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Tém tit

Sdy san pham néng nghiép bang vi séng trong moi
trwong chdan khéng la mét ky thudt sdy duwoc
nghién ciru va ung dung nhiéu trong thoi gian gan
ddy. Trong qud trinh say, diéu khién phéi hop gitta
cdc tham sé dp sudt chdan khong, thoi gian cap
nhiét vi séng, bién thién nhiét @ san pham sé cho
cde chi tiéu chdt lwong, thoi gian say va nang
luong tiéu hao khac nhau. Bai bdo dé xuat mot
thudt todn diéu khién qud trinh sdy vi séng trong
méi triwong chdn khéng véi cdu tric diéu khién
phéi hop lién tuc theo thoi gian. Tir thudt todn
diéu khién, bai bdo ciing trinh bay cdu triic bé
diéu khién, ph&n mém va cdc thiét bi thuc nghiém
qud trinh sdy. Cdc két qua thuc nghiém cho thdy
kha nang sdy nhanh, tiét kiém ndang leong, tinh
hiéu qua cua thiét bi dwoc xay dung.

Tir khoa: Sdy vi séng, say chan khéng, sdy chin
khong vi song.

Abstract

Microwave drying of agricultural products in a
vacuum environment is a drying technique that
has been researched and applied a lot recently.
During the drying process, controlling the
combination of vacuum pressure parameters,
microwave heating time, and product temperature
variation will give different quality indicators,
drying time, and energy consumption. This article
proposes an algorithm to control the microwave
drying process in a vacuum environment with a
control structure coordinated continuously over
time. From the control algorithm, the article also
presents the controller structure, software and
experimental equipment for the drying process.
Experimental results show the built equipment's
fast drying ability, energy saving, and
effectiveness.

Keywords: Microwave drying, vacuum drying,
microwave vacuum drying.

1. Pat vin dé

San pham nong nghiép c6 do am 16n s& khong thé
bao quan lau dai do d& bi ndm mdc, bién chat. Say 1a
mot qué trinh 1am gidm lugng nudce cd trong nguyén
liéu bang hiéu tng bay hoi nuéc do chénh 1éch ap

sut riéng [1]. Phuong phap sdy truyén nhiét d6i luu
hodc truyén nhiét birc xa s& lam nong nguyén ligu tir
ngoai vao trong. Qua trinh gia nhiét phai dién ra
cham dé nhiét do gitra cac vi tri trong nguyén liéu
khong chénh l1éch qua nhiéu gay bién chét san phim.
Véi nguyén lidu can say c6 kich thude 16n, qua trinh
gia nhiét kéo dai s& gay lang phi vé thoi gian va ning
lugng. Gia nhiét bang vi séng lam cho cac phan tir
nude trong nguyén liéu dao dong, hép thu ning
luong vi séng va dé dang thoat ra khoi nguyén liéu
duéi hinh thirc hoa hoi trong khi cac thanh phan hoa
hoc khac cua nguyén liéu hau nhu khong bi anh
huong. Trong moéi trudng chan khong, chénh 1éch ap
suat hoi riéng phan cta nude trén bé mit nguyén liéu
va moi truong xung quanh s€ 16n hon, nén sy hda hoi
dién ra nhanh va nguyén liéu s& kho nhanh hon so
v6i méi truong khong khi. So véi sdy bang nhiét
truyén thong, két hop gia nhiét bang vi song trong
moi truong chan khong sé cho phép qua trlnh sdy
dién ra & nhiét do thap véi thoi gian sdy ngén. Ben
canh do, cac nha khoa hoc con chung mlnh rang
phuong phap sdy nay c6 kha ning bao quan vé hinh
dang, mau sic, huong vi va gia tri dinh dudng tt [3],

[4]. Nhu vdy sdy vi song trong moi truong chan
khong 1a mot phuong phap thay thé siy nhiét truyén
théng dé tao ra san pham say c6 chét lugng cao, thoi
gian sdy ngan va tiét kiém nang luong.

Céc san pham nhu gd, nong san, ngii cdc bén canh
nhu cdu chi dao 1 siy kho con can phai dat nhidu tiéu
chi khac nhu san pham sy dep, thoi gian sdy ngan, nang
luong tiéu ton it [5],... Dén thoi diém hién nay, trén thi
truong da co nhiéu thiét bi siy chan khong vi song. Hau
hét thiét bi sdy c6 cAu trac don gian, van hanh thu cong
theo kiéu on/off dua trén thyuc nghiém nhiéu 1an dé tim
ra cac tham s6 van hanh. Cac bg diéu khién khong phdi
hop diéu chinh dugc céc tham s6 do am, nhiét do theo
thoi gian va toe d6. Vi vay ché tao b thiét bi sdy tw dong
l1a mot hudng di hién nay.

Trong bai bao nay, tac gia trinh bay giai phap su
céc cam bién thong minh két hop véi thuat toan diéu
khién 6n dinh nhiét d6 va ap sut theo thoi gian nhdm
t6i wru ning luong va thoi gian siy san pham.
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2. Thuit toan diéu khién qua trinh siy
2.1. Quy trinh xdc dinh dp dm theo phwong phdp tii
sd'y

Theo tiéu chuan qudc gia TCVN 9706:2023; ISO
711:1985 vé xéac dinh d6 am ngii cdc, nhiét do duy tri
sdy 1a 45°C-50°C. Véi cac hat 16n hon 1,7mm can
nghién nhé trude khi do, don vi tinh g:

m, 100
w=l(m,—m)—=+m,—my [—
m, m, (1

:100[1_mj
mOmZ

Trong dé:

w: La d6 4m cua mau thi;

mo: Khdi lugng cia miu trude khi sdy;

m;: Khdi lwong ctia mau thir sau khi sdy;

m>: Khoi lugng ciia mau trude khi xir 1y so bo;

ms: Khdi lugng ctia mau xur 1y so bo.

V6i cac ta sdy cong nghiép, dé xac dinh nhanh d6
4m, phuong phap xac dinh d6 4m [4] dugc tién hanh
nhu sau:

Cac mau thir duoc can dé xéac dinh khéi luong sau
d6 dwoc dua vao ti sdy c6 nhiét do 103 + 2°C. Sau
khoang thoi gian sdy tir 1-6 gior s& duogc ldy ra khoi ta
sdy, dé nguoi dén nhiét do phong trong 20 - 30 phut
r0i can lai. Tiép tuc cho mau thir vao siy tir 30 dén 60
phut ri can lai. Lap lai cac két qua cho dén khi khéi
lwong miu khong d6i. o 4m ciia mau thir dwoc xac
dinh theo cong thirc:

W:loo(Mj @)
m

Trong bai bao nay tac gia thiét ké bo diéu khién s&
giam st lién tuc d6 4m cua vat lidu trong qua trinh sdy
1am co s& quyét dinh thoi diém dimg sdy.

2.2. Ciu tricc b diéu khién sy

Cu tric bo diéu khién 6n dinh nhiét do sdy vi song
str dung cau tric diéu khién PID dugc trinh bay trén Hinh
1. Cac tham sb P, I, D dugc cai dit trong phﬁn mém diéu
khién trén may tinh dya vao phuong phap Ziegler-
Nichols. Véi nguyén liéu sdy 1a cac loai néng san, qua
trinh gia nhiét qua nhanh c6 thé 1am chin hodc bién dang
chiing. Vi vay, mot khau Ram dugc dat ¢ déu vao dé han
ché tdc do bién thién nhiét d6. Khau Ram 1a duong dic
tinh gia tang nhiét d¢ dat c6 dang phuong trinh béc 1 véi
do déc phu thudc vao loai san phﬁm can séy. Pé t6i wvu
hiéu qua sdy cta vi song, tan s vi song dugc chon khong
dbi 12 2450Mhz. Cong suét vi song duge hidu chinh theo
chu ky cép dién véi thoi gian ctia mot chu ky 1a 20s.
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PID |—>| Vi song |—P|Bu6ng siy|

Nhiét d6 phan hdi

Hinh 1. B diéu chinh nhiét dp

_D- Bom hut

Buéng séy

Ap suét phan hoi

Kp [«

Hinh 2. B diéu chinh dp sudt chdn khong

Ap suat chan khong duge diéu khién nhu trén Hinh
2. Bo diéu khién c6 dang hysteresis. Tham sb do tré
chuyén mach phu thudc vao cong suat bom hut chan
khong va duoc cai dat bang phan mém.

Phéi hop giita bo diéu chinh nhiét d6 va bo didu
khién ap sudt chan khong tuan theo thuat toan trén
Hinh 4 va theo nguyén tic khi c6 ap suat chan khong
m&i bt dau qua trinh gia nhiét bang vi séng.

2.3. Thudt todn do va diéu khién qud trinh sy

Hinh 3 trinh bay thuat toan do va diéu khién qué
trinh sdy chan khong vi song trén may tinh. Phan mém
diéu khién duoc thiét ké c6 2 ché do van hanh.

Ché do
Tw dong
d

Pit thong sb
PK tu dong

s
Khoi dong
d

DK tu dong séy

A
bat thong s0
diéu khién tay

Khoi dong

d
Tinh thoi gian

Bat/tit thibt bi
theo nit an

Can,
Quy do6i do am

A 4

( Kétthuc )

Hinh 3. Luwu dé diéu khién tong qudt

d
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+ Ché dé vin hanh thii cong: Viée didu khién bat
tat bom hut chan khong, phat cong suat vi song, dong
cit van va diéu khién mot sé thiét bi ngoai vi dugc
thao tac boi nguoi van hanh trén nat 4n diéu khién.
May tinh giam sat cac tham sb nhiét 4o, d6 am, ap suat
tir cam bién dua vé va dwa ra canh bao khi cac tham
$6 nay dat gia tri gi6i han. Do am cua san phém duoc
tinh toan lién tuc theo phuong trinh (2). Khi d6 am dat
t6i giéi han dat, cac thiét bi gia nhiét vi song va bom
chan khong s& dugc tit, nguoi van hanh chi ¢6 thé
cudng ép bat béng cAc nut 4n vat ly.

+ Ché d¢ diéu khién tw dong: Qua trinh phéi hop
phat coéng sudt vi song, diéu khién bom hit chan
khong duoc didu khién tu dong theo lwu dd Hinh 4.
Céc tham sb ban diu nhu P, I, D, ngudng nhiét d9, tde
d6 gia tang nhiét, ngudng ap suat,... can duoc cai dat
trude khi van hanh. Sau khi nhap tham sb, qua trinh
can s& duge thue hién dé xac dinh khéi lugng ban dau.

Can san phé_m
Quy dbi d6 Am

Do am dat
yéu cau

Do nhiét do
Do 4p suat

Qua nhiét?

A

DK vi song ‘ ‘ Tit vi song

Ap suét thap

Tt thiét b

Hinh 4. Lwu d6 diéu khién tw dgng sdy
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Khi van hanh ché d6 ty dong, khéi luong nguyén
liéu duoc can theo nhip 1s. Sau khi loc nhiéu s& dugc
quy ddi sang d6 4m, néu d6 4m dat yéu cau, qua trinh
diéu khién sdy két thiic. Trong qué trinh van hanh,
nhiét do va ap suat dugc do ¢ dau chu ky diéu khién.
Dé nang cao an toan, néu ap suat qua thap, bom hit s&
duoc tat. Néu nhiét do cao hon ngudng cho phép, b

phat vi song sé dugc cudng ép dung hoat dong. Bom
huat chan khong dugce khdi dong trudce, bo phat cong

suat vi song s€ khoi dong sau khi cé 4p suat chan

khong. Ngudng ap suat duge chon 1a -10kPs.
3. M hinh thiét bi siy vi song chian khong

M5 hinh thiét bi sdy vi song chan khong dugc trinh

bay trén Hinh 5 bao gdm mot budng vi song dung tich

8 lit. Budng chan khong dit trong budng vi séng ¢

kha néng chiu mirc chan khong t6i -90kPa. May bom

4p suit am 150W véi luu lwong bom 51-57 (lit/phut).
Két ndi gitra bom chan khong véi budng sdy 1a binh
ngung tu dugc giai nhiét bang nudc dé bao vé bom.
B9 tao vi song 1400W véi tan sé phat 2450MHz. Bo
can YZC-133 c¢6 dai can 10kg, do chinh xac 1g. Cam
bién do ap suit 4am ZSE30A. Kich thudc 16 nho nén
mo hinh st dung mot cam bién nhiét d6 loai PT 100
v6i dai do 0 - 150°C dwoc dat chinh giita budng chan
khong.
Cam bién nhiét do
May phét vi séng Vich budng
Vi séng

Cam bién 4p suét

K «1

Déu phat
Vi séng

Bomhit  Binh
chan khdng ngung tu

Ban can
Loadcell

Hinh 5. M6 hinh thiét bi sdy vi séng chin khong

Bo phat vi song c6 cong suat ddu ra khong doi, cong
suat trung binh dugc hiéu chinh theo nguyén tic thoi
gian theo thiét k& ciia nha san xuét véi chu ky dong cat
la 20s, budc thoi gian 0,2s. Hiéu chinh cong sut vi
song bang nhip dong cat tir 1s-20s tuong duong voi
cong suat trung binh tir 70W-1400W. Dé an toan cho
b phat vi song, khi ap dung bo diéu khién PID, cic gia
tri didu khién nho hon 1s s& dugc coi bing khong.

Céu tric mach diéu khién dugc trinh bay trén Hinh
6. Thiét b lap trinh PLC va thiét bi do cong sudt KMS
dugc két ndi mang truyén thong véi méy tinh theo
chuin RS485 sir dung giao thirc Modbus. PLC thu
thap va xu 1y tin hiéu dau vao bao gém: Tin hiéu vé
4p suét, nhiét do, khdi lugng va cac nut 4n trén bang
diéu khién. Tin hiéu dau ra diéu khién bao gém diéu
khién bom hut chan khong, diéu khién cong suat 16 vi
song, diéu khién dién tro sdy gia nhiét. Bo bién ddi
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E Rs485 bus
) |

|Cam bién ap sudt| Input
DP101A

Cam bién
dong dién

Cam bién
dién dp

PLC ‘ KWs

Output

Cam bién
khdi lugng
Vi séng (Gia nhigt déi luul

Hinh 7. Giao dign diéu khién trén mdy tinh

Bing 1. Théng so thiét bi mdy sdy

Stt Tham s6 k§ thuat Gia tri
1 | Thé tich budng siy 8 lit

2 | Bomhut 51-57 l/p
3 | Ap sudtam -90kP

4 | Nhiét do gi6i han 150°C

5 | Cong suét vi song 1400W

6 | Cong suét soi dbt 1200W

7 Dién ap hoat dong 220V

KWS do dong dién va dién ap cip cho hé thdng sy tir
d6 tinh toan ra cong suat, nang luong tiéu thy va hé sb
cong suit. Toan bo qua trinh sdy dwoc diéu khién va
giam sat trén may tinh nhu trén Hinh 7. Cac thong sd
cong suét, nang lwong, nhiét do, ap suat duge do va
biéu dién bang dd thi. B phan gia nhiét bang dbi luu
dugc thiét ké cho trudng hop khong sir dung gia nhiét
vi song. Bang 1 trinh bay thong s6 k¥ thuat cac thiét
bi trong hé thong say.
4. Két qua thwe nghiém

Qua trinh tht nghiém dugc ap dung cho 2 loai
ndng san la khoai lang tim va khoai tdy. Cac mau thi
nghiém dugc 4p dung véi ciing khdi lwong nhu nhau
1a 150g duoc cat thanh cac lat déu nhau c6 do day 0,5
cm. Nhiét d0 moi truong 1a 28°C. M6 hinh thuc
nghiém duogc thé hién trén Hinh 8.
4.1. Thuee nghi¢gm diéu khién PID

Hinh 9-12 14 két qua van hanh siy chan khong vi
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song cho san pham khoai lang tim. Bo diéu khién c6
cAu trac PID, nhiét do séy dat & 60°C, ap suét chan
khong 6n dinh & -50kPa. Khi hoat dong sai 1éch nhiét
d6 16m nhét 1a 5°C, tir phut thir 10 nhiét d6 rat 6n dinh.
Sai 1éch ap suét 1a 5kPa. San pham sy trong 15 phit,
ning luong tiéu ton 1a 80Wh. Luong nudc thoat ra
khoi san phdm 26g. Giai doan cudi nhiét d6 6n dinh
quanh diém 60°C. Nang lugng can thiét dé thoat 1g
nuéce la 3,07W.

Hinh 8. B§ thiét bj thir nghiém sdy vi séng chén

khong

Cong suit tiéu thu

Z 1000 §

llltllh e emaR et AT RAAORAA AROOY

0 100 200 300 400 S00 600 700 800 9S00
Gy 15 Phat

200

Hinh 9. Céng sudt tiéu thu theo PID

Nhiét d6 san phim

Do

0 100 200 300 400 5S00 600 700 800 S00
Gy 15 Phait

Hinh 10. Nhiét dp sin phém theo PID

Hinh 13-16 1a két qua van hanh sy chan khong
diéu khién nhiét 36 theo kiéu on/off, cac tham s6 khac
tuong tu thir nghiém theo PID. Nhiét do siy dit &
60°C, 4p suat chan khong 6n dinh & -50kPa. Khi hoat
ddng sai 1éch nhiét do 16n nhét 1a 3°C. Sai 1éch ap sut
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Nang lugng tiéu thu

Sal---
Ty B
204"
10
0

0 100 200 300 400 500 600 700 800 900
Giay 15 Phat

Hinh 11. Ning lwong tiéu thu theo PID

Cong sudt tiéu thu

0 100 200 300 400 SO0 600 700 800 900
Guy 15.2 Phiit

Hinh 13. Céng suit tiéu thu theo on/off

Nang lugng tiéu thu

o

0 100 200 300 400 500 600 700 800 900
Gy 15 Phit

Hinh 15. Nang lwong tiéu thu theo on/off

1600
1400 |]
1200

1000

Cong sudt tiéu thu

600
400
200

0 100 200 300 400 500 600 700 800 900
Gudy 15 Phiit

Hinh 17. Céng suit tiéu thu theo PID

Nang lugng tiéu thu

0 100 200 300 400 SO0 600 700 800 900
Gidy 15 Phit

Hinh 19. Nang luwong tiéu thu theo PID

1a 5kPa. San phim sdy trong 15 phut, ning lugng tiéu
t6n 1a 83Wh. Luong nudc thoat ra khoi san pham 24g.
Nhiét 6 dao dong nhiéu hon phuwong phap diéu khién
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Ap suit buéng say

e 1[%}” u] W J’E‘JL m.n.m?’lu A fl

0 100 200 300 400 500 600 700 800 900
Guay 15 Phiit

Hinh 12. Ap sudt buéng sy

Nhiét do sian phim

0 100 200 300 400 SO0 600 700 800 960
Gy 15.2 Phut

Hinh 14. Nhiét dp sin phém theo on/off

Ap suat buéng sdy

ﬁ*

in
3

100 200 300 400 500 600 700 800 900
Guay 15.2 Phiit

Hinh 16. Ap sudt buéng sy

Nhiét d6 san phim

0 100 200 300 400 SO0 600 700 800 900
Gy 15 Phit

Hinh 18. Nhiét dp sin phim theo PID

Ap suit bubng sdy

STy 1 R L R SR
D s e T SO S S S
@ 30 - :
a too ' '
40 ] Araserdeeanchcach stadesdenznhas mdeszae)
el | rvaWW\ﬂ\ [
s}t M 3 ooy
\;,‘.-H“‘ H N
0 100 200 300 400 500 600 700 800 900
Gidy 15 Phiit

Hinh 20. Ap suit buéng sy

PID. Ning luong can thiét dé thoat 1g nudc 1a 3,45W.
t6n nhiéu hon so v6i phuong an PID & cting mét didu
kién lam viéc.
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Nhiam kiém nghiém tinh 6n dinh cua bd diéu
khién trong céc diéu kién lam viéc khac [2], nhiét 3o
sdy dugc dat & 65°C, ap suét chan khong dat gi tri
-70kPa. Hinh 17-20 1a két qua van hanh siy diéu
khién nhiét do theo PID két hop voi bo diéu khién
bom. Khi hoat dong, sai I¢éch nhiét d6 16n nhét 1a 4°C.
San pham siy trong 15 phit, ning lugng tiéu ton la
129Wh. Luong nudc thoat ra khoi san phim 45g.
Mic du giita thoi gian thir nghiém, ap suit chén
khong khong duy tri dugc gia tri dit do luong hoi
nudc thoat ra 16n hon luu lugng ciia bom nhung nhiét
do say van dugc duy tri 6n dinh.

Khoang cudi thoi gian thur nghiém, tdc do thoat
hoi nudc cham lai, b diéu khién da dua ap suat
budng chan khong vé gia tri dat. Nhu vay bo dicu
khién hoat dong 6n dinh trong diéu kién ap sudt,
nhiét do dat thay doi.

4.2. Thuwe nghi¢m sdy trong thoi gian dai

Céc truong hop thyc nghiém véi thoi gian dai hon
dugc tong két trong Bang 2. Ap sudt chan khong va
nhiét d6 sdy anh huong nhiéu téi kha nang thoat 4m
ctia nguyén lidu dau vao.

Bing 2. Thue nghiém sdy sin phim

Stt |Sin phim|  Pidu kién Tlllll%it D) am
I | Khoai tay 6002C5’ I’)i?llfpa 46g | 0,69
2 | Khoai tay | %72 I;i?,llfpa 552 | 0.63
3 | Khoai tay 6003% r’)ﬁ?}fpa 652 | 057
4 |Khoai lang 6002C5’ I’)i?llfpa 48z | 0.8
5 |Khoai lang 6002C5’ I;i?ll:Pa 56g 0.62
6 |Khoai lang 6003% r’)ﬁ?}fpa 692 | 0.54

4.3. Danh gia vé cim quan

Danh gia vé cam quan san phim sau qua trinh sdy
vi song chan khong trong diéu kién thuc nghiém bo
diéu khién PID cho b phan phat vi song duoc thé hién
trén Hinh 21. Danh gia cam quan vé mau sic, hinh dang
va cAu trac cua thanh phim duogc giir twong ddi tét so
v6i nguyén liéu dau vao. San pham c6 d6 xdp, rong 16n
hon so v6i phuong 4n sdy bang gia nhiét d6i luu.

Hinh 21. Hinh dnh sin phim trwée va sau khi siy
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5. Két luan

Céc két qua thyc nghiém cho thay, bo diéu khién
sdy vi song chan khong sir dung thuat toan diéu khién
PID 6n dinh nhiét d6 két hop véi bom hiit chan khong
cho chét lugng siy tot hon phuong an didu khién doc
1ap bd tao vi song va may hut chan khong theo kiéu
diéu khién on/off. Giai phap do nhém tac gia dé xuat
¢6 uu diém 1a don gian, c6 thé sir dung dé nang cao
chat luong cac hé thng sdy vi song chan khong hién
c6 trén thi truong.

Do mét s6 khé khin vé co so vat chat, phan danh
gia cac chi tiéu chat lugng nhu ham luong duong, ham
luong protein chwa dwgc dé cap, trong thoi gian t6i
nhom tac gia hoan thién thém dé ap dung vao san xuit.
Lo&i cdm on

Nghién ctru nay dugc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong d¢ tai ma s6: DT23-24.50.
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