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ABSTRACT

The reverse osmosis system is used to separate wate} from dissolved organic
solution by a membrane and controlling the operating pressure. In a certain application,
reverse osmosis system need to be cleaned by considering from the decreasing of
water flow rate, the increasing of total dissolved solids (TDS) or the large pressure drop
between influent and effluent.

This paper proposes a new technique of automatic cleaning in reverse osmosis
system controlled by computer. The protocol (RS-232C) in the Hostlink mode is used as
interfacting port for the computer to control the cleaning process. The results show that
this new proposed technique can be applied for the increasing the efficiency of the

system.
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azmmzﬂﬂuﬁﬁqmm?mmm'afanm'lugﬂmmmﬁmu“Juﬂ"]m'\uﬁﬁ‘lﬂﬁ']ﬁummﬂupS/cm.
Recovery (%R) Myt Sasndaustwinanunaneaingzenainanld fu Bunnurenin
Auitlouldszuy Aadeudhuefifus

Salt Passage (%SP) munaitia SnsndaussninanuidniureninazanainanlE fu A
dnduadsrasansazanelussy Andeuduefifus

Salt Rejection (%SR) Mu1eia Ssdaustuinmnudndusaninne fu Anadnduai
aaadnsazatsluszuy Anfauihulafidus

Silt Density Index (SDI) s misadnArefunuayn1Asineg Viﬁﬂgi'l.uﬁﬁ

Langelin Saturation Index (LSI) uassaiifiamunsouenieanmmindifiuueinlunnsin
neniuy

Normalize Permeate Flow (PF) wineife dasnasinatesninazenaiinanléfianas digeann
NTEANUIBAUNNILTY

Normalize Permeate TDS (PT) MHN&I04 Aududugansazant nasen AN AR AT

a X o o
IWNTU Lﬂﬂ\i"ﬂﬂﬂﬁi"t}ﬂ PIUUIDIHHLLTY

[N al » [
2.3 tladesing (Ndanasiadussausaasssutaasindadaunay [12]

2.3.1. gomaiuazies  madfingoumiiusieradrn daalidnsizeinisinazes

e

W (Water Flux) Wnmnlidon fagit 2.2 wilifinnisialuarasansazans (Salt Flux)us

v v

fsaansfumsufiangmsldanuuig asinmnszduiiealdeglutos 3-7 uazetnld

[ :’ AI'AI a
funNgunge
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Permeate Flow (m /d)

Temperature (°C)

0 - e e

v

10 15 20 25 30 32 35

a

< i ¥ i a
51N 2.2 naresgrungindsretFinoninazenn Ananls

2.3.2. UMy usdulansnalaansasiasnsnisnamingzana (Water Flux) 289
szuy RO Whiatihasnnusiunubifinansenusiadnmnisialuaresansazans (Salt Flux)
Kouwmaii nsfnusedy Aefinailiszun RO annsar@minavanalfifiadudegl® 2.3
uazm RN asstinidudan atlafimnuussiugaianansodenaideliidui il
Ing1zdnusaiinIilAsaaieTsamLnURAnNsSad il aunssiiainliannsalating
Hazman NaLaﬂﬁuﬁﬁadﬁLﬂummqﬁﬁﬂﬁﬁmqmmﬁmﬁmzmm (Water Flux) NAaaa9

-
Lae)

Y
(6]
{

Permeate Flow (msld)

—_
(=]
1

~ Pressure (bar)

I T 1

[8)]

10 12.5 13.2

< o ot H i a
519 2.3 uareussiuifisaFunninaraannae la



2.3.3. Anudindurssansazanelwingfy A Ndnduesansazans

> v ¥
Tnhauiinann Iidnsn1suamnun (Water Flux) HA18aae0egU# 2.4 uasinlianssaurses
sv11 RO anadiilas’ndnsinisialnasesansazans (Salt Flux) HamsuRnauniauna

o a = ssl A’ v
usesiuaaaludalAnNNaIUAE

35 9 2928

— 30 26.88

°

E 254 21.36

3 20

[T

% 15

g 10 6.96

e 5 Feed TDS (ppm)
O I T T T ]

500 1000 2000 5000

= , :‘ [l a
51N 24 narasenndndurssasazarssiaBunaniareainanld

2.4 NISATUIUUILSIAURDALNTH

ussduenaluda () WupnuaniRrasarsasarofiduegiuanudnduy fuanals

v o dv
ABANNTT AU

T =  nCRT ‘ (2.1)
de = ussuaaaluga (atm)

n = amaulessuluansdseneu

C = Anadndurania tua/ang)

R = FnALT8IfT 0.082 ussen1A-ans/lua - °K

T = anumniidnysol

A [ - - i
A5 2.1 useAueaaludataeansUsenavunemiian 25 °C

Compound Concentration Osmotic Pressure (psi at 25 °C)
(mg/ liter) {(moles / liter)
NaCl 35,000 0.6 ) 398
NaCl 1,000 0.0171 11.4
NaHCO, 1,000 0.0119 . 128
Na,SO, 1,000 0.000705 - 6




A3 2.1 (i)

MgSO, 1,000 0.00831 3.6

MgCl, 1,000 0.0105 9.7

CaCl, 1,000 0.009 8.3
Sucrose 1,000 0.00292 1.05
Dextrose 1,000 0.00555 2

* A useful rule of thumb for estimating the osmotic pressure of a natural water is 10 psi/1000

mg/liter ( ppm )

2.4.1 TAAMNAINITNTBINTEUIUNTDRA NG4S aUNAL
1. andFunnaasansazansluin (TDS)
¥
AamfSHAIAINNTEANS
amFunureagaalsd
] o o 3 ] & 0
AAUTENANATBUNTEIFING]

L] [ [ %3 % el' - v o
anvzan dalaneminiiune uas 4319 ANNITIAILY

I T A

AAVTENAAUTESN" snalaFadat

AU Membrane asfiansrnszifusiuunennn dgnguauimanuinilszuins 0.002
pm nimﬁﬂfagivfo'ﬁuﬁo AN Polymer  mantain Lﬂudoua"ﬁﬁry'?;ﬁﬁf-‘\"mnﬁfauéuax
ansauve %udwmﬂm’a@w@uﬁwﬁ')ﬁifa\ﬁuﬁm“iqw'ﬁrmnmmmudmmmﬁqmﬂuﬂn
ﬁﬂﬁuﬁgﬂfé’m’fnLﬂ?'mfazﬁml.ﬂu Turbulent Flow flannuilutlay uar fuseduge vinld

¥ da vy v v
ANT0 T:U'\ﬂu’l“uﬂqquIﬂlu'ﬂuuqni‘zuqﬂ'ﬂ'ﬂn‘lﬂ\iqﬂ



2.4.2 nalnn1sinanuees esealudadeundulumsnindnassingg
annrautianalnnisidaanseaniiiu 2 uuy

2.4.2.1. nalnmsidninfeus (Beeusr] ilsey

Pressure
R
., NaPO;
3 *cn?
Al, (S0,) Ca SO
Solution Flow ! + +
» NI”$O; ca' Cl, Zd Cl,
Na'No, Na'Cl K Cl
————————————— \\,’——_"__——___“\\//‘—"—"""""-—“"
n I Purewater layer |
2 035um ! l
100um
>

Dense microporous b
layer of membrane

Spongy Support
layer of membrane

d o @ ) = o
71U 2.5 nalnmemdnindeusresszuuesalndadaundy

° [ o W o ﬂ’l’ [ t-ﬂl d’n =}
dwmFunalnmsindndesull azandumsnaniszy Wissnilioremsiusuasl
Tuluanarenininaguatinabuansreuiliariamiioadios H-Bond anuzimeaiufiasil
usandnUszyviateawnaniisatiduiy (Dielectric Interaction) l@WILlNIRNATAMINYINTY
; AR s o a o .
famsnTuEugNlly dovBesufiargnudnaaniy Beeuiil valency g i Ca®',
s0,%, Mg*", Fe** flaxgnuanliifndndaswnil valency v 194 Na*, CI, F* 3ainwudnluy
WNFgNE Wnariifaauvantiinsanaanuiiat
wsilunsin Feed Water { Flow rate MY Pressure HAzianmuy Osmotic
s v " < ' s o a e
Pressure fiazvatasustinmiianssudniiuianasain (H-Bond) fazana anssimeiuug
udnUszafiazanaadion M1l Salt Flux(@augunsalunisiiinfeausdusinu Membrane) f
A’ . . -3 ° e o e
ATUNAUUAT Salt Rejection AaranaemuaIfiy TaeAua nnsees RO unsindnm

Cations uae Anions UaAWANTR 2.2 uaz 2.3 ANAAY
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<l o e .
A9 2.2 ANAINIT0TEY RO TUN1sN19AAITREANY Anions

Anions %Recovery |%Average passage |%Maximum Concentration
Chiloride (CI) 94-95 5 3-4
Bicarbonate (HCO',) 95-96 4 5-8
Sulphate (S042-) 99+ 1 8-12
Nitrate (NO-3) 93-96 6 3-4
Fluoride (F-) 94-96 5 3-4
Silicate (Si022-) 95-97 4 -
Phosphate (PO43-) 99+ 1 10-14
Bromide (Br-) 94-96 5 3-4
Borate (B4022-) 35-70++ - -
Chromate (CrO42-) 90-98 6 8-12
Cyanide (CN-) 90-95++ - 4-12
Sulphite (SO32-) 98-99 1 8-12
Thiosulphate (S2032-) 99+ 1 10-14
Ferrocyanide 99+ 1 8-14

[Fe(CN)63-]

+ Must watch for precipitation; other ion controls maximum concentration.,

++ Extremely dependent on pH : tends to be an exception to the rule.

< ° o .
ATV 2.3 AMUATNITNTION RO 'tum?n'\'-mm?a:ma Cations

Cations %Recovery | %Average Y%Maximum
passage Concentration

Sodium (Na") 94-96 5 3-4
Calcium (Ca™) 96-98 3 +
Magnesium (Mg"") 96-98 3 +

Potassium (K”) 94-96 5 3-4
Iron (Fe*") 98-99 2 +
Manganese (Mn>") 98-99 2 +

Aluminium (AI") 99+ 1 5-10
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A9190 2.3(A)

Ammonium (NH*") 88-95 8 3-4
Copper (Cu*) 98-99 1 8-10
Nickel (Ni°") 98-99 1 10-12
Zinc (Zn*) 98-99 1 10-12
Strontium (Sr") 96-99 3 -
Hardness (Ca and 96-98 3 ‘ +
Mg)
Cadmium (Cd*") 96-98 3 8-10
Silver (Ag”) 94-96 5 +
Mercury (Hg”") 96-98 3 -

+ Must watch for precipitation; other ion controls maximum concentration.

++ Extremely dependent on pH : tends to be an exception to the rule.

2.4.2.2nalnnsnAngsduvidenilluanamunalng)

Pressure

\ 4

- T

Dense microporous b
layer of membrane

Spongy Support
layer of membrane

d o »~ o~ o M - o
319 2.6 nalnnisindnansBuviddrasszunaaaludadaunsy
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Tuanaswalugiq g Tshiu, Polymer 697 dwmiunalnnisinda
AnsBUNIHATARIEIARITLNNSNTILING Ae ansBundaniiunale (M, > 150) fiarliamasn
=3 ] ) b 4 _a b 4 d" =
\@nasnsanuandasinaaninld asindauszgn Flow esnldainiiufiates Membrane
dauanshiluanannadntwclbifansdniiasinlbifivsyy - Aazainnsadutiuduin
wtdaunsasfUld ansBunidd 1w Wshu Jadludaulssneureawuane | lofa aelsn
' Py Mo a v
i sualngbiauisodusinusiusueaninld laganuainnsoses RO Tuns

o e < <l & d'
ANRAATBUNTH UARIIUAITITN 2.4

d o o’ Gl
ANTIN 2.4 ANNATNITATAN RO 'lumsm'amma‘ﬂuw?‘ﬂ'

Biological Molecular Weight %Rejection %Maximum
‘ Concentration
Sucrose sugar 342 100 25
Lactose sugar 360 100 25
Protein 10000+ 100 10-25
Glucose 198 99.9 25
Phenol 94 + -
Acetic acid 60 + -
Fomaldehyde 30 + -
Dyes 400-900 100 -
Biochemical oxygen (BOD) 90-99 -
demand
Chemical oxygen demand (CoD) 80-95 -
Urea 60 ) 40-60 Reacts similar to a
salt
Bacteria and virus 50000-500000 100 -
Pyrogen 1000-5000 100 -

+ Permeate is enriched in material due to preferential passage through the membrane.
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2.5 NIFATUITY LA AANLULSTLIUaa R INTdagaunay
nRmasdauiuaanscunesaludadeaundu

1. Water Flux (F,)

o

/ m*- hr) Wuwnlieesdns

[

Wnisfiniensaaingssualensnsneey (m’

SUURO AN Water Flux @Aty wisliwaifail wunaiednsifareinidustiiumm
- P A H ] v 5 P ] 3 3 4
wsuRiniudas nssanisemicaNuiivasniusy 1y mm/icm’S sy wanuisn
2 ] } Az [ [ o dll [ o = d‘” v o -3
TurwauslEgniTuet fuusaiuTemseIgy uar usaueestudansiuly fasiiy

¥a1nanns sasalilil

Fw = AAP-Am) (2.2)
Toei Fw = Water Flux
A = ada.sesmsivaTenindiumanysy fuFuemwsuiiniaan
iraglanaziman A anafiadnflanlszinns 1.5 x 1077 mmicm®™atm
Ap = m’mu.mnsiw?zwimmﬁumfaqﬁqﬁﬂqﬂuaw’hummmumm

(ua‘a‘mm ﬂ)
AT

8721 MATBAMNTUARTINNNILTY 81030AWINIAANNAAMTEY Water Flux

AINUANANTEMINNUSIA RS TNFATIBUN DL AN AUABUNNLLTY

1 74

UAT WRNTDLAULNNILITY Tunnamsedandndan Water Flux(LFmeaAmaLsuinnvua s
283 Water Flux neldiantanineusing) usr fifunonharaisnisainisiarunsaniuan
3 oy Y
NuNreauNiusunmAaanis LA
i -3 U [ 4 = :’ AI 5 A‘ )
aunish 2.2 wamIinddns NN Az e ARNTUANNNSIRNTIDINAFN
i AP uaz AT 3anlinanqlsidn dnsnaninasanaiumunIsiiNIeduLsaiTea
4 . o 2 e ¥ e o amut e X
wreegy umausaliasiiudnit matusaureni dairlilfinazaiafifigoningedu
- 7
andae
2. Salt Flux (Fg)
dwmduluganamiunususaisasliansazaralinadutiuldiaausluanudy
sRudamnusuliannsandnluanavialaasuldwuaynsavinlfininaali(Permeate)
nahiuane n1sfareansazaftiIUNAILISN Bunda Salt Flux s211 RO 91X Salt Flux g4 Ay
- ¥4 & o X A :
Hami AT Fadussun RO ARAeAsT Salt Flux 611 uasdl Water Flux g9 wiae
199 Fg #ldAa g / cm® - S aziiulddn W Fg uaz F, Wunislimaiasaseniaaiui

] o
WNBUNY
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X ) > g o u: [ L& ~ <
Salt Flux auatfuaududureaninny uarbizuegivuseiu sasiiuldann

ANNT
Fs = B(G-Cy) (2.3)
Fg = Salt Flux
B = ala. 129N INATHIATRTAIEHIUNNLLSY AMFUNNILITY
aglanaziomn B HAnssunmd 2x107° cm/S
[ Y a
C, = Anuinduaasarsazatsluinby
C. = anudndusseansazatslutrazeann

ANNTTA 2.3 WAAININAN (TDS Uszantd 30000 ppm) Azin12598981782a0E

v v ] v 4

(F) #and1iansas (TDS 5000 ppm uiadanndn) dauszuy RO MldiuwAN vTa

2 3 b 74 [ dl' } [ s - el'o'« =

218 e ldusasugannn iwalinld Water Flux ganin amiuaniaaanasarananiagy

v " v

HIMNNILTY AaRzannsarAmiazaaniaunngs dmiulunsdireninsesuseduly
° v - P o < ¥ \ A X% ¥ A

uflusiaagennn  lasanfinisfidnassansaranstieundiaclisiaanninniiEdaananan

t v v
Umziauaztiingas Jusesueadlndatlseunns 400 was 50 psi MNAAU ANUUNNTHER
aanaNls sruu RO siaanisusasulssunns 800-1500 uaz 300-600 psi @m5uunsia

1 4
LATHINTAt ATNANAL

nmearantesansazaneluliuga vl Salt Flux  HAigeauies] AR

L'}
]

° vy ¥ 4o . . & y v
mtﬂummuma‘?zmﬂmmmu (Rejected Water) ’ﬂﬂﬂ’Q’mTNQﬁlW’ﬂﬂﬂﬂQ’]NL‘ﬂN'ﬂH’ﬂ'ﬂ\i

ANTATATY
3. Rejection Factor Wia %Rejection
" . md‘ .4 = d‘d ;3 ] A
Rejection iluananiiinmawsuazsied wnwsunasedisenliluanavie
Taeauluatituliunn WuAa fiasdl Rejection Factor w38 %Rejection 3 wniusulugaNAR
Azl %Rejection Wil 100% AuMwIBRhAazaIaindaldanszuy RO wATaasia

04 Rejection T8ANNILSY 11U s¥UL RO Wil %Rejecton B axlid1  C, gailusin

v
ATNNNNET8 Rejection arauansliiiusiaannisaepaluil

%Rejection = Rj= 100(C,-C,)/C,

= 100 (1-C./C,) (2.4)
(faeann C.= Fg/Fy (2.5)
Fathy Rj = 100 (1 ~FyJ/C4F,) . (2.6)

wiaed Hanmansnlunisndnvda Reject asazaafinge] liwiniu (Famnsng

1 2.2 uaz 2.3) lnealy %Rejection 1898138za sailuvdtduarduyisdariiAnszun 90-
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99% WAz 95-99% MINAAL @2 %Rejection 189ABANELAGNIT (1M ULATIGY AN
4a4) AT 100%
4. Recovery Factor V) %Recovery
s Ail } [ v . . A d‘ a2 e
AuaTRrauNNUsUNA LAY Rejection W3d Recovery Tamanaingnsigau
sewinufFuiRsunazenanuanls selfuinsteinauh Muantinasen
%Recovery = %R = 100 FI2/F1 2.7)

H } 4 )
Taun FI2 ARIINITIMRTBNNALBNANLAR AR NsTUUeea NTadaunay

I

Fi1 Fammsivarenhaufidhssueealuiadiounsy

Ehauimuaaunsandmihuiaze1ald %Recovery AriAgIRaaiL 100% usiln
1n Recovery dnlita 100% iasanngasinsianidudusananssutiane Leaaien
sevmauANldstuy RO § %Recovery lszunny 50-70% wazdasrzunaiudduficly
Snsnguiteannadudurnsssazaeiiasanegluszuy RO atdlsfmulunisdnnm

AANUULTZUY RO NNENFAUAILNITANNG I Recovery = 90%

2.6 NSABLNHNLLSY

(A

nssemmunnie iy 2 u.uuﬁfafnfufagnmmqﬂs‘szﬂum?ﬁq‘lﬂw
AU ABUWLLIUNY (Parallel) WAz LuUaynsN (Double Pass) lagnisaauuuguwiuasinils
Ll?*mmmiﬁu?zgw‘émn%u‘tmm:ﬁq Concentrate Water 289 Membrane Vessel uiluazaga
iy Feed Water 1% Membrane Vessel fianu lumssiaumiusudneasiiaaiunisdia
%Recovery Lmzms‘ﬁifmmuwn?m:ﬁq Permeate Water 183 Membrane Vessel v«fmm
\lu Feed Water 189 Membrane Vessel fiagq Lﬁmi’lumﬂﬁuqmmwﬁm?‘zgw‘élﬁmn%u

' © %’ - ‘{l (-3 AJ » ] L : i
wiazn W FnaninFgnsnldfasansuiiamisuiunisseuuuauiumisietinagn2.7 |



MEMBRANE VESSEL
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L

FEED WATER

MEMBRANE VESSEL
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L

MEMBRANE VESSEL

JCONCENTRATE WATER

n) WUUTUIU

L | -
—

PERMEATE WATER

—) —

FEED WATER

MEMBRANE VESSEL

MEMBRANE VESSEL

___,::>

PERMEATE WATER

L

CONCENTRATE WATER

1) WULBYNTN

d r
2‘!.]1’1 2.7 N1TABLNN LWTULHUTUIULRSILU LB YNTH

2.7 NAIFIUANNMNUNAIUTLAARIUNTTN
’9’ ) 13 L z [ o
Aun i lflugravnssuusiasssinnazuansiveanliruefiuanseasd
19915 1Hu 1u msldinandundadusifaldlunnidlng ensacldannininnudy
1 4 H 2 t -
wmsgd vie uinlflugramnssuBidnnseling deafluiniiend i wmsgau

1 4 ¥
AN i g miugaamnssaiusial

- 5 A a
AN 2.5 mmsgmﬂmmwmmammﬂnﬂ

mmgmammwﬁmﬁ'ammﬁnﬂ
ﬁ’nﬁqmmwﬁﬁ mia) ANIATFIY
ANANHOIZNANIBNIN

a ( Colour) Hazen Unit 20
ndu ( Odour) - Lisindu (Lisanaasiu )

AU ( Turbidity ) Silica Scale Unit 5

Anuilunsa-ana (pH) - 6.5-8.5
AENHUTNAT
unmuansianan ( Total Solid ) mg/l 500
ANNTTENaT NN A ( Total Hardness ) mg/l 100




A9 2.5(5a)
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A17VY (As) mg/l 0.05
wuiEeu (Ba) mg/l 1
wAAEN (Cd) mg/! 0.01
Aaalsa (Cl) mg/l 250
TAsllaw (Cr) mg/l 0.05
Nnadued (Cu) mg/l 1
Wan (Fe) mg/l 0.5
m:r';") (Pb) mg/l 0.1
usamta (Mn) mg/l 0.05
Usan (Hg) mg/l 0.002
luimnsn (NO3) mg/! 4
#uaa ( Phenol ) mg/l 0.001
e (Se) mg/l 0.01
AN B UENNTAILGT
Hu (Ag) ma/l 0.05
daMm (SO, ) ma/l 250
&R (zn) mg/l 5
Wanalss (F) mg/! 1.5
{adanasu ( Coliform ) MPN/100ml 2.2
8. lala (E.Coli) MPN/100m! nsnalsiny
AN 2.6 mma‘jﬁuammwﬁﬁw%’uqmmumsuu?\mﬁﬁfé’mau
mmsﬁﬁuammwﬁ'lz‘hw}’uqmmunﬁuuamﬁqﬁmau
ans/mssiilunia - miag ANIATIIU
AN ( Turbidity ) JTU <200
AUNTEENTIMLA ( Total Hardness ) mg/l <0.20
\MAN (Fe) mg/l <1.00
waanaia (Mn) mg! <0.20
Bnouassansazanzluih (TDS ) mg/! <850
| nau ( Odour ) - Lifinau
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AN 2.7 mmgmqmmwmmwu’qmmun?mﬂtanw?ﬂunﬁ
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WAsFIANWINdmMTugRaMnssNAnNnsatind

YUIATBITTULBENNTAUNE

ans / pssiluin ming
64 K-bits} 256 K-bits | 1 M-bits | 4 M-bits
AU ININAY | MegaOhm-cm. | >15 >17 . | >175 | >175
i (Microparticles) um/cm. <150 | <50 <20 <20
wuA¥IEe (Bacteria) count/ml. <1 <0.1 <0.05 | <0.01
Total Organics Carbon ppb <1000 <200 <100 <50
(TOC)
Silica (SO,) ppb <30 <10 <5 <5
<500 <100 <100 <100

Oxygen (O,) ppb
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daulsrnaundAtysatssuuesalndadaunduastlscnaiifog w9y uay

dl a v ﬂ‘d 1 ar = - ¥ & s :’f tg 4:

wsu Riesnfudannwsuiiaglulihaiasivanuatasiinmaiudaiuiiani luumi

v ]

azgana1trtinuaannsussiadaulssnausine el wazdagnlinias
¥ :" =i + ] a ay a2y b= ] o ' <

wsu  wHennwFuudsudunusuususzsisiidandadaunnsraiuetina  Taanasiaan
d’ o o 7 [ 3 0o &4 A4 o ’D’ d.
wasuhaziun luszuueeatudadeunduassiasfniiitednsinisinarasunazennh

HAALH saNDNLsEANEN NI MNATAIANNARLE WaNRINTIRRAMIuATN19INgINEATEeY

FANATAIN

3.1 wausumdlussuueasludsgaunay
3.1.1 785123 Reverse Osmosis LNNLLSY

[

anfienliieanusuiuiley 2 1iia (11 #ol
3.1.1.1 1iaglaaazdian (Cellulose Acetate)
Lﬂumums‘usjuu?nﬁu'am'aﬂnml'ﬁ' Toan@nanizaglandl 2 1 Ae raglasezi
AR (Cellulose Acetate; CA) Wag L‘nﬂqiﬂﬂllﬂ?ﬂlzl.‘mﬂﬂ (Cellulose Triacetate) @a151senay

' < Y

E 4
wailigusonunsasne viiegnmgiigandn 30 asdngadaald twezaniimlien

lalaslada (Hydrolysis) MFwnwswdananin TelagnFusivmniusuasninlssunu
4 3> 1] t
100 luAseu uasil 2 4u duildanuadeq Saamuunlszinn 0.2 Tuasey uay viduii
o <2 - ' an 1 ¥ (% 1‘; :’; n; 1 ° LY d'
franaisainansaraasieg TlMGudmnsusanliwiandniy fuhvuinds viudn
&' o ] -3 o [ yg ] } 4 3 aly va &' <2 :‘z
dhunusasFuusziignguinlivuadmiuliunlnadmld  duunedlfifiiengumiioudy
[ 1 4
wi ghsanliluenareni v wliAiiutesdnseuinluanaasindued  ms
I . y C e
wasunantiwamuuauiiunsunsnszareranintnutasdnsingiafisciuana
3.1.1.2 acTswmnindwlud( Aromatic Polyamide)
duwssuindaaninadialug (PA) aziianununusa pH usy gl 14
anduaaglaa  (CA)  etnlsionn  vsuusuasglasinmununiusiesantladaiausd
(Oxidizing Agent) 18Andn ansatinadu LuuLusuvnaqiaammmwuﬂaﬂ‘éutﬁuﬁu‘lﬁLﬁu 1
ppm iihunanuineg uaz aunsanuassiudndu 10-20 ppm MEnelunandu uas
14 3 ’
pfaAsusinNsuind e lusmuaasulaliiu 0.1 ppm T9m1999 3.1 azagiuBouiioy

AMANTRTEUNNIUTUNABITHA

047805
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<l s a
AF19N 3.1 m‘mqufamm‘:‘uﬁ"umﬁnuam&uummLuumm‘num CA uaz PA

ATIANLID Cellulose Acetate Polyamide (PA)
(CA)
%Salt Rejection 95-97% 96-98%
N1IVUsa Pressure Angn Aanndn
NSNUFAAUYTH Taim nuldmnan
N17NUFaM9 pH 2.0-8.0 . 2.0-12.0
NsNUABgUUNN 145 Andn
nsnusia OxidizingAgent A Tin
Funu Cl, Tutin Feed 0.2-2.0 ppm < 0.1 ppm
Temp 14n13 Operate < 85°F (29°C) < 100 °F (38 °C)

3.1.2 gUuuuaaamnwsy [11]
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o & &
AN

1. aMToNuUIAulAg

2. HamIareIaliNIn azaansanisldan

, - a &
3. Concentration Polarlization siaaiiaguias.
4. fiansgasuliian uas vinanuazanalidng

¥ 1ad ." a 5 ] !
5. Gl'r]xﬂNNi"ﬂf_li")Lﬂﬂ‘ﬂi&ﬂqui‘ﬂﬂﬂ’ﬂﬂﬂﬁ‘] WBANTTUU
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A5 3.2 Menuamnisnliauisudenuasdaidaens RO Module wuwsing

Wy RO fan da\dn
Plateand |- {ian1s Foul iiwsuldenn | - MwAssunnnusdenndauuy Tubular
;4 dl ° 1 4
Frame |- msaasauwmausuliem - mawasumniusuminlaenn
Tubular |- gnnsaldiurasmaciianin | - Mndsnuuinnds RO wuag
Winduge v sl - 1FunuNuRTeuNNLsUAINGT RO
- ansduiAugandauuLa WLLBW
Spiral-Wound |- § Spacer szudnaluga wl¥ | - naseindalsa(Samnitizing) winldenn
neaRanNIRWHde - Feed Water %1l TDS 44 a2 Foul
- aunsoAnsingauvane \WNLUTUBENNONS
Series lsuantlngalu Vessel
Hollow Fiber |- namirldnniassieiBums |- lalugaldud 1-2 §alu Pressure
y MR Vessel
- Recovery Rate 4091 RO uu | - F}mn']wﬁﬁanﬁmm?‘ﬂumnndﬁ RO
o o
au" WULR

v g v [V ar
3.2mslsulgspunmwiinaurngssuueaslndadaunay
nsfnlpannmihTanerewdigsruuesaludadoundu(Pretreatment)
Ah. o ] d' © L %3 = } 73 o < 9 e‘ :
Whigeuiluattann imdszuuesalndadeunduiiangnisldiniiancunuay Thaawns
A’ ) o/ [ = o« o’
INLLITY AURITBINNILITUANITOONEATUAINAYNIARDARALA A1TaUYIE taneuinuas
5 = a L1 = a’r : =
\TRAUYTHANT uanaIntianalianenutiesn N AN ANALNAUTAIANTAL AN AR T84
a1TaTantdNd (brine) W uAREBNANTLBILA LARITENTAING LuBaNTAaNALAZANTEY
Wendanm
a :’/ d. S b 73 v d” Ld ] AI k73 L
ANiuat nagnITIfuIaRNNLTu IR uuunTY SfluetieEsiasianis
Adl y’o’ | uad' o ar Y 2 73 [ ac
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3.4 zasfianldnsaasauamnmszuraasludadaunay
lumsasessununmInsiLeasludadeundudniiuas feadiiedieinfild
Wnnsdadnsinamelussuiediandiudayslumsauonmlszansnmassssuy
sty TmﬂLﬂ?:mﬁﬂfi'mﬁhqqq:ﬂsznﬂuﬁqzl funsaiinanuiunteluduvia  (Pressure),
qﬂnstﬁmﬁmmmﬂmmmﬁﬁ (Flow Rate),qﬂnsrﬁmmmﬁuﬁﬁ‘lﬂﬁﬂuﬁﬁ (Conductivity)
uazqmﬁwﬁﬂﬁﬁmqmuqﬁﬁq (Temperature) Tmﬂqﬂnsrﬁﬁmum:gnﬁm;Tqmué’mmﬁq
e Tuszuy  dwdunisdadanudidusesasazanntin (TDS) aximifludnmossn
At it neluin (Conductivity) madai AR uandusanududuees

asararanelninlasanduacuduius (0.75)TDS = Conductivity
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NISINANTAAAU TULNNLLSULAZIBNITAILNNLLSY

- ..’ L) [ : = [ z
Unilaaviallszuuesalidadeundy Welnisldeuliuiuaainanisgaiuay
A‘ [ v al v o 0" v v
mMaluuniuse Jeuusssisainnsdainanuazetamaiumy waslnanaliudanisdng
MATINAZTANANNILTUE Az Fuvnsadlanudsiadnfifntunis lussuueealudadaundy
fasaluil Ae dmsnislnarenitazananuanlitAranasainUng Ussunos 10% v
Funounadalesaulhnirazerafindald SAnRnauainiaulszunn 10% gaviruraiia
o’ ] 3 .0’ -=l' 2 I [ [ 1 d‘ ¥ .0’ d‘d
Aumuuansantaluviauteuldsruuiauiu Aousunialuvenldseuan 73
" QI z - 1 = o«
AMNdNdugeIeanaInsTLIL AeliANRNTINAINIAN 15% TNANNATEINITNANITAAFULAS

TURBUNITANNIANNAZENANNILTURENA NN IAtaz B A Al

ar
4.1 aunaraINsannuluNILLSY
<) g - d‘d asn ' p 73 - ¥ [ & 1%
nMaFsNNAUNRAMaNTR bimuzan  dgsruvesaludadaundy  avai
= v & v [] < <y o v kX4 L v =
pn@avnaliiuszuydetinsandaaenai liangnislfuasdasadld anudawe
.A &’ (Y i -~ ° g 1
Miamwinifian aanmsgasaaamusu Taaamisaduunaanéiiu 4 wuy fall
1. NNARENTULUNNLLSY (Scale Fouling)
2. NIANNANTDANAN WAL UNANTHA (Iron & Manganese Oxide Fouling)
3. NIYARUIBANNILTULBIRINGITARRADEA (SDI Fouling)
4. nﬁﬁgﬂﬁutﬁﬂ\l'aﬁnfiauw‘ﬁ"ﬁ (Biological Fouling)
4.1.1 MINARZNFULNNLLSU (Scale Fouling)
anmuznIIuIassuLeealidsfaundy Tewenliluiansreaindurinuun
wsu uaz Antuanaatinsien 1 inlilinsazansiaresluiana uaz laeausner agludn
WAveeannusy lnadnRszauaisazaralhinfussiinnsanuan CaCo, uaz/iiia CaSoO,
Inel CaCo, HAruanunsnlunisazanminanunn aanudniaddrandianslsznasdue dau
Caso, Wnanuaniliaanudidusainiaud wWaasurusessniazaiuagluin (TDS)
reanALiAsTNIL 1500 ppm ¥ie anndn ansdsznavaun HenaannanldAs 3ann
(Si0,), Strontium Sulfate, BaSO, Uaz CaF, N&N18IANIANT MilHIRANITgAMILBINN
< 9 =t o 3 ’ v = a =
waad Fuuileasyinlfunwsudaetaons daasanunisanadneasiivdy Aty
fAdataTasansAlRaNieazatndnAanane widndun@naes Caso, msldnsat

s3n  (Citric Acid) W78 EDTA draiaazanalvivum
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- o - z (-] o - r ++ -
nstlasiunanilfiiatu arainldlaanisindnsumadu Ca™ |, SO, uas CO,
Whsiu  videldansialiviunaniWiistw  winisnndnuaadanvsedannasilulydusla
Tiauin el fiiziliesannsdes@ulaesinn uas afvasndsiniduilouiaudn lun
dfjpRdnidnmiuewn laanisldnsandewdouamfvaalidulumivemn uwasnise
ar :'/ o = ar =3 Yy v o =
CO, AMUNITIANNTARINNTOTIaIuNISANKANTEY CaCO, drseanistlaaiunisanuan
989 CaSO, AITlfaITHINAZNTU 11u Sodium Hexametaphosphate 11 HMP Tusunn
vszunnd 10 ppm
ac] ar 0 1 3 ar 2L a v a : o
WANANABAWAINAURY nstlaaiuaaniimiintuetansein ldlaanag
AauANANENTNIBIasasate Tulugadi i AYguAiund A NarsolunITazaen
» acy < ar :‘ 1 73 } 4 d' 1 i
1938151)5EnB AN AsnsAnatuandns inaraaidnduinldsuaanannszuulid
Phunnugaiisane  inesnndudusesiasasaeiiazansioaguluga  @Enaduiiidy
N13AUAN %Recovery Aligainiulihiuie)
4.1.2 NMTANNANTAAUNEN UaT WaN13a (Iron & Manganese Oxide Fouling)
aelsiantasialy wénaunsornuanladsansa uaz drandrunaniiiafiusting
9 < 8 - [ 7 ar ) )
an nanresndnaanululugarssssuuesaludadoundy wnndreedluusaniiia dou
) ar [ < - A‘ y - + : :‘
wgjinidunaneanlas nsanuinwesmdniiaau Wawinumdninda (Fe™) Teazaeinla
Wujiserdusendauluin neradumdnlin Geanudnldde Tasdn® dninaud
aandiruacattdes vee Lifliae sruvesaludadaundyu arusonusasininialsaly
i 4 ppm widwnAuiaendiaulszunns 5 ppm vdenINndn assiasilnaninialuiniu
0.05 ppm
dunaTaude  wmdnazhiabetlygmiszuueeatudadaundy e dradunso
Aruanlatlugasansiansasnan sniudsenaudtiguluFesnnndnld Inenisidunsa
3 tdl d‘ o - o’ [~ d‘d‘d < < =
ndaean pH Tuiluntsandnreandindusasudn  lunstininisanudnaasamdniia
uatjiauuda Asdfaansazaansalsin (Citric Acid) w&a Ui pH Wildivindu 4 Foe
wanludlelansanlas
4.1.3 N79AMULBRINATABARALA (SDI Fouling)
nfidhrzuuesalidadeundu fesnlmasinatsurauseaiiatiesiunindlles
Fulugreanaiusy Tnaasusruaaasunzaindnlnglfldnsesifinauazi®an 5 Micron
o o’ [ 3 < o/ ¥ < ar
AMFLATARARBEA  Aziinnazansolndusiv wawsd uar  Hnastauennady
. a A’ Ly ° o’ 1 t‘/
(Coagulation) {inTu nisazanshasaasazanlulugs Mnldlsziuinfausgeaunssia

. T = L 4 o o } 4 el'a A’ A =l
Diffuse Layer ‘ll’r]\iﬂﬂﬂﬂﬂﬂﬂgﬂUU‘l‘mLﬂUﬂQ Uwae LﬂﬂTﬂLLﬂﬂQLﬂ‘liuvlﬂ HavilnATuAe NN1?
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fEmnnudasge sz ialauanguaduldenn Tunnansadu ABARBLFATIATHININAN

asiigminmudoam wez Aalauengaduliioe Sit Density Index (SDI) uassiaild

uamsTAUAIENduTetreasatd innaeindl SDI lszano 2-3 vietienndn uaz i

dﬂﬂnvjmluﬁ':mm?fqmﬁumums‘u YinfinAuenadl sDI waﬁuﬁi 10 Aula 175 uaciineaasts

Winduauiian1sAMITaaINILITY
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ach & L

4.2 96 WRT TUABUNTRINNNIUTUY

v o ;72 ol o o< 2o [ n‘ tdl v

nsdaamnanazaamsusuaziiunsldarsaiiinl e dudsandsnianAng

uaz aasguiiuasiliausanidneanldfanun Permeate dAuiuansaiinldazuaily

1. Acid Cleaning 1815 Acid Cleaning M1arateunlaginitianasaneiy
ausinaldun Permeate ansruvesaludadoundy winiu lnananldlian pH = 2.5-3.0 14
Andnansatiuvisdnan Inorganic Mineral Scale Fuunanazniusiu CaCoO, (Scale
Fouling) WaT A154901N (Biological Fouling)

2 Alkaline Cleaning 11a1¢ Alkaline Cleaning ¥nazataun laguinitiunazans
WU azsiealdin Permeate ansruveealudadaundy ity lnenanliiA pH = 11.0-
11.5 MndnarsauvsananAtalumanusy iy Tseiu ledu (SDI Fouling) uaz A1dm

AENBUNAN ATIUANY (Iron & Maganese Oxide Fouling)
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mﬁﬁuungﬂuuu'lun'n‘ﬁ:'ams'h’mgaﬂw'ﬁ'ﬂLu_i\flﬁ'iumﬂuuuL'ﬁu MINLRIG DTN
Fryanwesdieya Aemsdeansdeya eurden (Analog) wazmsdaarsdoyauuuAines
(Digital) yifeuLianadansdedeya Tuumiazndnatenisdeasiaysianes Jaduteyasiing
Reundiesiuinianaufinmes uaziFiesniuan PLC/PC
5.1.1 5 sdetioys
uriveanléiidu 3 uuu Ae
1. mMsdauuufirmiaien (simplex) nrdauLLERANINIgIazAsTiTaa sl
fudeladutiode dheladutheit  nsdawuiiufiiasesmusimmnzanlums g

Useinn

firmlunisdedoya
ndetiaya fiafutioya

d -
§1% 5.2 nsdauuufianiaikien (Simplex)

2. nMsduuuanangwand (Half Duplex) lun1sdadisyaluiianielafianiwmiklunanla

namik Aea 2 anflansondniuddldusinsdanfangiulils

fimmansdateys
Fadafioya » afufeys

317 5.3 Mrdeuriandgmand (Half Duplex)

3. nMedugesiiAN (Full Duplex) Wunsdedeyaluvianiala Ald walails Aa

amnrodeuaziudaysluasdeaiu
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Aimalunsdadioyn I
i sidelnya nfufien |
-_ S
= H
v rafufeyn < : padelieys

S —

d fod
719 5.4 nMdLuLARIHANN (Full Duplex)
JEnrdearrdeysfanasrasraniamaiutiaiy 2 1ila Aa

1. nsfeanrdayauuuaunu (Parallel)

>
[

dunsinradeansinadedayseaniduaivas 1 lus Ae afse 8 fin angunsaldall

14

]
o

dagunsaliy ﬁqﬁuﬁonmwxudwLﬂ?famfauﬁqLmﬂ?'mamLﬂ%qqzﬁfaqﬁ‘ﬁﬂQWﬁﬂﬁﬁﬂHa
Bunnataian 8 daania Tmﬂmnqz'lﬁlﬂummmuuﬁiLi’iﬂmnﬁﬁmn_;’mtuqn;mﬂ‘lﬂﬁuﬁuﬁ
UALYIRIEE T AN ARSI LT IR ATuTTETIeIE M LA asRaAIeliAns
w100 Wi i lintsdeunLiildszazmalilngiin wiansodedayaldsonGaunazdiaanun

3 o o a - railq ] o - - d’ o - k4
NIANNUNUNAL 8 UM 'qﬂn?mwmﬂmﬂuuu'uu'lunm'auw'um'aﬂ'ﬁu (ATBIRNA (usiu

padedioya Fuiays
d 3
7% 5.5 nsRessdayauuuainu

2. msdeansteysuuneaynsy (Seriall)
Tunsiasiall deyaazgndsesniniiasinszuin qudauaiqniu Gamrdediayauyuil
aziindamsdanmng  wildfonanlunisdeaniiesiamameniFaaaiesdidaainly

Aldnelunrdsdmindearnangnniuunming - msdwuuillddwmiugauszaznlng
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wnnd1 100 Wa deyaainandeazsiasgnulaeuliiiiueynsunieuudndeaveesdantiiias
Dnllivaniy  aefuassesdizduuulumsuasudayaignadeeeniniduuuuming . Tums

wassiaadigluuniimnzauietleaiunstianaineesdeya

sadetays 2futaye
a ,
1 5.6 nsdeansdeyauuuaynsy

5.1.2 famnadlunsandadaas (IUslnapa: Protocols)

TunsReasdeysazsesiinguiaderiuunlunirdeaisiays vitafiianGend
TsTnAaa (Protocol) Tifludouniazimvuaninsgilumzaunn wazdnnisszuunisdesns
k4
G

o o Y v v X d

dwiuneazideainannlwihdatiazinaadavanizludourelsinaaanizacuaunig
\Teulendayn (Data link Control Protocols 138 DLCP) Tanisdansludiutesiunsuuas
[ % 13 P v = 2 74 ac y k 4
nannesineg AelanainarmestiBuatesdeya AEn1sluntsdeanstayanismsasauufile
ANNEANAIATENTaYa  uazauounislunisaruAumIRasiedeansing  DLPC  wivldiann
Tﬂ?ﬁﬂ%"’]wm‘ﬁ'ﬂqa 2 WIUASD Byte-Oriented Protocols uat Bit-Oriented Protocols

5.1.2.1 luslaFaulisinaan (Byte-Oriented Protocols)
NWslnaeauuuiiiullsinaaaiinisdearsdays uaznisAruANMITIUALiY

el fdnwourdayaiilusiadnes (Character) vialusl (Byte) w3aa1afund1 Character

Oriented Protocols @autiaaniiluy
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1. arflanialuslnana (Asynchronous protocols) T'd?Tmﬂfaa'lum??\"'ama*-x”mqai":'l-ﬁ’m?
doansfeyauun  half-Duplex  fidnsuznisdeansiayauunezilania  Fadunisdeans
'Hﬂqaunuﬁugﬁuﬁ'lﬁmumLﬂummmuuf’h 3Qﬁ?ﬁﬂau’fb‘ﬂmLmzi?umau'lunw%mﬁwaﬁﬁq
Wiitenraifnruaanaalites ua:ﬂ’qﬂq’x’ﬂﬁﬁn'ﬂﬂﬂa'm’iﬂu‘,aunui":ﬁ'lu‘[mm’?’wm?muﬁ
sw gunsnfililunsdeasieysiliadududen  uaziinaign WslnpoauuLiidemn:
AmFullursuuaunman

2. lwididlania Tslnrea (Binary Synchronous Protocols) lUsinAaa wutasd
annuzmaienilioudeyadusnendud  wazdendlinsdearsteyaundcania 3
ﬂﬂaztﬁﬂmuaz-f?umu'lun'nﬁ:am?ﬁmﬂaﬁ'lﬁmwmL%ﬂﬁ'amnndﬁ' Snvatannsnlinica
Tunsdeansdiayafigandd Tmﬂﬁ’thwmn'wﬁﬂmﬁiﬂuuaunuﬁﬁ‘lﬁﬁm?ﬁmumLﬂumms‘g'm
‘lf'l'u.ﬁflﬁ'ﬂn’l‘iéﬂmﬁ'ﬂiﬂau’lm‘r‘g'\u BSC (Binary Synchronous Communication) dailu
Tsinmaa Afidneuzsedayawunlumsua el e

5.1.2.2 finlaGenillsinnes
Wslnpea vty Tustnees fimsdaansdeya  uaznisaaugunRinendlan1d
Fnunuzdayaiiiuda Tmﬂﬁﬁ’q'azhwmms%ma*a’iwa'luﬁ’num:ﬁﬁﬁm?ﬁwum%utﬂu
NATFIULGIAD HDLC (High —level Data Link Control) Tneifilassainrasdayauuy dalasia
MuiReaty BSC wdswiufitidnsuzaesdeyaduwuin 30 Wslaeea idesftannso
demsfaynuunsamcliinlinsdessioyalimaini  wi  TWslanes  wudAd
MEATIBA ua:Tﬂﬂa%"w'lunw'ﬁ"ﬂmﬁﬂgaﬁaﬁ'u'iu'ﬁfaumnv'h'lﬁ’mmquQum&‘ﬁ'muﬁﬂo’f
anuazdesligunsaififinags Wismnzanfiasi W ousussuunnadn
5.1.2.3 uAnInA (Packet of Information) ,
g’duuu-nmuﬁnan'luizuuTﬂmhmzﬂ?znﬂuﬁqadqumqqﬁqf‘:
1. HEADER azusznaudas
® Preamble or Start of Packet Indicator \ludauiFnusntasuininauazluug
sruuendlEnsfediudygrnunRniasssadiuassafunan
® Control Information doﬂﬁtﬂui’ﬂu‘,aﬁuanﬁﬁmqﬂ?zmﬁmmuﬁnmﬁ'ud’m:'l"ﬁ
viels ihuien1sdannsszun ifen Status 189 mode iR
u'anmndquﬁiﬁq'ltudﬁﬁuz’\": Tudquaeq Header aaaziidauifiy Sequential Number

dudaufvaninsutieadusssininalunsdindaysiinauatanaiauining
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2. INFORMATION

® Data field iludaulsznauvasdayasiansdasnisacds

3. TAILER

® Frame Check Sequence (FCS) ludiuiilinsaaaaunniugnsiasrasdayats

214y Parity Bit, Check Sum w38 CRC fugiu

® End of Packet Indicator iludauiivanlinsuirduandayaudn

PREAMBLE DA SA CONTROL | INFORMATION FCS STOP

HEADER INFORMATION TAILER

< o
319 5.7 uanslaseaFrerauwiinina

5.1.3 nMsArANANNRANAIA TuN13aatiaya (Error Control)
m?ﬁqqqsma’fﬂgammfﬁmtu:ua:nam:nusiaﬂ’mry']tu‘rumu (Noise)  vinlviszdu
i iassadunaliiAaaoufiananalunisdiaiueninnisdumaufionaad
Aoduszuing
mdedayauazuilaanuiianainiigneies

5.1.3.1 Ainaindadlidays (Parity Bit) iNanmaasuauBianarail 2 33

1. 9% Parity uuouau

¥ansifin 1 Gn L&Tﬁ‘lﬂﬁusia:ﬁqﬁnmﬁﬂzm‘[mm:ﬁwumdﬁLﬁum?mqqaﬂuuuu Odd
v38 Even Number ufouasantesdayaazifhy Odd Number i Even Number

2. 3% Parity W9

nmMaagauanNianaalaannfin 1 0a WhluRudasuden
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01101101 1

01100110 0
10111010+ 1
i 10010111 1
: 00101001 1 Parity ulousy
' 00010110 1
10101110 1
11110010+ 1
01000101 1

Parity W51

31l 5.8 uanaguLLINIATIAGEUMIE Parity Bit

5.1.3.2 3% Patrol Diffuse Inspection w32 n51¥ FCS: Frame Check Sequence
ﬁ'm?n'x”mu”aﬁunﬁmm%q Error Inspection Sign (CRC Sign) 1u1a 2 Byte Adansla
nuﬁugmmmngﬁﬁ'mum‘lﬁ uﬁqLﬁ'uLﬂ‘%':famu'm'lﬂﬁm”mgaﬁu&uﬁwwﬁ'lu':*m:mmqa'an‘ﬁ'mga
Tne Inspection Sign ldiuunlilaagasmsdnuanfimiieutu (blast Error) AvwlanaIATS
foyafidaifiasiamnsansmesauiiinbificmindetege
5.1.4 8nsnnsdedaya (Data Transmission Rate)
Transmission Rate &ullﬂnﬂﬂn1ﬁtﬂu “Data Transmission Speed” UWar “"Modulation
Speed”
5.1.4.1Data Transmission Speed
Data transmission Speed i@ Bit Rate &uuam'lugﬂmm'i'\uqu Bit # snsodels
mMelu 1 3 Swdedu fin dedundt Tandaudn BivSec w3 Bps #auany Definition 184
Data Transmission Speed Tneusnadaaaunisdnagnei
s=1/T)log,n
S: Data Transmission Speed
T: Continue time 184 1 pulse 484 Transmission Pulse

n : uuAIan12zU 1 pulse ‘
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lunscdift Pulse 1.gn i1 2 A1 A 0 uaz 1 1y aunsazidu s=1/T Taedt T Dunan
Faiiied (continue Time) 184 Pulse 1 1/T Aduanafaduauges Pulse lu 1 Funfl Fefires o
finfannd b9 1 Sunfhues

5.1.4.2 Modulation Speed

Modulation Speed 38 Baud Rate ABSMANARTAAMNNID Modulate 18t 1 3undt 33ms
Modulation l%uﬁ Amplitude Mod, frequency Mod, Phase Mod ua:?iuq'lunsrﬁﬁuﬂmﬁq
drananlumanldsunlaananiy azamnsofmmelifannsTaomisnaziy Baud

B=1/T

B: Modulation Speed (Baud)

T: manlunsulasuulasnanasuiidudnantozuil

5.1.5 umsylunisdearsdeyaunueynsy
5.1.5.1 n’mﬁ:'ﬂmﬁﬂu‘,auuuwnmmummgm RS-232C

nwﬁamsﬁwauuuwn?uﬁ'l'ﬁ’mufagi'luﬁfaf-gﬁu Wiinsimuaniargunisiudedoya
Tvasuuy  wildfusradominndouiuethannie  nsdessdeyauuaynsy
NMTIU RS-232C ua:ﬁmmg'mﬁtﬂuﬁﬁﬂuLﬁmfafmLﬂu?zuunw%mﬁiauﬂaﬁ'lﬂum‘i‘lm
panAamas IBM PC ?qtﬂuﬂﬂuﬁmmm‘ﬁﬁ'ﬁﬂﬂwuwéua']ﬂu'mmn'aﬁmuﬁqﬁqqﬁu NATIU
msdeanstilunseanuuuib el daanuuy duiunisdenseiueieTusy (MODEM) EX
Hugunmfililumsdeasioyarsnineenfomefthunemeingdmi  Fuinlignsms
FudadoyagnininlifianfiAaudnas NINTFM RS-232C Hxeanuuuiilasaaiannsdeans
Dhunqasiesaviniu Inefidnsuzanindmiuammunenmiugnslunnmed 5.1 uas
gﬂﬁ' 5.9 ‘

adedays ffudey
RS232C RS232C

’ 1

<] [ d
7% 5.9 uamslanainrninisieansfayauLoyNINAMNIIAIITNNIATEIU RS-232C
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5.1.5.2 M3dearsdiayaeunsunnsgiu RS-422A
Tumseanuuurzuudeaissesdayaanniitiunnnauialaqiu - Iiinmensuiay
sanuuulinsBasnsfeyalitndoin  uasliszarlunsdeansinintiudon  Fefitinanis

ananrtayaniuninsge RS-232C Tiaanuumitelfidaudeuludumini Adildsid

]
red

AMNFasTz ez lundeans Aennldlininsgulunisdearsdeyalminldesnuuunniive

v
- -]

] 1 4
aefuAuABINsrelinuiiiaansinsiudddayaldlnauasmaiilu. e uiide

1 4 ! v
b= <4 - =4

RS-422A Tamsumrgdearsiaiunsoiududiayslilnauazsindaiuitiasunannudnnisi
Mo rauduwuy Aenwdos duandluglf 5.10 Twdnnnsffedyyiniiudasiy
nafFaufsusendndygin 2 Lé’utﬁﬂuﬁummyu RS232C Hidugyromndynnnaz
Wieudunmed Telunisdearstuszuzning uddygnazgnasmenllussfiedmyn

- 4' :" o ) - ° L% - b 4 -
gnasmaumauin  dygnoniufiscianaiallanandusie  inlinasiudedayaiin

= : 19 [ - <l <z 5
Hawa1au  widmiudyonnuuuinanwd@es  niraanausadyiuiasllaaneuia

o e <

apsgnedoaAvini Vs lndiReniuuazAnuanA ey aieasndu  anfaus
dlldifufidaldvinfnieanfounladion i Winarasnsaaneusedyyiuissay
msdagsninalifinasianinsdeansdeys wianniamnsoRasedusi1ate 10 fa &

uaAIATNIUAINT 5.1 nulfeufisuninsgunisdeatsieya

100 chm

A 4 A\ 4
Fiudioyn
RS4228 Fidun

d )
71U 5.10 TanaFranmsemsfayauuuaynsumunInggIu RS-422A
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5.1 .5.3m‘r‘z‘\"ﬂmﬁfau“auuuwmummgﬁu RS-485

n’mﬁ%qﬁmamummg’m?'indwmuﬁqﬁwﬁuﬁﬂ RS-232C ﬁfutﬂummg']um?
dearsfeyaluuuiilidearsszuivgUnsaiitaqasieqn (Point-to Point) #1u RS-422A iy
mmg'lw?iﬁmmmmn RS-232C Wiszazmilnatunassnsnisfeanniiniu uifidaiu
ms‘ﬁ%ﬁﬂﬁﬂqﬂmniuﬁqﬁf:'lﬂquqﬂn?nﬁ'u-mqqm 10 AR wi'lﬁu'lﬁa'lwnnt”munﬁ’umnfqﬂnmi
i FuN AR T u""r'anth‘lﬁfhmﬁ:ﬂmﬁwam']mm‘gm RS-422A 1 Wunnsdeansteya
uuL Simplex Aefianusasdayaiuuunadnaeanat fafulidesnises nuuussull
dhudnrusiaritedeysiarliannson1s ﬁqﬁm?vﬂmmmm‘g'lun'w?\"aﬂ'\?‘ﬁ'ﬂu“a%u'luﬂ
fasasFuAueInsil ABNIATIIU  RS-485 %\1u’_lumma‘gmﬁmﬁ’wﬁnmwmﬁmmqm
wuAnmasudea iduAsaiuNInIgIN RS-422A wignunsadeansteyalite 2 fiamely
anefy 1 uRegiRan "ﬁqﬁﬁﬂn']?ﬁ:ﬂmﬁmﬂmmu Half Duplex annuauaan1siddyqyinlu
dnwurininesudeail yinliszazmauazanauirlunsdearsfionatidngs  wudzaiy
mAsguNIsieansdaya RS-4224 UANIASEIL RS-485 @mnsniiazdeansszuinegnsniia
nsdvresgUnsnfligeqe 32 i wiserandnnlfdnisdaasinsgiurs -485 funtsaans
NULMAB9A  (Multipoint Communication) uamAnFaLiienlunised 5.1 uazuan

Tazea¥luglii 5.11 moaciBasmfiuzuly

) 120 ohms 120 ohms
Mdadoun

RS485

Fudoys Fasudngy
RS485 RS485

v v
Mfuuncdaioys
RS485 ﬁa€u1

< : y [
1% 5.1 TassafereensdearstiayauuueynIumINnInsgIu RS -485
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1579 5.1 WisuifinunuanmnglWiizes RS-232 C RS-422A uas RS-485

RS232 C RS422 A RS485
Cabling Single ended Single ended - Multi-drop
' Multi-drop
Number of 1 transmit 5 transmitters 32 transmitters
Devices 1Receive 10 receivers 32 receivers
Communication Full Duplex Full duplex Half duplex
Mode Half duplex --

Max.Distance

50 feet at 19.2 Kpbs

4000 feet at 100 Kbps

4000 feet at 10 Kpbs

Max.Data Rate

19.2 Kbps for 50 feet

10 Mpbs for 50 feet

10 Mpbs for 50 feet

Signaling Unbalanced Balanced Balanced
Mark (data 1) -5V min 2v min (B>A) 1.5v min (B>A)
- 15V max v max(B>A) 5v max(B>A)
Space (data 0) -5V min 2v min (A>B) 1.5v min (A>B)
-15 V max 6v max(A>B) 5v max(A>B)
Input Level Min. +/-3V 0.2 difference 0.2 difference
Output Current 500 mA(Note that the 150 mA 250 mA
driver ICs normally
used in PCs are
limited to 10 mA)
5.2 gﬂqummmiﬁﬂms‘zfﬂgmmmﬁu,'aa%’

msianssiunsindedestsieyatetiiiesniuan PLCPC arautvesnlsd 3 wuy

v ar
MIENY

5.2.1 NM9IANATULLAAFRAA

TumsinsieBeasfayauuuqasiaqn alinmsgunisdeaisuun RS232¢ Faflunns

Andelusuznailiflnaninidy. nsfiasaszudnariasriuan PLCIPC fuirtespaniames

e in1IAsIAAeLAN1IZNTRINY 3 N1zAILANAINABLRame T Wie ATLAYUNITAINIU




dy ~ N o [ N = = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuienisinyiniiu lweygnlmilulsdssleguaunisan

P R ¥ vy o Loda o ¥
Lnsdilagnsdu Snvanuiilndaudadiion waznotonddisaiveaenalsynasaninisiluly



dy ~ N o [ N = = . 5 ' N ) N o N
wnansiiduenarsianubidmsunslvnuienisinyiniiu lweygnlmilulsdssleguaunisan

P R ¥ vy o Loda o ¥
Lnsdilagnsdu Snvanuiilndaudadiion waznotonddisaiveaenalsynasaninisiluly



dy ~ N o [ N = = . gj ' N ) N o N
wnansiiduenarsianubidmsunslvnuienisinyiniiu lweygnlmilulsdssleguaunisan

e BX L mv g, ¥ vov o Loda o ¥
lnsdilagnsdu Snviavnuiilvdaudadiion waznotonddisaiveaenalsynasaninisiluly



wnansiidwenarsianubidmsunslsnuienisnyiniuu lweygslmilulydsslesuaunisan

o ~ S a ¥ Y a9V & YooY A= & A ° -
13J’3’]ﬂim1®6]1/lﬂﬁu dnnaulnanulasiilon LLaSG]@\‘iE]NENﬂQLﬁ]']”U@QL@ﬂﬁ’]ﬁ/‘]ﬂﬂiﬁﬂmﬂqilﬂiﬂiﬂj



dy ~ N o 1 - = = ' g.JI ' N ) N o -
wnansiidwenasianubidmsunslsnuienisnyiniuu lweygislmilulsdssleguaunisan

= = $E a Y oV & YoV A= ¥ $ aa o -
13J’J’]ﬂim1®‘]1/lﬂﬁu dnnautnananlasilon LLaBG]ENEJ’NEJ\mQL"\]’]GUENL@ﬂﬁ’]ﬁﬂﬂﬂiﬂ‘l/lllﬂ’]iﬂﬂﬂi‘ﬁ
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5.3.1 sluuureasudan (Block Format)

v

ANBUTTANURANTDUATANAILAN PLC/PC udazfnBnazunnsiniullusiaziitugu

= v o e [] -4 ° y . e‘l‘
g9 fMumRnetessuaanAdasia il

@ , X l X X I X X X - I<_Jl

UL TLAFDS XX HEADER i TEXT FCS TERMINAL

g1 5.22 plunresuden

1. VNNEIATIATEN 'lumﬂ%ﬂu‘l‘ﬂwiaﬁLﬂu‘[ﬂmhﬂuuuumu@mﬁum‘%mmuauﬁL%um'a
[ =4 ' 4!‘ [ : 2 d [ » 1 4 b 7 v e 4!‘
agluszuuiininndn 1 weveq Anlusiadinsinuuadisiasntsdedaya  Iidueses
ALANTA 111 @05 AalATaaunneLaThl 5
2. dau HEADER udrupasidmdnfiazinuindseanisnssiniudeyadula 1y
2 4 ’ 1 3 - 2 < 1 73 L v “ £ 73
N seuiayareduyy desnsidsudeyaiiusiiy dusu
3. du TEXT ludandiaya dudrfidnildandunn viedfiasdeadauadluiuiiaiie
4. @183 FCS ludiumnanisaauananninnainsesdayaialdannisduac
5. @7189 TERMINAL ludaunilavineuanimsiudnavuden uasinasinnnudonsva
983 Carrier Return (CR)
5.3.2 N15ATWIL FCS
FCS vi3® Frame Check Sequence \fu@#ildlunmsmsaaauanufinnaineednig
deans lumswldeudeya 8 Tin fu 2 dsnysliaya ASCI udaihaninnis EXCLUSUVE
—-OR (XOR) TaarFuann @ aulivsndnusgaineass TEXT nsAquans FCS amnsafias143a

tuuananazliE XOR Ailénaraanudalwindieft 5.1.3 asnisaauguanifianann
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8nusz  [ivia (‘ASCH BINARY) (HEX) XOR(HEX)
@ 0100 0000 [40]
0 0111 0000 [30] 122 [70]
1 0111 0001 [31] 65 [41]
R 0011 0010 [52] 19[13]
L 0100 1100 [4C] 95[5F]
0 0011 0000 [30] 111 [6F)
0 0011 0000 [30] 95 [5F]
0 0011 0000 [30] 111 [6F]
0 0011 0000 [30] 95 [5F]
0 0011 0000 [30] 111 [6F]
0 0011 0000 [30] 65 [5F]
1 0011 0000 [31] 110 [6E]
0 0011 0000 [30] 94 [5E]
* 0010 1010 [2A] - 116 [74]

L

o d‘ 1/ v < d"
ANNTAU R Iazafaduudenlasatl

@ |01 (R fLJOfO0O |[O O |O (O |1 (O ]|7 |4 |"

3 5.23 plunuuden uaznsATaN FCS

Taumiuandliviuteguwnlumsemsssuinddayaansnenfiomef  Wisufauiy
nsinsiefeanszaaAtasrIug PLC/PC Trziuuumelumsimunmsansedeans doya

TBAATENAILIAN PLC/PC e IiiTesnIunn PLC/PC amnsamuauiaiasdnslussuudil

g iamnsoinnuldetndiiuiiu fesilinisauuiilsz@ninmunngsau




<
UNNG6

-4 Qs L4 .
nsUszenAuasNRIUISEULRRA LN EAERUNAY

sruvesdlvdadaunduuuunitdeululaqiuiuacifissuunsosasuanuniniin

‘d' < b o ' dl o Y ‘o’ a: < yal
avamhnan lianszuufuAmasguinvualidn vrazaanudalsiAnullnng
o -] ] &S e ] o | 2 ¥ ar e dlil ‘0’
Rvaviala sanmedbianansavinnisdszuulfiedandntulmlunsdifigunimin

o o wyd 9, o v o o v 3 a4 o
aremindnldiAmNdanRsgAinmualy Tnefeduiluassecldusaununeaguatall
ANNERENUazTIAAMNTeTe  Tnedeudsrnausasssuusesiudadaunduuuuidn

amnsauanelifagli 6.1 doundnnisusrduneunisamuanszuuilufegif 6.2

A
}:
{ =T
oo m
e 28 [t o
N'Lli had E .oy Sy h'lu'" o
b a e canmod o iz st
FUIERED WATER TANK
(© :
S ©
/_l-[:’\ * \ﬁ‘
KURIFLOAT ACITATOR r
— FZi] z
—= KURIFLOAT PUMP NO.1
=2 ! /gl :
KURIFLOAT PUMP_NO.2

99
IR}

— )
RO FEEC PUMP NO.1

RO WATER TANK
KURIFLOAT TANK

RO _FEED PUMP NO.2

A L) ar
71 6.1 sruueaaludadoundy
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-~

( START )

- ——

b

I/ RO Feed Pump & Kurifiot Feed Pump
3 RUN

J— I e e =
'I High Pressure Pump "RUN" Valve Tv-1 “Close”™
“RO Product Drain”

5 sec [

Vaive TV-1 Open
"RO Service™

e 3 ot Low
(" ROSystem /LW, \

AS———— Feed Tank Level

ey
Yes e -
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Host Link Command Summary S Section 6-1

6-1 | Host Link Command Summary,

.The Host Link commands listed inthe 1<§llowing table can be sent to the CQM1H
{or Host Link communications.

eader code PC mode . Name Page
/‘ RUN MON PRG ’
RR Valid Valid Valid IR/SR AREA READ ) 441
RL Valid Valid Valid LR AREA READ 441
RH Valid Valid Valid HR AREA READ 442
RC Valid Valid Valid PV READ 442
RG Valid Valid Valid TC STATUS READ 442
RD Valid Valid Valid DM AREA READ 443
RE .| Vaiid Valid Valid EM AREA READ 443 -
RJ | vald Valid Valid AR AREA READ 444
WR . | Notvalid | Valid Valid IR/SR AREA WRITE 444
WL Not valid | Valid Valid LR AREA WRITE 445
WH Not valid | Valid Valid HR AREA WRITE 445
wC Notvalid |Valid | Valid PV WRITE 446
WG Not valid | Valid Valid TC STATUS WRITE ' 446
WD Not valid | Valid Valid DM AREA WRITE 447
WE Not valid | Valid Valid EM AREA WRITE . 448
wd i Not valid | Valid valid - | AR AREAWRITE 448
R# Valid Valid _| Valid SV READ 1 449
R$ Valid Valid Valid SV REAQ 2 450
R% . Valid Valid Valid SV READ 3 - 451
Wi~ Not valid | Valid Valid SV CHANGE 1 ] . 452
w$ .| Not valid | Valid Valid SV CHANGE 2 452
W% Not valid | Valid Valid SV CHANGE 3 - ' 453
MS Valid valid Valid STATUS READ ' : : 454
SC Valid Valid Valid STATUS WRITE : 455
MF Valid Valid Valid ERROR READ - 456
KS - Not valid | Valid Valid FORCED SET ) 457
KR Not valid | Valid Valid FORCED RESET ) 458
FK Not valid | Valid Valid MULTIPLE FORCED SET/RESET . 459
KC Not valid | Valid Valid FORCED SET/RESET.CANCEL . 460
MM Valid Valid Valid PC MODEL READ . 461
T8 Valid Valid Valid TEST 461
RP Valid Valid Valid PROGRAM READ ' 462
WP ) ‘Not valid | Notvalid |Valid . PROGRAM WRITE 462
QQ Valid Valid Valid’ COMPQUND COMMAND : 462
Xz Valid Valid 1 Valid ABORT (command only) 464
3 Valid Valid Valid INITIALIZE (command only) 464
EX Valid Valid Notvalid | TXD RESPONSE (response only) 465
IC - - —-— Undefined command (response only) 465
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End Codes

Section = 6-2

6-2 End Codes

6-2-1 Codes

The response (end) codes listad in the following table are retumed in the re-
sponse frame for Host Link commands. When two or more errors occur, the end
code for the first error will be retumed.

End Contents _ Probable cause Corrective measures

code .

00 Normal completion No problem exists. -

01 Not executable in RUN The command that was sent cannot be Check the relation between the

mode executed when the PC is in RUN mode. command and the PC mode.

02 Not executable in MON- The command that was sent cannot be '

ITOR mode executed when the PC is in MONITOR
mode.

03 UM write-protected The PC's UM is write-protected. Tum OFF pin 1 of the CPU Unit's
DIP switch (SW1).

04 Address over The program address setting in an read or Check the program.

write command is above the highest program
address.

13 FCS error The FCS is wrong. Check the FCS calculation meth-
od. If there was influence from
noise, transfer the command
again.

14 Format error The command format is wrong, or a com- Check the format and transfer the
mand that cannot be divided has been di- command again. -
vided, or the frame length is smaller than the
minimum length for the applicable command.

15 Entry number data error The data is outside of the specified range or | Comrect the data and transfer the .
too long. command again.

Hexadecimal data has not been specified.

16 Command not supported The operand specified in an SV Read or SV | Check search data or the search
Change command does not exist in the pro- | starting point.
gram.

18 Frame length error The maximum frame length of 132 bytes was | Check the command and divide it
exceeded. into multiple frames if necessary.
If the frame exceeds 280 bytes, the Recep-
tion Overflow Fiag will be tumed ON and
there will not be a response.

19 Not executable The read SV exceeded 9,999, or an /O Regster items to read before at-
memory batch read was executed when tempting batch read.
itemns to read were not registered for com-
posite command.

23 User memory protected The UM is write-protected. Tum OFF the write-protection

A3 Aborted due to FCS errorin | An FCS error occurred in the second or later | Correct the command data and

transmission data frame, or there were two bytes or less of transfer the command again.
data in an intermediate or final frame for mul-
tiple writing.
A4 Aborted due to format error | The command format did not match the
in transmission data number of bytes in the second ur later frame.
A5 Aborted due to entry num- | There was an entry number data error in the
ber data error in transmis- second or later frame, a data length error, or
sion data data was not set in hexadecimal.
A8 Aborted due to frame length | The length of the second and later frames
error in transmission data exceéded the maximum of 128 bytes.
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End Codes

Section 6-2

A response will not be received with some errors, regardless of the command.
These errors are listed in the following table.

Error

PC operation

Parity, overrun, or framing error during
command reccpticn. (Saivie even for
commands address to other Units.)

The Communications Error Flag will be tumed ON, an error code will
ive registeled, and receptions will be reset. (The error will be cleared
automatically if communications restart normally.)

The Communications Error Flags are as follows:
Peripheral port AR 0812
Built-in RS-232C port: AR 0804
Serial Communications Board port 1: 1R 20104,
Serial Communications Board port 2: IR 20112

A command is received that does not have the
.@ character at the beginning of the first frame.

The command will be discarded.

Incorrect node number (Not a local unit or over
30) i

The command will be discarded.

The data in an intermediate or final frame for
multiframe writes is longer than 2 bytes.

An FCS emor will occur.
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Section 6-3

6-2-2 Codes and Applicable Commands

The following table shows which end codes can be retumed for each command.

Header Possible End Codes Comments
AR 00 13 14 15 18 A3 A8 |-—
RL 00 13 14 15 18 A3 A8 |—
RH 00 13 14 15 18 A3 A8 |~
RC 00 13 14 15 18 A3 A8 |-
RG 00 13 14 15 18 A3 A8 | —
RD 00 13 14 15 18 A3 A8 |—
RE 00 13 14 15 18 " A3 A8 |—
RJ 00 13 14 15 18 -
WR 00 Ot 13 14 15 18 A3 A4 A5 A8 |—
WL 00 Ot 13 14 15 18 A3 A4 A5 A8 |—
WH 00 01 13 14 15 18 A3 A4 A5 A8 |—
wWC 00 O1 13 14 15 . 18 A3 A4 A5 A8 |—
WG 00 Ot 13 14 15 18 A3 A4 A5 A8 |—
WD 00 ot 13 14 15 18 23 A3 A4 A5 A8 |—
WE 00 O1 13 14 15 18 A3 A4 A5 A8 |-—
wJ 00 01 13 14 15 18 A3 A4 A5 A8 |—
‘| R# 00 13 14 15 16 18 23 -
R$ 00 04 13 14 15 16 18 23 —
R% 00 04 13 14 15 16 18 23 —_
W# 00 O1 13 14 15 16 18 . 23 —
W$ 00 01 04 13 14 15 16 18 23 —
W% . 00 01 04 13 14 15 16 18 23 - -
MS 00 13 14 18 -
sC 00 13 14 15 18 19 . —
MF 00 13 14 15 18 —
KS 00 01 13 14 15 18 . —
KR 00 01 13 14 15 18 ’ -~
FK 00 01 13 14 15 18 -—
KC 00 Ot 13 14 18 —_
MM 00 13 14 18 —-_
TS 13 14 ) 18 —
RP 00 13 14 18 23 A3 A8 |—
WP 00 01 02 13 14 15 18 19 23 A3 A4 A5 A8 |-
QQ, 00 13 14 15 18 19 A3 A4 A5 A8 |—
Xz — . No response
.e — No response
1IC — No end code -
EX - No end code
6-3 Communications Procedure

Host Link communications are executed by means of an exchange of com-
mands and responses beiween the nost computer and the PC.

With the CQM1H, there are two communications methods thatcan be used. One
is the normal method, in which commands are issued from the host computer to
the PC. The other method allows commandsto be issued fromthe PC to the host
computer. ’
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Commands from.Host

Frame Transmission and Reception -

Commands and responses are exchanged in the order shown in the illustration
below. The block of data transferred in a single transmission is called a “frame.”
A single frame is configured of a maximum of 131 characters of data.

The right to send aframe is called the “transmission right.” The Unit that has the
transmission right isthe one that can send a frame at any given time. The trans-
mission right is traded back and forth between the host computer and the PC
each time a frame is transmitted. The transmission right is passed from the
transmitting Unit to the receiving Unit when either a terminator (the code that
marks the end of a command or response) or a delimiter (the code that sets’
frames apart) is received.

In Host Link communications, the host computer ordinarily has the transmission
right first and initiates the communications. The PC then automatically sends a
response.

Frame (command) ** Frame (command)
Unit no, Unit no.
|_Header code | | Header code |
Host
computer Text Text
ECS FCS
Terminator Terminator
Next frame transmission
enabled (i.e., transmission
right transferred)
Unit no. Unit no.
Header code Header code
End code End code
PC
Text . Text
-~ FCS FCS
Terminator Terminator
Frame (response) Frame (response)
Commands from PC With CQM1H PCs, itis also possible in Host Link communications for the PC to

436

send commands to the host computer. In this case itis the PCthat has the trans-
mission right and initiates the communications.

Host
computer
No response
Unit no.
|_Header code, |

PC Text

FCS

Terminator °

When commands are issued to the host computer, the data is transmitted in one
direction from the PC to the host computer. If a response to a command is re-
quired, use a Host Link communications command to write the response from
the host computer to the PC.



Command and Response Formats ' ‘ Section 6-4

6-4 Command and Response Formats

This section explains the formats for the commands and responses that are ex-
changed in Host Link communications.

6-4-1 Commands from the Host Coinputer

Command Format

When a command is issued from the host computer, the command and re-
sponse formats are as shown below.

When transmitting a command from the host computer, prepare the command
data in the format shown below.

I T Tt T T
@ |x10' x100 % J
I | e 1 ]
\ 7\ N ' N A /
Node No. Header Text FCS Terminator
code
e
An “@” symbol must be placed at the beginning.
Node No.

Response Format

Identifies the PC communicating with the host computer.

Specify the Host Link node number setforthe PC in the PC Setup (DM 6648 and
DM 6653 for CPU Unit, DM 6553 and DM 6558 for Serial Communications
Board). '

Header Code

Set the 2-charactercommand code.

Text

Set the command parameters

FCS .

Set a 2-character Frame Check Sequence code. See page 439.

Terminator

Settwo characters, “k” and the carriage retum (CHR$(13)) to indicate the end
of the command.

The response fromthe PC is retumed in the format shown below. Prepare a pro-
gram so that the response data can be interpreted and processed.

T T T Tt T T
@ [x 10! x10° x 167 x 160 % g
i | i Kl - - - 1 |
\ AN /\ /\ AN /\ /
Node No. g;agder End code ) Text " FCS Terminator
@, Node No., Header Code
Contents identical to those of the command are returned.
End Code

Long Transmissions

The completion status of the command (e.g., whether or not an error has oc-
curred) is returned.

Text )

Text is retumed only when there is data such as read data.

FCS, Terminator
Refer to the corresponding explanations under "Command Format.”

Thelargest block of data that can be transmitted as a single frame is 131 charac-
ters. A command or response of 132 characters or more must therefore be di-
vided into more than one frame before transmission. When a transmission is
split, the ends of the first and intermediate frames are marked by a delimiter
instead of a terminator.
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mand i.as been transmitted.
Frame 1 (command) Frame 2 (command) Frame 3 (command)
Unit No.
Header code
Host
computer Text 4 Text 4 Text
FCS FCS - FCS
Delimiter Delimiter Terminator
[ elimiter_| Lt No.
PC Header code
End code
Text
FCS
Temminator |
Frame (response)
Dividing Responses (PC to Host Computer)
As each frame is received by the host computer, a delimiter i$ transmitted to the.
PC. After the delimiter has been transmitted, the PC will transmit the next frame.
This procedure is repeated until the entire response has been transmitted.
Frame (command)
Unit No.
Header code
Host ~
computer Text
FCS
Terminator Delimiter Delimiter
Unit No.
Header code Text Text
End code
: FCS FCS
PC Text Delimiter Terminator
FCs Frame 2 (response) Frame 3 (response)
Delimiter
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Dividing Commands (Host Computer to PC)
As each frame is transmitted by the host computer, the computer waits for the
delimiter to be transmitted from the PC. After the delimiter has been transmitted,
the next frame will then be sent. This procedure is repeated until the entire com-

Frame 1 (response)




Command and Response Formats

Section ' 6-4

Precautions for Long Transmissions

When dividing commands such as WR, WL, WC, or WD that execute write op-
erations, be careful not to divide into separate frames data that is to be written
into a single word. As shown in the illustration below, be sure to divide frames so
that they coincide with the divisions between words.

Frame 1
L T ot T T T T
@ 0 0 w D Data 1
I I e . 1 i ] i
\ /\ /\ N\ /\ N_/
Node Header One word of data _ FCS Delimiter
No code
Data from the same word is not divided.
Frame 3
1) 1 I Tttt 4 i
Data % J
1 1 1 e e 1 : 1
\ N\ /\ N\ /
One word of data FCS Terminator

Data from the same word Is not divided.

FCS (Frame Check
Sequence)

When a frame is transmitted, an FCS is placed just before the delimiter or termi-
nator in order to check whether any data error has been generated. The FCS is

8-bit data converted into two ASCII characters. The 8-bit data is the result of an
EXCLUSIVE OR performed on the data from the beginning of the frame until the
‘end of the text in that frame (i.e., just before the FCS). Calculating the FCS each
time aframe is received and checking the result against the FCS that is included
in the frame makes it possible to check for data errors in the frame.

Tttt T
Q@ 1 0 R R 0 0 0 1 4 %k J
e )
\ N\ /\ /\ N\ /
Node No. Header code Text FCS Terminator
FCS calculation range
ASCIl code
e 40 0100 0000
XOR
1 31 0011 0001
: XOR
30 0011 0000
XOR
R 52 0101 . 0010
k| 3 0011 0001
Calculati 0100 0010
result on l 4  Converted to hexadecimal.
4 2 Handled as ASCII characters.
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Command and Response Formats

Section 6-4

Example Program for

FCS

Note

This example shows a BASIC subroutine program for executing an FCS check
on a frame received by the host computer.

400 *FCSCHECK .
410 L=LEN(RESPONSES$) ' .....ccet.. Data transmitted and receiver
420 Q=0:FCSCK$=~ *
430 AS$=RIGHTS (RESPONSES$, 1)
440 PRINT RESPONSES$,AS$.L .
450 IF A$="*" THEN LENGS=LEN(RESPONSE$)-3
ELSE LENGS=LEN (RESPONSES)~2

460 FCSP$=MIDS$ (RESPONSES$,LENGS+1,2) ’ .... FCS datareceived
470 FOR I=1 TO LENGS ' ...cecvenvn- Number of characters in FCS -
480 Q=ASC(MIDS (RESPONSES$,I,1)) XOR Q

490 NEXT I )

500 FCSD$=HEX$ (Q) )
510 IF LEN(FCSD$)=1 THEN FCSD$=*0”+FCSD$ ' ..... FCS result

520 IF FCSD$<>FCSP$ THEN FCSCK$=~ERR”
530 PRINT*FCSD$=";FCSD$, “FCSP$=";FCSP$, “FCSCK$=" ; FCSCK$
540 RETURN 2

1. Normal reception data includes the FCS, delimiter or terminator, and so on.
When an error occurs in transmission, however the FCS orsome otherdata -
may not be included. Be sure to program the system to cover this possibility.

2. In this program example, the CR code (CHR$(13)) is not entered for RE-
SPONSES$. When including the CR code, make the changes in lines 430
and 450. )

6-4-2 Commands from the PC

Reception Format

440

In Host Link communications, commands are ordinarily sent from the host com-
putertothe PC, butitis also possible for commandstobe sentfromthe PCtothe
host computer. In Host Link Mode, any data can be transmitted from the PCto
the host computer. Tosend a command to the host computer, use the TRANS-
MIT instruction (TXD(48)) in the PC program in Host Link Mode.

TXD(48) outputs data from the specified port (the RS-232C port, the peripheral
port, or ports 1 or 2 of the Serial Communications Board). Refer to page 410 for
details on using TXD(48). .

When TXD(48) is executed, the data stored in the words beginning with the first. ...

send word is converted to ASCH and output to the host computer as a Host Link
command in the format shown below. The “@" symbol, node number, header
code, FCS, and delimiter are all added automatically when the transmission is
sent. At the host computer, it is necessary to prepare in advance a program for
interpreting and processing this format.

T

! J I

E X 122 characters max. % J
] ) .- : 1 1
\ AN N VAN _N\ /
Node No. Header code Text FCs Terminator
(Must be "EX)

One byte of data (2 digits hexadecimal) is converted to two characters in ASCIl
for transmission, the amount of data in the transmission is twice the amount of
words specified for TXD(48). The maximum number of characters for transmis-
sion is 122 and the maximum number of bytes that can be designated for
TXD(48) is one half of that, or 61.



106

AMANUIN A
nsiraNFAane v rasmMsiasnsTayaLLuaynsy

AINNIATIIU RS-232C

Serial Port,RS-232
(Coml,Com2)

9 31 @2t
- >
R \y
Signal Ground.........GMD ) ! 5 .m- l': > A

Ring Indicator ,..... ..RI H—_— R l

Data Terminal Ready.DTR Out — §
<]

Clear'To Send ........ CTS w—— 8
RTS m Twiouiae: vuin
1: [2> mo g Receive DawrTuioyaita: Tn
3 Taedhudrdmnoalody
B usn Data Set Re .uy'ﬁ".y't'pm.nam1
TufiamDrinuis

b‘\u::tiunimmi’ny diyga ]

Rl "Ring Indicateem 133 uAuINNR luifin
OTR m "Data Terminad Ready-domnaniuia
T B3m3vamisu )
s ~Cleas To Sens” an¥uduanaludia
TN Tvonaamis
“Traumit DaAevozaita: On
fad TandugRu TuATudy

Transnit Data ........ TXD out — 3 *Regquest To Sead-fvgruanlandia

Request To Send.....RTS Ut ¢ 7
Receive Data ........RXD W — 2
Data Set Ready ......DSR W —— §
Carrier Detect........DCD bt —» Y

- 25 31 . :
aka@ T . i i3> ocoJF] Whlinnedumafiumumavas
swa PC . ) My, 3= M LENURYEINA ctive
PRI COMA S A K %3S aga RN NI
Corresponding 170 aooncss 3FBH-3FFH = T s o i e
Serial port pins INTERRUPT IRO4 s.?}\'u DATA BITS (8 MAX.) J
25pin / 9pin : comM2 ! nox
2 TXD 3 %?gwf’ ;1;'09;{— 2FFH stantenny ramry =T Tstor ur
3 RXD 2 fauad)
PRI org e gy msmsaaiiyd Ut R o T e R T T T
. e BCRami RES e T itV e B i nang SUaGhT hidunh?
Aal YuCIt CasiCs saset ratw [Y4-Y 1 1 [:34] 25 rm 2-2 28 ry 2% rn 2-3 *rrPm
6 DSR 6 SMTERLIC ata peasiste |0 5 2 nxo BALL 5.3 PEMALE [Malt 3.5 renalt
‘7 GND 5 || vent cumm nanoswaione] mxo 3 Jxo| [TOR . 3-3 LoAFCqrom L 47 oRrC
.8 DCD 1 <o 1 100 for 4 4 ota o g (oM I toot 5g Sotmon
20 DTR 4 nXo 2 2 nxo| oo S S om0 wtcnon 68 (OTEY [necmow 66 (OTE)
22 Ri 9 »o 3 3 nw|ose 6 6 osm ocTe °-?° ocTE) 275
OTR 4 4 O |n1S 27 7 RIS -8 9-1
&0 5 S wo|as J Ca as 20-20 204
?"-i'iu ._.11‘ 150 ::: _s' g ::; au;m Carnrrun u;sn:m 22-22 . 22-3
Fjulsami sm |.| W § il b ERind ! Dtlp://Thaibit.’hypermart.net.




107

MNANUIN 3
NRUIAEAIN TR IR LANEN AW US T LASUNIS AR
1.0 MyWmusyasal uma aanaua tnsgnif “naswmuissuteaaluda
feundulneranfawmesdrmarsaransyia I 21 atiud 1 udh 52-57
2.Taned Harnpattananusorn, Monthon Leelajindakrairerk “Development of
Reverse Osmosis System by Computer” Proceedings of the First Electrical

Engineering/ElectronicsComputer, Telecommunications,and Information Technology

(ECTI) Annual Conference 13-14 May 2004



dy ~ N o 1 N = = ' gj ' N ) N o N
wnansiidwenashanubidmsunslsnuienisnyiniuu lweygnlmilulsdsslesuaunisan

S I A ¥ vy o Yoda ow ¥
lnsdilagnsdu Snvauiiludaudadiien waznotoddisaiveaenaisynasaninisilvly



dy PN N o [ N A = ' gj . N o - o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygislmilulsdsslosuaunisan

o = S a &Y a9 & YoV A= ¥ & da ° -
lm’miaﬂmmau dnnamuiilnanulaaiion LLEWG]ENEJ’NENQQL"U'WJENL@ﬂﬁ"liﬂﬂﬂiﬂ%ﬂﬂ’]iuqlﬂiﬂi



wnansiiiwenasianubdmsunislynuienisnwiniiu lueygnlmilulsyssleguaunisan

lnnsdilagnsdu Snvianuiilusaudadiien waznotonedsiuaivaaenalsynasaninisiluly



dy P N o [ N A = ' gj : N ) N o N
wnansiiduenarsianubidmsunslsnuiensnyiniuu lweygislmilulsdsslosuaunisan

P P v L oda o ¥
lunnsdllagnsdu dnviuiilvdawdadiiiont waznetonddiaaivedenaisynasaninisiluly



dy PN N o [ N A = ' gj . N o - o N
wnansiiduenarsianubidmsunslsnuienisnyiniuu lueygislmilulsdssloguaunisan

o = S a &Y a9 & YoV A= & a ° -
lm’miaﬂmmau dnnamuillnanulaaiion LLEWG]ENEJ’NENQQL"U'WJENL@ﬂﬁ"liﬂﬂﬂiﬂ%ﬂﬂ’]iuqlﬂiﬂi



dy P N o [ N A = . 5 ' N o N o N
wnansiiduenarsianubidmsunslvnuienisnyiniiu lweygislmilulsdssloguaunisan

P P v o Loda o ¥
lunnsdllagnsdu dnvievnuiilvdawdadiiiont waznetonddisaivedenarsynasaninisiluly



dy PN N o [ N A = ' gj . N o - o N
wnansiiduenarsianubidmsunslsnuienisnyiniuu lueygislmilulsdssloguaunisan

o = S a &Y a9 & YoV A= & a ° -
lm’miaﬂmmau dnnamuillnanulaaiion LLEWG]ENEJ’NENQQL"U'WJENL@ﬂﬁ"liﬂﬂﬂiﬂ%ﬂﬂ’]iuqlﬂiﬂi



wnansiiduenarsianubidmsunslsnuienisnyiniiu lweygislmilulsdsslosuaunisan

I SNV PR e g & voY s e ¥ Y da 0w a”
lunnsdilagnsdu Snvianuiilvdaudasiiont wagnetonsddisaivedenarsynasaninisiiluly



T W T

|

Development of Reverse Osmosis System by Computer

Taped Harnpattananusorn
Montron. Leelajindakrairerk
Department of Electrical Engineering, Faculty of Engineering, |
King Mongkut’s Institute of Technology Ladkrabang,Bangkok 10520, Thailand
Tel:(662)326-4111 E-mail:Taned9@khotmail.com

ABSTRACT

Reverse Osmosis System is the system to separate
water from any density solvents. It operates by two
factors which are feed and product pressure and
membrane. Same to other mechanism systems, it need to
be maintenance and for Reverse Osmosis System when it
should be cleansing the membrane. The answer d epend

_on three factor first, decreasing in rate of pure water

producing "of the system second, increasing of solvent
density in pure water and third, the high different
between feed and pressure product. This paper will
present computer technique to control the membrane
cleansing. This technique will help us for calculation and
evaluation efficiency of membrane. We can control the
membrane through computer by link to RS-232¢ scries
port in Hostlink Mode. From the result we can conclude
that this technique can be applied to enhance Reverse
Osmosis System

Keyword: Reverse Osmosis , Membrane, Hostlink Mode

1. Introduction

Although Reverse Osmosis System was known by
engineers and scientists for many decades but Reverse
Osmosis System did not have enough development until
recently it have been developed and encouraged
important role in industry. According to efficiency of
Reverse Osmosis “System, engineers are trying to
improve the system continuously and then follow with
efficiency and cheaply membrane which is the important
factor to encourage Reverse Osmosis System

2. Theory

Operating flow of Reverse Osmosis (RO) is different
from other mechanism ,RO will eliminate salt and any
organics by Ion Exchange and Absorption. RO can
eliminated an organics because only water molecule can
be though type [2} membrane, but for salt molecule, it
will be pushed out by membrane and for any organics
molecule, it will be filtered and seized on membrane.

MEMBRANE
FLCD war[s

S PLAMLATL wal(R
HIGH FRESSURE PUMP
CONCENTRZIL waIER

Fig. 1: Operating Flow of Reverse Osmosis System

2.1 Determining factor to potential Reverse Osmosis
system

1. Temperature and PH each of degree increasing in
temperature wil) stimulate rate of water flux but do not
induce leakage of salt flux. In order to prolong life time of
membrane, should be keep PH level in range 3-7 and do
not use in over high temperature.

Permesie Flow (mAd)

cwd a3

L h
13

Fig.2: Temperature of Pure waler from System

2. Pressure will directly effect to rate of producing water
flux [3] of the system but it rarely effect rate of salt flux.
For this reason ,Increasing pressure to the system will
enhance rate and quality of pure water production.
However the over high pressure will also discourage the
system since the over pressure will over tighten structure
of membrane until water do not simply flow and will be
decrease rate of water flux. gradually

3. Density of raw water

An increasing density of raw water has lead to decreasing
in rate of water flux and efficiency of Reverse Osmosis
system since it increase rate of salt flux leakage and also
0Smosis pressure

456 Proceedings of The First Elecirical Engineering/Electronics, Computer,
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Fig.3: Effect of Pressure on Pure Water
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Fig. 4: Density of Solvent in Production Pure Water

2.2 Applied Reverse Osmosis System

An operation of Automatic Reverse Osmosis system
has developed from Reverse Osmosis System to enhance
the systemi efficiency. Automatic Reverse Osmosis
System can calculate and analyze for efficiency
and also automatic membrane cleaning which it depend
on quality and quantity of produced pure water. Figure §
will show Automatic Reverse Osmosis System’s
equipment . Step of calculation and analysis efficiency of
membrane are the following
1.Calculating a decreasing in rate of pure water
production caused from permeableness of membrane

( Normalize Permeate Flow :PF)

o [Pl BPe 12-Pp, vag, | TCF, | )
* WP, -8Pa12-P, +xp, ) TCF, °

Ps : Feed Pressure

AP/2: One half divide pressure drop

P, : Product Pressure

PF :Product Flow

ne. : Osmotic Pressure and Concentrate Return Pressure
TCF: Temperature correction factor

ExP2640* {11298 -1/(213 +T )} 7 225°C
s : standard condition

o: operation condition

(In calculation assume %z, = %fc, )

2. Calculating an increasing in rate of density in pure
water caused from permeableness of membrane
( Normalize Permeate TDS:PT )

P o-AP12-P, - C
PT, = 7. 0l2-Py -xp +1y, |, Cx, . PT, )
B, -8 12-F,, —ng, +%p, ) Cho
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1
cr,-[m(l_y)/r]-c, 3)
Y : Recovery Ratio

C; : Feed TDS
P, : ProductTDS

Tip : Osmotic pressure of the permeate
(In calculation assume Ap. | =7 % =8, )

3. Calculating a ratio of pure water and raw water
quantity( % Recoveiy:%R)

)

% Recovery = PermeateFl ow |, 100
FeedFlow

4.Calculating a ratio of solvent’s density in pure water
and average solvent’s density of system

PermeateTD S ]‘ 100 )

% SaltPassag e =[ y DS
verage

% AverageTDS = Concentrat eTDSz-l- PermeateTD S 6)

S. Calculating a ratio of solvent’s density in concentrate
water and average solvent’s density of system( %Salt
Rejection :%SR)

%Salt Re jection =1 —%SaltPassage (7

3. Analysis

The step of analysis and evaluating efficiency of
membrane will operate on personal computer pentrium
500MHZ 256 MB

3.1 Efficiency analysis

Taking dnalog and digital signal from outsource
equipment to be data for PLC and passing data through
computer by hostlink mode. The program will manage
and calculating for efficiency of membrane parallel to
comparing with predetermined quality of water in order to
making decision for cleaning membrane process.

3.2 Operating flow of program

First, the program will display on Setting Parameter
Page(figure 7) and read the data as the user defined at the
setting program, then software will read the data from
PLC through Hostlink model and also manage data along
with calculate the membrane efficiency
(figure 6). Data collected rom PLC and calculation
results will display on computer screen and record the
data to the file for conveniently and cross checking the
data at later date Data from PLC and calculating will
display in Historical Page Then will store data 1o file for
convenient and cross checking later. The stored data can
open in Historical Page in graph display show in figure 8

Telecommunications, and Iriformation Technology (ECTI) Annual Conference
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Fig. 5: Automation Reverse Osmosis System
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Fig. 6 :Communication Setting : Fig. 7 :Setting Parameter

from figure 7 show parameter setting of Reverse
Osmosis System before operate
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Fig. 8:Effiuiency of Membrane

from figure 8 show efficiency of membrane by

calculation from equation

Table I1:Calculation Efficiency of Membrane

Measuremen
t
Condition {(No.) %R | %SP |%SR| PF | PT
Standard 75.00] 1.44| 98.56
1 75.74] 1.67] 98.33]37.08] 20.78
2 75.93] 1.25{ 98.75{37.81{ 21.97
3 74.44] 1.71]| 98.29} 34.82| 22.76
4 72.08| 1.57] 98.43]34.15] 23.52
5 75.00] 1.69] 98.31}34.62] 23.15
6 75.291 1.87| 98.13{33.98§ 27.82
7 77.201 1.85{ 98.15]33.81] 29.00
8 68.631 2.86| 97.14| 30.65} 35.08
Before
Cleansing 9 61.54| 5.85] 94.15]27.93| 59.06
After
Cleansing 10 75.38] 1.21]| 98.79]36.55{ 15.62
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4. Conclusion

We apply computer for calculating membrane
cfficiency in Reverse Osmosis System ,whether
membrane should be cleaning. 1t will save expenditure
and time. The system will calculating membrane
efficiency by analyzing and comparing quality and
quantity of produced pure water to predetermined value.
If the rate is deviated from predetermined value the
system will clean membrape automatically.
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