm} 12413}
Senncr
B—=o Related Products
1 0 sa0es JeCAomers, athesve mount cube
Spacily asiac Sares accderomerrs, 5-40 st mount cube
1-8602C.. i agfeiomets wih magnale iouatg - 10040 b i, 0, ‘G
spaclyrmea of AEG Fried BiCdaromaners, iyl cube
BEQOC. M1 accagromitar with 10-32 mduntag tivaad Q20 SRS ITRUSE harreers
2- 15784, axtamien cabe, Ao Mootch pos B K A atgatanneions Yo vary low T
Mgroech neg., specty fngiha mites gt AAsIEMENS & o
3. 17568(X)  cable, boeskout ctle 4 Microlch neg 10
ARANC pos., SpEIt Tl Xy < 65,3, SOk
4. 8100 B0 Couplens, of
513 fogg-channet coudlar
4- 1511 oulout tatie; BNG pas. o BNT pos, specty Supplied Accessories
lengh inmoters
B2 mouping wix
8402 | wownting S04, 10-32 Unoiced wih M1 varsan)
Bd1 - mourding st 1052000 ME {ndlided with M1 verson)
shipped Only cutsioe N A
Dimersions in inches [mm]
%%wm&e e 000\t
%y 3
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i /—-\\ ol
- Ra#l
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3.AnueuURAYaY QUECTEL UC15

Quectel UC15
UMTS/HSDPA Module

e e

Dual-mode&Multi-band HSDPA 3 6Mbps LCC Package

for UMT S8GSM

Embedded Abundant eCall Compact Size
Prolocols
USB 20 High Speed USB Drivers Quectel Enhanced
Compliant interface AT Commands

Key Benefits

< Worldwide UMTSHSDPA and GSM/GPRS/EDGE coverage

@ Minimal SMT form factor ideal for small end products with
tight space

@ High-quality data and image transmission even in hazard
conditions and dark environment

 Fast time-to-market:
Reference designs, evaluation tools and tim ely technical
support minimize design-in time and development efforts

& Robust mounting and interfaces

QUECTE:

Build a Smarter World

Wiz

b J‘\\\Q\

UC15 is a cost effective UMTS/HSDPA module featuring a
mum data rate of 3.6Mbps downlink and 384Kbps uplink
gned to be compatible with Quectel GSMIGPRS M10

module in the compact and unified form factor, it provides a

d scalable platform for migrating from GSMIGPRS/

| {HSDPA. This enables integrators and devel-

n their applications once and take advantage of

e coverage and service flexibility afforded by the

nbination of the two most prevalent cellular technologies
wide

Its advanced LCC package allows fully automated manufactur-
ing for high volume applications and copper-surfaced bottom
design optimizes heat dissipation. The tiny profile in cost opti-
mized SMT form factor and highly integration level enable inte-
grators and developers to easily design their applications and
truly benefit from the module’s small size, low power con-
sumption and mechanical intensity

A rich set of internet protocols, industry-standard interfaces
(USBMUART/ADC/NETLIGHT/PCM) and abundant functionali-
ties (USB drivers for Windows XP, Windows Vista, Windows 7
Windows 8, Windows CE, Linux, Android/eCall) extend the
applicability of the module to a wide range of M2M applica-
tions such as automotive, metering, security, CPE and wire-
less POS
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Quectel UC15
UMTS/HSDPA Module

General Features

Frequency Bands

HSDPA

EDGE

GPRS

umTs

GSM

Supply Voltage Range
Operation Temperature
Dimensions

Weight

Control via AT commands

Specifications

SMs

HSDPA
UMTS
EDGE
GPRS

DATA

csD

Speech Codec
Modes
Voice

Echo Arithmetic

Protocols

Special Features

USB Seria
Drivers
RIL

MuUX
eCall
Firmware Update
QuecFile
FOTA

QueclLocator

QUECTE-

Ucts.E
900/2100MHz@UMTS
900/1800MH2@GSM

uc15-A
£50/1900MHz@UMTS
850/500/1800/1900MHz@GSM
uc1s.T
850/2100MHz@UMTS
850/900/1800/1900MH2@G SM

Release 5 (category 6)
Downlink only

Multi-slot Class 12
Release 99/5

Release 90/4

33V ~ 43V, 38V Iyp
~40°C ~+85°C

29.0mm 29 Omm*2.5mm
Approx. 4 3g

AGPP TS27 007, 27.005 and other enhanced AT
Commands

Point-to-point MO and MT
SMS Cell Broadcast
Text and PDU Mode

Max 3 6Mbps (DL)

Max 384Kbps (DL)Max 384Kbps (UL)Y
Max 236 8Kbps (DL)

Max 85 6Kbps (DL)/Max 856Kbps (UL)

GSM: 14 4 Kbps (DL)14 4 Kbps (UL)
WCDMA: 84 Kbps (DL)/64 Kbps (UL)

HR.FR, EFRAMR, AMR-WB

Echo Cancellation
Noise Reduction

TCP/UDP/PRPIFTPHTT PISMTP/MMS/SSL/
PING/NITZNTPMHTTPSISMTPS

Windows XP, Windows Vista, Windows 7,
Windows 8, Windows CE5 0/ 6.0/7.0, Windows

Mobile 6.1/6 5%, Linux 2.6 or later, Android 2.3 or .

later

Windows CE6.0*, Windows Mobile 6.1/6.5*
Android 2.3/4.0

Linux 2.6 or later, Android 2.3 or later
Accident, Emergency Services
Firmware Update via USB and UART Interface

File System Access and Management

QuecFOTA, DFOTA

Build a Smarter World

Copyright © 2015 Quectel Wireless Solutions Co.

QuecTe o

UC15 il

52148
BN E103004 DS000020
ML B6°OTS02008 1578

W e

————

200mm
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Electrical Characteristics

Output Power

Consumption

Sensitivity

Interfaces
use
Audio Analog

Audio Digital
UART

usim

ADC
NETLIGHT
STATUS

Certification

Approval

* Under development

Lid  All Rights Reserved hup:iwww. quectsl com

Class 3 (24dBm +1/-3dB) for UMTS bands
Class 4 (33dBm £2dB) for GSM 850/900MHz
Class 1 (30dBm £2dB) for GSM 1800/1900MHZ

65uA@Power off

1.8mA@GSM Sleep. DRX=9
1.7mA@UMTS Sleep DRX=9
260mA@GSM voice, max power
480mA@UMTS voice, max power
480mA@GPRS data, max power
475mA@HSDPA, max power

-110dBm@UMTS Bands
~108 5dBM@GSM D00MHz
-108 5dBm@GSM 1800MHz

2.0 High Speed
2 Analog Input and Output Channels (Optional)

Digital Audio through PCM Interface (Optional)
1xFull Functions

18Vv/3v

»2, 12bits

Indication for network activity status

Indication for Power On and Off Status

CE/GCFAC/FCCIPTCRB/NBTC/ATET/Rogers/
NCC/OFCAIRCM

HQ address: Office 501, Buiding 13, No.89
Tianzhou Road. Shanghai, China 200233
Tel: +88 21 51086236

Fax +86 21 54453668

Email. info@quectel com
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435\ Weusia 3G AU Arduino UNO R3

35130unn 3G Shield / 3G Module ffu Arduino UNO R3

3G Shield

ms91elWlvinu 3G Shield

0 3

msedldeslniu 2a shield sasadiolvla 2 deannalsin

A ) . e . A v . s
TrsldLeiumae DT Jack 109 veda Arduno@amaniiuslililEau Atesisln ovbe 2A
! u ey, = . -
(U 3G Shield 911997 Switching fisasiunisaalvlamaud 5 = 12 VDC wsiloaannis
Frellvin4.0C Jack upa Ardiine vede Ardtine sstlvifhatndnivlduuussndae OvDC

ap o e . o ' a \
2A v isams1zoxyiti Regulator fiagut Ardline lidauiuly)

e : vu 3G Shield Tuanvdmiesfiunszualiinnin wdthw ninlugalulédu
9 alat o i ot - 1 ' a
anundeniidyg o frwallgafdEygIn ssldrszuagandving Senas

dam1 unasselfiannsnsienszualdvs=uan 2A
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Dglvideal

(e

iU 3G Shield #unI4 USB Port 184-3G Shield
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N15L9R Jumper

9VDC/2A
oF ==

M Set Jumper Software Start

s @ EEES -
T S R
g E R BB -
gf \fs/ = WM H .
4 i nH %

o o Il = -
TN .
3¢ - -
Bz 5 -
73 1 »
: Set Jumper Scftware Tx,Rx

Soltware Scrial
Tx(3G; connectad with Arduing P n3(Rx)
Rx(335) connected with Arduino Ping(Tx)

- Jumper Start
fumnper MAdmiv Start w35 dearnl 36 on Suwedogiai 2 wamis Iéud
O Idrhper Auto Start WdmiuAwn 1y 36 shield Power.On yiuftod sl iiluga
©_ Jumpér Software Start Idd 13 Uda Power On Tugasae Software lavw)

Software Start azsioatiiu Arduino ¥ Ping

+ AZHHMd V18 13N e Jumper Software Start
1TH e Ko

Power Key connected with Arduino Pind
q. for On/Off Module wilh Software

e AN OND Mdt

T
ERERERNERERR

Jumper Auto Start

=
R S EE‘! I i~
Autcmatically start madule N E! E EEE N e
after apply power g £ g; =3 m

- Jumper Serfal
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o Software/Hardware Serial
2 Hardware Serial
o> Tx(3G) connected with Arduino PinO(Rx)
a Rx(3G) connected with Arduino Pin1(Tx)
= = Software Serial
:': :': Tx(3G) connected with Arduino Pin8(Rx)
(I I Rx(3G) connected with Arduino Pin9(Tx)

Jumper Serial Tddamiuimun daavnsey Senal #lddangaiuda 3G Module i 36
= - . - M ¥ y q
Shield SsaursormunnisiBomsiola 2 gowmalaun

S WeuF 3G Shield fiutn Hardware Seral (Arduine.Pin 0,1)

Hardware Serial
Tx(3G) connected with Arduino PinO{Rx)
Rx(3G) connected with Arduino Pin1{Tx)

Set Jumper Software Tx,Rx

Software Serial
Tx(2G) connected with Arduino Pin8(Rx)
Rx(3G) connected with Arduino Pin9(Tx)




3G Module

w.xs} 3.~ Insert Wiring Cable

JIW OND MdS )

Insert screwdriver
and pull wiring cable
out of connector
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5. 33 AU wasalu

¥ o

gvinsveaedldldnismaiuivessalwlnensldiauees Accelerometer Sensor
40999 VLN DUTBIT950 I Fedlszueing 0.6 was nnvuldsulusunsuliguige$ig
A0AIANNNTOVINARANI9YRINEA LRglURsWAaEMATSUAINTSALYasTn InTnsazuanIaT u

YpuEty @a1sadundnsizy vilvanuisaruliausvasso invuetuls

= o =P

L m RN E L & __._E_j . N

Sensor 1 Sensor 2
1

]
e——— 06m ———_*B’I

I
'

gﬂmﬁﬂmmﬁ’aﬁuaﬂiﬂl‘wimaw Accelerometer Sensor 11UIU 2 A7

oS

Tneilaanlglunisnaasnail

#include <Wire.h>

#include <Adafruit_Sensor.h>

#include <Adafruit ADXL345 U.h>

/* Assign a unique ID to this sensor at the same time */

Adafruit_ ADXL345 Unified accel = Adafruit ADXL345 Unified(12345),

void displaySensorDetails(void)

sensor_t sensor;
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accel.getSensor(&sensor);

Serial.println(" E

Serial.print ("Sensor: "); Serial.println(sensor.name);

Serial.print ("Driver Ver: "); Serial.printin(sensor.version);

Serial.print ("Unigue ID:  "); Serial.printin(sensor.sensor_id);

Serial.print ("Max Value: "); Serial.print(sensor.max_value); Serial.printin(" m/sA2");
Serial.print ("Min Value: . "); Serial.print(sensor.min. value); Serial.printin(" m/sA2");

Serial.print - ("Resolution: "); Serial.print(sensor.resolution); Serial.printtn(" m/sA2");

Serial.printtn(" %
Serial.println("™);

delay(500);

void displayDataRate(void)

Serial.print ("Data Rate: ")

switch(accel.getDataRate())

case ADXL345 DATARATE 3200 HZ:

Serial.print ("3200 ");



break;

case ADXL345 DATARATE 1600 HZ:

Serial.print ("1600 ")
break;

case ADXL345 DATARATE 800 HZ:
Serial.print ("800 ")
break;

case ADXL345 DATARATE 400 HZ:
Serial.print ("400™");
break;

case ADXL345 DATARATE 200 HZ:
Serial.print ("200 ");
break;

case ADXL345 DATARATE 100 HZ:
Serial.print ("100 ");
break;

case ADXL345_DATARATE 50 HZ:
Serial.print ("50 ");

break;
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case ADXL345 DATARATE 25 HZ:
Serial.print ("25");

break;

case ADXL345 DATARATE 12 5 HZ:

Serial.print ("12.5 "),
break;

case ADXL345 DATARATE 6 25HZ:
Serial.print ("6.25");

break;

case ADXL345. DATARATE_3 13 HZ:

Serial.print (*3.13 "),

break;

case ADXL345 DATARATE. 1 56 HZ:

Serial.print ("1.56 ");

break;

case ADXL345 DATARATE 0 78 HZ:

Serial.print ("0.78 ");

break;

case ADXL345 DATARATE 0 39 HZ:
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Serial.print ("0.39 "),
break;
case ADXL345 DATARATE_0_20 HZ:
Serial.print ("0.20 ")
break;
case ADXL345 _DATARATE 0_10_HZ:
Serial.print ("0.10 "),
break;
default:
Serial.print (2272 ");

break;

Serial.println(" Hz");

void displayRange(void)

Serial.print ("Range: "0

switch(accel.getRange())

7



case ADXL345 RANGE 16 G:
Serial.print ("16 ");
break;

case ADXL345 RANGE 8 G:
Serial.print ("8 ");
break;

case ADXL345 RANGE_4_G:
Serial.print ("4 ");
break;

case ADXL345 RANGE 2 G:
Serial.print ("2 ");
break;

default:
Serial.print (2?7 ");

break;

Serial.print(n(" ¢");

void setup(void)
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Fit

#ifndef ESP8266
while (ISerial); // for Leonardo/Micro/Zero
#endif
Serial.begin(9600);
Serial.println("Accelerometer Test"); Serial.printin(");
/* Initialise the sensor */

iflaccel.begin())

/* There was a problem detecting the ADXL345 ....check your connections */
Serial.println("Ooops, no ADXL345 detected ... Check your wiring!");

while(1);

/* Set the range to whatever.is appropriate for your project */
accel.setRange(ADXL345 RANGE 16 _G);

// displaySetRange(ADXL345 RANGE 8 G);

// displaySetRange(ADXL345 RANGE 4 G);

// displaySetRange(ADXL345 RANGE 2 G);

/* Display some basic information on this sensor */



displaySensorDetails();

/* Display additional settings (outside the scope of sensor t) */
displayDataRate();

displayRange();

Serial.println("");

void loop(void)

/* Get a new sensor event */

sensors_event. t event;

accel.getEvent(&event);

/* Display the results (acceleration is measured in m/sh2) */
Serial.print("X: "); Serial.print(event.acceleration.x); Serialprint(" ");
Serial.print("Y: "); Serial.print(event.acceleration.y); Serial.print(" ")

Serial.print("Z: "); Serial.print(event.acceleration.z); Serial.print(

");Serial.println("m/sA2 ");

delay(500);
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6. WWnildTugunsal
Tanldlunndeulusunsuiinei
#include <TimerOne.h>

#include <Wire.h>

#include <Adafruit_Sensor.h>

#include <Adafruit ADXL345 U.h>
#include "TEE_UC20.h"

#include "SoftwareSerial.h"

#include "call.h"

#include <AltSoftSerial.h>

/1//Module UCLE-T///11 LI T TE 117747177
CALL call;

//SoftwareSerial mySerial(8,9); // RX, TX
AltSoftSerial mySerial;

////NMaodule ADXL345/////1111171111717177717777777

Adafruit ADXL345 Unified accel = Adafruit ADXL345 Unified(12345);

////Global Variable//////////17/1/111711111117/77

String phone_number_send = "0647943327"; /Aveifiasinm
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String phone_number_receive= "0648340961" //uasfiaziu
sensors_event t event;

double Offset = 0; //\Faeuifisufuiadesiiotnfiniunis Calibration
double Setzero = 0; //Busuandislaliidu o

double Amplitude = 4; //LLamwﬁﬂﬂﬁ'Lﬂumaﬁ’mﬁu‘L%

int AmplitudeCount = 0; /8 U3ULBNNGIA

int AmplitudeTrain = 3; //ii’wmuuauwﬁgmﬁLﬂumaﬂiﬂlw

int TimeCount = 0;

int TimeOut = 10; /#/naikifidasadaniiu 10 s

bool IsCall = false;

int Mode = 1; //Mode : 1 = fnsi9dudynaisaly, 2 = sasudymaniaundasou

void setup()

Serial.begin(9600);

//Initial GSM Module UC15-T
gsm.begin(&mySerial,9600);
gsm.Event_debug = debug;
gsm.PowerOn();

while(gsm.WaitReady()){}



//Initial Accelerometer Module ADXL345

iflaccel.begin()

Serial.printin("OCoops, no ADXL345 detected ... Check your wiring!");

while(1);

accel.setRange(ADXL345 RANGE 16 G); //Set the range
// Calibration Accelerometer Module ADXL345

SetZero = read average(10);

//Initial TimeOne

TimerL.initialize(1000000); //The led will blink in a half second time interval
Timer1.stop();

Timerl.attachinterrupt(blinkTime);

TimeCount = 0;

pinMode(LED_BUILTIN, OUTPUT);

IsCall = false;

delay(2000);
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void loop()

SelectMode(Mode);

void SelectMode(int i)

switch(i)

case 1:

Detect

break;

WarningTrain();

break;

}

dy 1 dl Y o U ¥ ﬂl = } 5 1 Y o v 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin
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void DetectTrain()

double getAccZ = getAccelerationZ();

iflgetAccZ > Amplitude) //(rawdata > setpoint)|| (rawdata < (setpoint*-1))

Serial.printn(getAccZ);
Timer1.start();
AmplitudeCount++;
TimeCount = 0;

delay(50);//

if(AmplitudeCount >= AmplitudeTrain)&&(IsCall == false))

Serial.printin("The train is coming");
AmplitudeCount = 0;
IsCall = true;

call.Call(phone_number_send); //dtayalulnenising



if(TimeCount == TimeQut)

Serial.println("Timeout => Reset count");

AmplitudeCount=0;

TimeCount = 0;

Timer1.stop();

IsCall = false;

delay(50);

void WarningTrain()

if(call.WaitRing())

Serial.print("Ring");

Serial.println(call.CurrentCallsMe());

iflcall.CurrentCallsMe() == phone_number_receive)

call.HangUp();
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digitalWrite(LED_BUILTIN, HIGH);

double getAccZ = getAccelerationZ();

iflgetAccZ > Amplitude) //(rawdata > setpoint)|| (rawdata < (setpoint*-1))

Serial.println(getAcc2);
Timer1.start();
AmplitudeCount++;
TimeCount = 0;

delay(50),//

ifiTimeCount == TimeQut)

Serial.printin("Timeout => Reset count");
AmplitudeCount=0;

TimeCount = 0;

Timerl.stop();

digitalWrite(LED_BUILTIN, LOW);
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void blinkTime()

TimeCount++;

Serial.printin(TimeCount);

double read average(byte times)

double sum = 0;

for (byte i = 0;i < times; i++)

accel.getEvent(&event);

sum += event.acceleration.z;

delay(50);

return sum / times;

double getAccelerationZ()
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accel.getEvent(&event);

return (event.acceleration.z - SetZero) + Offset;

void debug(String data)

dy 1 dl Y o U ¥ ﬂl = } 5 1 Y o v 6 v ¥
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dy 1 dl Y o U ¥ d‘ = 1 5 1 Y o v 6 v ¥
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- - .
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MAX. SPEED . 00 CAPACITY OF VACUUM PUMP —e i EF. G¥G- Mo,
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] - —— = € po . g . i
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MAXIMUM QUT PUT & RPM. BHP(kw) |241250(933)@1800] CAPALITY AR 180 r St waaudtin GE TRANSPORTATION SYSTEMS wliihiuiAusisms
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; A % ; B T
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COOLING WATER 605 " TYRESp | 56T-6 0 5-Al i} W e i e
SAND 510 9 \ NUMBER OF POLES 5 ,fj o Tl (B L Lt v ‘
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MAKER AND TYPE ( CUMMINS) , A 0m LR BRAKE POWER FERCENTAGE 60.5 "
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CONTINUOUS OUT PUT & RPM. 2% 600 AT 1,700 NUMBER OF LOCOMOTIVE; ON ORDER i 50 UNITS o P ; \ 2% SANCD.____j_/_' _________ SEM-.
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col - ! - NORMAL SEATE 74 4
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69 90 '690 450|580 930 510 930 510 930 510 930 \580 450 680 ! (690 450480 930 510 930 36
.1 \ i. .;. A h < e + e .I.._'._ X ;— gl 'T" -—]—- s TOTAL 146
b i & : L l .
i \ £ : v Ty i -
: i— N P P — B~ i i ' TRAIN PERFORMANCE CURYE
T | ; T = . TRAIN FORMATION TWO DIESEL RAILCARS
. : . /
= S — ; _j, ¥ 41 A ™ A o ke TRAIN WEIGHT 89.644 TONS
s J 100 1800 S Y o 10,00 i A ENGINE CUMMINS N855-R2(BIG CAM)
o ; . _ A et o 112 W CONVERTER NICO DBSFRG 100 Ms 360
o]l 2 8 — - . o EREE———— _C.’_Bi_ T e 4 @
N8 D0 L . e S ST LELo Tt o 2° = 000 T GEAR RATIO 313811
. = ) [ ’ =iy | = § :::,% ( Wit ~ 1 [ 20 Y L GEAR EFFICIENCY 93,
.- : e T o et - ML Bi ; o 2 P RUNNING RESISTANCE FORMULA
i = ' 5 i . - ° L QR+ -+ e Rz (2.5+0.0M6VMW+(0.0269 « 0.0078(n~1) V>
; ; - Py i : EIGKT (TONS)
3! 755|t 700 350 W 4 = W: TRAIN W
- gy \ ° | oss _15050, ; N } V:CAR SPEED(km/h)
i ! o Yl i 5 1 P 3 .
\ LUGGAGE RACK L s tRAP HANGER ' z 4 0RO ?\"\r: T n: NUMBER OF CARS
- \ : z LN S
FLUORESCENT LAMP DRINVER MATE'S COMPARTMENT OSCILLATING FAN LFLUO‘*ESCENT LAMP 15178 = ! \l\ ;
- @ [
: 3000 } —+ 1 ¢ :
YEAR IN SERVICE - /(zszs (19833 FIRING ORDER A o : I “\ ,
NUMBER OF CARS ON ORDER 20 CARS HYDRAULIC TRANSMISSION ( NIIGRTA) . NICO : tro 11 RICZS ) i '
WEIGHT OF POWER CAR TYPE DBSFRG. 100 Ms 300 ?ﬁ&i— L i -:)*-
\ I e N . S ,
IN WORKING ORDER ( APPROX ) 35322 kg NUMBER OF CONVERTER FOR EACH ORIVING DIRECTION 1 E x P g . S = F
; o . : 1000 +—F +- = [ = -
EMPTY ( APPROX J . 31500 kg AXLE DRIVE [ 308, L, | 1 R LEped) |
WHEEL ARRAMGEMENT . . /BOGIE | REDUCTION RATIO - 3.158 ) & T 1 —_—
<<
: B+ il LIGHTING AND START| . = J
R X 4o ; & 0 10 2 30 40 6 60 70 80 %0 100 -
CAPACITY / ENGINE . 3- $GENERATOR WITH BRIOGE RECTIFIER NIKKQ 0-37000-0402
ACHY | ENEINE 1 - : P TRAIN SPEED IN km sh
HYDRAULIC TRANSMISSION OIL APPROX 50 1 NOMINAL OUTPUT VOLTAGE & CURRENT £ 80 vy o -
7 T 5 rt:;,_,,,,.’_’.,_Jw it & et
HYDRAULIC COUPLING OIL FOR THE COOLING FANS 150 1 BATTERY LEAD ACID TYPE TRK15-12 £
) * 3 ‘Jx.uv , ot
FUEL 300 L VOLTAGE Z4VDC (12V x 29ETS) £§ &‘%
LUBRICATING ENGINE OIL 30.6 U CAPACITY (5HOUR RATING) | 175 AH R S R 23 5 I"”:j DIE SEL
COOLING WATER 230 v HEAD LIGHT ( TYPE SEALD BIfAM WITH CONNECTER)] 1S0W /50 W B i} B e il 46
j R § D L & WD e
sanD [ CAR 80 l BRAKE DA1-E WITH ME-23-A USED FOR R #
POWER CAR OUT PUT TYPE OF BRAKE ON CAR AIR & HAND T g',
MAXIMUM TRACTIVE EFFORT 4600 kg AIR COMPRESSOR | ‘ TYPE C-1200 BPD N@ 1101 - 1140 ( THN ) § .
MAXIMUM SPEED <100 km/he EFF.CAPACITY @ MAX.PRESSURE AND MAX. SPEED 126401 1 MIN ) !
DIESEL ENGINE 4 STROKE,HORIZONTAL MINIMUM CURVE RADIAS NEGOTIZBLE 122 m o i
MAKER AND TYPE CUMMINS NB55-R2 (BIG CAM) WHEEL DIAMETER REMARKS ,
NUMBER OF ENGINE 1 NEW 851 mm ovannuwvdrsaiuidnladauand cio-0s7s7 o =
CYLINDER x BORE x STROKE 6 X140x152  mm WORN _OFF . i il dalt . DIAGRAM
MAXIMUM QUT PUT @ SPEED 235 hp (@) 2100 rpm CAPACITY OF WATER SERVICE TAN{ 1000 L 4 P - LRI No B 9
IDLING SPEED 500 rpm - A JR___tO&__{J’_("é”'_ cu,_(Q._._[u__K:.Q\_J_[ CH._ . _ ot PD-
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YEAR , LOCOMOTIVE 34 SERVICE.(BE) 2517 N TRACTION  MOTOR _ 4 F'y*,gﬂﬂ Vi 4 TR YL I .
WEIGHT QOF LOCOMQOTIVE HUHMBER OF UNIT . 6 ‘4 d 4 &)1@5‘1 ) O 20 LO €0 B8O 100
‘IN WORKING ORDER 82500 KXGS. TYPE - _TPEN S L¢ ¥ Bofs O, aesd1E2 O g B@: i SPEED XM/ Hr
= 7 £ L a
EMPTY 500 o: HUMBER OF POLES P i ﬁw\/ -
WHEEL ARRANGEMENT \{:o -9‘ CONTIHUOUS RATING . RPM. 1390V. 690A S60APM, 235 Kby, ;i b, TOEEREY 7 LTEN Rl .
MAXIMUM AXLE LOAD 1T5 TONS MAXIMUM ' SPEED 3050 APM. ; '%
g : T 2]
CAPACITY ( PER LOCOMOTIVE ) GEAR RATIO 39_']8 ! iy
FUEL 3500 LITAES TRACTION ALTERNATOR : $EL ELECT RIC SCALE  1: 50
LUBRICATING EHNGINE O!L 450 ” NUMBER OF URIT ) i B
COOLING  WATER 800 » TYPE [ o AR LO COMOTIVE DIMENSIONS  IN M.M.
SAND 500 » NUMBER OF POLES 12 N :
P j ; A4b w
LOCOMOTIVE OQUT PUT CONTIHUQUS “RATING & RPH. 'V,31BDA.ISOURF>«.;. ¥ USED FOR REF.. OWG. He.
BIN, TONTINUQUS RATED TRACTIVE EFFORT 20600 KGS. MAXIMUM  YOLTAGE 850 V. ]
MIN. CONTINUOUS SPEED 20.8  KM/Hr BAAKING . i B
HAXIMUM TRACTIVE EFEORT AT 30 ADHE 5IOH 24800 KGS. TYPE OF BRAKE ON LOCOMOTIVE psaN ), HEMBMER, DEL. N8. 4101 - 4154
HAXIMUM SPEED 35 KMUHE CAPACITY OF VACUUM  BRAKE(SWEPT YOLUME}IS235:L/MIN,AT 1500 RP M. {ALSTHOM )

. DIESEL" ENGLNE %-STROKE-CYCLE CAPACITY OF AIR COMPRESSOR(  » ) J123%9 L /MIN.AT 1500 RPH. E RIS Besaavonts -
| : 9 el fond g gt i pbald WL AN .
MAKER AND TYPE({SEM.T. - PIELSTICK) - 16 PA L 185 BRAKE POWER PERCENTAGE 80°7. : f’ L
_NUMBER OF ENGINE 1 BATTERY ) } REMARKS : : v ,.,'_ _

i : AYN TR 9024 187
CYLINDER X BORE X STROKE 16 ¥ X185 My X 210MH, YL TacE . 2V g RS u DIAGRAM '
. MAXIMUM DUT PUTS RPM. (SITE RATING "2250 HP. AT 1500 ) 2L00HP.AT 1500 CAPACITY. IB0AH. | {T4UTETL ALSTHOM DATE _ P
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ki DIESEL, ENGINE - . 4STROKE, HORIZONTAL - MINIMUM CURVE RADIAS NEGOTIABLE - 122 m
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