TAP CHi CONG THUONG

THIET KE HE THONG
BOM NUGC CONG SUAT 2,2KW
TUGI TIEU CHO RUONG LUA CHAY BANG
NANG LUQONG MAT TROI

® NGUYEN PUC HIEU

TOM TAT:

Bai vi€t nghién cttu thi€t k& hé thng bom nu6c cong suat 2,2kW tuéi tieu cho rudng lda chay
bing ning lugng mit trdi (NLMT). K&t qua thi€t k& cho mo hinh hoat dong t6t khi c6 ngay ning tot

va muc nu6c khdng thap hon 1,2m so mit rudng, dip tng dudc yéu cau cap thi€t cho cdc rudng lia

bi kho han trong miia kho, gidm chi phi canh tic, ning cao Igi nhuin cho ngudi ndong dan, dong thdi

bdo v& moi trudng.

Tir khéa: pin ning lugng mit trdi, nghich luu DC/AC 3 pha, ky thuat diéu khién SinPWM.

1. Dit van dé

Hang nidm, khi mda khd d&n, myc nudc song
thdp xudng, cdc cdnh dong lda bi kho han thi€u
nu6e. PE ctiu nhitng cdnh ddng lda, ngudi ndng dan
phai ton kha nhiéu chi phi d€ cip nudc vao ruong
du6i nhiéu hinh thitc, nhu: ding mdy bom chay dau,
xdng (v6i nhitng thita rudng xa khu dan cu, khong
c6 dudng day ha 4p di ngang), bom dién (vSi nhitng
thita rugng gin nha hoic gin dudng diy dién ha ap
di ngang). Cdch lam nay da dan dén gidm I0i nhuan
clia ngudindng dan.

Ngay nay, vdi chl tridng clia cdc qudc gia trén
th€ gi6i 12 khai thic cdc ngudn ning luong tdi tao
nhu ning lugng gid, mit trdi... thay cho ngudn ning
lugng héa thach 1a than d4, dau khi... rit dugc quan
tam. Cling v6i viéc phat trién ctia cudc cdch mang
cdng nghiép 4.0, nganh cong nghiép ban dan phat
trién nhanh chéng di tao diéu kién cho cong nghé
khai thic NLMT ngay cang thuin 10i, tao diéu kién
cho nhitng ngudi nong dan ti€p can va st dung
ngudn ning lugng nay véi chi phi thap.
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Tra Vinh c6 1di thé vé diéu kién bic xa mit troi
16n 5kWh/1m?¥ngay, s6 ngay ning trong nim cao,
t6i 320 ngay. Trung binh 1kWp thu dugc
4,5kWh/ngay[1- 4]. Chinh vi I¢i th€ nay, hién tai,
tinh Tra Vinh c6 nhiéu du 4n, md hinh khai thic
ning lugng tii tao phuc vu nhu cau sit dung dién tir
dan dung, cong nghiép dién hinh nhu sau:

1) Tén md hinh: Lip dit thi di€ém hé thdng dién
ning tr6i SkWp tai tru s& cd quan S& Cong Thuong
Tra Vinh. Pon vi cha tri: S§ Cong Thuong Tra
Vinh. Thoi gian thuc hién: T thang 03/2018 dén
thang 03/2019. (Béang 1)

2) Tén md hinh: Hé thong NLMT 4p mai trén
khu Hiéu bd trudng Pai hoc Tra Vinh 100kWp.
Don vi chi tri: Trudng Pai hoc Tra Vinh. Thdi gian
dwa vao van hanh: T ngay 25/12/2019 dé&n nay.
(Bang2)

3) Tén md hinh: Nha mdy Bi€n madt trdi Trung
Nam Tra Vinh dugc xay dung tai 4p Gidng Giéng -
xa Dan Thanh - thi xa Duyén Hai - tinh Tra Vinh.
Téng cong suit 140 MW, gébm cé 32 tram chuyén
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Bdng 1. 6 liéu thu dudc trén phadn mém clia Hang Goodwe

bon vi tinh: KWh

03/2018 04/2018 05/2018 06/2018 07/2018 08/2018
776,2 7427 596,3 539,6 558,6 568,5
09/2018 10/2018 11/2018 12/2018 01/2019 02/2019
558,9 690,2 590,6 571,2 671,5 672,3

BAng 2. S6 liéu thu thép cdng suéit phét tir hé théng 100kWp tai Truéng Pai hoc Tré Vinh (TVU)

Bcn vj tinh: KWh

01/2020 02/2020 03/2020 04/2020 05/2020 06/2020
16057 15780 15757 15200 13633 10856
07/2020 08/2020 09/2020 10/2020 11/2020 12/2020
12711 12219 12583 10363 12555 11214

ddi DC/AC, dong dién trung binh cta cdc tram
Impp =6,2 (A), dién 4p trung binh cic tram 1058,79
(V), hiéu suat chuyén ddi 90,9%.

Qua két qua khdo sét tir 3 mo hinh trén cho thay,
san lugng va hiéu suat chuyén ddi ning lugng ciia
pin rit cao (> 85%), tao diéu kién thuan Igi dé
ngudi dan st dung ngudn ning lugng nay. Tinh Tra
Vinh nim & phia Pong Nam dong bing song Ctlu
Long v6i dién tich tu nhién 2.295,1 km?, giita 2 con
song 16n 1a song C8 Chién va song Hau, phia TAy
Béc gidp tinh Vinh Long; phia Pong gidp tinh Bén
Tre v6i song C3 Chién; phia TAy gidp tinh Séc
Trang v&i song Hau; phia Nam va Pong Nam gidp
bién Pong v6i hon 65 km bd bién, khi hau chia
thanh 2 mia rd rét (mia mua tif thing 5 d&€n thang
11, mba kho tir thing 12 d&€n thdng 4 nim sau).
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Diéu nay di tao diéu kién trong 3 vu lda trong nim;
Vu boéng Xuan, He Thu va vu Thu BPong; trong do,
vu Podng Xuin va He Thu 1a 2 vu cin tudi tiéu
nhiéu nhit vi @6 chénh léch myc nu6c gitta kénh
rach véi mitrudong dao dong tir 0,1 dé€n 1m.

Hién tai, tai khu vuc tinh Tra Vinh, chi yé&u sit
dung may Diesel D6 (cong suit 6hp) d€ bom nudc
vao rudng lda, lugng nuGc bom dudgce tir 50-70m3/h
ddp ng nhu cau khodng (500-700)m> mit rudng
nhud Hinh 1.

M4y c6 téng khdi lugng trén 100kg. Khodng
cdch gitta 2 1an bom tir 3-5 ngay 1 14n, s6 1an bom
cho 1 vu mua tir 7-10 1an/vu. Nhu vay, chi phi cho
mdt vu mia khd cao n€u dau tu mdy diesel, thué
mu6n van chuyén bio tri may, chi phi nhién liéu...
Né&u khong dau tu thi thué may bom, dao dong tir

Hinh 1: Dang déng cd Diesel bom nuéc i giéng khoan va muong

TR
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50 - 90 nghin ddng/gid tuy thudc vao vi tri va diéu
kién van chuyén may bom dén thita rudng. Véi
gid nhién liéu ngay cang ting ~ 25.000 dong/lit
ddu, tudi tho ctia mdy diesel ngin, tif 4 - 5 nim
va hiéu sudt may thap, tr 45 - 65% thi chi phi cho
modt vu mua ngay cang ting cao khi vao mua
niang nhiéu.

Bén ngoai tinh, con c6 mot s6 cong ty 16n
chuyén vé NLMT di tao ra hé thong bom nudc
chay biang NLMT, nhu: Cong ty Thuong mai Sai
Gon, bom nuéc NLMT cia Vi Phong [5] chuyén
cung cip va ldp dit thi€t bi pin NLMT k&t hop 13p
dit bd chuyén d6i ning lugng dién DC-AC dé phuc
vu cong nghiép va dan dung.

Trén th€ gidi, cdc cong trinh nghién ctu
NLMT va tng dung rat rong rii nhu: Cong trinh
“Pumping Water for Irrigation Using Solar
Energy” [6] dd phan tich cdc s6 liéu va ciu tric
cla pin ning lugng, khd ning hip thu NLMT
chuyén héa thanh ning lugng dién, hay néi cach
khdc 12 hiéu sudt tim pin. Phuong phdp dau ndi
cdc tim pin. Phan tinh qud trinh chuyén héa ning
lugng trong hé thong bom, tdn thit ning lugng
trong hé théng tuSi tieu. Cong trinh “Solar
Powered Watter Pumping Systems” [7] dé cip
trng dung nguén NLMT tif cdc tAm pin ning lugng
du6i dang ngudn dién DC qua bo diéu khién dé
chay dong co DC tao ngudn dong luc cho hé thong
bom nuéc, ciing nhu lam ngudn dong Ivc cho cédc
thi€t bi khdc phuc vu cho nong nghiép. Tuy nhién,
hé thdng bom st dung dugc nhiéu ddi tuong khic
nhau khong phit hdp cho mot d6i tugng cu thé nhu
14y nu6c vao rudng lda, c6 dic tinh riéng 1a do
chénh muc nudc gitta rudng va kénh chtira nudc

Hinh 2: Sd dé nguyén ly hé théng
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thap (< 1,3m), tir d6 nhém thi€t k& cd cAu bom phi
hogp d€ nang cao hiéu suit bom 1&n 2-3 1an so véi
bom thong thudng.

Dya vao tinh hinh thyc t€ tai dia phuong, tinh
dic thil clia thd nhudng va diéu kién cd s& vat chat
tai BO mon: Pién - Dién t, Khoa Ky thuit Cong
nghé, Trudng Pai hoc Tra Vinh, dong thdi tao
ngudn cdm hitng, dong lyc trong cong tic nghién
cttu khoa hoc cho gido vién va sinh vién, nhém tac
gid quy&t dinh thi€t k&, 1dp dit hé thdng bom nude
stt dung NLMT (cong suit 2,2kW) phuc vu bom
nudc vao rudng, véi muc chi phi hgp ly 20 - 25
triéu dong.

2. Gidi phap dé xuat

DPé thi€t k&, 1ip dat hé thong bom nudc vao
rudng lda, nhém da khdo siat do chénh 1éch muc
nu6e giita kénh va rudng, tim hi€u dic tinh pin
NLMT, tim hi€u cong suit phat, hiéu suit ctia pin
tai khu vurc tinh Tra Vinh. Tinh todn chon cong suat
pin, s& tim pin st dung. Thi€t k& bd chuyén ddi
cong suat tir nguén DC sang ngudén AC 3 pha cip
cho dong cd khong ddng bd 3 pha 2,2 kW kéo dau
bom nuGe cong suat 60m*/h.

2.1. So do nguyén ly hé thong bom dé xudt sit
dung nang lugng mdt troi

Sd d6 nguyén ly mach diéu khién va mach dong
Iurc clia hé théng bom nuée cong sudt 2,2Kw duge
mo ta nhu Hinh 2:

Thié€t k& hé thdng bom nuée gdm c6 cdc phin co
ban nhu sau:

2.1.1. Tinh chon s6 lugng va thong sé ky thudt
cdc tdm pin va khung do

a) Thong s6 k§ thudt cdc tAm pin

Cin cif vao cong sult tai sit dung 2,2kW, tic gid
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Bdng 3. Théng s6 ky thuét cla tdm pin

Tam pin cong suét 390 Wp
Cong suét dinh muc
’ W,
tai STC (Prpp) 390Wp
Théng Dién ap hd mach (V) 48,2V
s6ky | Dongngan mach
10,17A
thuat | tai STC (Is,) 0.
den | pien ap MPP (V pp) 40,4V
Dong dién (Impp) 9,66A
Nhiét d6 van hanh 25°C -85°C
S6 cell trong t&m pin 144[2x(1276))
Thong | Kich thuée (L'W*H) 2000*992*35mm
s6ky | Tronglugng 22,5kg
thuat | Congnghé khung Anod nhém
cokhl" " Tia, chuan P68
Tai trong t6i da 5400Pa

tinh chon 6 tAim pin d4u ndi ti€p nhau véi mdi tAm
pin c6 thong s6 k¥ thuat dién va thong s§ ky thuat
co khi nhu [Bang 3] va thong s& van hanh hé thong:
bién ap hd mach: 289,2V; Dong dién dinh muc:
9,66A; Pién 4p Vmpp: 242V; Cong suit Pmpp:
2340W. (Bang 3)

b) Thi€t k&€ khung d& hé thong pin

Céc tAm pin dudc c6 dinh trén khung sit khong
gi ¢6 kich thuéc: chiéu dai 6m, chiéu rong 1,4m;
chiéu caol,6m va dé 14p rap, thdo d& nhd hé thong
chot khéa, dugc thiét ké dé 1ap dit va thdo lap khi
van chuyén.

2.1.2. Thiét ké hé théng nghich luu DC/AC 3 pha

B6 chuyén d6i ngudn DC tir ddu ra ctia 6 tim pin
sang ngudn AC 3 pha cap cho dong cd bang k§ thuat
diéu ch€ SinPWM [8-9] d€ diéu khién khéa/md ban
dan: IGBT FGH40N60SFD 40A nhu Hinh 3. Mach
phat xung st dung board STM32F407 dugc viét
code diéu khién trén phan mém Matlab va thu vién
Weijung 17.03a. (Hinh 3,4, 5)

2.2. Thuc nghi¢m bo nghich luu AC 3 pha véi
tdi R va dong co (Hinh 6, 7, 8)

1) Trong trudng hop tai dién trd: Pién 4p ngudn
cap 1 pha 50Vac, dién 4p DC trén tu 70 Vdc, dién
4p ngd ra 3 pha tin s6 50Hz, tn s& c6 thé thay d6i
dugc khi thay d6i tan s6 séng diéu khién.

Hinh 3: Sd dé nguyén ly mach chuyén doi
DC sang AC 3 pha

Sin PWM controller
STM32F407

Hinh 4: Mach nguén kich va mach céng sudt

Hinh 5: Phdn ciing bé nghich Iuu
da hoan chinh

2) Trong trudng hop tdi dong cd khdng dong bd
3 pha: Pién 4p ngudn cip 1 pha 220Vac, dién ap
DC trén tu 310 Vdc, dién 4p ngd xoay chiéu 3 pha,
220 Vac tan s6 50Hz, tAn s6 c6 thé thay d6i dudc
khi thay ddi tan s& song diéu khién.

3) Tinh chon dong cd: Cin cif vao cdng suit phat
tir bd nghich Iuu chon ddng cd bom nudc 1a dong co
“Khong ddng bo” cé thong s6 k§ thudt nhu sau:
(Béng4)

C4u tao don gidn, chic chin, gid thanh ré. Pugc
tng dung rong rai trong din dung, cong nghiép. Dai
cong suat rong tr vai chuc Watt d&€n vai mega Watt.
Ngudindng dan dé tim mua, dé stta chita.

$6 9 - Thang 4/2023 331



TAP CHi CONG THUONG

Hinh 6: Tdi pha 2R déu néi tiép (a); Tai déng cd
khéng déng bé (b)

Hinh 7: Xung kich IGBT S1; $3; S5, mé phdéng
va thuc nghiém

M Fos; 0.000s

Hinh 8: Dang séng ngo ra bé nghijch luu 1 va 3 pha

Tek L ®sup M Pas: 0,000s SAVE/FEC  Tek 1 M Pos: 0.0008
+

@ stwp
+

CHZ 50.0v

3. Ké&t qua thao luan

1) Van hanh mo hinh va thu thap so liéu: Mo
hinh dugc 1dp dit, vain hanh vao thdi diém ban
ngay, tir 700 sang d&€n 16h55 chiéu tai khu thuc
tap tréng trot ciia BO mdn: Nong nghiép, Khoa
ndng nghiép - Thiy sén, Trudng Pai hoc Tra Vinh
va ti€n hanh thu thip cdc thong sd vé6i tin suat 10
phit/lan tir 7h00 d&€n 15h20 va sau 15h20 ci 5
phiit 14y mAu/lan, tuong duong 70 miu/ngdy va
14y trong 05 ngay vdi tdng s6 mau 12 310 mau.
Thyc hién 14y miu biing phuong phép thii cong s6
liéu dugc ghi lai va x& 1y nhu & [Béang 5, 6].

Céc budc thyc hién 14y mAu nhu sau:

a) Chudn bi thiing dung nudc 60 lit, may quay
phim, bing ghi nhan thong sd.

b) LAy mAu bit dau Iic 7h00 & tan s 12 26Hz,
ti€n hanh 18y ddy thung 60 lit va thuc hién 3 Ian,
dugc mdy quay ghi hinh lai.

¢) Cin ctf vio badng 14y mAu, ting tin s6 (f) b
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Bdng 4. Théng s6 ky thuét clia déng co

Cong suét Py, 2,2kwW
Pién ap Uy, 200V
Dong dién I, 8,65A
S6 cuc 2p 2
Tansof 60Hz
Toc do ngp, 2840v/p

nghich lvu tir 26Hz d&én 60Hz, tai mdi tan
s0, ta thuc hién 14y miu tuong ty nhu & tin
s6 26Hz.

2) K&t qud cho thdy, tin s thap nhdt f;,
= 26Hz liic 7h00 sdng va ting din d€n 60Hz
ldc 12h50. Vao budi chiéu thi ngugc lai, tin
s6 gidm dan tir 60Hz xudng 26Hz lic 16h55
chiéu. Piéu nay ciing tuong tng vdi lugng
nu6c bom 1€n it nhat 10,8m%h tai tin 8 £y,
= 26Hz va nhiéu nhat 86,4m%h tai tin s6
fax = 60Hz. K&t qua nay ciing cho thdy mdi
quan hé gitta c4c thong s&: Thdi gian thuc (h)
ban ngay va tin s6 (f); Thdi gian thuc (h) ban
ngay va dién dp ngd ra (Vac) va Thdi gian
thuc (h) ban ngay va thé tich nuéc (m3/h)
bom dugc.

4. Kétluan

Bai viét da trinh bay gidi phdp st dung
nguén NLMT thong qua bo chuyén d6i cong sudt
DC/AC 3 pha diéu khién dién 4p ngd ra bing phin
mém Matlab, van hanh dugc hé thong bom nudc
vGi dong co dién khdng ddng bd 3 pha 2,2kW. Noi
dung thyc nghiém mo hinh cling dugc thi nghiém
trong 5 ngay( 04/4/2021- 08/4/2021) trén rudng lda
ciia BO mon Nong nghiép, Khoa Nong nghiép -
Thiy sén, Trudng Pai hoc Tra Vinh va d6 chénh
Iéch mitc nudce gitra kénh va rudng lda (H=1,2m).

Véi hé thong bom nudc sit dung ngudon NLMT
cong suat 2,2kW, luu lugng dat duge 10,8m/h dén
84,6m*/h. Hoat dong tir 7h00 - 16h55. Tir d6 cho
thay, viéc st dung md hinh bom nu6c dé xuat trong
baibdo nay hoan toan ¢6 kha ning dp dung rong rai
vao thyc t&€ & cdc dia phuong c6 diéu kién canh tic
nong nghiép tuong ty trong va ngoai tinh Tra Vinh;
g6p phin gidm chi phi va ting 16i nhuan hon so véi
ki€u bom biing mdy xing, dau truyén théng m
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Bdng 5. Thong s6 thu thap vao budi séng BAng 6. Thong s6 thu théap vao budi chiéu
(7h00-16h55) (12h50-16h55)
Théi | Tan Giay/ Métkhs | Diénap Théi | Tan Giay/ Métkhs | Diénap
gian(h) | s&(f) | 60lit(s) | Wgid(m¥h) | (Vac) gian(h) | s&(f) | 60lit(s) | i/gid(m¥h) | (Vac)
7h00 | 26 20 10,8 85,30 12h50 | 60 25 86,4 178,1
7h10 | 27 15 14,4 88,70 13n.00 | 59 2,6 83,1 176,7
7h20 | 28 13 16,6 91,40 13h.10 | 58 2,7 80,0 174,0
7h30 | 29 1 19,4 94,50 13h.20 | 57 28 771 171,4
7h40 | 30 9,0 24,0 97,60 13n.30 | 56 2,9 745 169,4
7h50 | 31 8,5 25,4 100,4 13h.40 | 55 3,0 72,0 167,3
8h.00 | 32 8,0 27,0 103,5 13n.50 | 54 3,1 69,7 164,0
8h.10 | 33 75 28,8 105,9 14h.00 | 53 32 67,5 162,2
8h20 | 34 6,9 313 109,0 14h.10 | 52 33 65,4 159,2
8h30 | 35 6,4 338 12,3 14h20 | 51 34 63,5 158,3
8h40 | 36 6,0 36,0 115.7 14h.30 | 50 35 61,7 157,0
8h.50 | 37 57 37,9 119,6 14h.40 | 49 36 60,0 153,6
%h.00 | 38 55 39,3 123,2 14h50 | 48 37 58,4 151,3
%h.10 | 39 52 414 125,0 15h.00 | 47 38 56,8 1476
%h20 | 40 50 43,2 126,8 15h.10 | 46 3,9 55,4 144,8
%h.30 | 41 47 46,0 129,7 15h.20 | 45 40 54,0 142,8
oh40 | 42 45 48,0 133,0 15h25 | 44 4.1 52,7 140,0
%h50 | 43 43 50,2 137,6 15h.30 | 43 42 514 1383
10n.00 | 44 4,2 51,4 139,3 15h.35 | 42 43 50,2 136,0
1010 | 45 4,0 54,0 140,4 15h.40 | 41 45 48,0 133,0
10n20 | 46 3,9 55,4 141,8 15h.45 | 40 50 43,2 130,0
1030 | 47 38 56,8 147,6 15h.50 | 39 5,2 414 126,8
1040 | 48 37 58,4 151,3 15h.55 | 38 55 39,3 125,0
10n50 | 49 36 60,0 153,6 16h.00 | 37 5,7 37,9 123,2
11h.00 | 50 35 61,7 155,7 16h.05 | 36 6,0 36,0 118,0
11h.10 | 51 34 63,5 156,9 16h.10 | 35 6,4 33,8 15,7
11h.20 | 52 33 65,4 158,3 16h.15 | 34 6,9 313 13,0
1h.30 | 53 3.2 67,5 159,8 16h.20 | 33 75 28,8 109,0
11h40 | 54 3,1 69,7 162,2 16h25 | 32 8,0 27,0 106,0
11h.50 | 55 3,0 72,0 164,7 16h.30 | 31 85 254 103,5
12h.00 | 56 2,9 745 167,3 16h.35 | 30 9,0 245 100,0
12h10 | 57 2,8 771 169,2 16h.40 | 29 11 19,4 97,60
12h20 | 58 2,7 80,0 1714 16h.45 | 28 13 16,6 94,30
12h30 | 59 2,6 83,1 175,0 16h.50 | 27 15 14,4 91,40
12h.40 | 60 25 86,4 176,7 16h.55 | 26 20 10,8 85,30
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Thong tin tdc gia:
NGUYENDPUC HIEU
Truong Pai hoc Tra Vinh

THE DESIGN OF A 2.2KW WATER PUMP
SYSTEM POWERED BY SOLAR ENERGY
FOR IRRIGATION OF RICE FIELDS

® NGUYEN DUC HIEU
Tra Vinh University

ABSTRACT:

This study presents the design of a 2.2kW water pump system powered by solar energy for
irrigation of rice fields. If it is a sunny day and the water level is not lower than 1.2 meters above
the field level, this water pump system will work well. The system meets urgent requirements for
dry rice fields in the dry season, reducing farming costs, increasing profits for farmers, and
protecting the environment.

Keywords: solar battery, single phase DC/AC inverter, SinPWM control technique.
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