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Tém tit

Bai bdo nay trinh bay viéc xay dung mot giai phap
thu thap va xir Iy dir liéu dau vao cho hé thong
quan 1y nguon PMS tau thity tmg dung dong hé da
nang s6. Cau tric khdi qudt cia mét hé thong
PMS sir dung dong hé da ndng sé va mot thudt
todn xit Iy, thu thap dit liéu sé dwoc dé xudt trong
nghién ciru nay. Pong ho da ndng sé sé déng vai
tro la mét thiét bi do téng hop tat ca cdc tin hiéu
ddu vao can thiét cho hé thong PMS va giao tiép
véi bg diéu khién trung tam PLC va hé thong
SCADA qua hé théng mang truyén thong sir dung
giao thirc Modbus. Gidi phdp dé xudt sé gop phan
16i gidn héa dwoc cdu triic ciia hé thong quan 1y
nguon va hé thong diéu khién giam sat SCADA.
Két qua thik nghiém cho thdy thiét bi va thudt todn
dé xudt hoat dong én dinh, tin cdy va hoan toan
c6 thé img dung trong cdc hé thong quan Iy nguon
PMS dé ndng cao d chinh xdc, tin cdy va giam
gid thanh trong tuwong lai.

Tur khoa: Hé théng quan 1y nguon PMS, dong ho
da nang so, PLC, SCADA.

Abstract

This paper presents a solution for collecting and
processing input data for the ship's PMS power
management system using digital multifunction
meters. The general structure of a PMS system
using a digital multifunction meter and a data
collection and processing algorithm will be
proposed in this study. The digital multifunction
meter will act as a measuring device that
synthesizes all necessary input signals for the
PMS system and communicates with the central
controller PLC and SCADA system via a
communication network using Modbus protocol.
The proposed solution will contribute to
simplifying  the structure of the power
management system (PMS) and supervisory

control and data acquisition (SCADA). Test
results show that the proposed device and
algorithm operate stably and reliably and can be
completely applied in PMS power management
systems to improve accuracy, reliability and
reduce costs in the future.

Keywords: PMS, digital multifunction meter,
PLC, SCADA.

1. Mé dau

Mot hé thdng quan 1y ngudn PMS ndi chung cé
cAu tric nhu trén Hinh 1. Hé thong PMS s& gom céc
bo didu khién (thwong s dung PLC) ndi vdi cac
module vao ra PMS I/0 va hé théng man hinh hién thi
thong qua nhimg két ndi truyén thong. Ngoai ra, khi
két ndi hé thdng nay voi hé thong diéu khién giam sat
va thu thap dit liéu thi s& can thém nhiing b chuyén
ddi nhu cong sudt, tan sd, dién ap thanh nhiig tin hiéu
chuin cong nghiép (0-20mA, 4-20mA, 0-10V,...).

Py Pus
8 10 Modu

Hinh 1. Ciu triic chung ciia mgt h¢ thé'ng PMS [1]

Hién nay, mét s6 hang 16n cung cip hé théng PMS
cho tau c6 thé ké dén nhu Praxis [2], DEIF [3],
SELMA [4]. Nhimng hé thng nay c6 wu diém la dugc
phat trién 1au nam nén chat luong da dugc kiém ching.
Tuy nhién, chiing déu ¢6 nhugc diém la gia thanh cao,
khi hong héc thi viée stra chira, thay thé ciing rat kho
khan do cong nghé phu thudc vao nudc ngoai. Hon
thé nira, céc thiét bi do luong trong nhiing hé thong
nay ciing 16n din dén do tin cdy s& bi giam xudng.
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Tai liéu [1] trinh bay viéc nghién ciru ché tao mot
module quan 1y nguon PMS tng dung k¥ thuat s va
vi xtr Iy. Module nay s& can két hop v6i cac bo bién
d6i cong suit va mot man hinh cam tng dé tao thanh
mot thiét bi PMS hoan chinh.

Vé nhitng nghién ctru va img dung cua dong hd da
ning sd, bai bao [5, 6] d& xuét nghién ciru, ché tao
ddng ho da ning sir dung Arduino. Ngoai ra, nghién
ctru [7, 8] dé xuat mot chuong trinh gidm sat cac toa
nha sir dung cac dong hd da ning sb.

Tt nhitng van dé con ton tai v& viéc thu thap dir
lidu v6i cac hé théng PMS va SCADA la can nhiéu
thiét bj do ludng, cdu trac phirc tap va gia thanh cao,
nghién ctru nay dé xuit viéc xdy dung mot giai phap
ng dung cc déng hd da ning sé cho hé thong PMS
v6i cAu truc don gian va tin cdy. Viéc thuc hién nghién
clru nay s& gdm hai budce chinh 14 xdy dung so d6 cdu
trac cho hé PMS tmg dung dong hd da ning s va xay
dung mot thudt toan thu thép va xur ly tin hiéu dau vao
cho h¢ thong. Két qua nghién ciru dy kién 1a hé thong
s€ hoat dong on dinh, téc do doc dir liéu cao véi clu
trac dugc dé xuat. Nghién ctru nay s& 1a tién dé& dé
nghién ctru, ng dung dong hd da ning sb trong hé
thdng PMS va SCADA tau thiy.

2. Cac tin hi¢u do lwong sir dung trong cac hé
thong PMS va SCADA

Dé cac khdi diéu khién trung tim cua hé thong
PMS c6 thé hoat dong duoc thi phai co nhitng module
thu thap va xir Iy cac tin hiéu dau vao ctia may phat va
ludi. Céc tin hiéu nay gdm cac tin hiéu chinh nhu:
DPién ap, tan s, dong dién, cong suét tac dung, cong
sudt phan khang, hé s cos-phi (PF),...

Cong suat tic dung tong ba pha P s& duge tinh
nhu cong thie dudi day [5]:

Roa =W, +W, +W, (1)
Trong dé:

W, =Vrmsl * Irmsl *PF

WZ :Vrmsz * IrmsZ * PFZ (2)

W3 :Vrmsii * Irms3 * PF3

Vi W, W va Ws 1a cong suat tac dung trén moi
pha (W), PF 12 hé s6 cos-phi, Vyums va Ims 12 céc gid tri
dién ap va dong dién hi¢u dung.

Cong suét trung binh trong mot pha s& duogce tinh
nhu sau:

107
W:_FL (vi)dt 3)

Trong do6, v 1a dién ép tic thoi (V), i 1a dong dién

turc thoi (A), T 1a chu ky cua dai lugng hinh sin (s).

Bing cach sir dung cong nghé ldy mau dong dién
va dién ap [9, 10], cac dong hd da ning co thé tinh
cong suat trung binh theo cong thirc sau [11]:

1 v .
W :WZHVJ %, )

Trong khi d6, dién ap, dong dién hiéu dung va hé
sd cos-phi dugc tinh nhu cac cong thire dudi day:

5)
(6)

w
PF - Vrms * Irms (7)

Véi N 1a s6 miu dir lidu.
3. Ung dung dong hd da ning sé trong hé
thong PMS
3.1. Gidi thiéu chung vé dong hé da ning sé

DPdng hd da nang s6 1a mot thiét bi do da nang véi
day du cac thong s can thiét cho hé PMS nhu dong
dién, dién ap, tan s, cong sudt (ca cong suit 4m), hé
) cos-phi,... Pac biét, da ) chung déu hd tro truyén
thong qua thirc Modbus TCP/IP va RTU gitip cho viéc
thu thép trd nén don gian, ¢ chinh xac cao va tin cay.

Céu tric chung cua mot dong dd da ning s6 duoc
thé hién nhu trén Hinh 2. Pong hd s& gdm cac khoi
nhu khéi 1dy mau dong dién va dién ap, khéi xur ly
trung tim CPU, khdi hién thi, module tao xung clock,
module cac nat an dé giao tiép v6i nguoi st dung,
module truyén thong véi cac thiét bi cong nghiép khac
nhu PLC, HMI hay may tinh,...

H Clock module
Storage unit

Communication
module

|<):{ Battery section |

IA /1B /IC

Current sampling

uondA[0d BlEp

UA /UB/ UC[; :
= Voltage sampling

‘{ Power Manag

Hinh 2. Ciu triic chung ciia dong hé da nang sé [12]

bé nghién ctru thye nghiém, nhom tac gia st dung
cac dong ho da nang MFM-384-R-C hang Selec. Bang
1 thé hién mot so thong so chinh cia loai dong ho nay.

DPdng ho hd trg do ludng tat ca cac thong sb can
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thiét ma mot hé théng PMS va SCADA phé bién
thudng str dung gdm: Dong dién, dién ap (dién ap day,
dién ap pha), cac loai cong suét (P, Q va S), tan s6, hé
sO cos-phi, dién nang tiéu thy,... Dic biét, dong ho nay
hd trg giao thic truyén thong Modbus RTU véi cac
thiét bi cong nghiép khac véi téc do téi da lén t6i
19200 bps (mot s ddng hd khac hién nay da hd trg
giao thuc Modbus TCP/IP).

Bing 1. Mjt s6 thong s6 chinh clia MFM-384-R-C

TT Théng sb Gia tri
\ , 85 dén 270 VAC,
1 | Nguon nuoi
50-60 Hz

2 | Dién ap vao dinh mirc 19-519V (L-L)

Dong so cip va thir cip .
3 ¥ . 10,000A va SA AC
bién dong dinh mirc
4 | Giai tan s6 do 45-65 Hz
. o RS485 va Modbus
5 | Kha néng giao ti€p
RTU
o Lén nhat 1a [1.0]
6 | Cap chinh xac .
toan dai

3.2. So' do cdu tric hé thong PMS dé xudt

Véi viée str dung loai dong hd da nang sd trén két
hop v6i bd xtr ly trung tdm st dung mot PLC
DVPI12SE héng Delta, so d6 cau tric cta hé thong
PMS d¢ xuat dugc thé hién Hinh 3.
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CAu tric hé théng dé xuét trén Hinh 3 dugc su
dung cho mot hé thdng quan 1y ngudn dién tiéu chuin
trén tau voi ba may phat dién chinh. Cac thong s ciia
mdi may phat s& duge do boi mot dong hd da nang.
Bén canh 3 dong ho da ning sir dung cho 3 médy phat
thi mot dong hod s& duoc s dung dé do cac thong sb
ludi. B diéu khién trung tim PLC s& dugc lan luot
doc va xur 1y cac thong sé (dong, ap, cong suit,...) ma
4 @dng hod trén da xur 1y va luu trong céc thanh ghi
tuong tng qua mang RS 485 véi giao thirc Modbus
RTU. Ngoai ra, cic hé thong giao dién nguoi ding
nhu cdc man hinh cdm ung giam sat cadc may phat
(HMI1, HMI2, HMI3) va hé thong diéu khién giam
sat va thu thap dir lidu SCADA s& dugc truyén thong
v6i PLC qua cong Ethernet, giao thirc Modbus TCP/IP.

Tir so dd cau triic nay, ta thdy rang hé théng chi
can sir dung nhitng dong hd da nang s6 ma khong can
thém nhimg bd chuyén doi nhu chuyén dbi cong sut,
tan s hay dién 4p. Piéu nay s& gitp nang cao tinh tin
cdy cho hé thdng quan 1y ngudn PMS.

Bén canh d6, vdi kha nang thu thép duoc hau hét
cac thong sb can thiét dé giam sat va diéu khién cua
ddng ho da ning, nhiing thong s6 duge doc vé duoc
luu vao nhiing thanh ghi dit liéu twong Gng trong PLC
gitip cho viéc giao tiép giita hé thong SCADA va HMI
v6i hé thong PMS rat d& dang.

Nhu vay, dé hé théng 6 thé hoat dong tdt va tin

- Donglmé ACB
- Gidm sdt trang thdai ACB SCADA
HMI1
#3 #4
D——> D——» HMI2
MFM-384 ( MFM-384 ( MFM-384 u MFM-384
o
RS 485 () HMI3
MODBUSRTU 2 »
Za
va
£o
Y w3

B§ diéu khién trung tim
PLC DVP12SE

- Tanglgiam nhién liéu

- Khoi dpngldirng

- Tin hi¢u dang chay

- Ché dj diéu khién tir xa
v

Hinh 3. Ciu triic hé thong quén Iy nguon PMS ting dung dong hé da ning sé dé xudt
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cay thi thuat toan thu thap va xu ly dit liéu bén trong
ddng hd da ning sb tir bo xtr Iy trung tim PLC s& dong
mot vai tro quan trong. Thudt toan nay dugc xay dung
va trinh bay chi tiét trong noi dung duéi day.

3.3. Xdy dung thudt todan thu thap, x ly dit liéu

Thuat toan thu thap va xtr ly dit liéu dugc nhom
nghién ctru xay dung trén Hinh 4.

Trude tién, dé viée doc dit lidu co thé duge thuc
hién, cac thong sb truyén thong trén PLC va ddng hd
da nang phai dugc thiét 1ap dong nhét. Trong hé thong
mang truyén thong nay, PLC s& dong vai trd 1a mot
tram chu (master). Trong khi d6, cac dong hd da ning
s6 s& dong vai tro 1a nhimg tram t& (slave) dugc gan
nhiing dia chi tir 1 dén 4.

Bét dau

v

Khéi tao:
- Céu hinh truyén théng cho PLC va
Pdng hd da ning;
-GanC=0

C )

»
>

4
Poc cic 6 nhé cia MFM 384 (MP1)

%)

»i

A
w

Nhén di liéu 15i:
M1140 = TRUE ?

Lbi time-out:
M1129 = TRUE ?

[w)

)
\ 4
+ Pua céc gia tri doc ciia MP1 vé vao
cac thanh ghi twong tng ctia PLC;
+C=C+1

E IIPoc cdc 6 nhé ciia MFM 384

R

b

h 4

Doc cac 6 nhé ciia MFM 384 (BUS)

»i

(v

(MP2, MP3)

v

)

4

A
w

Lbi time-out:
M1129 = TRUE ?

Nhan dir ligu 15i:
M1140 = TRUE ?

»i
I

b

v

+ Pua cac gia tri doc cua BUS vé vao
cac thanh ghi turong tng cia PLC;
+C=C+1

Két thiic

C )

[w)

Hinh 4. Thudt todan thu thdp va xw ly
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Khi thuét toan 1am viéc, s& c6 mot bién dém C
duoc gan cac gia tri tr 0+4. Khi C=0, thuat toan s&
doc cac 6 nhé twong (mg véi cac thong sb cia dong
hd da nang ndi téi may phat 1 (MP1). Khi 0, s& c6 2
truong hop x4y ra nhu sau:

e Néu PLC doc dir liéu va chuyén doi dir liéu
thanh cong vao cac thanh ghi cta nd, bit co
M1127 s& duoc bat. Lic d6, C=1, PLC s& tiép
tuc doc dir liéu cua déng hd da nang tiép theo,
qua trinh sau d6 s& dién ra twong tu nhu véi
ddng ho da nang nbi tGi MP1;

e Néu qua thoi gian chd (time-out) hodc dit liéu
doc vé bi 18i tuong tng vdi cac bit co M1129
va M1140 duoc bat 1én thi gia tri cua bién dém
s& duoc gan C=1. Luc d6, PLC s& bo qua dong
ho da nang ndi t6i MP1 va tiép tuc doc dir liéu
clia dong ho da ning tiép theo. Pong thoi, mot
tin hiéu 18i truyén thong véi dong hd da ning
d6 s dugc phat ra.

Nhirng nguyén nhan c6 thé dan dén 18i nay nhu:
dut cap, 16i ddng hd da nang,... 1a nhitng 15 ¢6 thé xay
ra trong thyc té. Boi vay, v6i viéc bo qua tram bi 16i
va van tiép tuc doc cac tram con lai s& khong lam gian
doan truyén thong va hoat dong ctia hé thong.

Néu viée doc dit liéu khong xay ra 16i, tram chi
(PLC) s& doc lan luot cac tram té twong tng tir MP1
dén MP3 va BUS. Khi C=4 (ddng nghia véi ca 4 tram
td da duogc doc), bién dém C s& duogc gan C=0 dé két
thiic mgt chu ky doc va bat du mot chu ky méi.

Tuy thude vao tée do xir Iy caa PLC, tde d6 truyén
thong cai dat ma moét chu ky doc cd thé khéac nhau.
Khi str dung PLC 12SE va ddng hd da ning s6 MFM-
384-R-C nhu trong phan thir nghiém, mot chu ky doc
véi 2 tram t& (2 may phat), mdi tram t& doc 16 thong
s6 voi dinh dang s6 thuc (float), téng thoi gian doc chi
mét 80ms.

4. Thir nghiém thuit toan

Dé thu nghiém thudt toan dé xuit, mot mo hinh mé
phong bang dién chinh dwoc sir dung véi 2 t6 hop
dong co dién khong dong bo va may phat dién gidng
nhau nhu trén Hinh 5. Hai dong co khong dong b6 3
pha dugc didu khién boi 2 bién tin. Mot sb thong s6
chinh ctia hai may phat dién dugc thé hién nhu trong
Béng 2.

DPdng hd da ning dé thu thap cac may phat trong
mo hinh mé phong bang dién chinh dugc lép dit trong
ta dién duoc thé hién nhu trén Hinh 5. Bf‘)ng hd da
nang 1 (bén trai) va dong ho da ning 2 (bén phai) sé
¢6 nhiém vy do cac théng s6 cia may phat 1 va may
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phat 2. Bén canh do6, bd diéu khién trung tam st dung
PLC DVP 12SE ciing dugc thé hién trong hinh nay.

Bing 2. Mjt sé thong sé chinh ciia hai mdy phdt dién

TT Théng s6 Gia tri
1 | Hang AXUZU
2 | Dién ap vao dinh mic (Uam) | 230/400V AC
3 | Cong suit dinh mirc (Pam) 4 kW
4 | Vong quay (nam) . 1500 i
vong/phut
Trong lugng 57 kg
6 | Cap cach dién B
7 | Nam san xuét 2012

| Pong ho da nang 2
MFM-384-R-C

Té hop DC-MP 1

T6 hop BC-MP 2

Hinh 5. Pong hé da ning dwoc lip dit

trong mé hinh mé phong bdng dién chinh

Két qua thir nghiém khi bo diéu khién doc dir liéu
tir 2 ddng ho 1a ~ 80ms cho mot chu ky doc (tinh toan
bang dém s6 chu ky bang mot bo dém tde dd cao trong
mot don vi thoi gian). Néu tmg dung thudt toan cho
mot hé théng bang dién chinh hoan chinh dugc thé
hién nhu trén Hinh 3 v6i ca 4 dong hd da nang thi mot
chu ky doc s€ khoang = 160ms, chu ky nay la kha nhé
va phit hop dé sir dung trong bai toan giam sat va diéu
khién may phat dién.

Céc Hinh 6, Hinh 7 va Hinh 8 lan luot 1a biéu dd
minh hoa tan sé va cong suét ciia cac may phat duogc
doc vé tir ddng hd da ning 1 boi bd diéu khién trung
tam PLC DVP 12SE.

Hinh 6 thé hién tan s6 ciia méay phat 1 va may phat
2 & cac thoi diém trudc va sau khi hoa dong bo tu dong
may phat 1 1én ludi. Trude khi may phat 1 duoc khéi
dong 1én, lan lugt cac tai 1, 2, 3, 4 c6 cong suét giéng
nhau duoc déng 1én ludi duge cdp dién boi may phat
2. Ta thdy rang, & nhitng thoi diém dong cét tai thi tan
sO clia may phat 2 déu bi giam xudng nhung nhanh
chong dugce bo diéu khién PMS diéu khién dua vé gan

SO 78 (04-2024)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

gia tri dinh muirc. Tai thoi diém r=133,2s, Aptomat 1
(ACBI1) duoc diéu khién dong lai khi cac diéu kién
hoa dong bo thoa min, ta thdy rang tin s hai may
phat duoc dong bd v6i nhau rat nhanh sau dé.

Hinh 6. Tin s6 mdy phat 1 (f1) va mdy phdt 2 (f2)

25 1P (kW)

Cac thoi diém dong tai

Tai nang

2
(>80% Paw)

15

ACB1 dong
(t=133.25)

e —

Hinh 7. Céng suit cdc mdy phdt triwée va sau khi hoa
mady phat 1 lén lwoi

(ORI it WACEEEEEE LY EEEEPESPRSN Se LRt SEEEEE
0 Fmmmmmmmm e MTER o — - oD A
t=34.8
P N S— . N
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
——P, =P,

Hinh 8. Céng sudt cdc mdy phdt khi mdy phdt 1 bi

cong sudt ngugc

Hinh 7 thé hién cong suét cac may phat & trude va
sau khi hoa may phat 1 1én ludi. Ta thay rang, khi cap
1an lugt cac tai 1én ludi, may phat 2 s& lam viéc & ché
do tai nang (P,=2,52kW ~84% Pan), sau mot thoi gian
tré cai dat 1a 10s, may phat 1 duoc didu khién t dong
khoi dong va hoa dong bo 1én ludi. Tai thoi diém
t=133,2s khi ACB1 duoc dong 1én, cong sut hai may
phat s& duge bo diéu khién PMS tu dong chia déu cho
dén khi d6 1éch cong suit < 5% Pgy, thi ding lai.

Trong khi d6, Hinh 8 14 cong suét cac may phat thu
thap vé bo diéu khién trung tdm khi thir nghiém tinh
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ning bao vé cong sudt ngugc. Khi chuyén tai tir may
phat 1 sang méay phat 2 (ting tin s6 may 1 va giam tan
s may 2 ddng thoi), tai thoi diém r=34,8s, P, <-10%
Pan, lic nay bén canh cong suét cia tai, thi may phat
2 s& phai chiu thém mot lugng cong suat do may phat
1 khi n6 dong vai tro 1a mét tai (P>=Puit+ Pr). Sau mot
thoi gian tré 14 10s (mic dinh), bo didu khién PMS giri
tin hiéu ty dong cit ACB1 ra khoi lugi dé dam bao an
toan cho hé thng. Luc nay, cong suat Pr=P.

Nhiing thong s6 thu thap vé bo diéu khién trung
tam qua nhitng hinh minh hoa néu trén khi so sanh véi
chc gia tri tir cac thiét bi do thong dung khéc 14 tan s6
ké, oat-ké déu tring khép. Boi vy, v6i do tin ciy va
tdc d6 doc dir liéu nhanh (mot chu ky doc dir liéu nho)
s& dam bao duogc cho yéu cau diéu khién va giam sat
theo thoi gian thuc trong hé théng PMS tau thuy. Cac
thong s6 khi thir nghiém dugc tong hop nhu trong
Béng 3.

Bing 3. Téng hop két qui thir nghigm

TT Théng s6 Gia tri
1 | Chuky doc mdi dong hd <80 ms
Téc d6 hién thi dir liéu
2 300 ms
(trén man hinh cam ung HMI)
3 | Saisb 16n nhét 1%

5. Két luan

Bai bao da trinh bay viéc xay dung mdt mo hinh
céu trac cho mot hé théng quan 1y ngudn PMS tiéu
chuan tmg dung ddng hd da nang s6 va mot thuat toan
thu thap, xtr 1y dir liéu doc vé tir cac dong ho da ning
sir dung b diéu khién trung tim PLC DVP 12SE. Két
qua thir nghiém nhu trong Bang 3 cho thy thuat toan
hoat dong tin cay, tdc d6 doc va hién thi di lidu cao.
Day s& 1a mot budce tién d& dé nghién ciru, tng dung
nhimg ddng hd da ning sb trong hé thong PMS va hé
thdng diéu khién giam sat va thu thap dir liéu SCADA
tau thuy.

Sau khi dé thu thap thanh cong cac thong s cia
hai may phat trong qua trinh thir nghiém, viéc thu
nghiém m¢ rong so lugng dong hd ciing nhu thir
nghiém nhiing truong hop su cd, 16i truyén thong s&
duoc thyc hién ¢ hudng nghién cuu tiép theo cua bai
bao nay.

L&i cdm on

Nghién ctru nay dugc tai trg bdi Khoa Pién - Dién
tar, Truong Pai hoc Hang hai Viét Nam trong dé tai
nghién ciru khoa hoc sinh vién ma s6: SV23-24.29.
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