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ABSTRACT

The purpose of this Thesis was to present the electrical energy conservation in building
which controls and manages energetic consumption, maximum demand by microcomputer,
digital power meter and programmable logic controller: PLC in form of multidrop control and
measurement via RS485 standard serial communication. The measuring values of digital power
meter were shown on the monitor and recorded in database system. It can forecast the power
demand in every 15 minutes. If the forecasting results equal or more than the set point values, the
system will pause the low loaded operation that will consider from loading database. This process
can reduce the power demand in building, the power expense and also the power generation of the
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Tnssaianazlilsunsumsaiugua

4.1 Tassadramesnsanas (Hardware Configuration)
TA598519N19 Hardware 1U52n0UA28 4 aUNaD 9 fie
1) ABURIUABI AN (Host Computer)
2) ginsaiiafaelWihuuuatnea (Digital Power Meter)
3) m?mmuammuminﬁhlunm"lﬁ’ (Programmable Logic Controller : PLC)

4) n5evwMsdoa1sUoyanInT§IU RS 485 (Communication Network by RS 485)

Digital Power Meter

510 4.1 ueaalngaad1anie Hardware

4.1.1 gunsatTamddlWhuuudinea (Digital Power Meter)
3 ] ]
Tuawiomiviidinsestiefamdalfuuudineate ELCONTROL ENERGY
Ju VIP ENERGY WiuginsallumsiaslSuamaIviie) wuuseduInih nszualih
fdaIifh anudeamsiidaliih aaq minszuuieivdhveseims quaiidvesgilnsaiia
4 ¥ 1]
mda IfhdrsirmsoasnSinama i Ideszuu Indh 1 auaz 3 wla deyaidald
[ 1 9 Y] & = " & o ]
wgauaaailuduaviumanineuudglnsel Jeyadndruniaezgrinu T3lumisennu
fimelunies musniSongdeyaninaeuiiunes 14 Avmedyan 2 durumsioas

3 "
HoyauuueynIMIATTIU RS 485 MsAadsgUnsal Tardniuszuutie Inflwerasdaguli 4.2
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Wi-N
| — ]
f) V)
LY iR » 0 LY IR, -
[¥] ]n B = L’H E<
B9 f = » 3 s = » S
e 220V~ 1 110V~ __E_l | 2207~ 1 110V~
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msi¥euseiiensfedisszninneuiiunesnaniuglnseiiadmda i ldTas

Mdeedyanana 2 duifianwenliiu 1.2 Alawas dumsdemsdeyauvueynsmnas
v ¥ Y dyn Y A ' dor 9w a 4  w

§7U RS 485 demsdemisdeyauvuililvaunsadeudeginssliadinuasuiunesuan
lls}d s =1 d'l v (] é d'i 1 Y = d 1 1

ADN 247 A lasimsieusdonuugn 19 Famsiyeuaeyn 9 31 Arzlgdnsaldidyyiude

Ed
= do A W

W303 NS (REPEATER) iudvoogunsei iail dwaaslugili 43

RS485 o) 500 m OF == RS485
L oFmx | OF-1NK

H 4 ' v e o Y a d  w
31U 4.3 uamamsieudeginsaiiadids i udiduneununesndn
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51 4.5 uaaInsiFeuApIY Shield Twisted pair
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412 nFesmuguuuunssnilysunsauldProgrammable Logic Controller : PLC)
¥ 1 1 v
Tuan3suatiuiidinsesnruquuuuassniilusunsuldode FACCON §u PC84SF
Ver 2.00 dangjifugunsailuamniugu Tnanlunugaamnssuis] wuldniuguuoimes
¥

auaumsidla-T1adr 404 guanaves PLC fienuse Tsupsumsieaives Tnaa lddwe

uflumsvenldihe  fgesiudyanannmouenuudinea (Digital Input) Haz¥eId

FuauoonmunenuULAIADa (Digital Output) HANWFBA msiFounviansdedisny

aoufiunesinld TaorumsdodsdoyauuueynsuuAsyIu RS 323 30RS 485 14 dou

A o a s ¥ ad o o

ms Tsunsuiden lymsiauvesuyn-eniynannsalsunsy lAnnfduesauuda PLC

A a sdy ¥ A 1 4 v A = 9

nSermuneufiuneiald  msdeudemsdemsdoyaveunieniunuuuui Tsunsyld

annsanszilg 2 inde msdedisdeyauuugaraa (Point to Poind) woazmsdemsdoya
HUUYaeA (Multidrop)

: Y ! : - ; Y v
1) MsapaIvBYALLILIAADYA (Point to Point) AegUuuumsfeasdeyadit
szoylnasznineufinaesfumsenunuuuuassni Tsunsu 1@ uuugadegaduaasly
1 o a s e v d g & o~ ' ' ¥

31t 4.7 mavha seufiumesiihmihiiludainguaaisundt Host flevmiufuisyauas

uSmsdeyaiisu-denninienaunuuuuassnii ilsunsuld lszasdnionoz ianse

muAN asedey uazdungmsianveunissniugyldluszeznag q msdadeyanszih

HIUNDIABYNTUIATFIU RS 232 13D RS 485

TTITITTTTT

Link Sysytem 1215

- ;%%ﬂm ___.., ooo
TITITTITITIT

PC84SF #00

Host Computer

-r:i A ' : 3 '
517 4.7 maeuAeMIdoasveyANUVYAADYA

%) MMIABAITHULIASEYY (Network Communication) somsiseudensufiuned
ﬁ'um?mmnprmessﬂﬁﬂmnm"lﬁ’ﬁaw q Fafhuniets msdemsdoyamolumie
Proflunsdeasdoyauuneynsuunasgu RS 485 1A389AILAY PCS4SF s nIFeuAD
fundetin1da 8 indealnsudazinsesasiidumianme Feansofmua’ldf DIP Switch
yuFnteanIugy Mmsieudeinioendunu ludnuaiziUULENNIAI0YA (Multidrop) il oz
lvneuRmeinandemsteyatunieaniugua ldvnatw 4 qa wasiimsuanifouin
asdeyaseniuniednIuguA uaazndes Taedeyafiimsuannldouiusziiumanioz

¥4 Link Relay Tuudazinsosniugy Agii 4.3
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PC84SF #00 PCB4SF #01 PCB4SF #07

ITTITIIIT TTITTIITIN IITTITTTTITT

memicog| |===[E85| <-----> |==[e&g

ooo ooo oog

r - = TTTTTIITTIT 11T 11T TITTTITTIOT
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= RS 485
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Host Computer
51/ 4.8 nansmsiFeudensdearsdeyauuuinTe1s MIBUULLEANTIA(Multidrop)

A) Mufimizsamiweuniesnugui Tsunsu'ld (Pcs4sk) oondl
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yauazman1g annsonszimsenazFou IdRaULY Word Loz Bit
- Input Relay 311970 IR000 — IR006 534 7 Channel $141u 122 i 11y
manziignemvnauueniune SAs I
- Output Relay (33970 TR007 — IR009 523 3 Channel $11% 48 T
Fumannmsiigndsesngmousniunesaweiynesni
- Special Relay (31910 IR078 — IR079 323 2 Channel $142% 32 1in
dusannzveanieusu quaniansdemsdeya 1
2) HR Area 131910 HR000 — HR099 593 100 Channel $11471 1600 iin 19
udeyauazaang annsansgmssmasien ldnuuy Word taz Bit TauSadn
anmz i livieTanies
3) LR Area Léll‘i]’lﬂ LRO0OO — LRO63 59 64 Channel 91411 1024 19 1‘]3;!,?}‘1J
doyauazAan1Iz aunsanszhmssmazFon @Ry Word uaz Bit Tavl¥lumsde
asveyalunievy
4) DM Area 131210 LR000 — LR999 593 1000 Channel I#ifludoyauazei
anne aunsanszimseuuazidou ldmmziuy Word
5) TC Area 131910 TC000 — LR255 394 256 Channel l#ifiuf1ves
Timer/Counter a2z AmnsanszinssuazFonIdinmetuy Word BCD iy
- TC Status Area JHfIUMA0IULYBS Timer / Counter #1U1T0BIULAL

Wouldmmzuuy Bit Taon1se198af mnuanisuAuIn TCO00-TC255 N 1 sunsy
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4.1.3 1n30NEM5ToaIT0YAUVVBYNINIZHIN PC M) PLC
4.1.3.1 M3demIToyaNULOYNINMNIINTGIH RS-232C
4 9 Aq ' - Yy o
msAeasveyanvveynsuilFauegluilegiuviu lagimsdmusnasgiums
o 1w y Yy w 1Ay Yo a o ) ' A 4 ¥
Sudstoya Bnawuuudioiu uai ld5uanuiiombhmnildauediaunn de msdeasdoya
HUUBYNTUAIANATEIN RS-232C wazinasguiiiiuiidouidesindly szuumsdems
d. 4 _ A ) i L 1
Foyan1¥lunses lulnsneuiianes 1BM PC Fuilunsuiinnesniildedaunsnaroninain
= = w § ot 4 v gy o W 4
sanvudsilipiuumasgiumsdearsilumsesnuuuidiosdu ldeenuuudmsumsiyen
1w 4 d & 7 4 4 =) '
defuinTealuAn (MODEM) FuilugilnsaifildmsdemsdeyaszninnouiaumesHiuns
o/ & -3 L o 1 (- = { ' n. 3)
molnsing Fanlisanmssudadeyagnidaldiimidendaduasgiu rs-232¢ 14

[ ¥
sanuuu i Iassadamsdemsilunuugadegaminiu [10]

M¥utaya
RS232 C

31U 4.9 uanslnssaevesnsdemsdeyauuueynsuniuinsgiu RS-232C

4.1.3.2 MITOAITVOYAMVUIUNIHMINTGIH RS-422A

4 iy as Y =
Tumsesnuuuszuudemsteyaniniikuuaudsilgin  Tatimswnnuinee

1 ]
=

y y y y o & = &4 4 & 9 .
sonuuyIimsdemsdoyaldsiaiWunazissezlumsdemsiinniiuaie  ¥firuinn
=

b

3

A 3 v A ¥ A ' W =1 (Y w9
msdemsdeyamumnsgu RS-232C MReenuuuiielideudeny Tudumniu Talild
filedennusuazszoenalumsdomsaoun dfinasgulumsdearsdoyalmiiildesn

4 o ¥ vq 9 4y Y v 1Y Y
uuuNIHeseUTUANUABIMIvRd IFunARIms I mssudedeyalaszezmalnanazsan
g A & o : .y v 1y o 4
152 floAsgIu RS-422A aamshuaspudeasiawsoiudadeyald lnauazsanaaau
4 a { a a [V = & o =1
divannnnanmshlddayanaiiuuuudvesudva dwaaslugdn 4.10 Famdnmsnde
doonaisudwzdumsSoudfvusenidyaga 2 dwiivuduinasgiu RS232C A
Qs Qs o ‘§ 4 Qo
Fuyramndaanuenfiousunsnd dalumsdeaisluszeznalng q udridygyuzgnan

A o = 4 o a a
nouluaziledyanugnaaneudagn 9 windyaauvuaridelsuidva maaneuves
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e

s -

neusedyanuiszuzmsdeash lna ilinademsdemsdoya  wiewnsdmsofadey
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Aausiay #rutiay
‘%22> e “‘“‘ RS422 A

A futays
RS5422 A

A Tutiaya
RS422 A @1du 1

5Uf 4.10 yaaaTassainvesmsdearsdeyauuueynsumuIIAT I RS-422 A

4.1.3.3 M3aemsYoyauUUBYNINMINNAIGIM RS-485

<5 i P aw a t:f : ) A '

Fudumsdemsnlfluamitontull  msdearsdeyanmiasguiingron
b ) ] [
dedufe  Rrs-232¢ udlumaspumsdemsdoyalunuuilddeasszninginsaide
¥ v
9Unsain3oyAReYA (Point-to-Point) d9u RS-422A Wuilumasgmdfinamunniin rs-232C
3y LU 4 ﬁ; 4 i as 4 I'i
I ldszozmalnadunazdasimsdemaiivin  uandudunisdeasdoyaningunseinile
» ¥
i Tdsgulnseiou q dgaga 10 dr minfuliannsadadeunduningunsaidisumndadala
] b 1

wienan lanmsdearsdoyammnasgm RS-4224 uilumsdearsdoyauuy Simplex

a4 a ) - v & Yy Ve o
o femnvesdeyailunuumuiviraeanaduiudiesmsesnuuussundiludnyuz
o < ' o MY @ a o ; y 4 v 4 v
Tasethodeyanez annsoild Salimsiaunasgrumsdemsdeyadulnimosesdy

dy é { o o or -
AUABIMSH Ao 1ATTIN RS-485 Fudlumasgiufindondnnsvesdyanaiuuanive
~ t‘.'l” o 9 [~ 4 9/ = [ = (Y] i
swdvail Mldszezmaezanusilumsdemsdeyaiiiigs wwdAntuasgIuMsTe
a1sfoyn RS-422A UAIIATEIM RS-485 anunsnfivzdemsszningnsaiiimsdeves
gunsal ldgege 32 @ wieenanldimsdemsamuinsgu RS-485 Humsdoasuuy
¥a1w9A (Multipoint- Communication) Aduaasnnlseunoyluamsen 4.1 uazuaaslngg

a¥luguii 411 [12]

120 Ohm 120 Ohm
f¥ufiny ¥udaym
RS485 R5485
<ﬁ¥uﬁaua ﬁ.,h,ﬁh\/
R4S RS485
L
MYuiays
RS485 #adu q

—

U7 411 uaasTnsaaiavesnmsemsdoyauuueynIuAIATYIU RS-485
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mM3af 4.1 naasanlSsuivuguanianeWihves RS-232 C, RS-422A, uaz RS-485

RS 232 RS 422 RS 485
Single ended
Cabling ; Multi-drop
Single ended Multi-drop
1 transmit 5 transmitters 32 transmitters
Number of Devices
1 receive 10 receivers 32 receivers
Full duplex
Communication Mode | Full duplex Half duplex
Half duplex
Max. Distance 50 feet at 19.2 Kbps 4000 feet at 100 bps 4000 feet at 100 Kbps
Max. Data Rate 19.2 Kbps for 50 feet 10 Mpbs for 50 feet 10 Mpbs for 50 feet
Signaling unbalanced balanced Balanced
-5V min. 2 V min. (B>A) 1.5V min. (B>A)
Mark (data 1)
-15 V max. 6 V max. (B>A) 5 V max. (B>A)
5  Vmin 2 V min. (A>B) 1.5 V min. (A>B)
Space (data 0)
15 V max. 6 V max. (A>B) 5V max. (A>B)
Input Level Min. +-3V 0.2 V difference 0.2 V difference
500 mA (Note that the
Output Current driver Ics normally used In | 150 mA 250 mA

PCs are limited to 10 mA)

4.2 Tassasramaldsunsy (Software Configuration)

Ta598319M19 Software U52nNoUAIE 4 AIUNEN Ao

) Tdsunsuudaasna (Monitoring Software)

2) TdsunsuszuuIams 3 mi’fmga (Database and Data Logger Management Software)

3) Tsunsudeanasmsieasdoya (Software Protocol)

510 4.12 uaaslassaseTdsunsudmivniuguuaziams
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4.2.1 Tsunsunanspa (Monitoring Software)

TuduvesTulsunsuudasnadeinduTusunsumaniildlumsuimsms ldndaa
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wlar 3 wler Srda i 1 ol /3 vl aaa Sauaaslugalii 413 deyaiinaastuBngduuyie
a1y (Trend Graph) dsvzuaaaduuud Tuvesmde Iiihiiald @ Tiunam
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TsunsuuansradaudonTon g Tusunsusamsszungudoya  uazTsunsudonnaams

q Y o & 4 ¥ 1 =
Aomsdoyauuueyninvesginselianaziniesniuguuuy Tusunsuld deeznanndeae 1/
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1 4.14 n) uaasmsguamas s namamdsnuuasanudeansmas Wih

G

%) naaranm lumsgudoyaiigrwaidng

1037 4.14 ¥) wdiuhana t iqudeyasingUnseidamids Wi ldoiiu esnn
Ed
msqudeyadeudonarlumsdetiodeya  Tuunensimsdenedeyaeaes lianysalhld
Y A L 1o u’: 2 o £ , o [ [ 1
deaimsudoyalnidaniudei i ldiannn uas lividu mstunarlumsqudeyaudas
a51 1419795 Timer32.dll 1A Timer 32.Bas (Manwuan v.) iWuilendumsiuna vingdd

4.14 guNsomImnasnuazaudaInsmae Ini 1aaaed
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4.2.2 Wsunsuszuudamsgrudoya
’ Ed
Tudauszvuiamsgudeya ldnan Tufhanedudrluunii 3 Tuuniinanis
v o 9 ' 1 LY d w 2 9 v ;
sUivumsianudeya edurugiudeyanasmanutiuiindeyauuuuiludeninu(Text File)
1) mstuiindeyaves InaalugduuuudugudeyavesTisunsy  Microsoft
Access 97 40 1Wd LoadDB.mdb luniludeyasznoudonats 4 mse sdrasu msdeya

494 11aA(LdTab) M13579 IMaANgNAIUAN (ContLdTab) Aa31# 4.15

31 4.15 uamsrtemsnlundugudeyavesvan

asngudoyavesTnan(LdTab)  femsndmiunudeyavesTvanily
) o v 3 ' o - o = v A - &
dmsuauguniniy - Tnasudasalesgminudeyauniudin Pivelseneuiinisanauieu

Tvvesmsniugu JeyanitiuiinaslIumslseneudionian q dauwudalugali 4.16

LoadTabmdb

#1374 : ContTab

#1379 : LdTab

———LdID
———LdTag
———LdDesct
— LdkW
— LdV¥

LdA
—LdFPhs
—LdPrio
——OnPeriod
—— OffPeriod
- ~Coutd ddr
OnLoad
Cortrolling

37 4.16 uaaslnsadvesgudoyavesivan
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M3 42 uaasvazidoavestoyalugudeya

Fosuls AUHNY
LdID nuvaIAUYed Inan

LdTag FoidunTnan

LdDesct fesuuifvaiu Tnan

LdkW RRGRNAR

LdV usadulvlih

LdA nszualvith

LdPhs szuumlaIvf 1 (Phase)

LdPrio fuanuuavsIAuANNTINY
OnPeriod ﬁmumzummﬁmu&ﬁqm
OffPeriod r‘nﬂuﬂizﬂ:ﬂﬁ1ﬁgﬂﬁ1ﬂuﬁ”ﬂﬁﬁﬂ
ContAddr Amuadumisniaeanuilunsondugy
OnLoad HAAADIUEM TN
Controlling |  UEAIADIULAAIYAAIUAN

2) mstuiindeyagiuunvenitudeninu(Text File) iumsrudindeyadvsm
Psnamalitha q #ifaldningunsalia firumsuaaanauumiiviveslsunsumdn
gy deyafituiinlugtiuuiitudenmiimmsnihndungdeundald viefonit Data
Logger ioiuniinserdoyamsldinihide 9 18 awdaquszasdvesdiinned MILAY
Y e 7 : ) o & A a e
Hoyazunniifivse TomisdrannluduvesmsdsendanunnuisnnuszuunounInes

3 ] [ Ed
mszutiudeyariafiiunamsdafiugh  AnSnameithiiuinaduiludeyai
Uszneudas Suit nar mdaiih 13 wla manudeamsidsinih wasanIndhinld
Power Factor, Reactive Power, Apparent Power #53du I 1-3 wlar nszualnli 1-3 il w04
£ @ 8 1 5 o v U 4 3 o
Fanalumstuiinudazasiannsodmualdnnlsunsundn uazveudludeyaszimua

[ b4 v
anithdeuTuiiadauflutuin Inssadavewdudeyauanaluzdii 417 uazdedeveans

tanudeyalugld 4.18
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Fu-wan-Al7 1
Power(kW)
Demand(K'W)
Energy(kWHr)
PowerFactor
A pparent Power(kVA)
Reactive Power(k'Var)
L Vdltage3Phase(V)
| Current3Phase(A)

311 417 waaslassadngmdeyagiuuuududoninu

£ 25450206 Tul - Holrpad
RO Sl Holpia i 3w IR NOAAT e b L
[06/02745  00:02:00 Puwer (kW] Deomand [KWh x 4] E
|DE/02/45 DO:05:00 12900.00 13100.00 S0TR.5)  -0.91 14100.00 -5770.00 1.2
06/02/45 00:00:00 13100.00 13000.00 5011.28 -0.92 14300.00 -5550.00 1.
DE/D2/45 DO:11:00 12300.00 13000.00 5011.93 -0.99 13000.080 -1350.00 1
06/02/45 D0:14:00 1200000 13000.00 501253 -0.89 11500.08 -6210.00 1
0§/02/45  DO:17:D0  12700.08 12900.00 501318 0.3 13600.00 5010.00 13
06/02/45 DO:20:00 12700.00 12800.00 5011.62 0.9) 1)700.00 5090.00 13
06/02/45 00:23:00 12500.00 12700.00 5014.437 0.0 15600.00 9390.00 13
D6/02/45 00:26:08 13200.00 12600.00 5015.07 0.94 14100.00 496000 13
[06/02/45 00:29:00 12500.00 12600.00 501569 0.80 15600.00 9390,00 13
D6/02/45 00:32:00 1240000 12600.00 5016.30 0.80 15400.00 9130.00 12
06/02745 00:35:00 12600.00 12600.00 5S016.96 0.3 13500.00 4850.00 13}
0602745 00:38:00 12400.00 12600.00 5017.58 0.B0 15600.00 85390.00 13
06/02745 00:41:00 12800.00 12600.00 5018.21 0.97 13700.00 4910.00 13
06/07/45 DI:44:00 12700.00 12700.00 SEIA.85 0.9 1J600.00 4300.00 1}
06/02/45 00:47:00 12900.00 12700.00 5019.48 0.81 16000,00 $380.00 13
N6/02/45 DO:50;00 16800.00 )17800.00 S020.26 0.98 17100,00 3330.00 ')
06/02/45 00:53:00 16600.00 1)600.00 5021.11 0,91 10200.00 7460.00 12
D6/02/45 D0:56:00 16800.00 14400.00 5071.94 0.91 153I00.00 7450.00 1%
DE/02/45 00:59:00 17000.08 15200.00 5022.76 0.98 17300.00 313000 13
D6/02/45 D1:02:00 I6KEDR.00 16100.00 50735/ 0.90 18400.00 /870.00 l)l.
- 1 g - £y e e e DI ']

e bt Lot . |

31N 4.18 uaasdedrudutonnui lavinmstiuin

) A )
4.3 Tsunsudennasnmsaeastoya (Software Protocol)
¥
Tuan3duativiiin 14T anea 2 JuUuuufie MODBUS Protocol taz11s Taneaves
; - 4 2 -
InT0InuguUUUAsTNT I sunsu IA(PCe4sT) Fginsainsassglunudennasnmisdeasdo
ya miloudu  udgdununsdemsdeyavesginssinsdeunilouiu fAel¥asdemsdo
3 3 ]

yauuueynsuAsIgIU RS 485 aariuive lildiailymlunmsdearsdeyaseninglnsel
o o a 7 aw da ¢ 4 ¢ A ¢ J
NaaeanuasuRaAes Tuauissiitwennesamsdemsesnilu 2 nesnfe wesnoynsui 1
(com1) Idsoudenuglnsaliamaslnih uazwesaeynsuii 2 (coM 2) Ifyeudeny

n3eenIURNLY TUsunsu 14 dawanalugili 4.1
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43.1 YeanaamsdeasvoyadIunnNIgI1H MODBUS

Y o i ¥ Y | ¥
‘U’E)ﬂ']‘ﬂ‘uﬂ‘l]'ﬂ»‘lﬂ'liﬁﬁlff'l'i‘llﬂﬂflﬂ’lﬂﬂ'mi’]jWH MODBUS ﬂ%ﬂgﬂl&ﬂﬂl{lu‘ljﬂﬂ]ﬂqﬂlﬂﬂ;‘lﬁ

u

v P

lumsdemsizoni vden Feudendeyaiigndisensinaeuiiamesiuszuumsiiounoie
a1s llfsgunsaliavzifondn ulenfida(Command Block) wazudendeyafigRdIIIN
gunsaliaruszuumsiendedoasifundineniiunesisonin uUAenAsUAUDI(Response
a o o d P Y v oA Y
Block) lasgiluvuvesuaenimiduazuasnasuauetszizluuundie q nuae gaueIvaya
4 v o 4 v ) Y ' P
msdeasIzlsznaufie nvsziTNANYRIgATEYa « : * MUAIIAWNLURWIZYBIgnTal
(Address) MUAIWSHAMAL (Command) AIMAILTOYATAI00NNTOT VI (Data) AR
MAuVAenLRC) Mualusidtameuaon (CR+LF) [6]
ietude luidlumsuaasldiiiuguoumsdearsdoya sTHIINONRAADI N
@ o o 2 Y a ] ] 0 &
gunsaliamas Iihdaudruazmsouneu Tagneuiuaesiluthoadsudondidsly
sudeyalumianuswesglnsaliadda i duaaalfimiulugili 419

43.1.1 puuuidslioumlumibeanudiving N Word

Host Computer.

:,AA,03H,SSSS,WWWW,LRC,CR.LF | - &

Power Meter.

e ,AA03H,BB,DDI,...,.DDn,LRC,CR,LF

517 4.19 uanaudendidslie i lumizoauswua N Word

¥
]

1IN 4.19 aunsoeduie Tadail

e e - Guudendeyamsdoms
AA = @uvnag1nsoi(2 bytes ASCII)
03H - siasdadmiugudoya N 1ne7a(2 bytes ASCID)
SSSS — UM U AN bytes ASCID(AMILAR1S : OFE0OH)
WWWW = $110u009afiaean1581(4 bytes ASCIT): Max.70 word
LRC = A a0 @H%ﬂﬁuﬁ (Longitudinal Redundancy Check)(2 bytes ASCII)
CR = 5aTaudon(l bytes ASCID)
LF = s¥aiSuussialnal(l bytes ASCIT)
BB = s ludvesdeyaiie 142 bytes Ascin

DDI,....DDn = Youane1uun 1A(2 *Num.ASCII bytes)

E')
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43.1.2 junuusmdaldiReumlumiieanud1vina 1 Bit

Host Computer.

:,AA,05H,NNNN,bbbb,LRC,CR,LF PR,

Power Meter.

Y SRS , AA,05H,NNNN,bbbb,LRC,CR,LF

r_-;, I~ YA ' ] o 3
311 4.20 uamsuaen I@eum luniteanudvuia 1 Bit

v 9
1In3U7 4.20 mansnefunelddail

e «:v - Suvdendeyamsdons
AA = fuvagnsei(2 bytes ASCII)
05H - siamdadmiv@oudoya 1 Bit bytes ASCI)
NNNN = §auvesiiaiideamsifion bytes ASCID):

0000H<$1HIUVDILA<0003H HI DI 1UIUVDILANINY FFFEH

bbbb = FFOOH :1a = 1; 0000H : 1% = 0 (4 bytes ASCII)

LRC = sHans0d Elui’fﬂigﬂ (Longitudinal Redundancy Check)(2 bytes ASCII)
CR — sWartlauden(l bytes ASCID

LF = sWansuus39ialvi(l bytes ASCID)

4.3.1.3 MIMUINMIAIHE LRC (Longitudinal Redundancy Check)

s LRC aunsari 14
D swsiagadeyanamuanidusnuszsuduuden « - lugdimug 16
2) Vwadniildnsdan 100H nie 256, e liiy’ld
3) siurwdildauesnsin 100H w5 256,

Fetas vienddensendeyadsil

“:,01H,03H,FE00H,0021H,LRC,CR,LF”

59

sausananuaoni <
10H+03H+FFH+00H+00H+21H = 123H (291),,

Yhwadni i 181 sdae 100H (256),,

123H/100H(256),, = 01H 1718 23H (35),,
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ey lAavesnain 100H(256),,
100H — 23H = DDH
AN USHa LRC = DDH

4.3.1.4 JUnuuidsldemlumibaanudmanun
IN31/N 4.19 Lfﬂugﬁuwﬁﬁqmiém%qa‘luﬂﬂaﬂmmﬁwum N Word 211150
3 o o ;f ¥ g) u’: ] o ad v Y ] o 9/
1% mm‘luﬂﬁmuuanfmamJﬂ'luﬂmﬂmmmmﬂuﬂwanamq a mmqﬂﬂsmﬂ'lﬂ Tay
Sradadumiafisnutiu Frood mmumammwnﬂwmmmnu 41H(65 Word) muu‘xgﬂmm
#'ldfe “,AAH,03H,FEH,00H,00H,41H,LRC,CR,LF” waﬂ"lm'mmsmumauamwnﬂfmmn
u?rm'lﬂmgﬂ'n 421 msi‘lumsm‘qﬂaﬁﬂﬂmumazgammm“lwmumm%zm‘iumua

gunseidad 1 (01H) yasmFudoulny18dsil <0103FE000041BD” + CR +LF (MANUIN A)

~.0103B200010070021203004301F E0101019980FE38020038020:03302004301FE4301FEL301 FE37030037
030037030099B0FETIRNFECSANF E3NALFF24RBIFFATAAFFI103004N03004003009809 FERDO 1 FERSOOFED2

01013581 000005F F 4101 0Q0FE R 10ZNENGFESN1020G5702002504F F 100301540 10136 000000F E47000000F

E4TODOO0OFEASAS™ +CR.LF

31 4.21 uamsiedyadeyauienasuauesnInglnaiiamdenih

Star: Tranamussn

Aocdress Command Echo *atbytes  Type of instrumant Option1  Option2 Config!

01 03 a2 0D (Vip-Energy) o1 - 00 70
Cenfgl YeRI412)  1{143) W {1010)  PF{-2%)  VI1{238) V2(238)  V3(238)
02 120400 4301FE 010101 9980FE 380200 380200 380200

11(143) 120143 1301431 Wn337)  W2(337ry  W3{337) PF1(-.99) PF2(-99)
4301FE 4301FE  4301FE 370300 370300 370300 99B0FE 99B0FE

PF3(-99) vari(-48) Var2(424) VAM(-447)  VA1(341)  VA2(340) VA3(340)
9980FE  80B4FF 24B4FF 4784FF 410300 400300 400300

CF1(38) CF2(1) CF3(98) VAI1020) Vai-135) Hz(50) WAN(1.41)  KVAh(2 61)
9800FE O0O00IFE  9BOOFE 020101 358100 O0005FF  41010000FE  61020000FE

AvgQVArN251) AvgVA(257) AvgWid 5) PeakVA{3100) PeakW(1540)

510200 570200 2504FF 100301 540101
kWh1 ( 46) KWh2 (47) KWh3{ 47 )
46000000FE  47000000FE 47000000FE
Data to be discarded LRC End Transmission
A8 AS CR+LF (0Dh+0Ah)

314 4.22 uamsmsuanuasteyaineu lavinmiisanuiimuanuvuie
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4.3.2 Yeanaamidemsveyadmivniesniuguilisunsuld PCS4sF
doimuavesmsdomsdoyadmiunsesnruguuuui Tusunsu 18 wiyduunidy
Y P ' d 2 g Y A ' a R & 1A
yadoyaisuni vien Fwdendeyafigndsesnvinaouiiunesmuszuumsisounedos
o y c& 1 < -] u‘J
luFunsesnruguuuyTusunsnld PC84SF #192i5und1 UABNAINI(Command Block) Uay
= P 1 4 ] 4 1 4
vdendeyaiigndunaimniesniuguuuuTusunsuld PCS4SF Muszuumsiousedoas
Windaneuiunesizondn vAenasuaUB(Response Block) Taugliuuvesndeniduay
3 a v o A ) 4 ¥ o A
vdenmouausdziigluuuadie 9 fufie gavesdeyansiemsrzlsznoudiy nvszisy
Auvegadoyn « @ » MuABAWMMUURNIZVOUATBIAILANA (Unit Number) mNAIOTHE
fda (Header) mudiudayaiidsesnyiesuidi(Data) nazdnuse « * » Gugadausiamiiu
o < 4 W
Yaen(Frame Check Sequence : FCS) uazsWatlaiwuaeniuflusnuss (CR)[8]

4.3.2.1 jUuvvvesvden(Block Format)

@ xlx xlx DATA * | X | X | CrR

Fudu | duwmds | ids doya FCS a

Frdnnusiaiiivuden
11 4.23 pupvesudenddaazasyauedveunsesmguuUUATINR Tdsunsn 18

smuusnusysmlugazuieniuasdea i 128 @1 nazdesvesns
fnamssiamiuuienszegseninsnuszisudy @ Tuaudadugn DATA 7« *
4.3.2.2 MIMUIUIAAMNUVADN (FCS Calculation)
Fcs ifludeyavinn 8 Safignualaslifiusnusz Asc uas 8 Saganamniiif
HASNE9INMI Exclusive OR [XOR] fuiludduvewdazsnuszlundonsunnsnuszusn

widadnuszgaiioved DATA 15U

@01 RL 0000 0001 * 74 CR

Unit NO. Header DATA FCS Close

14 4.24 uamadietudendids uagdEmsmarie FCS

9131t 4.24 851101891 T8 mHUA Link Relay vee PCS4SF Unit i 01 (Fuduil

AUH19 RLO000 $1147% 0010 AuHHs aunsamunmsa FCS lafamsiah 4.3
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M3199 4.3 LAAINMIHIAITHA FCS @28mM3 Exclusive OR

NUTE | U ASCII Binary [HEX] XOR[HEX]
@ 0100 0000 [40] 120 [70]
0 0011 0000 [30] 65 [41]
1 0011 0001 [31] 19 [13]
R 0101 0010 [52] 95 [5F]
i 0100 1100 [4C] 111 [6F]
0 0011 0000 [30] 95 [5F]
0 0011 0000 [30] 111 [6F]
0 0011 0000 [30] 111 [6F]
0 0011 0000 [30] 95 [SF]
0 0011 0000 [30] 111 [6F]
0 0011 0000 [30] 95 [SF]
1 0011 0001 [31] 110 [6E]
0 0011 0000 [30] 94 [5E]
# 0010 1010 [2A] 116 [74]

4.3.2.3 plnumsiemsdeyasznienenfiaumesiuniesmaunuuuuldsunsald
Tuvaziimsiyeudeiedeaisdeyansuiunesndnannsafivziimsith
ueIMsANTUMIIAIT T DRIIINIAIUgUIATBIAILAN PCB4SF dhagludniuzmsith
ued  peuiuneindnsvdnsdemdaldomdeyaniniaiesniugua  muwiiavesdeyad
) a4 g d 4 o o o "y a4
doams  wietluamugmsmvguiannsafiezds hivhmsuaou)asideya  feglu
wienmez 18 Taoase irudeyadunnieniymiudy

) QI) A & 'q
4.3.2.3.1 uﬁanmaamuwuﬁauuﬂnmﬁun (Input /Output Relay)

Host Computer

@0, Unit On.,R1,SSSS,nnnn, * FCS,CR | - 3

PC84SF

yS— @0,Unit On.,R1,SSSS,DD,,...DD_,* FCS,CR

11 425 uanudendidee uiuRBuyN/AB TN (Input /Output Relay)
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e @ - Snuszisudunien
Unit On. = ﬁuL‘tquwwﬁmam?aamuqm PC84SF
RI = ﬂ°1§ﬁﬁi1u‘f’l’ﬂgﬂ%1ﬂ Input / Output Area (Internal Relay)
SSSS - gumamianusisuAuidesnse
nnnn — $1u7m Word Seyafidesmsey
sk = 6’nmsz*§uqﬂﬁ1f‘;’q
FCS = s¥amfuuden
CR - gnvseavdeon
DD,...DD, = %eyafiemIADATA)
43232 VionfFuTEUNUTD DUWN/LINYM (Input /Output Relay)
Host Computer
@0,Unit On.,WIL,SSSS,DD,,...,DD,_*,FCS,CR ——>
PC84SF
e @0,Unit On.,WI,XX,* FCS,CR

g1 426 uamsnendrdufvuiufidunnie iy (nput /Output Relay)

) = §nuszisuduLaen
Unit On. — A AR iveUnT8IAILAN PCRASE
WI = ﬁTﬁQL%UH%@Hﬁiﬂﬂ Input / Output Area (Internal Relay)
SSSS = fulamizsanus s uduiiaeams Sou
DDI,...DDn =49y aﬁﬁ’mmmﬂu(DATA)
e = ar1m:§uq¢1ﬁ1m
FCS = sWamiuuden
CR = dnvsztlavden

XX = 3N ARBUAUBI(Response Code): 00=Data Compete; 08=Data Error



By X
4.3.2.3.3 U8eNMFIOIUNUT Link Relay

Host Computer

@0,Unit On.,RL,SSSS,nnnn,*,FCS,CR

[ v kg ¥
51 427 uansudendidaeuiuf Link Relay

—>

&amee
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PC84SF

@0,Unit On.,RL,SSSS,DD1,..,.DDn,* FCS,CR

ie @ - Shaszisuduuden
Unit On. - AununmeiveunieanIunua PCSASE
RL = ﬁ'lf%x‘l’t?h‘ll‘i’f’él‘)éﬁﬂﬂ Link Relay
SSSS = dumlamieanus s uduiidesnisein
nnnn — $117U Word Seyaiidnemseu
o = é’ﬂﬁmf‘?’uqﬂﬁﬁa
FCS = sWaffuuden
CR = Snuszilavden
DDI,...DDn = dayaiis1AMDATA)

) X 4
4.3.2.3.4 vdenmduleaunuf Link Relay

Host Computer

@0,Unit On.,WL,SSSS,DD,,...,.DD,,* FCS,CR

57 4.28 uaAsuAeNAAI8UNUN Link Relay

Eesivans

= a a 9 o
e @ = DNUTLISUAUVADN
Unit On. = MUUIRNIZAVDALA
WI = Mdudoudoyasn Link Relay

PC84SF

@0,Unit On.,WL,XX,* FCS,CR

399AIUAVI PCBASF

SSSS = A HUIHUANUI IS UAUNARIN T BY
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DDI,...DDn = doyafidein1siBun(DATA)

Ed

S o8 = onvszuganiida
FCS = siasnuuden
a [~
CR = onvszilavasn
XX =9 ﬁﬂﬂﬂuﬁuﬂﬁ(Response Code): 00=Data Compete; 08=Data Error

A A, a A v ' a das <
4.4 !ﬂSBQNﬂﬂ'lﬁiﬂﬂ??ﬁf’]ﬁlﬁmﬂHE’I‘iz'ﬁTNﬂﬂuﬂﬂlﬂﬂﬁﬂﬂ?}ﬂﬂimﬂ'lﬂuﬂﬂ
¥
Tuam3Sontuiidenl¥Tusunsudusegal Microsoft Visual Basic Ver. 6.0 wml¥a3ig
£ 1
TusunsudmSunnguuazdamswdesnuiih - udlwiadeiisznandemsldnieaiiely
Tlsunsululnswernisrawdn  #lddmivdAadesznineniiunesiugnsainiuen
HIUNITRITD A5 Ty aLUUBYNTULIATEIU RS 232 H3BI38NIUATEIID MSComm Control
(Communication Customer Control)
ms¥uuazmsdadoyaszninaesnsdearsuuueynsu (Seral Port) fuglnsainisuen
wiimsdnneld 2 gluuvde
4 Y 9 @ i .. A
1. MIAeMISUVUNTZAUAIOMAMIY (Even Driven Communication) wioiilums
= Y ¥ A  du s
WouTdsunsuuuunszdualsdinesswatiues
4 A " a 4 a 9
2. mydeasuuuInaae (Polling) A TaomsiwoulUsunsuiuseunsdnaauve

1091NY0IAD AT VOYAULVOYNTY (Serial Port) ARBAKIAT

[Fnrm :’ [Lnad

‘| Private Sub Form Load()

N B AR [T

;.I’l ii.

o
: 7"' Dim word As String
A= -'ﬂ . ‘ HMSCorml . CormPort = 1

‘.ﬂlw - MSComml.Settings = "9600,N,8,1"
Svom p HSComenl, Inputlen = 0

T MSCorml,PortOpen = True i
word = "@O00RI00000001*" 'Read Data
L" word = word + fcsum(word)

= KSConml.Cutput = word + Chr({13)

| i
(A

ntrol

e T R T

End Sub

PpYer
ledgid

n) )

H 4 @ 1 = o @ o kY
U1 4.29 ) uerAszIlinFeaiie MSComm Control %) uaAsAIRdIMsIBURIFITOMTTOYA
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mManegaulitacHanIaIneaal
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wetumaniuerszuuil iy 1gduerms iswduediuvesnndse wu diuvesmsniugu
Traad liewisonadeuiuTnaaseld  Wuifissmssaeangmssiuuniheensuiiunes
A e a ' @ A Ay 1
ilasninmsanasszuumugy Inastinnugennuinuazislinuiniededes  uafiing
naavsfiunIeluemaluiemanssis 1 1nvea egmsiauvesszuunILgNAIY
PLC TudumsiamSinamaWfuienudeyans1¥lvfmolueims dumsnaaeu

_

& 1 = 4 o = o J
959 FldamSunamedihidudeyanazannsoihuninnzduaziasangmasiag o

e

ﬂ’: A: = = = d' o s o &
‘lﬂ ‘I‘]Q‘ul‘ﬂul‘WENﬂ'l‘i"nﬂﬁﬂx‘i’mﬂuu’]ﬂﬂlﬂﬂ’lﬂﬂﬂ"liﬂ')llﬂmm“’ilﬂﬂ'li“r‘lﬁ\‘]\i'mulﬂﬁ'l RN STRRLY
b4

L) Uﬂi\‘mblﬂ‘ﬂﬂﬁﬂ‘ljﬂ‘ljﬂ'lﬂ'liﬁﬂu ﬂ'lﬂ’J‘]f’]’Jﬁ’JﬂiiﬁJﬂ"l'J"Jﬂﬂll ﬂﬂl“”Jﬁ’Jﬂiiijﬂﬁ’JﬂﬂH GLORMIET

-_l:vu =W

maluladnsevemndudgammsmanssis  Jusrangiiitednuieg duneun1sAIY

¥
9
AuAmIANLABIMIiIaY Iiihgegaiideil
1. sawsudeyans 1y lvihuaz Tnaasia q
2. TNUHUANTUMIAIUAUIAZIANT 1Han

3. AWIUMIMUANLASARAINHA

5.1 maiususmdeyamsisivih
mainusiusudeyams iy ihiiadszasimenosmanlsnamaldiy  wWevun

=1 1 o é L] ar
TinseimaadtlszneulvanvesszunIiihluems FaimsmadalseneuTnaaauiso

¥ " ' ¥
mldnnaumsn 2.7 flawdsnu Wihnldnmualusewmdsusuannudesnmsiias v
c;q é’ - 3 A " o o 1 ) o o =1
hnavulwdeuiiu Fammasnu lWihdumanudesmssda Inihluseudeuannson

TavnlumdaniianIdhieenIvninmsiiih  wSedniaedeyams i ivihinldeinms

s aHa o

= 9 o @ [ 3 =X dya = = o
Tufinluszvumuguanudesmsidelii  dululuaidelidudenitandsgilnsalia

a
td 14
a 2 o o o/

faa lwdhierfuiinmySnamaliihee g unumsinngrnnlundanil Fadase1daada

G

¥ o

aunselinmds It B ludesnrugumsteinihveserns fauaasluglii 5. niifivie
mudgums deasdoyauuueynsuIASEIU RS 485 A2ud10 2 dhundatemannit
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m3199 5.1 uaastoyams 19 1Wdhlu 1 ifeu AsuaSui 1.0, 2544 - 30 w.0. 2544

*Tu‘fr'; Demand |Unit (kWHr)| Load Factor ’31!‘?% Demand |Unit (kWHr)| Load Factor

(kW) % (kW) %
1 35 721 55 16 52 585 47
2 56 724 54 17 62 563 38
3 54 719 55 18 42 389 39
4 : % 838 50 19 40 407 43
8 65 817 52 20 15 209 59
6 29 439 63 21 27 334 52
7 28 393 60 22 48 665 58
8 46 596 54 23 49 671 58
9 57 692 50 24 54 718 55
10 54 665 51 25 62 564 38
11 43 681 60 26 27 334 32
12 49 508 44 27 52 585 47
13 27 269 4] 28 49 673 57
14 27 276 43 29 40 407 43
15 47 482 43 30 38 403 45
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Load Factor(3161A0U) = 100% = 32%
70(kW) X 24(Hr) X 30(day)

zriumadszney Inaasodeuesscuy IWAUMIAY 32 % 9991810 910U

' ¥ ¥
nunsdsendandenu Wi lasmsiiumdalsznen Inanlvgeiiu dniusesuiludesding



53

s 1w 3 A § a A
UsilgemdalsgnenTnaavesszun b Idgetin  Faudluiuameniidsednimmnnuas

_ o

= A ad a 1w 9 da’{ g 1 9/
HIUMINNga luﬂdﬁl'lﬂ’]ﬁﬂ"l'ilWﬂJﬂ'lﬂ']ll'izﬂf)ilT'WC]ﬂjﬂi‘\:ﬂﬁjuﬂﬁﬂﬂ15ﬂﬂﬂ1ﬂ'}1uﬂENﬂ']i

o s

s lWihgagaas dwzmiuldanaunish 2.7 i ldasd 199 edumdsan Inihasld 8n

€

nadrelunsnumuaaiidinseaanszud Ilihveslsumaanad lddae

5.1.2 mammaidszneuivaaimanzan

[

o & a d’d Y A ad A 1w £ d# Yo o
AniuluamIteilde ldidenii mamiuawilsenen Tnaa ligedu Tasladasims

b

uaasmallseneUMRVAUNINANAD 32 — 46 % udnh lUmamnnudeamsmas Wi

'
=

1w P o k4 P
ﬂ1mi|‘i:nauTﬁaﬂm‘wmm Iﬂﬂ"ﬂm'ﬁuqﬂ%'lﬂﬂ'ﬁ'ﬁﬂ 52

D

B 16,327(kWHr) n
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TIMER32 Function
Option Explicit
' Project Name : -
' Library Name : Benchmark Timer functions for VB/Win 5.0, 6.0
' VB/Win Module : TIMER32.BAS
'DLL Filename : TIMER32.DLL
" Copyright :(c)1996-1999 by Sutthisak Phongthanapanich
' Declare C:\Windows\System\TIMER32.DLL
' TIMER32.DLL constants declaration.
' Copyright string character case.
Public Const BTR_COPYRIGHT_DEFAULT =0
Public Const BTR_COPYRIGHT_CAPITAL =1
Public Const BTR_COPYRIGHT_SMALL =2
' Ranges of valid Timer ID.
Public Const BTR_MIN_TIMERID = 1
Public Const BTR_MAX_TIMERID = 256
' Time unit.
Public Const BTR_TIMEUNIT_MS =0
Public Const BTR_TIMEUNIT SC =1
Public Const BTR_TIMEUNIT MN =2
Public Const BTR_TIMEUNIT HR =3
Public RT As String
' TIMER32.DLL API Functions declaration.
Public Declare Function vbrcTimerGetCopyright Lib "Timer32.d11"
(ByVal ChrCase As Long) As String
Public Declare Function vbreTimerGetVersion Lib "Timer32.d11" _
(vMajor As Long, vMinor As Long, vRevision As Long) As String
Public Declare Function vbrcAllocTimer Lib "Timer32.d11" _

(ByVal TimerID As Long) As Long

Public Declare Function vbreGetBenchmarkTime Lib "Timer32.d1l" _

(ByVal TimerID As Long, ByVal tmUnit As Long) As Double

Public Declare Function vhreGetFree TimerID Lib "Timer32.d11" () As Long

Public Declare Function vbreGetLoopCounter Lib "Timer32.d11"
(ByVal TimerID As Long) As Long
Public Declare Function vbreGetRemainLoopCount _

Lib "Timer32.dll" (ByVal TimerID As Long) As Long
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Public Declare Function vbreIsEOLoop Lib "Timer32.d1I" _
(ByVal TimerID As Long) As Boolean

Public Declare Function vbrcReleaseTimer Lib "Timer32.d11" _
(ByVal TimerID As Long) As Long

Public Declare Sub vbrcDelayTime Lib "Timer32.d1l" _
(ByVal msTime As Long)

Public Declare Sub vbreInitTimer Lib "Timer32.dlI" ()

Public Declare Sub vbrcPauseTimer Lib "Timer32.d11" _
(ByVal TimerID As Long)

Public Declare Sub vbrcResetTimer Lib "Timer32.dI1" _
(ByVal TimerID As Long)

Public Declare Sub vbrcResumeTimer Lib "Timer32.d11" _
(ByVal TimerID As Long)

Public Declare Sub vbreSetLoopCounter Lib "Timer32.d11" _
(ByVal TimerID As Long, ByVal LoopCnt As Long)

Public Declare Sub vbreStartTimer Lib "Timer32.d11" _
(ByVal TimerID As Long)

Public Declare Sub vbreStopTimer Lib "Timer32.d11" _

(ByVal TimerID As Long)

LRC Calculation Function

Function LRCS$(strng As Variant)
Dim temp As String
temp$ =0
Fori= 1 To Len(strng) Step 2
a$ = Mid$(stmmg, 1, 2)
DECVALUE = AsciiHexToDec(a3)
temp$ = temp$ + DECVALUE
Next i
temp = temp Mod 256
temp = 256 - temp
LRC = Hex$(temp)

End Function

AsciiHexToDec Function

Function AsciiHexToDec(a$)
Dim temp As String
MSC$ = Left$(a$, 1)



LSC$ = Right(a$, 1)
IfMSCS$ >="A" Then
temp$ = (Asc(MSCS$) - Asc("A") +10) * 16
Else
temp$ = Val(MSCS$) * 16
End If
IfLSCS§ >="A" Then
temp$ = temp$ + (Asc(LSCS) - Asc("A") + 10)
Else
temp$ = temp$ + Val(LSC$)
End If
AsciiHexToDec = temp$

End Function

CheckLrc Function

Function CheckLrc(EnergyReply As Variant) As Boolean
On Error Resume Next
EnergyReply = Mid$(EnergyReply, 2, Len(EnergyReply)) 'Delete ":"
RxLrc$ = Right$(EnergyReply, 4) 'Select LRC + CR +LF
RxLrc$ = Mid$(RxLrc$, 1, 2) 'Select LRC
EnergyReply = Left$(EnergyReply, Len(EnergyReply) - 4) 'Get Data
CalcLre$ = Format(LRC$(EnergyReply), "00")
If RxLrc = CalcLrc$ Then
CheckLrc = True
Else
CheckLrc = False
End If

End Function

AsciiToFloat

Function AsciiToFloat(Data$) As Variant
Dim k As Integer
Dim F As String
On Error Resume Next
Exponent = AsciiHexToDec(Right$(Data$, 2))
If Exponent > 200 Then Exponent = Exponent - 256
Num$ =""
For k=1 To Len(Data$) - 3 Step 2



Num$ = Mid$(Data$, k, 2) + Num$
Next k
If Left(Num$, 1) ="8" Then
Num$ = "-" + Right$(Num$, Len(Num$) - 1)
End If
Dim r As Variant
AsciiToFloat = Val(Num$) * 10 ~ Exponent

End Function
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Development of Load Control and Management System
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Abstract

This paper presents the conservation of electrical
energy in building with the technigue to develop load
control and management system in order to adjust load
factor of system. Using the limiting and controlling the
maximum demand, we can acquire the prediction and
compare it to the maximum demand set point. This
system consist computer which works as controller,
processor and database unit and works with digital
power meter inform of multidrop network by serial
communication via RS-485. The control system use
PLC to control load via serial communication RS-485.
The data of measurcment such as voltage, cunent,
power, power factor, energy, etc., can be saved as
database and analysis. The load factor adjustment by
limiting and controlling maximum demand can reduce

the cost of electric consumption and energy generation,

Keywords
Load demand control, Demand forecast

1. INTRODUCTION

Presently, the load control system in building or factory
to control maximum demand there are many formats.
The aim of maximum demand control is reduces cost
and saves electrical energy. Besides that can reduces
lost of load such as transformer , Energy saving can
make many methods such as shift operating time of
mechanism, to use automation load control system. In
presently, the Energy Monitoring And Control System
(EMCS) and Building Automation System (BAS) used
in large building are better than to use control device
and sensor device moreover, so not appropriate to be
used in the medium and small building

In this paper, we present the development of load
control system within medium and small building. This
system uses microcomputer which works as digital
power meter and PLC contioller via standard serial
communication RS 485[1]. The information received
from digital power meter can be shown in Data
monitoring, records to Database system and forecasts
load demand of building. The load control system
consist of function Load shedding, direct load control,

0-7803-7525-4/02/$17.00 © 2002 1EEE.

cycling control and timing control. The demand forecast
calculated by electric power of building. When demand
forecast value is more than setpoint value the database
management will be selected load online to be control by
PLC.

2.  HARDWRE CONFIGURATION
The hardware system consist of Data Acquisition system

and Load Control system, show in figure 1. The Data
Acquisition system consist of the digital power meter, that

“install in building for measurements of the electrical value

and then link to the microcomputer, With standard serial
communication RS 485. The load control system consist
microcomputer, works as supervisory system. That is for
Monitoring , Load control, Communication, Database
management and Demand forecast. The function of PLC
controller is to control output device and input device. In
case of the communication is failed, the microcomputer
can be standalone.

i

RS-23Y Host PC RS-232/
RS-485 RS485

—Rs [

Digital Power Meter#01 EEE

| |

|

| FLC PC84#00 j'

I

| I
I

! ] WH I ﬂ i

- === ifs) I - —

IO 2aa2s, =====]
Digital Power Meter#32 PLC PCB4#07

Figure 1: Hardware configuration system

3. SOFTWARE CONFIGURATION

The software is developed by Visual Busic Ver. 6 program
and can be used on the Windows 98 operation system. The
function of software is Demand monitoring and load
control, Communication software, Database management
software and Demand forecast system. All of functions are
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inside the microcomputer. Besides the software on the the microcomputer and digital power meters, and the host

PLC controller is ladder program. link protocol format uses between the microcomputer and
the PLC controller.

3.1 Demand meonitoring and control software MODUS protocol show in figure 4.1 and 4.2, there are 2
format. The command format and the response format.

Monitoring software can be shown all of electric values Host link protocol show in figure 4.3. This same protocol

such as voltage, current, power factor, power and is Command Block format and Response Block format.

kilowatt hour etc., in the table format. Another values

such as electric power, apparent power, reactive power 4. DEMAND FORECASTING

and demand to show in trend graph format. Show in

figure 2 and 3. The load controlling in this system uses the predicted
demand method[2], shown in equation 1. The forecasting
technique was developed to predict the future demand
based on initial demand. Demand forecast values was
update every 5 second then compared with demand
setpoint, if that values are more than setpoint value, the
controller will delay time for control device and check
load was online to controllable. Show in figure 5.

P,T,
t

D =Dy +—L (1)
T

When: Time (sec)

t
T  :Time interval (sec)

T, :Time remain (sec)

Figure 2: Show all of electrical value.
Py :Power at time (kW)

A
S

D; :Demand at time (kW)
D¢ :Demand forecast (kW)

(Demand Forecast : D¢,

Figure 3: Trend monitoring.

2.3 Communication software

The communication software in this paper have 2
format. The MODBUS protocol format uses between Figure 5: The trend of demand forecast and load shedding.

: | XX | XX | XXXX [ xxxx | xx | cr | LF |
{start block}  {address Meter} ~ {command Code}  {address memory}  {data} {LCR)

!

Figure 4.1: Command block format

[ : | XX [ XX | XX [ xx,.xx | xx [ CcrR ] LF |
{start block)  {address Meter}  {command Code} {number of Read data}  {data}  {LCR}

& Figure 4.2: Response block format
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-

@ l

XX ’

XX

I b & S, & | ¥ l

XX

.

{Start block}

{Unit PLC}

{Command Code}

{data}

Figure 4.3: Command and Response block format of Host link

5.  THE CONTROL STRATEGY

Demand control system can be described on figure 6.
First, define load in building into the database, show in
table | which each load will must defined priority by
operation and rate. Load control algorithm, first to check
load online then control load lower priority before load
high priority. Next, load controllable large rate if same
priority. Which is controlling can be check balance load
in electric system. Function of load control can be direct
control, cycling control, and timing control. The control
operation can be describe in flowchart from figure 7.

Measurement

—Parameters —+

Monitoring,
Analysis
and DataBaes

Target signal

— b

1 Direct,Cycling, Timing,
Control

(FCS}

{Close}

Measurement

Direct,cycling and

Monitoring,
Communicate
and Database

Timing control

Demand forecast

|

Control
Devices

Figure 6: The control strategy.

Target point

Cleck Load online
and Piority load
control

4

Table 1: Database devices and database 1/O list .

Figure 7 Control system flow chart.

Load group Tag name e ‘;})dféess - Rating(watt) | Priority
ACI1.1Floorl 0700 200 i
AC1.2Floorl 0701 200 2
& AC2.1Floorl 0702 250 0
AC2.2Floor] 0703 200 1
AC3.1Floor! 0704 250 0
AC3.2Floorl 0705 200 1
ACI.1Floor2 0706 300 1
AC1.2Floor2 0707 250 2
AC2.1Floor2 0800 200 1
B AC2.2Floor2 0801 200 2
AC3.1Floor2 0802 300 0
AC3.2Floor2 0803 300 0
AC3.3Floor2 0804 300 1
ACI.1Floor3 0805 200 1
AC1.2T'ou3 0806 200 2
C AC2.1Floor3 0807 250 1
AC2.2Floor3 0900 250 2
AC3.1Floor3 0901 300 0
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6. IMPLEMENTATION

The control demand and forecasting was
implemented on a small building which have
maximum demand is 50-70 kW, show in figure 8.
When the maximum demand of control was defined
at 42.3 kW, this values can be adjustment. In this
implement, the operation system is load shedding
with demand forecast. The load controllable was air
conditioning system in building, as shows in table 1.
The result of load control to shows in figure 9, that is
trend of demand in 24 hour. The target signal of
maximum demand at 2.00 p.m. and finish of control
at 4.15 p.m.. This implement can reduce maximum
demand 10-15 % or more by user adjustment and
management.

Figure 8: Trend of demand in 24 hour.

T

Figure 9: Trend of demand after install system.

7. CONCUSSION

In this paper we presents the load control and demand
forecast system for limiting the maximum demand in
medium and small building by microcomputer which
work as digital power meter and PLC controller.
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The demand control system can be controlled load by
demand forecasting of building. On micro computer was
show all of electric value, function direct, cycling and
timing control. In the future the system can be installed
digital power meter and PLC controller for develop load
control algorithm.
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Development of Load Control and Demand Forecasting System

V. Tipsuwanporn, K. Srisuwan, T. Suesut, S. Kulpanich and P. Roengruen
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok,
Thailand 10520. E-mail : ktvittay@kmitlLac.th

Abstract: This paper presents a technique to development load control and management system in order to limits a maximum load
demand and saves electric energy consumption. The computer programming proper load forecasting algorithm associated with
programmable logic control and digital power meter through inform of multidrop network RS 485 over the twisted pair, over all are
contained in this system. The digital power meter can measure a load data such as V, L, pf, P, Q, kWh, kVarh, etc., to be collected in
statistics data convey to data base system on microcomputer and then analyzed a moving linear regression of load to forecast load
demand. Eventually, the result by forecasting are used for compost of load management and shedding for demand monitoring, Cycling
on/off load control, Timer control, and Direct control. In this case can effectively reduce the electric energy consumption cost for 10%

approximately with continuous real time.

Keyword : Load control, Load management, Maximum demand, linear regression

1. Introduction

Presently, the energy saving in building and industry factory are
importantly to reduce energy cost. The power management and
load control system used many kind in national such as Energy
Monitoring and control System (EMCS), Building Automation
System (BAS)[1] which is the expensive cost system, sensor and
control devices are many that can use in the large building such
as the large hotel, the large hospital etc., format of control are
automation and manual control more of control in device of
HVAC system and lighting system etc...

In this paper present the saving electrical energy in the
medium building by load management. The aim of present to
control Maximum Demand such as Load Shedding, Time On/Off
Load Control, Duty Cycling On/Off Load Control and Direct
Load Control by Data Acquisition and Load Control[2] for data
acquisition can use digital power meter are measurement value
of electrical in to the host computer via standard communication
RS-485. The data received use to monitoring and analyzed for
control demand. The part of control can use digital output of
PLC to control device that receive command form the host
computer via communication RS-232C. This demand control is
forecasted every 15 minute by linear regression between time
and demand, and compare set point value of demand.

2. System Configuration Designing

2.1 Hardware configuration

There are 2 parts in hardware configuration system. First of all,
Data Acquisition system, which consists of the Digital Power
Meter model VIP ENERGY 3 Phase Energy Analysis[3], work
as measure value in electrical room such as V, 1, pf, P, Q, kWh,
kVarh, etc.,. Second, Load Control system, which consists of the
OMRON model C20H([4],work as control device. Both of part
controlled by the host computer via standard communication RS-
485 and RS-232C respectively. Fig. 1 show the hardware
configuration.

RS-232 Hosl PC
RS-485

ol Eﬂ

1) O [TIFE=N

Digiltal Power Meterd32 Digital Power Meler#01 PLC

Fig. 1. Hardware configuration.
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The host computer via RS 485 serial communication reads
data from the digital power meter. The communication can link
up to 32 of digital power meter with long distance (up to
4000feet). Each digital power meter has to set a different unit
number that start from unit 01 to unit 32 by setting on meter.
And the host computer via RS 232C serial communication are
controls the PLC.

2.2 Software Design

There are 2 parts software in this system. First of all, the
communication program. Second, the monitoring and control
program. There are developed on Visual Basic Version 6.0
program and work on Windows 98.

2.2.1 Software Communication

Communication software between the host computer, digital
power meters and PLC there are two formats. First of format,
The Modbus protocol (RS-485) format, communicate between
the host computer and the digital power meter, that show on Fig.
2-a and 2-b.

AA FF S8SS WWWW | I.CR CR LF

Fig. 2-a Command block formats for power meter

':|AA FF | BB | DI,..,Dn | LCR CR | LF |

Fig. 2-b. Response block format for power meter.

The mean of each section in the block format is explained in
the Table 1.

Table 1. Command and response block format of Modbus protocol.

Start block
AA Address of the power meter (2 byte ascii)
FF Code of the command for reading or write of N
words (2 byte ascii)
Address from which the reading or write starts (4
$SSS %
byte ascii)
WWWW Nuxlz.llber of words to read or data of write (4 byte
ascii)
BB Number of bytes reading or write (2 byte

ascii)

Conference Web Site * hitp-//www.iccas. uig
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Continue table 1.

DI....Dn Byte of data read or wirte (2 byte ascii)
Longitudinal Redundancy Check (2 byte

LRC ascil)

CR Carriage Return code

LF 0A H (1 byte ascii)

D

E

Send command to unit meter

l

Receive command respone from
meter

l

Dat transform to
real value

Fig. 3. Communication between the host computer and Digital
power meter flowchart.

Second, The Host Link protocol(RS-232C) format,
communicate between the host computer and the PLC, that show
on Fig. 4.

@ ‘I{J‘;“ Header | Text |FCS | * [cR

Fig. 4. Command and Response block format of PLC.

The mean of each section in the block format is explained in
the Table 2.

Table 2. Command and response block format of Host link
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D

Send command to
control PLC

1

Receive command respone from
meter

l

Transform data response

l

Check load on line

C

Fig. 5. Communication between the host computer and PLC
flowchart.

2.2.2 Software Monitoring and load Control

This part is software monitoring and load control, function of
software to transfer data from hex code to real data for display
monitor and collected in statistics data convey to data base
system on computer and then analyzed a moving linear
regression of load to forecast load demand and control. The
value monitoring are V, [, pf, P, Q, kWh, kVarh etc.,. Each value
is analyzed to forecast maximum demand every 15 minutes in
from of regressive line. And then compare data between the
result and set value. If the result more than set value, then the
software will send command to the PLC in order to shed load by
checking lowest priority. If the result still more than set value
then the next load will be shed. If result less than set value, the
last shed load will be connected respectively.

Monitoring and save data on
compuler

|

Forecasting damand
every 13 minute

Restore load shed

The maximum demand forecast can be calculated by equation 1.

pr =3 +Dbt; (1)

protocol.
@ Start block
Demand forecast > Set point
Unit No. Node number refer to PLC (00 - 31)Hex
Command code (ASCII Code 2 i
il e characters)
RR: Read data(l/O, Internal relay) Mode:shed joad
WR: Write data(l/O, Internal relay)
Text Any characters (118 max.) other than a o
carriage return End
Frame Check Sequence to recheck data by Fig. 6. Monitoring and control flowchart.
FCS XOR each of character and compared the
result of XOR calculated between source 3. Demand Forecast
and destination. The result has to match.
This equation is regression line for forecasting value.
* Close block character.
CR Carriage Return code _

§=P-hT )
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¥t = (XWX 2)

b= 3
nyeE (S0 v
when B Demand Forecast value
Eee Time Forecasting
Py Demand of period i
;e Time of period i
P Mean of demand
T: Mean of time
A Constant
b: Slope of regression line or
Table 3. Show the demand forecast every 15 minute, forecasting
start at (.15 to 1.45.
Time |Demand| p o) 2 Forecast
iy | 6wy |7 il 2L 7 [Taw
->0:00| ->16200
->0:05] ->15800
->0:10] ->15500
0:15] 15200] 15833] 0:05| -95897| 16177|--15178
0:20( 15300] 15500 0:10f -86284| 16109 14892
0:25] 15700 15333 0:15| -27639] 15626] 15131
->0:30| ->15800| 15400] 0:20| 66951 14453] 15855
=035 ->15900] 15600 0:25| 74548 14284] 16128
>0:41]->15900| 15800 0:30] 29166] 15182 16014
0:45] 15700 15867 0:35| 13171 15541|->15957
0:50] 15500 15833]| 0:40| -28079| 16627| 15634
0:55( 14900| 15700 0:45| -58333| 17556 15317
->1:00] 14600 15367| 0:50|-114491| 19386| 14615
->1:05| 14000| 15000 0:55[-141998] 20463| 14042
>1:10] 13900 14500| 1:00[-132319] 20026/ 13540
1115 13900] 14167 1:05| -94460 18446|->13526
1:20] 13900| 13933| 1:10| -15029] 14666] 13827
1:25) 13800 13900( 1:15 0 13900] 13900
1:30] 13800| 13867 1:20f -13265| 14608 13776
1:35| 13800| 13833| 1:25| -15114| 14731 13726
1:40] 14000 13800] 1:30 0 13800] 13800
->1:45] 13800 13867] 1:35| 28119 12005 14055

Table 4. Show the demand forecast every 15 minute, forecasting
start at 12.00 to 13.40.

Time |Demand| o T 4 Forecast
(min) | (kW) A (Nzn) b g (kW)
12:00] 51600 s1100] 11:50] 40503[ 31122 51373
12:05] 54200 51300] 11:55] 93308 4951] 51991
12:10] 56400 52367| 12:00] 394237 -144849] 55121
12:15| 57800 54067| 12:05] 661704[-279292] 58452
1220] 58200 56133 12:10] 572239]-234141] 60026
12:25| 58700| 57467| 12:15] 259886 -75223] 59361
1230] 58600| 58233| 12:20 121007] -3978] 59047
1235 58%00| 58500] 12:25] 62356 26226 58943
12:40] 59400| 58667] 12:30 1251 58015} 58675
12:45| 59700 58900] 12:35| 111582 383 59690
12:50] 59900 59267| 12:40| 144155] -16846] 60320
12:55] 59400 59667| 12:45| 66433 24355 60119
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Continue table 4.

Time |Demand| p T 3 Forecast
win | awy |7 Y| i ?’ (kW)

13:00] 59300] 59667| 12:50| -40067| 81104| 59402
13:05] 58300 59533] 12:55] -93195| 109713 58905
13:10] 58000] 59000] 13:00|-161891| 146700| 57829
13:15] 59600 58533| 13:05[-176981| 155035 57327
13:20f 63500] 58633| 13:10] 178846| -39506| 59894
13:25] 66700] 60367| 13:15) 812992 -388629] 66307
13:30] 66700 63267| 13:20] 946235 -462667| 69589
13:35] 66500] 65633| 13:25] 494679( -211036] 69156
13:40| 64800 66633| 13:30] -30495| 83797 66432

4. Implementation

In this experiment, the hardware and sofiware installed in
building of department of Instrumentation engineering, Faculty
of Engineering, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand. The measuring results have
shown on Fig. 7.

lao0on - Demand W

HILTT, : ™
0000 4 [ % Foreca!
Boooo
Hoooo

0000 4

0000

10000 -
Tiene (Min)

a4

Fig. 7 Demand Trend and forecasting of a Day.

The result analyzed, maximum demand are 66.7 kW, load
factor are 38.93% and electrical cost are 47503.485 bath. But the
maximum demand become is 60 kW and load factor are 43.33%.
Tkat is set point in order to control load. The result control can
be reduced maximum demand less than 5-10%.

LS e

Acrast Demant
I’a

Fig. 8. Conuol load demand on a day.
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5. Conclusion

The paper shows the technique to developing the load control
and forecast demand in order to the medium building instead
Building Automation System. This system can be control
Maximum Demand such as Load Shedding. And The software
Monitoring can be show V, I, pf, P, Q, kWh, kVarh, etc.,. This
network can be link digital power meter and PLC up to 32 unit.
The maximum demand can be reduce more than 60.0 kW
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