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LOI CAM DOAN
T6i xin cam doan cac két qua nghién ctru dua ra trong khoa ludn t6t nghiép nay
1a cac két qua thu duoc trong qua trinh nghién ctru ciia riéng t6i voi sy hudng dan cia
thdy Nguyén Hiru Phat, khong sao chép bat ki két qua nghién ciru ndo cia tac gia khac.
No6i dung nghién ctru c6 tham khao va st dung mot sd thong tin, tai liéu tir cac
ngué)n tai liu da duoc liét ké trong danh muc céc tai liéu tham khao.
Néu sai t6i xin chiu moi hinh thic ky luat theo quy dinh.

Hai Duong, ngay 15 thang 7 nam 2018
Tac gia luan van

Phan Thanh Trung
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MO DAU

Trong nhitng nam gan day, nghé nudi trong thity — hai san dang ngiy cang phat
trién & Viét Nam. Cung vdéi do, viéc ap dung cac tién bo khoa hoc cong ngh¢ la rat
can thiét dé ning cao chat luong va sd luong san pham. Do kiém 13 mot trong
nhing thong s6 quan trong cua nudc, ¢6 anh hudng truc tiép dén sirc song va phat
trién cua thay — hai san. Do d6, thong sd d6 kiém can duoc theo ddi thudng xuyén,
lién tuc dé c6 nhitng phuong phap nudi dudng ciing nhu khic phuc cic van dé xay
ra mot cach hiéu qua va kip thoi.

Truéc nhu cau d6, em quyét dinh thuc hién luan van “Thiét ké may tu dong do
d6 kiém cua nudc”. Chiéc may nay s& c6 kha ning do d6 kiém tong ciia nudc theo
chu ky dinh sin, gia tri do dugc s& dugc hién thi 1én man hinh dé dé dang theo ddi.

Trong viéc thuc hién ludn van nay, em xin gui 161 cdm on chan thanh dén théy
giao TS. Nguyén Hiru Phat — gidng vién vién Dién Tir Vién Thong.

Pong thdi, em ciing xin cam on cic ban sinh vién thudc phong nghién ctu
SANSLAB, phong 618 thu vién Ta Quang Btru, phong nghién ctru Co dién tir, nha
C8B, dai hoc Bach Khoa Ha Noi di gitip d& em rat nhiéu trong dé tai nay.

Hoc vién: Phan Thanh Trung 1 Chuyén nganh: Ky thudgt dién tir
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CHUONG 1. TONG QUAN
1.1 Toéng quan

Trong nudi trdng thuy - hai san, viée giit cac théng sd cua nude nudi phu hop va
6n dinh déng vai trd quan trong dén ning suat, chat luong san pham. Do do, cac
thong sb nudc can dugc theo ddi thudng xuyén, lién tuc dé giup ngudi nudi ndm bét
duoc tinh trang ao nudi.

Do kiém tong ctia nude nudi 1a mot thong sd quan trong va ciing can duge theo
ddi. Viéc do do kiém tong c6 thé thuc hién bang tay véi cic cong cu, may do di
dugc thuong mai hoa nhiéu trén thé gisi. Tuy nhién, 1am nhu vay s& gay ton nhan
cong, thoi gian cho ngudi nudi trong thuy - hai san. Thém nita, cac may do tu dong
lai c6 gia rat cao, khién nguoi nudi trong khong d& dang bo tién ra dé dau tu.

Dé giai quyét cac van dé trén, luan vin nidy mong mudn dat dugc két qua la
thiét ké thanh cong mdt may tu dong do do kiém téng cua nudc va gia tri do dugc
hién thi 1én man hinh dé phuc vu theo ddi, giam sat. Ngoai ra, gia ca ctia san phim
phai & muc canh tranh v6i cac san pham dang ban trén thé gidi.

1.2 Muc tiéu va pham vi

Lu4n van nay ¢ thé chia ra hai phan 16n. Phan dau sé trinh bay cac 1y thuyét vé
d6 kiém ctia nudc ciing nhu cic phuwong phap, quy trinh do d6 kiém tong bang tay.
Phén sau trinh bay qua trinh thiét ké may do kiém tong va cac két qua dat duoc cho
dén hién tai.

1.3 Mot sb sin pham d c6 trén thi truong

1.3.1 Mdy phan tich dg kiém model APA6000 ciia céng ty Hach [1]

Hoc vién: Phan Thanh Trung 2 Chuyén nganh: Ky thudgt dién tir
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Chiéc may duoc phat trién va san xudt tai cong ty Hach — cong ty chuyén vé san
xudt, phan phdi cac thiét bi, hoa chat phan tich dung trong kiém tra chat luong nudc
va cac loai chat 16ng khac tai phong thi nghiém hay ngoai hién truong. San pham
nay c6 kha ning d6 do kiém tong va do kiém phenolphthalein mot cach ty dong.
Viéc hiéu chuén cling dugc thuc hién tuy dong. Bang dudi day la cac thong ) ky
thuat ctia may.

Bang 1. 1. Théng sb ky thuat may do kiém APAB000 - Hach

Thong so Gia tri

Do chinh xac >+ 5 9% gia tri doc hay £ 1.0 mg/L, chon gia tri cao hon
Tin hiéu ra Analog 4-20 mA

Thang do 1 dén 250 mg/L

Chu ki hi¢u chuan 60 phut

Chu ki 8 phut

Kich thuéc (CxRxD) 522 mm x 627 mm x 526 mm (21 x 25 x 21")

Nguon dién 90 - 240 V 50/60 Hz + 2 Hz
Thoi gian phan hoi Nhé hon 10 phut

Nhiét d6 mau 5 dén 50 °C

Khéi luong 25.5 kg

1.3.2 May do kiém Hanna HI755 ciia céng ty Hanna Instruments [2]
Hanna Instruments 12 cong ty toan cau vé thiét bi phan tich chét lwong. May do

kiém Hanna HI755 1a may do ban tu dong, nguoi dung phai tu bo thube thir, nudc

Hoc vién: Phan Thanh Trung 3 Chuyén nganh: Ky thudgt dién tir
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mAau vao dng nghiém. M4y str dung cong nghé phén tich cudng d6 mau dé thuc hién
do dac. Mot sb thong sb k¥ thuat cia may duge cho trong Bang 1.2 dudi déy.

Bang 1. 2. Thong sb ky thuat may do kiém H1755 — Hanna

Théng sb Gia tri

Thang do 0 dén 300 ppm

Do phan giai 1ppm

Do chinh xac 5% ppm (mg/L) £5 %
Nguon sang LED @ 610nm

Moi truong hoat dong 0-50°C

Nguon PIN 1,5V AAA

Ty dong tat 10 phut sau khi str dung
Kich thuéc 81,5mm x 61mm x 37.5mm
Khoi lwong 64 g

Tir cac bang thong s6 k¥ thuat trén, ta thdy rang chiéc may do d6 kiém dugc tur
dong hoa hoan toan c6 kich thude 16n hon han, duong nhién, gia ciing cao hon. Day

cling 1a goi y cho viéc thyc hién luan van nay cua em.

Hoc vién: Phan Thanh Trung 4 Chuyén nganh: Ky thudgt dién tir
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CHUONG 2. CO SO LY THUYET

Chuong nay sé& trinh bay cac 1y thuyét nén tang vé do kiém nhu cac khai niém
chung vé do kiém, cac cach biéu dién do kiém; mo ta, so sanh ba phuong phap do
d6 kiém va cudi cing s& néu mot sd anh hudng chinh cua do kiém téi nudi trong
thuy — hai san.

2.1. Ly thuyét vé d kiém

2.1.1 Cac khdai niém chung

Do kiém (alkalinity): theo tiéu chuan ISO 9963-1:1994 [3], 1a kha nang dinh
luong ctia méi trudng nudc dé phan Gmg véi cac ion hydro. Hay theo mot cach dé
hiéu hon, d6 kiém 1a s6 luong cac bazo trong dung dich c6 thé ding dé trung hoa
axit trong dung dich d6. D6 kiém 1a thong s6 rat quan trong trong viée xac dinh kha
ning trung hoa 6 nhiém axit (axit do mua, do nudc thai, v.v..) cia nudec.

Nguyén nhan chinh giy ra d6 kiém cta nudc ty nhién 1a do mudi cta cac axit
yéu gdy nén. Ngoai ra, cac chat kiém yéu va bazo manh ciing 1a yéu t6 gép phan
gdy ra do kiém. Trong hau hét cac ving nudc ty nhién, tit ca cic ion ngoai trir
HCO; va CO> déu co n6ng do thép. Do d6, do kiém cacbonat xép X1 béng do kiém
tong. Xem phuong trinh sau:

CO, +CaCo, + H,0 - Ca®" +CO* (2.1)

Do kiém (thuong duge ky hiéu 1a AT) do kha nang trung hoa axit ciia mot dung
dich dén diém pH tuong duong ctia cacbonat hoic bicacbonat. Do kiém bing véi
téng s6 nhiét dong luc hoc cua bazo trong dung dich. Trong moi trudng tu nhién, vi
c6 sy hoa tan da cacbonat va hoa tan cacbon dioxit trong khi quyén nén ion

cacbonat ¢6 ham lugng 16n nhat, do d6 do kiém cacbonat gdp phan 16n trong do

Hoc vién: Phan Thanh Trung 5 Chuyén nganh: Ky thudgt dién tir
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kiém téng. Cac thanh phan kha phd bién khac tao nén do kiém tong gdm borat,
hydroxit, photphat, silicat, amoni hoa tan, cac bazo lién hop clia mot sb axit hiru co
va sunphat. Bang 2.1 duéi diy minh hoa sy dong gdp cua cac thanh phan trong do
kiém cta nuéc bién & pH = 8 [4].

Bang 2. 1. Cac thanh phan tao nén d¢ kiém

Thanh phan Mirc d§ dong gop
HCO; (bicachonat) 89.98

COZ (cachonat) 6,7
B(OH), (borat) 2,9
SiO(OH); (silicat) 0,2
MgOH ™ (magie monohydroxylat) 01

OH "~ (hydroxit) 0,1

HPO, va PO, (photphat) 0,1

Trong nudc ngam hodc nude bién dién hinh, d6 kiém tong duoc do bang:

A =[HCO, ], +2[CO; ], +[B(OH), ], +[OH ], +2[PO; I,
+HPO; I, +[SIO(OH), ]; —[H "1-[HSO; ]

(2.2)
(Chi s6 T cho thiy néng do tong sb cua cac loai trong dung dich dugc do ludng.
Piéu nay trai nguoc véi nong do tu do, co tinh dén sb luong dang ké cac tuong tac
clia cdp ion xay ra trong nudc bién) [5].

Do kiém duoc do bang cach thém axit manh (vi du axit HCI hodc H,SO,) vao

dung dich cho t6i khi tit ca dung tich dém cta cac ion néi trén vuot qua do pH cua

Hoc vién: Phan Thanh Trung 6 Chuyén nganh: Ky thudgt dién tir
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bicachonat (HCO;) hoic cacbonat (COZ? ). Hay hiéu don gian hon, do do kiém
bang cach tinh luong axit can thém vao dé dung dich dat dugc cac gia tri pH mong
mudn. V6i d6 kiém tong, gia tri pH nay 1a 4.5. Tai thoi diém dat duoc pH = 4.5, tat
ca cac bazo gay ra do kiém da dugc proton hoa vé mirc khong, do d6 chung khong
gdy ra d6 kiém nira. Con trong hé cacbonat, cac ion bicacbonat va ion cacbonat da
chuyén hoa hoan toan thanh axit cacbonic. Do d6, gia tri pH ndy con dugc goi 1a
diém twong dwong CO, (vi thanh phan chinh ctia chat hoa tan trong nuée 1a CO, da
dugc chuyén thanh H,CO,). Tai thoi diém nay, do khong co bazo hoic axit manh
nén tinh kiém dugc mé phong va dinh luong theo diém twong duwong CO, .

Trong céc diéu kién tu nhién, c6 thé c6 hién tuong bo sung bazo dén cac vung
nude ty nhién ¢ diém twong duong NH,. Nguyén nhan ciia viéc nay 1a su giai phong
cac da co ban, bd sung amoniac ( NH,) hodc amin hitu co. Cac bazo hoa tan trong
nuéc 1am ting d6 pH cling nhu néng do ion OH~ twong duong voi téng luong
CO, duogc chuyén ddi tir ion cacbonat va ion bicacbonat. O diéu kién can bang, nong
do cua cac axit yéu dong gop mot lugng nhat dinh dén do kiém. Va nguoc lai, viéc
bd sung axit yéu (dé chuyén ion sang CO,) va bd sung lién tuc axit manh c6 thé gay
ra d6 kiém nho hon khéng. Dé truc quan hon, ta xem cac phan tmg proton hoa xay
ra trong qué trinh bo xung axit va mot dung dich nuéc bién dién hinh:

B(OH), +H" - B(OH),+H,0

OH +H"—>H,0

PO +2H* — H,PO, (2.3)
[SIO(OH);]1+H* —[SiO(CH),]

COi +2H* - CO,

Hoc vién: Phan Thanh Trung 7 Chuyén nganh: Ky thudgt dién tir
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Tir cic phuong trinh trén, ta thdy ring da sb cac bazo nhan mdt proton dé tré
thanh thanh phén trung tinh, do dé, viéc ting do kiém dugc biéu dién bang mot chat
turong duong (tirc 13 can mot proton dé trung hoa chét twong dwong nay). Tuy nhién
CO; s& can nhan 2 proton dé trd thanh thanh phan trung tinh CO,, vi vay n6 lam
tang d¢ kiém bang 2 lan trén mdi mol CO? . Tir ddy, ta thay cac thanh phan H*va
HSO, s hoat dong nhu cac ngudn cung cap proton, do d6 chung lam giam do kiém
va dugc biéu dién chung 1a [H*], .

Pon vi do d6 kiém 12 mEq/L (miliEquivalent per litre). Ngoai ra, tuy theo
phuong phéap do, nguoi ta cling dung nhitng don vi khac. Vi dy, don vi milimol/L
HCI hodc mg/L CaCO,thudng dugc dung cho phwong phap chuan do véi hé sb
chuyén d6i 50 [6].

Do kiém tong khong bi anh huéng nhidu boi nhiét d6 va ap suat. Phan tich

Bang 2.2 ta c6 thé thy duoc dicu do.

Hoc vién: Phan Thanh Trung 8 Chuyén nganh: Ky thudgt dién tir
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Bang 2. 2. P$ kiém téng ciia nwéc bién & ba ving bién [4]

P sau (m) Nhiét d§ (°C) P kiém tong (equiv.103/kg nwéc bién
Vung bién gan xich dao

1 24,91 2,384 - 2,380
500 6,7 2,323 -2,323
695 5,41 2,318 — 2,319
985 4,07 2,337 - 2,334
2700 2,73 2,362 — 2,358
4500 2,32 2,386 - 2,382
4900 0,63 2,386 - 2,381

VUng bién tdy nam Thai Binh Dwong va nam Pai TAy Duong

1 7,3 2,083 -2,079
1 16,59 2,311 -2,310
2370 2,11 2,377 -2, 377
4200 1,14 2,388 — 2,381
4600 1,13 2,394 — 2,394

Tt bang trén ta thay, viéc thay doi nhiét @6 va ap suat (do thay d6i do siu)
khong gay anh hudng nhiéu dén d6 kiém tong. Nhu da phan tich & trén, gia tri pH
ctia nude (do ion H*va OH ™ gdy nén) sé anh hudng truc tiép dén do kiém vi cac ion
nay la ngudn cung cip proton hoic nhan proton trong cac phan ung proton hoa.
Hinh 2.1 duéi day sy phu thudc cua do kiém voi pH theo néng do CO,co trong

dung dich [7].

Hoc vién: Phan Thanh Trung 9 Chuyén nganh: Ky thudgt dién tir
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2.1.2  Cdc phwong phdp biéu dién do kiém [8]

D6 kiém do nhiéu thanh phén tao nén, do vay, viéc biéu dién cling co nhiéu
phuong phép khac nhau. Do trong pham vi ctia luén van nay chi thuc hién viéc do
d6 kiém tong, nén muc nay s& khong di sdu vao cac phuong phap bidu dién khac ma

tap trung vao do kiém tong va do kiém phenolphthalein.
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Hinh 2. 1. Sw phu thudc ciia d§ kiém tong theo pH
2.1.2.1 B¢ kiem phenolphthalein va dé kiém tong
Cach biéu dién d6 kiém theo dang do kiém phenolphthalein thuong dugc dung
trong phuong phap chuan do dé do d6 kiém (s& dugc trinh bay chi tiét & muc sau).
Theo phuong phap chuin do, do kiém phenolphthalein dugc tinh bing tong
luong (thé tich) axit cho vao dung dich mau dé dung dich dat dugc pH = 8.3. Gi4 tri

pH = 8.3 duogc goi 1a diém cudi pH phenolphthalein. Tai thoi diém nay, cac ion
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OH "~ da duoc trung hoa hét va cac ion CO? di chuyén hoa thanh HCO; . Khi ding
methy d6 (methy da cam) dé nhan biét gia tri pH thi methy s& chuyén tir mau hong
sang khong mau tai gia tri pH nay. Trong giai doan nay, ta c6 cac phuong trinh:

OH +H"—>H,0
CO% +H* - HCO;

(2.4)

Tat nhién, trong truong hop dung dich can do c6 pH < 8.3 thi do kiém
phenophthalein bang 0. Ciing theo phwong phap chuin do, do kiém téng duoc tinh
béng téng lugng (thé tich) axit can thém vao dung dich mau dé dat pH 4.9; 4.6; 4.5;
4.3 hodc tuy thudc vao luong cacbon dioxit (CO,) c6 mat. DPiém cudi chuan do dé
xéac dinh d6 kiém trong nudc véi cac thanh phan khac nhau va do kiém khac nhau
duogc cho trong Bang 2.3 [9].

Bang 2. 3. Mt s6 gia tri diém cudi chuan do

Thanh phan mau Piém cudi chuan d¢ (pH)
Do kiém khoang 30 mg/L 4.9
Do kiem khoang 150 mg/L 4,6
Do kiem khoang 500 mg/L 43
Silicate hoac phosphate c6 mat 4,5
Hé thong nuéc cdng nghiép hoic phirc tap 45

Tai thoi diém pH giam xubng 4.5, cac ion bicacbonat da chuyén hoa hoan toan
thanh axit cacbonic theo nhu phuong trinh duéi day:

HCO; +H" — H,CO, (2.5)
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Ciing hién nhién rang, néu gia tri pH ban du cua dung dich mau < 4.5 thi do
kiém tong ctia nd bang 0.

21.2.2 Do kiém hydroxit, cacbonat, bicacbonat

Po kiém hydroxit, cacbonat, bicacbonat la dang biéu dién chi tiét cua d6 kiém
tong. Viéc xac dinh cac gia tri d6 kidm nay rat can thiét trong qua trinh lam mém
nuodc. Ba thong s6 do kiém nay thuong dugc tinh toan dua trén s6 liéu co ban khi
dinh phan bazo manh va cacbonat natri. C6 ba quy trinh thuong dugc stt dung cho
viéc tinh toan nay. Quy trinh dau tién 1 tinh chi tir s6 do d6 kiém; quy trinh th hai
1 tinh tir gia tri pH va s6 do d6 kiém; va quy trinh tht ba 1a tinh tir cac phwong trinh
can bang. Quy trinh dau tién 1 don gian nhat nhung ciing c6 d6 chinh xac thap nhat
va cac két qua ctiia phuong phap nay chi gan ding cho miu nudc c¢6 pH > 9. Quy
trinh tht hai thuong duge ding trong thuc té vi nd c6 do chinh xac di cao va nd
cling st dung do kiém phenolphthalein va do kiém téng. Quy trinh thir ba c¢6 do
chinh xdc va d6 phuc tap rat cao nén thudng duoc dung trong cac muc dich can do
chinh xac cao nhu phan tich trong phong thi nghiém.

2.2.  Cac phwong phap do d6 kiém [10]

C6 nhiéu phuong phap dé xac dinh d6 kiém tong ctia miu nude ty nhién. Phan
nay sé& trinh bay ciing nhu so sanh 3 phuong phap thong dung nhit va di duoc st
dung trong nhiéu san pham thuong mai. Tty theo muc dich phan tich ciing nhu do
ludong ma nguoi ta lya chon phuong phap khac nhau. Trong ba phuong phap duoc

trinh bay, phuong phap chuin d6 dugce dung cho luan vin nay.
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2.2.1 Phwong phdp chudn do

Phuong phap ndy st dung axit manh chuan cing véi diém cudi pH (diém cubi
chuén do) dé xac dinh d6 kiém. Quy trinh cta phuwong phap nay, hiéu mét cach don
gian 1a thém tir tir axit chuan vao mot lugng thé tich nude mau cho téi khi dat duoc
diém cudi pH, tur thé tich axit thém vao va thé tich miu nudc, ta tinh dugc d6 kiém
tong. V& mit 1y twong, diém cudi pH tuong duong véi lugng bazo trong dung dich
mau. Khi s do kiém tong hoan toan duoc cdu thanh tir bicacbonat va cacbonat thi
diém cudi pH cta qua trinh chuan d6 dugc xac dinh bang cach xem xét luong
CO, tai diém pH d6. Luong CO, nay phu thudc vao tong lwong cacbonat ban dau va
lugng cacbonat mét di trong qua trinh chuan do. Nhu da néi & muc tric, ta co thé
dung nhiéu gia tri diém cubi pH, nhung thong dung nhat 1a pH = 4.5. Hinh 2.2 minh

hoa cho phuong phap chuan db.

Bit Thém
dau axit

Hinh 2. 2. Phwong phap chuin d$
Gia st dung V, mililit miu nuéc, (thuong dung 100ml), dung V, mililit axit
HCI c6 ndéng d6 duong luong C, (thudng dung C, =1N) cho viéc chuan do thi do
kiém tong cong dugc tinh nhu sau:

~ C,x1000xV,
V,

m

A x50 (mg/L CaCo,) [6] (2.6)
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2.2.2 Phuwong phap chénh lénh ion

Trong phuong phap nay, nguoi ta tinh toan sy chénh Iénh gilta cac cations (ion
mang dién tich dwong) va cac ion anions cta axit manh (gdc axit manh) dé xac dinh
dd kiém. DPbi véi hdu hét cac loai nudc ty nhién, nguén cations chinh la
H* Na‘,K*,Mg*,Ca*vacCa® . Trong khi do, c4 anion chinh 1a OH~,HCO;,NO;,
F~,SO; va Cl . Phuong phap nay dua theo co s& ctia sy can bang ndng do cia cac
anions va cations. Phuong trinh biéu dién su can bang d6 nhu sau:

[H*]+[Na"]+[K*]+2[Mg* ]+2[Ca*'] 2.7)
=[OH "]+[HCO; 1+[NO; ] +[F]+2[SOZ ]+[CI"] '
Sép xép lai, ta dugc Phuong trinh 2.8:

[H]+[Na"]+[K*1+2[Mg* ]+2[Ca*]-[NO; ]-2[SO; ]-[F ]-[CI"]=
[OH "]+[HCO; ]+2[CO% ] -[H *]=AlKalinity

(2.8)

Tu day, néu tinh duoc lugng cations va ainons, ta s€ tinh dugc do kiém téng.

2.2.3 Phuwong phap do mau

Véi phuong phap nay, do kiém tong duge tinh bang cach xac dinh su thay doi
mau sic cta methy da cam. Tirc 13, methy da cam dugc dung 1am chét chi thi mau.
Nhu d3 biét, methy da cam c6 kha ning doi mau theo gié tri pH. Trong qua trinh do,
khi mau nuéc phan tng voi thude thir, pH cia dung dich s& thay ddi va methy s&
d6i mau. Phuong phap nay c6 dai do khoang tir 10 dén 300 mg/L CaCO,. May do
d6 kiém HI755 ciia cong ty Hanna Instruments sir dung phuong phéap nay.

Tir quy trinh do ciia cdc phuong phép trén, ta thay phuong phap chuin do c6

nhiéu loi thé nhu d& dang thuc hién, d& tr dong hoa, phu hop véi diéu kién co sé vat
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chét hién c6 va thoi gian trién khai phu hop trong khudn khé thoi gian 1am luén vin.
Do vy, em da quyét dinh sir dung phuong phap nay dé cho thiét ké ctua minh.
2.3.  Anh huéng ciia d9 kiém t6i thiy - hai san

Do d6 kiém thé hién kha nang dém cua nudc, tuc la kha ndng chéng lai su thay
d6i dot ngot cua pH, nén nd 1a mot théng sd quan trong ctia nudc nudi thuy — hai
san. Trong nudi trong thuy — hai san, do kiém thay doi s& anh huéng truc tiép dén
cac yéu té sinh, 1y hoa, strc khoe cua thay san. Khi d6 kiém thay doi dot ngot, tom,
¢4 co thé bi sbc, yéu hodc bo dn. Néu moi truong nuoc cd do kiém cao kéo dai, s&
lam tom tang trudng kém, cham, va strc dé khang kem.

Tuy theo loai thay — hai san ma ngudi nudi phai giit cho do kiém tong cua ao
nudi cho phu hop. Vi du, véi tom thé chan tring, do kiém téng khong duoc thap
hon 80 mg/L CaCO,dé dam bao cho tom ting trudng va co ti 1& sng cao [11]. Voi
hau hét cac loai thily — hai san thi d¢ kiém phu hop 1a 75 dén 200 mg/L CaCO,[12].

Ngoai ra, d6 kiém ciing anh hudng dén do ctimg ctia nudce, ndng do hoa tan cac
chat dinh dudng va thanh phan cac doc td, tir d6 cling anh hudng truc tiép t6i su
sinh truéng, phat trién cia thiy san.

Tuy theo cac thong sb ciia moi truong nude, ngudi nudi trong can ap dung céc
bién phap ting hodc giam do kiém cho hop 1y. Ngoai ra, c6 thé nghién ctru, nudi
trong céc loai thiy san c6 kha nang chong lai anh hudng cua viéc thay d6i do kiém.

Nhu vay, chuong nay da trinh bay nhitng 1y thuyét co ban vé do kiém ciing nhu
cac phuong phap do kiém va cac anh huong cia né dén thity — hai san. Dya vao céc

Iy thuyét nay, ta da dwa ra duoc phuong phép trién khai cho luin vin. Cac chuong
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tiép theo s& 1an luot di vao tong quan cia hé thong, thiét ké chi tiét, cudi cung 1a cac

két qua do kiém trong thuc nghiém va danh gia nhimg két qua nay.
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CHUONG 3. TONG QUAN VE HE THONG

Chuong nay s& trinh bay tong quan vé thiét ké, bao gdm céc chi tiéu k¥ thuat,
chtrc nang, dAu vao, diu ra va so do khéi cua thiét ké.
3.1 Chi tiéu ky thuat

3.1.1 Yéu cdu chirc ndng

San phélm cua luan van nay thyc hién chirc nang do do kiém téng cua nudc mot
cach tu dong hoan toan, dong thoi, cling c6 kha nang hién thi gia tri do duogc 1én
man hinh. Chu ky do 14 2 ngay 1 lan. Muc dich cubi cting ctia san pham 1a sir dung
tryc tiép tai cac ao nudi thuy — hai san ven bién, cac ao nudi nay ldy nude bién vao
dé nudi trong.

3.1.2 Yéu cdu phi chirc ning

Céc yéu cau phi chirc ning duoc dé xuat nhu sau:

- Dung phuong phap chuan d6 dé do do kiém tong.

- Axit dugc dung 1a HCI ¢6 ndng d6 duong lugng 0.1N.

- Thé tich mau nuéc 1a 50ml.

- Thoi gian do mdi 1an dudi 10 phut.

- D9 chinh xac ctia phép do la + 10 mg/L CaCO,.

- Gié thanh < 5000000 VND.

- Hién thi két qua do 1én man hinh LCD (Lyquid Crystal Display).
3.2 Céc so do clia thiét ké

Ta théy rr:ing, may do thyc hién tu dong héa hoan toan qué trinh do, cho nén
may s& chi nhan dau vao 1a mau nudc (khong ké dén ngudn dién) va cho dau ra l1a

gia tri 6 kiém tong. Pau ra duoc hién thi 1én man hinh LCD (Hinh 3.1).
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Nuwd'c mau May do Gia trj kiém tong

Hinh 3. 1. So @6 tong thé cua thiét ké

Viéc do dac dugc thuc hién mot cach tu dong, cho nén cac hoat dong cua may
c6 thé liét ké nhu sau: léy nude tir ao nudi vao lo mau, léy axit va nhd vao lo mau
dé chuan d6 dung dich, do pH va khudy dung dich trong qua trinh chuin d6. Dé
trinh bay rd rang hon hoat dong ctia may cling nhu tuan theo quy trinh do, ta xay
dung 1én mo hinh cta may do nhu trong Hinh 3.2. Tuy nhién, do tinh khong can
thiét nén mo hinh nay chi minh hoat dong do do kiém ma khong thé hién viéc hién
thi két qua do. Viéc thuc hién cac hoat dong trén cua may do s€ dugc noi chi tiét

hon ¢ phan sau.

pH ké
xilanh
Bom I
Tin hiéu U
diéu o
khién .
Lomau 5 HCI
W Y e e O =
Khuiy tie g:
) bé
B diéu Tin hiéu
Kkhién diéu khién

Hinh 3. 2. M hinh may do
Dya vao md hinh may do, ta chia thiét ké thanh cac khdi 1a khdi ngudn, khdi
cap axit, khoi diéu khién, khdi do dac, khdi cip nudce va khdi hién thi. Tir day, ta c6
so d6 khdi nhu trong Hinh 3.3. Do can thiét ké nhiéu co cdu co khi nén viéc chia

khdi ¢6 tac dung 16n va dam bao thuc hién tdt nhat nhirng bd phan quan trong trudc.
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Khéi nguén

Khéi hién Khébi cap Khéi diéu Khéi do Khébi cip
thi axit khién dac nwéc

Hinh 3. 3. So @6 khdi ciia may do

V& khéi ngudn: khéi ngudn cé chirc ning cung cap ngudn dién cho toan bo may
do. Tuy thudc vao linh kién can sir dung ma ta ding cac ngudn dién khic nhau. Do
muc dich st dung ctia mdy 1a tai cic ao nudi thily — hai san ngoai troi, nén ngudn
dién cung cap cho khéi ngudn tbi wu nhat 1a ngudn xoay chiéu 220V - 50Hz. Gia tri
dién ap, dong dién dau ra cua khéi nguodn can phu hop véi linh kién st dung va dap
ung dugc sut ap khi cac co cAu co khi hoat dong.

Khéi hién thi: khdi nay c6 chtic nang hién thi trang thai ciia may do, hién thi két
qua do. Nhu ta thdy trong Hinh 3.4, cac trang thai ciia may do kha don gian va két
qua do chi 1a d6 kiém tong nén ta sir dung man hinh LCD 16x2 13 du dap tmg cac
yéu cau hién thi cia may do.

Khéi cip axit: dong vai trd luu trit axit cho nhiéu l1an do va lay axit vao xilanh
dé phuc vu cho viéc do dac. Pay la khdi phtrc tap va doi héi dé chinh xéc cao.

Khéi diéu khién: khéi nay diéu khién hoat dong ctia toan bdé may do, tirc 13 diéu
khién viéc 1dy miu nuéc, ldy va thém axit vao mau nudc, khudy nude trong qua
trinh do, tinh toan két qua va diéu khién khdi hién thi.

Khéi do dac: dam bao churc ning do gia tri pH lién tuc va phan cimg thuc hién

khudy dung dich trong suét qua trinh chuan do.
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Khéi cip nude: khdi nay thuc hién 14y miu nude ciing nhu 1y nude cho viée
trang lo mau. Pay ciing 1a khéi can do chinh xac cao vi lwong nudc mau anh hudng
tryc tiép dén két qua do.

Nhu vdy, may do s& hoat dong theo dung phuong phap chuin do. Ta c6 thé phan
chia ra cac trang thay cia may do nhu Hinh 3.4. Chi tiét cc trang thai nhu sau:

Trang thai dang dém: do 2 ngdy may thuc hién do mot 1an, nén dy c6 thé coi 1a
trang thai nghi cua may do.

Trang thai chuan bi do: & trang thai nay, may thuc hién lan luot cac cong viée
trang lo dung mau nudc, hit axit vao xilanh va chuyén xilanh vé vi tri trén lo miu
nuée, 1ldy nudc mau vao lo mau. O trang thai dang do, may do s& do pH cia dung
dich va khuay dung dich lién tuc. Gia sir ban dau pH cta dung dich trén 4.5, may s&
bom axit vao lo mau cho t&i khi pH dat 4.5. Sau d6, bo diéu khién sé& tinh toan do
kiém tong cta mau nudc. Trang thai do xong: thuc hién bom axit thira (néu c6)

trong xilanh ra roi hién thi két qua do.

Chwa di
2 ngay
DPang
. Don dep xon
dém m eep Xong
Pi 2 ngay
Xong Do xong
Chwa xong Xong (;];;H;:f]g]
DPang do
Chrwra xong

Hinh 3. 4. So’ d trang thai
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Ta ciing thiy ring, cac diéu kién chuyén trang thai déu 1a cac nhan t6 bén trong
ciia may, khong c6 yéu t6 bén ngoai tac dong vao. Nhu vy, chuong nay di dua ra
duogc cac yéu cau thiét ké, dong thoi ciing trinh bay mét cach téng quan vé cac khdi
va hoat dong ctia may do. Chuong tiép theo sé& trinh bay viéc trién khai thiét ké chi

tiét tung khéi va dua ra luu d6 hoat dong cua toan bd may do.

Hoc vién: Phan Thanh Trung 21 Chuyén nganh: Ky thudt dién ti



Truong Dai hoc Sao Do Ludn van Thac si

CHUONG 4. THIET KE HE THONG

Chuong ndy s& trinh bay chi tiét timg khéi, dau vao, dau ra ciing nhu cac thanh
phan phan cimg cua chung. Vi can dy tru dugc cac linh kién st dung, nén khéi
ngudn s& dugc néi toi sau dé dé hiéu hon. Pong thoi, mot sb co cau co khi ciing
duogc trinh bay song song
4.1  Khoi cap axit

Pé dap ung dugc chic ning cua khdi nay, cic phan cing can sir dung gdm
xilanh dé chura axit s& thém vao mau nudc, binh du trit axit cho nhiéu lan do, cac
xilanh khi nén, van khi nén, module relay dé di chuyén 1én, xudng, trai, phai xilanh,
dong co DC servo dé di chuyén pitong. Do can tinh luong axit da thém vao lo mau
va axit cAn thém vao tir tir nén xilanh kém theo kim s& dugc dung. Pong co DC
servo c6 hé théng encoder nham muc dich xac dinh vi tri pitong dé tinh lugng axit
cling nhu day pitong véi toc d6 mong mudn. Cac dau vao, ra cia khdi nay duoc

minh hoa trong Hinh 4.1.

Quay
dong co
Hut axit
Dich lén, Khbi cip
xuong xilanh axit
Xung
encoder
Dich trai,
phai xilanh

Hinh 4. 1. Khéi cap axit
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Ngoai ra, ddy ciing 1a co cdu co khi phtc tap nhit, gdm nhiéu bd phan nhu Hinh
4.2. Trong do:

1 — dong co DC c¢6 gan encoder.

2 — truc tron dan huéng.

3 — pitong.

4 —than xilanh.

5 — truc vitme.

6 — khop ndi gitta truc dong co DC va vitme.

7 —tam mica noi pitong v4i truc tron va vitme.

Hinh 4. 2. Cum xilanh axit
Do lugng axit mdi lan nho xudng rat it (c& 4 giot) nén ta chon loai vitme c6

budc nhod nhat — 2mm/vong (vitme quay mot vong thi tim mica 7 dich chuyén dugc
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2mm), chon loai déng co DC véi dia encoder c¢6 sb xung cang 16n cang tét va nén
c6 giam téc. O day ta chon loai 334 xung/vong va c6 giam tdc 1:34. Ngoai ra,
ngudn dién cho dong co nén dung 1a 12V, dé dam bao du momen lam quay truc
vitme dé kéo, day pitong. Viéc diéu khién dong co dé kéo/day pitong déu diung
thuat toan PID.

Véi truong hop hut axit (tirc 1a kéo pitong 1€n) va bom axit thira sau khi do
xong, ta dung thuat toan PID diéu khién tdc do, tirc 1a diéu khién cho dong co quay
v6i van toc khong doi khi tai thay doi. Ly do sir dung thuat toan diéu khién téc do vi
ta mong mubn pitong dugc kéo lén vdoi van tdc déu, tir d6 han ché xuat hién bot khi
trong xilanh khi hut. Pén day, viéc Iya chon cac hé s6 Kp, Kd, Ki cho b0 diéu khién
PID d6ng vai tro quan trong. C6 nhiéu cach dé tim ra bo sé thich hop, nhung do tinh
don gian va truc quan cta hé thong nén em st dung phuong phap thay sé va kiém
thtr thuc té. Ma nguff)n cho bd diéu khién PID nay dugc trinh bay ¢ Phu luc 3. Qua
trinh tim ra bo sd duoc thuc hién nhu sau:

- Tang déan gia tri Kp (gia tri nho nhat cia Kp 12 0.01) cho dén khi thay van tbc

dong co sap xi van tbc mong mudn.

- Piéu chinh 2 hé s6 Kd va Ki cho phu hop dé dam bao dong co gitt duoc van

tdc khong doi khi tai thay doi.

Van téc dong co & day duoc do thong qua dém sd xung dugc tao ra boi dia
encoder trén mot don vi thoi gian. Vi thong s6 dong co nhu trén, khi truc dong co
quay dugc mot vong thi sé xung dém duogc 1a 334x34 =11356 xung. Qu4 trinh luya
chon b sb nay kha kho khin cho ngudi méi lam 1an dau, nén can dau tu nhiéu thoi

gian dé tim duoc bo s6 phu hop nhét.

Hoc vién: Phan Thanh Trung 24 Chuyén nganh: Ky thudt dién ti



Truong Dai hoc Sao Do Ludn van Thac si

Véi truong hop nho axit, ta diéu khién dong co DC bang thuat toan PID diéu
khién vi tri, tirc 1a 1am cho dong co quay dén vi tri (hay quay mét goc) xac dinh roi
dirng lai. Vi tri & ddy chinh 14 s6 xung dém dugc sau khi quay (goc quay ciing duoc
tinh tir s6 xung nay). Cach diéu khién nay cho phép ta quay dong co timg goc nho,
tir 46 luong axit bom ra cling nhé dang ké, nhu di néi & trén 1a khoang 4 giot cho
mot 1an dong co quay. Twong tu nhu trén, ta ciing can tim ra bo s6 Kp, Kd, Ki thich
hop cho thuat toan diéu khién. Cach lam ciing 1a thay s6 va kiém thu thuc té:

- Tang dan gia tri Kp sao cho vi tri quay duoc gan dat duoc vi tri mong mudn.

- Piéu chinh 2 hé s6 Kd, Ki dé vi tri quay sat voi vi tri mong mudn nhat va tr

dong quay vé khi bi tac dong xé dich ra khoi vi tri do.

Sau mot 1an nho axit, nén c6 thoi gian cho dé axit khuéch tan déu trong dung
dich, sau d6 may tién hanh do pH. Lap lai qua trinh nay cho téi khi pH=4.5 tuong
duong may da thuc hién duogc viéce chuan d6 dung dich.

Thém nira, dé biét chinh x4c vi tri ding pitong & phia trén khi hut va phia dudi
khi bom axit, ta sir dung 2 cong tac hanh trinh. Ta lap dat cong tac hanh trinh sao
cho khi pitong dugc kéo 1én dung 6ml hodc day xudng hét than xilanh thi cac cong
tac duoc kich hoat tuong tng. Viéc kiém tra trang thai cua cong tac hanh trinh s&
duoc léng vao cudi cua thuat toan PID diéu khién tdc do & trén. Puong nhién, cling
¢6 nhiéu céach thirc khac dam bao pitong ding ding vi tri voi do chinh xac cao hon
nhu dung dén laze, do khoang cach nhung nhitng phuong phéap nay déu c6 do phirc
tap cao, trién khai kho khan va gia thanh dat do. Do do, st dung cong tdc hanh trinh
tré thanh phuong phap t6i uu nhét voi do chinh xac khac cao (sai 1éch ¢c& + 0.1ml)

va chi phi ré (mdi cong tic hanh trinh c6 gid 5000 VND).
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Dén day, dé xac dinh luong axit d3 duoc dung dé chuan do, ta chi can dém s
xung quay dugc (mg véi timg vi tri ctia pitong. Cu thé nhu sau:

Va = (Posup -P ) x 6/(Posu —Pos ) (4.1)

03 pH =4.5 p down
Trong do:

Vg thé tich (ml) axit da dung cho chuén dé.
Pos s6 xung twong (ng Vi vi tri trén cua pitong.

POSpH _ 45+ SOxung twong ung vai vi tri pH = 4.5.

POS, i s6 xung twong (g Vi vi tri dudi caa pitong.

Thay gia tri vV, vao Phuong trinh 2.6, véi C, =0.1N va V_ =50, ta dugc cong

thire tinh do kiém tong nhu sau:

~ 0.1x1000xV,

0 x50 (mg/L CaCO,) (4.2)

A

Dé dich chuyén cum xilanh giita vi tri 1o mAu va vi tri binh chua axit, ta dung
hé théng hai van va xilanh khi nén va mot module relay hai kénh. Trong d6, mot bd
van va xilanh dong vai tro dich chuyén 1én xuéng cum xilanh axit, bd con lai dich
chuyén sang trai sang phai. Viéc két ndi giira bo diéu khién, module relay va van
khi nén dugc v€ trong Hinh 4.3. Tt hinh v¢ ta théy, mot cuc cta van khi nén ndi véi
V++ cua nguén to ong, cuc con lai ndi v6i chan NO ctia module relay. Chan COM
ctia module relay ndi v6i V-- clia ngudn to ong. Hai chan ENB duoc ndi tryc tiép
v6i hai chan output 16, 17 cta kit Arduino. Vi dién 4p xuét ra & chin Arduino 1a 5V
nén ta dung dién ap kich relay ciing 1a 5V (hay chan Vcc ndi v6i 5V). Hai chan

Vss+ va Vss- ndi 1an lugt voi V++ va V-- nhdm muc dich cap ngudn cho xilanh khi
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nén. Ly do cua viée két ndi nhu nay c6 thé giai thich nhu sau: ¢ trang thai ban dau,
khi cac chan 16, 17 xuét dién ap cao (HIGH), cac xilanh khi nén ¢ murc thut vao, tirc
1a xilanh axit ¢ vi tri lo mau; khi gap tinh trang mét dién, cac xilanh khi nén van gitr
nguyén trang thai nhu luc ban dAu, tire 14 cum xilanh axit khong bi dich chuyén néu
mét dién. Néu ta néi mét cuc cia van khi nén véi chan NC cua relay, khi mét dién
xilanh khi nén s& & muc tho ra, din dén dich chuyén xilanh axit va lam gdy kim.

Dén day, ta thdy cAn c6 may nén khi cho hoat dong cua xilanh khi nén.

Van khi nén

NC COM NO
] —‘_I— ENB1 Vee — 5V
Ngufun V++ o 16 ' Gnd — Gnd
to ong | V- N Arduino 17 _I_ Relay Vst —— Vit
—_— ; : ENB2 Vss— oV
NC COM NO

|| | |
Van khi nén

Hinh 4. 3. Két ndi cum cip axit
Ngoai ra, c6 thé thém tuy chon thong bao hét axit dy trit dé ngudi dung cung
cap thém va tiy chon bao luong axit trong xilanh khong du cho qua trinh chuan do
(mot 1an do dung nhiéu hon 6ml axit). Trong trudng hop nady, khdi cip axit c6 thém
hai d4u ra 1a tin higu hét axit.

Tuong tng v4i khoi nay, ta c6 ludng hoat dong nhu trong Hinh 4.4.

Biit Lén Lén Dich xilanh
dau pitong xilanh sang lo mau
S

Hinh 4. 4. Hoat déng cip axit
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4.2 Khdi diéu khién

Dé don gian hoa viéc 1ap trinh diéu khién toan bo hé thdng, ta s& sir dung kit
Arduino, phan mém viét 14p trinh 13 IDE mic dinh. Dén day, ta phan tich cac dau
vao, dau ra, cac chirc ning khac nhung timer, ngat, PWM (Pulse width modulation),
... can c6 cua kit Arduino dé lya chon kit phu hop. Bang 4.1 mo ta cac dau vao, dau

ra cua khoi diéu khién.
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Bang 4. 1. M6 ta cac chan vao/ra

STT | Tén chan Huwdéng M6 ta

1 |BOM_NUOC |Output | Diéu khién bat/tit bom nuéc

2 | SERVOR Output | Biéu khién géc quay servo

3 |KHUAY_TU |Output | biéu khién bat/tat dong co khuay tir

4 | LX XL Output | Biéu khién xilanh khi nén 1én/xubng
5 |TP_XL Output | DBiéu khién xilanh khi nén trai/phai
6 |PH VOL Input Doc dién &p ra cua pH ké

7 | HUT_AXIT Output Piécu khién quay dong co DC encoder

8 | BOM_AXIT | Output Piéu khién quay dong co DC encoder

9 | ENCODER_A | Input Ngit khi c6 sudn xung duoc tao tir dia encoder

10 | ENCODER_B | Input Xéc dinh chiéu quay cua dong co DC

11 | CTHT_DUOI | Input Poc trang thai cong tac hanh trinh dudi

12 | CTHT_TREN | Input Poc trang thai cong tac hanh trinh trén

13 |RS Output Diéu khién dia chi duoc ghi dit liéu caa LCD
14 |ENB Output Cho phép ghi vao LCD

15 | DATAll Output Chéan dur liéu 11

16 | DATAI12 Output Chén dt ligu 12

17 | DATAI1LS3 Output Chan dir liéu 13

18 | DATAl4 Output Chén dur liéu 14

V¢é céac timer can st dung, nhu da ndi ¢ phan trén, ta can diéu khién dong co DC
0 hai ché do: di€u khién toc do va di¢u khién vi tri nén ta can dung 2 bo timer. Tur

day, ta c6 thé d& dang lya chon kit Arduino Mega 2560 cho thiét ké nay va hai bd
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timer duogc sir dung la timer 1 va timer 3 (dung 2 timer nay dé thuan loi cho viée st
dung cac chan khéc cua kit). Bang 4.2 mo ta 4&nh xa cac chan vao/ra véi kit Arduino.

Bang 4. 2. Anh xa cac chan vao/ra véi kit Arduino

STT | Tén chan Loai Anh xa véi kit Arduino (Pin number)

1 | BOM_NUOC | Output 49

2 | SERVOR PWM 10

3 | KHUAY_TU | Output 53

4 | LX XL Output 17

5 [TP XL Output 16

6 |PH_VOL Input Al

7 | HUT_AXIT PWM 6

8 |BOM_AXIT |PWM 7

9 | ENCODER_A | Interrupt 2 — Interrupt O
10 | ENCODER_B | Input 4

11 | CTHT_DUOI | Input 20

12 | CTHT_TREN | Input 21

13 | RS Output 43

14 |ENB Output 39

15 | DATAll Output 37

16 | DATA12 Output 35

17 | DATA13 Output 33

18 | DATAl4 Output 31
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Céc két ndi giira kit Arduino voi cac linh kién/module khac dugc v& trong Phu
luc 1. Dé diéu khién dong co, ta can dung thém module mach cau H. O day ta dung
module L298. Viéc sit dung mach cau H kha don gian, ta chi can ndi truc tiép chan
¢6 chirc ning PWM cua vi diéu khién v6i chan In ctia L298 va ldy dau ra tai chan
Out. Tuy theo gia tri PWM (0 = 100%) ma ta c6 dién ap dau ra c6 ty 1& phan tram
turong tmg v6i dién ap ngudn ctia module. Vi dy, khi ngudn nudi cho L298 1a 12V,
vi diéu khién xuat gia tri PWM 1a 50% (analogWrite(7, 125) véi 7 1a chan vi diéu
khién, 125 tuwong tmg 50%) thi ta duoc dau ra c6 dién ap c& 6V. Tuong tu nhu vay,
khi xuét gia tri PWM 16n hon, ta dugc dién ap ra 16n hon, tic la dong co quay
nhanh hon. Ngoai ra, module L298 c6 mdt dau ra 5V 3A d6 6n dinh kha cao, rat
thich hop cho viéc sir dung voi cac module can dung dién ap 5V (s& trinh bay &
phan khéi nguén), ddy ciing 1a 1y do Iya chon sir dung module nay.

Vé diéu khién bom nuéc va dong co khudy tir, ta ding hai transistor cong suat,
tic 13 transistor dong vai tro khoa dién tir. O day, ta dung transistor loai NPN, ttc 1a
cuc Colector cua transistor s& duge ndi véi nguén, cuc Emitor ndi véi cuc duong
cua dong co (hodc bom) va cuc Base ndi truc tiép v6i chan vi diéu khién. Ta biét
rang, transistor loai NPN s& dan khi dién 4p cu Base V, >0, do d6, khi ta xuét dién
&p cao (HIGH) ra chan vi diéu khién, tirc 1a V, >0, transistor dan 1am cho dong co
duoc cap nguodn (dong co quay) va khi nguoc lai khi xuat dién ap thap (LOW) thi
dong co khong dugc cap ngudn (dong co khong quay). Tir d6, chi can didu khién
chan vi diéu khién, ta co thé bat/tit dong co. So d6 két ndi dugc vé don gian nhu
Hinh 4.5. O day ta khong st dung cac dién tré hay tu dién vi transistor dugc dung

khong yéu cau han ché dong dién hay chong dién ap xoay chiéu.
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+OV oV

Gnd Gnd

Hinh 4. 5. So @6 diéu khién bom, khuay

i v6i hoat dong cua dia encoder cia dong co DC servo, ta can nam duoc cac
nguyén 1y co ban nhu sau [13]. Hé thong dia encoder thuong bao gdm mot ngudn
phat quang (thudng 13 hong ngoai), mot cam bién quang va mot dia chia ranh (Hinh
4.6). Encoder thuong c6 ba kénh (hodc ba dau ra), goi 1a kénh A, kénh B va kénh .
Trén Hinh 4.6, ta thdy mot 15 nho phia bén trong cta dia quay va mot cip phat — thu
danh riéng cho 18 nho nay. D6 1a kénh I cta encoder. Ctr mdi lan truc dong co quay
dugc mot vong, 16 nhé lai xuét hién tai vi tri cua cdp phat — thu, héng ngoai tu
nguodn phat s& di qua 16 dén bén thu, 1am xuat hién mot tin hiéu trén cam bién. Nhu
vay, dong co quay dugc mdt vong tuong ing voi mot xung trén kénh 1. Ria ngoai
dia quay dugc chia thanh cac rdnh nho, sb rdnh nho nay duoc goi 1a d6 phéan giai
ctia encoder, trong thiét ké nay sir dung dia c6 d6 phan gidi 334 xung. Cung vdi nd
cling c6 mdt cap phat — thu tuong tu nhu kénh I, day chinh 1a kénh A cua encoder.
Nhu vay, khi dong co quay dugc mot vong, thi trén kénh A s€ xuét hién céc Xxung

v6i sb luong bang d6 phan giai. PO phan giai anh huéng dén do chinh xac diéu

Hoc vién: Phan Thanh Trung 32 Chuyén nganh: Ky thudt dién ti



Truong Dai hoc Sao Do Ludn van Thac si

khién va ca phuong phap diéu khién dong co. Ngoai ra, trén cac encoder con c6 mot
cap phat — thu khac duoc dét trén cung duong tron véi kénh A nhung 1€nh ntra ranh,
day 1a kénh B cua encoder (Hinh 4.7). Bang cach phdi hop kénh A va B, ta s& biét

dugc chi€u quay cua dong co.

Ngudn phat

Cam bién ,@

Cam bién ..-"'-
2

Hinh 4. 6. H¢ théng encoder

Hinh phia trén trong Hinh 4.7 thé hién sy bd tri 1éch pha nhau cua hai cym cam
bién kénh A va kénh B. Khi cam bién A bét dau bi che thi cam bién B hoan toan
nhan duoc hdng ngoai xuyén qua, va nguoc lai. Hinh thip v& dang xung ngd ra trén
hai kénh. Xét truong hop dong co quay cung chiéu kim dong ho, tin hiéu di tir trai
sang phai, tai cac vi tri tin hiéu & kénh A chuyén tir mutc cao xudng mirc thip (suon
xubng) thi kénh B dang & murc thap. Nguoc lai, néu dong co quay nguoc chiéu kim
ddng ho, tin hiéu di tir phai sang trai. Khi do, tai cac sudon xudng ctia kénh A thi tin
hiéu kénh B & mirc cao. Nhu vdy, thong qua sb xung, ta xac dinh dugc gbc quay
(hay vi tri) va thong qua mic tin hiéu ¢ kénh B tai vi tri suon xuéng cta kénh A, ta

xac dinh dugc chi€u quay cua dong co.
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360° (In this case, 360° means
/ 1 cycle from slot to slot)

Disk

CCW Disk rotates cw

0° 360°

Hinh 4. 7. Hai kénh A va B va dang xung trén céac kénh
bbi véi viee doc xung dugc tao ra tur dia encoder, ta dung chan s 2 (twong Ung
v6i interrut 0) ciia kit Arduino. Khi c6 suon xung (ddng co quay), mot ngit tai chan
ENCODER_A duoc tao ra (trong code sir dung ngit suon xudng va ciu hinh c6 tré
kéo cho ca 2 chan ENCODER_A va ENCODER B). Khi ¢6 ngit xay ra, chi can
doc trang thai cua chan ENCODER B, ta s¢ biét duoc chiéu quay, tur do dém vi tri

dong co. Nhitng diéu nay duoc minh hoa trong doan mé duéi day:

pinMode(ENCODER_B, INPUT_PULLUP);
pinMode(ENCODER_A, INPUT_PULLUP);

attachinterrupt(ITRO, dem_xung, FALLING);

void dem_xung() {
if(digitalRead(ENCODER_B) == 1) {
Xung++;

ViTri++;
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else {
xung--;

ViTri--;

¥

4.3 Khéi do dac

Khéi nay st dung mét dau do pH ké c6 gin Op Amp, mot lo chira mau nudc va
hé théng khuéy. bé sir dung pH ké, ta can thuc hién chuan dau do, dung dich chuan
g6m ba loai, dung dich c6 pH = 4.0, pH = 6.86 va pH = 9.18; quy trinh chuan duoc
trinh bay & Phu luc 2. Theo khuyén cdo sir dung cta pH ké, ctr cach hai tudn cin
thuc hién chuan lai mot 1an, tuy nhién, trong thiét ké may do kiém nay, ta ngdm cam
bién ctia pH ké trong dung dich d3 do nén ta chi can chudn mét 1an khi méi str dung.
Pau ra cta bo pH ké va Op Amp 1a dién ap (pH cang 16n dién 4p cang nho), khi
diéu khién s& doc gia tri dién ap nay va st dung ham do_pH (Phu lyc 2) dé tinh ra
gia tri pH, tir d6 diéu khién viéc thém axit vao. Nhu vy, dau vao cta khéi do dac 1a
cac tin hiéu yéu cau do pH, quay khudy tir, mau nudc va axit; dau ra 1a gia tri dién

ap (tuong duong vai gia tri pH cia dung dich) (Hinh 4.8).
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Yéu cau do pH

Mau nuéc y A
Khoi o oa
Gia tri dien ap
Axit do dac

Quay khu 5}'

Hinh 4. 8. Khdi do dac

Hoat dong cua khdi do dac dugc minh hoa trong Hinh 4.9.

Nho axit D
(xudng pitong)

S

Biit

: uay khuiy
diu ‘ Quay y

Hinh 4. 9. Hoat déng do dac

Do tinh tré cua su thay ddi gia tri pH ctia dung dich sau khi thém axit (thuc té
khoang 15 dén 20 gidy sau khi thém mét giot axit thi pH méi on dinh) nén bo diéu
khién s& dua ra tin hiéu yéu cau do pH sau mdi 1an nho axit 15 gidy (hodc lau hon).
Ngoai ra, b diéu khién s& diéu khién thém axit nhanh hon khi pH trén 5,5 va ting
thoi gian chd giita cac 1an thém ting giot axit khi pH duéi 5.5, tic 1a khoang thoi
gian giita cac 1an do pH tang 1én, tir 6 ting do chinh x4ac cta phép do do kiém.

Doi voi hé thong khuay tir, ta sir dung ca khuay 1a loai nam cham vinh ciru co
boc str, chidu dai 2.5cm va dong co DC ciing c6 gan nam cham dé lam quay ca
khudy. Nhu viy, ta tha ca khudy vao lo miu, diat dong co khudy & dudi day coc va
chi can diéu khién quay dong co 1a thue hién duogc viéc khudy dung dich. Béi véi lo
mau, ta dung 50ml nudce mau nén st dung lo c6 mo6 dung tich 100ml. Viéc thiét ké
co cAu co khi va lép dat cac bd phan cua khéi do dac duge minh hoa trong Hinh

4.10. Trong do:
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1-pHké

2 — 1o mau

3 — céc dai dc: ¢ thé diéu chinh ning cao/ha thip lo mau
4—-molo

5 — gia d& lo: noi gin truc quay RC servo

Hinh 4. 10. M hinh khéi do dac

4.4 Khoi cip nuéc

Dé thyc hién 1ay dung luong nude mau phu hop va 1y nude 4o nudi dé trang lo
mau, khoi nay s€ st dung bom nudc, khdéa bom dé diéu khién bat tit bom, va RC
servo. Vi may dugc dat ¢ vi tri cdch mat nude tdi da 1,4m, nén bom can dung phai
c6 strc hit trén 1,4m. Khéa bom & ddy 1a transistor cong suat c6 mirc dong dién Ie
16n (c& 2A) ndi truc tiép voi ngudn dién ctua bom. Viée diéu khién bat/tit bom da
dugc trinh bay ¢ phan trén. Pé dam bao bom du luong nuwdéc mong mudn, ta can
dung thuc nghiém dé xac dinh thoi gian bom. Puong nhién, co thé dung cac

phuong phéap khac dé chic chin bom dii nude nhu dung cong tic tir, cam bién nudc
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(cam bién phat hién c6 sy xuét hién ctia nu6e). Tuy nhién, cac phuong phap nay kha
phirc tap hodc gia thanh kha cao nén s& khong duoc ap dung. Viéc d6 nude duoc
thue hién chinh xac nhd RC servo cé truc quay gin vao gia d& cdc. C6 hai kiéu db
nudce: d6 hét va d6 mot phan. D6 mot phan s& giir lai dung 50ml nude mau, khi d6
gbc quay cia servo can dugce tim ra bang thue nghiém. Dé 1am diéu nay, ta dé lo
mau nam ding cin bang rdi dong ding 50ml nudc va d6 vao lo miu, xoay lo cho
t6i khi nudc chudn bi d6 ra khoi mo lo thi dimg lai. Tir ddy xac dinh goc quay so
v6i ban dau. Ngoai ra, ta phai diéu khién servo quay da cham dé han ché cac anh
huéng cta quan tinh va sau khi xoay nghiéng cuc dai, can thoi gian chd du 1au dé
dam bao d6 hét nudc hodc gitr lai ding 50ml sau d6 méi quay servo vé vi tri thang
dung. Viéc diéu khién RC servo kha don gian, tuy theo gia tri PWM xuét ra cua
chan vi diéu khién ma ta c6 goc quay servo twong tng. Pdi voi Arduino, ta ¢ thé
dung thu vién c6 san Servo.h. Hinh 4.11 thé hién cac dau vao, ra ciia khéi cap nudc

trong ndi b may do va Hinh 4.12 biéu dién hoat dong ctia khbi nay.

Bat bom
Quay servo Khoi cap Lwrong nwdc
' nwoc con lai

Dirng bom

Hinh 4. 11. Khéi cAp nwéc
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B:lt Bo’fn Ché Dirng Nghiéng
dau nwoc bom lo

Thoi gian
cho

Goc nghiéng

Hinh 4. 12. Hoat déng cip nwéc
4.5 Khéi ngudn
Pé lua chon khdi nguén thich hop, ta théng ké cac linh kién/module va nguén
nudi cua ching nhu trong Bang 4.3 dudi day.

Bang 4. 3. Ngudn nudi céc linh kién/module

STT | Tén linh kién/module Nguon nudi
1 Van, xilanh khi nén 24V
2 DPong co DC servo 12V
3 Pong co khuay tir oV
4 Bom nuo6c 9V
5 bia encoder 5V
6 pH ké 5V
7 Cong tac hanh trinh 5V
8 LCD 5V
9 Relay (dién ap kich) 5V
10 RC servo S5V
11 Kit Arduino Qv

Tir bang trén, ta thay can sir dung bén mic dién ap khic nhau, nén phuong an

t6t nhat 12 dung mot bd bién ddi AC — DC va cac bd DC — DC. Do dién ap ngudn
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nudi 16n nhat 13 24V nén ta chon bd AC — DC la tir dién ludi Xoay chiéu bién d6i
thanh dién mét chiéu 24V, tir day ta chon nguén td ong voi uu diém dau ra 6n dinh,
dong ra 16n, gia thanh kha ré va tién loi. Voi mirc dién ap ngudn nudi 12V, ta ding
bo bién ddi DC — DC tir 24V thanh 12V. C6 nhiéu phuong an thyc hién diéu nay,
trong thiét ké nay tac gia st dung module DC — DC LM2596 (mach 6n ap Buck) co
dién 4p dau ra diéu chinh duoc trong dai 1.23V + 35V. Uu diém ctia module nay 1a
gia thanh ré, nho gon, st dung linh hoat, dong dién dau ra 16n (t6i da 3A). Tuong
tu, ta cling diung module nay cho murc dién ap 9V. Pdi voi ngudn nudi 5V, ta 1ay tir

module L298. Cac module trén dugc minh hoa trong cac hinh duéi day.

Hinh 4. 13. Hinh 4. 14. Hinh 4. 15
Module LM2596 Nguon to ong Module L298

4.6 Mot sb so ciu co khi

Céc phan bén trén d trinh bay hai co cdu co khi quan trong nhat 1a cym xilanh
axit va cum lo mau. Phan nay s& trinh bay tiép mot s6 co cdu khac va mé hinh co
khi toan bd may do.

Trong qué trinh hoat dong, may do cé thuc hién d6 nude thai khoi lo mau. Pé
dam bao nudc thai khong lam anh hudng dén cic bo phan khac, ta thiét ké phéu
nudc thai nhu Hinh 4.17 va dat ngay vi tri d6 lo mau (Hinh 4.16). Déi véi hé thong
chura axit (Hinh 4.18), ta 4p dung nguyén ly binh thong nhau, & mdt bén binh thong

nhau, ta dung binh nhua 16n (dung tich ¢& 500ml) dé chira axit dy trit. Vi co cau
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nhu nay, khi hat axit vao xilanh, axit trong binh chira tr dong chay xudng binh
thong nhau lam cho kim xilanh luén chim trong axit, giup luong khong khi bi hut
duoc han ché & muc thép nhét.

Nhu d3 trinh bay o trén, mdy c6 nhiéu linh kién/module dién tir nhu kit
Arduino, b DC -DC, ... nén ta str dung hop kin dé chura tit cic bo phan nay, giup
bao vé chung trudc tac hai cia moi truong, dong thoi ¢b dinh vi tri ciia chung trong
may do. Pdi véi khung may, ta ding nhom dé dam bao du chic chin va gia thanh
ré. Cac bo phan co khi khac ding mica tring véi cac uu diém khdi luong nho, gia
thanh thap ma van dap tng du do bén, chic chin cho may do. Hinh 4.16 thé hién
toan bo cc co cau ctia may. Trong do:

1 —hop dién

2 — xilanh khi nén

3 — phéu nuédc thai

4 — 1o mau

5— pH ké

6 — binh théng nhau

7 — cum xilanh axit

8 — binh axit du trir

9 — van khi nén

Hinh 4. 16. Toan bé may do
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Hinh 4. 17. Phéu nwéc thai Hinh 4. 18. Hé théng chira axit
47  Luu d6 hoat ddng ciia may
Pén day, ta da thiét ké xong toan bd may do. Phan nay nay s& trinh bay quy

trinh hoat dong day dii cia may trong mét lan do (Hinh 4.19).

| Nghiéng | Quay
| 1o1an 2 | khudy
Dich xilanh Bom nwéc LA .
sang lo axit 1in 2 ay axit
Nghiéng Nghiéng g | Dich xilanh
lo lan 1 lo Iin 3 sang lo mau
B - - v v
0’[1‘1 nwoc Po pH
lin 1 lin 1 Do dac
Quay -
khuiy Don dep
L

>
B_ =
Hién thi

Hinh 4. 19. Luu db hoat dong
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Khéi dau chu trinh do, cum xilanh axit dang & vi tri lo mau, ca hai xilanh khi
nén déu thut vao. Khi c6 tin hiéu bét dau, may do dich cum xilanh axit sang l¢ axit
(binh théng nhau), bao gdm ba cong doan: 1én xilanh, dich sang lo axit (dich trai
hodc phai) va xudng xilanh. Cubi cing, cum xilanh axit ndm & vi tri binh thong
nhau va sin sang hut axit. Nghiéng lo 14n mot nham muc dich d6 nuéc thai tir 1an
do trude. Tiép theo, bom nuée 1an mot, quay khudy tir roi nghiéng lo 1an hai dé
trang lo mau. Tai day, lo mau khong c6 nudc. Bom nude 1an hai va nghiéng lo lan 3
s& giir lai trong lo mau dung 50ml nuéc mau. Do do kiém tong bang 0 néu pH < 4.5
nén may do tién hanh do pH 1an mot ngay sau khi ldy xong mau nuéc. Néu pH>4.5,
may thuc hién quay khudy tir va hat axit vao xilanh rdi dich xilanh sang lo mau.
Giai doan nay twong duong v6i hoat dong cip axit & muc trude. Tiép do, viec do
dac (chinh 1a chuan d6 nudc mau) dugc dién ra. Qué trinh nay két thuc, may thuc
hién don dep roi hién thi két qua do. Hoat dong don dep g@)m nhiéu cong doan va

duoc trinh bay chi tiét trong Hinh 4.20.

Bit Bom axit
diu thira ra

b

Dich xilanh
sang lo mau

Dich xilanh
sang lo axit

Hinh 4. 20. Hoat dong don dep
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Hinh 4.21 13 hinh anh thyc té cia may do. Ta c6 thé dé dang nhén thiy cac bd
phan giébng nhu mé phong trong Hinh 4.16. Véi san pham nay, gia thanh khoang
7000000 VND. Tuy nhién, day 1a nghién ciru va thiét ké 1an dau, néu thanh cong va
san xudt thuong mai, ta hoan toan c6 thé tiép can mirc gia 5000000 VND/san pham.
Tiép theo, ta can thiét ké vo may. Tuy nhién, véi muc dich nghién ctru va kiém thu

trong phong thi nghiém nén budc nay chua can thiét sé duoc bo qua.

Hinh 4. 21. May do trén thuc té

Nhu vay, ta chi can viét ma nguén cho bd diéu khién 13 hoan thién thiét ké. Chi
tiét vé viéc viét ma ngudn khong dugc trinh bay & ddy ma mot sé6 doan ma quan
trong di dua ra & phan Phy luyc. Chuong tiép theo, ta s& xem xét cac két qua kiém

thir thue té cua may do.
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CHUONG 5. KET QUA THU'C NGHIEM

Trong qué trinh do kiém thuc té, ta can luu ¥ mot van dé sau. Do mot s6 bd
phén cua may do d& giy hong, vi du nhu kim xilanh va dau hut cia than xilanh rat
dé giy néu xilanh khi nén hoat dong khong chinh xac, ma khi thay méi cac b phan
nay ton rat nhiéu thoi gian, nén dé han ché van dé xay ra, ta c6 thé diéu chinh xilanh
khi nén bang tay bang cach dung nit bdm & van khi nén. V&i cé hai xilanh khi nén,
bam nut twong tmg xilanh phuyt ra va nha nit 13 thut vao.
5.1 M@i trwong do kiém va dau vao

Viéc do kiém duoc thuc hién trong phong thi nghiém, nhiét d6 phong khoang
29 °C, xilanh axit, lo mau va c4 khudy déu dugc rira bang nudc cat va dé kho, pH ké
duoc chuan va 1am kho dién cuc roi ngam vao nudc sach sinh hoat, axit dugc pha
ngay trude khi dung. Pau vao duoc ding gém 2 loai: loai mot 1a cing mot mau
nuée, & day dung nude sach sinh hoat co6 pH trung tinh; loai hai van 1a nudc sach
sinh hoat nhung dugc pha thém NaOH hoic pha thém axit dé lam thay d6i pH. Nhu
vay, viéc ngam dién cuc cua pH vao nudc nhu trén s€ c6 tac dung lam pH ké c6 két
qua do nhanh va chinh xac hon. Pdy ciing 1a 1y do sau mdi lan do, ta dé nguyén
dung dich nudc thai trong lo mau ma khong d6 di. P6i voi mdi loai mau nude, ta
thue hién do nhiéu 1an va két qua duoc trinh bay ¢ phan sau.
5.2 Két qua

Biéu d6 5.1 thé hién cac két qua do véi ciing miu nudc, gia tri pH ban dau 1a
6.9 va d6 kiém kiém dinh 1a 115 mg/L CaCO,. Véi cac két qua do nay, ta tinh dugc
sai s6 16n nhat ctiia phép do 13 +3.54 mg/L (1an do thir 10). Trudng hop dau vao loai

hai, két qua do duoc trinh bay trong Bang 5.1. Tir ddy, ta ciing tinh duoc sai sé 16n
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nhat +2.27 mg/L (1an do thr 9). V& thoi gian do, mdi 1an do kéo dai tir 6 dén 8 phut.
Tir cac két qua nay, ta c6 thé so sanh mot sd thong s quan trong voi may do
APAB000 — Hach (Bang 5.2) va c6 thé danh gid san pham nhu sau:

V& d6 chinh xéc, sai 1énh giita thong s6 hai may khong 16n, ma ta lai biét rang,
khoang d6 kiém téng thich hop véi thuy — hai san 1a 75 + 200 mg/L nén sai sd
+3.54 mg/L cta san pham hoan toan chip nhan duoc. V& thdi gian phan hoi, ca hai
may c6 thong sd nay twong duwong nhau. Voi muc dich hai ngay do mot 1an, thoi
gian do < 10 phut khong c6 tac dong 1on. Vé thang do, nhiét do mau, san pham cia
luan vin ndy van chua xac dinh duoc. V& gia thanh, may do APA6000 c6 gia cao
hon han, san pham c6 gia rat ré, day ciling 1a mot loi thé va tiéu chi cua luan van.
Nhu vy, san phdm cta luin vin hoan toan dap umg nhu cau vé d6 chinh xac cho
nguoi nudi trong. Thém nita, véi gia tién va cac so sanh trén, san pham nay hoan
toan c6 stc canh tranh khi thwong mai hoa.

Biéu d@6 5. 1. Két qua thwc nghiém véi ciing dau vao

PO KIEM TONG

5
118.23-117.75 )84
116.12
115.41 468 114.95-H5.38
T13.76 1337
1 2 3 B 5 6 7 8 9 10
Lan do

bo kiém tong
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Bang 5. 1. Két qua thwc nghiém véi diu vao khac nhau

. . P kiém do dwoc P kiém kiém dinh
Lan do | Gia tri pH ban dau
mg/L CaCO4 mg/L CaCO,

1 7.2 119.43 118

2 7.5 124.12 124

3 6.8 112.03 111

4 8.0 131.95 133

5 8.4 140.15 141

6 8.7 152.36 154

7 6.46 106.94 105

8 7.8 128.56 129

9 8.9 161.73 164

10 7.5 122.87 125

Bang 5. 2. So sanh san phim véi may APA6000 — Hach
) Gia tri
Thong so 7
May APA6000 — Hach San pham luan van

Do chinh xac + 1.0 mg/L + 3.54 mg/L
Thang do 1 dén 250 mg/L Chura xéc dinh
Kich thuéc (CxRxD) 922 X 627 X 526 mm 440 x 205 x 500 mm
Nguon dién 90 - 240 V 50/60 Hz 110 — 220 V 50/60Hz

Thoi gian phan hoi

Nho hon 10 phut

Nhé hon 10 phut

Nhiét ¢ mau

5 dén 50 °C

Chua xac dinh

Gia

1880 dolar tai My

7 trigu VND

Nhu vay, chuong nay di trinh bay cac két qua do dac thuc nghiém ciing nhu so sanh

théng s6 do duoc v6i may do da c6 san trén thi truong. Dén day, san pham da dugc hoan

thanh. Phan tiép theo s& tom tit cac két luan quan trong cta toan bo ludn vin va trinh bay

nhiing van dé can giai quyet cling nhu kién nghi doi véi cac van de do.
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KET LUAN VA KIEN NGHI

Nhu vay, ludn vin nay d3 trinh bay tong quan céc 1y thuyét vé do kiém, cac 1y
thuyét lién quan dén thyuc hién luin vin ciing nhu toan bd cong viéc di lam trong
qua trinh trién khai thiét ké, cac két qua do dac thyc nghiém va danh gia nhitng két
qua d6. Nhin vé mat két qua cudi cing, san phim may do kiém tong nay di thuc
hién duoc chirc nang ty dong do do kiém téng ctia nude va hién thi két qua 1én man
hinh, dép mg cic yéu cau thiét két vé do chinh xac, gia thanh da dit ra ban dau.
Tuy nhién, san phim ciing c6 nhiéu thiéu sot, c¢6 thé ké dén nhu thiét ké méi dimg &
mirc thi nghiém, chua thé thuong mai hoa; hoat dong chua 6n dinh; cum xilanh axit
chi dap tmg duoc yéu cau tdi thiéu 1a hit/bom axit vi do chinh xac twong dbi, vé
mit d6 bén co khi chua dugc kiém tra; di day két ndi gitta cac linh kién/module
dién tir con rat phirc tap va kho stra chira khi gip su ¢d; san phim sir dung dong co
khi nén dé dich chuyén cum xilanh axit, do vay can co may nén khi dé hoat dong,
dan dén kich thudc toan bo may rat cong kénh va ting cao gia thanh, day ciing 1a
nhuge diém 16n nhét cua thiét ké nay. Dé giai quyét cac van dé trén, ta c6 thé su

dung mot sd bién phap nhu sau:

Tiép tuc thiét ké vo hop.

Thay truc tron dan huéng ciia cum xilanh axit thanh truc c¢6 0 bi, thay tim

mica gan voi dau trén pitong va vitme, truc tron bang kim loai chuyén dung.

Sap xép lai cac linh kién va di day gon gang, c6 chu thich cho cac day.

Str dung dong co DC va vitme thay vi dung dong co khi nén, viéc nay cling
c6 nhugc diém la ting do phuc tap co khi va diéu khién 1€n rat nhiéu.
Ngoai ra, sdn pham cling can thir nghi€ém nhi€u hon nita dé tim ra cac van dé

khéc va hoan thién tot nhat.

Hoc vién: Phan Thanh Trung 48 Chuyén nganh: Ky thudt dién ti



Truong Dai hoc Sao Do Ludn van Thac si

TAI LIEU THAM KHAO

[1] http://www.hach.vn/chi-tiet-san-pham.aspx?id=163, truy cap lan cudi ngay
3/3/2017

[2] http://hanna.vn/May-do-Kiem/trangchu/May-do-nong-do-kiem--hai--san-
Hanna-HI1755-0---300-ppm-878-0-13650-showl.html, truy cdp lan cudi ngay
13/3/2017

[3] https://www.iso.org/obp/ui/#iso:std:is0:9963:-1:ed-1:v1:en, truy cap lan cudi
ngay 13/3/2017

[4] JOHN M. EDMOND, High precision determination of titration alkalinity and
total carbon dioxide content of sea water by potentiometric titration, 12/2/1970

[5] https://en.wikipedia.org/wiki/Alkalinity, truy cap lan cudi ngay 13/3/2017

[6] TCVN 9637-2-2013,
https://www.google.com.vn/url?sa=t&rct=j&g=&esrc=s&source=web&cd=1&
ved=0ahUKEwihk8LixYfUAhULHJQKHaq0DdgQFgglIMAA&url=http%3A%
2F%2Ftieuchuan.mard.gov.vn%2FDocuments%2FUploads%2FTCVN%25209
637-2-
2013.doc&usg=AFQjCNHKdPPLWZmGplo__ 2C7VELAM6W3HQ&sig2=tT3]
uaa7LKm2ewK20Ccsag, truy cip lan cudi ngay 13/3/2017

[7] http://www.bibliotecapleyades.net/ciencia/ciencia_agual9.htm, truy cap lan
cudi 13/3/2017

[8] ThS. Huynh Ngoc Phuong Mai, Tai liéu ctia Cong ty mdi trudng Tam Nhin
Xanh, Copyright 2006 gree-vn.com, http://www.gree-
vn.com/pdf/CHUONG_3_HMT.pdf, truy cp lan cudi ngay 23/5/2017

[9] https://vistech.vn/kiem-trong-kiem-soat-chat-luong-nuoc/, truy cap lan cudi
ngay 13/3/2017

[10] Janice Kotuby-Amacher, Michael C. Amacher, Comparison of Three Methods
for Determining Total Alkcalinity in Natural Waters, 2/1995

[11] http://aquanetviet.com/post/123105707340/%C4%91%C3%B4-ki%C3%AA-
m-trong-nu%C3%B4i-t%C3%B4m-th%E1%BA%BB-ch%C3%A2n-
tr%C4%83-ng, truy cap lan cudi ngay 23/5/2017

Hoc vién: Phan Thanh Trung 49 Chuyén nganh: Ky thudt dién ti


http://www.hach.vn/chi-tiet-san-pham.aspx?id=163
http://hanna.vn/May-do-Kiem/trangchu/May-do-nong-do-kiem--hai--san-Hanna-HI755-0---300-ppm-878-0-13650-show1.html
http://hanna.vn/May-do-Kiem/trangchu/May-do-nong-do-kiem--hai--san-Hanna-HI755-0---300-ppm-878-0-13650-show1.html
https://www.iso.org/obp/ui/#iso:std:iso:9963:-1:ed-1:v1:en
https://en.wikipedia.org/wiki/Alkalinity
https://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwihk8LixYfUAhULHJQKHaq0DdgQFgglMAA&url=http%3A%2F%2Ftieuchuan.mard.gov.vn%2FDocuments%2FUploads%2FTCVN%25209637-2-2013.doc&usg=AFQjCNHKdPPLwZmGpIo__2C7VELAm6w3HQ&sig2=tT3juaa7LKm2ewK2OCcsag
https://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwihk8LixYfUAhULHJQKHaq0DdgQFgglMAA&url=http%3A%2F%2Ftieuchuan.mard.gov.vn%2FDocuments%2FUploads%2FTCVN%25209637-2-2013.doc&usg=AFQjCNHKdPPLwZmGpIo__2C7VELAm6w3HQ&sig2=tT3juaa7LKm2ewK2OCcsag
https://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwihk8LixYfUAhULHJQKHaq0DdgQFgglMAA&url=http%3A%2F%2Ftieuchuan.mard.gov.vn%2FDocuments%2FUploads%2FTCVN%25209637-2-2013.doc&usg=AFQjCNHKdPPLwZmGpIo__2C7VELAm6w3HQ&sig2=tT3juaa7LKm2ewK2OCcsag
https://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwihk8LixYfUAhULHJQKHaq0DdgQFgglMAA&url=http%3A%2F%2Ftieuchuan.mard.gov.vn%2FDocuments%2FUploads%2FTCVN%25209637-2-2013.doc&usg=AFQjCNHKdPPLwZmGpIo__2C7VELAm6w3HQ&sig2=tT3juaa7LKm2ewK2OCcsag
https://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwihk8LixYfUAhULHJQKHaq0DdgQFgglMAA&url=http%3A%2F%2Ftieuchuan.mard.gov.vn%2FDocuments%2FUploads%2FTCVN%25209637-2-2013.doc&usg=AFQjCNHKdPPLwZmGpIo__2C7VELAm6w3HQ&sig2=tT3juaa7LKm2ewK2OCcsag
https://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwihk8LixYfUAhULHJQKHaq0DdgQFgglMAA&url=http%3A%2F%2Ftieuchuan.mard.gov.vn%2FDocuments%2FUploads%2FTCVN%25209637-2-2013.doc&usg=AFQjCNHKdPPLwZmGpIo__2C7VELAm6w3HQ&sig2=tT3juaa7LKm2ewK2OCcsag
http://www.bibliotecapleyades.net/ciencia/ciencia_agua19.htm
http://www.gree-vn.com/pdf/CHUONG_3_HMT.pdf
http://www.gree-vn.com/pdf/CHUONG_3_HMT.pdf
https://vistech.vn/kiem-trong-kiem-soat-chat-luong-nuoc/
http://aquanetviet.com/post/123105707340/%C4%91%C3%B4-ki%C3%AA-m-trong-nu%C3%B4i-t%C3%B4m-th%E1%BA%BB-ch%C3%A2n-tr%C4%83-ng
http://aquanetviet.com/post/123105707340/%C4%91%C3%B4-ki%C3%AA-m-trong-nu%C3%B4i-t%C3%B4m-th%E1%BA%BB-ch%C3%A2n-tr%C4%83-ng
http://aquanetviet.com/post/123105707340/%C4%91%C3%B4-ki%C3%AA-m-trong-nu%C3%B4i-t%C3%B4m-th%E1%BA%BB-ch%C3%A2n-tr%C4%83-ng

Truong Dai hoc Sao Do Ludn van Thac si

[12] TS. Nguyén Duy Hoa (SRAC, contom.com.vn), Quan 1y d6 Kiém va d6 Cung
cua nudc ao nudi, http://kythuatnuoitrong.com/quan-ly-do-kiem-va-do-cung-
cua-nuoc-ao-nuoi/, truy cap lan cudi ngay 23/5/2017

[13] http://arduinodeveryone.blogspot.com/2014/10/bai-6-oc-encoder-tren-

arduino.html, truy cap 1an cubi ngay 23/5/2017

Hoc vién: Phan Thanh Trung 50 Chuyén nganh: Ky thudt dién ti


http://kythuatnuoitrong.com/quan-ly-do-kiem-va-do-cung-cua-nuoc-ao-nuoi/
http://kythuatnuoitrong.com/quan-ly-do-kiem-va-do-cung-cua-nuoc-ao-nuoi/
http://arduino4everyone.blogspot.com/2014/10/bai-6-oc-encoder-tren-arduino.html
http://arduino4everyone.blogspot.com/2014/10/bai-6-oc-encoder-tren-arduino.html

Truong Dai hoc Sao Do

Ludn van Thac si

PHU LUC

Phu luc 1. Mach nguyén ly
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Phu luc 2. Quy trinh do d¢ pH ciia nwéc

Nhiing vat dung can thiét:

Dau do pH (sir dung cam bién ISE)

Nudc cat: 1 lit

Gidy lau

Lo thuy tinh: dung tich khodang 20ml va dung tich khoang 300ml.

Bot dung dich chudn pH 4.0, pH 6.86 va pH 9.18

Quy trinh do:
- Rura sach cam bién, lo thay tinh bang nude cat roi lau kho.
- Pha dung dich chuan pH. Vi du véi bot pH 4.0. Xem hudng din st dung dé

biét lvgng nudc cat can dung (thudng 1a 250ml).

- LAy ra luong dung dich chuan pH can thiét cho vao lo thuy tinh dung tich
20ml sao cho du dé ngip qua dién cuc cia cam bién. Cho cam bién vao va
doi gia tri gia tri ADC cua dién ap tu dau ra cam bién hién thi trén may do
on dinh, ghi lai gia tri do.

- Lap lai ba budc trén cho ting goi bot chuan pH.

- Sau khi ldy duoc gia tri ADC ctia dau ra pH cho ca ba dung dich chuan pH,

dua vao ham tinh pH dudi day (viét cho kit Arduino).

[*
adc phL = gia tri adc pH 4 (analogRead(A1))

adc_phH = gia tri adc pH 6.86

adc_phO = gia tri adc pH 9.18
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*/
float do_pH(float adc_value) { // adc_value = read_data
float adc_phL = 313;
float adc_phH = 194;
float adc_phO = 250;
float pH = 0;
float pHO = 6.86;
float pH_H =9.18;
float pH_L =4.0;
float Delta_pH = 0;
float Slope L = (pHO - pH_L)/(adc_phL - adc_ph0);
float Slope_H = (pH_H - pHO)/(adc_phO0 - adc_phH);
if(adc_value <= adc_ph0)
Delta_pH = Slope_H * (adc_value - adc_ph0);
else
Delta_pH = Slope_L * (adc_value - adc_ph0);
pH = pHO - Delta_pH;
return pH;

¥
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Phu luc 3. Thuit toan PID diéu khién toc d6 dong co

double dk_pid_td() {
tocDo = ((xung/334.0)*(1/T)*60);
xung = 0;
E =TOC_DO_HUT - tocDo;
alpha = 2*T*Kp + Ki*T*T + 2*Kd;
beta = T*T*Ki - 4*Kd - 2*T*Kp;
gamma = 2*Kd;
output = (alpha*E + beta*E1 + gamma*E2 + 2*T*lastOutput)/(2*T);
lastOutput = output;

E2 = EI;

cthtDuoi = digitalRead(CTHT_DUOQI);

quay_dong_co(2*output);
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