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Thesis Title Design and Build a Driverless Miniature Electric Train Guiding

Control System
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ABSTRACT

This thesis presents the design and build a guiding control system for a driverless miniature
electric train model, in order to act as a miniature low speed train model. The train can be controlled
via the central control room. It may result in a suitable train model for a local small scale mass

transportation in the near future.

This thesis a miniature low speed electric train in built for a employed or used 4 seat model,
which its locomotive speed about 40 km/hr The prime mover of the train is a 3 phase 220/380V, 5
kW induction motor. The motor speed is controlled by a 3 phase inverter at 230/400V, 5.5 kW
rating. The Unit Controller that controls inside the train is implemented by PICI18F8722 micro-
controller, in order of a driving control. A guiding control system is operated together with the
utilization of the reflection optical sensors. The communication of such control system was by
GSM/GPRS wireless communication, which is interfacing with the central control room in order to

monitor the operations of the train, both in normal and abnormal operating conditions.

The results show that the driverless miniature electric train can operate on a guiding control
system correctly. It can be parked on a desired station. Besides, the monitoring system can show the
train along the operation. Therefore, the train can drive horizontally with its maximum carrying load
at 1540 kg It also drives a 500 kg of carrying load while driving on 7 degree of slope. Finally, it
shows that the performance of the train’s speed control and overall operations of the system in this

thesis is quite good as desired.

Keywords : driverless miniature electric train, guiding control system, General packet radio

service (GPRS)
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50 543 3.131 1.622 387.6 387.1 387.3 13.807 | 13.582 14.49 1.423
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30 598.7 164.6 2.426

40 787.5 325.6 2419

50 998.6 410 2.436
1T 4.3 szdiuhvazsa i hidase vemeildmad lWiheounniliefou
Fuminama Wi 5 kw awsesuvioenvesduneimesazulsiulasasasumanudi

vy

&3

v & o U [ {1 § L g { 1 Yy 9 v 9 <
103 13 (Sandiuuseauasanudmnii ) Fuiluldammgennan1iudrluide 2.6 1

) < 79 Y ) Y < o
Wﬁchfifﬂlﬂiﬂﬂ’J‘]Jﬂllﬂ’ﬂiui’JiE]iJSUE]\‘Illﬂ!@]@iiﬂ!ﬂullﬂﬁ1llﬂﬂﬂﬂ15ljlﬂ ?JEJNhliﬂGniJﬂﬁiTi/]WU@\?

a R I w 1 o 1 3 v A ) A A
mﬂimgﬂuamwmummmml,i:ufwamammgi’maﬁ]zmmﬂaumnm‘mgmﬂizmm 242 :1

d
4.4.3 MINATEUVAUNBNBINNMIENNG

ﬂﬁ‘VI@‘Iﬁ’E)‘]Jfﬂﬁ‘ﬁ"l\ﬂusll@\‘liﬂhl‘l/\l‘?/j\lT’Uﬂw%/“]JﬂTi%“V]Nﬂﬁ Lﬁaiﬁ’mmﬁnmﬁu nISLLe

waziad Ifhuasnuowos i Inaaduiing lae

Y
MUUANTENNNATIVYBINUNAITD
9

9 ( I a J d aa @ [ =
(Tmmsnmm Mosues LLﬁ%Qﬂﬂiﬂ!@Nﬂ@ﬂﬁﬂiu@niﬂ) 1Ny 1,200 NN. HINQNTT
v =
ﬂﬂﬁﬂﬂﬂ%llﬂﬁWNﬁWiN‘ﬂ 4.5
d‘ Y A Y =t
A1319N 4.5 Wﬁﬂ'liﬂﬂﬁf]ﬂﬂ'liﬂlﬂmaﬂuiﬂllw’I/‘l'lellm$3Jﬂ']i$Tl'l\3ﬂﬁ
AMD Pdc lin Vin | Pin [A2153d0| Speed | Pout | %1 | %M
(Hz) (kW) \%) W) (kW) (rpm) (kW/hr) (kW) | Motor | System
10 1.92 19.8 90 1.6 198 6 0.9 56.25 46.87
20 2.67 20.2 171 2.2 398.4 9 1.2 54.55 44.94
30 3.55 17.9 252 3 598 14 1.7 56.67 47.88
40 5.13 17.8 333 4.4 798 19 2.3 52.27 44.83
50 6.72 17.7 415 59 997.6 24 3.2 54.24 47.61
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10 Hz
ﬁmﬁnmmn (kg) Ag (Hz) anudseuionan (rpm) | Tin(A) | Vin (V) | Pin (kW)
no — load* 10 197 2.38 559 1.33
250 +* 10 198 5.14 559 2.87
500 +* 10 197 7.36 559 4.12
750 +* 10 196 9.36 559 5.23
1000 +* 10 195 12.34 559 6.90
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20 Hz
‘ﬁmﬁfnuii‘vc}n (kg) A (Hz) anuiSiseuiiman (rpm) | Iin(A) | Vin (V) | Pin (kW)
no — load* 20 396 4.30 559 2.40
250 +* 20 396 6.73 559 3.76
500 +* 20 398 9.89 559 5.53
750 +* 20 395 11.60 559 6.49
1000 +* 20 395 14.04 559 7.85
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30 Hz
£1ﬂﬁnuimn (kg) ANA (Hz) anusaseuiine (rpm) | lin(A) | Vin (V) | Pin (kW)
no — load* 30 596 6.39 559 3.57
250 +* 30 595 8.68 559 4.85
500 +* 30 596 11.39 559 6.37
750 +* 30 594 13.51 559 7.55
1000 +* 30 594 15.98 559 8.93
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40 Hz
ﬁmﬁnmmn (kg) A (Hz) anuiSiseuiiman rpm) | Iin(A) | Vin (V) | Pin (kW)
no — load* 40 794 7.78 559 4.35
250 +* 40 794 10.28 559 5.75
500 +* 40 794 13.76 559 7.69
750 +* 40 794 15.13 559 8.46
1000 +* 40 794 17.58 559 9.83
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50 Hz
ﬁmﬁﬂmmn (kg) A (Hz) ANME eI rpm) Tin (A) Vin (V) | Pin (kW)
no — load* 50 994 9.62 559 5.76
250 +* 50 991 12.40 559 6.93
500 +* 50 989 16.93 559 9.46
750 +* 50 987 18.50 559 10.34
1000 +* 50 987 20.89 559 11.68
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ET-BASE PIC8722 (ICD2

11 1 ET-BASE PIC8722 (ICD2)

ET-BASE PIC8722 #a uasa PIC sulwifitiduia3asTusunsu ET-PGM PIC USB V1 visa V1 PLUS fisiadu
PORT USB uavia3avaauiiiaas Waf uavn1e aii Wiunivininassiuuasudin MICROCHIP 42 RJ-11 (ICD2)
Tafiwas PIC18F8722 1ilu MCU isyanuasa aanuuuilu PCB uuaa SIZE BASE anunsniinlu i udasy
vaalifduuasa ET-BASIC I/O V1 Ala

[]
[]
[]
[]
[]
[]
[

— e
— e

1§ MCU wwa$ PIC18F8722-1/P, uuna 80 PIN TQFP TYPE

wigauIwuy FLASH 128 KBYTE, RAM 3936 BYTE, EEPROM 1024BYTE

RUN X’ TAL ON BOARD 10MHz, auisaaai RUN 615269 40MHz 16 Tuda

31w I/O PORT 1fo1u 70 BIT

217 10 PIN ET BUS I/O 7 2a

14 PIN LCD PORT wuu CHARACTER TYPE

RJ-11 (ICD2) 14f DOWNLOAD Tulsu nsuiings MCU éreya ET-PGM PIC USB V1 vi5a V1 PLUS
wsau SW. 18annisvinoiu

RS232 PORT 2 wiav uuu2i 4 PIN ETT (ICL3232 ON BOARD)

ATO D uu1a 10 BIT 16 CH

TIMER / COUNTER, PWM, WATCH DOG

POWER SUPPLY 5VDC anwisatiffuza POWER SUPPLY uay ETT §u ET-SWITCHING ADAPTER 5V/1.2A
TYPE H ( A-AP-A-00058 7@ * 170.- OPTION daufiuéu )

uuia PCB 6.2 x 8.1 em. uassu ET-BASE SIZE

ET-BASE PIC8722 (ICD2) isznaudae uasa ET-BASE PIC8722 (ICD2), utiu CD-ROM giiaTusu nsu



ET-BASE PIC8722 (ICD2) E-l_l-_l-

ET-BASE PIC8722 (ICD2) is PIC Microcontroller Board of
Microchip Co., Ltd. that uses Microcontroller PIC18F8722 80-
PIN TQFP to arrange devices into compact size and uses
resources of Microcontroller mainly. Moreover, it is deigned
to support applications with Test Board “ET-BASIC I/O”.

Table shows specifications of Microcontroller PIC18F8722

Specifications PIC18F8722
Operating Frequency DC - 40 MHz
Program Memory (Bytes) 128K
Data Memory (Bytes) 3936
Data EEPROM Memory (Bytes) 1024
Interrupt Sources 29
1/0 Ports Ports A, B,C, D, E,

F,GH,J

Timers 5

Capture/Compare/PWM Modules

™

Enhanced Capture/Compare/ 3
PWM Modules
Enhanced USART 2
Serial Communi cations MSSP,
Enhanced USART
Parallel Commumications (PSP) Yes
10-bit Analog-to-Digital Module 16 Input Channels
Resets (and Delays) POR, BOR RESET Instiuction,

Stack Full, Stack
Underflow (PWRT, OST),

MCLR (optional), WDT

Programmable High/Low-Voltage Detect Yes
Programmable Brown-out Reset Yes
Instruction Set 75 Instructions;

82 with Extended

Instruction Set enabled

Packages 80-pin TQFP

-1-
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ET-BASE PIC8722 (ICD2) ETT

e No.1l2 is PIC18F8722 Microcontroller.

e No.13 is LED that is interfaced with RHO Pin for writing
program to test operation of board simply.

+5V
o

560

e No.1l4 is Port ICD2 to download Code Program into
Microcontroller and uses with external Programmer such as
ET-PGMPIC USB.

e No.1l5 is Jumper to select interfacing signals between I/O
Pin; RC6 and RC7 and Driver MAX232.

PIC18F8722
55 RC[0..7]
oc.o°
RC[O] | E RC[1]
RC[2] RC[3]
+5V IC 3232 RC[4] } RCI5]
o o
RS$232-1 RS232/10 Yea GND
$>)((_;] Rl T1I 3 n RCI6) RC[7]
1 T10 R10 B I
Jumper

e No.1l6 is RESET Program Switch.
e No.1l7 1is Connector Power Supply of Board and must be
interfaced with Power Supply that 1is not higher than

5VDC. If Power Supply is higher than 5VDC, component
maybe damaged.

DC-IN
+5VDC
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ET-BASE PICSTXI (ICDI) t " "

= gpecifications of Board

- Bupport Microcontroller PICIBFETZZ BO PIN

- Signal Clock Cryetal oOacillator 10 MHz for PIC18FBET22
{can use x4 from PLL to be 40 MHZ)

- 7 If0 Port 10 PIN (be arranged under estandard of ETT)

I/O Port 2 PIR

Port Driver RE233

Port LCD that ie arranged under atandard of ETT (ET-

CLCD]

- Port Downlocad ICDZ supportes external Programmer (ET-

PGMEIC USE)
- Connector VOTO and GHD

i
ORI L

Structure of Board ET-BASE PICBT22 (ICD2)
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Detailed Description

« Mo.l i Connector Port

RE232

RS232-1

VCC
RXD

TXD
GND

TEO=RO5 RMD=RC?

* NHo.2 ie Connector Port
RS232-2
VCC
RXD
TXD
GND
TEO=RR1 RED=RME
# Mo.3} ie Connector If0 2

BE4.

(18]

PIN to interface P30,
Ite Pin arrangement is shown below.

the firset Channsl.

R5232 the second Channel.

PE3 and

« Mo. 4 is Connector LCD Digplay as Character 14 PIN that
ig arrangesd under standard of ETT and use= 4 data bit
Interface.

LCD MCLU

CLCD RS RH1

vioo | @ B| GHe N bs
RS | @ @| vo EN Luf!
EN bm om| mw Do GND
o1 B ol m [} GH
co [@ @ m 02 GHO
e mE|l ™ i (g1l
o7 E E| & e RH4
OF E{)

(B3] RHE

or RH7

104



ET-BASE PIC8722 (ICD2) E-—":—l-

e No.1l2 is PIC18F8722 Microcontroller.
[ ]

No.13 is LED that is interfaced with RHO Pin for writing
program to test operation of board simply.

+5V
O

560

e No.1l4 is Port ICD2 to download Code Program into
Microcontroller and uses with external Programmer such as
ET-PGMPIC USB.

e No.1l5 is Jumper to select interfacing signals between I/O

Pin; RC6 and RC7 and Driver MAX232.

PIC18F8722
ety RC[0..7]
x© o
RCI0] RC[1]
RC[2] RC[3]
2oV . RC[4] H RCI5]
T B
RS232-1 RS232/10 vee GND
T10 R10 ALl =
Jumper

e No.1l6 is RESET Program Switch.

e No.1l7 is Connector Power Supply of Board and must be
interfaced with Power Supply that is not higher than

5VDC. If Power Supply is higher than 5VDC, component
maybe damaged.

DC-IN
+5VDC
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GSM MODULE

‘lcnu
YserisiManual
GIEGSVISIVBOE @74

ET-GEM SIMBQOJ:; VI1.O ANTENNA L TYPE,

SIM300CZ MODULE
\POWER ; 3.4 - 4.5V,
/ SLEEP MODE 25mA
FREQUENCY : TRI-BAND
/ gG5Ms00
DCSIB00
PCSIS0d
TRANSMIT POWER : CLASS 4 (2W)
CLASS.LIW)
DATA GPRS : GPRS DATA DOWRNLINK
TRANSFER MAX
856 KBFS
GPRS DATA UPLINK
TRANSFER MAX. \
428 KBPS ) o
| SUPPORT THE PROTOCOWS PAP
TCR/IP d
FAY : GROUP 3 CLASS |
SIf| : SUPPORT SIM CARD |8, 3V
/

TRI-BAND EciflElelo) o ‘ Y

- ' Wi B e BT
URERA AR [ €O, LD,
C‘ 1112/96-98 mm:-g'qsﬁ‘n umaws:‘[ﬂm lUIAARBILAY NTINNHY 10110 http:/www.etteam.com

1112/96-98 Sukhumvit Rd., Phrakanong Klongtoey Bangkok 10110 http:/www.ett.co.th

RS IEGILEGET] Tel : 02-7121120 Fax: 02-3917216 email : sale@etteam.com




MUt AN GSM/GPRS $u ET-GSM SIM300CZ V1.0 F’“"'l
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ET-GSM SIM300C

ET-GSM SIM300CZ ugaGauiuazimuiszuunisaednsfane neldlugs GSMIGPRS
1 SIM300CZ 181 "SIMCom Ltd." \lugilnsaiudn G SIM300C7Z \iulugadaansszuy GSM/GPRS
1AAN 1895 UsTULRANT GSM MINNE 900/1800/1900MHz Tnt A ununanasnaeansayn sy
RS232 faugards AT Command @nssaiszansideuliunnunanaagtuuy lidraziunis
Fugsdnyaunnaus Voice, SMS, Data, FAX wazffaraaiianis@aanséiae Protocol TCP/P fagl Hemnu
dsnFuda fauddnluga SIM300CZ aziavas uaz Fimware ussqlinielusnduiiFauFesudafid

Il v
Tawnroi W Eleeasaiuil  iflaminlunsldiuesa i fidnuesuiuiesnuuy
<o ST 1| P (oo U
ssarsauuen s dund@enseiuindyainesialigadnlunnsdau bidnaniwasasnia Power
Il v
Supply, 29ani@ansedy SIM Card 1o ltf999as Line Driver 184 RS232 iflufiu fatiuntafiaan ai
7 Aldanaiauefagmiudumnarlunindenseszudnaluga SIM300CZ Auginsalnnawan
Waliifldnuaisnsniugs GSM 189 SIM300CZ TiinnmaaauazAnmFouinisdeeusiigg
1 v

Tilaeazenn  rewliazinenugasaitllesnuuudnulasuazdszegnsignulususa e hlu

4 v ¥/ N ] ) it 1 280 Vo 0\ DDy, o M
auAR defaufitnasasninidensieviiumainig 87 daintwntardelidnmnsasesiunisldnu

o ' :ild ! ¥ v :// = = " ) 4 ! Ail
niwennssineitegnne uligaliarudauiomainui - wiludauseansldnullgaludouii
o 4&’0 3: =My ar 1 '3 =l v

Aymansnsandnianduiuil Frefustsarufiauiesneusa

W B4
=

el lafimufnglfiann Aasniswmuw Application figeull Aanunralszgnsifnuilasize

o A\ NN~ N Z /- ; i
vinnanidensegUnsaliumn Wituuefalilaedae Milfmezdnndmyannsieanluga ludoud
galaldvnreanuunsansienildneluuefa wu ndoanadiviudeusadiu Keyboard |
v 1

LCD Display uaz GPIO gineiu n1said weefilfidaiuduqese Connector wisasl3lhium
SRS SIN U ) { ~ A 2 T
FuvfeuudofdiRensinnadensiedaygyiouiae  anqmdensension i g masdouit v

nseanuuy 13lilnaazmneguda

ETT CO.LTD -1- WWW.ETT.CO.TH

]

108



mMslgaugANmUT GSMIGPRS gu ET-GSM SIM300CZ V1.0 FTT
=

{nssasrsuasuadn ET-GSM SIM300CZ V1.0

o snevat 1 {1 JACK DC-IN wuniida Tnafifuuanidudainn wazdwludy GND 14

FvifuindssgilanmenentruesnuuiERYy  undtddlionn sv duluiisne
nrzuald 1A fa 34

o ey 2 (i dade RS232(DCE) wuu DB9 @aiile fviuFenrery Atuunns
RS232(DTE) uwuy DBO faf anpenfames PC w‘?mﬂnmhmu@nﬁﬁ Tneldiane 9 Pin

LULAB AT

ETT CO.LTD 3. WWW.ETT.CO.TH

109



mldaugaWmun GSMIGPRS $u ET-GSM SIM300CZ V1.0 FTT
=

waneiay 3 fu fasie DEBUG 4énuiuiain uaz DEBUG Taunsa dwsudedu RS232
Lunsdifideanaeimun lsunsa i uga SIM300CZ a9
waneay 4 1 fasia R fuiufidensiefuge Handset lunrdifigiasnialdnuluga
SIM300CZ iitelnsannuaziuans Tatanansnidensiaiu Handset an mgﬁﬂ@\’*fifﬂﬂ
saneian 5 1 Socket AwFLiAaRs SIM Card Wiruuga
wangwan 6 17u Switch Push-Button d11iuld Power-On uaz Power-OFF faluga
waneian 7 il Buzzer fwiuafradnsFundlunsdifiimaadnandiliga SIM300CZ
wnneia 8 17U qnsesiuliga SIM300CZ wiasauazangdmivinlugaiuuein
waneia 9 il qafin Connector (A18111# GSM/GPRS thupn 1w 900/1800/1900MHz
wanenaa 10 1 LED uamsuvassng VBAT Tnaazfsainaiiosinnsang e faudn
wanenay 11 1 LED uansamuztssundn 2ildaniu 3 aosile

O POWER &umg azfinadng LﬁI@TN@mghmmu: Power-ON

O NETLIGHT Zwes aznszviuiiietugasslusnuz Power-ON

O STATUS @l arfiaganaiilalugangluaniuz Power-ON

wnneia 12 101 asedtyyinaiinfinlunsdiiiseinisdezgnfldnuligaiisnmn

AmaNtATasluga SIM300CZ

10950AAIA GSMIGPRS 900/1800/1900MHz
78951 GPRS Multi-Slot Class10 waz GPRS Mobile Station Class B
rRafuNn migmﬁwﬁﬁ AT Command (GSM 07.07 / 07.05 LazAdafadnann SIMCOM)
7895 SIM Applications Toolkit
VUit e 3.4V e 457
s895uns@eusianeuen
o i SIM 3V uaz 1.8V
#7947 Analog Audio (MIC & Speaker) a9uat 2 g
78950 5x5 Keypad Interface & SPI LCD Interface
flszun RTC w¥asa9as Backup

v

fifasiaia181n1ANIEueNLLL Connector UazamiiassauLL PAD

Q \NAJBOI®P J

flv11 Battery Charge Tugia

ETT CO..LTD -4- WWW.ETT.CO.TH

110



msldaugaReIu1 GSMIGPRS §u ET-GSM SIM300CZ V1.0 FTT
=

faaeinan1sliau AT Command iladasnuluga SIM300CZ

Tuga GSM/GPRS fu SIM300CZ gnasnuuilsiimiinimileu Moden Tagazldinshinse
ﬁi/d\i’]uLLﬂ:?\)ﬂﬂ’)iﬁ’UTN@ﬂ HAuManesaeans RS232 705U Baudrate s 1200-115200 BPS
Tneldgadndoun AT Command #wazilyiliunnislidanumilauds Modem snmrgusialy
Aitsusazinndfiaudi Option Lm:ﬁwz‘fﬁmuéujﬁmﬁuﬁumﬁn elmnzauuazaenpdesiy
AmasnTalumsinnuaeslugalieenmsuiou

dmFuruaziBunmsldidnda AT Command Azl dwiuRadedanuiuga SIM300CZ ki
srazilu pluuudnds waz whfimeinautesusazAd fidannsndinwmeazide asine fain

'
S o o

; .y
filaAds AT Command (Wdlanansde SIM300C_ATC V1.06.PDF) sty CD-ROM e lufitiazae
wuzthidasnisuazgUiuunsldsuAndauuee uuunedaay eluuwam R gznsulaladu

wwamasazdszneuaandnlalumsdnmnisinuesindesiapell Taegluuunesdndasingeg
4 Yo a2 od . o P
Mfli AT Command i azFusiuAndamnania ASCI 1aadadnus 2 fa e "A" uaz 'T" Jearld
o o T v I J— Y = B A o

FafnusuuUnidn e Audlnaffle Rroswmnomdeondy andufazmudasdasnda waz
Option sheTuasAda(dndl) Taamn-Adaasiiesausiasiia Enter 1170 ODH (13) tae iumds Tidn

U v
alfigunuAndadlu "ATZ" vite "atz' Aanansaldeudlignsenniianiu Tragluunufdaiansaaz

. Y a
uihaanifu 4 wuufaeii As

2 o o -
nskganu gﬂsmumm LR[S RN

o o o '

~ R N
AT+<x2=? gkuumsldarduwonil azlddwiudseudngtluuuuas
y

NAABLAAY

' '
o ¥ o =

nafimesineresfnds TnedrArdaiuflegase Tugaas

peUFLSapm Il 1ean fiinefsna| vesAndanidlet)

& o
Hanaalnau

o = 2 o o 1 o a w4 =
grudmsfimes | ATT<x>? giuumaldindauuud aclddviudagunanfimed
v

=0 PR o v v
mﬂmum%ummmm@muj Tmﬁ‘[u@mm@mumﬂmi

. - <. o oo v 8 g9
THN ﬁwwsmmmﬂwuuwmuum%LLm"Lwna‘m

T
o

Awmadimainny | ATHSE>=<2> s finnslddndauintl  azldidwiudadewidatiuun

-

. - 2o .
A TARe TITAUANGS 1w nan vumAY Baudrate

T
o =

190U AP gtiuunsldAduund alddviudsanuliugafis

d

=5¢ |
=t
e
=

N

ANAAITNIFRINTT 10 rdaTdm (ATZ)

al o o d
aenane stutunsldany AT Command (Wa <x> Aa sHAATES)

ETT CO..LTD -10- WWW .ETT.CO.TH

111



ABB machinery drives

User’'s manual

ACS355 drives

.,
~
\"%
. [( ‘
w [ o
fe
N ,

112



Operation principle and hardware description 27

Operation principle and
hardware description

What this chapter contains

The chapter briefly describes the operation principle, layout, type designation label
and type designation information. It also shows a general diagram of power
connections and control interfaces.

Operation principle

The ACS355 is a wall or cabinet mountable drive for controlling asynchronous AC
induction motors and permanent magnet synchronous motors.

The figure below shows the simplified main circuit diagram of the drive. The rectifier
converts three-phase AC voltage to DC voltage. The capacitor bank of the
intermediate circuit stabilizes the DC voltage. The inverter converts the DC voltage
back to AC voltage for the AC motor. The brake chopper connects the external brake
resistor to the intermediate DC circuit when the voltage in the circuit exceeds its
maximum limit.

____________ o
| Rectifier Capacitor Inverter |
u1 bank U2
i Zin N—
AC supply V1 V2 AC motor
W1 — A4 W2
/(=== T

| Brake chopper J<

[

|
—5__ (O /1
BRK- BRK+ /Common DC terminals
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28 COperation principle and hardware description

Product overview

Layout

The layout of the drive is presented below. The construction of the different frame
sizes RO...R4 varies to some extent.

Covers on (R0 and R1)

Covers off (R0 and R1)
A0

1 |Cooling outlet through top cover 10 [EMC filter grounding screw (EMC).
2 [Mounting holes Note: The screw is on the front in frame
3 [Panel cover (a) / basic control panel (b) / size R4.
assistant control panel (c) 11 |Varistor grounding screw (VAR)
4 [Terminal cover (or optional potentiometer | (12 |Fieldbus adapter (serial communication)
unit MPOT-01) connection
5 [Panel connection 13 |I/O connections
6 [Option connection 14 {Input power connection (U1, V1, W1),
7 |STO (Safe torque off) connection brake resistor connection (BRK+, BRK-)
8 [FlashDrop connection and motor connection (U2, V2, W2).
9 |Power OK and Fault LEDs. See section 15 |I/O clamping plate
LEDs on page 370. 16 |Clamping plate

17

Clamps
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Operation principle and hardware description 29

Overview of power and control connections

The diagram gives an overview of connections. I/O connections are parameterable.
See chapter Application macros on page 111 for I/O connections for the different
macros and chapter Electrical installation on page 49 for installation in general.

8
Control panel
(RJ-45)
NS

Screen 10SCR ?{‘QOS({%%SZ;?TU
Analog input 1 20A11 :Sé AOI7 Analog output
Reference voltage 45410V v
+10VDC, max. 10mA _ PROGRAMMABLE RELAY
Analog input 2 50AI2 AND DIGITAL OUTPUTS
60 GND ROCOM 1y
™ 95424V 18 Relay output
Aux. voltage output 250 VAC/30VDC/6A
[~ 110 Dcom 020 |
Digital/frequency output,
120DI1 Sk+ 021 PNP transistor type
30V DC, max. 100 mA
PROGRAMMABLE | 13¢DI2 922 |
DIGITAL INPUTS 146D13
150DI4 OUT1
DI5 can also be used
as a frequency input L e R U2
IN1O
6
FlashDrop —/—mm IN20
y ) Extension modules §57<5)
MPOW-01 g
. MREL-01 /
10 MTAC-01
Fieldbus adapter —/—mm)
EMC® EMC filter grounding screw
VAR Varistor grounding screw
PE PE fan)
L] e\ e Common DC Uo

or

| |
L2—i\E—ONYY\O—? brake
[
LBA4N=Q _ 0 eyt
3-phase Input EMC Output AC motor
power choke filter choke
supply,
200...480
VAC

. Brake resistor
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38 Mechanical installation

Fasten clamping plates
Note: Make sure that you do not throw the clamping plates away as they are required
for proper grounding of the power and control cables as well as the fieldbus option.
1. Fasten the clamping plate (A) to the plate at the bottom of the drive with the
provided screws.

2. Forframe sizes RO...R2, fasten the 1/O clamping plate (B) to the clamping plate
with the provided screws.

Attach the optional fieldbus module

1. Connect the power and control cables as instructed in chapter Electrical
installation on page 49.

2. Place the fieldbus module on the option ground plate (C) and tighten the
grounding screw on the left corner of the fieldbus module. This fastens the
module to the option ground plate (C).

3. If the terminal cover is not already removed, push the recess in the cover and
simultaneously slide the cover off the frame.

4. Snap the fieldbus module attached to the option ground plate (C) in position so
that the module is plugged to the connection on the drive front and the screw
holes in the option ground plate (C) and the I/O clamping plate (B) are aligned.

5. Fasten the option ground plate (C) to the I/O clamping plate (B) with the provided
screws.

6. Slide the terminal cover back in place.
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50 Electrical installation

Motor and motor cable

Check the insulation of the motor and motor cable as follows:

1. Check that the motor cable is connected to the motor and disconnected from the
drive output terminals U2, V2 and W2.

2. Measure the insulation resistance between each phase
conductor and the Protective Earth conductor using a
measuring voltage of 500 V DC. The insulation resistance
of an ABB motor must exceed 100 Mohm (reference value
at 25 °C or 77 °F). For the insulation resistance of other
motors, please consult the manufacturer’s instructions.
Note: Moisture inside the motor casing will reduce the insulation resistance. If
moisture is suspected, dry the motor and repeat the measurement.

Checking the compatibility with IT (ungrounded) and
corner-grounded TN systems

WARNING! Disconnect the internal EMC filter when installing the drive on an

IT system (an ungrounded power system or a high-resistance-grounded [over
30 ohms] power system), otherwise the system will be connected to ground potential
through the EMC filter capacitors. This may cause danger or damage the drive.

Disconnect the internal EMC filter when installing the drive on a corner-grounded TN
system, otherwise the drive will be damaged

Note: When the internal EMC filter is disconnected, the drive is hot EMC compatible
without an external filter.

1. If you have an IT (ungrounded) or corner-grounded TN system, disconnect the
internal EMC filter by removing the EMC screw. For 3-phase U-type drives (with
type designation ACS355-03U-), the EMC screw is already removed at the factory
and replaced by a plastic one.

EMC screw in R0O...R2.
In R3, the screw is a litfle further up.

“»‘jL/‘

EMC screw in R4, IP20
(behind cover in R4, NEMA 1)

oA B ENCt =
® [S)
® ® ® ®® o0




Electrical installation 51

Connecting the power cables

Connection diagram

Drive

INPUT OUTPUT
PE [UTLVINWI]| @ [BRK+BRK] [U2][V2[W2] @
T T

k T O\(L— Ry,

For alternatives, |

|
see section PE I 1
Selecting the s & \& +/-|— —
supply i el E'.‘:'_ > ,]
di ti ! ==
dgs‘t;‘iggnec o \ 8—‘: 'E \@ @ Optional brake
(disconnecting FE =X - ﬁ = resistor or _
means) on page 4) Common DC
40. L1/L L2/N L3

1) Ground the other end of the PE conductor at the distribution board.

2) Use a separate grounding cable if the conductivity of the cable shield is insufficient (smaller
than the conductivity of the phase conductor) and there is no symmetrically constructed
grounding conductor in the cable. See section Selecting the power cables on page 41.

3) For more information on Common DC, see ACS355 Common DC application guide
(3AUA0000070130 [EN]).
4) In one-phase installations, connect the neutral cable here.

Note:

Do not use an asymmetrically constructed motor cable.

If there is a symmetrically constructed grounding conductor in the motor cable in addition to
the conductive shield, connect the grounding conductor to the grounding terminal at the drive
and motor ends.

Route the motor cable, input power cable and control cables separately. For more
information, see section Routing the cables on page 44.

Grounding of the motor cable shield at the motor end

For minimum radio frequency interference:

» ground the cable by twisting the shield as follows:
flattened width > 1/5 - length

* orground the cable shield 360 degrees at the lead-
through of the motor terminal box.
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Connecting the control cables

1/O terminals

The figure below shows the /O terminals. Tightening torque is 0.4 N-m/ 3.5 Ibf-in.

Electrical installation 53

X1C:STO
1234

222

o]
g X1A X1B

X1A: X1B:

1. SCR 17: ROCOM
2: Al 18: RONC
3: GND 19: RONO
4. +10V 20: DOSRC
5. Al2 21: DOOUT
6: GND 22: DOGND
7. AO

8: GND X1C:STO
9. 424V 1. OUT1
10: GND 2: 0OUuT2
11: DCOM 30 IN1

12: D1 4: IN2

13: DI2

14: DI3

15: Dl4

16: DI5 digital or frequency input

S1:

Selects voltage or current as
the signal types for analog
inputs Al1 and Al2.

Voltage and current selection for analog inputs

Switch S1 selects voltage (0 [2]...10 V /-10...10 V) or current (0 [4]...20 mA /

-20...20 mA) as the signal types for analog inputs Al1 and Al2. The factory settings
are unipolar voltage for Al1 (0 [2]...10 V) and unipolar current for Al2 (0 [4]...20 mA),

which correspond to the default usage in the application macros. The switch is
located to the left of I/O terminal 9 (see the I/O terminal figure above).

s1 Top position (ON): | (0 [4]...20 mA, default for Al2; or -20...20 mA)
Bottom position (OFF): U (0 [2]...10 V, default for Al1; or -10...10 V)

119



A

54  Electrical installation

Voltage and current connection for analog inputs

Bipolar voltage (-10...10 V) and current (-20...20 mA) are also possible. If a bipolar
connection is used instead of a unipolar one, see section Programmable analog
inputs on page 135 for how to set parameters accordingly.

Unipolar voltage

1...10 kohm SCR
Al

GND

+10V

Bipolar voltage

SCR
A Al

+10V GND -10V
| I

GND

Unipolar/Bipolar current

SCR
M A
GND

Use external power supply.

PNP and NPN configuration for digital inputs

You can wire the digital input terminals in either a PNP or NPN configuration.

PNP connection (source)
X1

+24V

GND

DCOM

Di1

DI2

DI3

Di4

DI5

NPN connection (sink)
X1

+24V
GND
DCOM
DI1
DI2
DI3
DI4
DI5

External power supply for digital inputs

For using an external +24 V supply for the digital inputs, see the figure below.

X1

PNP connection (source)

g

+24V

GND

OVDCo—\_ﬂJ

DCOM

11
+24 V DC
—]12

0V DC
Di1

—13

DI2

—{1a

DI3

—115

Di4

A6

DI5

NPN connection (sink)

10 |GND
+24 VV DC =< et
—12 | D1
—113 |DI2
—14 |DI3
—15 |DI4
—16 |DI5

X1

9 [+24Vv

Frequency input

If DI5 is used as a frequency input, see section Frequency input on page 138 for how

to set parameters accordingly.
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56 Electrical installation

Default I/O connection diagram

The default connection of the control signals depends on the application macro in
use, which is selected with parameter 9902 APPLIC MACRO.

The default macro is the ABB standard macro. It provides a general purpose 1/0
configuration with three constant speeds. Parameter values are the default values
given in section Default values with different macros on page 7182. For information on
other macros, see chapter Application macros on page 711.

The default I/O connections for the ABB standard macro are given in the figure below.

X1A
S 1 |SCR Signal cable shield (screen) .
. ibicohm 3 } 2 |AIn Output frequency reference: 0...10 V )
: 7 & | —13 [GND__[Analog input circuit common
1 | 4 [+10V Reference voltage: +10 V DC, max. 10 mA
| 5 |AI2 Not in use by default. 0...10 V
max. 500 ohm | | 6 |GND Analog input circuit common
T 7 |AO Output frequency value: 0...20 mA
24 8 |GND Analog output circuit common
9 |+24V Auxiliary voltage output: +24 V DC, max. 200 mA
10 |GND Auxiliary voltage output common
L 11 |DCOM |Digital input common
— 12 |DI1 Stop (0) / Start (1)
— 13 |DI2 Forward (0) / Reverse (1)
— — 14 |DI3 Constant speed selection 2)
- 15|Dl4 Constant speed selection 2)
T 16 |DI5 Acceleration and deceleration selection )
X1B
17 |ROCOM Relay output 1
18 [RONC : No fault [Fault (-1)]
®—19|RONO
20 |DOSRC Digital output, max. 100 mA
—&®—21 [DoouT 3?.¢ No fault [Fault (-1)]
22 |DOGND
X1C:STO
1 |OUT1 |STO (Safe torque off) connection
2 |OUT2
3 |IN1
4 |IN2
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o v o P { A wqu
Source Code ¥9IMIiUauuId1IN Sensor !lﬁ'Jﬂ'J‘]Jfj]3»1fn5‘YI'IQ]uﬂ?ﬂﬂﬂui‘niﬁ!ﬁ@ﬁ!‘ﬂi’)ﬁﬁ‘lﬁ

Tugamau
#include <18f8720.h> /I Fondeaineny 1IC
#include <string.h> / FonaennNeIny enuse

#fuses HS,NOWDT,NOPROTECT,NOLVP
#use delay(clock=6000000) /7 dasanEa CPU wee IC
#use rs232(baud=9600,xmit=pin_g1,rcv=pin_g2, stream = GPRS,bits=8,errors)
// szmeanslFau RS232 maneia G1, G2

#define Enter 0x0d
#define ctrlJ 0x0a
#define ctrlZ Ox1a
void setmicro() // ﬁuﬂqﬁ%u@?nﬁﬂuﬂa
{

printf("at+ifc=1,1%c%c", Enter, ctrlJ);

delay_ms(500);

printf("at+csclk=0%c%c", Enter, ctrlJ);

delay_ms(500);

} /1 Augaianaudsa Tuga
void config() Il ﬁ'uﬁqﬁﬂ?uﬁaﬁﬂn@mﬁaﬂﬂi%'mu GPRS
{

printf("at+creg=1%c%c", Enter, ctrlJ);

delay_ms(500);
printf("at+cgdcont=1,\"IP\"\"'www.dtac.co.th\"%c%c", Enter, ctrlJ);
delay_ms(500);

printf("at+cstt=\"www.dtac.co.th\"%c%c", Enter, ctrlJ);
delay_ms(500);

printf("at+ciicr%c%c", Enter, ctrlJ);

delay_ms(7000);

printf("at+cifsr%c%c", Enter, ctrlJ);

delay_ms(500);
printf("at+cdnscfg=\"203.155.33.1\"\"202.44.144.33\"%c%c", Enter, ctrlJ);

delay_ms(500);



printf("at+cdnsorip=1%c%c", Enter, ctrlJ);

delay_ms(500);

printf("at+cipstatus%c%c", Enter, ctrlJ);

delay_ms(500);

void connectserver()

{
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2 7 ¥ § o
/1 augaandumsasm Tugaiolaldan GPRS

2 L a 1o A A s
/! Lin%ﬂﬂ%uﬂﬂﬁﬂﬂﬂ!ﬂiﬂ%ﬂi’ﬂ\if,mflﬂﬂ”lﬂ

printf("at+cipstart=\"TCP\",\"rtmms.no-ip.info\"\"35215\"%c%c", Enter, ctrlJ);

delay_ms(8000);

void main()

{
int check, i;i=1;
output_toggle(pin_ho);
output_high(PIN_A0);
setmicro();
config();

connectserver();

printf("at+cipsend%c%c", Enter, ctrlJ);
delay_ms(500);
printf("%d*8%c%c",i ,ctriZ ,ctrld);

output_high(PIN_DO0);

i++, check = 1;
while(1){
if(input(PIN_A1)==1)
{
if(input(PIN_A2)==0)
{
if(check < 6)
{

2 b a 1 o A A ¢
/ dugalinruAnnenN UIATUATBFUENA1

L o
/] MapFunan

/1 dsemaaautla i Bauniny 1

/1 91e'leennian Ho ieganug luTasaeuInsiaes

' ] < o
/l ﬂWUIl‘V\I’ﬂE]ﬂ‘VIN‘lH A0 Lﬁﬂl%ﬂﬁﬂWum%uL“Hﬂi

Pl
2

)
/ Foaldanuilasduaan Tuaa

Y

Fl
2

/ BonlFnulandsuaan Tugaiolaldau GPRS

Y

~ ] dd a 1w A A o
I Liﬂﬂi%ﬁ?u‘ﬂﬁﬂ%u@]ﬂﬂﬂﬂﬂlﬂiﬁlﬁlﬂiﬂ\?ﬂuﬂﬂaﬂ

1 frdaTugaives uddena
/1 id29921 0.5 U9
/1 rdalugadedeniy

i/ e lleonmav Do 1 sa Tl udunih
L. 2 v S Vo
/it | Ay 1 uag 1 check HAwminy 1
/1 Fumsugihive 11 luTasaou Tnsme i
3 13 {
/ iFaandumei i Al

3 1 a 7
[/ BAAUFULEDINYT A2

<3 1 1 1 1
//1¥AM check 1110871 6 ¥30 11



printf("at+cipsend%c%c", Enter, ctrlJ);
delay_ms(500);
printf("%d*8%c%c", i, ctrlZ, ctrlJ);
delay_ms(1500);
i++; check++;
output_low(PIN_DO);
output_low(PIN_D1);
delay_ms(2000);
output_high(PIN_DO0);

}

else if(check >= 6)

if(i ==17)
i=5;

printf("at+cipsend%c%c", Enter, ctrlJ);
delay_ms(500);
printf("%d*9%c%c", i, ctrlZ, ctrlJ);
delay_ms(1500);

—i:
output_low(PIN_DO);
output_low(PIN_D1);
delay_ms(2000);
output_high(PIN_D1);
check++;
if(check == 11)
{

check =1;i=2;
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/1 frdaTugarives udadenuy

// ¥99@1 0.5 W

1 frdaTugadadonan

// vaal 1.5 i

J/ A | §1 check 34 1

// snann13 918 11Nn19v1 DO
// saianm3neliniean D1
// HUNNAT 2 10

// 918 lWleonn1avn Do

//1¥af1 check 1ARIMT oA 6 W3 i
/8 imny 7

/W 1 iaumny s

1 srds TugaritoB udedonin
/[ ¥a9a1 0.5 AW

/1 fda Tugadstoning

// vidaal 1.5 i
/aamiagl

// anann13 918 11n19v1 DO

/ sarann3nelinean D1

// HUNNIAT 2 30

/1 nelWeanniavt DI

1/ A check A 1

/1 8 check fiAumiy 11

v o LA 1w
/1 19 check TaUNINY 1 4ag i YAWNINU 2
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Private Sub Timer2_Timer() S 1ile Time2 v

Select Case StrvalueC ; ma%ﬁ@umuﬁaﬂiﬁ StrvalueC

Case 1 - 13J® StrvalueC 1M1 1
station.FillColor = &HFF& s el 1 Wuduag
station2.FillColor = &HFFFFFF s vua il 2 udvn
station3.FillColor = &HFFFFFF - mua Il 3 dudun
station4.FillColor = &HFFFFFF - el 4 Wy
station5.FillColor = &HFFFFFF - vua Il 5 dudun
station6.FillColor = &HFFFFFF s el 6 Wudun
Timer2.Enabled = False ; HgAN311U Time2
Timer3.Enabled = True - BuMsa Time3

Case 2 - 11/ StrvalueC 1A 2
station1.FillColor = &HFFFFFF - fvualdaori 1 15udun
station2.FillColor = &HFF& s mualiani 2 Auduag
station3.FillColor = - fualdeoi 3 15udun

tation3.FillColor = &HFFFFFF i 34l
station4.FillColor = &HFFFFFF - el 4 Wudn
station5.FillColor = &HFFFFFF s mua ol 5 3
station6.FillColor = - fmualdeanil 6 15udun
tation6.FillColor = &HFFFFFF % 611l

Timer2.Enabled = False ; gANIININY Time2
Timer3.Enabled = True - BuMsIa Time3

Case 3

station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFF&
station4.FillColor = &HFFFFFF
station5.FillColor = &HFFFFFF
station6.FillColor = &HFFFFFF
Timer2.Enabled = False
Timer3.Enabled = True

Case 4
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFF&

station5.FillColor = &HFFFFFF
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station6.FillColor = &HFFFFFF
Timer2.Enabled = False
Timer3.Enabled = True

Case 5
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFFFFFF
station5.FillColor = &HFF&
station6.FillColor = &HFFFFFF
Timer2.Enabled = False
Timer3.Enabled = True

Case 6
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFFFFFF
station5.FillColor = &HFFFFFF
station6.FillColor = &HFF&
Timer2.Enabled = False

Timer3.Enabled = True

End Select
End Sub
Private Sub Timer3_Timer() - 1ile Time3 a1
Select Case StrvalueC \ maﬂaaumuﬁaﬂiﬁ' StrvalueC
Case 1 “14J StrvalueC i 2
station.FillColor = &HFFFFFF cmualdaanil 1 dudn
station2.FillColor = &HFFFFFF - fvualdaoi 2 5udun
station3.FillColor = &HFFFFFF - mualdeoi 3 5udun
station4.FillColor = &HFFFFFF s vua Il 4 Wudn
station5.FillColor = &HFFFFFF - vualdaoi 5 15udun
station.FillColor = &HFFFFFF - fvua 1ol 6 dudun
Timer2.Enabled = True : BFUMU Time2

Timer3.Enabled = False ; NgAN1IINY Time3
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Case 2
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFFFFFF
station5.FillColor = &HFFFFFF
station6.FillColor = &HFFFFFF
Timer2.Enabled = True
Timer3.Enabled = False

Case 3
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFFFFFF
station5.FillColor = &HFFFFFF
station6.FillColor = &HFFFFFF
Timer2.Enabled = True
Timer3.Enabled = False

Case 4
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFFFFFF
station5.FillColor = &HFFFFFF
station6.FillColor = &HFFFFFF
Timer2.Enabled = True
Timer3.Enabled = False

Case 5
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFFFFFF
station5.FillColor = &HFFFFFF
station6.FillColor = &HFFFFFF

Timer2.Enabled = True



Timer3.Enabled = False

Case 6
station1.FillColor = &HFFFFFF
station2.FillColor = &HFFFFFF
station3.FillColor = &HFFFFFF
station4.FillColor = &HFFFFFF
station5.FillColor = &HFFFFFF
station6.FillColor = &HFFFFFF
Timer2.Enabled = True
Timer3.Enabled = False

End Select

End Sub

Private Sub Winsock1_Close() ije lifinmsi¥eude GPRS
If Winsock1.State <> sckClosed Then : Lf}a"lliﬁmit%amia
Winsock1.Close . Tamsizoune GPRS
End If
End Sub

Private Sub Winsock1_ConnectionRequest(ByVal requestID As Long)
1ilo GPRS Aageandalalsunsa
If Winsock1.State <> sckClosed Then Winsock1.Close
} G]i’]i]ﬁﬁ]‘i.lﬂﬁ!"]dlfﬂlm'ﬂ
Winsock1.Accept requestID
- gousuMsIAode

End Sub

Private Sub Winsock1_DataArrival(ByVal bytesTotal As Long)
: SUd03a91n GPRS
If Me.WindowState = 1 Then Me.WindowState = 0
Winsock1.GetData Strvalue

o {0 < o
Suteanunsuldnu 13 luduila Strvalue

Dim cStation As String - Jszmadanilade cStation Wudnyuzdnvss

) . o 4 3w o
Dim cMotor As String “1lszmadauiladye cMotor ludnyazdnuse

129
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Y o o .
NUNIBNHYT amﬂ”lﬂumuﬂa cStation
2 o oo o P}
il

vienbsiganeliluduila cMotor

cStation = Left(Strvalue, 1)

cMotor = Right(Strvalue, 1) ;

Select Case cStation - asaeumaienly cStation

Case 1 To 6 ; & cStation FAuMAY 1896
StrvalueC = cStation - ¥ StrvalueC fiAm1ny cStation

Case Else

End Select

Select Case cMotor ; asvdeUMaaen 1 cMotor

Case 8 : 81 cMotor HiAumMAy 8
sMotor.Caption = "@un¥i" s uaraanaitludIs I unth

sMotor.Refresh "
Case 9 - 1 cMotor HAWNMIAY 9

. g | v o v @
sMotor.Caption = "n2g1aN" . uaasHaluAI0nEII DoENaT

sMotor.Refresh

Case Else ; ii’nﬂu%mmé’uq
sMotor.Caption = "Msg lose!" s uaraarailu@IsnyI N Msg Lose!
sMotor.Refresh

End Select

End Sub
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remote control. The vehicle can be cortrolled by either trom the

control center or a In cara of gency or
of a train station The project composs of a miniature 4 seat train
vechicle is driven by an inverter AC Drive Electrical uility of the.
train is supplied from the third rail bevoath the. train model. The
train model of the project is about 500 kg of customer weight
which speed up 10 20 kghr.

The results show that the train can work property in both
normal care and emergency care.
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