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ABSTRACT

This thesis proposes the operation and control methodologies for a
Battery Energy Storage System (BESS) designed to mitigate the negative impacts of
lithium-ion energy storage from being used, by designing a Battery Monitoring System
(BMS) to provide real time statues of batteries parameters such as current voltage
and temperature in order to prevent energy storage from deterioration. The data of
parameters will be sent through CAN-bus that allows microcontrollers and devices to
communicate with each other in applications without host computer. Including,
providing energy storage control system for smart erid supporting in low voltage
distribution which run in co-operation with BMS. These systems are controlled and

resulted in the real time monitor.
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1. n1s9nenseualnia (Discharge) mwamammimaﬂ'sul,aalw“ﬂ'iauﬂu
Wﬂmmﬂm'ﬁmmLﬂuWﬂWuaaummLmas%“aqwawﬂwa’maaLLummaiauaqmﬁvawuumﬂw
wummeITenseualwinyseana 70-80% YBINUUUAADT 19U wume3 24 TaagiAass]
ﬂmﬂmmimaﬂiuLLﬂlWﬁmeiqmulw“ﬁmwmm 20.4 T1ad ¥SaUssua 85% °Ua\1ﬂ'3’111’-‘ﬂ
u;umLma{[ﬂammmmm’ium':tmansvLLalvlﬁwuaanuamwmaememai WU wURREIT
WA u,avaymmwummmwm’tumimaﬂivLLaIwﬁﬁ‘Lm

2. m‘smaﬂivwmwmmai (Normal Charge) ﬂ'gﬁsv’mlu'lmamwﬂmaaataﬂ
Insladgadiu 50 °C mamuwnmmaqmu.ummasmmnamwnmaLﬂulﬂﬂﬁaﬂniu sualnvinly
msamﬂisama{iaqﬂulu”lwamwnmawaaaLaﬂTwﬂamawu wazaamsIvaevlviuulaily
mimaﬂwmmLmasmamuumwumamnﬂmawmvamﬂsvﬂlwﬁmmaam wiouduudn
wagavhliieUsenelndasdusunsoatass

3. n13daus¥liuuunszdy (Equalizing Charee) 1unisdause Skl
nivLLalwﬁwaemuwnﬂﬁmsmmmmasu:u"umvﬂ'Jnimwam%mm?a FAUVDIANTTANG (SO4)
Ummuﬁmﬂivwaanmﬂgﬂisneaal,w*uu (Sulfation) ‘Vii@‘?j\‘lLﬂﬂ‘-ﬂ’lﬂUQﬂiEﬂLﬂMﬂluﬁMU‘im
“BENLLUWLG]aiﬂ’}iMm‘SEJGi‘UiuﬂWtLUUﬂiuﬁm (Equalizing Charge) vn 6 o viendeann 20
mwmmsaﬂﬂsvmwammmmulwﬁﬂwnuwaama’luwmmasﬂﬁvmm 10 %

4, ‘WEﬂEi’]ﬂJ'ﬂﬁﬂéﬂEJx?ﬂ’l‘ﬂ‘ﬂLLUWLW’QWUWJ@LLE’JPIE]EJE!@U‘J“QlWLWBﬁ@QﬂﬂIEﬂM
Lﬂmasmm‘smaﬁivﬂuamsmawwvm'lmmmLmail,aamia



14

5. lunsiivsnwnanmuuameiiullasfulud 9 gumpiiguiulvinge
9Nl aaﬂ}'uﬁ]vngﬂiml,ﬂumalu'lﬁlaaaumqmaauwlamnmuummhmaﬂgﬂimmﬂ
Puuazdwaliorguesnunasiduag

6. SmiuuunmeSuvudiiion (Lithium) s uBussdaafunummedliiiy
wamnulaghilalonlignuseglitussna 40% vosmmmuesumpsiuduiviiiuiiy

2.6 #0MUENSUTEUUALADS
2.6.1 malsznainawisulnihivasegluuunae’
U‘%mmwé’mulw%ﬁmﬁaaﬂ'l,ut.t,umLma'%'mmiaﬂiummlﬁmﬂﬂﬁmamuv
Usgq (State of charge, SOC) Vo ILUALADS Tﬁaamuumﬂ‘su%ﬁa mmumvwsawmmuw

maaaa’lmmmmai Q) wmm’lu‘sﬂmaamaswummawnmmmmwmﬂai (Cr) Maaun1si 2.1

SOC = 'CQXIOO 21

R
LiJE]LL‘UGILG]@‘SLW%J‘F‘I’]’ﬁﬂ’}uvﬂi”ﬁ]ﬁ]”ﬂﬂqﬂi“”ﬂmﬁﬂﬁ 100% ez LN@L&‘UWLW@i
ﬁﬂﬂﬂﬂ’lu“‘ﬂiuﬁ)ﬁ] ﬁJF’}’]L‘ﬂ’]ﬂ‘U 0% ﬂﬂuuﬂ'lﬁﬂ'}u“’ﬂi“ﬂ‘ﬂaﬁLLUG?LC‘)E]'SRN&.Iﬂ'J’]ﬁJﬂ']ﬂE‘UM"Iﬂ Tu
iu‘Vl’J'Nﬂ')'ﬁ’ﬁ’lisﬂuﬁuﬁﬁﬂﬂi‘ﬂ‘ﬂﬁ]%mmLﬁla‘i TNILHLIATENIN ta LAY tg mt.mmlusﬂw 25

wﬂmwaaqmwmaaaama’iuuumLmaimaauwmmﬂ Qo Qp eaun1il 2.2
p
Qs =Q, - AQQB =Q, L I, (Odt 22

A i - U £ A
IAETINTZUAVBIUUALADS Toate firnduuinsgnitamsansonumned Tunig
LﬂmﬂumwaNﬂuwWiaaa&fluLwcv'imaﬁmaammam’m Qo Wu Q udwinlAraauzUsea
WaBuwUaIIn SOCy = SOC(ta) W SOCﬁ SOC(tp) e Wletraunasd 2.2 Lmuaﬂu
aunsi 2.1 fivaan to e tg muummwwmmmu,ummaimmmmlmmu
Q(l - QB

C = C =
*P soct, ) - SOClty)

jt 1t

- = 23
soctt, ) - SOC(tB )

NNAUNITN 2.3 ﬂ’liﬂ‘iuuﬁ‘MF’]’]ﬂl’m%WdﬂMﬂ‘UNLLUWLﬂa‘iﬂ’lﬂﬂﬁﬂﬂ‘d’liﬂ
wummedlisuudosiamnsaliuunns i ‘Imamamu“'ﬂswmaaamﬂa SOCq Wag SOCH
ﬂivu,aiwmﬂWiﬁa‘mwaqamu.,ﬁivwnm to Wae tg WeawataursariunlduTE e
mmqmamummaﬂm
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5] 7 R - - R = P =
0 SOCy SOH 'y 1

S50C

d o L 1 @ L2 =Y
gﬂ‘ﬂ 2.5 ANUAUNUGSTY wmamuzﬂszqnmm AUTEULLUAINDT

wsanuuziUn29395 (OCV) :Jmmauwumﬂuﬁanﬂnunumamuwﬂsv«11 hag
mamamu%umﬂaammaamn SOCq tlu SOCp m’lumamumvmmmimaauLLUaamn
OCVy = OCV (ta) W ocvp = ocv (tp) o useiuvmsilmeesimmduiusidusududiy
anugUsey Faruantuy u“svwaau,'uwLmaimmmﬂ'ﬁvmmlmmams’l%aua’lumm Faler
PINATATIVIAAIUTIAUY UL A995 ﬂmmauwual,wau«uaamim’mmmamuvﬂivaﬂv
WUV ;ﬂmqmmmiﬂwﬂunmwmammamuvﬂsowmLtumma"’lmms‘u 25

2.7 IATFIUNTNAHDUAATWLUALAD S

lusnmsgrudmiunisnsiadeununined (Std IEEE1188-2005) 4anannnas
Tousaiulvi nszudlnit uazgamgivdrdaimunlinismaaeumaudumunigly
(Internal ohmic measurement) %m‘uwLﬁia%""?j"uﬂu%uﬁlauuﬂmigmﬁﬁadﬁ’lmimaﬁﬂﬁgﬁﬁ’
Lm’mdﬂﬂ'wmmﬁ’wmumU'luﬁuamumma%nﬂumﬁuamﬁeamwm&;‘lwaummma? WU
anmveunustg Anuiinihwesdiinlnslad uaranmnisdeuronieluvosuunine?
Wiy

ﬁaﬁgunm’dﬁauLLUENmmﬁhﬁmu&]’mmumﬂlwaamema%‘ﬁu?}um%mm
ﬂmUaemLLUaa (m3deuaswosnunaed) 19 N1IVAARUAIAIINAIUNUNE TUYB I UALADS
uummmwmaavmmmmmu (Std IEEE1188-2005) léisuuniinisnaaeummnudiuyiy
melu wiswondu 3 35 fe

1. n5inAduiiuaud (Impedance ; 7 ; fvthedu Ohms, )

2. m3dnfmeusinuaud (Conductance ; G ; fimisendlu Siemens, S)

3. MyIar3gaunud (Resistance ; R ; Svedlu Ohms, 0 )

PNMINAFDUAIA AN LAY anunsaguuiliuAniugueLuALAe3
Immm'mw 2.19MNAATFIUNTIATIVAOULUALMBTTIRARZAINTA NUTMUMASTLAANS
Houann zilvu1nAIILg (Ampere hour : Ah) anasAefiAAaus LAy (G) 1 umdln

v

DUNUAUT (2) uarAi3daunus (R) g9 amL;JaLﬂmﬁwmmnfcmLi'ml,ﬂumaamn’lsﬂssmuwuw

9

ANTNVDILUA Lﬁ@ﬁﬂﬁlﬂ’liﬂﬂﬂ?“%ﬂ’]EJ‘WﬁaﬂTmﬂ LWE]V]'ﬁ‘V!ﬂ?ﬂ'J’ISJﬁJ‘UENLLUﬁ LG]E???.IFI"ILWSJ‘UU
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LLavﬂé'Udamavmwmﬂnﬁ%’aaﬂumiﬁuamm mum‘mﬁumuwwamwmamucﬂ o3
mmﬁamammLmaﬁmmunsumum*iunauhﬂ‘zm'mlmamaws“ﬁ%ﬁmw

= =l LY v
AN 2.1 TWINAMYYRUALABS (Ampere hour) fuAAuFuunely

PWINAMUVBIUUALADS Aoudnuaud | Buiuaud (2) Weuaud
(AH) (G) (R)

wummesfivuamugtiey fin o R

wumae3fivuinmuqun N i1 i

2.8 STUUIANISUUMADS (Battery Management System : BMS)

lufhigtuszuudnnisuunne? (Battery Management System: BMS) fs3U
26 ’mmiamuﬂunﬁamﬂivalﬁimﬂ‘luﬂﬁmwmu SRREL LTI u,avﬁﬂamwwaam
WURA3RAY 9 mmemamma”wmmﬂwu uazdnuLNsSAUTEYUANAaiulY fady
ﬂﬁm'lvimsadamﬂ?ﬁ}mmiam%aﬁuawm vM3dnUszuesumaollimnaiauiy
Feaddy Faanunsavildlasnisimundennaslunisdeans wioflSuniluslanea
(Protocol) 'i“wmt.ﬂ'imamﬂiuaﬂw.umLma‘klw,ﬂulﬂmmmmSﬁ'luma’aﬂuimefw‘ﬂmﬂaa OE
LﬂudquwmmuLﬂsaqamﬂivmwa’lvrmmmaml'ivaﬁﬂwt,ummaiLLmawﬁuﬂlﬂamammuau
HUszdnsan uaslinuinieie mevmmmLmaiLmau‘nuﬂmmammwnmt.imulﬂﬁ'n
wazR Tngamafinuane 19Ul mnRausasulniiiy wisgumaifiguiululurayins
onUssyezdmaliuseavinmusanunimnetanas uaraeldnstenduuve L umses
Tifulnananasmulude fduisdemsasnsusmisiiivwefeg 9 1y Ausasuluia
LLavammﬁ‘aamumma‘%maamwznmn’1'35%53%161ammnmnm'maau WAZULANINADDN
I3y U (Battery Mornitoring System : BMS) m’iu{]%wmuwsnmmmsmmaima 9 1a
WY NI TTUU (Battery Monitoring System : BMS) FufluinIasiiofldluns
ATIVABUAMNNTVBINUANADT 1BTLATINADUAHITTIR 250 7 YosuUAW B3 luvE Y
whAwsfiwesAldufuin waruanmar uetiee LCD ansalvidayauuy
Fealnl (szuuianase) maa“uﬂmauumluﬂmmmwaLLaw,adLmaulUm FEUUIANTS
WURLes (Battery Management System : BMS) &4a1#ii51%i1n155a wazuanINanan q 4
Fasaluid

u MSASIABY S¥UU BMS IWNMINTIVADUAIRAULAN ) VoILUMABTIY
LY 1

- Ausaiulni (Voltage) : wssdulniisay ussulniluusasioas

- Argamgl (Temperature) : gumgiliad gaunnilluwsiaziead

. ﬁmuz’iunwé’ﬂﬂis'«gﬂammma‘% (State of charge: SOC)




dninnoayanang NI mAny sy,
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- m'marmmﬂﬁmwsywmwmLmad’Luﬂnsamﬂ%mwmma""lwu’tuumav
A% (depth of discharge : DOD)

4 k4 ] <
- nazuali (Current) : mﬂml,alwﬁ'awmgl,zmmas wazn

=
NI UALAD T

seualniig

o U - A v o - o 1 ;
NIAUIA AWITEWaTAsTUY BMS Tadwna Sfwelyi

- Annszudlniiigegalunsdauseq (charge current timit : CCL)
- ﬂisLtﬁlwﬁﬁggaqﬂum'ﬁmaﬂisq (discharge current timit : DCL)

ﬂ"liﬂ@ﬁ'ﬁi“"‘u‘U BMS ﬂummsﬁemwauama g N’lu’dﬁﬂ'}'ﬁﬁ@ﬂ'ﬁﬂﬁﬂﬂiﬂu

< miaaammu CAN (Controller area network)
- msaaammmmuﬁms (Wireless LAN)

- gamaiiiiuniung (Over-temperature)
- wssiulwAuiundwn@ (Over-voltage)

miatasiiuszuy BMS vhllesiuuunimedlnsanadsolyi
- nazudlwituAundni@ (Over-current)

- gumaiisinnInd (Under-temperature)

- wsasulW eI UNR (Under-voltage)

g ( 1 ¥ -
N Cirouit current sensor , Bus j Charg I . Thermal Cooling control
main circuit volaget sensor “'""““""'l System supply module il Heating control
o 1 o v 5 ok 0 gl
' § Rattery box outside temporature \I
r"——---—--.
: Battery box coolant inket temperature T . l( Balanced ool select
I Battery box coolant outhdt tempornture ¥ " : control module Active/passive balancing
!‘-—*——:-zl":’::‘;:::--:E'E".—E::E"J:, Battery bos cover state switch
l‘- 1 Maim circuit pasitive contactor
i Battery cell voltages Cell voltage | ! Digital High Ratiery madule contactor
’ Battery module voltage : e oy safety control Main circuit negative contactor
l\ h Main circuit fuse
Acevderating pedals soosor | ' B Lt -
Accclerating pedals wnsor 2 General b Calibration channe '
Brake pedal sensor | analogae ingus I The controller CAN channel 1
Beske pedl s 2 - ’\...__........_..“:m‘."i*!.‘_*‘:.‘h-:."-i‘_'
5“"‘1*! ONOFF "ﬂ“l‘ R Balancing working indicator
Economy/sport switch General digital Man-machine (Mddack (.unddmﬁ SOH indicator
Charging allow/hanned switch mpats interface mdnl:} Charging indicator
Balancing allow/banncd switch ¥ L (herload overs oltage alarm
Fathure alarm

= w &Y
UM 2.6 szuudamauunneslutiagtu

144434
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2.8.1 NANNTI5VIN9LYDS CAN
Toyaay z@988NUIINYNIMUA (node) VUNISHRATITUUY CAN uazqy Taigl
FWUS (address) Falnunds wazluunsy 'mavLaamawammmaﬂmwumiﬂamss

-

(Identifier) vmaﬂwmvmwwvm'lumsammﬂ 7 nunuuiAsetsasutony uagiidinis
houlaggandisey wasuraslnunasdadulaineeSudeniny wialilnggaindasey
Fomuunsfudeiinundy 9 maemwumﬁwammuumﬂiumawa olillasfuniag
vandealasnslifutermnniug uavdrivane q Adadnnden 9 nusluazdngulely
ﬂ'ﬁi‘U’IJElF)’J’IﬁJVIL“ZﬂiJ']IﬁEJﬂ’]‘iﬂTIJJ’]ﬂElu endduusanunseifiiivusunnnitasduad
wengzdayaluiiafeaty n1sdeaisuuy CAN n%mwﬁuﬂiuﬂ'}iﬂmﬂ’nwaua Tneil
N5 funau- ‘waqamwmmumsuﬂsvﬂulﬂ'nlumaua‘lmammwmvwmw3aunu’[.una1
ey

2.8.2 fafvessruunsdasmsuuy CAN

- a‘]mmﬁﬂumiﬁami‘il'mdaﬁﬂﬁmima‘uauawaaLw}'aﬂm@aﬁmsaw‘ﬁmw
ansednnsiudasnisuniiedeyaldgeants 1 wneludreiund

- AIDMUANEUNTAIN 9 wuuiuitviula (Real Time)

- se95uUATean3uie (Video Streaming)

- dnsaldlugasie g wiiluldunn

- finyweunsalunsesisdutedawanaldograiiuseansnm

- fisnglfosndy innelsruumeiadainiate (Network Cable)

2.8.3 fardevesszuunisieansuuu CAN

- Yoriavedluuarng 9 o1ava vie Wuady vlinisinsedeansitiym

- minlvus vielugalinsdasesansnaforhldssuuiomedumals

- natsgsuussiuliidnsindedoaseadumaly

- nstluunmesliiis e w%aﬁﬂ’l'smaﬂaaﬂawﬁﬂﬁﬁaaﬁy'ePh‘lu@a'f,mjl,ﬁaiﬁ
Anstaifuieioteld vieSeninisindelg (Re-establish)

- nsneaa el viegunsaiunsiiliviha ermvilissuutudumanly iy
EAN A TR R PR Y mﬂmamaé’muﬂumsmaummmﬁuﬁ’um%q
v mseu (Heater) laivhaty wvuedusufarldssuuusvonelaildiae
Wusiu
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2.8.4 AMUENYSAINIUNITHIY

CAN (Controller Area Network) ana1saiiay Fansiudeyaiids ndesuly
am';vvzannwu,maaulmﬂﬂm wagdinisveremsasaiudefionan wislruulatn nsdoans
wauauu g Lamauaamm AIMILEANaR (Error) ONATIINU MINNINTFIW 1SO 11898 gt
ﬂanau‘uaumw Controller Area Network (CAN) mm‘mmuaalmmammmmmmmmuﬂa
maﬁamﬁwmwnuuﬁmmmmﬂmﬁams mﬂﬁaaﬁumﬂamﬂulvlmmﬂ videaedeansil
msfenfuiulninay

Noise in straight and twisted pair cables

tetetete

g o

Straight cable

u dsds

-

Twnsted pair cable

—s Magnetic field
- [nduced noise current

i‘!J‘VI 2.7 MsFuddeyny mma\%ﬂmsfﬂwumumim WAL AEELAUNTS

2.9 EIA-232 / RS-232 INTERFACE

Lﬂummmu’luﬂﬁﬁam'i*z'}auaLvuuauﬂsmﬁmmmammmimaé‘ﬂmaﬁﬂﬁ
(Electronic Industrial Association) #3a EIA mwumuma’lmmwaﬁmmm maumaaﬂnm
semiIniuly uwasdonldunsvany auﬂivmﬂsuﬂsammmumumw 3 %39 revision C way
ﬂmEJLUuzJwmgauiuﬂﬁaamwazgmmuaqﬂswuw’imnumanmluﬂww FIWRIUY
ABu MBI ILYAAS

NI EIA-232 Qﬂﬁ’wmLﬁaqﬂﬂsmﬁ’Lun'm%amia‘ss%d'}ﬁqﬂniﬁﬁméf’l
wosiusadadUiuuv (DTE: Data Terminal Equipment) 194 asufitimed, PLC
(Programmable Logic Controller) n3oRdnealines uazgunsaladueesinmosiiunis
8ATUluY (DCE: Data Circuit Equipment) Wy Tuwiiy viediiiioneuiiasines (Media
Converter) Ima’lmsn15i~uaaammmuuuaumu‘luiﬂuwmmaa Tuszuuaugramngsy
omaEiifiet1ed1e 9 Aenadioude PLC kuludin niefiitoneunsfmediiadarls
72UV DCS (Distributed Control System) %58 SCADA (Supervisory Control and Data
Acquisition)



20

2.9.1 23AUsznaUWANYaY EIA-232

WM EIA-232 Usgneusie 3 dauvdnddolud
" auanwazvesdyy el Wy sefudyaa
" Adnvaeng viennuiminvesmaideuds wWu Ussinnaeudinmes
= Waﬁ?}"wamwmaﬂmﬁjauﬁ’mmm LU waUALGA

RTITAVER R AT TRV R R R b

EIA-232 ladouaudnvusvesdy gimumialiii Wy sedunseiylni
AMETNYUEYRINT1IA (Grounding) Lﬁa'i,ﬁﬁmuaaﬂﬂé’@&lunmtamﬂﬁaué’mmﬂm‘lﬂaﬂﬁﬁq
3l fg'lmvmuu,wluﬁma (Unbalance System) fiads nSavsiuadamas (Transm|tter)
AIUNINTFIU EIA-232 ADan1929958519us eI iluga9 +/-15 B9 +/-25 V §aiitieny

o8
£

sagialul
- 983N 1: -5V fi9 -25V
- 8930 0: +5V fia +25V
- Liflewaedn: +5v & -5v

v as

AfITU 38381185 (Receiver) MunIn g1y EIA-232 Haan197995a%e
wssiulniuden sy Tnoldenuseduns sl e lud
- 8830 1: -3V iy -25V
- 2830 0: +3V 4 +25V

- laiflonuandn: +3V 89 -3v

AdnwzMLeinYeInTdewse

EIA-232 1ﬁﬁawuﬂ§ué‘ﬂwmvmummﬁn Wionna fianunsadanadenils
5¥Wi19 OCE way DTE Hafifenisdafudnwasnsideusensnenmiasusn (Plug) wag
danuie (Socket) wsamma'ml,saﬂmﬂaut,unmaimmmma Uﬁvmwiﬁ‘uuaaﬂuﬂiwmm
ﬂaummmamaauum DCE %38 DTE

Tagdusnudalutlagiuasiduusyan DB-9 vide DB-25 viaureATienaee
Wy RJ-45 Sspeudinmed RI-45 suduiifendenlifuides wagdaldiuanegwuinden
nudyasuniuled 8 Dauslin gy EIA-232C lﬁlmvuﬂivmmauLunmaiamaﬁﬂwmm
DB-25 (25#u, D-type) ﬁlmgﬂ’i*ﬂaawuwmm&;wﬂmmﬂummgwuqummﬂim (De Facto)
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d o U o L .3
A13719N 2.2 ﬂ?‘iﬂ'?'iﬂuﬂﬁ‘éym']Wﬂ’l‘lﬁUﬂ@ULﬁﬂmE]iLtUU DB-9 uay DB-25

PIN DB-9 connector DB-25 connector DB-25 connector
NO. IBM pin assignment EIA-232 pin assighment EIA-530 pin assignment
DTE
1 Received line signal Shield Shield
2 Received data Transmitted data Transmitted data (A)
3 Transmitted data Received data Received data (A)
4 DTE ready Request to send Request to send (A)
5 Signal/Common ground Clear to send Clear to send (A)
6 DCE ready DCE ready DCE ready (A)
7 Request to send Signal/Common ground Signal/Common ground
8 Clear to send Received line signal Received line signal (A)
9 Ring indicator +Voltage (testing) Receiver signal
DCE element timing (B)
10 -Voltage (testing) Received line (B)
11 Unassigned Transmitter signal
DTE element timing (B)
12 Sec received line signal Transmitter signal
Detector/data signal DCE element timing
13 Sec clear to send Clear to send (B)
14 Sec transmitted data Transmitter data (B)
15 Transmitter signal Transmitter signal
DCE element timing DCE element timing (A)
16 Sec received data Receiver data (B)
17 Receiver signal Receiver signal
DCE element timing DCE element timing (A)
18 Local loopback Local loopback
19 Sec request to send Request to send (B)
20 DTE ready DTE ready (A)
21 Remote loopback/signal Remote loopback
quality detector
22 Ring indicator DEC ready (B)
23 Data signal rate DTE ready (B)
24 Transmit signal Transmitter signal
DTE element timing DTE element timing (A)
25 Test mode Test mode

& as <l as
ileiduretsasuanauudyy o
o & P ) ° o w al &
EIA-232 figwileiPurensasuanidsudyyadwmivieya Inis wienns

v oas ﬂ!! 3 J ! J 4 1
WI9IMIEIaT wagnismunudsianueldlunisouredeatssening DTE uae DCE aeals

' 1 el a oY ras P o  w o a < LY
fanuddehiinsiemddlidmauiigndmivsruunuiiienfunstearsluszsuuia uay

AIUAN Wiav 13 viseusdarRuasluwvasiidanszuaioatrsnszualilvansuiasing

d ‘Cl! 2/ 1 s
nsinasglvaluiimnsmsgadunnilésmunnases
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msﬁaa'mmuauﬂm duiilanuddgdenisldiululasreulnsamedann
wsrzanansoltutiufiuy wassenimves PC Wy 3 dunm LLawmewm'lumwﬂma vieRIUAL
lulasreulnsaeasfmedyyasdrados o 3 Wuwihty ta

- dneasdy I TX

- feTudyaa RX

- LAas GND

lngunfinesnoynsu RS232 asanunsaseansldsn 50 WalpoUseanm ¥ wuaa

ﬂU‘UUﬂ‘Uﬂ\‘]ﬂ”IEIﬂﬂJEQ’]{U TITYENN LLa”‘UﬁﬂﬁJﬁﬂJﬁy’lﬂJiUﬂ?u

= | 2 )
sUN 2.8 DBY PG LIBUDININMIUNE

Y

< i 2, s < i [y a v
137190 2.3 Pin DESCI’Ipt!On ﬂqiLﬁaMWQQUﬂiﬁjﬂqﬂuaﬂl‘UqﬂUﬂ@uW?Lﬂ@%ﬂ?ﬂaqﬂ bB9

Pin Description Type
1 Data Carrier Detect (DCD) Input
2 Received Data (RXD) Input
3 Transmitted Data (TXD) Output
4 Data Terminal Ready (DTR) Output
5 Signal Ground (GND) Input
6 Data Set Ready (DSR) Input
7 Request To Send (RTS) Output
8 Clear to Send (CTS) Input
9 Ring Indicator (RI) Input

3 TXD XD 3
2 RXD RXD 2
7 RTS RIS 7
8 CTS CTS 8
4 DTR DTR 4
5 DSR4—"<—»DSR
5 GND—GND 5

= o i '
3UN 2.9 naFeusegunIalnteuantiy DBY wuy Null modem
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3 TXD ™D 3
2 RXD RXD 2
7 RTS RTS 7
e . CTS 8
4 DTR DTR 4
6 DSR DSR 6
5 GND GND 5

=i = I L3 ] 17
E‘LJ‘VI 2.10 ﬂ??L?jBMWﬂQUﬂ‘EﬂJﬂ"IUUQﬂNWﬂ DB9 uuu 3 tdu

MIYNNUYeIIdY QI8 DBY
XD Wuwnilddetoya
RXD huwildsudeya
DTR wansan1gneininlalday, DSR ns1vsauimess wmmﬁammﬂmaa Wiol
- mmﬁmwmmannsu 91 DTR 9¢ ON Lwaiﬂﬁaﬁﬂimﬂmumnmmmm‘smﬂmama
- luvawidlenfufiagasiaseunn DSR hgunsaindon visl
RTS uansanmwesnitfesnisdedoys, CTSmmaaU'imaﬁ’mﬁﬁﬂsiaagi ABINTS
detioya wiolyl
- flefasmsdsdioyann RTS 2z ON uazazdidieyasaniinn TXD iiedudfafiay OFF
- luvieniufiaznsiaseunn CTS Mgunsaifesnsiiazdedioya vielsl
GND %1 ground

szfuduouuves RS232
- | n
+3 -

-15

szorudqugaavas TTL
v

+5
1 a
0 T

s

d s s o
3UN 2.11 seaiudygauves RS-232 wavseiudygynmes TTL

" Fyanasuniuiiiiety Tuenerhdygu dhegtiussduduuin deadieusunsig

- tetesfudygusumuil Sweenuuuusedy vestadn 1 uau Rooglugae -3V fis -15v
dauuswiu 9ealadn 0 egludas +3v fa +15v LLEEI"LVIWV] oAUy Uee RS232 o]
Tt +15v s -15v At liieanedaymalulalnai

v
ol

- auuw\nL‘Uu'»aq,mmmwmaauismunmﬂwaq RS232 unwduszsunsefiuves TTL
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2.9.2 ansmsdedoya (Baud rate)

ﬁammﬁwaami%’u—ﬁﬁaua \Wudwaudndedui wu 300, 1,200, 2, 400,
4800 9,600, 14,400, 19,200, 38,400, 56,000 L¥umy m‘SLaaﬂamﬂmsawaua
?Juaan‘u vy IusTEENe warUSnadygiasuniy

293 g‘tJLLuumsﬁammuuaqnm

fisheiuay 2 wuu Aeuuudalasifa (Synchronous) uazuuuasdslasta
(Asynchronous)

2.9.3.1 Msdeasuwuudelasiy (Synchronous)
msfudeya wsidyanuiing Fududmuue Siwsian nMsdaya

[~

/1 al as

Tege Sndunils Wrudygyndeya dethaty msddyaaminigueda
2.9.3.2 msfessuuuasdslasiya (Asynchronous)
mudedoya Taefliduludos fdyanamunin sudhe uwiesldlidds
U w s | v a1 aw
uagiiu Idndsdoya Mvintuy
JUsuuteyauuuezdalasia Uszneufe 4 daude

1 Tnsudy (Start bit) flaue 1 On

2 Undaya (Data) fivwm 5, 6, 7 vide 8 Oa

3 Jnns1ndeun3a (Parity bit) fioue 1 Jawiolid
4 Uavign (Stop bit) fvuna 1, 1.5, 2 On

& 1l 1 (24 - =
- Lualuum'sawaaga 91 data aedanusulain 1 vive AnuENEATe
(Waiting stage)
o a' & [ o -1 a 1< o o = S = &
- Wessnaudseyavlvivt data 1Wuladn 0 WWusuiu 1 90 Sondrdadudy
(Start bit)
- nduNvzBuiudous Tnedednmluney (LSB)

Y
=

- WIRNAEWSATS (adl wielaifle Tuegiiunsfianen vesvivassde)
2 Iy a ' ) a o <5 o = 1
- gavhenuneladn 1 egeifes 1 On @louin 1, 1.5, wie 2 On) WalandIduERn
VoY
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5190 2.4 Adnue RS-232

RS-232 Specs

SPECIFICATIONS RS232

Mode of Operation SINGLE-ENDED
Total Number of Drivers and Receivers on One Line 1| DRIVER]1 RECVR
Maximum Cable Length S0FT.

Maximum Data Rate 20kb/s

Maximum Driver Output Voltage +/-25V

Driver Output Signal Level (Loaded Min.)Loaded  +/-5V to +/-15V
Driver Output Signal Level (Unloaded Max) Unloaded +/-25V
Driver Load Impedance (Ohms) 3k to 7k

Max. Driver Current in High Z State (Power On) N/A

Max. Driver Current in High Z State (Power Off) +/-6mA @ +/-2v

Slew Rate (Max.) 30V/uS
Receiver Input Voltage Range +/-15V
Receiver Input Sensitivity +/-3V

2.10 MsAuANLTIUIWAA (Voltage regulation)

msmmmmmu (Voltage Regulation) 1dun1saaunsusaiulnialals
Wasuuaniumiitmun ilelvandsuvdedian lvannAdl (Steady State) lagfiAdu
Touarvowswiufine Inefuanldnuaunisdasielud

L %100 24

Vi
%VR =
v

nl

Vit = wsasiulnianizlililivan (No load voltage)
Va = usssiulvihunedivanifiuiite (Full load voltage)

luszuudedngliihesiicussiunasslunsdsssgunsalivhonlussuy
‘Lwﬁmﬁaﬂé’%’mmﬁ’ulwﬁﬂwfhaFi"rmmsmuﬁaau%’ulﬁ Taevhluudinssenszualniiiann
wwamasdwmqmulwﬁﬂmummﬂmLwasnw’ﬁ"ﬂuuﬁamulwﬂ'lmsﬂﬂwﬁ']ﬂawww’luiuﬂ‘u
wseRuTidaInIs Fatu LmﬂulwﬁwmﬁlmwuaaﬂuLaaulwaa:ﬂﬂwﬁq wHaEsY (U
swornnnyaaaillwihgestedld uavmauAsuulatvesmudeantsniluvae i
mlmam’ﬁaﬂ'mﬂulﬂmﬂmnaﬂsvu,alﬂﬁwmaqammm wazlulagtuanmsduasunisly
wiumawnuidundsauarein iy NMsuaand Ui nnaduasoding nuingindes
UJyusesiuiuluszuy LuaqmﬂmiwaﬁlﬂﬁwmmaaLLaqmwmaummﬂummmaamﬂwﬁw

X
Tuwun
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2.11 SasmsiUasundasindslwiy (Ramp rate)

ImsrdﬂmmamamﬂsvLLﬂIWﬁwmwaat,t,aaa'mmauﬂ'smLLinumummnm
euamamwwaLLawﬂwsJauwLnswawmwa‘f,mammamﬂmmaﬁmwma«uawnaaumafmma
WU Nsiedeuive e vian1svilAnnstaay q ﬂmﬂaammaamumeq favdana
ARAUAUN UGBS IR ULaEAIRse ST UL T lunflsfumanszmunnmandeushvoss
muL%aauaqammmvmiwmaqmmamamaaummwmaaﬂaq wagagnauiugaITUnA
melunalaifiund mﬁLﬁaﬂuuﬂawaawawmlwmqL’meuamuﬁmmnlmﬂ Ramp rate
Fedmdsnudsuuvastnediauityiuoysen Ramp-up 8 masuasunladeeiirianas
3¢138n Ramp-down ‘Emawummmﬂmwwaewaemul,ﬂmu"mwa'su"m fivvaey
(wngdnd / Juail) feaunisd 2.5

AP(MW) x T, (sec)

Ramprate = — 2.5
timescale(sec)

2.12 @3y
’Luuwﬁlﬁﬂuauaﬁaamé’wms LLasﬂmauﬂ’ﬁ'ﬂamumma%‘%ﬁmﬁgﬁsu logou
ﬂa%’&;ﬁﬁwaﬁawmma? nsldununmeItivangay sTuudanisuunne’ anugnIUsey
wumReIHay ﬂ'litfuamaauﬂmmﬂm’um ﬂmmimu‘ummaﬂzﬂwmmﬂmmaeauauwaw'm
Tun1sdausey wararUssgindudemauiwmudnuvay wastosdaudiineu Weiiay
ansaRauIMusELUIINswUAme Iz aulad ez ausTuunsaly



U 3
ANSPDALUUNISNAAD

3.1 UM
s EJd 1 o d
Tutaguwummesiiunumunivansluszuudrsoslniia Wasintgyminig

@

Tadedlusruudidrondaonlui Fantrgnamnssy waznnniadou Wedssfuainy
domeregunsaliildruegluvuziu uiwumnesiinaroudiams dafunisldoulussas
afamsiinismuaus T iinesding 4 LiliiAuRfanuiigiiedmun iesnwnanin uas
twdnergnislismveunned Bnilsfiawnsonsmadevanusnislienlnenisuans
Amsinedeng 4 luunileenanfeniseanuuy wazniTAIuRuiR i InuUAme June
Tdarusi PLC Faugunsaldoulusunsuniugy wazdszaanansunauedoyaves
wumAD TN MR B uAR A uaﬂﬂﬂﬂﬁﬁdLLaﬂaannus%aaLLumma%’mﬁwﬂﬁxq ey

dauszgnunsldsmatslaeibunesmesslaundssuiudusadnis

o ' =
3.2 NMTLYDNAD I INATDULUALAD S
A 1 nl' s sJ =l d 1 s
N1svRNABYANAGBULUAABIMIFUT 3.1 Tnsiin1sdousdesyuulnify
n‘j d‘ 1 ar @ & (.3 ] 2
wlisuvaslwiniudouselwihnszuaadudfudunedfmefaiundulafnsuanse
=Y & d 1 s d [7) s
mﬂaunasmai‘a:ﬁL*Uamanuu,umLma"%‘l,uﬂ1iﬂﬂaaua’mﬁﬂamﬂisﬁﬂwﬂwmﬂizw‘mﬁwlmu
A 1 o = s
wuames dunsmeysealniitlaenisfanszualianuummeslugsszuulnin

Grid System

Back to Back
converter

Monitoring ——— Power Flow
System

< o i i
JUN 3.1 nseuseyAvAdOULUALAGS
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= ' ar '
3.3 NMSauda9RsNagaunuszuUlASIYNY

msideurermsmadeuLumeTindurasaduaseiinduuin 15 kW sewdn
fuszuulassiglrialaefinisdraestafuauunn 15 kW idandaundudunilsluszuu &
UM 3.2 Weuanamswdsundrnubiinlumslinususugunsaliniusazdasaai
whesuanana sumslieuseuuy PROFIBUS Saudulasstnelunisdsdeyavesgunsniuday
viinundfs PLC Fudiugunanilun1stingest uasUsvananadnseenuanseanumianii

VDLLFPING

UTILITY GRID 380V 3 PHASE

)

Wind Turbine Generator

--------- * PROFIBUS (12Mbps)

--------- * Hard-wied /0

d 1 -l I € 1
JU 3.2 szuulasetnensilensegunsainng 4

o i & 1 i a & ¢ -l
naweusegUnIalng 9 Huduneimesitaldsunssualiinszuanss
& w1 fa ¢ A @ '3 fY  al % '
Wulwihnszuaaduriruwesinusaneditelostugunsaiuazgunsaiiradesitlday ey
Tenszualwiudingszuulasee

+: 3 phase AC distribution line
....... : Profibus Communication Link

I
Diesel Generator Wind Turbine  Rawp Rate of Active Power Cantrol
15kW 15kw

A [} u L
JUR 3.3 s8uulATetngn1sInNITNENY
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o o a ..
3.4 doyauunmeilivhnimaaasyia Liion

TOSHIBA N . [ Secret | Authorized party only | Rank | C |

Leading Innovation > S j*’B X |
MAT-KMT-E0002_

Table 1-2 The module specifications (AMO1202CCAOS5A)
ltem Swecifications Remarks

Nominal voltage *1 276V DC =

T 40AR %:hfzrglng@25deg,c 02 C

Max allowed current *1  |120A (Charge/discharge) @25 degC

Operating voltage *1 180V~324V -

- 2 in parallel and 12 in serial e
Cell composition (2P12S) Use of SCiB™ 204Ah cell

-The notification of cell voltages
and module temperatures

-M g of 1 I -The notification of cell voltages
easuring of cell voltages and indd ekl s o

-Measuring of cell voltages and
module temperatures

module temperatures CAN
) -Cell balancing operation thr?;"gh |

Function ~External notification through CAN th_ce bagz?\‘er can be operated
-Automatically numbered CMU-ID _C”KF“FE Cor Corntns
x eind -UART: 1200bps

Number of : 5 (22 modules in series,

connections Below 22 modules in ssries Nominal voltage: 607.2V)

Charge/discharge Specified M6 screw Tool: T20 Hexalobular wrench

terminal

Unit: mm (Excluding protrusions)
Dimensions 187.3(H) x 3585(D) x 122 65(W) (Tolerance refers to *13
Appearance/Dimensions”)

Weight 14kg (Approx) -
CAN communication connector (8|
External interf CAN 20B 1ch poles)
alinteriace UART(IS09141 Equivalent! 1ch SMO8B-CPTK-1A-TB(Manufa
ctured by JST)
Supplied from external power
Voltage: DC12VI{102~132V) g
" oltage. 2™ 3, Instantaneous  interruption: less
g{_’:’g‘;‘ operating  POWerpated  consumption  current: than 10msec
4 17mA Rush current:
Approx. 7A (Only 1 in series),
~Approx, 11AI22 in series)
Operating e ]
5 T 30~+55dee C No condensation *3
5 [Storage | Recommended: -10~+25deg.C
g temperature range 30~+55des.C No condensation *3
g Humidity 15~85%RH No condensation *3
é When this module is used in an
) ) area over 1,000m, please
é m:mg altitude Below 1,000m contact us at the address
LLEJ described at the end of this
document.

Note *1 Initial characteristics in manufacturing,
*2 Charge/discharge condition
* Charge: 40A, 20A, 8A, 4A, 2A/cell 2.7V cut Step charge
* Discharge: 8A/cell 1.5V cut Constant current discharge
*3.This module may be damaged and become unusable due to condensation.

= o a C
JUN 3.4 Yayanumaiinvenumnes Li-ion
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3.5 TUsunsu PLC wa<u3Ew Siemens
fimirgUsgarana SIMATIC 57-1200 veeuS¥W Siemens faguit 3.5 10y
wiesdleldlunnirdeyaiiléonisume finnssua uasivueesIausedy s1vhnisuds
Ussinvesdeyaiitoesionauansnalulusunsy PLC
dwiunseenuuuniveuanidoyavosuumnealiTusunsuPLCysIUSHm
Siemens &sfoyadinanliun ussiustaiwadasluuunngs gamginelunumned nszua
yauldemeuunned wazaniug SOC (State of Charge)

U7 3.5 mirguUszinana SIMATIC 57-1200 v03U39% Siemens

3.6 N39BNLUUINITAIA
Tursasiidsaslduummeddeudrfudunefinefuiin Back to back
converter ﬁ’ﬁﬂﬁ 3.6 MatulunisdmdnulWidiannsavildae siensiuieaunsa
mmulmmiwummawawufﬂwam waglvuadnendsundugundssng (nverter Mode) Tu
m'amaquu AWNM input 3AC 380 - 480V 50/60Hz output DC 600V 27A 16 kW

o a s § a
JUN 3.6 Butiesimesila Back to back converter
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(" Power ) ( Line-side power ) ( Active Interface Module N L Aclive Line Module )
supply components (frame size HIJI) (frame size HX/X)
Loy
= ; ;
T
- (=] L. T4 T2 T3 3
/ — l — D1 D2 D
. : - =
¥ =3 o e
P = cd
= =
—-——
T4 15 T6
3AC "l l__ D4 D5
380-690V
(_sweotz ) { J N g

= [ a & s ) ar ar
E‘UVI 3.7 Imda‘m'aqfuiauna'il.mammuwwawuﬂu
(Back to back converter)

s : =
3.7 unuisnsideusiegunsainmeluguumaed

R [T —— e e 1"

BMS PROJECT

Battery Management System for Smart-Grid Applications

d = J 1 1
3UN 3.8 wnunmuansmsiiuanel wasmaliendogunaling 9 nelud
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3.8 M392NLUURUNTAINTNSIIIN
3.8.1 Current transducer 3u Honeywell CSNS 200M-002
TlunsianszualnihanuuaneTuasldnu Ysznauludelwidssannundediol
nazkanss £ 12 V nefinwaviBunvosgunanisedaluil

Rated current : 200A.trms
- Measurement limit  : 0 400A.t (DC AC Peak)
- Measure the resistance-value In 70 degrees of C ): Rm min Rm max
- With 18V, at 50A.t Max : 20ohm 140 ohm
- With 18V, at 90A.t Max : 200hm 50 ohm
- Imitate the output current When 50A) : 100mA
- Zero offset current ( 25 degrees of C) : Superior to 0.30mA
- Offset current temp drift ( 0~70 degrees of C) : Superior to 0.60mA
- Linear scale: Superior to 0.20%
- Response time: Superior to 500ns

- Frequency bandwidth: DC~150 KHz

U 3.9 CT u CSNS 200M-002
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3.8.2 Voltage transducer §u HDV-T2
ld¥ausesuluiranuummnedonslday Usznaulumelvidesainunaesely
NITuanse 12 V. dyginvieendrg PLC wasdyy afunssduoniindlayi
MazidunvesgUnsaifalu
Input : 0-1000 VDC
Output : 4-20 mA
Supply : 12 V DC
Error: £ 0.5
Resistance : 100 m,500vdc

Temperature : -10 to 50 °C

Humidity : 40 to 70 °C

3Uit 3.10 VT $u HOV-T2

3.8.3 AdumuILIn 100 Tasi 10 Sne
Tddmiunsuwlasdyyuain Current transducer ﬁﬁfiwﬁ’ﬂgwﬁuﬂmmlwﬁmgjﬁ
0 - 100mA Trieglugudaysyramssiulaia o - 10 v wieidrgaa Analog input v
PLC sinly

gﬂﬁ 3.11 Mfiunuuie 100 laviy
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3.8.4 dgnunuvun 500 Taviy 10 Sae

'Ifuam'mﬂ'mmmamggﬂmm Voltage transducer wmmaammumuualwﬁnaw
0 - 20mA Teglusudyaraussiulada 0 - 10 v diodhay

619849 Analog input
YINLOaTY

JUi 3.12 daumuang 500 Teviy

3.8.5 2995L589n52Ud

i o s v =3 o d 1 s Vel |}
’LﬂamwivmﬂuwﬁmwaqLmﬂu'l,wﬁmmﬂﬂiaummumulwmWLT‘JuU’mLaua

JUT 3.13 29a38Bensus

3.8.6 Wireless signal
Wlunsdedeyaagnendanin pLc WFnnIsnan g

g‘dﬁ 3.14 Wireless signal
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3.9 mM3vanuuuNasiWAaings dwlusunsu PSIM Simulation
nM391aeIN1sAIVANNITTIIUT B U finesHuTUsunsy PSIM g
NARBUNENTIABUAUBITRITEU ulvuan1svihatusing 4 sesssuuifvasaumdeny 92ans
AoUzy wazdnnsdnyszqde deudetulaseie Taonssresidslnitess uae
madliiaing iegranssnuesusadulwgi nazualideszuulasee

5

) e

3U7 3.15 2saslwdidemesssu Wulusuns PSIM Simutation

3.9.1 MINAADININANIINDUEAUDIIUYS Discharge Mode

- | |
A\ a -
15k JL - ““V e <
10k Active Power Step
S BRI B S S
“ —
15k
10k |EL“=- *ees LA o s eeive
sk Reactive Power Step
P S PO o | - Lrsssrh e sthers.
-5k .
l_ ° Lk LX)

Tieve )

gﬂﬁ 3.16 niminmsmevauRIiamdtwImma Wi Wedrerdilniness

o W

(Active Power) uagidalwinliing (Reactive Power) Whszuulnefinsduincuiy
N384
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<

§

AR

Time o)

J 1 s a d =l
JUN 317 naminszualiiudasinag waznsinssualuihfunsedy diefinswAsunuag
Faslni1a3e (Active Power) waziadlniusing (Reactive Power)

3.9.2 MWARRMINANIMBUAUDSTUYS Charge Mode

ErG 11T Prey Ty | A d A
TETTRAASRRA LA

ey e e P e BPentd Bt B e Foe s oo ™ o
15K |- * ( haRd A s oo s 4 Ml A bt et st et dan sad daa an 2. o
o1

(¥ @3
Time i

i o oo P = o o %
3Ui 3.18 nsminsneuauesderdmesriliin wiaseasluihads (Active Power)

d o =l g a a
wedausygisruulnedinsidudintudunsweneds

e i Y v oA o« <l 1
UM 3.19 nawinssulwiusiozing waznszualwitiuusedy dWesinswisuuase
dslwii1asa (Active Power)
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3.10 dgU
’Luuwumuﬂ'ﬁna’nmaﬂﬂsm LLavaﬁmmwauaaaﬂmmnmema{[ma’f,‘u
WULETIANITUA WAt U DT TALTIRY IO TEEENERT O LAZNTELAINLUAABIIE
FI’]‘IJ'JZHW]WIﬂ'l'i@WUS“Q‘UENLLUEILﬁ]E]'iLaJEW]'m”i‘iﬂ'lEJ‘U'i“ﬁ] wazonUsey lagld PLC Lﬂuaﬂﬂﬁm
'Lummawmmaa u.awﬂ*zvmawaaanmmwuwauamwa SIMDINANITABUAUD VD
n':aalwﬁwLmasvuumamwamﬁmauauaqnaumwmaa&
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4.1 unin

quwﬁtﬁumiﬂﬁLauaﬁuwamsmaawaﬁwutméaazanwé’wulwﬁ’] Taw
L%mmﬂmiaanLmu‘u"mhmnmruam:w’[,umﬂ%’wuﬁuﬁaamuzﬂ'ﬁé’mﬁizq ( State of
a1 = n‘.’r dJ
charge : SOC ) L#hilFi1 20 - 80 % we4AIMYee nfunnasuiloguanisnevaues
@ 1 =t d o s s L3 = &
useiulwiwasszuulasenne TINIade Ui araLre S W I T uaduaseiing
f < o o v 9 o
Tursvuznids Tngldiuoad (PLO) lunisadrelusunsy BASUUIVDLAAINALN D LERINE
LALIATIEVE UL UBITEUU

4.2 msgwudeyassiuiadnelununnaslagld CAN BUS Analyser Wisuifieuiiu
chipKit MAX 32
nsfieansuuy CAN dwiuldfeayaanuzntlureuunags ieuanma
Fguungll uazussiunesluudazivad Tagldiisulfangunsal CAN BUS Analyser i
Frgedalunsuasdiyaaniiu RS-232 rugunsal chipkit MAX 32 neungunsaifiead

usewuneluudazivaduasiunnad —
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file View Teos Setup Help
Hardace Setup 0/ Fived Trace 1 ' 7 e [5]
;‘:‘szm il TRace @ DATAD DATA1 DATAZ DATA3 DATA DATAS DATAG  DATA7 JTIE STANA tec) TIME DELTA fec) COUNTER  +
T —— ass1 8 | jo0 Eo\m DE2 02 G2 62 (G2 D2 | 97eesR 0120 e ii'
— S ex s e foes Tosn b0 mEA w0 Gk Bo o |vesm 0120 113
ETHE e s fom b8 6 B M G BB ow [wsew o118 113
i Rada Bk :\191 %7 N R T ) o120 s
STATUS: liomal Mo 01l Eoo00 o0 G2 &2 M BR R (o8 SR 0z 1215
[Nomabode  + Hax  |ostz 1 oS 087 o os8 a5 e oo |ofs gEe 012 116
[ (3 PonS 0B o3 0T M3 6T M 05 SHER s o
RX st 3oM0 D B b R GR0E bR SR IR w17
Bos Temntin Corted |[Rx D4 B OO0 DS G (D45 609 DB B9 B& SmEm 0120 ) 1
SISO llx losa2 B DEA O (BB 008 GEA (M8 GF | g 'n120 1415
@1_A“:', e o E oo b pE MR @ 6 B (k2 gEEm (X un
ENE TR 8005 (DG 003 MSD D3 Gy 005 GSA  STSEE a1t 117
frx  os22 3005 DOF O3 BF 63 O M8 Dl smEn2 BT w7
R baH 8 005 DSA B5  BEC  B 0OC B B S ot 115
IpEm g i g 4 _SEET 0120 s -

o o ' al
3‘1]1!1 4.1 'Hauuaﬂ']ﬂﬂluumagLﬁaémaqLKUG}LW@?N']H CAN BUS Analyser

mﬂ'iﬂm 4.1 wansdeyaioldaniusunsy CAN BUS Analyser lngdaya
YDIUUARDT 1 feuszUsznaulumedoya 4 yauandlunseuduns uaznsoudien ludu
vosfayayausn Aedeyalunseudiung wansfgaumngiinielundazivad Fausznavluse
Yoya 6 Yoya lnuiFuain DATA 7 2 ﬂauammmﬂuﬂ')qmmmaqwaawuq WaLgad e
mwaaqmumqmwnmaqLsaaammu wazleRdTE mudiuIuRsY 12 Wadtos TneATiuand
Wuduaegudunn Fesannduiiauguausnadmils drudeyadnaugadaluuansds
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wssruneluwadlunsaudilen dannglus 12 waagoy ‘Imswaammﬂwama‘um DATA 0
WaYDATA 1 maawaawwauamaq DATA 2 uazDATA 3 a3asiu 3UATU 12 wadese

ar 1 A -
[:mnunw'luunaswaéﬂaauumnasj [;nmmmuumna‘%‘] LQWHQSJII'?HTMRUP!ME‘?‘ ]

Fr e Moo s ¥

data_batt
Hame Dazz type Offsex s vllue Monitor valu: sible f.. 'Visible in ..  Setpoim Comment
2 @ e b __]Ameyio.3se.. [af~) 00 £ =l = o]
i IR T e o8 3 v v
4@ = bam{1] Eyte 10 ) 4 7]
5 @ = banfz) Byt 20 =] & &
glgm = bartf3] By 30 23] ™ ~
7 - bartj4] Bye 40 a2 i =
£ @ = bars) Byte 50 ] 2 ™
9@ o banls) Byee &0 £3 v v
10 @ barf7) Eye ra [} [ i~
i ow banjs] Byte B0 it} I~ )
Ra = batfg) Bye 5.0 ) [w! v
A a bani10] Byee 0o =2} i I
alag = bati[11) Byte 1o =B v !
4@ = bau[12] Byte 120 ) = "
WG - bani13] Bye 130 ) - Il
7@ = banis] Bjce 140 s res 0o 5} v 2}
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Chapter 1. Introduction

1.1 INTRODUCTION

The CAN BUS Analyzer Tool is intended to be a simple-to-use, low-cost CAN Bus
monitor which can be used to develop and debug a high-speed CAN network. The tool
features a broad range of functions which allow it to be used across various market
segments including automotive, marine, industrial and medical.

The CAN Analyzer tool supports CAN 2.0b and I1SO 11898-2 {high-speed CAN with
transmission rates of up to 1 Mbit/s). The tool can be connected to the CAN network
using the DB9 connector or through a screw terminal interface.

The CAN BUS Analyzer has the standard functionality expected in an industry tool
such as trace, transmit, trace filter, log file capability, and group CAN message transmit.
All of these features make it a very versatile tool, allowing fast and simple debugging
in any high-speed CAN network.

The chapter contains the following information:

» CAN BUS Analyzer Kit Contents

* Overview of CAN BUS Analyzer

= CAN BUS Analyzer Hardware Features
« CAN BUS Analyzer Software

1.2 CAN BUS ANALYZER KIT CONTENTS

1. CAN BUS Analyzer Hardware

2. CAN BUS Analyzer Software

+ The CAN BUS Analyzer software CD includes three components:
- Firmware for the PIC18F2550 (Hex File)
- Firmware for the PIC18F2680 (Hex File)
- The CAN BUS Analyzer PC GUI

3. USB mini cable to connect the CAN BUS Analyzer to the PC

1.3 OVERVIEW OF THE CAN BUS ANALYZER

The CAN BUS Analyzer provides similar features available in a high-end CAN network
analyzer tool at a fraction of the cost. The CAN BUS Analyzer tool can be used to mon-
itor and debug a CAN network with an easy-to-use graphical user interface. The tool
allows the user to view and log received and transmitted messages from the CAN BUS.
The user is also able to transmit single or periodic CAN messages onto a CAN BUS,
which is useful during development or testing of a CAN network.

Using this CAN BUS Analyzer tool has many advantages over the traditional debug-

ging methods embedded engineers typically rely on. For example, the tool trace win-
dow will show the user the received and transmitting CAN messages in an easy to read
format (ID, DLC, data bytes and timestamp).

RS e R T D T R R s L e e
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1.4 CAN BUS ANALYZER HARDWARE FEATURES

The CAN BUS Analyzer hardware is a compact tool that includes the following hard-
ware features. Refer to Section 1.5 “CAN BUS Analyzer Software” for more informa-
tion about the software features.

FIGURE 1-1: CAN BUS ANALYZER

o
USE STATUS

U3B BUSY
= MiIcROCHIP
@ ussPowER  CAN BUS Analyzer

g ONO-(B~VBAT 1 @ TRiGGER @ 2

* Mini USB Connector

This connector provides the CAN BUS Analyzer a communication medium to the
PC, but it can also provide a power supply if the external power supply is not
plugged into the CAN BUS Analyzer.

* 9-24 Volt power supply connector

When powered by the external power supply, the tool can be set up to disconnect
from the PC to act as a periodic transmitter for CAN BUS messages. The tool
can also be set up to send out a pulse upon reception of certain CAN messages,
which is useful during development or debugging issues with an oscilloscope.

+ DB9 connector for the CAN BUS
* Termination Resistor (software controllable)

The user can turn ON or OFF the 120 ohm CAN bus termination through the PC
GuUI.

+ Status LEDs
Displays the USB status.
= Trigger LED
Future functionality.
» CAN Traffic LEDs
Shows the actual RX CAN BUS traffic from the high speed transceiver,
Shows the actual TX CAB BUS traffic from the high speed transceiver.
» CAN BUS Error LED

Shows the Error Active (Green), Error Passive (Yellow), Bus Off (Red) state of
the CAN BUS Analyzer.

« Direct access to the CAN H and CAN L pin through a screw terminal

Allows the user access to the CAN bus for connecting an oscilloscope without
having to medify the CAN BUS wire harness.

+ Direct access to the CAN TX and CAN RX pins through a screw terminal
Allows the user access to the digital side of the CAN BUS transceiver.

DS51848B-page 12
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1.5 CAN BUS ANALYZER SOFTWARE

The CAN BUS Analyzer comes with two firmware hex files and PC software which
provides the user with a graphical interface to configure the tool and analyze a CAN
network. It has the following software tool features:

1.
2.

3.

Trace: Monitor the CAN bus traffic.

Transmit: Transmit single shot, periodic, or periodic messages with a limited
repeat onto the CAN bus.

Group Transmit: Transmit a list of CAN messages, in order, onto the CAN bus.

Trace Filter Setup: Configure which CAN messages from the CAN bus traffic are
visible on the Trace Window.

Log File Setup: Save CAN bus traffic.
Hardware Setup: Configure the CAN BUS Analyzer for the CAN network.

Note: Some features will be implemented in future releases.

DS51848B-page 14
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Chapter 2. Installation

2.1 INTRODUCTION

The following chapter describes the procedures for installing the CAN Analyzer
hardware and software.

The chapter contains the following information:

* Installing CAN BUS Analyzer Software
* Installing CAN BUS Analyzer Hardware

2.2 SOFTWARE INSTALLATION

2.21 Installing the GUI

Install .NET framework version 3.5 before installing the CAN BUS Analyzer.

1. Run "CANAnalyzer_verXYZ.exe’, where “XYZ" is the version number of the
software. By default this will install the files to: C:\Program Files\Microchip
Technology Inc\CANAnalyzer_verXYZ

2. Run the setup.exe from folder: C:\Program Files\Microchip Technology
Inc\CANAnalyzer_verXYZ\GUI

3. The setup will create a shortcut in the Programs Menu under “Microchip
Technology Inc” as Microchip CAN Tool ver XYZ.

4. {fthe CAN BUS Analyzer PC software is being upgraded to a newer version, the
firmware should be updated to match the revision level of the PC software.
When updating the firmware, ensure that the hex files are programmed into their
respective PIC18F microcontrollers on the CAN BUS Analyzer hardware.

2.2.2 Upgrading the Firmware

If upgrading the firmware in the CAN BUS Analyzer, the user will need to import the
HEX files into MBLAB® IDE and program the PIC® MCUs. When programming the
PIC18F2680, the user may power the CAN BUS Analyzer by external power supply or
by the mini USB cable. When programming the PIC18F550, the user needs to power
the CAN BUS Analyzer by external power supply. Additionally, when programming
HEX files into PIC MCUs, it is recommended to check the firmware version from the
GUL. This can be done by clicking on the “Help > About’ menu option.

B N S e e e e et e el
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23 HARDWARE INSTALLATION

2.3.1 System Requirements

+ Windows® XpP
* .NET framework version 3.5
* USB Serial Port

23.2 Power Requirements

* A power supply (9 to 24 Volt) is needed when operating without the PC and when
updating firmware in the USB PIC MCU

* The CAN BUS Analyzer tool can also be powered using the USB port

2.3.3 Cable Requirements

* Mini USB cable — for communicating with the PC Software

* The CAN Analyzer tool can be connected to a CAN network using the following:
- Via the DB9 connector
- Via screw-in terminals

234 Connecting the CAN BUS Analyzer to the PC and CAN BUS

1. Connect the CAN Analyzer via the USB connector to the PC. You will be
prompted to install the USB drivers for the tool. The drivers can be found in this
location:

C:\Program Files\Microchip Technology INnc\CANAnalyzer_verXYZ

2. Connect the tool to the CAN network using the DB9 connector or the screw in
terminals. Please refer to Figure 2-1 and Figure 2-2 for the DB9 connector and
the screw terminals for connecting the network to the tool.

TABLE 2-1:  9-PIN (MALE) D-SUB CAN BUS PINOUT

Pin Number Signal Name Signal Description

1 No Connect N/A

2 CAN_L Dominant Low
3 GND Ground

4 No Connect N/A

5 No Connect N/A

6 GND Ground

7 CAN_H Dominant High
8 No Connect N/A

9 No Connect N/A
FIGURE 2-1: PINOUT FOR THE DB9 CONNECTOR

DS51848B-page 16
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TABLE 2-2:  6-PIN SCREW CONNECTOR PINOUT

Pin Number Signal Names Signal Description
1 Vee PIC® MCU Power Supply
2 CAN_L Dominant Low
3 CAN_H Dominant High
4 RXD CAN Digital Signal from
Transceiver
5 TXD CAN Digital Signal from
PIC18F2680
6 GND Ground
FIGURE 2-2: PINOUT FOR THE SCREW-IN TERMINALS
vCC JP1
(@)
CANL Z
CANH — 3|
RXD —4-
TXD (_1‘5—
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Chapter 3. Using the PC GUI

Once the hardware is connected and the software is installed, open the PC GUI using
the shortcut in the Programs Menu under “Microchip Technology Inc” labeled as
Microchip CAN Tool ver XYZ. Figure 3-1 is a screen shot of the default view for the CAN
BUS Analyzer.

FIGURE 3-1: CAN BUS ANALYZER DEFAULT VIEW

A% CAN BUS Analyzer

Tool Disconnected  CAN BUS Speed  CAN Mode * Error Status  TX ERR: 7 RX ERR: ? Termnation: 7 Trace Active  Loggng Tnactive 1D n HEX  DATA i HEX

3.1 GETTING STARTED WITH A QUICK SETUP

The following are setup steps to quickly start transmitting and receiving on the CAN
BUS. For more details, refer to the individual sections for the different PC GUI features.
1. Connect the CAN BUS Analyzer to the PC with the mini USB cable

Open the CAN BUS Analyzer PC GUI

Open the Hardware Setup and select the CAN BUS bitrate on the CAN BUS
Connect the CAN BUS Analyzer to the CAN BUS

Open the Trace window

Open the Transmit Window

LIS N AN
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3.2

— —— —

TRACE FEATURE

There are two types of Trace windows: Fixed and Rolling. To activate either Trace
window, select the option from the main Tools menu.

FIGURE 3-2: FIXED TRACE WINDOW

DIC DATAC DATA1 DATA2 DATAZ DATA4 DATAS DATAE DATA7 TIME STAMP e TIME DELTA ioc)
w0 30 D2 b0 i [T | 58
RX Do 6 DOl a0 00 05 0D Gad0 191 7632 T I3
RX DS B GA0  DEE D4 03 OG0 OD0 7 IGeA 1803782 59823 2
RX  Dximx 7B 600 DA 00 O8O0 082 | 196 2732 w2 17
FIGURE 3-3: ROLLING TRACE WINDOW

TRACE 1D DIC DATAO DATA1 DATAZ DATAI DATAL DATAS DATAG DATA7 TIME STAMP Gec) TIME DELTA fsec) A
AX D2k 7603 00 BA3 BOD  eE (000 G2 196.2732 0012
RX Dxi02h 7m0 B33 00 EE 000 GA2 196 2612 2010
RX Doz 7 603 B0 6A1 MO0 BEE 00 G2 156.2512 a.008
RX | De102% 7 ad M0 633 00 BB 00 02 1% 2422 a0
RX G102k 7 bi3 (60 0a3 B0 (B 000 G2 1962132 0012
RX Ba02 7 oo03 (B0 (033 (GO0 B 0 D2 212 0010
RX Dx102% 7 03 00 33 Ox00 xEB 000 52 1%6.2112 p.oce
X pelozm 7 a0 b0 03 D00 ke @0 o2 | 196.2012 2010
RX D02k 7041 B0 DA 00 BEB 00D B2 196,152 2012
RX Dx12h 7 B3 B B M0 D8 00 0g2 156 1812 a0
RX 102 7 od3 <00 B33 (00 i3] 00 52 196.1712 0.008
RX o2k 7 003 G0 B3 000 D8 D0 o2 | 19 1632 YT
LY T7 P 7 mE 0 083 GO0 BB o0 b2 561522 0012
RX D 1023 7 003 w00 &3 00 xR x00 52 | 1561212 o.010
a D 100% br ] J’ 1% _m'l Mw Y] 16€ 1113 L AT o

The Trace window displays the CAN BUS traffic in a readable form. This window will
list the ID (Extended is signified with an preceding 'x' or Standard), DLC, DATA Bytes,
the Time stamp and the time difference from the last CAN BUS message on the BUS.
The Rolling Trace window will show the CAN messages sequentially as they appear on
the CAN BUS. The time delta between messages will be based on the last received
message regardless of CAN ID.

The Fixed Trace window will show the CAN messages in a fixed position on the trace
window. The message will still be updated, but the time delta between messages will
be based on the previous message with the same CAN ID.

The Trace window can also be configured with filters to show only certain IDs. This can
be configured in the Trace Filter Setup (refer to Section 3.5 “Future Feature —Trace
Filter Setup Feature”).

DS51848B-page 20
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3.3 TRANSMIT FEATURE

To activate the Transmit window, select “TRANSMIT” from the main Tools menu.

FIGURE 3-4: TRANSMIT WINDOW

DATAD DATA1 DATAZ DATAI DATA4 DATAS DATAE DATA7 PERIOD fmeec}  REPEAT ' TRANSMIT
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The Transmit window allows the user to interact with other nodes on the CAN BUS by
transmitting messages. The user is able to enter any ID (Extended or Standard), DLC
or DATA Bytes combination for single message transmittal. The transmit window also
allows the user to transmit a maximum of nine separate and unique messages either
periodically or periodically with a limited “repeat” mode. When using the limited repeat
mode, the message will be sent out at the periodic rate for a number of “repeat” times.

3.3.1 Steps to Transmit a Single-Shot Message

1. Populate the CAN message fields, which include the ID, DLC and DATA
2. Populate the Periodic and Repeat fields with “0”
3. Click on the Send button for that row

3.3.2 Steps to Transmit a Periodic Message

1. Populate the CAN message fields, which include the ID, DLC and DATA
2. Populate the Periodic field (50 ms to 5000 ms)

3. Populate the Repeat field with “0” (which translates to ‘repeat forever”)
4. Click on the Send button for that row

333 Steps to Transmit a Periodic Message with Limited Repeats

1. Populate the CAN message fields, which include the ID, DLC and DATA
Populate the Periodic field (50 ms to 5000 ms)

Populate the Repeat field (with a value from 1 to 10)

Click on the Send button for that row

~wnN
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3.4 FUTURE FEATURE - GROUP TRANSMIT FEATURE

To activate the Group Transmit window, select “GROUP TRANSMIT” from the main
Tools menu.

FIGURE 3-5: GROUP TRANSMIT WINDOW
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The Group Transmit window allows the user to interact with other nodes on the CAN
BUS by transmitting messages. The user is able to transmit a limited group of mes-
sages in sequential order spaced out by user-defined timing in the Period field. All
messages can be unique to each other in terms of ID, DLC, Data bytes and time
between messages.

3.4.1 Steps to Transmit a Group of CAN Messages
1. Fillin the CAN message fields which include the ID, DLC and DATA for all
messages that will be transmitted

2. Ensure that the Periodic field is populated for each message (50 ms to 5000 ms).
This field represents the time between messages

3. Click on the Send button for that row. The row will be highlighted for the current
transmitted message

DS51848B-page 22
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3.5 FUTURE FEATURE -TRACE FILTER SETUP FEATURE

To activate the Trace Filter Setup window, select “TRACE FILTER SETUP" from the
main Tools menu.

FIGURE 3-6: TRACE FILTER SETUP WINDOW

B

it |

J ™ Enable Trace Filter I IDs Match Lag File Filter

T Trace |D Filter Setup T A S P b e e s s e

% |nclude In Trace

AddiD |  Deleteld

The Trace Filter Setup window allows the user to filter the Trace window for only the
required IDs the user wants to view. The trace filter can match the log file filter or it can
contain a completely different set of IDs.

Steps to setup the trace filter to match the log file filter

1.
2

3.
4.

Make sure the Log File Filter is “Turned On”

Click on the “IDs Match Log File Filter” checkbox. The Trace ID Filter Setup
options will become disabled

Click on the “Enable Trace Filter” checkbox to enable the filter

Confirm on the Trace window that the status of the trace filter changes from
“Trace Filter Inactive” to “Trace Filter Active” (highlighted green)

Steps to setup the trace filter to be independent of the log file filter

4.
2.

3.

Determine if the filter will work as an include or an exclude filter

Enter CAN IDs into the CAN |D text field and click on the “Add ID” button. Repeat
this process until all CAN IDs for the filter are entered

Click on the “Enable Trace Filter” checkbox to enable the filter

Confirm on the Trace window that the status of the trace filter changes from
“Trace Filter Inactive” to “Trace Filter Active (highlighted green)

® 2011 Microchip Technology Inc. DS51848B-page 23
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3.6 LOG FILE SETUP FEATURE
To activate the Log File Setup window select “LOG FILE SETUP” from the main Tools

menu.
FIGURE 3-7: LOG FILE SETUP WINDOW
Logging . C 0 e o L}
~ Log File Setup e
I Enzble]
l i
Browse ! ‘
logP D FRe

| InchdelnlogFle | |
i Exclude from Log File

- CANID

[

AddiD | Deleterd |

The Log File Setup window allows the user to setup a log file of the CAN BUS traffic.
This feature helps gather more information when debugging design issues, by captur-
ing the BUS traffic when an event occurs.

Log File Setup also allows the user to setup a filter to either include or exclude
user-defined IDs.

Steps to setup a log file

T
2.

Browse to a folder to which you want to save your log file
Click on the “Enable Logging” checkbox to enable writing

Steps to setup a log file with a filter

1
2.

3.

>

Determine if the log file filter should work as an include or an exclude filter

Enter CAN IDs into the CAN 1D text field and click on the “Add ID” button. Repeat
this process until all of the CAN IDs for the filter are entered

Browse to a folder to which you want to save your log file
Click on the “Enable Logging” checkbox to enable writing

Confirm on the Trace window that the status of the trace filter changes from
“Logging Inactive” to “Logging Active” (highlighted green)

DS51848B-page 24
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3.7 HARDWARE SETUP FEATURE

To activate the Hardware Setup window, select “HARDWARE SETUP” from the main
Tools menu.

FIGURE 3-8: HARDWARE SETUP WINDOW

Hardware Setup [¥)
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The HARDWARE SETUP window allows the user to setup the CAN BUS Analyzer for
communication on the CAN BUS. This feature also gives the user the ability to quickly
test the hardware on the CAN BUS Analyzer.

To set up the tool to communicate on the CAN BUS:

1. Select the CAN bitrate from the drop-down combo box.
2. Click the “Set” button. Confirm bitrate has changed by viewing the bitrate setting
on the bottom of the main CAN BUS Analyzer window.

3. Ifthe CAN BUS needs the termination resistor active, then turn it ON by clicking
the "Turmn On” button for the Bus Termination.

Test the CAN BUS analyzer hardware:

1. Ensure thatthe CAN BUS analyzer is connected. You can confirm this by viewing
the tool connection status on the status strip on the bottom of the main CAN BUS
Analyzer window.

2. To confirm that the communication is working between the USB PIC MCU and
the CAN PIC MCU, click on the “Help->About” main menu option to view the ver-
sion numbers of the firmware loaded into each PIC MCU.

© 2011 Microchip Technology Inc. DS51848B-page 25



CAN Bus Analyzer User’s Guide

3.8 FUTURE FEATURE - SAVING AND RETRIEVING THE TOOL
CONFIGURATIONS

3.8.1 Saving Tool Configurations

The CAN BUS Analyzer tool allows the user to save various configuration setups by
the user in a particular session. The GUI will save the transmit window settings, log file
settings, and screen positions of the various windows of the tool.

By choosing “Save Configuration” under the File menu, the file is saved in a default
Temp folder under the default name “config.ini”.

By choosing “Save As” under the file menu, the user can define the path and name for
the configuration file.

3.8.2 Retrieving Tool Configurations

Under the File menu, select “Open Configuration” and then select the desired “.ini” file
to retrieve the configuration saved by the user.
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Appendix A. Error Messages

In this section, the various “pop-up” errors that are found in the GUI will be discussed
in detail as to why they may occur, and the possible solutions for correcting the errors.

TABLE A-1: ERROR MESSAGES

Error . .
Niifbias Error Possible Solution
1.00.x |Trouble reading the USB firmware Unplug/plug the tool into the PC. Also make sure that
version the PIC18F2550 is programmed with the proper HEX
file.
2.00.x | Trouble reading the CAN firmware Unplug/plug the tool into the PC. Also make sure that
version the PIC18F2680 is programmed with the proper HEX
file.

3.00.x |IDfield is empty The value in the ID field can not be empty for a mes-
sage that a user is requesting to be transmitted. Enter a
valid value.

3.10.x |DLC field is empty The value in the DLC field can not be empty for a mes-
sage that a user is requesting to be transmitted. Enter a
valid value.

3.20.x | DATA field is empty The value in the Data field can not be empty for a mes-
sage that a user is requesting to be transmitted. Enter a
valid value. Remember, the DLC value drives how
many data bytes will be sent.

3.30.x |PERIOD field is empty The value in the Period field can not be empty for a
message that a user is requesting to be transmitted.
Enter a valid value.

3.40.x |REPEAT field is empty The value in the Repeat field can not be empty for a
message that a user is requesting to be transmitted.
Enter a valid value.

4.00.x |Enter the Extended ID within the Enter a valid ID into the text field. The tool is expecting

following range (0x-1FFFFFFFx) a hexidecimal value for an extended ID in the range of
‘Ox-1FFFFFFFX’. When entering an extended ID, make
sure to append ‘X' onto the ID.
4.02.x |Enter the Extended ID within the Enter a valid ID into the text field. The tool is expecting
following range (0x-536870911x) a decimal value for an extended ID in the range of
“0x-536870911x". When entering an extended ID,
make sure to append ‘x’ onto the ID.
4.04.x | Enter the Standard ID within the Enter a valid ID into the text field. The tool is expecting
following range (0-7FF) a hexidecimal value for a standard ID in the range of
“0-7FF”. When entering an extended ID, make sure to
append ‘X’ onto the ID.
4.06.x | Enter the Standard ID within the Enter a valid ID into the text field. The tool is expecting
following range (0-2047) a decimal value for a standard ID in the range of
“0-2048". When entering an extended ID, make sure to
append X’ onto the ID.

S e e S s s o e e
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Error

Nirilsas Error Possible Solution

4.10.x | Enter DLC within the following range |Enter a valid DLG into the text field. The tool is
(0-8) expecting a value in the range of “0-8".

4.20.x | Enter DATA within the following range | Enter valid Data into the text field. The tool is expecting
(0-FF) a hexidecimal value in the range of “0-FF”.

4.25x | Enter DATA within the following range | Enter valid Data into the text field. The tool is expecting
(0-255) a decimal value in the range of “0-255".

4.30.x |Enter a valid PERIOD within the Enter a valid Period into the text field. The tool is
following range (100-5000)\nOr (0) for expecting a decimal value in the range of “0 or
a one shot message 100-5000".

4.40x |Enter a valid REPEAT within the Enter a valid Repeat into the text field. The tool is
following range (1-99)\nOr (0) for a expecting a decimal value in the range of “0-99".
one shot message

4.70.x | Unknown error caused by user input |Check that the text field only has no special characters

or spaces.

4.75.x  |Required input for CAN Message is [Check that the ID, DLC, DATA, PERIOD, and REPEAT
empty fields contain valid data.

5.00.x | Reserved for Message Received Reserved for Message Received errors.
Errors

6.00.x |Unable to Log Data Tool is unable to write CAN traffic to Log File. Possible

cause may be that the drive is either full, write
protected, or does not exist.
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Overview

The chipKIT Max32 is a microcontroller board
based on the Microchip PIC32MX795F512L, a
member of the 32-bit PIC32 microcontroller
family. The chipKIT boards are compatible with
the popular Arduino™ microcontroller board
shields.

The Max32 is designed to be easy to use and
suitable for use by anyone from beginners to
advanced users for experimenting with
electronics and embedded control systems.
The Max32 is intended to be used with the
Multi-Platform IDE, (modified Arduino IDE),
MPIDE, and contains everything needed to
start developing embedded applications.

The Max32 provides 83 |/O pins that support a
number of peripheral functions, such as UART,
SPI and I*C™ ports and pulse width modulated
outputs. Sixteen of the /O pins can be used as
analog inputs or as digital inputs and outputs.
The PIC32 microcontroller on the Max32 also
provides a 10/100 Ethernet MAC, USB 2.0 Full
Speed OTG controller, and two CAN
controllers. Use of these advanced peripherals
requires an add-on board (for example the
Digilent Network Shield) to provide the
additional hardware required.

The Max32 can be powered via USB, an
external AC-DC power adapter, or batteries.

Specifications:

Microcontroller: PIC32MX795F512L
Flash Memory: 512K

RAM Memory: 128K

Operating Voltage: 3.3V

Operating Frequency: 80Mhz

Typical operating current: 90mA

Input Voltage (recommended): 7V to 15V
Input Voltage (maximum): 20V

I/O Pins: 83 total

Analog Inputs: 16

Analog input voltage range: 0V to 3.3V
DG Current per pin: +/-18mA

Advanced peripherals:
10/100 Ethernet MAC
USB 2.0 Full Speed OTG controller
2 GAN controllers.

Doc: 502-202
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chipKIT Max32 Hardware Overview

The Max32 board provides the following hardware features:

eI S —

L '
s o2 &

ANALDG=IN

1) USB Connector for USB Serial Converter

This connects to a USB port on the PC to provide the communications port used by the
MPIDE to talk to the Max32 board. This can also be used to power the Max32 board when
connected to the PC.

2) J11 = Microchip Debug Tool Connector

This connector is used to connect Microchip programmer/debugger tools, such as the
PICKit™3. This allows the Max32 board to be used as a traditional microcontroller
development board using the Microchip MPLAB® IDE.

3) J2 - External Power Connector

This is used to power the Max32 board from an external power supply. This is a 5.5mm x
2.1mm barrel connector. It is wired with the center terminal as the positive supply voltage.
The power supply voltage must be in the range 7V to 15V.

4) Power Supply — 3.3V regulator

Voltage regulator for the 3.3V power supply. This power supply can provide up to 500mA
of current.

www.digilentinc.com page 2 of 23
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5) JP1 - Power Select Jumper

This jumper is used to route power from the external power connector through the on-
board 5V voltage regulator or to bypass the 5V regulator. The REG position routes power
through the 5V regulator. The BYP position bypasses the on-board 5V regulator. With this
jumper in the BYP position the maximum input voltage that can be applied at the external
power connector is 6V.

6) Power Supply — 5V regulator

On-Board 5V voltage regulator. This regulates the input voltage applied at the external
power connector to 5V. This is used to power the 3.3V regulator and to provide 5V power
to shields. This regulator can provide up to 800mA of current.

7) J2 — Shield Power Connector
This connector provides power to 1/O expansion shields connected to the board.
8) PIC32 Microcontroller
This is the PIC32MX795F512L microcontroller that is the main processor for the board.
9) J5, J7 — Analog Signal Connectors
These connectors provides access to analog/digital I/0 pins on the microcontroller.
10) J6, J8, J9, J15 - Digital Signal and Power Connectors

These are shown as four connectors in the Max32 schematic. There is a single connector
loaded across all four when the board is assembled. These provide 5V power, ground, and
access to digital I/O pins on the microcontroller to shields connected to the board,

11) User LED
An LED connected to digital signal pin 13.
12) JP3/JP4 — SPI Master/Slave Select Jumpers

These jumpers are used to switch the SPI signals for use of the Max32 board as an SP|
master device or as an SP! slave device. Both jumpers should be switched together. Place
the shorting blocks in the MASTER position for master operation and in the SLAVE
position for slave operation. Normally, these jumpers are in the MASTER position.

13) J13 — SPI Signal Connector

This connector provides alternative access to the SP| signals. This is used by some
shields for access to the SPI bus.

14)J3, J4, J14 — Digital Signal Connectors

These connectors provides access to digital 1/0 pins on the microcontroller.
15) Communications Status LEDs

These LEDs indicate activity on the USB serial interface.
16) Reset Button

This button can be used to reset the microcontroller, restarting operation from the boot
loader.
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Abstract

This thesis describes the operation and control methodologies
for a Battery Energy Storage System (BESS) designed to mitigate the
negative impacts of lithium-ion energy storage which is being used,
by designing a Battery Monitoring System (BMS) to provide real time
statues of batteries parameters such as current voltage and temperature
in order to prevent energy storage from deterioration .The data of
parameter will be sent through CAN-bus that allows microcontrollers
and devices to communicate with each other in applications without

host computer. Including, providing energy.

Keyword: Battery Management System (BMS), Monitoring Systen,
Smart grid, Power Control, State of charge (SOC)
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ENERGY MANAGEMENT SYSTEM

Abstract

This thesis utilizes the knowledge of SCADA software to
create the real time management system (BMS) that works to
provide accurately control and monitor for battery energy storage
system(BESS) in order to mitigate the negative impacts of Smart
Grid applications
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Today, Smart grid is regarded as an important innovation to
traditional power generation. As one of the Smart grid source the
photovoltaic (PV) power generation is unpredictable due to the
cloud passing that cause among of the PV power outage
change rapidly which effects to the grid stability
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Results

These SCADA screens show the real-time monitoring system
and control system.
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Methodology
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In this thesis, the BESS could be
considered as a solution to improve

the operation performance of the
smart grid with PV generation

POWER DIAGRAM
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The 18 kW Energy storage
system is consist of 24 Li-ion
battery units. The DC power is
converted to AC by bidirectional
inverter which is controlled by
Master PLC then step up into high
voltage for grid support function.
The PLC network is connected in
order to cooperate between the
PLC devices

This SCADA graph shows the Pa o =) "w;'(“‘rl—ln.l;)
response of the grid voltage while oo * T
the BESS was discharging to

maintain the grid voltage for a
short period of time. The grid
voltage increased by 0.3% from
average

The upper graph shows the
total energy consumption of the
building. The active power (P oxp)

[B=r -5

This graph show the BESS
power compensation while the
solar power was decreasing
rapidly due to the cloud passing
the BESS discharged to maintain

consumption became negative the smooth of the solar outage

which mean the power generation
was more than consumption 4

Conclusion

» Battery Management System(BMS) is used to prevent the battery
downtime from operating by monitoring the various of parameters such
as temperature, voltage, current and state of charge (SOC)

» The power outage of BESS is limited by BMS to be operate in the
range of 20-80% SOC

* The integration of BESS can be able to support the grid voltage
regulation satisfactory.

» BESS is the solution for PV power fluctuation in compensate the PV
active power for grid support function
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