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Tém tit

Chat lwong san pham sdy vi soéng chan khong phu
thudc vao cdc tham sé khéi lwong nguyén liéu,
cong sudt sy, nhiét dg va dp sudt chan khéng. Bai
bdo dé xudt mét thudt toan diéu khién qua trinh
sdy vi séng trong moi trwong chdn khong véi cau
triic diéu khién phoi hop lién tuc theo thoi gian.
Mot bé diéu khién mo hai bién dau vao dé diéu
khién on dinh nhiét @ sy cé tiém nang lom trong
viée tang cuong qud trinh sdy va cdi thién chat
lwong va hiéu qud. Cdc két qua thiee nghiém cho
thdy kha ndng sdy nhanh, én dinh nhiét dg va toc
do gia nhiét.

Tir khéa: Sdy chdn khéng vi song, sdy vi song.
Abstract

The quality of vacuum microwave dried products
depends on the parameters of raw material mass,
drying power, temperature and vacuum pressure.
This paper proposes a control algorithm for the
microwave drying process in a vacuum
environment with a time-continuous coordinated
control structure. A two-input fuzzy controller for
stable control of drying temperature has great
potential in enhancing the drying process and
efficiency. The
experimental results show the ability of fast

improving the quality and

drying, stable temperature and heating rate.

Keywords: Microwave Microwave

Vacuum Drying.

drying,

1. Pit van dé

Céc phu’orng phap sy truyén thong nhu phoi nang,
sdy burc xa, sdy truyén nhiét déu dua trén nguyén tic
lam nong vét liéu tir ngoai vao trong. Qua trinh gia
nhiét qua nhanh s€ lam chénh 1éch nhiét do 16n gilra
c4c phan trong vat liéu dan téi giam chét luong san
phdm. Vi véy, qua trinh siy thuong dién ra cham, tén
nhiéu nang lugng [1].

Say vi song chan khong c6 dac diém cac chum tia

vi song kich thich cac phan tir nuéc trong vat liéu dao
dong va hép thu nang lugng vi song lam cho nhiét
cua chuing tang l1én. Vi song c6 kha ning dam xuyén
cao nén nhiét do ctia cac phan tir nwdc trong nguyén
lidu s& dugc gia ting kha ddng déu, két hop vai ap suit
thip 1am cho phan tir nudc d& hoa hoi va thoat ra khoi
vt lidu sdy nén nhiét 46 budng sdy s& khong can qua
cao. Nhimg phan con lai cua vt liéu hau nhu khong
hap thu nang lugng vi song, khong chiu nhiét d cao
nén gﬁn nhu khong cé sy bién d6i vé vat 1y, héa hoc
t61 san pham say [2], [3].

Céc thiét b sdy vi song chan khong trén thi truong
hién nay dugc thiét ké dé van hanh 6n dinh nhiét do
sdy theo kiéu on/ off hodc PID nhu Hinh 1. Dé c¢6 san
pham siy tot can tién hanh thir nghiém nhiéu mé san
phém dé tim ra cac tham s6 van hanh. Mat khac, cac
nguyén lidu khac nhau vé chung loai va khdi lugng
can nhitng bo tham sb khac nhau. Nhiing thiét bi sdy
nay thuong khong c6 kha ning diéu khién qua trinh
sdy dua trén tdc d6 gia nhiét hay toc do thoat am.

PID '—>| Vi séng '—>|Bu6ug siy

Nhiét d6 phan héi

Hinh 1. B§ diéu chinh nhiét dp

Trong bai bao nay, nhém tac gia trinh bay vé b
diéu khién mo dé diéu khién 6n dinh nhiét do va toc
do séy duya trén tin hiéu nhiét do, ap suét va khdi luong
duoc do lién tuc theo thoi gian.

2. Thuit toan diéu khién mo
2.1. Xdc dinh dp dm ciia nguyén liéu

Do am cuia vat liéu say w dugc tinh toan theo cong

thic [5]:
= |:(m0 _ml)ﬁ+m2 —m3:|@
m, m, (])
=100(1 -5y
mym,

Véi cac tham s6 w, mg, m;: Lan luot 1a do 4m,
khdi lugng ciia mau thir trudc va sau khi sdy; mo, ms:

SO 83 (08-2025)



TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

La khdi luong ciia san phdm mau trudc va sau khi sir
1y so bo; do am duoc tinh theo % cta khdi lugng.

Céc mau thir duoc can dé xac dinh khéi luong sau
d6 duoc dua vao tu sdy co nhiét do 103°C+ 2°C. Sau
khoang thoi gian sdy tir 1-6 gio s& dwoc lay ra khoi ti
sdy, dé ngudi dén nhiét d6 phong trong 20 - 30 phut
roi can lai. Lap lai cac két qua cho dén khi khéi luong
mau khong doi.

Trong sdy cong nghiép, d6 4m cia san phim duoc
tinh nhanh nhu sau:

pomm @)

2.2. Céu tricc b diéu khién siy

Say vi song chan khong bao gdm diéu khién nhiét
d6 say két hop diéu khién 6n dinh ap suat chan khong.
Trong bai béo nay, tac gia tap chung vao thiét ké diéu
khién mo cho phén 6n dinh séy. Diéu khién 6n dinh
4p suat chan khong dwoc nhom tac gia dung céu trac
diéu khién don gian c6 dang hysteresis dwoc trinh bay
trén Hinh 7. D¢ tré chuyén mach dugc cai dat bang
phian mém vdi gia tri tré nho nhat 2kPa.

Qua trinh gia nhiét nguyén liéu siy phu thudc vao
cong suit vi song, khdi lwong nguyén lidu, ap suét
chan khong va dic diém ciu tao ciia nguyén liéu. Bo
diéu khién mo 6n dinh nhiét do séy duogc cac tac gia
thiét k& va trinh bay trén Hinh 2. Hai ddu vao bo diéu
khién mo 13 do sai 1éch nhiét d6 va khéi lugng nguyén
liéu. Bién ngdn ngir duoc lya chon nhu sau:

e-t= {Am, Thap, TB, Hoi_cao, Cao};

m = {Nho, Hoi_nho, TB, Hoi_lon, Lon}.

M

0
BES

m

dkmo_et_m

Hinh 2. Bj diéu khién mo nhigt dj siy

Am Thap ™ Hoi__cao Cao

input van;b\e e '
Hinh 3. Bién dau vao sai léch nhiét dj

Dé tranh nguyén lidu sdy 12 nong san bi bién doi
hoéa hoc (bi chin) dai gia tri nhiét d6 dugc chon tur 0-
100°C. Khdi lugng nguyén li¢u dugc tinh theo don
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vi % véi dai gia tri tr 0-100%. DJ 16n cua cac bién
d4u vao toi da 1a 1. Hinh 2 va 3 trinh bay cac luat hop
thanh cho bién dau vao.

Dau ra ciia bo didu khién mo 1a cong sut vi song
¢6 bién ngdn ngir dugc chon nhu sau:

Outputl = {Khong, Thap, TB, Lon, Max}.

Gié tri ctia bién dau ra trong khoang 0 -100 tuong
(g véi cong suat vi song tir 0 dén 100%.

Viée chon 5 bién ngdn ngit cho 2 diu vao nhim
can bang gitra toc do tinh toan cua hé thdng didu khién
va do 6n dinh cua dau ra. Phuong phap giai mo trong
tam voi luat hop thanh 1a MAX-MIN, luat diéu khién
duoc chon theo Bang 1.

Bdng 1. Ludt diéu khién mo

M~ | Am Thap | TB | Hoicao | Cao
Nho Khong | Khong | Thap TB TB
Hoinho | Khong | Thap | Thap TB Lon

TB Khong TB TB Lon | Max

Hoilon | Khong TB TB Lon | Max

Lon Khong Lon Lon Max | Max

Luu d6 didu khién sdy vi song chan khong dugc
trinh bay trén Hinh 8. Qua trinh can nguyén liéu, do
nhiét do, d6 Am dugce thuc hién lién tuc theo vong quét
voi chu ky 0,05s.

Nho hoi_nho tb Hoi_lon Lon

input variable "e_m"

Hinh 4. Bién dau vao khéi lwong nguyén ligu

Khong thap B Lon Max
1

output variable "output1”

Hinh 5. Bién dau ra cong suat vi song

2.3. Xdy dwng mé hinh trén Matlab Simulink

Trong bai bao nay nhom tac gia xdy dung mo hinh
diéu khién va thu thap dir liéu bang phan mém matlab
két hop véi vi diéu khién STM32F411 véan hanh & ché
d6 External mode. M6 hinh hé thdng diéu khién dugc
thé hién trén Hinh 10. Tham s diéu khién duoc lay tir
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Bang 2. Khu vyc quanh 10 vi séng ¢6 rt nhiéu nhiéu
dién tir vi vy can sir dung khdi loc thong thap dé loai
b6 nhiéu. Khdi chuan héa nhiét dé dé chuyén don vi
do nhiét d6 vé °C, Chuan hoa khdi lwong vé hé don vi
tuong d6i véi 2kg twong tmg 100%. Chuan hoa ap suat
vé hé don vi Kpa. Tinh toan d6 4m theo cong thirc (2)
duogc dit trong khdi chuan hoa khéi lugng,

Bing 2. Théng sé mdy sdy vi song chin khong

Stt Thong sb Pon vi

1 | Thétich 8 dm’

2 Cam bién 4p suét +100kPa

3 Luu lugng bom 65 lit/phut

4 Nhiét d6 1am viéc -10°C dén 120°C
5 | Cong sudt bom 250W

6 | B0 phat vi song 1400W

Thiét bi phat vi song c6 cong suat cd dinh 1400W.
Vi vay mét khau PWM duoc thém vao dé taora cong
suét trung binh theo thoi gian véi chu ky déng cit 5s,
d6 phan giai thoi gian 13 0,05s. Hé s6 khuéch dai du
ra dugc chon 1a 1,8.

_D- —» Bom hat —{Budng sy

Ap suét phan héi

Kp |«

Hinh 7. Bp diéu chinh dp sudt chin khong
2.4. Thudt todn diéu khién

Thuét toan diéu khién phéi hop gitra 6n dinh ap
suét chan khong va diéu khién gia nhiét, 6n dinh nhiét
d6 sdy duoc trinh bay trén luu d6 Hinh 8.

Diéu khién phat vi song va bom hit chan khong
dugc tién hanh ty dong. Khi bit dau khai dong, qua
trinh cén s& xac dinh khdi luong ban dau cta nguyén
lidu. Khéi lugng nguyén liéu dugc can lién tuc theo
nhip cta chu ky diéu khién 13 0,05s. Sir dung cong
thire (2) dé tinh toan d6 4m nguyén liéu. Pidu khién
nhiét d6 dugc tién hanh ddng thoi véi diéu khién ap
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suat chan khong. Dé nang cao do an toan va tiét kiém
nang luong trong qua trinh van hanh, khi nhiét 46 cao
hon gidi han 100°C, bd phat vi song s€ dugc cudng ép
dimg hoat dong. Khi ap suat thap hon -99kPa, bom s&

bi ép tit.
-

Cén san phAm
Quy ddi d6 am

Po nhiét do
Po ap suat

Tét thiét b

Hinh 8. Lwu dé diéu khién te dpng sy

3. M hinh thiét bi siy vi song chian khong

Cam bién nhiét dé

. i . May phat vi séng . N
Cam bieén ap suat - | Vach buong
" Vi 0D,
1 visong
Dau phat
Buong chan khong . l
vi séng
} ]
&) =

Bom hat Binh /
chinkhéng ngumgtu  Loadcell

Ban can
Hinh 9. May séy vi séng chin khéong

May sdy vi song chan khong dugc ché tao thir
nghiém nhu Hinh 9. Thiét bi sdy c6 thé tich budng vi
song 1a 8dm?, budng chan khong hoat dong on dinh véi
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STM32

A
Nhigt dé dit Port: GPIOB
PWM
! .
Nhigt dd
Chudin héa nhigt d6 P_Fuzzy
T
STh3Z Gia nhigt
/\/\ o ° ;@
ADC1 Khéi luong
Chuén héa khéi lugng
STM32
A .;{:—" "
I Port: GPIOB

Chusin hoa ap suét

Ap suit

Hinh 10. M6 hinh diéu khién mé trén Simulink

RS232

4< SIM32E411 ‘ ‘ KWS

Oupul

Cam bién dp sudl
DP1

|

Cam bién
dong dign

Cam bién
dign dp

Input

%
!

Cam bién
Khdi hrong

Cim bién
nhiét dé

N in

!I

Hinh 11. Ciu triic bp diéu khién

ap suét chan khong t6i -95kPa ¢ nhiét o 120°C. May
bom hiit 4p sudt 4m c6 cong suét trung binh 250W véi
lwu lugng bom 60 lit/ phit. Binh ngung tu nim trung
gian gitta budng sdy va bom dugc giai nhiét bang nudc
lanh dé hoa 16ng hoi nudc va chira nude ngung tu. Thiét
bi phat vi séng c6 cong suat dinh mic 1400w; tan sb vi
song 2450MHz. Cam bién nhiét d¢ loai PT100 két hop
b chuyén d6i RTD 0-200°C. Cam bién tai trong ding
dé can lién tuc nguyén lidu 1a loai Loadcell Skg. Cam
bién do 4p suat am ZSE30A c6 dai do £100kPa.

Céu trac bo diéu khién thuc nghiém (Hinh 11). Vi
diéu khién 32bit STM32F411 ding dé tinh toan gia tri
diéu khién mo dong thoi véi didu khién 6n dinh ap suét
bom. Modul do cong sudt KWS dung dé do cac tham sd
dién ap, dong dién cong suét, dé so sanh, danh gia hiéu
suat nang luong. Vi diéu khién STM32F411 dugc két nbi
v6i may tinh qua duong truyén RS232 dé thu thap va vé
dd thi cac tham sb van hanh bao gém: Khéi luong

nguyén liéu, nhiét g, ap suat, dd am va cong suat vi song,

Thiét bi thuc nghiém dugce trinh bay trén Hinh 12 bao
g0m 16 vi song, budng chan khong bang thity tinh dt bén
trong 10, b diéu khién phia trén 16 va may tinh giam sat,
Bom chan khong dugc két ndi voi budng sdy chan khong
bang 6ng nhya mém.

4. Két qua thuc nghi¢m

Nhom téc gia tién hanh thuc nghiém bo diéu khién

SO 83 (08-2025)

Hinh 12. Thiét bj sdy thuc nghi¢m

trén 2 loai nong san la khoai tdy va khoai lang.
Nguyén ligu dugc cat lat véi do day 0,5cm xép déu
trong budng chan khong.

= Nhiot g0 sdy
70

Hinh 13. Nhiét dp sﬁ'y thuc nghiém 1

Cong suit siy

Hinh 14. Céng sudt siy thirc nghiém 1

- Ap sudt
o

TP S

Hinh 15. Ap suit budng sdy thuwe nghi¢m 1
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Thue nghiém 1: Van hanh v6i nhiét do sdy dat &
ngudng 60°C. Ap suit chan khong -90kPa. Khéi
lwong sdy 25% dinh mtrc, thoi gian thir nghiém 300s.
Hinh 13 cho théy hé théng séy cO nhiét 3o sﬁy 6n dinh,
khong c¢6 qua trinh qua do nhiét do sdy, thoi gian gia
nhi¢t khoang 120s cho nhiét d6 nguyén li¢u tang 20°C.
Hinh 14 biéu dién cong suit vi song trong qué trinh
sdy, v6i khdi lwong nguyén liéu nho, cong sudt siy
dugc giam xubng dé qua trinh gia nhiét khong bi qua
nhanh gay bién chat san pham.

Hinh 15 1a két qua diéu khién 6n dinh 4p suit
budng sy. Ap suét dugc duy tri trong khoang -88kPa
t61 92kPa. Phéi hop gitta b tao ap suit chan khong va
bd phan phét vi song thé hién trén Hinh 14, khoang 7s
dau tién ap suat budng sy van 16n hon -30kPa thiét b
phat vi song chua hoat dong.

Thue nghiém 2: Tiép tyc thir nghiém véi khdi
luong sdy 50% dinh mic, nhiét do dit sdy ¢ 60°C.
Hinh 16 cho théy hé théng sa”iy cO nhiét 3o séy 6n dinh,
khong c6 hién trong quéa do nhiét do sy, thoi gian gia
nhiét trong khoang 60s cho nhiét d¢ nguyén li¢u tang
10°C. Hinh 17, cong suat vi song 16n hon truong hop
dau mot chut. Trong ca 2 truong hop, cong suét sy
duoc huy dong 16n nhéat 1a 60% dinh mirc.

W Nhigt 6 sdy
0

50 100 150 200 250 300, 350 400

Hinh 16. Nhigt dj siy thuc nghiém 2

W Cong sudt
100

o
N w

Hinh 17. Céng suit siy thwc nghiém 2

Thue nghiém 3: Thir nghiém v6i khéi luong sdy
50% dinh mirc, nhiét 6 dat say ¢ 80°C, thoi gian siy
400s. Hinh 18 cho thy hé thong sdy c6 nhiét do sdy
6n dinh, khong c6 hién tugng qua do nhiét do sdy, co
mot chut sai Iéch tinh (-1,3°C) & ving nhiét do nay.
thoi gian gia nhiét van tuong duong cac trudng hop
trude. Cong suat vi song dat 100% trong khoang 6s
sau d6 giam dan.
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W Nhigt 6
70

30 0 50 120 150 180 zin 240 270 300

Hinh 18. Nhigt dj siy thuwc nghiém 3

= Cong sult

s

H_I

200 260 300 abo  aog

Hinh 19. Céng suit siy thwc nghiém 3

Thuee nghiém 4: Thir nghiém vé6i khdi lugng sdy
100% dinh mirc, nhiét d6 dat siy & 60°C, thoi gian sdy
300s. Twong ty cac truong hop trude, nhiét do siy
dugc tang déu va 6n dinh, Hinh 20 cho thay hé thdng
sfiy ¢o6 nhiét do séy 6n dinh, khong c¢6 hién tuong qua
d0 nhiét do séy, thoi gian gia nhiét van twong duong
cac truong hgp trude ~9°C/60s, sai 1éch tinh khoang -
0,9°C. Cong suit vi song dat 100% trong khoang 56s
sau d6 giam dan.

= Chudin héa nhiét dé-1
0

Time Fior
a
40 W
2

5

Hinh 20. Nhigt @p sdy thuc nghi¢m 4

Sample and Hold:1

Hinh 21. Céng suit sdy thuc nghi¢m 4

Thue nghiém 5: Thir nghiém véi khéi luong sdy
99% dinh mirc, nhiét d dat sdy ¢ 80°C, thoi gian siy
400s. Hinh 22 cho thy nhiét d6 dwoc diéu khién 6n
dinh, khong c6 hién tugng qua diéu chinh nhiét, d6 gia
nhiét trong giai doan dau cao hon céc truong hop
trudec mot chut, dat gia tri 10°C/55s. Cong suit ra dau
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ra cia bo diéu khién mo dat 100% trong khoang 174s
sau d6 giam dan. Hinh 24 thé hién khéi luong san
pham giam khoang 4,5% sau khi két thiic qua trinh say,
d6 am giam khoang 2,3% sau qu4 trinh séy.

= Nhigt do

Hinh 22. Nhiét dj sdy thuc nghiém 5

Cong sudt

Hinh 23. Cong sudt sdy thuc nghiém 5

Knéi lweng

120
[ Time Piot

150

Hinh 24. Khéi lwong nguyén ligu siy 5

W D% am
10

Hinh 25. P§ ém khi sdy thue nghigm 5
5. Két luin

Tir céc két qua thuc nghiém, bo didu khién sdy vi
song chan khong sir dung thuat toan diéu khién mo véi
2 bién dau vao 1a sai 1éch nhiét d6 va khdi lugng nguyén
lidu dé diéu khién 6n dinh nhiét d6 sdy co sai 1éch tinh
16n nhét 14 -1,3°C va khong c6 qua do nhiét do. So véi
phuong an sy theo kiéu diéu khién PID [4] c6 sai léch
t6i 4°C, qua nhiét t6i 6°C thi bo didu khién mo ¢6 chét
lugng t6t hon han. Khong chi 6n dinh nhiét d¢ say, toc
d6 gia nhiét da dugc hiéu chinh theo Kkhéi luong cia
nguyén liéu, day 1a yéu t6 quan trong ma ban than cac

b diéu khién on/off hay PID khong thé lam duoc.
Thir nghiém véi cong suat vi song 16n hon va phéan
tich anh hudong cua nhiéu dién tir dén sai sb phép do
1a nhitng dinh huéng phat trién ciia nhom tac gia trong
thoi gian toi dé cong trinh nghién ciru ¢6 thé ap dung
tdt hon vao thuc tién.
Lo1 cam on
Nghién ctru nay dugc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.62.
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