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TOM TAT

Bai bao nay trinh bay nghién c(tu va ché tao mot hé thdng diéu khién va giam sat tap trung cho cum may nén khi truc vit cong nghiép, két hop thudt toan
du bédo trang thai ap suat trung tdm nhdm ndng cao hiéu suat va tiét kiém nang luong. Hé thdng bao gom b diéu khién trung tam, cac thiét bi ngoai vi va phan
mém gidm sat qua giao dién web. Thuat todn diéu khién dua trén viéc diéu chinh linh hoat céc nqung tai (Load) va khdng tai (Unload) theo xu thé thay déi ap
sudt (dP/dt), gidip can bang ti gitta cdc may nén va duy tri dp sudt on dinh. K&t qua thi nghiém cho thdy hé théng c6 thai gian phan héi nhanh (trung binh 3,0
- 10,0 gidy) va tiét kiém dién nang khodng 3 - 5% so vdi van hanh truyén thong. Cac két qua nay khang dinh hiéu qué cia gidi phap diéu khién tap trung va dong
gdp quan trong trong tdi uu hda hé thdng khi nén cong nghiép

Tir khéa: Khi nén cong nghiép, hé théng diéu khién tap trung, tiét kiém nding lugng.

ABSTRACT

This paper presents the research, design and implementation of a centralized control and monitoring system for an industrial screw compressor cluster,
combined with a central pressure forecasting algorithm to improve efficiency and save energy. The system consists of a central controller, peripheral devices,
and web-based monitoring software. The control algorithm dynamically adjusts the load and unload pressure thresholds based on the rate of pressure change
(dP/dt), optimizing compressor loading to maintain stable pressure. Experimental results show fast response (3,0—-10,0 s on average), and about 3-5% energy
savings compared to conventional operation. These findings validate the proposed centralized control solution and its contribution to enhancing compressor
system performance.

Keywords: Industrial compressed air, centralized control system, energy saving.
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1. GIGI THIEU nén chiém 10% tong nang lugng cdng nghiép st dung tai

Hé thdng may nén khi 3 mot thanh phan quan trong Uc_[1] va cac nuéc Chau Au [2] tuong duong hon 80TWh
va tiéu thu nhiéu nang lugng trong céng nghiép. Trong ”}6[ nam trongliU (CIO the ke ?’en: Buc gan 14TthAPh?p
nhitng ndm 2020, dién nang tiéu thu clia hé théng khi V@ Y 12TWh moi nudc, Anh gan 10TWh) [3], dac biét 1én
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t6i 30% tai Hoa Ky [4]. Trong khi d6, day con la mét trong
nhing hé théng co6 hiéu suat s dung nang lugng kém
nhat, chi 10 - 30% nang lugng dién dugc chuyén hoéa
thanh nang lugng khi duéi dang co nang va néi nang,
phan I6n bi that thoat dudi dang nang lugng nhiét, ro ri
va cach quan ly khéng hiéu qua [5, 6]. D€ giai quyét van
dé hiéu suat thap nay, cac nghién ctiu quéc té da chira xu
huéng dich chuyén manh mé sang viéc tich hgp loT va
thuat toan diéu khién thong minh. Theo nghién cliu méi
nhat ti nhom nghién ctu Truéng Pai hoc Bach khoa - Pai
hoc Quéc gia TP.HCM [7], viéc t6i uu hoa lich trinh hoat
déng ctia cum mdy nén théng qua giai thuat diéu khién
tap trung la chia khéa dé giam thiéu lang phi nang luong
do chay khéng tai. Péng quan diém nay, cac mé hinh
thuc nghiém ctia Xia Yudong va cong su [8] cling ching
minh rang viéc ap dung diéu khién phéi hgp cé thé cai
thién dang ké hiéu suat nang luong so vGi cac phuong
phap van hanh truyén théng.

& nudc ta, theo théng ké ctia Bd Cong Thuong, téng
luogng dién tiéu thu trong san xuat céng nghiép Ién téi
trén 40% trong téng s6 250TWh tng dién nang tiéu thu
cUa ca nudc, trong do, hé théng khi nén thudng chiém ti
12-25% t6éng dién nang tiéu thu cla nha may, tuy theo
quy mé va nganh nghé [9]. Ngoai ra, theo théng ké tir cac
nha may I6n nhu Stanley Electric Vietnam, viéc s& dung
may nén khi khéng hiéu qua cé thé gay that thoat nang
lugng Ién tGi 30 - 40%, chl yéu do ro ri, van hanh khéng
t6i uu va thi€u kiém soat tai [10]. Diéu nay dat ra nhu cau
I6n va tiém nang phat trién manh mé cho cac hé théng
diéu khién va giam sat gilp nang cao hiéu suat st dung
hé théng khi nén déng thai giam thiéu cac hién tugng ro
ri khi. Viéc nghién ctu va ché tao hé théng diéu khién va
giam sat tap trung cum may nén khi truc vit cong nghiép
két hgp thuat toan duy bao trang thai ap suat trung tam
vGi muc dich tang hiéu suat st dung va gidm thiéu sy that
thoat dién nang trong hé thng may nén.

Hién nay, da s6 cac may nén kiéu ci khéng dugc trang
bi bién tan hodc cac mdy nén co bién tan trong hé théng
may nén khong c6 bd diéu khién tap trung, viéc tiéu tén
nang lugng xay ra khi may nén hoat déng & ché dé khéng
tai (Unload) khéng tao ra khi nén nhung van tiéu ton toi
30 - 40% dién nang so véi khi chay toan tai (Load). Viéc
khéng c6 bé diéu khién tap trung ciing khién cho dai ap
suat clia hé théng tu diém nguéng duéi (Min) 1én dén
diém ngudng trén (Max) cling phai dugc néi rong, khién
cho &p suat trung binh ctia hé théng phai duy tri & muic
cao hon (thong thuong la 0,5 - 1 bar) so v6i nhu cau thuc
su clia nha may dé dam bao duy tri 4p suat. Theo théng
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ké ctia hang may nén Kobelco Nhat Ban, ci gidm dugc 1
bar 4p suat trung binh sé gitp tiét kiém t6i da tGi 7% cong
suat dau truc ctia dong co may nén khi. Thém vao dé, viéc
diéu khién cac may nén chay doc lap dan dén tinh trang
khong déng bo vé thai gian chay ding (Running time),
khién cho hé théng may nén khi khong dugc bao duéng
tai cing mot thai diém, lam tang chi phi cho nha may.

Thuyc trang nay dat ra nhu cau cap thiét vé viéc ap
dung cac gidi phap quan ly nang lugng tién tién, phu hgp
vGi cac hudng dan ky thuat quéc gia mai nhat vé t6i uu
héa hé théng khi nén céng nghiép [11]. Bén canh do, cac
nghién clu trong nudc gan day vé giam sat nang lugng
thai gian thuc [12] va ing dung loT trong céng nghiép
[13] cling dang m& ra co héi I6n cho viéc phat trién cac hé
théng diéu khién va giam sat giup nang cao hiéu suat,
déng thai giam thiéu hién tugng ro ri khi.

Trong bai bao nay, hé théng diéu khién - giam sat tap
trung cho cum may nén khi truc vit cong nghiép dugc
thiét ké va xay dung nham nang cao hiéu qua van hanh
va giam tiéu thu dién nang. Cac ndi dung nghién ctu
dugc trinh bay trong cac phan tiép theo va dugc minh
chiing bang cac két qua thir nghiém dang tin cay.

2. NOI DUNG NGHIEN CcUU
2.1. Xay dung thuat toan hé théng diéu khién
2.1.1. Muc dich

Thuét toan diéu khién dugc phat trién nham muc dich
phoi hop hoat ddng clia cdc may nén trong hé thong sao
cho &p suat dau ra tai binh tich luén nam trong nguéng
da cai dat [Prow, Puicnl. PoNng thdi, hé théng c6 gang thu
hep dai 4p suat nay cang nhiéu cang tét (dé€ giam ap suat
trung binh yéu cau) ma van dam béo 6n dinh. Nha kiém
soat ap suat chdt ché va can bang cong suat tai, hé thong
cai thién hiéu sudt téng thé va giadm tiéu hao dién nang
clia cum may. Ngoai ra, thuat toan diéu khién cing xay
dung co ché phan b6 thai gian van hanh gitta cac may
nén (vi du xoay vong uu tién theo may, theo gid lam viéc),
qua dé dam bao moi thiét bi déu dugc dua vao bao tri
déng bo theo chu ky, tranh tinh trang mét s6 may qua tai
trong khi may khac nhan roi.

2.1.2. Nguyén tdc diéu khién

Cac may nén dugc diéu khién bat/tat khi 4p suat ndm
ngoai khodng [Piow - Puignl va viéc lua chon may nén dé
tién hanh bat/tat phai tuan thu cac diéu kién tuong tng
V@i tung ché dé hoat déng bao gom:

Ché d6 hoat dong theo muic uu tién: & ché dé nay, cac
may nén dugc ngudi van hanh cai trudc véi cdc muc uu
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tién c6 dinh. B diéu khién can cu vao cac muc uu tién dé
dé quyét dinh Load/Unload may nén tuang ung.

Ché d6 hoat dong theo thai gian: G ché d6 nay, ngoai
cac muc uu tién cai dat san nhu & ché d6 hoat dong theo
muc uu tién, bo diéu khién sé uu tién can cu theo thdi
gian chay cuta tiing may nén dé lya chon Load/Unload,
dao may nén sao cho thgi gian van hanh clia cdc mdy nén
sau mét khodng thdi gian hoat dong (1 thang, 3 thang,...)
sé xap xi bang nhau.

Ché d6 hoat dong tiét kiém ndng lugng: & ché do nay,
bo diéu khién sé phan tich cac théng s6 vé cong suat may
nén, luu lugng khi nén, loai may nén, thai gian 6n dinh
lién tuc cha ap suat binh tich dé thuc hién Iua chon
Load/Unload, ddo mdy nham t6i uu hda nang lugng tiéu
thu cho hé théng.

Ché d6 1ap lich thi céong: Cac méy nén cé thé cai dat
thai gian lam viéc cu thé theo ca, theo ngay,... dé phu hgp
vGi ké hoach van hanh cta nha may.

Viéc Load/Unload cac may nén tai thai diém nao ciing
can dugc tinh dén nham tranh viéc ap suat ngoai binh bi
tut sdu hodc vot 16 do su thay d6i dot ngét tai sir dung khi
nén dan dén c6 nhing thai diém, lugng khi nén trong
binh tich dugc st dung qua nhiéu hoac qua it. Do vay néu
chidon thuan Load/Unload cadc may nén khi ap suat cham
ngudng Piow va Puic thi sé khéng thé gip én dinh dugc
ap sudt khi trong binh ma bo diéu khién can can cu vao
su thay déi clia ap suat binh tich dé c6 thé duara cac lénh
diéu khién sém hon nham tranh viéc ap suat bi tut sau
hodc vot 16.

2.1.3. Thudt todn diéu khién

Nguyén tic ca ban la diéu khién bat/tat may nén khi
ap suat vugt ra ngoai khoang [Piow, PricHl. Viéc lua chon
may nén nao dé chay & ché do toan tai hoac khong tai
tuan theo cac diéu kién ctia ché d6 hoat dong nhu trén.
Dac biét, bai toan dat ra cach thuic xac dinh cac nguéng
tai (Load Region, LR) va khéng tai (Unload Region, UR)
mot cach linh hoat. C6 ba phuong dn dugc xem xét:

Phuong an a: Nguéng ¢é dinh. Xac dinh trudc cac
diém LR/UR vGi hé s8 c¢d dinh. Vi du, c6 thé dat

LRy = Piow + 10% X (Phich — Prow)
LR, = Prow + 20% X (Prich — PLow)
URY: Pyigy — 10% (Pyign — Prow)
UR2: Pyign — 20% (Pyigu — Prow)

Uu diém la dan gian, dé trién khai; nhugc diém la thay
déi cta ap suat nhat la trong cac trudng hop nhu cau sur
dung khi nén thay déi dét ngdt co thé dan dén viéc

(M)
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Load/Unload cadc may nén khong kip, gay ra tinh trang tut
ap suat qua sau hodc vot 6.

Phuong an b: Diéu chinh theo dP/dt. Thay vi c6 dinh
cac diém LR va UR bang cac hé sé c¢é dinh (10%, 20%...) thi
hé théng lién tuc tinh toan cac diém LR/UR dua trén téc
do thay d6i ap suat (dP/dt). Cu thé, tai 2 thai diémt- 1 va
t lién tuc, cach nhau 1 gidy ta luon tinh dugc toc do thay
déi ap suat v, va gia téc a, theo céng thic sau:

d
v,=—= P, — P, 2)
dr
(&)
d
az =d_TT =Vt — V1 (3)

Dva trén v;, hé théng xac dinh lai cac diém LR/UR
trong thai gian thuc bang cong thic sau:
LR = Piow + (@ - v¢) (Prigh — Prow),
UR = Pygn — (@ - v¢) (Prich — Prow),
Trong d6, a goi la Region Change Coefficient (RCC),
dan vi %, c6 thé cau hinh theo hé théng.

(4)

Ngoai ra, bo diéu khién con du bao ap suat tuong lai
sau thai gian AT bang cong thic dong hoc don gian:

1
Pt+AT = Pt + UtAT + EatATZ (5)

Khoang thai gian "AT" dugc cau hinh va cai dat phu
thudc vao hé théng may nén cu thé. Khi 4p suat du bao
P, ar cham ngudng LR hoac UR, b diéu khién sé ra lénh
Load hodc Unload phu hop va chd mét thai gian tré
Tqelaytrudc khi diéu khién tiép tuc (dé tranh thao tac lién
tuc).

Uu diém cla phuong an nay la khic phuc phan nao
nhugc diém ctia ngudng cd dinh - bo diéu khién sé duara
quyét dinh sém hon theo xu thé, giam dé tré va tranh
trugt 4p suat qua sau.

Nhugc diém |3 phuong phap nay phu thudc vao dé
chinh xac clia udc lugng v;, a; va tinh toan déng hoc
dan gian chua hdn phan anh day da dac tinh ap suat (ap
sudt thay déi cham, c6 nhiéu). Ngoai ra téc do 1ay mau
cta hé théng rat nho (duéi 10Hz) khién cho viéc tinh
toan a, déi khi khéng phan anh diang xu thé thay déi ap
suat. Tuy nhién, trong cac hé thong khi nén céng
nghiép, viéc st dung dP/dt van gilp cai thién chat
lugng diéu khién chung

Phuong an c: sit dung héi quy tuyén tinh (Linear
regression) dé udc lugng xu thé thay déi ap suat. Thay
vi sif dung a; vén nhay cam véi toc d6 lay mau cla hé
thong, phuong an nay st dung moé hinh Hoi quy tuyén
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tinh (Linear Regression) véi phuong phap Binh phuong
t&i thiéu OLS (Ordinary Least Squares) dé€ quan sat su thay
déi clia ap suat trong ctia s6 thdi gian T,,ingow (5 - 105)
nham dua ra dugc xu thé thay déi clia p suat (Slope).

Véi dac diém thay déi ctia ap suat la cham, hé s6 cé tan
sO ldy mau la 1Hz, phuong an nay xap xi phuang trinh
thay d6i ap suat trong khodng thai gian Ty ing0w thanh
phuong trinh bac nhat c6 dang:

P(t)=a+bxt (6)

Véi b: d6 déc (Slope): phan anh xu thé thay déi ap suat
trong khodng thai gian Ty, ingow

Hé théng 1dy mau ap suat trong moét khoang thai gian
Twindow = N (gidy) vira d0. Cau hinh khoang thaoi gian nay
tuy theo tiing hé may. Goi cac mau tai thoi diémt;=0, 1,
2,.., n-1 c6 ap suat tuong ung la P.. Phuong phap OLS
dugc st dung dé tinh b va a, theo cong thuc:

nxY(t;*P)—Xtix L P;
nx Yt — (Xt)? (7)
a=P—-bx*t
=1 -1
Vd|P=Z*ZPivat=7—1*Zti

Hé théng du dodn &p suat tai thoi diém

t'=t+ Tdelay:
Pio=a+bxt (8)

Khi ap suat du doan P, cham ngudng LR hodc UR, bd
diéu khién sé gui lénh dé Load hodc Unload may nén da
dugc lua chon tuong Ung theo ché dé hoat déng.

Uu diém ndi bat clia cach ti€p can nay la tinh don gian
va chi phi tinh toan thap, rat phu hgp véi méi truong thiét
bi nhung 6 tai nguyén han ché. B diéu khién danh gia
su thay d6i clia ap suat sau khi Load/Unload, tranh viéc
Load/Unload lién tuc cac
may nén khién cho ap suat o
hé théng dao dong lén T ‘

thé 4p dung thém bd loc trung vi (Median Filter) d€ loai
bé nhiéu (spike) két hop vai loc Trung binh dong ham ma
(Exponential Moving Average) dé lam mugt cac mau thu
dugc. Tuy nhién khi stf dung loc sé lam cham dap Uing cda
hé théng tuy vao hé sé a ctia bd loc

Trong bai bao nay, phuong an st dung héi quy tuyén
tinh dé udc luong xu thé thay déi ap suat duoc lua chon
sir dung dé thiét k€ phan mém bé diéu khién tap trung.
2.2. Thiét ké hé théng diéu khién va giam sat tap trung
hé may nén truc vit

2.2.1. Thiét ké phdn ciing

Hé théng bao gém bd diéu khién trung tam va cac
thiét bi ngoai vi gdn bén canh méi may nén. Bo diéu khién
trung tam (dat trong phong may) chiu trach nhiém thu
nhan dir liéu ap suat va trang thai tir tat ca cdc may nén,
réi diéu khién hoat déng cdia tiing thiét bi. So dé khéi diéu
khién trung tam dugc gan tai hién trudng phong may nén
duoc thé hién & hinh 1.

Bo diéu khién trung tam sé diéu phdi hoat déng cuia
cac may nén dua theo ap suat dau binh tich, nham bao
dam cho cdc mdy nén sé hoat ddng mét cach téi uu nhat
ma van bdo dao yéu cau vé ap suat dau ra. Bo diéu khién
trung tam sé ldy cac thong tin clla may nén théng qua
dudng truyén RS485, déng thai gui cac tin hiéu diéu
khién tuang (ng trén dudng truyén nay. Ngoai ra tai thiét
bi diéu khién trung tam cé gan kém man hinh HMI dé
ngudi van hanh cé thé dé dang theo déi trang thai van
hanh cda hé théng hodc can thiép diéu khién néu can.
Cac thong tin vé hoat dong clia hé théng dugc luu trir va
dugc gui Ién hé théng gidm sat qua Internet bang cac két
néi nhu 4G/WiFi hodc Ethernet. Hé théng duoc cap
nguon 24VDC théng qua bé chuyén déi nguén 220VAC -
24VDC.

HMI Deita

xuéng lién tuc. Viéc khong # '
Load cac may nén lién tuc
ciing gilp gidm ap suat
trung binh cla cd@ hé
thong, tir do gitp tiét kiém

RS485

>

dién nang hon. NGt ale, Knéi DIDO
Nhudc dié,m cla 220VAC
phuong phap nay la ap ]

} . A4
suat c6 thé bi anh hudng

b&i nhiéu néu khéng cé
budc xtt ly nhiéu. D€ khac

liéu
Khoi nguon
220VAC - 24VDC

=

Khoi truyeén thong

Khoi luu trir dir

THIET BI PIEU KHIEN TRUNG TAM - MASTER

Khoi giao tiep <
mang 4G
(Tuy chon)

Khoi truyen thong

B§ xit li trung tim Khéi giao tiép WiFi Server/Cloud

i

Khaoi hién thi,
théng bao

Khoi giao tiep
Ethernet <

phuc nhugc diém trén c6
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Hinh 1. So d6 khdi thiét bi diéu khién trung tim
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Rs4ss Ngoai ra, cac thiét bi

ngoai vi dugc dat bén canh

T ‘ cac may nén, c6 nhiém vu

e 4 N chuyén déi cac tin hiéu diéu

Khéi nguén :J\> SO -, = khién tur thiét bi diéu khién
24VDC Khoi truyén thong Khoi truyén thong Khoi lvu trir dir R o : R e

RS485 Rs232 liéu trung tam dé thuyc hién diéu

khién may nén tuong ung.
Pong thoi thu thap cac
thong tin vé trang théi hoat

T ey - A 5 7 7 y'd e N
~u;er;:;‘m. Khéi DIDO Bg xir li trung tam <« - h?&:::i?!‘ dor:g CL‘ja may ner? Eje guive
< thiét bi diéu khién trung

tam. So d6 khoi thiét bi

THIET BI GATE T o
L ) ngoai vi dugc thé hién &
< L e hinh 2.
Hinh 2. So do khai thiét bi ngoai vi o
2.2.2. Thiét ké phan mem nhing
Phan mém nhung cho bé diéu khién
trung tam dugc thiét ké theo hai quy
trinh chinh: kh&i dong va thuc thi
o e g chuong trinh. Khi cdp ngudn hodc khéi
Khdi tao ngoai vi N ”
Naocacthamsgdé\uutrﬂ N=N+1 d()ng |a|, vi diéu khién thUC hlén khai tao
! hé théng: khéi tao thu vién, cac ngoai vi

‘ S

| (céc chan 1/0O, UART,..) va nap théng sé

(R 2 ek e an D A A z z e . 4
e Db Fétbi g il 08 St tur bé nhé. Sau dé thiét bi chuyén sang
RS4857 N qua RS485 qua thi gian chd? bingoai viN. ngoaivi?

giai doan van hanh chinh, thuc hién luan

e phién cac cong viéc sau: (i) doc dirliéu tu

TR thiét bi ngoai vi qua RS485, (ii) giao tiép
Er v6i man hinh HMI qua RS232, (iii) thuc thi
0 thuat toan diéu khién (danh gia ap suat,

b

-~ AN p—— . N .
T ‘_ sy tinh dP/dt, ra lénh Load/Unload), va (iv)
gui dir liéu giam sat 1én server qua giao

thic 4G/WiFi/Ethernet. Luu dé thuat
toan cho bé diéu khién trung tam duoc
minh hoa & hinh 3 va ddm bao toan b
cac budc trén dugc 13p lai lién tuc dé duy
tri p suat 6n dinh.

%'"“—”

S4n sing thuc thi

Thuc hién gidi thut cho thudt
Quét todn didu knién?

todn diéu knién

b

Tuong tu, cac thiét bi ngoai vi véi
nhiém vu chuyén déi cac tin hiéu diéu
Déng g6 JSON cic i iéu khién tur thiét bi diéu khién trung tam dé
thuc hién diéu khién may nén tuong
(ing. Dong thaoi thu thap cac thong tin vé
trang thai hoat ddng clia may nén dé gui

Seep }ﬂ_ Cotém ding vé thiét bi diéu khién trung tam. Luu do
: hoat ddng? v 0
) thuat todn cua thiét bi ngoai vi dugc thé

hién & hinh 4. Phan mém nhudng cho
thiét bi ngoai vi cling c6 hai giai doan:
khai dong (khdi tao hé thong, nap thong
s0) va thuc thi. Trong giai doan van hanh,
Hinh 3. Luu @6 thuat toan thiét bi diéu khién trung tam thiét bi ngoai vi lién tuc doc tin hiéu tu

an sang gl d{ lie0
1én server

GUi goi tin G dong goi lén server
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bo diéu khién tai may nén (ap sudt, trang thai
Load/Unload, thai gian chay,..), luu trit dém. Khi nhan
[énh doc tir bo trung tam qua RS485, né gui dir liéu luu
trt vé va sau do tiép tuc doc tin hiéu mdi. Quy trinh nay
dugc 1ap lién tuc cho dén khi thiét bi bi ngat nguén hoac
khai dong lai.

Khi¥i tao hé thong
Khé&i tao ngoai vi

MNap céc tham s0 d& Iwu trlr

¥

. Boc cac trang thaéi DO cla bd
San sang doc YES didu khién riéng ciia may nén
trang thai cia e 2 5 B

may nén? Luru cac théng tin ve trang thai

) hoat déng clia may nén.
NO
«
£ R, YES .
Co 1&nh doc théng tin Gri phan hoi cdc théng tin trong
tir RS485? rng qua RS485

MO
<

b 1énh digu khigit
clia bd diéu khién
tir RS485?

YES Thurc hién trong rng cac
lénh digu khidn may nén

NO

4[ Sleep 1s }

Hinh 4. Luu d0 thuat toan thiét bi ngoai vi
3. KET QUA VA THAO LUAN

=

Hinh 5. So 0 thiét lap hé thong thir nghiém
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Dé danh gia hoat dong cua thiét bi, mét hé théng may
nén khi dugc thiét lap (hinh 5) bao gém: 01 may nén khi
OSP-7.5VA Il cong suat 7,5kW clia hang HITACHI, 01 may
nén khi XLAM15A cong suat 11kW ctia hang KOURITSU,
01 binh tich chia khi dung tich 1000 lit, 4p suat thiét ké
10 bar, 01 van xa khi ma KZQ10A-220V c6 thé diéu khién
thong qua MODBUS-RTU. Trong ndi dung nay, thd
nghiém danh gia thai gian phan hoi diéu khién va danh
gia kha nang tiét kiém dién nang khi 4p dung hé théng
dugc nhém nghién ciu tién hanh.

3.1. Panh gia thai gian phan héi diéu khién

Thi nghiém nay dugc tién hanh nham danh gia kha
nang dap ung cta bo diéu khién trung tam khi ap suat
trong hé théng thay déi dot ngot. Muc tiéu la xac dinh
thai gian phan héi diéu khién, tiic khoang thai gian tur khi
bo diéu khién tac déng dén khi ap suat binh tich tré vé
trang thai 6n dinh (nam trong giGi han cai dat). Bién thién
ap suat dugc tao ra bang cach diéu khién van xa khi, dong
thai ghi nhan tin hiéu 4ap suat thuc té va tin hiéu dau ra
diéu khién cta bo diéu khién trung tam. Cac tin hiéu nay
dugc thu thap déng bo tir cdm bién 4p suat, bé diéu khién
trung tdm va phan mém giam sat dé€ dam bao do chinh
xac phép do.

Budc 1: Thiét 1ap ap suat ban dau: Khai déong hé théng
may nén va diéu chinh ap suat trong binh chura vé gan gia
tri ap suat cai dat [Prow - Puicnl. Doi cho hé théng dat trang
thai 6n dinh (ap suat dao dong trong khodng +0,05 bar
trong it nhat 10 giay).

Budc 2: Tao bién thién 4p suat: Thuc hién diéu khién
van xa khi & cac muic 86 ma khac nhau (i 10% dén 100%)
dé mo phoéng cac tinh huéng sut 4p khac nhau trong hé
thong. Dong thadi, ghi nhan ap suat thuc té theo thai gian
va tin hiéu dau ra diéu khién ctia bo diéu khién trung tam
(tin hiéu ma van tang tai cho may nén) song song.

Budc 3: Xac dinh thai diém va tinh toan: Xac dinh cac
théng s6 thai diém quan trong trong qua trinh. Thai gian
phan héi diéu khién At,,, va thdi gian phan Ung trudc
At qr1ycla bo diéu khién dugc tinh theo cong thuc:

Atset - TS TC (9)
Atearly =Tos — T¢

Trong dé:

- T,,: th&i di€m ma néu gitr nguyén xu thé hién tai va
bo diéu khién khéng can thiép thi ap sudt sé cham
ngudng Prow hoac Puigh

- T: thoi diém bo diéu khién ra 1énh diéu khién may
nén.
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- T,: thoi diém &p suat déi chiéu va nam trong nguéng
[PLow - PhigH]

Budc 4: Danh gia va két luan két qua: Tién hanh thi
nghiém [dp lai v&i cac miic ma van khac nhau (20%, 40%,
60%, 80%, 100%) dé danh gia tinh 6n dinh cta bo diéu
khién trong nhiéu diéu kién tai.

Bang 1. Thai gian phan hdi va thoi gian dap ting clia hé thong

Domévan (%) | Atee | Dteny | Apsudttaithdi diém T,(P)
10 3 8 5,85
20 4 5 5,92
40 6 6 515
60 7 5 512
80 9 6 510
100 10 7 5,05

K&t qué dugc biéu dién trén d6 thi P(t) theo thai gian,
thé hién rd thai diém tac dong diéu khién va khoang thai
gian hoi ap trong 2 trudng hgp dé mé van la 15% (hinh 6)
va 93% (hinh 7).

Nhan xét: Thai gian phan hoi trung binh cda hé théng
nam trong khoang 3 - 10 gidy, trong thai gian thirnghiém,
ap suat P, lubn nam trong gi6i han cai dat [Prow - Phich]
trong cd nhiing trudng hgp ma van xa déng hodac mé
hoan toan. Két qua chiing minh bd diéu khién c6 kha
nang dap ung nhanh, 6n dinh va chinh xéac trudc bién
déng ap suat, dap ting yéu cau ky thuat ctia bai toan diéu
khién ap sudt trung tam.

3.2. Panh gia kha nang tiét kiém nang luong

Kha ndng tiét kiém nang lugng dugc danh gia bang
cach so sanh hai kich ban van hanh trong cung diéu kién
tai: (1) ché do tap trung (Remote/Auto) véi bo diéu khién
trung tam, va (2) ché d6 tha cong (Local) khi cac may nén
van hanh déc lap theo phuong phap truyén thong. Trong
moi kich ban, hé thong dugc chay mét khoang thai gian
xac dinh vdi kich ban tai/xa c6 dinh. Trong qua trinh chay,
ghilai d{tliéu ap suat thuc té, trang théi hoat dong va dién
nang tiéu thu cla tiing may.

Giai doan 1: Thi nghiém vdn hanh hé théng cé st dung
bé diéu khién (Ché d6 REMOTE)

Ap sudt (bar) Pap ing dieu khién(D6 mé van 15%) D6 m&van(%)
; . Tos 4
5.9 3 40
5.8 35
5.7 30
> 25
> 20
= s
5 : 10
- :

5
1 2 3

Hinh 6. D6 thi ap sudt theo thdi gian trong trudng hop van mé 15%

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Ap suat (bar) Pap Gng dieu khién(Dd mé van 93%) Db mdvan(%)

6 100
5.9 : : : %
5.8 : : i

i Dtger =igs i 50

5.7 e 70
56 :Ateariﬁﬁs: 60
55 e 50
54 40
53 30
5.2 20
5.1 : - 10

5 P Tos@ T 0

1 3 5 7 9 11131517 19 2123 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91

— AD Suat

Hinh 7. D6 thi ap suat theo thai gian trong truong hop van mé 93%
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Budc 1: Xac dinh dai ap suat lam viéc cta hé théng:
Yéu cau ap suat lam viéc cia hé théng la trén 5,0 bar. Thit
nghiém trong 2 trudng hgp khac nhau: Trugng hgp 1 véi
dai dp suat [5,0 - 6,0 bar] va truong hgp 2 véi dai ap suat
[5,0-5,5 bar]

Budc 2: Thiét 1ap dai gia tri diéu khién clia cac may nén:
C4u hinh dai diéu khién ap sudt cta tiing may nén trong
pham vi [4,5 - 6,5] bar, bao pht toan bd dai 4p suat lam
viéc clia hé théng. Muc dich 1a dé cac may nén khoéng tu
Load/Unload ma phai hoat déng theo quyén diéu khién
cta bo diéu khién trung tam.

Budc 3: Chuyén cac may nén sang ché dé Remote.

Budc 4: Thiét 1ap kich ban tai/ xa khi: Lap trinh van xa
khi @& mo6 phéng thay déi tai thuc té trong nha may, dam
bao kich ban tai gidng vdi giai doan sau.

Budc 5: Chay hé thong & ché dé Auto: Pat bo diéu
khién & ché d6 tu dong t8i uu. Hé théng tu dong phan
phoi tai gitta cdc may nén va chi duy tri s6 may can thiét
dé dap ung ap suat yéu cau. Trong sudt qua trinh chay,
thu thap dir liéu lién tuc: ap suat hé théng, trang thai
hoat dong, dién nang tiéu thu va thoi gian chay cla tung
may nén.

Giai doan 2: Thir nghiém vdn hanh hé théng khéng st
dung bo diéu khién (Ché @b LOCAL)

Budc 1: Thiét lap diéu kién ban dau: Yéu cau ap suat
cUa hé thong la trén 5.0 bar.

Budc 2: Thiét lap dai ap suat lam viéc doc lap cho mébi
may: May nén 1 cau hinh dai diéu khién ap suét [5,0 - 6,0
bar]; May nén 2 cau hinh dai diéu khién ap suat [5,2 - 6,2
bar]. Khi d6, cac may hoat dong doc lap, khéng c6 ca ché
phdi hop tai. Nhu vay do dac diém xép chéng dai diéu
khién cia cac mdy nén, nén dai ap suat lam viéc cta hé
thong & ché do LOCAL sé phu thudc vao sé lugng may
nén. Cang nhiéu may nén hoat déng doc lap, dai 4p suat
nay cang lén.

Budc 3: Chuyén cac may nén vé ché dé Local

Budc 4: Thiét 1ap kich ban tai/xa khi tuong tu giai
doan 1

Budc 5: Chay hé thong va ghi dit liéu: Thuc hién chay
thi nghiém, ghi lai log dit liéu gém thai gian hoat dong,
ap sudt tuc thoi, cong suat tiéu thu va chu ky Load/Unload
clia tng may nén.

Ddnh gid két qua va két ludn

Sau khi hoan tat hai giai doan thit nghiém, di liéu
dugc xttly va téng hap lai. Muc tiét kiém nang lugng dugc
tinh theo céng thuc:
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_ Erocal = Equto
Nsave =

X 100% (10)

Elocal

Trong d6: Ejcqr VA Equio 1an luot la dién ndng tiéu thu
& ché do Local va Remote. Két qua thu dugc dugc trinh
bay trong bang 2.

Bang 2. So sdnh ap suat trung binh va dién nang tiéu thu gitia hai ché do
van hanh

| | o ] o |
Chédo | diém | diém | N kiém
’ chay dimg gian | binh |tiéuthu %)
(h) | (bar) | (kWh)
Thii nghiém lan 1
Local 10n37" | 12h37 2 5,64 29,57 34
Remote 12h55" | 14h55 2 5,60 28,56
Thi nghiém |an 2
Local 10n48’ | 15h48’ 5 5,62 7015 | 3,15
Remote 10h26" | 15h26 5 557 67,94
Thi nghiém lan 3
Local 10n43" | 14h43’ 4 5,55 57,08 4,5
Remote 11h00 15h00 4 518 54,51
Thii nghiém lan 4
Local 09h30" | 15h30’ 6 5,58 8490 | 5,10
Remote 09h25" | 15h25’ 6 549 80,57
Nhan xét:

Trong cac lan thir nghiém, & ché d6 remote, b diéu
khién c6 thé gilp cho hé théng tiét kiém dugc tir 3 — 5%
dién nang tiéu thu. G lan thr nghiém th 3, 4p suét trung
binh dugc giam xuéng do dai ap suat cai dat dugc thu
hep lai xuéng 5,0 — 5,5 bar, nh& vay la dién nang tiéu thu
dugc gidm nhiéu hon so vai 2 1an thi nghiém dau tién.
Nhu vay c6 thé thay viéc gidm ap suat trung binh cda hé
thong xuéng gitp gidm dién nang tiéu thu.

O 1an thir nghiém thi 4, bo diéu khién bat tinh nang
cho phép cac may nén dugc phép STOP khi chay khéng
tai trong mot khoang thai gian cai san, nha vay ma dién
nang tiéu thu giam, gidp tiét kiém dugc khoang 5.1%.
Diéu d6 cho thay rang, néu hé thong cé cang nhiéu may
nén, thi viéc tat bét cdc may nén khong can thiét sé giup
hé théng tiét kiém cang nhiéu dién nang.

Nhin chung, gidi phéap diéu khién tap trung da c6 hiéu
qua trong viéc phan bé tai gitta cac may nén, duy tri ap
sudt yéu cau véi murc trung binh thap hon va giam dugc
3 - 5% dién nang so vai van hanh truyén thong.
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4. KET LUAN

Nghién cttu da thanh cong trong viéc xay dung va ché
tao hé théng diéu khién - giam sat tap trung cho cum may
nén khi truc vit cong nghiép. Hé théng bao gbm phan
ciing va phan mém tich hgp chidt ché, cho phép quan ly
chung nhiéu may nén qua mot bo trung tdm duy nhat.
Thuat toan diéu khién dua trén du bdo xu thé ap suat (két
hgp do dP/dt va udc lugng ap suat tuong lai) da giup hé
théng duy tri ap suat binh tich n dinh trong pham vi yéu
cau, ma rong dai diéu khién nhé han so véi ca ché ch. Két
qua tht nghiém cho thay hé théng dat dugc d6 phan hoi
nhanh va 6n dinh (3,0 - 10,0 gidy), dong thai tiét kiém dién
nang dang ké (khoadng 3 - 5%) so vé6i van hanh thong
thudng. Nhiing két qua trén khang dinh déng goép chinh
cla dé tai la gidi phap diéu khién tap trung tién tién giup
t6i uu héa hiéu suat va gidm that thoat nang lugng trong
hé théng khi nén.

Vé huéng phat trién, c6 thé ti€p tuc tich hop céac thuat
toan diéu khién tién tién hon (vi du sit dung mé hinh du
bao dai han, t6i uu hoa thuat todn chuyén mach may nén)
va mé& rong th nghiém trong maéi truong cdng nghiép
thuc t€ dé€ danh gia toan dién. Giai phap nay ciing c6 thé
dugc khuyén nghi trién khai tai cac nha may I6n dé gop
phan thuc day st dung nang lugng hiéu qua va thac day
chuyén d6i s trong quan ly thiét bi khi nén cong nghiép.

LOI CAM ON

Nghién ctiu nay dugc tai trg bdi dé tai cap Bé Khoa hoc
va Cong nghé theo hgp déng sé 09/2024/HD-DTCB ngay
31/01/2024.

[6]. P. Radgen, "Comparing Efficiency: Internet-Based Benchmarking for
Compressed Air Systems," ACEEE Summer Study on Energy Efficiency in Industry,
2005.

[71. Quoc Chi Nguyem, Thanh Huy Phung, Duy Anh Nguyen, Quang Phuoc
Tran, Phuong Tung Pham, "Optimization Control of Pneumatic Compressor
System," VNUHCM Journal of Engineering and Technology, 8,4, 2681-2688, Oct.
2025.

[8]. Yudong Xia, Jian Wang, Aipeng Jiang, "Modeling and Energy-Efficient
Control of a Compressed Air System equipped with Multi-Compressor,"
Arabian Journal for Science and Engineering, 49, 5, 7527-7543, 2024.

[9]. A. Thu, Téi uu hda hé thdng khi nén cho cdc doanh nghiép cong nghiép
phia Nam. kiemtoannangluong.org, 21-5-2024. [Online]. Available:
https://kiemtoannangluong.org/index.php/vi/news/Tin-tuc/Toi-uu-hoa-he-
thong-khi-nen-cho-cac-doanh-nghiep-cong-nghiep-phia-Nam-2109/.

[10]. Duc Do, Stanley Vietnam: Targeting a 4% Reduction in Annual Energy
Consumption Intensity. National Energy Efficiency Programme, Vietnam, 11-9-
2025. [Online]. Available: https://vneec.gov.vn/tin-
tuc/activities/t42992/stanley-vietnam-targeting-a-4-reduction-in-annual-
energy-consumption-intensity.

[11]. B6 Cong Thuong va UNIDO, Hudng dén ky thudt tdi uu héa hé théng
khi nén cdng nghiép. Ha N6i, 2024.

[12]. Tran Hong Ha, Nguyén Kim Anh, "Diéu khién du bao tube-mpc thich
nghi cho hé phi tuyén c6 khau phi tuyén khong biét trugc thda man diéu kién
lién tuc lipschitz," Tap chi Khoa hoc Cong nghé Hang hdi, 65, 39-43, 2021.

[13]. M. M. H. Sohan, S. K. Biswas, M. A. Rahman, A. N. M. Noman, “loT-
Based Real-Time Pneumatic Pressure Monitoring and Notification System: A
(ase Study in the Manufacturing Sector,” in 2023 International Conference on
Information and Communication Technology for Sustainable Development
(ICICT4SD), 24-25 Feb. 2023.

TAI LIEU THAM KHAO

[1]. Australian Government Department of Industry, Industrial Air
Compressors: Technical Discussion Paper. E3 Equiment Energy Efficiency, 2020.

[2]. Miriam Benedetti, "Real Time Energy Performance Control for
Industrial Compressed Air Systems: Methodology and Applications," Energy
Efficiency of Manufacturing Processes and Systems, 12, 20, 4198-4203, 2019.

[3]. H. Hernandez-Herrera, J. 1. Silva-Ortega, V. L. Martinez Diaz, "Energy
savings measures in compressed air systems," International Journal of Energy
Economics and Policy, 10, 3, 414-422, 2020.

[4]. U.S. Department of Energy, Energy Efficiency and Renewable Energy,
Improving Compressed Air System Performance. USA, 2020.

[5]. Mohamad Thabet, "Management of Compressed Air to Reduce Energy
Consumption Using Intelligent Systems," in Advances in Intelligent Systems
and Computing, 2020.

Vol. 62 - No. 3 (Mar 2026)

AUTHORS INFORMATION

Nguyen Van Dua’, Nguyen Quoc Hung', Tran Hung Manh?',
Do Trong Tan', Nguyen Thanh Phuc?, Nguyen Thu Ha?

"National Center for Technological Progress, Vietnam
2Lai Chau Power Company, Vietnam

3School of Electrical and Electronic Engineering, Hanoi University of
Industry, Vietnam

HaUl Journal of Science and Technology | 63



