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TOM TAT

Bai bao trinh bay phuong phap thiét ké, ché tao va diéu khién nhiét 6 mé hinh
say d6i luu cudng buc sir dung ning luong mat troi. Phan mém Solidworks dugc st
dung d¢é thiét ké mo hinh 3D cho mé hinh thiét bi say bao gdm 2 bd phan: bo phan
thu nhiét va buéng séy. Mo hinh séy thue té duoc ché tao va nhiét do trong buéng
say dugc giam sat, diéu khién sir dung mot sb thiét bi diéu khién phd bién trong cong
nghiép va thuat toan PID. Két qua thuc nghiém v&i nguyén liéu 1a mit tuoi cho thiy,
mo hinh hoat dong on dinh, gid tri nhiét d¢ trong bu(‘Sng séy dat cao hon nhiét do
ngoai troi tai cung thoi diém va bam theo duoc nhiét 46 dat. San phém sau khi séy
khong bi ndm méc va dat duoc d6 am tuwong d6i voi thoi gian sy ngin hon so véi
thoi gian phoi nang. Nhu vay, mé hinh siy trai cdy voi cac tinh nang nhu giam sat
va cai dat nhiét d6 sdy co ban dap ung dugc yéu ciu vé sdy mot sé ndng san co nhiét
do séy thich hop khac nhau.

Tir khoa: Diéu khién PID, thiét bi sy nang luong mit troi, thiét ké mé hinh, sdy ddi
luu cudng buc.

ABSTRACT

The paper presents a method for design, fabrication and temperature control of a
forced convection air dryer powered by solar energy. Solidworks software is implemented
to design the 3D model of the dryer which consists of two parts: solar collector and
drying chamber. Finally, the dryer is fabricated and temperature in the drying chamber is
monitored and controlled using some popular industrial devices and the PID algorithm.
Experimental results with fresh jackfruit show that the model operates stably, temperature
in the drying chamber is higher than outdoor temperature at the same time and it follows
the set temperature closely. The dried product is free from mold, attains relatively low
humidity, and is experienced a shorter drying time compared to the sun-drying method.
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Thus, the solar-powered fruit dryer with features such as drying temperature monitoring
and setting basically meets the requirement of drying some agricultural products whose

suitable drying temperature is different.

Keywords: PID control, solar-powered fruit dryer, dryer design, forced convection

air drying.
1. GIOI THIEU

Ning luong dang tré thanh mot van
dé birc thiét toan cau. Viéc nghién ctru ing
dung nang luong mit trdi ma mot trong s6
d6 1a dé gia nhiét cho thiét bi sdy nong san
1a huéng di phu hop va cap thiét [1,2]. Mot
s6 thiét bi sdy voi nhing thiét ké khac nhau
da dugc nghién clru va ap dung vao tung
san pham cu thé. Dé tai cta tac gia Nguyén
Vin Thanh [3] d4 nghién ctru va trién khai
thiét b sdy lai d6i luu tu nhién c6 tich nhiét
trong du 4n 1én men, siy va danh gia chat
lugng ca cao. Thiét bi budng say dugc thiét
ké bang tAm polycacbonate mo dé tranh 4nh
sang chiéu truc tiép vao hat ca cao nhung
van c6 thé hap thu dugc nhiét do. Nhiét do
trong budng say 1a 29 — 59°C khi nhiét do
bén ngoai 1a 22 — 36°C. San pham sau khi
sdy khong bi nAm méc hay 1én men qua do
khi phoi va rat ngin duoc thoi gian so véi
phoi nang 13 2 ngay. Nha sdy lai dung siy
toi tai ddo Ly Son, tinh Quang Ngai [4] v6i
dién tich budng siy 1a 12,6m? véi tam cira
diéu chinh nhiét d6 c6 goc mo tir 0 — 90° ¢6
thé lam giam luu luwong khi di vao, nhiét
moi truong va trong budng sdy chénh léch
tir 2 — 12,5°C. Eustache et al. [5] d4 thiét ké
va md phong thiét bi siy bang niang luong
mat troi véi nguyén li¢u 1a xoai. Mo hinh
dugc mo phong bang phan mém TRNSY'S
dé phan tich nhiét dya trén dit liéu khi hau
¢ Kigali va mot may siy bang ning luong
mit troi voi dién tich san say 0,4m? sau d6
mo phong trén phan mém MATLAB dé du
doan cac thong sb ciia san pham dat duoc.
Két qua mo phong cho thiy nhiét do sdy
tang duogc 1én 60°C va trong 14 gido lam

kho mot ky xoai twoi voi d6 am giam tur
60% xudng 10% lam ting hiéu qua siy kho.
Thiét bi sdy ddi luu tw nhién dugc thiét ké
tai Khartoum dé sy trai cay (xoai cat lat)
[6]. Thiét bi duoc thiét ké dang ta bao gom
budng sdy va bo thu nhiét dugc két hop
thanh mét khoi duoe trang bi 2 van thong
gi6 nam phia trén dé ciia tAm thu nhiét voi
nép diéu chinh mtc do mé hoan toan hodc
mé mot nira dé diéu chinh nhiét do.

Nhin chung, cdc nghién ctu chi tap
trung vao viéc thiét ké hé théng sdy sao
cho thu dugc btc xa nhiét nhiéu nhit co
thé ma chua quan tam viéc diéu khién va
6n dinh nhiét do trong budng sy theo yéu
cAu voi tung loai san phém cu thé. Vi vay,
bai bdo ndy ngoai viéc ké thira cac thiét ké
ctia hé thong sdy da co, con ap dung thuat
toan PID dé diéu khién va duy tri nhiét d6
trong budng sdy. Viéc sir dung mot sb thiét
bi diéu khién phd bién trong cong nghiép
giup cho vi¢c giam sat va cai dat nhiét do
dé dang, hoat dong cua hé thong 6n dinh va
nhiét do dugc duy tri ¢ gia tri mong muén
khi lugng birc xa ty nhién dua 16n.

2. PHUONG PHAP THUC HIEN
2.1Tong quan vé md hinh

Heé théng do va diéu khién nhiét d6 gom
¢6 cac thanh phan chinh sau: PLC Siemens
S7-200 CPU 224, Module analog EM235,
mach diéu khién coéng suit dung Mosfet
AODA4184A, cam bién nhiét d6 PT100,
quat hut 24VDC, man hinh Siemens TD200
dugc st dung dé giam sat va cai dat nhiét
d6 mong mudn. So do két ndi giita cac thiét
bi duoc trinh bay nhu Hinh 1.
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Hinh 1. a) So dé téng qudt; b) So dé diéu khién

Nguyén li hoat dong:

Tam thu nhiét ¢6 nhiém vu hép thu
btrc xa tir ndng lwgng Mat Troi tao ra nhiét
trong bo thu nhiét, quat hut s& lay khong
khi néng tir bd thu nhiét thdi vao budng
sdy. Nhiét d6 trong budng siy s& dugc do
lién tuc tir cam bién nhiét do PT100 va
thong qua Module Analog EM235 dugc
truyén toi bo diéu khién PLC S7-200 CPU
224. Bo diéu khién véi thuat toan PID s&
dua vao gia tri dat Setpoint (nhiét do mong
mudn trong budng sdy) va gid tri do duoc
tir cam bién (nhiét do thyuc té trong budng
sdy) dé tinh toan tin hiéu diéu khién (xuét
dué6i dang xung PWM) cép cho mach diéu
khién cong sut dé diéu khién van toc cua
quat hat. Myc tiéu ciia hé diéu khién vong
kin nay (Hinh 2) 1a diéu khién nhiét do
trong budng sdy duy tri ¢ gia tri nhiét do
bat ky ma dugc thiét 1ap boi nguoi ding
thong qua man hinh gidm sat.

Nhiét 6
dat

Modul diéu khién Quat I—»{ Lo sy

Hinh 2. So dé vong kin diéu khién PID.
2.2 Thiét ké mé hinh
Mo hinh 16 siy 3D (Hinh 3) duogc thiét
ké trén phan mém Solidworks, voi céc
thong so chiéu dai, chiéu ngang, chi¢u cao
lan lugt cua hé thong say la: 1 = 132cm,

w=45cm, h=100cm dé c6 thé siy tdi da 1
kg trai cay tuoi/khay siy.

M0 hinh gdm 2 bo phan chinh: b phan
thu nhiét va thung sy [7,8,9] (Hinh 4a,b).

B0 phan thu nhiét: phia ngoai lam
bang thép tam day 1,5 (mm), bén trong
dugc 16t tim cach nhiét day 5 (mm) doc
theo thanh bo phan thu nhiét, bén trén lap
tam kinh trong day 3 (mm), cudi cting bén
trong bd phan thu nhiét dat maot tam ton son
den c6 tac dung hép thu birc xa nhiét.

Hinh 3. Mé hinh duoc thiét ké trén phdn mém
Solidworks.

Thung siy: duoc lam bang thép tim
day 1,5 (mm), bén trong 16t cach nhiét day
5 (mm), c¢6 3 ngin sy, co cira thong lap
quat hut dé dua hoi néng tir bo phan thu
nhiét vao thing say.
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Hinh 4. a) Tdm thu nhiét thuc té; b) Thing sdy thuc té,

2.3 Phwong phap diéu khién nhiét do

Ché d6 Giéu khién
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\
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Xudt tin hiéu giéu khién
ra Module cdng suat

y

Module cng sudt
dieu khien quat

No R
= Dirng PID

Yes

Hinh 5. Luu d6 hoat déng ciia mé hinh sdy.

Phan mém STEP 7 MicroWin dugc st
dung dé 1ap trinh diéu khién cho cac thiét
bi phan cimg hoat dong. Trong do, cong cu
Tool Instruction Wizard duogc dung dé tao
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thuat toan PID cho médt mach diéu khién
kin, d6 chinh 1a vong lap PID. Khi cap
ngudn cho PLC, b diéu khién PID s& hoat
dong. Cac thong s cia thuat toan PID 1a
Kp, Ki, Kd c6 thé 1a cac gia tri ty tinh todn
tw dong dugc tir cong cu Tool Instruction
Wizard (ché dd Automatic) hoac dugc cho
boi ngudi 1ap trinh (ché d6 Manual).

Khi van hanh, nguoi dung nhip vao
gia tri nhiét do dat (Setpoint) mong mudn
thong qua man hinh giao dién, bo diéu
khién so sanh gia tri nhi¢t d§ doc dugce tu
cam bién v6i gia tri nhiét 46 dat dé tinh
toan tin hiéu diéu khién ma xuat dudi dang
xung PWM. Tin hiéu diéu khién nay, thong
qua Module diéu khién cong suat, s& lam
thay doi toc do quay cua quat, tir do thay
d6i lwong nhiét cdp tir bd phan thu nhiét
vao budng sdy. Luu d0 giai thuat cia hé
thong didu khién va giam sat nhiét do duoc
thé hién ¢ Hinh 5. Pén day, mot thiét bi
hoan chinh da dugc xay dung nhu hinh 6.

Hinh 6. Thiét bj sdy thuc té.
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3. KET QUA VA THAO LUAN

Dé kiém nghiém hoat dong cia mod
hinh sdy, 2 miu mit nghé sau khi duoc
loai bo vo va hat (1 kg/mau) duoc st dung

1am nguyén liéu sdy. Mot miu dugc dua
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vao thiét bi séy vo1 nhiét do séy duoc thiét
1ap cho hé thdng 1a 50°C, mau con lai dem
di phoi ning. Thoi gian sdy 14 3 ngay lién
tuc. Luu ¥, trong budng siy c6 3 khay chira
nguyén liéu nén lugng mit say duoc thyc té
c6 thé cao hon gip 3 lan.
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Hinh 7. Sé liéu nhiét dé cua thiét bj sdy theo thdi gian: a) ngay 1; b) ngdy 2; c) ngay 3.

Sé liéu thu thap duoc trong 3 ngay (Hinh
7) cho thay, trong khoang thoi gian sy tir 9
gio toi1 16 gio, nhiét do trong bd thu nhiét
dao dong rat nhidu tir 48°C t6i 74°C. Hon
thé nita, thoi diém thuc nghi¢m thyc té 1a
vao miia mua ¢ thanh ph6 Can Tho véi ning
gian doan nén nhiét do tai cac thoi diém gﬁn
nhau ciing dao dong kha 16m. Tat ca diéu nay
1a tit yéu vi nhiét do trong b thu nhiét phu
thudc truc tiép vao luong buc xa mat troi
ma dugc quyét dinh boi diéu kién thoi tiét
va thoi diém trong ngay. Tuy nhién, bd thu
nhiét cho thay tac dung hap thu nhiét kha tot
khi nhiét do trong bo thu nhi¢t luén luén cao
hon nhi¢t d§ ngoai méi truong.

Nhiét d6 trong budng sy c6 thé dat t6i

100

gia tri dat & mac 50°C va on dinh tai d6 nho
vao bd phan diéu khién. Mic du c6 lac chi
& mirc 38°C nhung d6 1a khi nhiét d6 ngudn
cap chi dat 48°C (thap hon gia tri dat). Vi
su on dinh hon va gia tri cao hon ctia nhiét do
trong budng sy, ta co thé thay san pham say
sir dung mo hinh sdy c6 chit luong t6t hon
san pham phoi tuy nhién nhu thé hién & hinh
8a va 8b twong tmg. Cuy thé, san phim sau
qué trinh sy thi kho hon; mau sic va mui vi
ctia mit sdy ciing rat tot so voi phuong phap
phoi ning voi cing thoi gian. Tuy nhién, do
cong suat cia quat chua du 16n, su luu thong
khong khi chua hop 1y nén chat luong san
pham chua dong déu giita cac tang va thoi
gian sdy con cao (khoang 16 gio).
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Hinh 8: a) San phdm sau khi sdy bdng thiét bi; b) San phdm sau khi phoi ndng tu nhién

4. KET LUAN VA DE XUAT

Mot md hinh thiét bi sdy trai cay bang
nang lugng mat troi két hop diéu khién
nhi¢t do da dugc hoan thanh. Vi¢c ing dung
mot sb thiét bi diéu khién phd bién trong
cong nghlep va thuat toan PID giup nh1et
do trong buong sdy c6 thé tiiy chinh va on
dinh dang ké so voi nhiét d bén ngoai. San
pham sy vi vay ciing dat chat lugng cao
hon phuong phap phoi ngoai troi. Méc du
vy, mo hinh say van con nhiéu han ché:
mirc d6 kho cta san pham chua dong déu;

thoi gian say con cao; chua chi dong duoc
ngudn nhiét nén nhiét do trong budng sy
van con it nhiéu phu thudc vao diéu kién
thoi tiét; nhiét do trong bu@)ng séiy chua cao
(<60°C). Do vay, hudng phat trién tiép theo
ctia dé tai 1a sir dung pin ning lugng mit
troi cép cho dién tro gia nhiét nham cha
dong hon vé ngudn nhiét cdp cho budng
sdy. Hon thé nira, vin dé vé d6 am trong
budng sdy ciing can dugc giam sat va kiém
soat,.... TAt ca nham cai thién cht luong
ctia san pham tot hon.
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