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Tém tit

Theo quy dinh ciia IMO dén nam 2017 bét budc phai
6 dinh bién thg dién hodc sy quan ky thuat dién lam
viéc dudi tau, do vay viéc nghién ciru xay dung tram
phat dién mo phong tau thuy véi dé xuat hé truyén
dong dién Dong co — May phét thay thé cho cac to
hop diesel lai may phat dién, va mo hinh hé thdng
tram phat s€ la cac gido cu, thiét bi day va hoc truc
quan trong viéc gidng day thg dién hodc sy quan dién.
Ngoai ra day 1a md hinh gép phan gitp sinh vién
nganh dién hiéu hon vé hé thdng truyén dong nay.

Tir khoéa: tram phat dién, hoa dong b6, dong co dién
Abstract:

Under the provisions of IMO, there must have
electrician or Electro-Technical-Officer working on
ship from 2017. It is very important to study and
design shippower simulation which use replacement
of AC motor-Generator drive for an available Diesel-
Generator (DG) drive system. And this replacement
model is a necessary virtual instrument in teaching
and training for electricians or electrical officers. In
addition, it helps major students understand operation
and knowledge about this system.
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Ky hié¢u

Ky hiéu DPon vi Y nghia

P Kw Cong suit tac dung
U \Y bién ap

| A Dong dlen

f Hz Tén s

Chir viét tat

DG Diesel-Generator

IMO International Maritime Organization
PMS Power Management System
PLC Programmable Logic Controller
HMI Human Machine Interface

1. Phan mé dau
Ngay nay cac hé thong dién nang trén tiu thuy khong
ngimg dugc phat trién va hoan thién, ngudn ning
lwong duoc 1y tir tram phat dién tir d6 théng qua
bang dién chinh phan phdi tdi cac bang dién phy hodc
cac phu tai 16n. Cac may phat dién thong thuong dugc
lai boi cac diesel, goi 14 cac t6 hop diesel lai may phat
dién [1, 2, 3, 5]. Viéc thuc tap d6i v6i hoc vién nganh
dién tau thuy trén hé to hop diesel — may phét thi rat
can thiét, tuy nhién hé nay co kinh phi 16n va can
ngudn nhién liéu dau dé chay thuong xuyén. Do do,
cac tac gia dé& xuét giai phap sir dung dong co dién
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khong dong bo ba pha lam dong co so cip dé lai may
phat, ttc 1a xay dung hé truyén dong dién Dong co —
May phat thay thé cho cac t6 hop diesel lai may phat
dién, didu d6 s& gép phan gitp sinh vién nganh dién
tau thuy hiéu hon vé h¢ thong truyén dong nay. Ngoai
ra, yéu té 6 tinh thoi sy d6 1a dén ndm 2017 theo yéu
cdu ctua IMO bét budc phai c6 tho dién hodc sy quan
k¥ thuat dién lam viéc dudi tau, do vay viéc dao tao
tho dién hodc sy quan k¥ thuat dién hién nay 1a vin dé
cap thiét dé dap tmg cho nhu ciu lam viéc trong nudc
va quc té. Nhu vay viéc xdy dung tram phat dién mo
phong, thiét bi day va hoc truc quan trong viéc dao
tao tho dién hoac sy quan dién la mét nhu cau cép
thiét va co tinh thoi su.
Hién nay trén thé gidi da c6 mot sb hang ché tao ra
tram phat dién mé phong dé sir dung cho dao tao phd
bién véi hai loai sau: loai thir nhat 1 cac hé thong md
phong hoan todn bang dd hoa trén co s& may vi tinh,
¢6 thé md phong dwoc cac chirc ning cia tram phat
dién nhung lai thiéu su twong tac thyc va kha nang
van hanh thuc té cho nguodi hoc trong huén luyén.
Loai thir hai 1 cac hé théng mo phong bang ca bang
mo hinh vat 1y voi uvu diém truc quan cao va kha ning
thao tac van hanh tot nhung van con han ché trong céac
tinh hudng dic biét, han ché trong kha ning chu dong
mo rong cac chirc nang khac cho hé va mot yéu diém
turong ddi quan trong cua cac hé thong nay 1a gia
thanh thiét bi van con rét cao [8]. O nudc ta thi chua
c6 cong trinh nao nghién ctru, ché tao thiét bi nay chi
dé dap ung duoc nhu cau dao tao trong nganh dién ty
dong tau thuy, ma trang bi thiét bi thuc hanh thi duoc
cép thong qua cac dy an tai tro khong hoan lai nhu du
an Jica ctia chinh phu Nhat ban. Tuy nhién, s6 lugng
¢6 han nén chua dap tmg du cho nhu cau cua hoc
vién. Do vy, C4c tac gia Nghién ctru va thiét ké hé
thdng mé phong tram phat dién tau thuy véi cac diéu
kién phu hop vé6i yéu ciu thyc tap, thuc hanh va thi
nghiém [6, 7, 8].

2. Noi dung chinh
2.1 Nhirng yéu cau dbi véi h¢ thong mé phéng
tram phat dién tau thuy
Sau khi khao sat thuc trang cic phong thuc nghiém
Khoa Pi¢n Pién th, truong Pai hoc Hang hai VN,
nhém tac gia dé xuét tram phat dién mo phong gom
c6 hai to hop dong co khong ddng bo lai may phat
dién. Hai dong co dién 3 pha nay duoc cung cép dién
tir lui dién qudc gia va dé md phong thay thé cho
dong co diesel ¢ tram phat tau thuy that. Trong hé sir
dung cong nghé bién tin diéu chinh tdc do cua céc
dong co (nhu diéu khién ting giam nhién liéu vao
dong co diesel). Dé diéu khién 2 t6 hop nay trong
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tram phat sir dung bang dién chinh gdm 3 bang diéu

khién trong d6 ¢ 2 bang danh cho may phat thyc hién

diéu khién 2 hé dong co lai may phat va mot bang

dién quan ly nguén Céc dai luong dong dién, dién ap,

tan s6, cong suat cua hai mdy s€ dugc cac bo do dong

dién, dién ap, tan s, chuyen d6i sang tin hiéu chuan

4+20mA dé dua t6i dau vao PLC. So do khéi cua hé

thong tram phat dién mo phong thé hién trén H. 1,

trén d6 ¢6 cac phan tir nhu sau:

e Ngudn cép cho bién tin va h¢ thong diéu khién: 3
phases 380V, 50 Hz.

e Céc bd bién tin cho dong co s 1 va sb 2: Inverter

1, inverter 2

Pong co 1 va2: M1, M2.

May phat 1 va 2: G1, G2.

Synchro: b hoa dong bd.

Bus: nguon chinh cap cho tai;

Hé thdng abtomat;

e Tranformer 220/24: ngudn cip cho cac thiét bi
HMI, PLC, role ...

e PLC: bd diéu khién kha trinh.

e Ro le trung gian: 1am nhiém vy déng ngét trung
gian.

e HMI: man hinh giao dién twong tac ngudi may,
hién thi cac thong s hé thong va cai dat.

e Tai: 1a cic bong dén ¢ cong suat 1on va dong co.

e Bién ddi do luong: bién dobi cac tin hiéu tir bus
sang tin hi€u dong va ap dé hién thi tai von ké

(V), ot ké (P), ampe ké (A)...

Dds s ——— - — -

H. 1 So d6 khéi hé tram phdt dién mé phong
Viéc xay dung hé théng tram phat dién moé phong doi
hoi phai tong hop rat nhiéu cac thuét toan cho timg
chirc nang cu thé. Vi khudn khd bao c6 han, xin chi
gi6i thiéu mot vai thuat toan sau: Thuat toan hoa dong
bd tyr dong, thuat toan xac dinh cong sult & trén H. 2,
3. Khi may phat da du cac diéu kién cho viéc hoa
df”)ng b thi chuong trinh hoa dé)ng bd tu dong s& dugc
kich hoat. Man hinh hién thi s& bao trang thai va kiém
tra thoi diém hoa. Néu sau 60s ma khong thé xac dinh
dugc thoi diém hoa thi s& bio dong aptomat khong
dugc dong 1én ludi bang dén do va bao trén man hinh
HMI, ding qua trinh hoa dong bo. Néu phat hién
dugc thoi diém hoa thi PLC s& phat 1énh dong
aptomat 1én ludi, sau d6 sé kiém tra trang thai cua
aptomat, néu nhu chua déng thi s& lap lai qua trinh
trén va hoa trong 3 1an. Néu sau 3 lan phat 1énh dong
aptomat ma khdng thanh thi s& bao dong, tiép do 1a
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dimg qua trinh hoa dong bd. Néu aptomat da dong lén
ludi thi dén tin hi¢u s& chi bao va két thuc qua trinh
hoa dong bd.
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H. 2 Thudt toan hoa dong bé tw dong

H. 3 Luu dé thudt todn xdc dinh cong sudt tirc thoi ciia tai
va cong suat cwe dai tirc thoi cia tram phat

Khoi dong thuat toan thi ¢ hai bién dé tinh gia tri tic
thdi cua tai va cong suat cuc dai cia tram phat, liic
dau hai bién nay duoc dat gia tri bang 0. Tiép do PLC
s& kiém tra trang thai cua timng mdy phat, néu may
phat d6 dang 1am viéc thi cong suit cuc dai tic thoi
cua tram s€ dugc tang thém mot gia tri bﬁng véi cong
sudt dinh mirc cia may phat, con cong sut tirc thoi
cua tai s€ dugc cong thém mot gia tri dugc léy tur tin
hiéu cong suat thong qua modul tuong tu. Cir nhur vay
PLC s¢ kiém tra ting may phat, tir may phat dau tién
t6i may phat cudi ciing. Khi kiém tra téi hét may phat
cubi ciing thi gi4 tri cia hai bién s& dwoc luu trong hai
bién ding dé luu giit hai gia tri nay.

Neu ta khong ding hai bién dé luu gia tri nay thi qua
mdi vong quét gi tri nay s& thay d6i khién cho tat ca
c4c gid tri giam sat s& bi thay ddi. Néu ta khong kiém
soat duoc thuat toan thi khi vong quét thir 2 dwoc bét



dau no sé tiép tuc cong thém gia tri cho hai bién nay
mac du gia tri thyc té khong hé thay dbi.

Thuat toan diéu khién tai ngng hinh H.4: Khi h¢ théng
duoc cap ngudn, cong tic chon ché do dicu khién cua
diéu khién tai ning & ché do ty dong va co yéu cau
khoi dong cua dong co tai nang thi PLC s& kiém tra
cong suat clia tram phat tai thoi diém hién tai. Néu
cong suat dy trir ctia tram 16n hon cong suat cho phép
khoi dong dong co tai nang thi PLC s€ ghi tin hi¢u
cho phép tai ning dugc khoi dong. Néu cong sut cia
tram phat khong du thi s€ khoi dong may phat dang &
trang thai standby va hoa vao ludi. Néu c6 may phat
dang ¢ trang thai standby thi PLC s€ g tin hiéu khdi
dong diesel d6. Khi c6 tin hi¢u tang dién ap ctia may
phat vira khoi dong tirc 18 may phat da dugc khdi
dong thanh cong thi qua trinh hoa dong bo cho may
phat vira khoi dong duge bat dau.

H. 4 Liu d@6 thudt todn chwong trinh khong ché tdi ning
Thuat toan phan chia tai tac dung cho cac may phat
cOng tac song song thé hién ¢ H. 5

Gidm nhién liéu Diesel | Tang nhién liéu Diesel |

H. 5 Thudt toan phan chia tai tac dung cho cac may phat
cong tac song song

2.2. Thiét ké hé dong co dién lai may phat dién gia
1ap cho hé diesel — may phat

Nhu di trinh bay ¢ trén hé thong tram phat dién mo
phong st dung hai t6 hop dong co lai may phat dién
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gidng hét nhau. Viéc Iya chon t6 hop bién tan dong
co, mdy phat phai dam bao thuc hién dugc cac thuat
toan dicu khlen tram phat dién. Tuy nhién, cling can
luvuy den yéu tb hiéu qua sir dung ngudn nang luong.
Nén téng cong suat cua tram phat dugc chon khoang
6kw. Tir d6, chon to hop dong co dién so cap lai may
phéat dién co cong suat 4kw duoc lap bang phuong
phap ddng tryc tuc 1a truc khop ndi duge lap cliing
bang then chot. Hé dong co lai may phat sau khi lap
dit c6 hinh dang thé hién nhu trén H. 6.

H. 6 H¢ Dong co lai mady phat
Théng s6 déng co lai:
- Kiéu 3KB112M4, 3 pha
- Tan s6: 50 Hz
- Cong suét: 4Kw
- Hiéu suit: 0,84%
- Pién 4p - Dong dién ¢ ché do A/Y: 220V/ 380V-
14,9A/8,6A
- Cép cach dién: F
- Trong lugng: 41Kg
Théng sé6 may phat:
- Cong suét: 4Kw
- Tan s6: 50Hz
- Téc d6 1500Ve/ph
- Loai 3 pha
- Trong lugng: 57 Kg
- Dbién ap: 380V
-1=61A
-cos 9=0,8
- Hi¢u sudtn=0,8
Mot van dé nira gia 1ap viéc diéu khién thay doi tan s6
ra cla cac may phat va phan chia tai tac dung, va dua
vao cac thong sb dong co & trén, thi cac tac gia lua
chon sir dung bién tin SV040IG5A-4 dé cai dat thay
d6i tan sb cap vao dong co lai.
2.3. Thiét ké cac bang diéu khién
Céc bang diéu khién duoc thiét ké va xay dung c6 2
bang may phat va 01 bang hoa ddng bd nhu H. 8 véi
lwa chon tinh toan thiét bi nhu sau (bang 1) [2, 5]:
Cdc thiét bj diéu khién:
e Contactor Ky, K,: 240VAC, 13A, 3.5 KW.
e Role: 24V DC, 5A — 240VAC.
e RBL;, RBL,, RBLj: Role khéng ché mat dién.
e Ky, K;: Cong tic to chinh cap ngudn tir may phat
sb 1, 2 lén ludi.
Nut 4n ¢6 dén: dién ap 1a 220VAC, 24VDC.
Nut 4n khoi dong/ dimg dong co lai s6 1, 2.
Bo chuyén mach ON-OFF: 440VAC-15A.
Céc thiét bi bao vé:
Céc aptomat cap ngudn cho cac phu tai: Q5+Q10.
Aptomat Q11 (3 pha va 2 cuc). Cau chi: F1+F17.
Aptomat cip ngudn cho bién tan Q1, Q2.
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e Aptomat cap ngudn cho mach diéu khién Q3, Q4.

e Ciu chi bao vé cho mach diéu khién F3, F4.

e EOCRI, EOCR 2: Role nhiét bao v¢ cho may phat
s6 1, 2. SWI: Cong tic lwa chon ché 40 HAND/
AUTO.

e Céc thiét bj do luong va chuyén doi:

e Ampe ké dung dé do dong dién ctia may phat s6 1,
2: A, A, (dai do tir 0200 A).

e Von ké cia may phat s6 1, 2 dé do dién ap cac pha
cta may phat va dién ap ludi: Vq, V.

e Dong ho do cong suit may phat 1, 2: Py, P,.

e Tin s ké ding dé do tan s6 cia may phat s6 1, 2
va cua lué6i: Hz;, Hz, (15+65Hz).

e Transmiter P, I, U, f: cic bd chuyén dbi tin hiéu
cong suét, dong dién, dién ap, tan sb sang tin hi¢u
4+20mA giri t6i PLC.

e B0 chuyén doi dong dién (Transmister I).

e Bo chuyén dbi tan sé (Transmister F).

e Bo chi thi va chuyén ddi cong suit.

e Thiét bi chi bio cong suat.

e Bo 1o le cong suat ngugc (RPR).

H. 7 Mdt ngodi va thiét bi ciia C4c bang diéu khién
M6 hinh céc bang diéu khién véi cac thiét bi phan
cting duoc ché tao thanh céng nhu trén H. 7, cOn phan
mém cho tram phat dién mé phong tau thiy dugc 1ap
trinh theo cac thut toan cua ting chirc ning, dé nap
vao bd PLC dam bao yéu cdu ciing nhu qué trinh gia
1ap thyc nghiém thyc hanh giéng nhu qua trinh khai
thac van hanh dudi tau thay.

Céc t6 hop diesel may phat trong tram phat dién tau
thiy thuong co6 cong suét trong dwong nhau va nho
nén né duoc xem la ngudn mém trong hé ning luong
do do téc do quay cua diesel anh huong truc tiép tan
sO va dién ap cua ludi dién tau thuy tir d6 khi thuc
hién viéc thay thé hé dong co dién lai may phat gia
lap nhoém tac gia da dua cac sy anh hudng néu trén
cua dong co diesel vao mo phdng hoat dong trong hé
thong.

2.4, Thye nghiém

Thyc nghiém dé xay dung dic tinh ngoai ciia may
phét: dic tinh ngoai ciia may phat 1a mdi quan hé giira
dién ap (U), va dong phan tng (I) khi toc do va dong
kich tir khong d6i. Dé xdy dung dic tinh ngoai cia
méy phét ta thay doi tai voi cac gia tri 0,91; 1,87;
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2,88; 3,9; 4,95 (A), ta do duogc cac gia tri dién ap 380,
370, 360, 355, 350 (V) tuong ung nhu bang 1, tir do
xdy dung duoc ddc tinh nhu H. 9. Trong qua trinh
thao tac do dac dam bao tdc do va dong kich tir khong
ddi, tai trong qua trinh do dac 13 tai thudn tro. Pic
tinh co ctia diesel va dong co khong dong bo tuy co sur
khédc nhau nhung khong nhiéu, do d6 khong anh
hudng dén dic tinh cua tram phat dién.

Bang 1. Bang do thong s6 may phat

STT Tai 1(A) | U(V) | Coso
1 Thuan tr¢g | 0,91 | 380 1
2 | Thudntre | 1,87 | 370 1
3 | Thuantro | 2,88 | 360 1
4 | Thuantro | 3,9 | 355 1
5 | Thuantré | 4,95 | 350 1

390

80
370
360

350

0
0,91 187 2,88 39

H. 8 D4 thi dic tinh ngoai ciia mdy phat

Ngoai ra, md hinh hé théng tram phat dién con cho
phép thuc nghiém kiém tra hoat dong trong cac ché do
lam viéc khac nhau cua tram dién... Cac tinh huéng
ddc biét nhat 1a mat dién toan tau - “blackout”, cong
suét ngugc... Pa dugc nhom tac gia kiém nghiém hoat
dong tét theo quy pham cua Pang kiém Viét Nam.
Piém hitu dung cho hudng nghién ctru tiép theo dé 1a
hé thong co kha niang mo rong thém céac to hop gia lap
DG, TG, SG... cling nhu cac cum bang diéu khién cho
céc t& hop trén théng qua cac giao dién ghép ndi chuin
ma nhom tac gia di da thiét ké du phong [4]. Trong khi
d6 cac hé do nudc ngoai san xuat thi ¢ thé can thiép
vao phan cing nhung lai khong can thiép dugc vao
phan mém (dong goi thuong mai) do d6 rat kho tiép
can dé mo rong thém... Cac két qua nghién ctru cho
phép ta danh gia va lam co so khoa hoc cho cac van dé
nghién cuu sau:

Xay dung cic dic tinh cua dong co so cp truyén
dong cho may phat dién va phén tich tinh chat dong
hoc cua diesel/dong co lai st dung trong nghién cuu,
thiét ké b diéu toc/cai dat bién tan;

Xay dung cac dac tinh cua ciia may phat dién tur do
cho phép phan tich tinh chat dong hoc cua t6 hop kich
tir/may phat phuc vu cho nghién ciru, thiét ké bo tur
ddng diéu chinh dién ap;

Thyc nghiém céc tinh hudng bao vé, cc phan tmg
clia hé théng tram phat véi cac yéu t6 thay doi cua tai
lam nén tang cho thiét ké cac hé théng bao vé, tu dong
hoa tram phat nhu hoa déng bd tu dong, phan chia tai
tu dong va hé théng quan 1y ngudn (PMS).

4,95 |



3. Két luan

Hé thong mo phong tram phat dién tau thuy da duoc
thiét ké va ché tao thanh cong, trong dé co sir dung
cac thudt toan, thda man cac yéu clu dé 18p trinh diéu
khién hoat dong cac thiét bi trong hé nang luong dién
tau thuy that, dap ung nhu cau cua hoc vién va da
dugc kiém chimg bang céc bai thyc hanh trong dao
tao, pht hop véi chuong trinh hoc dién tau thiy va
diéu kién phong thuc tap, thuc hanh, thi nghiém.
bong co diesel duoc gia lap béng dong co dién khong
ddng bod ba pha thi viéc phan bd tai tac dung ciing nhu
thay ddi tan s ra cuia cac may phat duoc thyc hién dé
dang hon bdi cac tac gia dung cac bién tan dé mo
phong Ngoal ra yéu t6 kinh té duoc quan tdm vdi
viéc diéu khién hoan toan bang dién thi tiét kiém hon
so voi dong co diesel chay nhién liéu dau. Thiét ké
cong nghiép thi co thim my dam bao quy pham Dang
kiém, véi két cdu cua toan hé thong rat gon gang, van
chuyén va lap dat dé dang, thi hé théng co thé tro
thanh san pham thuong mai trén thi truong gido duc.
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