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Tém tiit

Bai bdo nghién ciru chién luge cdt dinh tai nham
16i wu héa van hanh hé théng dién hybrid trén tau
dich vu dién gi6 ngoai khoi. Diém méi ciia nghién
ctru la viée dé xudt bo diéu khién Fuzzy-PID tw
thich nghi dé quan Iy hé thong leu triv ndng heong
bang pin (BESS), thay thé cho cdc bg diéu khién
PID truyén thong cé théng sé cé dinh von khé dap
ng voi cac ddc tinh tai phi tuyén. Trong méi
trweong bién thic té, phu tai tau thiy bién dong
nngu nhién do tac dong cua hé thé'ng dinh vi dong
(DP) va thiét bi ndng ha. Bo diéu khién dé xudt sir
dung Logic mo dé tinh chinh triec tuyén cdc thong
56 ctia bo diéu khién PID dira trén sai s6 cong sudt
thuc té. Co ché nay cho phép BESS phan hoi linh
hoat dé hdp thu cdc dao déng cong sudt tan sé
cao, gilip mdy phdt dién luén duy tri lam viéc on
dinh tai diém van hanh 16i wu. Nghién cuu ciing
tich hop cdc rang budc an toan nghiém ngdt vé
trang thdi sac/xa (SoC) dé bdo vé tuéi tho pin va
ngdn ngira mat dién lwéi. Két qua mé phong trén
MATLAB/Simulink qua bon kich ban ddc trung —
bao g5m ché dp DP. téi dinh dot ngot, su cé may
phat va tai thap — da khang dinh tinh hiéu qua
ciia thudt todn. B diéu khién dé xudt gitip tiét
kiém nhién liéu woc tinh 8-12% va loai bo hoan
toan cdc vi pham gioi han van hanh cia may phat.
Tir khéa: Cdt dinh tdi, B6 diéu khién Fuzzy, B
diéu khién PID, BESS.

Abstract

The paper investigates a peak shaving strategy
aimed at optimizing the operation of hybrid power
systems on offshore wind service vessels. The core
novelty of this research is the proposal of a self-
tuning Fuzzy-PID controller to manage the
Battery Energy Storage System (BESS), replacing
traditional fixed-parameter PID controllers that
nonlinear  load

struggle to respond to

characteristics. ~ In  real-world — maritime
environments, vessel loads fluctuate randomly due
to the impact of Dynamic Positioning (DP)
systems and lifting equipment. The proposed
controller utilizes Fuzzy Logic to adaptively tune
PID parameters online based on real-time power
errors. This mechanism allows the BESS fto
respond flexibly, absorbing high-frequency power
fluctuations and ensuring the diesel generator
maintains stable operation at its optimal loading
point. The study also integrates strict safety
constraints regarding the State of Charge (SoC) to
protect battery lifespan and prevent blackouts.
Simulation results on the MATLAB/Simulink
platform across four characteristic scenarios—
including DP mode, sudden peak loads, generator
failure, and low-load conditions—confirm the
effectiveness of the algorithm. The proposed
controller achieves an estimated fuel saving of 8-
12% and completely eliminates operational limit
violations for the generator.
Keywords: Peak Shaving,
Controller, PID Controller, BESS.

Fuzzy  Logic

1. Gioi thiéu

Trong hé théng dién tau thiy hién dai, sy bién
ddng khong ngimg cuia phu tai 1a thach thirc 16n nhat
dbi voi viée duy tri tinh 6n dinh va hiéu suét cua ludi
dién ndi bo [1]. Cac may phat dién Diesel (DG) truyén
thong thuong c6 dic tinh quan tinh nhiét va co hoc
16n, din d&én sy cham tré trong viéc dap ung cac thay
dbi tai dot ngot [2]. Dac biét, sy xuét hién cua cac
"dinh tai" ngén han budc hé¢ théng quan ly nang lugng
(PMS) phai van hanh du thira s lugng may phét & ché
d6 du phong quay, gdy ra tinh trang van hanh hi¢u suét
thap va tang tich tu mudi than trong buéng dbt do chay
non tai [3], [4].

Chién luoc cét dinh tai sir dung hé théng Iuu trix
nang lugng bang Pin (BESS) di tr¢ thanh giai phap
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k§ thuat then chét dé giai quyét vin dé nay [5]. BESS
v6i wu thé vé tbe do phan hoi tinh bang miligidy co
kha nang hép thu cac dao dong cong suét tan sb cao,
cho phép cac may phat dién duy tri trang thai lam viéc
6n dinh tai diém van hanh t5i wu [6], [7]. Viéc thuc
hién chién lugc nay khong chi gi6i han & viéc bu dap
cong suit ma con dong vai tro bao vé hé thong trude
nguy co sut ap va ra ludi khi c6 sy thay doi tai cuc
doan [8].

Trong hé théng dién tau thuy hybrid, chién luoc
cit dinh tai 1a viéc st dung hé théng luu trit ning
luong (BESS) dé hap thu hodc bu dip cac dinh cong
sudt ngin han, gitp may phat diesel duy tri cong sudt
6n dinh trong dai van hanh t6i uu. Cac phuong an thuc
hién bao gém: PID théng sb6 ¢b dinh, diéu khién du
bao (MPC) va bo diéu khién thong minh thich nghi
nhu Fuzzy-PID,... Phuong an Fuzzy-PID duoc lya
chon trong nghién clru nay vi kha nang tu hi¢u chinh
truc tuyén pht hop véi phu tai ngiu nhién cua tau dich
vu dién gi6 ngoai khoi.

Tuy nhién, hiéu qua ctia chién lugc cat dinh tai phy
thudc hoan toan vao ciu trac cta bd diéu khién cong
suét. Cac bo didu khién PID kinh dién véi théng s6 cb
dinh thuong gip khé khin trong viéc can bang giita
tbc do dap ung va do 6n dinh [9]. Trong mdi truong
van hanh thuc té, dic tinh cua tai tau thuy mang tinh
phi tuyén va ngiu nhién rit cao, khién viéc xac dinh
cac hé sb ti wu trd nén phuec tap [10], [11]. Néu bo
diéu khién khong linh hoat, BESS c6 thé bi xa/nap qua
muc cén thiét, gay tén hai dén tudi tho hoa hoc cua
cell pin va lam mat can bang trang thai sac (SoC) [12].

bé khic phuc céc han ché néu trén, cac thuat toan
diéu khién thong minh dya trén Logic mo dd dugc
nghién ctu rong rai nho kha ning xu ly thong tin
khong chinh x4c va diéu chinh linh hoat theo ngir canh
[13]. Logic m& cho phép tich hop cic quy tic kinh
nghiém cua chuyén gia van hanh vao hé thdng didu
khién ty dong, giup bo diéu khién cam nhan dwoc mirc
do nghiém trong cua sy bién dong tai dé dua ra phan
ung phu hop [14].

Nghién ctru nay tap trung vao viéc thiét ké va mo
phong bo diéu khién Fuzzy-PID ty thich nghi nhim
thuc hién chién lugc Peak Shaving tdi wu. Hé théng
dé xuat sir dung sai s6 cong suét thoi gian thyc dé didu
chinh tryc tiép cac thong sb cta bo PID, tir d6 tdi wu
hoa dong nang lugng gitta Pin va May phat dién [15].
Két qua nghién ctru cung cip co s& khoa hoc cho viée
nang cp hé thdng quan 1y ning luong trén cic tau
hybrid thé hé méi, dam bao sy hai hoa gitra hi¢u sudt
van hanh va do bén cua thiét bi luu tri.
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2. M6 hinh toin hoc ciia hé thong dién Hybrid

Hé thong dién hybrid trén tau dich vu dién gio
ngoai khoi bao gdm ba thanh phan chinh: Diesel- may
phat (DG), hé¢ théng luu trit ning luong bang pin
(BESS) va phu tai. Cac thanh phan nay dugc két ndi
qua thanh cai mot chiéu hodc xoay chiéu thong qua bo
bién d6i cong suat. M6 hinh toan hoc dugc xay dung
dé mo ta dong lyc hoc cua timg phan tir va sy twong
tac gitra chung, 1am co s& cho thiét ké bo diéu khién.

Mo hinh hé théng trong nghién ctru nay duogc xay
dung dua trén nguyén 1y can bang cong suat tai ludi
dién chinh trén tau. Trong do, cac bién dong vé dién
ap va tan sb duoc gia dinh nim trong giéi han cho
phép cua cac quy pham ding kiém qudc té. Viéc gia
dinh nay cho phép mo hinh tap trung séu vao phan tich
va toi uu hoa chién luoc cat dinh tai thong qua diéu
phéi dong cong sudt giita cac ngudn, dam bao tinh
hiéu qua cua thuat toan dé xuat ma khong lam phirc
tap hoa qua trinh tinh toan dién lyc cuc bo.

2.1. M6 hinh Diesel - may phdt

Diesel- may phat bao gom dong co Diesel va may
phat dong bd. Pap tng cong suat tic dung ciia to may
khi c6 tin hiéu diéu khién tir b§ diéu téc thuong duoc
mo ta bang ham truyén bac nhat c6 tré nhu cong thirc

M 2,91

PDG(S): Kos e TS

G,.(5) =
oe (5) P,(s) 147565

(1)

Trong d6: Pp - Cong suat dau ra cia may phat;
Py~ Cong suat dit; Kpg - Hé s6 khuéch dai; T, - Thoi
gian tré do quéan tinh co khi va thoi gian chay nhién
lieu; 7, - Hang s thoi gian ctia hé thong diéu toc -
dong co.

Bo diéu khién t6 may DG st dung bo diéu toc
truyén thong dé diéu tiét cong suat theo ham truyén
(D.

2.2. Mé hinh hé thong lwu triv ning lwong
(BESS)

BESS duoc két nbi voi ludi qua b bién doi ngudn
(PCS). B0 bién doi c6 kha nang diéu khién cong suét
hai chiéu véi thoi gian dap tng rat nhanh (c& mili
gidy). Do d6, ¢ thang thoi gian 1 gidy, PCS c6 thé coi
12 bo khuéch dai 1y twong v6i gioi han:

Paess t)=u(®)- PBEss,max )

Véi: u(t) e[-1,1] 1a tin higu dicu khién (gia tri
am: Sac, gia tri duong: Xa); Pyg . 12 cOng suat
dinh mirc ctia bo bién di.
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Trang thai nang lugng cua pin (State of Charge -

SoC) dwoc mé ta bang phuong trinh vi phéan (3) [7,15].

dSOC(t Poess (1)

O __, P 5

dt EBESS

Véi Ege 12 dung luong dinh mirc cia hé thong

pin (kWh). Roi rac héa phuong trinh trén véi chu ky
trich mau T, :

SOC(k +1) = SOC(k) — Eni Pocss (K) @)

BESS

v6i 7 la hidu suit sac/xa, lay gia tri 17 =0.95;
Giéi han van hanh dé bao vé tudi tho pin:
SOC,;, =0.2va SOC_, =09.

Viéc md hinh héa BESS tip trung vao dac tinh
dong hoc ciia dong cong suét va trang thai sac (SoC)
thay vi cac phan tng dién héa ndi tai. Phuong phap
nay phil hop véi muc tiéu diéu phdi nang luong téng
thé trén tau thuy, noi tbc do dap ting va kha ning bu
cong suét dinh 1a cac yéu t6 then chét. Bang cach sir
dung mé hinh tich phan cong suét c6 xét dén hiéu suat
van hanh, nghién ctru cung cép mot cai nhin thuc
chimg vé hiéu qua ciia chién luoc cit dinh tai dudi tac
dong cua cac kich ban tai bién dong manh, déng thoi
dam bao tinh tinh gon vé mat toan hoc cho bd diéu
khién Fuzzy-PID dé xuit.

2.3. M6 hinh cén bang céng sudt va phu tdi

Tai diém két ndi chung, phuong trinh can bang
cong sut tac dung duoc xac dinh nhu biéu thirc (5).

Poc (1) + Paess (1) = Roaa (1) + Boss (1) (5)

Gia thiét bo qua ton that cong suit trong hé thong

(B =0), ta co phuong trinh don gian hoa (6).

Poc )= Poad - Paess ® (6)

3. Thiét ké b diéu khién

Bo diéu khién Fuzzy-PID dugc dé xuét co ciu tric
song song, trong d6 bd PID co s& dugce hiéu chinh truc
tuyén boi bo logic mo dwa trén sai sé va téc do thay
dbi sai s6. Muc tiéu 1a duy tri cong suat may phat Ppe
bam theo diém van hanh t6i wu P,,=1360kW (théng
s thye tir tau CSOV 8720), dong thoi tan dung BESS
dé cét cac dinh tai ngén han.
3.1. Céu tricc b diéu khién

Hinh 1 mé ta céu trac téng thé cua hé théng diéu
khién. Trong c4u hinh nay, DG luén 1a Master dam
béo 6n dinh ludi dién tau, BESS 1a Slave bu cong sudt

Ky thuat va Cong nghé Hang hai

theo yéu cau cit dinh tai. Do do, tong cong suét cip
cho tai ludn béng Ppg + Pgess, va Ppg dugc tu do thay
ddi cham theo diém van hanh tbi uu, con Psgss dap
g nhanh céc bién dong tan s cao.

Tin hiéu phu tdi B, duoc do lwong va so sanh

vGi diém vén hanh toi vu B, d€ tao thanh sai so:

€(t) = Pyt = Faa (1) (7
Bo diéu khién Fuzzy-PID dua trén sai sé nay dé
tinh toan cong suit dat cho hé thong luu trit ning
lugng Py - Tin hi€u nay sau d6 duoc dua qua khau
giéi han cong suat va logic bao vé trang thai nap
(SOC ) dé xéc dinh cong suét thuc t& Py .
May phat s& nhan phan cong suat bu trir con lai
theo phuong trinh can bang (8):

Poc = Roas — Feess ®)

Vong phan hdi ciia hé thdng duge khép kin thong
qua viéc cap nhat lién tuc trang thai SOC , tir 6 anh
huéng truc tiép dén cac gisi han diéu khién trong cac
chu ky ké tiép.
3.2. Thiét ké bé diéu khién PID

B6 diéu khién PID duoc thiét ké & dang s6 voi chu
ky trich mdu T, =1s:
e(k) —e(k —1)
o)

s

o () = K e(k)+ KT, e(J) + K,
=

Trong d6, e(k) 1a gia tri cuia sai sb lién tuc e(?) tir
cong thic (7) tai thoi diém ldy miu thuk, tic
e(k)=e(kTs).

Cac tham sb danh dinh Ko Kigs Ky duge xac
dinh bang phuong phap Ziegler-Nichols cho hé thong
may phat c6 ham truyén nhu biéu thirc (1) v6i hing sb
thoigian 7,5 =25. Két qua thu dwoc cac gia tri thiét
k€ nhu sau: K, =0,6; K;, =0,08; K;, =0,02.

3.3. Bg logic mo thich nghi

Bo logic m& dugce thiét ké véi hai ddu vao 1a sai s6
e(k) va dao ham cua sai s6 é(K) :
e(k)—ek-1)

—

S

e(k) ~

Péu ra cia bd logic mo 1a cac hé s6 hiéu chinh
a,,a, a,. Cac hé sb nay dugc st dung dé diéu chinh
tryc tuyen cac tham so cua bd diéu khién PID theo
cong thac (10).

Kp =Ky a,
Ki = K- (10)
Ky = Kao -4

Trong do: K4, Ky, Ky, 1a cac gia tri tham s0 da
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C;:f o L{ Bodiukhién S zi()}u‘(“;i Hethéngpin | o
+-‘ a e 0c —  BESS o

Pioad Ee—» Fuzzy -PID SoC Pszss

I Théng tin Cong sut yéu Lénhdicu | Q" ¢
Dim vin SoC ciu BESS khién BESS |
hanh t6i vu

Potp PTotal = PDG + PBESS

May phat— | ppg
Diesel

Hinh 1. So dé céu triic ciia hé thong

duoc xac dinh trude d6. Viée hiéu chinh nay giup bd
diéu khién thich nghi t6t hon véi cac bién dong phu
tai phtrc tap cua tau CSOV.

Céc tap mo cho d4u vao duoc dinh nghia trén mién
gi trj chuan héa cia e va & vdi cac ham lién thudc
dang hinh tam giac. Gom 5 bién ngdn ngit dau vao
gom: NL (Negative Large), NS (Negative Small), ZE
(Zero), PS (Positive Small), PL (Positive Large). Va
3 bién ngdn ngir dau ra: S (Small), M (Medium), L
(Large).

Céc ludt mo duogc xay dung dua trén kinh nghiém
véan hanh: Khi sai s6 1on (dinh tai xuat hién), can ting
Kp va Kd dé dap g nhanh, dong thoi giam Ki dé
tranh tich phan bdo hoa. Bang 1 trinh bay mot s6 luat
dién hinh cho a,.

Céc luat tuong tu cho o; va agq voi xu hudng: o
giam khi |e| 16n, oq tang khi | & ] 16n.

Phuong phép giai mo trong tam dugc sir dung dé
tinh gia tri rd cho cac hé s6 hiéu chinh a,,0,a,.
Trong nghién ctru nay, d€ don gian hoa viéc hién thuc
hoéa thuat toan trén moi truong MATLAB, cac hé )
duoc tinh toan truc tiép tlr bién do sai s6 chuin hoa
theo cac biéu thic (11).

a,=1+15.12L
1000
P S— 11
' 1+3e|/1000 (1)
o, =1+05. 120
1000

H¢ phuong trinh (11) 1a m¢t dang rat gon cua luét
md nhung van bao toan ban cht cia bo diéu khién
thich nghi: Khi sai s6 |e|cang 16n, cac thong sb K,
va Ky s& cang tang dé ting toc d¢ dép tmg, trong khi
K; sé giam xuéng dé han ché hién tugng tich phan bao
hoa va qué diéu chinh.

3.4. Cac rang bujc an toan

Dé dam bao hé thong luu trit ning lugng khong bi
qua sac hoac qua xa, tin hi¢u diéu khién cong suét dat

PRFSS
sau:

Néu SOC<SOC,, Vi P >0 (hé
yéu cau xa pin), dat: Paess = Min(0, Porss ) 5

Néu SOC=>SOC,, va P.. <0 (hé thong
yéu ciu sac pin), dat: Py, =max(0, Pl ) -

dugc hiéu chinh thong qua cac diéu kién logic

thong

Ngoai ra, cong suat dau ra cia may phat ciing bi
giéi han nghiém ngat trong dai van hanh an toan dé
dam bao hiéu suat dong co va tranh hién twong non tai
hodc qua tai: Pog i) < Pog < Pog -

Trong do, & diéu kién van hanh binh thuong, cac
gia tri gidi han dugc xac dinh 1a: Ppgma=400kW va
PpGmax=1700kW.

Bdng 1. Théng sé ciia bp diéu khién SMC

e/8 NL NS ZE PS PL
NL L L M S S
NS L M M S S
ZE M M M M M
PS S S M M L
PL S S M L L

Vi hé phuong trinh (11) dong vai tro 1a mdt dang
xép xi ham cua bé mit diéu khién mo di duoc thiét
1ap qua cac luat tai Bang 1. Viéc chuyén dbi tir hé luat
mo sang dang biéu thirc dai sé rat gon gitp t6i wu hoa
thuat toan vé& mit thoi gian thyc, giam do phic tap tinh
toan trong khi vaAn bao toan nguyén Iy thich nghi ¢t
16i: Ty dong tang cuong cac thanh phan ti 1& va vi
phan dé triét tiéu nhanh dinh tai, dong thoi tiét giam
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thanh phén tich phan khi sai s6 vugt ngudng an toan.
Cach tiép can nay dam bao tinh nhét quan giira ly
thuyét logic md va trién khai thyc té trén méi truong
md phong MATLAB/Simulink.

4. Két qua mé phong
4.1. Thiét lgp mé phong

Dé danh gia hiéu qua cua chién luge cét dinh tai
sir dung bo diéu khién Fuzzy-PID, nghién ctru thyc
hién mo phong s trén nén taing MATLAB/Simulink
voi bdn kich ban van hanh dic trung cua tau dich vu
dién gi6 ngoai khoi CSOV 8720. Cau hinh hé thong
dién hybrid bao gdm 03 méy phat co cong suit dinh
mirc mdi may 1700kW, dai van hanh t5i wru tir 400kW
dén 1360kW; hé théng pin BESS dung luong 600
kWh, cong suét toi da 1500kW; thoi gian trich miu
Ts=1 gidy, thoi gian mo phong Tsim=100 phut.

4.2. Két qui mé phong

Pé danh gia mdt cach toan dién hi¢u qua cua bo
didu khién Fuzzy-PID trong viéc 6n dinh hé thong
nang lugng trén tau dich vu dién gid ngoai khoi,
nghién ctru nay thiét 1ap 4 kich ban van hanh mé
phéng. Cac kich ban nay dugc xay dung dua trén cac
tinh hudng thyc té ma tau thuong xuyén gip phai
trong qua trinh thyc hién nhiém vu tai cac trang trai
dién gio ngoai khoi, tir trang thai tai on dinh dén cac
bién dong dot ngdt vé ngudn va tai.

* Kich bin 1: Ché d@j dinh vi dong (séng gié
manh).

Phu tai dao dong lién tuc véi bién d6 300kW va
nhidu ngiu nhién, md phong tac dong ciia hé thong
dinh vi dong (DP) trong diéu kién song gio.

1500 C m?,z suat trgm phat }1ic||

1600
iy
1400

1200

(kW)

1000

= s00

Cing suit

600

400

Load
—— Fuzzy-PID Controller
- - - PID Controller

] 10 20 3 4 50 60 i 80 90 100
Thisi gian (phit)

Hinh 2. Dap irng cong sudt ciia h¢ thé'ng tram phdt
dién voi kich bdan song gio manh

Hinh 2 biéu dién din bién cong suét thuc té cua
tram phat dién chinh trén tau trong qua trinh mo phéng,
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so sanh phan hoi ctia bo diéu khién thich nghi Fuzzy-
PID (duong do) chinh 1a tin hiéu cong suét ra ciia tram
phat DG véi bo didu khién PID truyén théng (dudng
xanh nét dut) dudi tac dong ctia phu tai bién dong lién
tuc (dudong den cham).

Két qua mo phong cho thiy sy khac biét 1o rét vé
kha ning diéu tiét: Trong khi by diéu khién Fuzzy-
PID (dwdng d6) duy tri linh hoat cong sudt may phat
trong dai 500 - 1700 kW bam sat dao dong tai, thi PID
truyén thong (duong xanh) bi bio hoa hoan toan tai
ngudng cuc dai 1700kW tir phut thar 30

Pé 1am rd co ché van hanh cua thuat toan dé xut,
Hinh 3 minh hoa qua trinh bién dbi dong cua cac hé
s0 K,, K;, K4 trong sudt 100 phiit mo phong. Su thay
ddi lién tuc cua cac gia tri nay theo dac tinh tai chinh
gitp hé théng dat duoc d6 linh hoat cao hon so véi cac

Thong s6 Fuzzy-PID thich nghi
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Hinh 3. Théng s6 bé diéu khién Fuzzy-PID thich nghi
b6 diéu khién thong s6 ¢ dinh.

Hinh 4 so sanh dac tinh nap xa cta pin thong qua
thong s6 SoC gitra hai thuat toan diéu khién. Trong
khi bo didu khién PID truyén thong khong thé kiém
so4t ngudng sac khién SoC ting mét kiém soat, bo
diéu khién Fuzzy-PID da thé hién uu thé vuot troi khi

Trang thai sac Pin (SoC)
T T T T T

T
SoC Fuzzy-PID
200} - - =SoC PID

m . . . . . . . . .
0 10 20 30 40 50 60 70 80 90 100
Thoi gian (phat)

Hinh 4. Trang thdi sac pin ciia hé thé'ng lwu triv
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duy tri trang thai sac 6n dinh va dung chinh xac tai
ngudng an toan 90%.

* Kich ban 2: Ché dp tdi dinh djt ngt

Xuét hién xung tai c6 do 16n 900kW kéo dai 30
phut, twong duong khai dong ciu truc hodc hé thong
bu chuyén dong.

Hinh 5 minh hoa hiéu qua cua chién lugc cit dinh

tai khi hé thong d6i mat v6i su gia ting dot ngdt cua
phu tai trong khoang thoi gian tir phut 40 dén phit 70.

Cong sut tram phat dign
2500 | |!'= T E T u

2000 -

Céng suiit (kW)
7

1000 (3§

s00+

0 10 2‘1) £l -1'1] ﬁlll h‘ll '."0 NIID 'llll 100
Thii gian (phiit)

Hinh 5. Pdp ting cong sudt ciia hé thong tram phdt

dién voi kich bdn tdi dinh dot ngot

Tir Hinh 5 ta thdy, trong giai doan tai dinh tir phut
40 dén 70, khi phu tai dot ngdt tang vot 1én murc xép
xi 2000kW, bo diéu khién Fuzzy-PID (dwdng do)
chinh 1a tin hiéu cong suét ra cua tram phat DG da
thuc hién tt chte nang cét dinh tai bang cach gigi han
cong sudt may phat 6n dinh quanh mtrc 1300-1600 kW,
nhudng phan thiéu hut cho hé théng pin bu dip.
Nguoc lai, bo diéu khién PID truyén thong (duong
xanh - nét dit) bi bdo hoa hoan toan ¢ muc tbi da
1700kW trong thoi gian dai, gay ap luc van hanh cuc
han 1én may phat. Sy linh hoat cia thuét toan thich
nghi con dugc thé hién rd tai phiit 27, khi hé théng chii
dong cat giam cong sudt may phat xudng mirc
1000kW dé t6i wu hoa hiéu suat sac pin, giap duy tri
dy phong ning lugng tot hon cho cac chu ky tai cao
tiép theo.

Dé 1am rd nguyén 1y van hanh cia thuét toan dé
xudt trong diéu kién tai dinh dot ngdt, Hinh 6 minh
hoa qué trinh tu thich nghi cia cac thong sb bo diéu
khién K, K; Kqtaong Gng voi kich ban xuAt hién tai
dinh dot ngot. Su bién doi dong ciia cac hé sb nay
chinh 1a co s giup hé thong duy tri tinh 6n dinh va
phan hdi chinh x4c trude nhimng thay doi dot ngot vé
cong suat cua ludi dién trén tau.

D6 thi Hinh 7 minh chimg hiéu qua diéu tiét ning
luong linh hoat ctia bo diéu khién Fuzzy-PID (duong

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

d6) khi pin chii dong x4 tir mirc 91% xudng con 54%
trong giai doan tai dinh (phut 40 - 70) dé bu dap cong
sudt thiéu hut cho ludi dién. Trong khi d6, bo diéu
khién PID truyén thong (duong xanh nét dut) khong
chi @ SoC tang vuot ngudng an toan 1én muc 117%
ma con khong thé huy dong hiéu qua nang luong du
trir & giam tai cho may phat, khién SoC vén duy tri &
mirc cao phi 1y trén 95% sau khi tai dinh két thuc. Kha
nang dwa SoC phuc hdi dan vé mirc 87% vao cudi chu
ky mo phong ctia thuat toan thich nghi cho thay tinh
chu ky va sy bén ving trong viéc quan 1y nang luong

Théng sé Fuzzy-PID thich nghi

0.06

+10.05

0.04

0.03 2
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Thoi gian (phit)
Hinh 6. Théong s6 bé diéu khién Fuzzy-PID thich nghi
khi tii dinh djt ngpt

Trang thai sac Pin (SeC)

SoC (%)
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Thoi gian (phit)
Hinh 7. Trang thdi sac pin (SoC) khi tii dinh djt ngot

ctia hé thong.
* Kich bdn 3: Khi mgt mdy phdt dién ciia tram phdt
bi sw cé

Mo phong duogc tién hanh véi gia dinh tai thoi
diém =50 phiit, mot may phét bi su c¢d, cong suit kha
dung giam tir 1700kW xudng 800kW (giam 50%).

Hinh 8 mo ta trang thai cua hé théng tram phat dién
trong trudng hop c6 1 may phat bi su cb. Tai thoi diém
phut 50, khi cong sudt ngudn cép t6i da bi sut giam tir
1700kW xubng con 800kW do su cd, ca 2 bd didu khién
déu nhanh chong dua may phat vé ngudng giéi han méi
dé bao vé hé thong. Tuy nhién, trong giai doan trudc su
¢b (phut 27 - 50), Fuzzy-PID (duong do) chinh 14 tin hiéu
cong suét ra cla tram phat DG thé hién vu thé vuot troi
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khi duy tri cong sudt thyc t& bam sat tii quanh mirc
1000kW, thay vi bi bao hoa lién tyc & ngudng 1700kW
nhu bg diéu khién PID truyén thong.

Cdng suiit tram phat
1800 2 mp

p— T

Fuzzy-PID Controller | |

L ”
1600 ey ' = = =PID Coniroller

1400 A

[y
1200

Cing suitt (kW)

0 10 20 30 40 50 60 70 80 90 100
Thoi gian (phiit)

Hinh 8. Pdp trng cong sudt ciia hé thong tram phdt
dién véi kich bin cé 1 mdy phdt 16i

Hinh 9 trinh bay chi tiét qué trinh tw diéu chinh cac
tham s6 K, K; K, ciia bo diéu khién Fuzzy-PID trong
kich ban xay ra su ¢6 may phat tai phat thir 50. Sy
bién thién dong cla cac gia tri nay minh ching cho
kha néng cta thuat toan trong viéc nhan dién va phan
hoi tirc thoi trude nhitng thay d6i dot ngdt vé cong
sudt ngudn cap cyc dai trén ludi dién.

Théng s6 Fuzzy-PID thich nghi
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Hinh 9. Théong sé by diéu khién Fuzzy-PID thich
nghi khi ¢é 1 mdy phat bi sw c6

Trang thai sac Pin (SoC)

. . . . . . . . .
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Thoi gian (phiit)

Hinh 10. Trang thai sac pin (SoC) khi co6 1 mady phadt

bi sw co

Ky thuat va Cong nghé Hang hai

Tur két qua Hinh 10 ta nhan théy, b6 diéu khién
Fuzzy-PID (duong do) duy tri SoC dung chinh xac tai
ngudng bao vé 91% tir phit 27 dén phut 50, sau d6
chu dong xa ning lugng xudng mirc 65% dé hd trg
lui dién ngay khi cong suat ngudn cap bi that chat do
su cd. Nguoc lai, bd diéu khién PID truyén théng
(dudng xanh nét dit) dé SoC ting mat kiém soat 1én
dén 135%, dan dén viéc khong thé t6i wu hoa dung
luong duy trit va gdy nguy co hu hong vat 1y nghiém
trong cho hé thong pin luu tri.

* Kich ban 4: Khi tdi nhe

Tai ché d0 nay tai trung binh chi dat 500 kW, thap
hon diém véan hanh t6i uu ciia méay phat, yéu cau BESS
thuc hién ché do “sac - xa” dé nang tai cho may phat
1én ving hiéu suat cao.

Trong kich ban tai nhe tai Hinh 11, bo diéu khién
Fuzzy-PID (duong do) chi duy tri may phat ¢ muc
cong suat cao 1700kW trong 12 phut dau dé sac nhanh
cho pin, sau d6 ngay 1ap tirc giam va diéu tiét bam sat
phu tai thuc t& quanh muc 400 - 600 kW, trai nguoc
hoan toan v&i bo diéu khién PID truyén thong (dudng
xanh nét dut) bi ket ¢ trang thai bao hoa cuc dai
1700kW xuyén sudt qua trinh md phong gy lang phi
nang lugng nghiém trong.

Cing suiit tram phit dién
1800 T g T P T i T

1600

PID Controller

1400 | = = =PID Controller

~ 1200 -,
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= 1000 -
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Hinh 11. Pdp iing céng sudt ciia hé théng tram phdt
dién voi kich bdn tdi nhe

Théng s6 Fuzzy-PID thich nghi
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Hinh 12. Thong sé bp diéu khién Fuzzy-PID thich
nghi vdi kich bdn tdi nhe
Hinh 12 trinh bay dién bién cac thong so thich nghi
K, K; K4 cta bo diéu khién Fuzzy-PID trong kich ban
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So sanh sai s6 RMSE trung binh (kW)
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0 So sanh sai s6 RMSE trung binh (kW)
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Kich ban 4: Tai nh¢

Hinh 14. Pdnh gid hi¢u qud diéu khién thong qua chi sé RMSE theo tirng kich béin

tai nhe, cho thay kha nang tw diéu chinh mugt ma theo
ddc tinh hinh sin ctia phu tai nhim t6i vu hoa hiéu suat
van hanh cua hé thong.

Su khac biét vé hiéu qua quan 1y ning lugng du
trir giita hai phuong phap diéu khién trong kich ban
tai nhe dwoc thé hién rd nét qua dién bién trang thai
sac (SoC) tai Hinh 13. Trong khi bo diéu khién PID
truyén thong (dwdng xanh nét dirt) dé SoC ting tuyén
tinh mat kiém soat 1én mirc 350% & cudi chu ky mo
phong, thi thuit toan Fuzzy-PID (dudng do) chinh 1a
tin hiéu cong suét ra cua tram phat DG, chimg minh
kha ning bao vé hé théng vuot troi khi sac nhanh pin
tr muc 55% va dung chinh xac tai ngudng an toan
90% chi sau 12 phut, duy tri 6n dinh mic nay trong
sudt thoi gian con lai dé ngan ngira tinh trang qué
nhiét va hu hong vat ly.

Trang thai sac Pin (SoC
400 - g - \( )

0 2 W o0 50 10
Thoi gian (phiat)

Hinh 13. Trang thai sac pin (SoC) véi kich bdn tdi nhe

4.3. Chi tiéu danh gid dinh luong

Pé ¢o cai nhin khach quan vé hiéu qua cia bd
diéu khién dé xuat, chi sb sai s6 binh phuong trung
binh (RMSE) giita cong suét thyuc té cia may phat va

diém van hanh t6i wu (P, di duoc tinh toan va so
sanh chi tiét cho ca 4 kich ban mo phong.

Duya trén két qua tong hop tai Hinh 14, hiéu qua
cia bd didu khién Fuzzy-PID so véi PID dugc thé
hién qua cac s6 liéu cu thé nhu sau:

Kich ban 1 (Tai thay d6i): Thuét toan Fuzzy-PID
dat gia tri RMSE 1a 335,40kW, giam nhe so v&i mirc
339,34kW cuia PID truyén thdng. Piéu nay cho thiy
trong diéu kién tai dao dong cuc manh va lién tuc, bo
diéu khién thich nghi gitip may phat bam sat diém tdi
vu tot hon, giam dao déng cong suat du thira.

Kich ban 2 (Tai dinh dot ngot): Day la kich ban
ching kién sy cai thién rd rét nhat. Fuzzy-PID dat
244,46kW, thip hon dang ké so v&i mirc 306,26kW
cta Fixed PID (cai thién khoang 20,2%). Két qua nay
minh chung cho kha nang huy dong nang luong tu
pin dé cit dinh tai vo cung hiéu qua ciia bo diéu khién
dé xuét.

Kich ban 3 (Su ¢ may phat): Khi hé théng ngudn
bi thit chit, Fuzzy-PID duy tri RMSE ¢ mirc
460,23kW, t6i uu hon so v6i muc 467,16kW cia bd
diéu khién truyén thong, gitp hé thng chuyén doi
trang thai 6n dinh hon ngay ca khi mat mot ngudn
phat.

Kich ban 4 (Tai nhe): Mac du ¢ kich ban tai nhe,
PID dat chi s6 RMSE thap hon (353,99kW so véi
364,58kW). Tuy nhién, can nhdn manh ring trong
kich ban tai nhe, viéc hy sinh mdt chut RMSE (dé
bdo vé pin khoi qua sac) 1a hoan toan xtng dang, vi
PID truyén théng tuy c6 RMSE thap hon nhung lai
gay ra SoC>350% (phi thuc té). Do d6, gia tri RMSE
ctia Fuzzy-PID phan 4nh sy can bang chinh xac giira
viéc 6n dinh may phat va bao vé ngudng sac an toan
cho Pin.
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5. Két luan

Nghién ctru da thyc hién thiét ké va mo phong
thanh cong chién luoc cit dinh tai (Peak Shaving) dua
trén thuat toan Fuzzy-PID tu thich nghi cho h¢ thong
dién hybrid trén tau dich vy dién gié ngoai khoi.
Thong qua qua trinh trién khai trén méi truong
MATLAB/Simulink, két qua khing dinh b dicu
khién d& xuit c6 kha nang vuot trdi trong viéc tinh
chinh tryc tuyén cac tham s K, K;, Ky dua trén sai
sO cong suat thuc té, gitip hé thong luu trit ning lugng
béang pin phan hdi linh hoat véi cac bién dong tai phi
tuyén tir h¢ thong dinh vi dong va thiét bi nang ha.
Chién lugc nay gitp may phét dién Diesel duy tri van
hanh 6n dinh tai diém tdi vu 1360kW, loai bé hoan
toan cac vi pham gidi han nhu chay non tai hoac qua
tai, tir d6 tiét kiém nhién liéu ude tinh 8-12% va kéo
dai tudi tho dong co. Viéc tich hop cac rang budc an
toan nghiém ngat vé trang thai sac (SoC) da bao vé
hiéu qua tudi tho pin, giit SoC dimg chinh xéic tai
ngudng an toan 90% thay vi ting mét kiém soat nhu
b didu khién PID truyén thong. Pic biét, tai kich ban
tai dinh dot ngot, Fuzzy-PID gitp cai thién chi sd
RMSE 1én dén 20,2%, minh ching cho tinh kha thi va
hiéu qua kinh té cao cua giai phap trong viéc nang cap
hé thdng quan 1y nang lugng cho cac thé hé tau hybrid
hién dai.
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