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Quin 1y nang lugng cho 6 t6 dién theo hwdng cuc tiéu hoa ton that trén ic
quy bang phwong phap quy hoach dong
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Tom tat

Héu hét cac 6 to dién st dung &c quy lam nguén nang lwong chinh vi vay néng cao tudi tho &c quy la mét
hwéng nghién ctru quan trong trong viéc quan ly néng lwong bén canh hwéng gia tang quéang dwong di. Ton
thét trén &c quy ciing 1a mot trong nhitng nguyén nhan lam gidm tudi tho dc quy. Ngoai ra, day ciing la yéu
to lam giam kha néang di chuyen trong mét Ian sac. Str dung hé théng lwu trik ndng lwong lai giia siéu tu va
&c quy la giai phép tét trong quan Iy néng lwong va duoc ap dung trong bai bao nay. Nhom tac gia st dung
phuong phap quy hoach dong dé cuc tleu héa tén thét trén ac quy. Két qua nay c6 thé duoc st dung lam
tiéu chudn dé so sénh véi tén thét cua &c quy trong chu trinh chudn ECE st dung céc phuong phéap diéu
khién thoi gian thuec.

T khéa: Quy hoach déng, tbi wu hoa, 6 td dién, hé théng lwu trir nang lweng lai, quan ly ndng lwong.
Abstract

Almost all EVs use battery as the main energy storage system. Therefore, extending the battery’s life is a
particularly important area in Energy Management for EVs beside extending the vehicles’ running distance.
Battery’s loss is one of the reasons to reduce the battery’s lifetime. Moreover, the loss leads to a reduction in
running distance of EVs. Hybrid Energy Store System (using battery and super capacitor), which is used in
this paper, is a good solution in Energy Management for EVs. The authors use Dynamic Programming to
minimize the battery loss and the results can be used as a benchmark for comparison with the real-time EV

operation in ECE driving cycles.

Keywords: DP, Optimization, EVs, HESS, energy management.

1. Phin mé dau

Ac quy 1a mot trong nhitng thanh phan quan
trong nhat va o gia tri cao nhét trén 6 t6 dién. Thiét
bi ndy quyét dinh kha ning huy dong cong suat cho
xe bén canh dong co va b bién ddi cong suét, nhung
quan trong hon ¢4, nd quyét dinh quing duong €O thé
di chuyén cua xe. Vi tinh chat quan trong cua ic quy
nén gia ting tudi thoa ac quy l1a van dé dugc nhiéu don
vi nghién ctru vé 6 t6 dién quan tim. Dé lam duoc
viéc nay, ching ta phai giam thiéu cac yéu to anh
huong xau den tudi tho dc quy d6 la: nhiét do lam
viée, tan sb cua dong dién, cuong d6 dong dién
nap/xa va sb 1an nap xa ic quy [1].

Déi voi hé thong lwu trit ning lugng (Energy
Storage System - ESS) chi sir dung ac quy thi viéc
giam thleu cac yéu t anh huong xau dén tudi tho 4c
quy la rat kho khan. Vi vay khai niém hé théng luu
trlt nang lugng lai (Hybrid Energy Storage System —
HESS) ra doi véi thiét bi chinh 1a dc quy két hop véi
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mot thiét bi phu tro khac nham hd tro giam thiéu cac
yéu t6 gay hai cho dc quy. Pé dam bao kha niang hd
tro thi thiét bi luu trir nang lugng phuy trg phai dam
bao cac yéu ciu sau:

« Mat d6 cong suét 16n
* Dong dién huy dong cling nhu dong nap 16n
+ S6 1an nap xa cao

Céc thiét bi luu trir nang luong phu trg phu hgp
dé két hop voi dc quy la banh da, siéu tu, fuel-cell
(pin nhién lidu) [2, 3]. Trong céc thiét bi trén thi siéu
tu dang dugc coi 1a phu hop véi cac yéu cau dat ra &
trén ing dung trong 6 t6 dién c nhan [4].

Trong quan ly nang luong, quy hoach dong
dugc coi 1a phuong phap t6t nhit dé toi uu hoa theo
mot (mono objective) hodc nhiéu (Multi objective)
muc tiéu [5]. Tuy nhién, phuong phap nay cé nhugc
diém 1a khong phu hop dé thyc hién diéu khién thoi
gian thyc. Vi vay, n6 chi co thé dugce sir dung dé lam
gi4 tri tham chiéu khi so sanh cac phuong phép diéu
khién t6i wu thoi gian thuc khac.
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Phuong phap quy hoach ddng mot muc tiéu da
dugc 4p dung thanh coéng dbi véi xe 6 t6 dién lai
(HEVs) [6] nham t6i wu héa luong tiéu thu nhién liéu
v6i bién trang thai 1a nang lugng con lai (SOC) cua ic
quy. Ciing cung muc tiéu 1a cyuc tiéu lugng tiéu thu
nhién li€u [7] nhung tac gia ngoai SOC con xét thém
mot bién trang thai 14 vi tri ctia hop s truyén thdng.
Ngoai ra, mot s6 cong bd da ap dung phwong phap
quy hoach dong véi nhiéu myc tiéu co rang budc vi
du trong [8] 14 t6i wu hoa t6n that trén xe dién lai va
chi phi van hanh trén xe 6 t6 dién lai (HEVs) véi bién
trang thai 1a SOC cua dc quy, ban dd hiéu suat cua
dong co dién va ban dd hiéu suét cua dong co dot
trong. Cling cung muc tiéu c¢6 rang budc nhu trong [8]
thi trong [9] la xe dién su dung pin nhién li¢u
(FCEVs) su dung hé néng luong lai (HESS) Fuel Cell
va dc quy v6i bién trang thai la SOC cua ac quy, két
hop v6i va ban dd hiéu suit dong co dién. Trong [10]
sit dung hé HESS Fuel Cell, ic quy va siéu tu nhu
vay la hé théng HESS ¢6 nhiéu bac ty do hon véi
muc tiéu 1a giéng véi [8] va [9] khi d6 bién trang thai
1a SOC cuia 4c quy va siéu tu cong véi ban do higu
suét dong co dién.

Nhu vay phuong phap quy hoach dong da duge
ap dung véi cac doi tugng 6 t6 lai va 6 to6 dién su
dung Fuel Cell va khac biét 1a ham muc ti€u, cac rang
bugc va bien trang thai.

Trong pham vi bai bdo, ‘chién lwoc toi wu hoa
ma nhom tac gia ap dung nham muyc dich gia tang
tudi tho ac quy. Yi vay thong so dugc lya chon dé toi
uu hoa la ton that nhiét trong qua trinh hoat dong cua
ac quy.

2. M hinh héa hé théng

Béng 1 trinh bay ciu trac hé thong st dung dé
nghién ctru. H¢ thong s€ gom cac thanh phéan duoc
mo hinh héa nhu sau:

~(a) Hé thong luu trir ning luong va bo diéu
khién dong nang lugng, bao gom.

« Ac quy Li-ion

* Siéu tu dién

« B¢ bién d6i DC-DC

(b) BY bién doi, dong co va thanh phan dong luc
hoc; cua xe 0 t0 Qién, co ‘thé (juqc hiéu thg quan la
khoi tao cong suat yéu cau doi voi hé thong luu tri
nang luong
2.1 Mé hinh héa bé bién doi DC-DC

Céu trac by bién d6i DC-DC duoc trinh bay
trong cau hinh tong quat cua toan by hé thong trén

Bang 1. M6 hinh hoa cua b bién d6i DC-DC duge
cho boi:

1
u = —1Uu
ch g
chop m sC (1)
Zc/mp = m'ZSC

trong d6: uchop va usc 1a dién ap bo bien d6i DC-DC
va dién ap trén si€u tu; ichop va isc lan lugt 13 dong
dién cua bg bien doi DC-DC va dong dién siéu tu; m
1a hé so dicu ché ctia bo bién d6i DC-DC.

H¢ thong luu trir ndng lugng két hop siéu tu va
ac quy dan dén cac moi quan h¢ vé dong dién va dién
ap trong h¢ dugc biu dién boi:

1
U, =u, =-—1u
bat chop m SC (2)
me = Zlm,t + Z(:h,op - lmf + m. 1
V&1 tpar Va iper 12 di€n ap va dong dién ac quy; inace 12
dong dién DC-link theo yéu cau cta phu tai.

2.2 Mo hinh hoa siéu tu

Trong pham vi bai ’béo, siéu tu co thé duoc mod
hinh héa bang mo hinh t6i gidn nhu sau:
1 t
0) ——— [ i dt 3)

SC 0

u,. (1) =U

sc (

Trong d6 Csc 1a dién dung va Usc(0) biéu dién trang
thai dién ap ban dau cua siéu tu.
2.3 Mé hinh héa dc quy

Tuong tu nhu siéu tu, nhom tac gia st dung mod
hinh don gian dé mé hinh hoa ic quy, trong d6 Voc
dai dién cho dién ap ho mach cua ac quy va 7y, 1a noi
tro cua 4c quy dai dién cho qua trinh ty x4 va tén hao
trén dc quy:

Vv

ulm,t = oc 7;)(:,1‘, -1 bat (4)

3. Ap dung phuong phap quy hoach dong trong
quan ly niang lwgng cho 6 to dién

3.1 Bdi todn téi wu trong qudn Iy ning lwong cho 6
to dién

Trong bai béo nay, bai toan tbi wu trong quan 1y
nang luong duge dét ra voi muc dich cyc tiéu hoa ton
that trén ac quy trong qua trinh hoat dong va qua dé
t01 uvu hoa nang lugng ti€u thu cua xe cling nhu ting
tudi tho cua dc quy.

Dua trén cac phuong trinh mo6 hinh hoa cac dbi
tuong trong hé thong, phuong trinh trang thai biéu

dién moi quan h¢ gitra bién trang thai 1a dién ap sicu
tu Usc va bién diéu khién 1a dong dién dc quy ipa

duoc xay dung nhu sau:
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du 1 V. —r1

8¢ — oc bat bat [ 3
dt - C - t “bat (Zbat, — Z”_uct(t)) (5)

sC SC

Vé6i muc tiéu cyc tiéu héa ton thit trén dc quy,
ham muc tiéu duogc xac dinh boi:

J fnmtlbatdt fg(ibat>dt (6)

Vi T la thoi gian hoat dong cua h¢ théng. Nhiém vu
cua viéc giai bai toan toi wu la xac dinh luét diéu
khién 4, (t) nhdm cyc tiéu héa ham muyc tiéu (6).
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Bang 1. Cau triic hé nang lugng lai dc quy va siéu tu cho 6 to dién

3.2 Phwong phap quy hoach dong (DP) va diéu kién
dp dung phwong phdp quy hoach dong

Phuong phap quy hoach dong (DP) dya trén
nguyén ly t6i wu cta Bellman [1 1] voi phat bleu moi
khtc cudi ctia quy dao trang thai toi wu déu tbi wu

pé cd thé ap dgng phuong phap quy hoach dong
tinh toan toi uu, ta can ¢6 [11]:

« Céc tham s6 déu phai biét trude

« Xay dyng m6 hinh dbi twong dé véi chu trinh
chay xe 1a biét trudc cd thé xac dinh dugc tiéu thy
nang lugng trong toan dai cua xe

« Cac rang budc dbi véi cac bién trang thai va
gidi han vat ly

« Ham muc tiéu (ham t6i wu)

« Xac dinh trang thai yéu cau cia dau va cubi
chu trinh

Budc dau tién phai 1am 13 véi cac tham sé di biét,

xdy dung mo hinh moé phong dé khao sat nhu cau

nang luong cua 6 t6 dién trong mét chu trinh 1ai cho
trude.

Nhém tac gia chon chu trinh chuin noi d6 cua
chau Au ECE [12] nhu trén Bang 2. Pay 1a chu trinh
chuan dé danh gia tiéu hao nhién liéu ndi d6 va hon
hop tai chau Au va Viét Nam cho tiéu chudn EURO
3, EURO 4 va EURO 5.

Bang 1. Bang cac tham s6 cua chu trinh ECE

Tén thong sb Gia tri
Thoi gian toan chu trinh 195 s
Quang duong di 0,99 km
Téc do trung binh 18,26 km/h
Gia toc t6i da 1,06 m/s?
Gia tbc giam toc ti da -0,83 m/s?
Gia tdc trung binh 0,64 m/s>
Gia tbc giam tbc trung binh -0,75 m/s?
Thoi gian dung 64 s

S lan dimg 3
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Bang 2. Bang cac tham so cua xe

Thong sd Gi4 tri Don vi
M 1171 kg
Af 2 ,3 7 m2
R 0,285 m
P 1,25 kg/m?
Cq 0,35
1:)M dinh mure 47 kW
15 T T T
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/!
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Bang 2. Biéu dd chu trinh chuan ECE

Bang 4. Siéu tu dién Nesscap trong phong thi nghiém
HESS ciia mé hinh gdm:
62 F/125VDC

+ Hé thong dc quy: 40Ah/330VDC
véi ndi tré ac quy la 120 mQ

* Hai si€u tu (Bang 4):

Xay dung md hinh mo phong Matlab bing
phuong phap EMR  (Energetic =~ Macroscopic
Representation) ta thu duoc dong dién yéu cau do6i
v6i HESS nhu Bang 5. Nhu véy ta can xdy dung céc
rang budc, cac diéu kién bién dé bat dau trién khai
phwong phap quy hoach dong. Trong pham vi bai bao
muc tiéu cua phuong phap quy hoach dong la cuc tiéu
hoéa ton that trén ic quy.

Cdc gioi han ddi véi siéu tu:

Dong nap xa toi da isc max : 200 A
Dién 4p t6i da cho phép usc ma: 236 VDC
Dién ap tbi thiéu usc min : 125VDC

Diédu kién ddu usc(0) : 118 VDC (diy tuong
duong véi 95% dién ap dinh murc)

Diéu kién cudi usc(T) : 118 £2 VDC (Viée chon
didu kién du va cudi cua siéu tu day la dé dam bao
kha niang hd trg ic quy huy dong cong suit ngin han
trong qué trinh khéi dong va nang lugng hoan toan
dugc huy dong tir dc quy. Siéu tu chi hd trg cho dc
quy trong cac diéu kién anh huéng x4u téi tudi tho dc
quy)

Cdc giéi han doi véi de quy:

Dong nap t6i da: 0A (Nhim muc dich tdi
thleu hoa s6 lan nap xa cua ac quy, mét trong nhiing
yéu t6 anh huong xau dén tudi tho ac quy)

Dong xa t6i da: 40 A tuong Ung v6i dong

xa dinh mirc cta dc quy
Diéu kién dau : Ac quy day
Céc rang budc voi bién diéu khién ive va bién
trang thai usc(0) duogc cho boi:

o
T T T

(SRS

N o
—
r
L
[

Bing 5. Dong dién phu tai yéu cdu i, (A)

uSCimin S uSC S uSCﬁma&c

Uy, (0) = ug, (T) (7
0<s , <1

bat — “tract

Phuong trinh trang thai va ham muc tiéu da
dugc dua ra theo (5) va (6).
3.3 Ung dung phwong phdp quy hogch dpng trong
bai todn toi wu

Xét h¢ dugc md ta bdi phuong trinh trang thai
(5) v6i céc rang budc (7), phuong phap quy hoach
dong duogc sir dung nhiam tim gia tri dat t6i wu i:at (t)
sao cho ham muc tiéu (6) 1a cuc tiéu.

_ Phuong trinh trang thai (5) ¢ thé dugc biéu
dién lai nhu sau:
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w )=V, =1

oc bat bat>(ibat -

ROINC)

Dit x(t):%.C’m.u;C(t)lé bién trang thai moi.

Phuong trinh mé ta hé thong vai bién trang thai x(t),
ivar 12 bién didu khién va iyac(?) dugc coi 1a nhidu bién
thién biét trude dugce cho boi:

dx .
dt = ,r;;at bat (V + ,r}mtzfmd( )) lbat VOC tm(‘t( ) (9)
= f(x’ lbal)
Chon bién dong trang thai A sao cho:
Q = —)\ af(x’ lbat) ag(ibat) (10)
dt Oz oz

Céc diéu kién rang budc v6i A thoa mén:

M0) iy y v6i usc(0) 1a gia tri 6 dinh va cho trude
theo rang budc (7) dan dén x(0) cing s€ co dinh va
biet trudce.

A(T) cing la tuy y vi usc(T) cling la gia tri ¢b dinh va
cho truge theo rang budc (7) dan dén x(7) cling s& co
dinh va biét trudc.

Pat ham Hamilton nhu sau:

:)\f( z, bat) (lbat)
= ( % but (V t T truft(t)) ibuti

. 2
VOCZtl‘uzrf (t)) ~ Thatbat

an
Nghiém ctia bai toan t6i wu hay gia tri dat t6i wu
i, t( ) la nghiém cua phuong trinh sau:

0H
01

bat

27’;;0/ anl = 0

+ V + ,r;m/llmrl( ))

2,ri>a/ Zbal

:)\(

(12)
Giai phuong trinh (12), gia tri dat toi vu i;a (1)
duoc xac dinh nhu sau:
1 A

Vv
() == =2+, ()] (13
Zlmt() 2 A +1 7”“ Ztruct( )] ( )

V61 ham Hamilton (11) thi phuong trinh trang
thai (9) va cong thirc cua bién dong trang thai (10) tré
thanh:

& OH _
dt 0\
= _7;)u,t (ilzzt (t)) (V + T;mr Zﬂ ract (t)) Z:a,t (t) - V()C itm(:t (t)
d\ _ 0H
— =0
it Oz
(14)

Vé6i i (t) tudn theo lut diéu khién (13). Giai
hé phuong trinh (14) dan dén két qua x(2) va A1) 1a
xac dinh. Tu do, gia tri dat tdi wu i:a’t (t) hoan toan
duoc xac dinh theo (13).

Pat EL = A, gia trj dat tdi uu (13) tro thanh:
2A+1
¥ I/bat .
Zbat (t) = A (_ + Ztmci (t)) (1 5)
Tbut
Hé phuong trinh (14) va (15) cho ta két qua:
_ —a, = ‘/af — 4.a2.a[) (16)
2a,
vOi:
T 2
v
a? = f _7;;11,1‘,' [ﬂ + iﬁ?‘(l(ff (t)] dt
0 /,;m,?‘
T 2
V
al = f ,r}mt' = + itmct(t) dt (17)
0 bat
T
ay == [ Vi, (0)dt + 2(0) — 2(T)

0

Cung v6i d6, bién trang thai trung gian x(t) dugc
xac dinh:

a(t) = A?f

0

2
bat

+ itv‘(l(:t (T) dT +

bat

t

f bat Z/vml

0

))dT + z(0)

(18)

Véi x(t) = = C’u (1), dign ap siéu tu usc(t) co

thé dugc tinh tur (18) nhu sau:

2
bat

+ itl'uct (T)

dr + A.fr
0

bat

bat

+1 ))dT + (0)

mu t

t
f bat Ztmrt
0

bat

o (19)
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4. Két qua md phong va danh gia

St dung gia tri dat toi uu (15) trong mo phong
v6i chu trinh chudn ECE va dong dién tai yéu cau

by két qua thu duoc vé& dong dién 4c quy, dong

dién siéu tu, va dién ap siéu tu lan luot duoc trinh bay
trén Bang 6, Bang 7 va Bang 8.

Trén Bang 6 cho thdy hoan toan khong co dong
nap cho ic quy, Nhu vdy, su anh huong cua s6 lan
nap xa 4c quy anh huong dén tudi tho da dwoc giam
thiéu.

Trén Bang 7 cho thay siéu tu 1a thiét bi phu
trach qué trinh thu hoi ning luong khi xe giam toc
(ham tai sinh) va cling trg gitip ac quy trong qua trinh
huy dong cong suét de tang téc bang cach phat huy
cong sudt ngan han rat tot.

Trén Bang 8 cho thay dién ap ban dau va dién
ap cudi cua siéu tu dat yéu cau dit ra.

1734 T T T I

Battery Current

1.732

173

1.728

E 1/

1718
0

20 40 60 80 100 120 140 160 180 200
Time [5]

Bang 6. Dong dién 4c quy

10 T T T T T

Supercapacitor Current

20 i i i i i i i H i
0 20 40 60 80 100 120 140 160 180 200
Time [s)

Bang 7. Dong dién siéu tu

114 i i i i i i i i i
0 20 40 60 80 100 120 140 160 180 200

Time [5)

Béang 8. Di¢n 4p trén siéu tu

Nhu vay cac didu kién cua phuong phap quy
hoach dong déu dugc dam bao, nén két qua 1a dang
tin cdy.

Tén that trén dc quy cho mot chu trinh 14i trong
mo phong cho két qua cu the la:

=0.0248 (Wh)

Eloss pP BAT
5. Két luan

Bai bao st dung phuong phap quy hoach dong
dé chon gia tri dat cho b6 DC-DC v6i muyc dich chia
tai cho a dc quy vao siéu tu sao cho giam thiéu ton that
trén ac ‘quy ctng nhu han ché sb 1an nap xa cho ic
quy. Ket qua cua bai bao da tao ra mot gia tri tham
chiéu vé ton that trén ic quy dé so sanh vai két qua
clia cac phuong phap didu khlen dap ung thoi gian
thuc trong viéc nang cao tudi tho dc quy. Ngoai ra,
két qua bai bao con minh chimg cho kha ning huy
dong cong sut ngin han rat tot cua siéu tu cho qua
trinh ting toc cling nhu dam nhiém t6t chic ning
ham tai sinh cho hé théng trong qua trinh giam tdc .
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