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Building Automation System (BAS) is currently being applied a lot in
modern high-rise building systems. The main objective of the BAS
system is to monitor and control all systems in the smart building with a
single control system to optimize actual performance. In which the air
conditioning system (HVAC) is one of the most important systems in the
BAS system. The content of the article presents the results of using
Andover Continuum software of Schneider Electric in the work of setting
up drivers and designing the monitoring interface for HVAC application
of air conditioning system information in PVI building (Hanoi). Through
our audience analysis, the authors came up with the algorithm driver;
built the transport module modular control and cold water pump pressure
according to 2 circuit structure adjustment. Based on the research method
of simulation combined with the system experiment, the result shows that
the control parameters follow the set value with the error within the
allowable limits (the error of temperature is less than 0.3°C, and the error
of pressure is less than 0.65%). HVAC operating parameters are fully
monitored, closely and directly.
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TU KHOA

Tu dong hoa toa nha (BAS)
Diéu khién va quan 1y toa nha
Phan mém Andover Continuum

Hé théng didu hoa thong gio
Giai phap diéu khién

Hé thong tu dong hoa toa nha (Building Automation System - BAS)
hién dang dwoc (tng dung rat nhiéu trong cac hé théng toa nha cao tang
hién dai. Muc tiéu chinh ctia hé BAS la giam sat va diéu khién tat ca
cac hé thong trong toa nha thong minh bang mot hé diéu khién duy nhat
dé tbi wu hiéu suat thyc té. Trong d6 hé diéu hoa thong gi6 (HVAC) la
mot trong nhitng hé quan trong nhat trong hé BAS. Noi dung bai bao
trinh bay vé két qua sir dung phan mém Andover Continuum ciia hing
Schneider Electric vao viéc lap trinh diéu khién va thiét ké giao dién
giam sat hé théng diéu hoa thong gi6 HVAC ung dung trong toa nha
PVI (Ha Noi). Thong qua viéc phén tich ddi twong ching t6i da dua ra
thuat toan diéu khién; xay dung duoc mé hinh ham truyén diéu khién
luu lwgng va 4p suit bom nudc lanh theo cdu tric 2 mach vong didu
chinh. Dya trén phuong phap nghién ctru md phong két hop thuc
nghiém hé thdng cho thiy cac thong s6 diéu khién bam sat gia tri dat
V6i sai s6 nam trong giGi han cho phép (sai léch nhiét do duéi 0,3°C va
ap suat dudi 0,65%). Céc thong sb h¢ HVAC duoc gidm sat mot cach
truc tiép, ddy du va chat cha.
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1. Gioi thigu

Hién nay, ciing v6i su phat trién cua doi séng va khoa hoc k¥ thuat thi sé lugng cac toa nha
cao ting & Viét Nam da ting 1én nhanh chong. Nhiing tda nha nay khong chi duge thiét ké hién
dai ma con dugc trang bi nhiéu phuong tién cong ngh¢ cao. Tr nhitng ndm 1970, cac qudc gia
tién tién trén thé gioi da bat dau dua vao cac hé thong quan ly toa nha BAS (Building Automation
Systems). Cho dén nay hé thong nay di phat tr1en manh va ung dung rat rong rai trén the gioi,
song tai Viét Nam hé thong quan ly toa nha cao tang chi m&i phat trién trong vai nam gan day,
moi hoat dong quén 1y toa nha déu duoc didu khién bang tay. Udc tinh khoang 80% + 90% cac
toa nha ¢ Viét Nam hién dang trong tinh trang nay [1].

Thuec té cho thy hé théng BAS cho phép quan ly nang luong tiét kiém hon. Co hon 40% nang
lugng sur dung trong toa nha cd the dugc diéu khién boi hé thong BAS. Cac thong sb diéu khién
trong toa nha co thé 1én dén 70% néu xem xét dén ca hé théng chiéu sang [2] — [4]. Trong d6 cac
hé thong sudi, diéu hoa thong gié HVAC chiém khoang 35-45% [4]. Viéc diéu khién hé thong diéu
hoa thong gid HVAC la cdt 15i cua tu dong hoa toa nha dé nang cao hiéu suit quan 1y ning
lugng, tao moi trudng lam viée thodi mai, on dinh nhiét do, do am, loc khong khi [4] — [5]. Cho
dén nay, da c6 nhiéu phuong phap tiép can mo hinh hoa hé théng HVAC tuy nhién phuong phép
thuc nghiém két hgp mo hinh hoa mé phong diéu khién ddi tuong cu thé cho két qua t6i wu hon
hét [5] - [9]-

Nham muc dich phat trién cac ing dung vé ‘quan ly toa nha tai Viét Nam, nhom tac gia da tién
hanh nghién ciru va dua ra giai phap diéu khién, giam sat toa nha dwa trén ddi tuong thuc 1a toa
nha PVI - Ha Noi, Viét Nam [10]. Dya theo phuong phap mé hinh hoa két hop thuc nghiém, cac
mo hinh toan hoc da dugc xay dung va mé phong trén Matlab Simulink [11]. Két qua didu khién
cac thong s6 ap sudt, luu lugng duge kiém nghiém thuyc té trén chinh ddi tugng nghién ciru. Viée
thiét ké giai thuat diéu khién va giao dién giam sat dugc thuc hién trén phan meém Andover
Continuum cua hang Schneider Electric [12]. Toan bd ndi dung vé viée thiét ké, mo phéng va
danh gia két qua thuc nghiém duoc trinh bay cu thé tai cic phin tiép theo ciia bai bao nay.

2. Hé thong tw dong hoa toa nha BAS va h¢ HVAC
Chirc nang ctia hé thong tu dong hoa toa nha BAS [1] thé hién trong bang 1.
Bang 1. Chire ning cua hé thong BAS

Hé théng Chirc niang
XA - Quan ly va dieu khien tat ca cac thiet bi cua h¢ thong Chiller Plant
bicu hoa thong gid ) .
(HVAC) (Chiller, bom, van, Cooling tower), -~~~
- Quan 1y va diéu khién hé thong diéu hoa khong khi AHU.
- Giam sat trang thai cua cac may bién 4p, cac ti dién phan phdi chinh, cac
bién méy phat dién, toan bo hé théng ti phan phdi chinh cac tang. Giam sat
dién nang ti€u thu toa nha
Chiéu sang Quan 1y va diéu khién chiéu sang cac khu vuc cong cong, hanh lang thang

may, nha vé sinh, khu vuc ting ham

Quan 1y vao ra va Camera

- Tich hop véi hé diéu khién vao ra Access Control
- Dbieu khién camera theo tin hiéu diéu khién; quay quét camera, ghi

an ninh CCTV camera theo tin hiéu diéu khién tir BAS

Hé théng béo chay - Ifet n91, giam sat hF thong bao chay va diéu khién hé thong bom nudc
chira chay cua toa nha

HE thang may Giam sat trang thai hoat dong, trang thai 16i qua tai cua timg thang may

Hé cép/thoat nudc

- Quan ly va diéu khién hé thong bom cap thoat nuée. Gidm sat murc nudc
cac bé chaa (muac cao/thap)

Bii d6 xe thong minh

Tich hop quan 1y bii do xe tu dong kiém soat xe vao ra, co lién két vai hé
thdng camera giam sat va hé thong kiém soat vao ra.
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Trong cac hé thong ké trén, hé thong co6 murc do phuc tap nhat d6 1a hé théng didu hoa thong
gi6 HVAC trong hé BAS, day ciing 1a d6i twong duoc tap trung nghién ctru. Ching ta s& phan
tich cac thanh phan cua hé thdng HVAC dé tim ra huéng diéu khién tdi uu.

HVAC (Heating, Ventilating, Air Conditioning hay Cooling): 1a hé thong diéu hoa thong gio,
c¢6 nhiém vu gir cho nhiét do trong toa nha luén 6n dinh tai nhiét do dat, dong thoi gii duoc su
luu thong cua khong khi trong toa nha nham 6n dinh cac thong s6 nhu néng dd6 CO,, cac chat doc

hai...

Hé théng tiéu thy nhiéu nang lugng nhat chinh 1a hé théng diéu hoa thong gid. Viéc tiét

kiém nang lugng sir dung trong hé diéu hoa thong gio co tac dung rat 16n ddi vai viéc tiét kiem
nang luong chung. Cau trac hé HVAC duogc trinh bay nhu Hinh 1.
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Hinh 1. Céu tric hé HVAC

'~ COOLING COIL

Hinh 2. Cdu triic hé AHU

Hé thong gi6 (AHU -Air Handling Unit): dugc mo6 ta trong Hinh 2. Khong khi dugc thoi qua
cac dan ong nong hoac Ianh (tiy theo nhiét d dat va nhiét do khong khi ngoai trdi) rdi dua vao
céc phong lam nhiém vu 6n dinh nhiét do trong cac phong tiy theo gia tri dat.

Hé thong nudc lanh hay con goi la hé Chiller plant: dugc md ta nhu hinh 3, ¢6 nhiém vu tao
ra nudc lanh di d&én hé thong coil lanh cia cac AHU, PAU, FCU. Vi diéu kién cac nudc chau
Au, hé théng boiler tao hoi nuéc nong di dén cac coil nong, tuy nhién véi didu kién caa nuéc ta
thi khong sir dung boiler ma sir dung céac dién tro siy.
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Hinh 3. Céu triic hé ChillerPlant

3. Giai phap thiét ké h¢ HVAC cho toa nha PVI
3.1. Thiét ké hé diéu khién ChillerPlant

Cac dbi tuong can diéu khién ¢ day bao gém: Chiller, bom nuéc lanh, bom giai nhiét,

thap giai nhiét.

Piéu khién chiller dua trén tai lanh thuc té cua toa nha, cong thire tinh tai lanh nhu sau:

Q=G x Cp x At (kW lanh) 1)
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Trong d6: Q: cong suét lanh (kW); G: luu lwong nudc lanh (I/h); Cp: nhiét dung riéng cua
nude (kj/kg.oC); At: chénh 1éch nhiét d6 nuéc cap va nude hdi (°C); At =t nudc cap — t nude hdi.

Hé thong bom nwéc gidi nhiét: Dam bao dugc luu lugng nude giai nhiét qua binh ngung cua
chiller dé dam bao dugc viéc giai nhiét cho chiller; Phéi hop diéu khién voi thap giai nhiét dé
tang hiéu suat lam viéc hé théng; Hé thong nude giai nhiét 1a hé ho nén khong can diéu khién dé
duy tri ap hé thdng, voi mdi chiller hoat dong twong g 1a mot bom nuéc lanh hoat dong.

Hé thong bom nuéc lgnh: Didu khién luu lugng nudc t6i thieu qua hé théng dé dam bao diéu
kién van hanh tdi thiéu cuaa chiller, tranh tinh trang chiller bi dong bang. Pong thoi dam bao luu
luong nudc qua hé théng coil lanh du dap ung nhu ciu str dung cua toa nha; Pam bao ap luc
trong duong ong du dua nudc lén tang cao nhat. Dac biét 1a h¢ nudc lanh st dung 1a hé kin, néu ép
suét ting qua g10r| han sé gdy hong bom hodc pha huy duong 6 ong nudc; Trang thai lam viéc cua hé
thong bom c6 thé biéu dién trén d thi luu lwong - 4p suit nhu Hinh 4a. Ché do lam viée xac 1ap 1a
giao diém cua dudng cong dic tinh bom va dic tinh hé théng thiy luc.

H Nhigt (%) EUT-' . . Giao difm dubng cong hé
Hyo=10) 180 T Hitu suat bom ban diu lhomz véi dudng dic tinh hidu
160 — /' =uit bom tu nhién (ban dau)
F | 140 —_ -
120 + Hifu sudt sau khi iy chinh ™~
10 A~

100 T

0+ . Giso difm dubng cong hi thing

waoi duong dic tinh hidu sudt bom
0 =au hifu chinh
w04
0+
0 t { + —t
Q 0 50 100 150 200 250
Luu heeng bom (gpm)

(@) (b)
Hinh 4. a) Ché dg xdc Iap ciia bom, b) Pwong déc tinh ciia bom khi s dung bién tan

O bén trai giao diém nay, 4p suét tao ra boi bom 16n hon ap sudt can thiét, luu chét tang van
téc va luu lugng tang. O bén phai dlem lam viéc, ap suat bom tao ra nhé hon ap suat can thiét luu
luong glam Tai diém lam viéc, ap suat bom cin bang VGi 4p suat hé thong yéu cau, luu chat dat
dén van téc 6n dinh. Sir dung bién tan dé diéu tiét luu lugng, dic tinh bom s& thay ddi va diém
lam viéc s& dich chuyén doc theo dudng dic tinh cua hé thong thay lyc nhu hinh 4b.

Piéu khién thap giai nhiét

Nhiém vu chinh cta thap giai nhiét 1a giam nhiét d6 ctia dong nudc di qua binh ngung cua
chiller dya trén viéc 1am mat nhiét ty nhién cta nudc va bay hoi. Cé hai cach diéu chinh:

(1) - Str dung quat thap c6 diéu chinh bang bién tan. Giai phap nay cho phép diéu khién chinh
xéc, tuy nhién mirc dau tu cao.

(2) - Sir dung nhiéu quat cho mot thap. Co thé chon thap c6 ba quat, ta c6 nim dudng déc tinh
ung Voi cac che d6 khac nhau (Hinh 5). Phuong phap ndy chi cho phép diéu khién co cap, chua
phai t6i wru vé sir dung ning lugng. Tuy nhién c6 wu diém 1a gia thanh ré, thuat toan diéu khién
don gian, dé dang bao tri stra chira.

i Luu heeng mong mudn

o o o e o e e 2 :D—

B

K. ”
(-) A
ﬂU; IJ{R‘ {'} l + a'_\w_.
— O J A + ,
(+)
Qg
- .8

Hinh 5. So do Cdu triic mé hinh déng co
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Trong d6: +/Jp 1a ciu trac chuyén d6i Momen sang toc d6 dong co. A 1a bd diéu chinh. B 1a
bo khir nhiéu [10].

Thong thuong hé diéu khién cong suat Chiller rat phuc tap va lién quan dén dong mai chat
lanh nén ta khong tim hiéu ky V& qua trinh diéu khién ma chi tap trung chu yéu vao viéc dua ra
tin hiéu diéu khién hé théng. Qua trinh chu yéu xét t6i 1a viée diéu khién bom nuéc lanh dé gitr
lwu lugng va ap sudt trong hé thng.

3.2. Xdy dung b diéu khién bom nwéc lanh

Dé dap tng yéu cau cong nghé, bom can duoc diéu khlen theo hai thong s6 1 luu lugng va ap
SUA. Tuong (ing can xay dung so dd diéu khién bom gdm c6 hai mach vong diéu chinh: Mach
vong diéu khién Iuu lugng va mach vong diéu khién ap luc (Hinh 6).

AU; AU, »{ Kar 1/2Rg 1 ks [PQ[K,| 47

Re Ra =1 Kot = 2, 5 1T B[ LA T2

Kezp
1+ Topg-p

Kepp «
1+Tege-p

Hinh 6. So do cau triic diéu khién bom

Két qua mo hinh hoa ddi twong va tinh toan ham truyén dwoc thé hién nhu trong Bang 2 va
Bang 3.

Bang 2. M6 hinh cdc khdu trong hé thong

TT Poi twong Mb hinh
U.(p) = 2R, A+T,.p).1.(p) + E.(p) )
Véi 1 _ Ls 1a hang s6 thoi gian stator.

Dong co.
Quan h¢ dong dién va dién ap stator

S

A K K (3)
2 Bién tan Wep = —2—=—F1
enta ® T,.p+1 Te.p+1
K 4
3 Bom Wa (p) = QES; T )
B
A ;A As p(p) KQP (5)
4 Khéau bién doi Iuu lugn W, (p) = =
’ > (M- P
Keso (6)
5 Khau do luu lugn W =————
i e Tegg-P+1
, K )
6 Khau do 4p suat W = —8F—
Tegr-P+1
Tong hep mach vong lwu lwong:
Al K 1/2R 1 K K AU
I BT falig L B N cBO o
> Ra > Kur > 1+T3r.p_'l+i’:g.p > A —» = g v W - >
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Tong hep mach vong dp sudt:

ﬁL‘r‘ ﬂUé 1/ K - "ﬁ[’_}'-'
—P>O—b Re > % - Koz »| _Kesp >
_T TP P 1+Togp.p
Bang 3. Ham truyén doi tuwong
DPoi twgng Ham truyén Chi thich
. Ker 1/2R; , 1 K Ko  (8) Voi:
2 . W —K BT S A B
Dang tong quét o (P) =Ky 14Ty p1+Tp  IpLaTypLlaTegp ATy 4T
; =—2
Mach Dang sap xi _ Ke ) 87;Kor
vong luu ;3 .. Wo(P)=""""""—
luong (gan diing) +Top)p K =4r.K 4o +Tew
o , — ThshhoT 3
St dung luat tdi 1+4T,.p 1) | ° 87,Kor
e : WRQ i — 2
uu doi xung 8K Ts-p K, = 87K Kpr -1
Mach vong diéu chinh ap W, (p) = UKeso Koy Kego Kor (11) Kor
suat P L144Tp p 14Teep  p(1+4T,p)(1+Tee P)
Bo dicu khién ap luc "Féng W — 4r,p+1 (12)
hop theo tiéu chuén toi wu R 8c2p° +872p? +4r,p+1
doi xtng
3.3. M6 phéng mach vong diéu khién va két qud chay thir nghigm thuec té
So d6 cau trac diéu khién hé théng dwoc mo ta nhu hinh 7.
AUR AU, K 1/2R 1 K, [AQ[E,,| &P
¢ Ry ” Rao > Kur 4’{ l—fi.p_.l—fﬁ_i) A T_p l—fi._p };P »
Kepo
I—TCBQ__p
Kepp <
1+Toge-p

Hinh 7. So do cdu tric diéu khién hé thang

Két qua do chénh léch luu lugng va ap suat duoc thé hién nhu trong hinh 8. Theo nhu két qua
md phong toan hé théng c6 ca mach vong luu lwgng va mach vong ap luc, ta thay dap tng hé
thdng tét, 46 qua diéu chinh va thoi gian qua d6 déu nam trong giGi han cho phép (thoi gian diéu
chinh < 2,5 phat).

Y
- ol TS AN YO OO NN N
T
100 \ \\‘H.__
.
B . — [
v 5 YOS OIS AU YOO NS S N
B owf)i . : . U 1 1
B e B e e LR e R R e SRR (RSP
Wl
USLIN CT0 AEORS WOUN FOS WS J STR  R
I /
L\ - SO 1 T T S R O O O
L
mo 0.s 1 1.5 z 25 3 35 a a5 s © as 1 15 25 as -+ 4.5
,,,,,,, .
@ (b)

Hinh 8. Két qua do duwoc: (a) Do luu hrong, (b) Po dp sudt
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Két qua thu duwoc khi dp dung diéu khién hé thong tai toa nha PVI

Théi gian qui 46

1700

Théi diém hé théng 1am vicc én dinh

]
1500
1300
L Ry ot
1100 ! A M A . kP
Wl AT A N J ¥ " _':_' AL 8l

900 - W e

700
70000 7.40.00 82000 9.00.00 94000 102000 110000 11.40.00 12.20.00 130000 134000 14.20.00 Time

Hinh 9. P6 th; tdi lanh

Trén hinh 9 bao céo tai lanh (véi truc x 1a gior lam viéc theo mdc 24h, truc y 1a gia tri tai lanh
Btu) duoc ldy tir két qua thuc nghiém cta nhom tai Toa nha PV Vao thoi diém bat dau khoi
dong hé thong, 7h00 sang, tai lanh dat gia tri cao nhat. Dén 7h40 hé thdng lam viéc 6n dinh, mot
s6 dién tich da du lanh nén luong tai lanh dugc giam di va duy tri. Luong nhiét duoc duy tri dé
bu lai phan nhiét luong bi hao ton trong qué trinh lam viéc.

Nhiét d@é nuéc lanh cdp va nueée lanh hoi cia hé Chiller:

Value . Value
16.5
3.99,
15.5 1 | |
145 | “ ‘ i1l
"] 3981 | l\‘ ‘\ ‘i\l
1354, b «‘ l|‘ 1\| “li H‘ |
| 1l |
1254 3.97 ‘i ”‘ i |“‘
| {Hi |l )
36| {114 ! ‘H| _
10.5 \ || ‘
! | ‘ | Ml { | ?’ I
95 N T N ZanamA \_E\Tuechéim I . 2.95! ,_‘ 1. ’;‘_ | “ (48 |
[ 1 | [
73 | 1 < Nm?ccii_p | | s34 ‘ !
O 7000 000 34000 30600 54600 10,0000 10,400 1L000 L0 120000 12400 130006 7™M 3.00.00 8.40.00 9.20.00 10,[)0,00 10.40.00 11.20.00 Time
Hinh 10. Nhiét d6 nweoc lanh Cdp va nuede lanh héi e Hinh 11. A'p sudt trong hé théng

Biéu d6 vé nhiét do cap va nhiét do hdi cua Chiller (Hinh 10, véi truc x 1a gio 1am viéc theo
méc 24h, truc y 1a gié tri nhiét d6 - do C) duoc Iy tir két qua thuc nghiém cua nhom tai Toa nha
PVI thé hién dung vai tai lanh cta toa nha. Do thoi diém ban dau nhiét do trong hé théng cao ung
véi tai 1on, sau khi hoat dong dén khoang 7h40 thi nhiét d6 dau vao va nhiét do dau ra duogc diéu
khién dat t6i diém 6n dinh.

Trong trang thai xac 1ap, c6 xudt hién nhidu tai do tai lanh thyuc té thay déi theo nhu ciu ngudi
sir dung, hé théng diéu khién da lam tbt nhiém vu diéu chinh hé thng, chong lai su thay ddi cua
nhiéu tai, duy tri nuéc lanh cap ¢ nhiét 6 on dinh. Nhiét d6 nudc cap (dudng nét dut) khi xac 1ap
dat 7°C (sai léch dudi 0,3°C).

Ap suat trong h¢ thong: Ap sudt (Hinh 11, véi truc x 1a gio 1am viéc theo méc 24h, truc y 1a
gia tri ap suat trong dudng 6ng - Bar) dugc Iay tir két qua thuc nghiém cua nhom tai Toa nha PVI
dugc gitr 6n dinh va trong gii han cho phép vdi sai s6 0,65%.
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3.4. Xay dung giao dién diéu khién (HMI) s dung phan mém Andover Continuum ciia hiang
Schneider Electric

Cau tric tng quan cua toan hé thong diéu khién HVAC dugc mé ta ¢ hinh 12.
THAP GIAI NHIET
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Hinh 12. Cdu tric tong quan hé théng HVAC

Giao dién diéu khién giam sat hé théng (Hinh 13, Hinh 14, Hinh 15) dwugc xay dung dya trén
phan mém chuyén dung “Andover Continuum version 1.94” - day 1a mot phan mém dugc xay
dung chuyén biét dé phuc vu lap trinh hé théng BAS st dung cac bd diéu khién cia hing
Schneider. Nhom nghién ctru cung tham gia qua trinh hinh thanh giao dién nguoi dung (HDMI)
va trién khai thuc té tai Toa nha PVI, giao dién cho phép hién thi cac thong sb tic thoi cua hé
thdng, cho phép diéu chinh truc tiép trén giao dién. Hién giao dién van dang duoc (ng dung tai
toa nha PVI va gitip nang cao hiéu qua st dléng cua hé théng diéu khién.
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Hinh 13. Giao di¢n chinh ciia hé BAS Hinh 14. Giao dién diéu khién, gidm sdt hoat dong hé HVAC
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Hinh 15. Giao dién diéu khién hé thong AHU trén timg tang

4. Két luan

Trong nghién ctru nay, mot giai phap diéu khién va giam sat toa nha (hé¢ HVAC) da dugc thuc
hién, tr viéc nghién ctru, phan tich dbi tugng, xay dung md hinh dic tinh, mé hinh toan hoc, Iap
trinh diéu khién va thiét ké giao dién giam sat trén phan mém chuyén dung cua Schneider. Bing
phuong phap 1y thuyét két hop vei thuc nghiém, ket qua mo hinh 1y thuyét da duoc kiém chung
trén doi tuong thyc. Vién & diéu khlen cac thong sé co ban cua hé HVAC da thu dugc két qua
tot, hé thong chay 6n dinh véi sai s6 chat luong hé thong dap ung yéu cau. Két qua cua nghién
ctru c6 thé lam tai liéu tham khao trong viéc thiét ké va xay dung céc gidi phap tw dong hod toa
nha ng dung ddi véi nhiéu ddi tuong khac nhau trong thuc té.

Trong tuong lai, nhom s& tiép tuc nghién ciru tich hop thém cac vong diéu khién nhiét do, chiéu
sang, thong gié nham hoan thién va nang cao hiéu qua, va tinh tng dung cua giai phap thiét ké.
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