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Tom tit

Mgt hé thong khi nén cé thé bao gom mgt méy nén
duy nhat hogc nhiéu may nén hoat déng cling
nhau. May nén ciing cé thé 1a logi truyén dgng toc
dé co dinh (FSD) hodc toc dé thay doi (VSD).
Néng long duing cho thong khi nén thwong chiém
tir 10% tdi 30% téng ndng heong tiéu thy mét nha
may [1]. Do vdy, mét giai phép tiét kiém ndng
heong cho hé thang khi nén gdp phan cdi thién
ddng ké dén hiéu qua ndng lirong cua ca hé thong
san xudt.

Bai bdo dé xudat mét giai phap tiét kiém nang
leong tiwong déi hiéu qua dé la ldap dat thém bién
tan cho c&c may nén truc vit téc dé cé dinh, hién
dang dwoc sir dung rdt phé bién trong cac nha
may.

Tir khéa: May nén truc vit, bién tan, hé théng diéu
khién may nén, tiéet kiém nang lwong.

Abstract

A compressed air system can consist of a single
compressor or multiple compressors working
together. Compressors can also be either fixed
speed (FSD) or variable speed (VSD) drive types.
The energy used for compressed air systems
typically accounts for 10% to 30% of the total
energy consumption of a plant [1]. Therefore, an
energy-saving solution for an air compressed
system contributes to a significant improvement in
the energy efficiency of the entire production
system.

The article proposes a relatively effective energy-
saving solution that is to install inverters for fixed-
speed-drive screw compressors, which are
currently being used very commonly in factories.

Keywords: ~ Screw  compressor, inverter,
compressor control system, energy saving.

1. Pat van dé

Hé thong may nén khi bao gom mot hoac nhiéu
méy nén khi hoat dong cting nhau, cc hé thong duong

ng, binh chira va cac thiét bi khac dé cung cip khi
nén tgi céc thiét bi, dung cu.

May nén khi 12 mot thiét bi quan trong nhat cua hé
thong khi nén. N6 thuong tiéu thu mot luong dién
nang tir 10% t&i 30% téng ning luong dién tiéu thu
cua mot nha may [1]. May nén khi dugc sir dung trong
cong nghiép cha yéu la may nén thé tich, thuong gap
hon ca la may nén kiéu piston va truc vit.

May nén truc vit dugc st dung phd bién trong cac
hé thong khi nén cong nghiép do c6 luu lugng 16n, &p
sut khoang 7-8 (Bar). N6 ciing ém hon, it rung dong
hon va c6 hiéu suat cao hon so v6i may nén piston.
Do vay, may nén khi truc vit dwoc lya chon lam ddi
tugng nghién ciru cta nhdm tac gia va sau day dugc
goi ngin gon 1a “may nén khi”.

Chi phi dién ning chiém khoang 80% tong chi phi
vong doi cia mot may nén khi [2]. May nén khi truyén
thdng thuong dugc din dong bai dong co dién khdng
ddng bo co tdc d6 khong dbi, ap suat cua khong khi
trong binh chita déng vai tro 1a thong sb diéu khién
cua hé théng. Ap suét nay dwoc gitr sao cho né chi dao
dong trong mot pham vi nhit dinh. Thuong cd hai
cach dé kiém soat ap suat.

Ap sudt (Bar)
Gigi han trén N

/ \ \ \
Gisihanowei L N v _ N
Thei gian (S)

Hinh 1. Sw thay déi ciia 4p sudt trong binh chira

Céch thir nhat 1a khoi dong va dimng dong co lién
tuc. Khi &p suat khong khi thip hon hoac bang véi gioi
han dudi, may nén s& hoat dong cho dén khi ap suét
tang 1én toi giGi han trén thi dimg lai. Ap suat giam
dan do ro lot hodc do khi nén dugc tiéu thu cham téi
gidi han duéi, may nén s& hoat dong tr¢ lai. Su thay
dbi &p suét duoc thé hién trén Hinh 1. Phuong phap
nay don gian va chi phi thip, nhung n6 chi phi hop
V6i cac dong co cong sudt nho bai vi dong co s& duoc
khoi dong va dung lién tuc.

Céch thtr hai la sir dung mot van khéng ché ap sut
khong khi trong binh chtra. Khi &p suét tang dén gigi
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han trén, van nay s& diéu khién dé dong van hut cua
may nén khi. Khi ¢6 may nén van duoc lai bdi dong
co vé6i tc do khong ddi nhung khong cap khi nén, do
d6 ap suat khong khi s& khong tang thém. Khi ap suat
giam tGi giGi han duéi, van hat s& mo tré lai va may
nén lai cap khi nén &p suat khong khi sé tang tro lai.

Ap suat khong khi thay ddi gidng nhur ap sudt cia
phuong phap dau tién; trong trudng hop nay dong co
chay lién tuc, phuong phéap nay dugc sir dung cho cac
dong co c¢6 cong sut ¢& vira va Ion. Day ciing chinh
1a phwong phap dugc st dung rong réi trong tat ca cac
nha may dé kiém soat ap suat khi nén.

Hai phuong phap diéu khién truyén théng trén mac
du da dap Gmg duoc van dé didu khién &p suét trong
hé thong nhung ciing boc 16 mot sé nhuoc diém nhu
sau:
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(1) Ap suat khong khi trong hé théng ludn dao
dong lon gitia gidi han trén va dudi;

(2) Trong qua trinh chay c6 tai va khong tai dong
dién ciing bi dao dong lién tuc gitra hai gidi han;

(3) Viéc chay co tai va khong tai lién tuc cia may
nén khi gay ra dao dong dién ap cuia ngudn dién chung,
diéu nay dac biét nghiém trong véi cac may nén co
cdng suét 16n;

(4) May nén lubn quay Vi toc do toi da, ddn dén
tang mai mon co khi, ting nhiét d6 cua cac chi tiét va
dau may nén dong nghia vai viéc lam giam tudi tho
ctia dau ciing nhu cta toan bo may nén;

(5) Méay nén khi chay véi téc d6 cao cong véi su
hoat dong lién tuc van &p suat gay tiéng on 1on;

(6) Pong co truyén dong cua may nén khi hoat

Cam bién ap suat st

Cam bién nhiét do o

Y

B0 didu khién [—me{PNANNOI 8D | | Bién tan
suat

—m- [ MO to dién -

May nén m=-| Binh chira

A

Cam bién &p suat dau béi tron, lam mat

Cam bién nhiét d6 diu bai tron, lam mat

Cam bién nhiét dd nwéc lam mat

Cam bién &p suét nwdc lam mat

Hinh 2. So dé nguyén Iy diéu khién téc dp may nén khi diing bién tan

=3

~

Ap suét (Bar)

Pidu chinh tj I& (P)
e D)i&u chinh ty 1& tich phan (PI)
Diéu chinh ty & - tich - vi phan (PID)

Théi gian (S)

Hinh 3. Piéu chinh &p sudt si dung b diéu chinh P1D
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dong khéng hiéu qua, tiéu ton nang lugng dan dén h¢
s6 str dung cong suit thap.

Vi vay, can phai thay d6i phuong phap diéu khién
cho cac may nén truyén thong dé tiét kiém nang lugng,
it gay 6 nhidm tiéng on ciing nhu hoat dong tin cay
hon. St dung bé didu chinh PID dé gitr cho 4p suat
khéng d6i bang phuong phap VFD dugc tich hop sin
trén céc bo bién tan chuyén dung da chiing minh rang
c0 thé tiét kiem téi 40% nang luong dién tiéu thu [6].

2. Sir dung bién tan dé diéu khién mé to lai
may nén khi truc vit

Véi su phat trién nhanh chéng caa céng nghé dién
tir cONg Suét, cac inverter duoc sir dung rong rai dé diéu
chinh téc 46 dong co dién xoay chiéu. Trong du 4n nay,
nhém téc gia da sir dung inverter dé diéu khién mé to
dién lai méay nén khi nham muc dich duy tri 4p suat dau
ra cia may nén luén khong déi ¢ cac ché do tai.

Dé kiém soat ap suat khong khi trong khi dong co
chay lién tyc, tbc d6 quay cua dong co phai duge didu
chinh. Tuy nhién, dong co khong thé tu thay ddi tc
d6 quay khi céc thong s6 cua luai dién 1a ¢ dinh (dién
&p, tan s6). Phuong phéap hiéu qua la sir dung bién tan
dé diéu chinh tan sb caa ngudn cap toi dong co. So dd
hé thong dugc thé hién trén Hinh 2.

Tin hiéu phan hdi &p suit dugc so sénh véi gia tri
dit tai bién tan, do léch cua 2 gia tri nay la tin hiéu vao
cua bo diéu chinh PID dé diéu chinh tan sé cia ngudn
xoay chiéu cap téi dong co khong dong bo lai may nén.
Dong co s& thay ddi tdc dd mot cach twong tng dé dat
dugc gid tri ap suit dat [4]. Ap sudt khi nén trong binh
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chtra duoc diéu khién bai b diéu chinh PID dugc biéu
thi trén Hinh 3.

3. Thuc nghiém

3.1. Péi twong

Déi tuong dugc lya chon 1a hé théng khi nén ciia Nha
may san xuat noi that - Cong ty C6 phan Pai Hai Thanh
tai Khu Céng nghiép Truong Son, An Lo, Hai Phong.

Hé thong khi nén duoc trang bi 2 méy nén khi truc vit:

*. May nén khi hi¢u Kobelco

- Cong suat 11kW, dién &p 400V, tan s6 50-60 (Hz),
toc do 2800v/p:;

- Nam san xuat: 2000; khoi dong Y/A;

- Ap suat khdng khi nén 6-7 (Bar);

- Lam maét bang khong khi boi 1 quat gin dong
truc véi dong co chinh;

- Ché do hoat dong: 1a méay nén du phong, chi hoat
d6ng khi méy nén chinh bi su ¢6 hoic bao dudng. Khi
sir dung riéng may nén nay c6 kha ning cung cap 2/3
nhu cau khi nén caa toan bo nha may.

*. May nén Mitsuiseiki

- Cong suat 22kW, dién ap 400V, tan sb 50-60 (Hz),
toc do 2800v/p;

- Nam san xuat: 2005; khoi dong Y/A;

- Ap suat khdng khi nén 6-7 (Bar);

- Lam mat bang khéng khi bai 1 quat doc lap cong
suat 2,2kW, 400V;

- C6 bo 1am kho khi nén bang may say lanh cong
suat 0,75kW, 220V,

z 40 @

Mach digu khigh 24 v 50 HZ

AU NEN
MITSUISEL 2240

Hinh 4. So @4 lidp dgt bién tan cho may nén khi Mitsuiseiki 22kw
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- Ché d6 hoat dong: 1a may nén chinh cép khi nén
cho toan bd nha méy. S6 gio 1am viéc 9-12 gio/ngay;
26 ngay/thang.

*, Cac thiét bj khac

Heé thdng trang bi 1 binh chira c6 dung tich 2m3,
ap suat 1am viéc 6-7 (Bar), ap suat thir thuy lyc 14bar.
Heé théng duong ng khi nén va cac cum dau ndi
nhanh b tri dén tat ca cac vi tri 1am viéc cua 2 phan
xudng cé dién tich khoang 4000m?2,

3.2. Yéu cdu cia nha may

- Toan bo cong viéc ldp dat, hoan cai phai hoan
thanh trong 1 ngay (Chu Nhat);

- Khi hé théng diéu khién mai bi sy ¢, thoi gian
cho phép chuyén vé diéu khién truyén théng phai nho
hon 30 phut va dugc thyc hién bgi nhan vién bao tri
cta nha may;

- Thoi gian thu hdi vén du tu hoan cai phai ngén
hon 1 nam;

- Hé thdng hoat dong tin cay, khong can thém bét
ky mot su cham soc dac biét ndo, it nhét 1a bang véi
tinh trang trugce khi hoén cai.

3.3. Tinh toan lwra chen thiét bi

V6i bai toan dit ra nhu trén, nhom tac gia sau rat
nhiéu tinh toan va tham khao da dua ra so d6 diéu
khién may nén tryc vit Mitsuiseiki trén Hinh 4. Toan
bo hé thong dong luc ciia may nén duoc giir nguyén,
Hé thong diéu khién dwoc hoéan cai phu hop. Hai thiét
bi chinh dugc lya chon dé lip thém la: Bién tan IS7
LS SV0022iS7-4NO va Cam bién &p suat dang sb cua
hdng Omron ISEA30A-01-C
3.4. Cai dat bién tan LS iS7 chgy PID

C4c budc cai dat bién tn duoc thuc hién theo
huéng dan cua hang [7, 8]. Khi cai dat can chd y mot
s6 diém sau:

- Ham APP21: Chon “1-(V1)” chon tin hi¢u hdi
tiép tir cam bién (reference) bang tin hiéu analog 0-10
(VDC);

- Bé tranh dong co bi ndng ham APP-30 (tan s6 toi
thiéu) dat bang 30Hz;

- Cai dat thém chuc nang Sleep/ wake-up trong
bién tan I1S7 khi chay PID biang cac ham APP-38,
APP-39.

3.5. Két qud thc nghiém

Céc sb liéu trén duge do dac dua trén cac thdng s6
thyc té cua dong co & cling mot diéu kién tai trude va sau
khi lap bién tan dugc liét ké trong Bang 1. Trong phan
I6n thoi gian, dong co chay ¢ tan s6 38Hz di ¢6 thé dap
{mg duoc toan bo nhu cau st dung khi cia nha may.
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Bdng 1. Sé ligu thec nghiém

bi¢n | Dong | Tan | Téc | Cong
ap | dién | sb do | suit
V) | (A) | (Hz) | (vp) | (kW)
Chua
Iip
. 400 32 50 2800 | 37.56
bién
tan
Co
bién 300 28 37.49 | 2216 | 21.31
tan

Tir Bang 1, ¢6 thé chi ra rang:
- Hé s6 giam cua dong tiéu thy (1) la:

32-28
32

I=2"2100% =
1

. 100% = 12.5% (1)

- Hé s6 giam cua dién ap (V) la:

_ 400-300
400

v =2-2100% 100% = 25% (2)
1

- Hé sb giam cua Téc do (S) la:

2800-2216

§=31752 1000, = 100% = 20%. (3)
51 2800

- Hé sb tiét kiém nang luong (1) la:

_Pi=Pr 0. 37562131
= ) 0T 400

100%
= 43.26% ()

R6 rang rang hé théng méi da ching to tiét kiém
nang luong. Ngoai ra n con c6 nhitng wu diém khac:

(1) Giam déang ké tiéng 6n, thuc hién khoi dong va
dirng mém, tranh dong xung kich cho luéi dién khi
may nén khi khai dong;

(2) Do téc do giam toi 20% nén nhiét d6 cua dau
nhon ciing giam theo tir 85°C-90°C xudng con 75°C -
80°C, thoi gian thay dau dinh ky tang gap rudi tir 1000
gio 1én 1500 gio;

(3) Ap suat cta hé thong dwoc duy tri gin nhu
khong d6i, sai léch nho hon 0,05Bar;

(4) Mirc d6 ty dong hoa cao va khic phuc nhuoc
diém cua phuong phéap didu chinh truyén théng.

4. Két luan

Bai bao da gidi thidu mot giai phap tiét kiém nang
lwong cho may nén truc vit bang céch trang bi thém
bién tan cho cac méay nén c6 toc do cb dinh hién dang
duoc sir dung rat pho bién trong cac nha may. Nhém
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tac gia xin chan thanh cam on Ban Giam db¢ Cong ty
C6 phan Pai Hai Thanh da ciing déng hanh véi nhém
tac gia. Hé thong da duoc lép dat va dua vao sir dung
tir thang 2 nam 2022 cho dén nay. Két qua thu duoc
rat kha quan va da dap tmg duoc tat ca cac yéu cau
clia nha méay. Pac biét, hang thang cong ty da tiét kiem
dugc hon 4000kW.h gop phan rat ngén thoi gian hoan
vén xudng chi con khoang 4 thang.
Loi cam on

Nghién clru nay dugc tai trg béi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6 DT22-23.27.
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